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BIOT 1
Investigation of the use of FACS in cell line development 
Delfi Krishna and Alexander Taylor, Biopharmaceutical Development, GlaxoSmithKline, 709 Swedeland Road, King of Prussia, PA 19406
The economic production of monoclonal antibodies in mammalian cell lines is dependent upon the selection of high producing cell lines. This process is extremely time, labor and cost consuming. In order to speed up cell line development cycle-times, decrease cost of goods and generate higher quality cell lines we have investigated the use of FACS in cell line development protocols. Using a combination of non-static transfection conditions, cell surface staining for secreted recombinant protein and optimized single cell cloning protocols with the BD FACS Aria, we have found that the FACS based method increases the efficiency of the cell line development process. The development of the process and our experience with several different recombinant proteins will be discussed. 


BIOT 2
Development of a Scale-Down Use-Test Model for Mammalian Cell Culture Raw Material Analysis 
Siddhartha Jain, Bernhard Schilling, Abhinav A Shukla, and Steven S Lee, Bristol-Myers Squibb, PO Box 4755, Syracuse, NY 13221
Variability in raw materials, both chemically-defined and complex, can significantly impact protein production in mammalian cell culture systems. Understanding the source of this variability is a key step towards better control of large-scale production processes. A scale-down use-test model was developed for a commercial therapeutic protein to evaluate the effect of raw materials on mammalian cell culture performance. The model was used to compare the effects of various raw material components on cell growth, cell metabolism and protein production. 

These studies demonstrated that the occurence of extraneous compounds at trace levels in cell culture media could result in significant variability in cell culture performance. Some of these components can be traced back to the production of cell culture media in stainless steel tanks. This presentation will highlight the role that these trace components can have on large-scale cell culture performance. 


BIOT 3
Head–to–head comparison of production and quality data for Mabs produced in Hyclone 250L single–use–bioreactors versus traditional cell culture bioreactors 
Terry Hudson, hudson.terry@gene.com, Oceanside Process Research & Development, Genentech, Inc, 1 Antibody Way, Oceanside, CA 92056, Fax: 760-231-2885, Terrence Allotta, allotta.terrence@gene.com, Process Research and Development, Genentech, Inc, oceanside, CA 92056, Thomas Myint, Process Research and Development, Genentech Inc, Oceanside, CA 92056, and Donna Giandomenico, giandomenico.donna@gene.com, Process Development Engineering, Genentech, Inc, So. San Francisco, CA 94080
In the processes of setting up a new pilot scale cell culture facility, 250L Single–Use–Bioreactors (SUBs) were purchased and installed. Operation of the bioreactors was achieved by integrating them with a DeltaV based control system. The same DeltaV system was also used to control 2L bioreactors that were used in developing the cell culture process, simplifying the scale-up and data comparison. The SUBs were used in the production of 3 different antibodies produced from CHO cells. For each molecule, product was made using the same processing parameters in the 2L and 250L bioreactors, and the product was subsequently taken through 3 chromatography steps and analyzed for various indicators of product quality. The SUBs were able to achieve cell culture profiles that were within typical batch to batch variation at the 2L scale, and product quality was not significantly altered by the transition from 2L bioreactor to the 250L SUB.


BIOT 4
High-Throughput Experimentation and Analytics to Determine Impact of Serum Variation on Vaccine Production 
Anthony Grippe, Shweta Srikanth, Abhijit Kohli, May Ly, Brandi Dickinson, Gargi Maheshwari, and Shyamsundar Subramaniam, Fermentation and Cell Culture, Bioprocess Research and Development, Merck and Co, Inc, 770 Sumneytown Pike, Mail Stop: WP 26C-1, West Point, PA 19486
Evaluating the impact of complex raw material variability on cell culture processes is often limited by the analytics that can be performed and the design space where experiments are carried out. Serum is one such raw material that is essential in most traditional cell culture-based viral vaccines that use attachment dependent cell substrates (MRC-5, VERO). The composition of serum is relatively ill-defined and is subject to variation from many natural factors (e.g. diet, genetics, calf age) and vendor manufacturing steps (e.g. filtration, ƒ×-irradiation, nutrient supplementation). Given the potential for significant compositional variation between serum-based products or even individual lots, it is desirable to assess the impact of serum variability on cell culture process steps through a combination of emerging analytical techniques (e.g. - proteomics, metabolomics) and high-throughput experimentation at small-scale to explore a wide design space effectively. In this study, we used 96-well plate models for experimentation and metabolomics to gain a deeper understanding of how serum variability impacts both cell growth and the viral vaccine production using a model herpesvirus. Small-scale experiments within 96-well plates were used to measure the impact of serum variation across several process parameters including serum concentration, heat-treatment and viral multiplicity of infection (MOI) using a design of experiments (DOE) approach. To complement these empirical studies, thorough analytical testing of a large database of serum types using traditional analytical techniques (e.g. HPLC or GC-based assays) and metabolomics was also undertaken and data mined towards identifying key components influencing process performance. These studies determined the extent of process variability resulting from serum variability, innate and induced from processing, paving the way for a screening assay. The use of advance analytics such as metabolomics makes this approach also generally applicable to antibody/recombinant protein production where complex raw materials such as hydrolysates are used. 


BIOT 5
Scale-down challenges for microcarrier-based cell culture processes 
Timothy Johnson1, timothy.johnson@genzyme.com, Julie L. Barker1, julie.barker@genzyme.com, Jesse M. Keegan1, Daryl St. Laurent1, Claudia W. Buser1, claudia.buser@genzyme.com, and Konstantin Konstantinov2, konstantin.konstantinov@genzyme.com. (1) BioEngineering, Genzyme Corporation, 45 New York Avenue, Framingham, MA 01701, (2) Technology Development, Genzyme Corporation, Framingham, MA 01701
Bioreactor scale-up and scale-down characterization continues to be vital to the success of most biotechnology companies. Conventional cell culture processes impose numerous challenges when scaling: minimizing shear forces, providing comparable mass transfer, and maintaining equivalent reaction kinetics to name a few. Genzyme's microcarrier-based processes add an additional requirement of maximizing the suspension of microcarriers while simultaneously reducing, compared to suspension cultures, the maximum hydrodynamic forces by two orders of magnitude in order to prevent cell detachment and death. This trade-off becomes problematic upon scale-down due to increased required rotation rates needed to ensure adequate solids suspension. This presentation will discuss Genzyme's experimental and computational fluid dynamics techniques used to characterize our pilot and commercial-scale reactors over the course of long-term cultivation in which the microcarrier-cell aggregates can increase significantly in size. Examination of the pilot scale performance at different agitation rates and impeller configurations will also be discussed. 


BIOT 6
Twenty-four-well miniature bioreactor system as a scale-down model for cell culture process development 
Aaron Chen1, chen.aaron@gene.com, Rajesh Chitta2, rchitta@kgi.edu, David Chang1, chang.david@gene.com, and Ashraf Amanullah1, amanullah.ashraf@gene.com. (1) Oceanside Process Research & Development, Genentech, Inc, One Antibody Way, Oceanside, CA 92056, (2) Keck Graduate Institute of Applied Life sciences, Claremont, CA 91711
This study describes the application of a miniaturized bioreactor system (MicroBioreactor Technologies, Inc.), for cell culture process development. The microbioreactor system provides high throughput, online monitoring capability and controls for basic process parameters such as pH, dissolved oxygen (DO), and temperature at the individual well level. M24 utilizes a modified 24-well plate with fluorescent sensor technology which provides a non-invasive method for monitoring pH and DO. In theory each of the 24 wells can be controlled similar to an individual bioreactor. The M24 combines the advantages of both traditional small and large scales of cell culture vessels; it increases throughput while maintains data quantity and quality. A systematic study was conducted comparing the performance of the miniaturized bioreactor system with shaker flask and 2L stirred tank and the results were found to be similar. 


BIOT 7
Analysis and optimization of protein stability and function with combinatorial libraries 
Sachdev S. Sidhu, Department of Protein Engineering, Genentech, Inc, 1 DNA Way, South San Francisco, CA 94080, Fax: 650-225-3734
In the past, combinatorial methods have been used mainly for the rapid generation of novel protein functions, and much less attention has been paid to designing experiments that delve into the nature of the biophysical factors underlying function. In recent years, significant progress has been made in adapting combinatorial methods to the study of protein structure and function by designing experiments that utilize statistical analysis of specially designed libraries with restricted chemical or spatial diversity. I will describe the combinatorial exploration and optimization of the interaction between growth hormone and its receptor. In addition, I will discuss the engineering of highly stable and soluble human antibody heavy-chain domains that function autonomously in the absence of a light chain.


BIOT 8
Creation of a type IIS restriction endonuclease with a long recognition sequence 
Shaun M. Lippow, Patti M. Aha, Matthew H. Parker, William J. Blake, Brian M. Baynes, and Dasa Lipovsek, Codon Devices, Inc, One Kendall Square, Building 300, Cambridge, MA 02139
We have engineered a novel family of type IIS restriction endonucleases that combines the high specificity of the homing endonuclease I-SceI with the type-IIS cleavage of FokI. Our hybrid endonucleases feature a non-cleaving mutant of I-SceI linked to the catalytic domain of FokI through a series of peptide linkers. We find that length and composition of the linker affect the cleavage specificity of the hybrid enzymes. The endonucleases containing the FokI native linker or a 20-residue synthetic linker are the most specific, cutting double-stranded DNA exactly two and seven nucleotides from the recognition sequence to generate homogeneous, 5', five-base overhangs. These two hybrid endonucleases generate DNA cleavage products that can be ligated with greater than 80% fidelity. We anticipate that these novel enzymes will be particularly useful for manipulating or assembling kilobase and longer DNA fragments, which are likely to contain recognition sites for all natural type IIS restriction endonucleases.


BIOT 9
Altering effector specificity in an engineered protein switch by a combination of computational design and directed evolution 
Richard A. Heins1, rheins2@jhu.edu, Jin Ryoun Kim2, jkim@poly.edu, Loren L Looger3, LoogerL@janelia.hhmi.org, Takayuki Soka1, and Marc Ostermeier1, oster@jhu.edu. (1) Department of Chemical and Biomolecular Engineering, Johns Hopkins University, 3400 N Charles St, Baltimore, MD 21218, (2) Othmer-Jacobs Department of Chemical and Biological Engineering, Polytechnic University, Brooklyn, NY 11201, (3) Howard Hughes Medical Institute, Janelia Farm Research Campus, Ashburn, VA 20147
We have previously engineered a family of enzyme switches by the in-vitro recombination of two non-homologous genes. These switches were created using the genes encoding TEM1 beta-lactamase (BLA) and maltose binding protein (MBP) and exhibited maltose-dependent beta-lactamase activity. Another approach to creating protein switches is to modify existing switches so that they respond to new effectors. Increasing the affinity for the target ligand while simultaneously decreasing the affinity for the original ligand has proven difficult. We have attempted to convert our maltose-activated switch into one that is activated by sucrose. Our best sucrose-activated switch to date was derived from a cassette mutagenesis library in which five residues in the maltose-binding pocket were varied to all possible amino acids. This switch had a >15,000-fold increase in affinity for sucrose but only a 70-fold reduction in maltose affinity. We have created a second, computationally designed library in which 11 MBP residues are varied and subjected this library to a two-tiered genetic selection designed to identify switches that are specifically activated by sucrose. A comparison of the successes of both libraries will be presented. 


BIOT 10
Structure prediction of domain insertion proteins from structures of the individual domains 
Monica Berrondo, mberron1@jhu.edu, Chemical and Biomolecular Engineering, Johns Hopkins University, 3400 N. Charles St., MD 209, Baltimore, MD 21218, Marc Ostermeier, oster@jhu.edu, Department of Chemical and Biomolecular Engineering, Johns Hopkins University, Baltimore, MD 21218, and Jeffrey J. Gray, jgray@jhu.edu, Chemical & Biomolecular Engineering, Johns Hopkins University, Baltimore, MD 21218
Domain insertion is an underlying method for engineering new proteins such as protein switches and inteins, but structure prediction of these large, multi-domain proteins continues to be a major challenge in protein structure prediction. To address the challenge, we have implemented a Monte Carlo (MC) algorithm within Rosetta to predict the structure of proteins in which one domain is inserted into another. Three new MC moves combine rigid-body and loop movements to search the constrained conformation by structure disruption and subsequent repair of chain breaks. Local searches find that the algorithm samples and recovers near-native structures consistently. Further global searches produced top-ranked structures within 5 Å in 31 of 50 cases in low resolution mode, and refinement of top-ranked low-resolution structures produce models within 2 Å in 21 of 50 cases. Rigid-body orientations were often correctly recovered despite errors in the linker conformation. The algorithm is broadly applicable to de novo structure prediction of both naturally occurring and engineered domain insertion proteins.


BIOT 11
Cell-free protein synthesis of complex proteins and protein assemblies containing post-translational modification 
Aaron R. Goerke1, aaron_goerke@merck.com, Jessica J Wuu2, Wataru Ebina2, Bradley Charles Bundy3, bcbundy@stanford.edu, and James R. Swartz2, jswartz@stanford.edu. (1) BioPurification Development, Merck & Co., Inc, P.O. Box 4, West Point, PA 19486, (2) Department of Chemical Engineering, Stanford University, Stanford, CA 94305, (3) Chemical Engineering, Stanford University, Stanford, CA 94305
To enable post-translational modification of proteins, a new cell-free system was developed that expands the set of amino acids used for protein synthesis. This system efficiently incorporates an azide-derivatized amino acid into disulfide bonded (DB) proteins, vesicle-integrated membrane proteins, and virus-like-particles (VLPs). Protein surface modification was accomplished by identifying (3 + 2) cycloaddition reaction conditions that allow attachment of alkyne-derivatized substrates without reducing the DBs necessary for protein bioactivity. After optimization, the attachment efficiency of alkynyl-PEG chains to incorporated azides was nearly 100%. Attachment to the capsid surface was also performed with high efficiency. Unique linkers were also synthesized for the creation of protein assemblies. This work provides a methodology to rapidly produce complex proteins and precisely attach ligands to the surface of soluble and vesicle-incorporated proteins as well as complex protein assemblies. This technology provides unprecedented versatility for the design of drug delivery vehicles and vaccines.


BIOT 12
Hydrogel forming enzymes: Bifunctional proteins with enzymatic and cross-linking functionalities 
Ian Wheeldon and Scott Banta, Chemical Engineering, Columbia University, 500 W 120th St, New York, NY 10027
Enzymatic hydrogels are beneficial to a wide range of applications such as biosensors, biofuel cells, tissue engineering and drug delivery. Protein engineering provides the opportunity to rationally combine two or more protein domains to develop chimeric proteins with multiple functionalities. Here we demonstrate the addition of self-assembly functionality to an oxidoreductase, SLAC, from Streptomyces coelicolor. The modified enzyme, HS-SLAC, self-assembles in to supramolecular hydrogel and catalyzes the reduction of dioxygen to water. Circular dichroism spectroscopy confirms the fusion of an alpha-helical domain to the N-terminus of the dimeric enzyme and bifunctionality is demonstrated by kinetic assays and rheological analysis. Catalytic activity is also demonstrated through bioelectrocatalysis of mixed hydrogels of HS-SLAC with a metallo-polypeptide with compatible alpha-helical domains. Preliminary data on the general extension of this scheme of adding self-assembling functionality to enzymes and globular proteins, including examples of an alcohol dehydrogenase, a super oxide dismutase and three distinct fluorescent proteins, is also presented.


BIOT 13
AraC regulatory protein mutants with altered effector specificity 
Shuang-Yan Tang, Hossein Fazelinia, Costas D. Maranas, and Patrick C. Cirino, Department of Chemical Engineering, The Pennsylvania State University, 226A Fenske Laboratory, University Park, PA 16802, Fax: 814-865-7846
Engineered regulatory proteins enable customized genetic selections and permit targeted gene transcription for applications in metabolic engineering, biosensing and genetic circuit design. The AraC dual regulatory protein naturally regulates the ara operon in response to L-arabinose in E. coli. We are engineering AraC to respond to a variety of non-native ligands. Structure analyses of the AraC binding pocket suggest library design strategies. Simultaneous saturation mutagenesis at different combinations of binding pocket residues (yielding ~106-107 variants per library) followed by dual screening yields mutants selectively inducible by ligands of interest and not by chosen decoy ligands. Our first target ligand was the D-arabinose isomer. We have isolated a variety of D-arabinose mutants and characterized in detail their transcriptional responses (Tang, Fazelinia, Cirino, JACS 2008). We will describe AraC analogues that control expression without interference by L-arabinose or sugars other than D-arabinose. Constitutive expression of FucP which non-specifically transports D-arabinose increases induction sensitivity to D-arabinose by two orders of magnitude. 

Analysis of point mutations in evolved AraC proteins, combined with computational design and ligand docking studies, yields insights into the contributions of various residue positions toward the resulting induction and repression phenotypes. These studies are establishing rules for AraC design and point to relationships between ligand binding and transcriptional activation. New AraC variants responsive to a variety of other small molecules will also be described.


BIOT 14
Using multivariate chromatogram analysis techniques to predict large scale chromatography behavior from small scale experiments 
Jörg Thömmes, jthommes@idecpharm.com, Process Sciences Department, IDEC Pharmaceuticals Corp, 3010 Science Park Road, San Diego, CA 92191, and Joydeep Ganguli, biogen IDEC
Abstract text not available.

BIOT 15
Controlling pH transitions and conductivity transients in weak cation exchange resins 
Jace L. Fogle and Jenny Hsiung, Process Research and Development, Genentech, Inc, 1 DNA Way, MS 75A, South San Francisco, CA 94080, Fax: 650-225-4049
Cation exchange chromatography processes frequently use high pH wash steps to selectively remove host cell proteins during the manufacture of recombinant proteins. When weak cation exchange resins are used, robust, predictable control of pH and conductivity can be difficult due to the inherent buffering capacity of carboxylic acid functional groups at low to intermediate pH. We have observed that pH shifts can be accompanied by unwanted conductivity transients that are significant enough to impair target protein retention on the column. We have verified that these conductivity transients are not the result of protein desorption and that they are not specific to one particular resin. Both experimental studies and ion exchange equilibrium theory confirm that this effect is the result of counterion titration on the resin. The effects of pH, buffer strength, ligand density, and functional group pK value on conductivity transient magnitude and column re-equilibration time were investigated.


BIOT 16
Effect of small defects on performace of anion exchange membrane adsorbers 
Nihir Parikh, Nuno Fontes, Robert Van Reis, and Amit Mehta, Late Stage Purification, Genentech Inc, One DNA Way, South San Francisco, CA 94080, Fax: 650-225-3880
Abstract text not available.

BIOT 17
Impact of protein exclusion on the performance of ion exchange resins 
Joumana W. Zeid1, jzeid@gene.com, Chithkala Harinarayan1, charina@gene.com, and Robert Van Reis2, vanreis.robert@gene.com. (1) Late Stage Purification, Genentech, Inc, 1 DNA Way, South San Francisco, CA 94080, (2) Late Stage Purification, Genentech Inc, South San Francisco, CA 94080
It has previously been demonstrated that an exclusion regime exists in ion exchange chromatography where dynamic binding capacity (DBC) increases with increasing conductivity and decreasing protein charge. This work examines the impact of the exclusion regime on impurity removal. The results on 2 cation exchange resins (SP Sepharose Fast Flow and SP Sepharose XL) revealed that Chinese hamster ovary proteins, a major impurity, exhibit similar exclusion trends as the MAb proteins. In addition, trends of DBC values as a function of Conductivity / Protein Net Charge (C/Z) at pH 4, 5, and 6 revealed differences in the DBC trends between the 2 cation exchange resins. Confocal microscopy revealed differences in MAb transport that could explain the observed trends. 


BIOT 18
Investigating protein binding interactions in cation exchange and multi-modal chromatographic systems 
Wai Keen Chung1, chungw@rpi.edu, Alexander S. Freed1, freeda@rpi.edu, Ying Hou1, houy@rpi.edu, Sarah Dekat2, Scott A. McCallum2, mccals@rpi.edu, K V Lakshmi2, George Makhatadze3, makhag@rpi.edu, and Steven M. Cramer1, crames@rpi.edu. (1) Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, 110 8th Street, Troy, NY 12180, (2) Departments of Chemistry and Chemical Biology, Rensselaer Polytechnic Institute, Troy 12180, (3) Department of Biology, Rensselaer Polytechnic Institute, Troy, NY 12180
In an effort to better understand the unique selectivities offered by multi-modal chromatographic systems, experiments were carried out with a variety of cation exchange and multi-modal ligands using model protein systems. Nuclear Magnetic Resonance (NMR) was employed to identify and map ligand interaction surfaces between the proteins and anionic and multi-modal ligands in solution. Key chemical features within the ligands that interact with the protein surfaces were identified and the number and locations of interaction sites on the protein were determined and evaluated. Site directed spin-labeling electron paramagnetic resonance (SDSL-EPR) was also performed using a number of cysteine mutants to determine the binding orientation of the wild type protein on both cation exchange and multi-modal resin surfaces. Finally, this information from both free solution and resin binding studies was employed to distinguish “affinity” type multi-modal interactions from multi-site non-specific interactions.


BIOT 19
Protein interactions with self-assembled monolayers presenting multimodal ligands: A surface plasmon resonance study 
Srinavya Vutukuru, Sridhar R. Bethi, and Ravi S. Kane, The Howard P. Isermann Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, 110 8th Street, Troy, NY 12180
Ion-exchange chromatography offers cost-effective, rapid, and efficient separations and is widely used for the concentration and purification of proteins. The use of classical ion-exchange resins, however, is not always optimal, particularly under high salt conditions. We describe the use of surface plasmon resonance (SPR) spectroscopy and self-assembled monolayers (SAMs) to understand the characteristics of surfaces that promote the adsorption of proteins at high ionic strengths (high-salt conditions). We synthesized SAMs presenting different multimodal ligands, and determined the influence of surface composition, solution composition, and the nature of the protein on the extent of protein adsorption onto the SAMs. Our results confirm that hydrophobic interactions can contribute significantly to protein adsorption under high-salt conditions. The combination of SPR and SAMs is well-suited for elucidating the fundamental physics underlying the interaction of proteins with complex surfaces of relevance to chromatography. 


BIOT 20
Study of hydrophobic interaction based binding of IgG and its fragments on hydrophilized polyvinylidene fluoride membrane 
Raja Ghosh, Xinghua Sun, and Deqiang Yu, Chemical Engineering, McMaster University, 1280 Main Street West, Hamilton, ON L8S 4L7, Canada, Fax: 905-521-1350
Immunoglobulin G (IgG) binds reversibly to hydrophilized microporous polyvinylidene fluoride (PVDF) membranes by hydrophobic interaction in the presence of antichaotropic salts [1]. This has been utilized for purification, detection and analysis of antibodies by hydrophobic interaction membrane chromatography (HIMC). However, the exact mechanism of such antibody binding is not well understood. Earlier reports suggest that antibody binding on polymer surfaces by hydrophobic interaction takes place through the Fc domain of the IgG molecule. In order to study this further we systematically examined the binding of IgG and its fragments generated by enzymes pepsin and papain on hydrophilized PVDF membrane in the HIMC mode. To ascertain the orientation of the species bound on the membrane surface, these were challenged with appropriate reagents and inferences were drawn from the results thus obtained. The methods used for these studies were similar to those used for membrane chromatographic immunoassay [2]. Our results seem to suggest that neither Fab nor Fc domains of the IgG molecule are likely to be directly involved in the binding process. These results in addition to being useful in understanding antibody-polymer surface interactions are also useful for efficient designing of antibody purification and detection techniques. 

References 

1.R.Ghosh, Separation of proteins using hydrophobic interaction membrane chromatography, Journal of Chromatography A 923 (2001) 59 

2.R. Ghosh, Membrane chromatographic immunoassay method for rapid quantitative analysis of specific serum antibodies, Biotechnology and Bioengineering, 93 (2006) 280. 


BIOT 21
Quality by Design – the Facts versus Fantasy 
Anthony Mire-Sluis, Head of Product Quality and External Affairs, AMGEN Inc, AC-24-D, 4000 Nelson Road, Longmont, CO 80503, Fax: 303-401-4405
Although QbD has been included in regulatory guidance and discussed as introducing some novel concepts into biopharmaceutical product manufacturing and development, not is all as it seems. Although the overall paradigm of QbD – understanding ones process and product, and designing both accordingly – is the basis of patient focused, high quality products, it is hardly novel. It appears that the extent to which one carries out the exercise and the level of knowledge gained throughout development increases with a QbD approach. However, one has to consider the impact of increased process and product knowledge on timelines, cost and return on value to both the company and patients. Therefore a more rational approach to QbD is required to select the most appropriate areas to focus on if QbD is to be of added value, especially in light of the minimal regulatory flexibility currently available to the industry. 


BIOT 22
Implementation of Quality by Design for Biopharmaceuticals: Approach, Case Studies and Integration with PAT 
Anurag Rathore1, arathore@amgen.com, Ashutosh Sharma2, ashutosh@amgen.com, and Shinta Dermawan1, shintad@amgen.com. (1) Process Development, Amgen Inc, One Amgen Center Dr, Thousand Oaks, CA 91320, Fax: 805-499-5008, (2) Process Development, Amgen, Inc, Thousand Oaks, CA 91320
Quality by Design (QbD) has received a lot of interest in the biopharmaceutical community recently. The concept of design space is central to QbD and has been defined in the ICH Q8 guideline as “multidimensional combination and interaction of input variables (e.g. material attributes) and process parameters that have been demonstrated to provide assurance of quality”. This talk will focus on presenting an approach for implementation of QbD for biopharmaceuticals. Topics to be explored include: definition of process design space from process characterization studies, use of risk assessment tools, validation and filing of the design space, process monitoring, post-approval changes in design space, linkage between design space and the PAT initiative. Data from industrial case studies will be used to underline the key concepts.


BIOT 23
Mining cell culture process data to unveil high productivity characteristics 
Salim Charaniya1, salim@cems.umn.edu, Huzefa Rangwala2, rangwala@cs.umn.edu, Keri Mills3, kamills@gene.com, Kevin Johnson3, johnson.kevin@gene.com, George Karypis2, karypis@cs.umn.edu, and Wei-Shou Hu1, wshu@cems.umn.edu. (1) Department of Chemical Engineering and Materials Science, University of Minnesota, 421 Washington Ave. SE, Minneapolis, MN 55455, Fax: 612-626-7246, (2) Department of Computer Science and Engineering, University of Minnesota, Minneapolis, MN 55455, (3) Manufacturing Sciences and Technical Services (MSATS), Genentech, Inc, Vacaville, CA 95688
In the past decade many manufacturing plants were constructed for the production of recombinant antibody therapeutics. The comprehensive data archives of these modern plants present vast underutilized resources containing information that, if unearthed, may enhance process robustness. Process data of about fifty production “trains”, comprising electronic logs of material input, temporal on-line and off-line measurements of reactor state variables, operational parameters, and key metabolites and nutrients, were analyzed. Pattern recognition techniques including kernel-based support vector machines were employed to elucidate significant correlations between process variables and the outcome. Importantly, interpretation of these predictive models through expert analysis provided further insights about physiological variables that affect productivity. Such data mining efforts will aid in developing effective control strategies to ensure process consistency and high productivity.


BIOT 24
Application of Process Analytical Technology (PAT) towards bioprocessing 
Ashutosh Sharma1, ashutosh@amgen.com, Marcella Yu2, marcella@seas.ucla.edu, Anurag S Rathore3, arathore@amgen.com, and Samuel Yeboah3. (1) Process Development, Amgen, Inc, Mail Stop 30W-2-A, One Amgen Center Dr, Thousand Oaks, CA 91320, (2) Chemical and Biomolecular Engineering Department, University of California, Los Angeles, Los Angeles, CA 90095-1592, (3) Process Development, Amgen Inc, Thousand Oaks, CA 91320
Process Analytical Technology (PAT) has been gaining a lot of momentum in the biopharmaceutical community due to the potential for continuous real time quality assurance resulting in improved operational control and compliance. This presentation will focus on applying PAT for one of the most commonly used unit operations in bioprocessing, namely liquid chromatography. The feasibility of using a commercially available online high performance liquid chromatography (HPLC) system to facilitate real – time decisions for column pooling decisions based on product quality attributes was investigated. Implementing this analytical scheme allows us to meet two of the key goals that have been outlined by for PAT: variability is managed by the process and product quality attributes can be accurately and reliably predicted over the design space established for materials used, process parameters, manufacturing, environmental, and other conditions.


BIOT 25
Data-mining fed-batch bioreactor data using multivariate data analysis tools 
Natarajan Vijayasankaran1, natarajv@gene.com, Feng Li1, li.feng@gene.com, Jincai Li1, Bruno Figueroa2, Dave Stevenson3, Thomas Ryll4, Thomas.ryll@biogenidec.com, and David Chang1, chang.david@gene.com. (1) Oceanside Process Research & Development, Genentech, Inc, Oceanside, CA 92056, (2) Pfizer, Inc, Saint Louis, MO, (3) Microbial and Cell Culture Development, GlaxoSmithKline, King of Prussia, PA, (4) Cell Culture Development, Biogen Idec, Inc, San Diego, CA 92122
A recombinant non-GS NS0 cell line was used to express a monoclonal antibody in a chemically defined fed-batch process. The raw dataset comprising of 75 small scale bioreactors conducted under near identical conditions was data mined using principle component analysis (PCA) and projection to latent structures (PLS). PLS models were constructed that related the raw data collected during each batch to end-of-run parameters such as final titer, productivity, integral viable cell concentration (IVCC) and product quality attributes. The model was able to predict many of these parameters from the collected raw data and thus could be used as a process analytical technology (PAT) tool. In addition, the constructed model was able to detect underlying patterns that were initially not obvious. A strong negative correlation between specific productivity and IVCC was observed suggesting an inverse relationship in the partitioning of cellular resources between cell growth and recombinant antibody synthesis. The data analysis also revealed relationships between metabolite accumulation profiles and certain final quality attributes. Since all reactors were conducted under near identical culture conditions, the observed patterns indicate inherent variations within the process. 


BIOT 26
On-line monitoring of mammalian cell cultures 
Gayle E. Derfus1, derfus.gayle@gene.com, Daniel Abramzon1, abramzon.daniel@gene.com, Meg Tung2, tung.meg@gene.com, Robert Kiss2, kiss.robert@gene.com, and Ashraf Amanullah1, amanullah.ashraf@gene.com. (1) Oceanside Process Research & Development, Genentech, Inc, 1 Antibody Way, Oceanside, CA 92056, (2) Process Development (LSCC), Genentech, South San Francisco, CA 94080-4990
Mammalian cell-based bioprocesses are used extensively for production of therapeutic proteins. Some bioprocess control parameters, such as temperature, dissolved oxygen and pH, can be monitored on-line using in situ sensors. Other key parameters, however, are still typically monitored via manual sampling and several off-line analyzers. Off-line monitoring is labor-intensive, and introduces operator-dependent error into the process. The BioProfile FLEX, manufactured by Nova Biomedical, combines the functionality of three off-line analyzers (cell counter, osmometer, gas/electrolyte/nutrient/metabolite bio-profile analyzer) into one device. Nova Biomedical has also developed an auto-sampler to support up to ten reactors with output to the FLEX. In combination, the FLEX and auto-sampler offer the potential for more robust, operator-independent processes, resulting in increased efficiency and process reproducibility. Furthermore, the ability to sample more frequently with less operator effort could lead to improved understanding of bioprocesses. 

This work demonstrated the function of the FLEX and auto-sampler for on-line monitoring of mammalian cell cultures, with data output to a DeltaV bioreactor control system via OPC. FLEX measurements were generally equivalent to those obtained using instruments it would replace (Beckman Coulter Vi-Cell, Advanced Instruments Osmometer 3900, Nova BioProfile 400). FLEX measurements correlated particularly well with those of the other instruments for key process decision parameters including glucose concentration, pH, and cell counts. Inter-instrument variability, assessed using three FLEX analyzers, was minimal for most parameters. Measurements of samples provided to the FLEX by the auto-sampler prototype correlated well with those from manual samples, indicating that the auto-sampler did not alter the samples. In addition, bioreactors connected to the auto-sampler remained contamination-free during fifty days of frequent automated sampling. This work suggests that the FLEX and auto-sampler, along with OPC-based communication between the FLEX and a bioreactor control system, have the potential to dramatically reduce the manual labor involved in maintaining mammalian cell bioprocesses. 


BIOT 27
Application of turbidity measurement as a correlate of cell lysis in a live virus vaccine production process 
James Warren, Tejal Shah, Arianna Druckenmiller, Franklin Lu, Calvin Myint, Nisha Sosale, and Gargi Maheshwari, Fermentation and Cell Culture, Merck & Co., Inc, West Point, PA 19486, Fax: 215-993-4884
In bioprocess systems, turbidity is commonly used to monitor fermentation cell density, flocculation, dissolution, filtration control, and product stream clarity. With a large variety of both inline, online or offline measurement devices available, turbidity has proven to be both a simple and versatile method for monitoring bioprocess performance across unit operations. In the current study, the Hach model 2100P offline benchtop turbidity meter was utilized to quantify the extent of cell lysis due to cell damage across the harvest step of a Live Viral Vaccine process. The final step in the upstream process consists of aspirating harvested infected cells from disposable cell culture vessels using a steel nozzle by an automated set-up. Various combinations of aspiration time and speed can alter the extent of shear stress on cells through the aspirate tubing, resulting in differential damage. Disruption of cells within the aspirate stream lyses the cells and reduces recovery of the product through subsequent process steps. In order to quantify the amount of cell lysis across various shear conditions, samples were isolated following gravity sedimentation of the infected cell suspension. These samples were analyzed for turbidity and for concentrations of total DNA, total protein, and viral-specific protein. Increased turbidity correlated to increased concentrations of DNA and protein thereby indicating increased cell lysis. The turbidity measurement facilitated the identification of optimal process parameters, and more specifically facilitated the selection of aspirate speed and duration while minimizing the effects of shear damage on harvested cells. This tool was also used to monitor lot-to-lot performance at pilot scale as well as at manufacturing scale. These studies indicate that use of a quick "real-time" read out of turbidity can serve as a valuable PAT tool in a manufacturing setting.


BIOT 28
Formulation Sweet Spots: Lessons Learned from Development of Protein Pharmaceuticals 
Byeong S. Chang1, bchang@integritybio.com, Justin Paroski1, jparoski@integritybio.com, Don Kim2, dkim@integritybio.com, and Andreh Khachatouri2, andrehk@integritybio.com. (1) Integrity Biosolution, 820 Calle Plano, Camarillo, CA 93012, Fax: 8054458428, (2) Formulation Development, Integrity Biosolution, Camarillo, CA 93012
Since the recombinant technology was introduced, hundreds of proteins have been developed for therapeutic purposes. Unfortunatly, information from their formulation development research has been difficult to access due to the proprietary nature of thes products. While it is still premature to generalize formulation development strategy for every protein, there are general formulation parameters that need to be taken care of as these turn out to be critical for most protein therapeutics. In this presentation, formulation sweet spots of large number of therapeutics proteins will be compared to have some insight about important formulation factors. In addition, strategies to effectively and efficiently identify the sweet spot will be discussed. 


BIOT 29
Opalescence of an IgG1 monoclonal antibody is mediated by ionic strength and excipients 
Ning Wang1, ning_wang@merck.com, Binghua Hu1, binghua_hu@merck.com, Henryk Mach2, Roxana M Ionescu3, roxana_ionescu@merck.com, Marc Kirchmeier3, and Brian K Meyer4, brian_meyer@merck.com. (1) Merck & Co. Inc, West Point, PA 19486, (2) Vaccine Pharmaceutical Research, Merck & Co, West Point, PA 19486, (3) Merck Research Laboratories, Merck and Co., Inc, West Point, PA 19486, (4) Department of Biologics and Vaccines, Pharmaceutical Research and Development, Merck & Co., Inc, 770 Sumneytown Pike, PO Box 4 WP78A-31, West Point, PA 19486, Fax: 215-652-5299
Opalescence is a phenomenon that has been observed in several commercially available monoclonal antibodies (mAbs). We evaluated two IgG1 antibodies, mAb1 and mAb2, which were opalescent and non-opalescent, respectively. Increasing concentration and ionic strength of mAb1 led to more opalescence and higher viscosity compared to mAb2. Using a cross-linking method, more dimers and high-order oligomers were observed in the mAb1 formulation. The mAb1 formulation containing NaCl had a negative second virial coefficient (B22), whereas formulations lacking NaCl had a positive B22. In the presence of NaCl, Polysorbate 80 reduced the opalescence. When NaCl was removed, the mAb1 formulation was clear. Opalescent mAb1 formulations placed on long-term stability remained unchanged after 6 months at 4 C, whereas at 37 C an increase in dimers was observed. This study demonstrated that opalescence is mediated by concentration, ionic strength, and excipients, and can impact the long-term stability at elevated temperatures. 


BIOT 30
Opalescence in antibody formulations is a solution critical phenomenon 
Mary E. M. Cromwell, cromwell@gene.com, Early Stage Pharmaceutical Development, Genentech, Inc, 1 DNA Way 96A, South San Francisco, CA 94080-4918, Fax: 650-225-7234, John F. Carpenter, john.carpenter@uchsc.edu, Department of Pharmaceutical Sciences, University of Colorado Health Sciences Center, Denver, CO 80262, Thomas Scherer, tscherer@gene.com, Late Stage Pharmaceutical Development, Genentech, Inc, South San Francisco, CA 94080, and Theodore W. Randolph, Theodore.Randolph@colorado.edu, Department of Chemical and Biological Engineering, University of Colorado, Boulder, CO 80309
Opalescence is a common observation in protein-containing formulations. The appearance of opalescence has often been attributed either to the protein concentration or to the presence of aggregates in the solution. In this study, opalescence was observed to varying degrees in high concentration antibody-containing liquid formulations that differed in pH. The opalescence increased as temperature decreased. Liquid-liquid phase separation occurred in several solutions as the temperature was further decreased. It was determined that critical opalescence preceded the phase separation, and that the temperature dependence could be characterized by the critical exponent gamma. The starting solutions were characterized by several biophysical techniques, including the determination of B2, to understand if the phase separation could be predicted. The results of this analysis as well as the characterization of the resulting layers will be presented.


BIOT 31
Effect of ions on the agitation and temperature-induced aggregation reactions of antibodies 
R. Matthew Fesinmeyer1, rfesinme@amgen.com, Sabine Paterson1, sabine@amgen.com, Atul Saluja1, Stephen Brych2, sbrych@amgen.com, Eva Kras3, ekras@seagen.com, David N Brems4, and Yatin R. Gokarn1, ygokarn@amgen.com. (1) Process and Product Development, Amgen, Inc, 1201 Amgen Court West, MS AW2-D/3152, Seattle, WA 98119, Fax: 206.217.0346, (2) Process & Product Development, Amgen, Inc, Thousand Oaks, CA 91320, (3) Seattle Genetics, Bothell, WA 98021, (4) Process and Product Development, Amgen Inc, Thousand Oaks, CA 91320
Protein aggregation can be induced by ionic excipients, often utilized as buffers, viscosity modifiers, and/or tonicity agents in drug products. In our previous work with monoclonal antibodies (mAbs), we showed that the formation of soluble aggregates increased with the ionic strength of buffer ions (1). Here we explore the role of ionic strength and ion identity on temperature- and agitation-induced aggregation using three IgG2 mAbs and a series of monovalent Hofmeister anions (F , Cl-, Br-, I-, ClO4-, SCN-¬) and cations (Li+, Na+, K+, Rb+, Cs+). In accelerated agitation & quiescent storage studies, we observed that the aggregation propensity of mAbs was significantly influenced by anion, but not cation, identity. Agitation predominantly caused the formation of insoluble aggregates or particles while soluble aggregates were formed upon storage at high temperature. The degree of aggregation increased with anion size (F < Cl- < Br- < I- < SCN- ~ ClO4-¬) and correlated with a decrease in apparent Tm1 (CH2 domain) and effective charge (zeff) of the mAbs. The cations had no effect on either the Tm1 or zeff. The results indicate that anion binding mediates mAb aggregation by lowering conformational stability and effective charge. Our observations are consistent with a model for agitation-induced particulation in which ions enhance the ability of mAbs to partition to the air/water interface, unfold, aggregate, and then release from the interface as insoluble particles. 

(1) Gokarn, Y. R., Kras, E., Nodgaard, C., Dharmavaram, V., Fesinmeyer, R. M., Hultgen, H., Brych, S., Remmele Jr, R. L., Brems, D. N., & Hershenson, S. (2007) J Pharm Sci. In Press 


BIOT 32
Modulation of aggregation by non-polar amino acids in liquid formulations for monoclonal antibodies 
Rahul S. Rajan1, rrajan@amgen.com, Alexis MK. Lueras1, J Abel2, jabel@amgen.com, Atul Saluja1, Carl Kolvenbach1, Lynn Peabody1, Heather Hultgen1, Himanshu Gadgil1, and Tiansheng Li1. (1) Formulation and Analytical Resources, Amgen, Inc, One Amgen Center Drive 2-1-A, Thousand Oaks, CA 91320, Fax: (805)-498-8674, (2) Amgen Inc, Thousand Oaks, CA 91320
Non-polar amino acids have been reported in the literature as excipients to be included in antibody formulations. During liquid formulation development for an IgG2 antibody, it was found that presence of tonifying amounts of non-polar amino acids, such as alanine and leucine, significantly stabilized the molecule against aggregation, without compromising stability against covalent modifications. Strikingly, the ability of alanine/leucine to stabilize this IgG2 against aggregation was more pronounced at higher (70 and 100 mg/ml) protein concentrations and observed even at 4 oC. When non-polar amino acids were tested for their ability to minimize aggregation in multiple IgG2 monoclonal antibodies at 30 mg/ml, it was observed that the effects ranged from significant stabilization to significant destabilization, depending upon the IgG2. Several studies were then initiated to understand and predict the ability of non-polar amino acids to stabilize antibodies. It was discovered that in all cases, antibodies with a lower measured charge and zetapotential, corresponding to lower pI, were consistently stabilized by alanine/leucine. Preferential interaction parameters were calculated using AUC, and alanine/leucine was neither preferentially excluded (like sucrose) nor preferentially interacting (like sodium chloride). Molecule sequence hydrophobicity also appeared to play a role, with antibodies falling into two patterns based on whether the CDR region contained tryptophans. These observations provide guidelines for optimal utilization of non-polar amino acids to minimize aggregation in antibody formulations and have important implications in high concentration product development.


BIOT 33
Buffer-dependent fragmentation of a humanized full-length monoclonal antibody 
Branden Salinas, Branden.Salinas@Colorado.EDU, Department of Chemical and Biological Engineering, University of Colorado, Boulder, Boulder, CO 80309, Hasige A Sathish, sathishh@medimmune.com, MedImmune, Inc, Gaithersburg, MD 20878, John F. Carpenter, john.carpenter@uchsc.edu, Department of Pharmaceutical Sciences, University of Colorado Health Sciences Center, Denver, CO 80262, and Theodore W. Randolph, theodore.randolph@colorado.edu, Department of Chemical & Biological Engineering, University of Colorado, Boulder, CO 80309
During storage of a monoclonal antibody (mAb) it was determined that a prominent route of degradation involved the production of species of lower molecular weight than the full-length monomer. The fragmentation was characterized with size- exclusion high pressure liquid chromatography (SE-HPLC) coupled with light scattering measurements that allow for sizing of the eluted protein products. Additional characterization of the fragments is provided by both sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and matrix assisted laser desorption/ionization time of flight (MALDI-TOF) analysis. Hydrolysis in the hinge region of the heavy chain produces at least two major low molecular weight species during storage: a single free Fab and a Fab+Fc fragment. Interestingly, this fragmentation is observed in phosphate buffer at two ionic strengths but not in histidine buffer at identical ionic strengths. Denaturant-induced unfolding studies of the mAb, together with intrinsic quenching studies, indicate that histidine stabilizes an intermediate species on the unfolding pathway. Additionally, the thermally-induced unfolding pathway as measured by differential scanning calorimetry is altered in histidine as compared to phosphate. The CH2 domain has a reduced melting temperature in histidine buffer systems, which indicates a reduction in cooperativity of the unfolding process. 


BIOT 34
Formulation strategy to decrease aspartic acid isomerization in a monoclonal antibody 
Trevor E. Swartz1, swartz.trevor@gene.com, Daren Nelson1, Mary Nguyen2, Andrea Adriano3, Yaning Wang3, Jun Ouyang2, and Bruce Kabakoff1. (1) Early Stage Pharmaceutical Development, Genentech, Inc, 1 DNA Way, South San Francisco, CA 94080, (2) Protein Analytical Chemistry, Genentech, Inc, (3) Biological Technology, Genentech, Inc
Formulations that prevent chemical modifications in the complementary-determining regions (CDRs) of recombinant monoclonal antibodies (MAbs) are important for therapeutic proteins. MAb 1 contained an aspartic acid residue in its CDR that at accelerated temperatures demonstrated a rapid isomerization rate. This isomerization resulted in loss of antibody-antigen binding. Generally, the rate of isomerization of an aspartic acid is greatly increased when linked to a glycine residue on its C-terminal end. In MAb 1, this aspartic acid residue was coupled to another aspartic acid residue at its C-terminal end. Raising the pH slowed the rate of aspartic acid isomerization as demonstrated by binding and analytical assays. We present here the characterization of this isomerization at various pHs and the stability plan implemented to enhance the stability of MAb 1 in a liquid formulation. 


BIOT 35
Assessing SE-HPLC chromatographic profiles in method development for stable protein formulations 
Jennifer Litowski, Lejla Karamujic, Vasumathi Dharmavaram, and Gayathri Ratnaswamy, Process and Product Development, Amgen Inc, One Amgen Center Drive, Thousand Oaks, CA 91320
During HPLC method development, multiple experimental parameters are varied, producing many chromatograms to be evaluated. We propose objective criteria for an acceptable chromatographic profile to aid comparisons and identify an end-point to method development. 

We have recently conducted SE-HPLC method development for a monoclonal antibody. The resulting chromatograms were evaluated for peak width, asymmetry, and resolution. We also compared SE-HPLC chromatograms of a large set of proteins by principle component analysis (PCA), a technique which reduces the dimensionality of large data sets, while simultaneously capturing most of the variance. This approach allowed us to define a space corresponding to all optimal methods, assisting comparison of the candidate method to those successfully used for other molecules. The analysis clearly demonstrated when our conditions had achieved a suitable separation thereby increasing the efficiency. In addition, the PCA results yielded insight into which experimental variables had the largest effect on separation. 


BIOT 36
Probing the transitions in metabolic states using transcriptome, kinetic and metabolite analysis 
Bhanu Chandra Mulukutla1, muluk001@umn.edu, Katie F. Wlaschin1, ktwlaschin@yahoo.com, Michael Gramer2, Michael.Gramer@pdl.com, and Wei-Shou Hu1, wshu@cems.umn.edu. (1) Department of Chemical Engineering and Materials Science, University of Minnesota, 421 Washington Avenue SE, Minneapolis, MN 55455, (2) PDL Biopharma, Inc, Brooklyn Park, MN 55445
Cultured mammalian cells convert large portions of consumed nutrients to lactate, accumulation of which is growth-inhibitory and attenuates productivity. Under some culture conditions, cells switch from a lactate-producing state to lactate-consuming state resulting in improved culture viability and productivity. Alternatively, use of reduced glucose concentrations or alternate carbohydrates results in low lactate production and prolongs culture span. These seemingly simple, but elusive, metabolic shifts are actually the result of the cell's altered homeostatic state: a composite effect of changes in glucose uptake, lactate transport, mitochondrial pyruvate flux and NAD+/NADH balance. To elucidate this mechanism, transcriptome-profiling and metabolite analysis of cells in different states were combined with mathematical analysis of relevant pathways. The complexity of the homeostatic state is evident from the sensitivity of fluxes to various factors which may fluctuate throughout the culture. Such integrated investigation provides further insight to develop cues driving the transition between different metabolic states.


BIOT 37
Cell Culture Development for Implementation of an Animal Component-Free Process 
Jennifer L. Autsen1, autsen.jennifer@gene.com, Wen-Lin P. Tsai1, tsai.wen-lin@gene.com, Terrence Allotta2, allotta.terrence@gene.com, and Judy H. Chou3. (1) Cell Culture Process Development, Genentech, 1 Antibody Way, Oceanside, CA 92056, (2) Process Research and Development, Genentech, Inc, oceanside, CA 92056, (3) Oceanside Process Research & Development, Genentech, Inc, Oceanside, CA 92056
To address regulatory and safety concerns, it is desirable to eliminate use of components of animal origin in cell culture media during production of recombinant proteins. Multiple approaches were taken to remove Peptone Y, an animal-derived peptone, from the cell culture process for molecule X. Data from development of a chemically defined process as well as replacement of Peptone Y with alternative animal-component free hydrolysates will be presented. Media components and process conditions were manipulated with the goal of achieving cell culture performance and titer comparable to the peptone-containing process. Cell cycle and apoptosis levels were monitored in addition to the traditional performance parameters including cell growth, viability, metabolites, and titer. Spent media analysis was also conducted for various conditions in order to screen for potential limiting components of the peptone-free conditions. Cell culture process development strategies to achieve an animal component-free process will be discussed with the highlighted studies.


BIOT 38
Development of potent chemically-defined medium for CHO-based fed-batch processes 
Yao-ming Huang1, Yao-ming.Huang@biogenidec.com, Weiwei Hu1, Eddie Rustandi1, eddie.rustandi@biogenidec.com, Helena Yusuf-Makagiansar2, helena.yusuf-makagiansar@biogenidec.com, and Thomas Ryll2, Thomas.ryll@biogenidec.com. (1) Cell Culture Development, Biogen Idec Inc, 5200 Research Place, San Diego, CA 92122, (2) Cell Culture Development, Biogen Idec, Inc, San Diego, CA 92122
Mammalian cell culture performance has been enhanced with the supplementation of autolyzed proteins known as hydrolysates. To provide a chemically-defined medium that may parallel this performance, critical components that support cell growth, viability and productivity must be determined. Initially, nutrient consumption rates from three model cell lines were compared and adjusted for the processes in chemically-defined format. A series of scale-down models were evaluated to improve throughput and consistency of cell culture performance. The established scale-down model successfully mimics fed-batch performance in bench scale bioreactors, including cell growth (up to 28E6 cell/mL), protein production and metabolite wastes. A couple of screening protocols were also developed and carefully assessed on their sensitivity in identifying positive factors affecting cell growth and productivity in a shorten time frame. A quick titer method, utilizing immuno-turbidometrics technology for measuring IgG, was employed to get an instant feedback on cell productivity. 


BIOT 39
Recombinant protein productivity dependence on cell cycle, stress response and shear stress 
Claudia Berdugo, berdugo.1@osu.edu, Chemical Engineering Department and Pre-Clinical Development Microbial and Cell Culture Process Development, The Ohio State University- GlaxoSmithKline, 709 Swedeland Rd, King of Prussia, PA 19406, Jeffrey J Chalmers, chalmers.1@osu.edu, Department of Chemical and Biomolecular Engineering, The Ohio State University, Columbus, OH 43210, Ilse Blumentals, ilse.i.blumentals@GSK.COM, Pre-Clinical Development Microbial and Cell Culture Process Development, GlaxoSmithKline, King of Prussia, PA 19406, and Oscar Lara-Velasco, Oscar.2.Lara-Velasco@gsk.com, Pre-Clinical Development, Microbial & Cell Culture Process Development, GlaxoSmithKline, King of Prussia, PA 19406
It has been hypothesized that the production of recombinant proteins by mammalian cells is associated with a particular cell cycle phase. However, there is not a consensus in the literature regarding to the cell cycle phase where cells are the most productive. Understanding the relationship between cell cycle phase and productivity could help improve process design by developing models to predict productivity as well as devising culture strategies to control the preferential cell cycle phase. 

The purpose of this work was to identify cell cycle profiles in cultures of a recombinant Chinese Hamster Ovary cell line growing in 2L bioreactors using flow cytometry tools. Comparison was established between cell cycle profiles for cell cultures under different shear stress and different environmental conditions. Additionally, the expression of stress proteins was followed up to investigate how those stress proteins respond to environmental changes as well as different hydrodynamic conditions. Stress proteins investigated were heat shock proteins as they have been studied in the context of heat and nutritional stress but it has not been determined the expression of stress proteins in response to hydrodynamic stress. 

Results indicate that the cell cycle profile can be affected by type of culture and feeding strategy. Also, specific productivity seems to be associated with G1 phase and some slight differences were observed due to shear stress. Regarding stress proteins, a characteristic expression profile was found and it will be discussed how stress proteins expression could be related to cell productivity. 


BIOT 40
Sequential addition of glutamine and alternative substitutes to reduce ammonium production while maintaining t-PA productivity 
Do Yun Kim1, dykim121@gmail.com, Mario A. Jardon2, marioj@chml.ubc.ca, M. Arshad Chaudhry1, mas_chaudhry@yahoo.ca, and James M. Piret2, jpiret@chml.ubc.ca. (1) Michael Smith Laboratories, University of British Columbia, 2185 East Mall, Vancouver, BC V6T1X7, Canada, Fax: 604-822-2114, (2) Michael Smith Laboratories & Department of Chemical and Biological Engineering, University of British Columbia, Vancouver, BC V6T1X7, Canada
Pyruvate, glutamate and a glutamine-containing dipeptide were investigated as glutamine substitutes to reduce ammonium production in plant hydrolysate fed-batch cultures of rCHO cells. Completely replacing glutamine with substitutes reduced the ammonium production by 5-12 mM compared to 13 mM in glutamine fed-batch cultures. However, the t-PA concentration was decreased by 48-77%. By a method of sequential substitute addition, only after depletion of initially added 4 mM glutamine, the ammonium production was reduced by 2-6 mM. In these cases the cell culture performance was much improved. In particular, the sequential feeding of glutamine and pyruvate yielded a 32% decrease in ammonium production, 4-fold increase in the integral of viable cell density and a 10-fold increase in maximum t-PA concentration (250 mg/L) compared to batch culture.


BIOT 41
FRET 2.0 sensor design based on improved conformational switching 
Misha Golynskiy, m.v.golynskiy@tue.nl, Laboratory of Chemical Biology / Department of Biomedical Engineering/, Eindhoven University of Technology, Room STO 3.28, P.O. Box 513, 5600 MB Eindhoven, Netherlands, Fax: +31-40-2451036, Maarten Merkx, m.merkx@tue.nl, Department of Biomedical Engineering, Eindhoven University of Technology, 5600 MB Eindhoven, Netherlands, and EW. Meijer, E.W.Meijer@tue.nl, Laboratory of Macromolecular and Organic Chemistry, Eindhoven University of Technology, NL-5600 MB Eindhoven, Netherlands
The fields of molecular and medicinal diagnostics have greatly benefited from the discovery of fluorescent proteins. Frequently, a pair of donor/acceptor fluorescent proteins capable of Forster Resonance Energy Transfer (FRET) is used as a signal generating moiety that can report on conformational changes in a ligand binding domain on a <100Å scale. While numerous examples of FRET-based sensors exist in literature, many of them suffer from small changes in the emission ratio, thereby limiting their use in high-throughput applications. To improve the ratiometric response of FRET-based sensors, hydrophobic mutations were introduced on the surface of the fluorescent proteins. The presence of these mutations promotes an initial "closed" state with a large amount of FRET, which, in the presence of ligand, is switched to an alternative conformation that separates the fluorescent domains. Several examples of genetically-encoded sensor proteins based on this principle of conformational-switching will be presented. 


BIOT 42
Directed co-evolution of the Tat export machinery for use in biotechnology applications 
Matthew J. Marrichi and Matthew P. DeLisa, School of Chemical and Biomolecular Engineering, Cornell University, 120 Olin Hall, Ithaca, NY 14853
The twin-arginine translocation (Tat) pathway is a robust protein translocation system capable of transporting fully folded proteins across the bacterial cytoplasmic membrane. The hallmark feature of the Tat pathway is its inherent quality control mechanism whereby unfolded or misfolded proteins are incompetent for transport, allowing for only translocation of properly folded substrates. While this in vivo quality control is appealing for production of biotechnologically important proteins, the relatively low yields of products translocated via the Tat pathway relative to yields obtained using the general secretory (Sec) pathway have been a major obstacle. Additionally, the recognition of substrates by the Tat pathway can be restrictive, whereby species specificity prevents certain heterologous substrates from being exported in tractable hosts such as E. coli. While it would be desirable to rationally engineer improved features into the Tat pathway through genetic manipulation, the translocon itself is a complex network of three proteins whose interactions are still not fully understood. To circumvent this, we implemented a directed co-evolution strategy whereby all three components of the Tat pathway were evolved concurrently for the purpose of engineering new functions into the Tat system that are relevant in the context of preparative protein expression and display of combinatorial protein libraries.


BIOT 43
Development of soluble DO11.10 T cell receptor for therapeutic applications 
Jennifer Maynard, Ben Roy, Ryan Myhre, and Ross Gonzales, Department of Chemical Engineering, University of Texas at Austin, 1 University Station, CPE 5.466, MC 0400 1 University Station, Asutin, TX 78712
In contrast to the mature markets available for antibodies, the structurally similar T cell receptor has experienced minimal development for commercial applications as reagents, diagnostics and therapeutics. Physiological T cell receptors have been limited in therapeutic applications by characteristic low affinity interactions (~1-100 micromolar) and inherent difficulties with expression and in vitro engineering. We have been able to overcome some of these engineering roadblocks by producing high levels of certain classes of murine receptors in bacterial cultures. Using a single-chain TCR production system in E. coli, we have produced DO11.10 (a murine receptor recognizing an ovalbumin peptide), 172.10 (a murine receptor recognizing a multiple sclerosis peptide), 2D1 (human human receptor recognizing a multiple sclerosis peptide) and G206 (a murine receptor recognizing a type 1 diabetes peptide) at 2-30 mg/L culture. These single-chain ?? TCRs have been shown to bind native pMHC targets and inhibit proliferation of wild-type T cells. 

High-level expression of scTCRs opens the door for basic science and therapeutic applications. N-terminal biotinylation sequences have increased expression of DO-11.10, and facilitated creation of scTCR tetramers. In addition, DO-11.10, a widely used model system for a murine B-cell lymphoma, has been successfully displayed on phage and affinity-matured using site-directed mutagenesis. The role played by selected TCRs in murine disease models suggests development of TCR-based reagents, diagnostics and targeted drug delivery therapeutics. 


BIOT 44
Simple recombinant design of IgG-based bispecific antibodies 
Kelly J Davis, davisk@mit.edu, Department of Chemical Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139, and K. Dane Wittrup, wittrup@MIT.EDU, Chemical Engineering and Biological Engineering Departments, Massachusetts Institure of Technology, Cambridge, MA 02139
Despite exhibiting increased diffusion and capillary permeability, antibody fragments such as scFvs and Fabs display lower tumor uptake than antibodies due to fast plasma clearance. In pretargeted radioimmunotherapy, slow clearing antibody pharmacokinetics are necessary to induce high tumor uptake before the delivery of a small, rapidly cleared radioactive hapten. We present a simple recombinant design of an IgG-based bispecific antibody construct intended for use in pretargeted radioimmunotherapy. A full length immunoglobulin is modified with an scFv extension off of the C terminus of each light chain, resulting in a tetravalent bispecific antibody. We synthesized a bispecific antibody of this design with specificity to carcinoembryonic antigen (CEA) and fluorescein. The bispecific antibody was secreted from human endothelial kidney cells and the product exhibits simultaneous binding to both CEA and fluorescein. Bispecific antibodies of this format could be engineered from any IgG/scFv pair. 






BIOT 45
Engineering enzymatically activated targeting ligands using bacterial peptide display libraries 
Jerry Michael Thomas, Sophia Kenrick, and Patrick S. Daugherty, Department of Chemical Engineering, University of California, Santa Barbara, Engineering II Room 3357, Santa Barbara, CA 93106-5080
Tumor targeting therapies and diagnostics that specifically interact with upregulated receptors and angiogenic factors are showing great promise for improving cancer care. However, these targeting strategies have severe limitations because many potential cancer targets are also necessary for normal, healthy tissues to function. In an effort to improve targeting specificity, we have developed a novel method for isolating enzymatically activated antiangiogenic peptides. These peptides are designed to selectively bind VEGF only after exposure to tumor associated proteases, matrix metalloproteases (MMP), that are present in cancerous tissue. A known MMP peptide substrate was added to the N-terminal end of a VEGF binding peptide and displayed on the bacterial surface. Peptide display libraries were then constructed and sorted using flow cytometry to isolate VEGF binding peptides with up to 10-fold improved binding after enzyme treatment. Enzyme-mediated binding that takes advantage of tissue specific enzyme activity may improve in vivo imaging contrast, help reduce side effects, and may be useful in tissue targeted nanotherapies.


BIOT 46
Cystine knot polypeptides engineered for high affinity integrin binding: A new class of in vivo molecular imaging agents 
Richard H. Kimura1, Aron M. Levin1, Zhen Cheng2, Sanjiv Sam Gambhir2, and Jennifer R. Cochran1, Jennifer.Cochran@stanford.edu. (1) Department of Bioengineering, Stanford University, 318 Campus Dr West, James H. Clark Center, W250, Stanford, CA 94305, (2) Department of Radiology, Stanford University, Stanford, CA 94305
There is a critical need for molecular imaging probes that specifically target integrin receptors that are overexpressed on tumors, and allow noninvasive characterization of tumors for patient-specific cancer treatment and disease management. Despite the prevalence of integrin-binding peptides and peptidomimetics in the literature, suboptimal tumor targeting efficacy and pharmacokinetics have limited their clinical translation as molecular imaging agents. We used yeast surface display to engineer the Ecballium elaterium trypsin inhibitor knottin to bind to alphavbeta3 and alphavbeta5 integrin receptors with high (nanomolar) affinity. In the process, we also discovered the first known polypeptide that binds with high affinity to alphavbeta3, alphavbeta5, and alpha5beta1 integrins. Since all three of these integrins are co-expressed on tumors and contribute to angiogenesis, this knottin polypeptide has potential as a broad spectrum cancer therapeutic or imaging agent. Next, we showed that the engineered knottin polypeptides strongly inhibited tumor cell adhesion to the extracellular matrix protein vitronectin, and in some cases fibronectin, depending on their integrin binding specificity. Finally, we used optical imaging and positron emission tomography to demonstrate that integrin binding affinity plays a critical role in in vivo tumor uptake. High affinity knottin polypeptides exhibited a significant increase in tumor uptake in mouse xenograft models compared to weaker binding polypeptides, including a cyclic pentapeptide that is currently under clinical development for imaging of integrin-expressing tumors. Thus, engineered knottin polypeptides show great potential as clinical diagnostics for a variety of cancers. Funded by: the NIH NCI Howard Temin Award 5K01 CA104706 and the Mallinckrodt Faculty Scholar Award (both to JRC), NCI ICMIC P50 CA114747 and NIH 5R25 CA118681 (both to SSG), a Stanford Molecular Imaging Scholars postdoctoral fellowship (to RHK), and a Stanford Dean's fellowship (to AML).


BIOT 47
The Trials and Tribulations of a Medical Breakthrough: The Discovery and Development of Carvedilol (Coreg) for the Treatment of Congestive Heart Failure 
Robert Ruffolo, Wyeth Pharmaceuticals, Madison, NJ 07940
Heart failure (HF) is a debilitating disease that kills more people than all forms of cancer combined. Death from HF, which results within a median period of 5 years, was thought to be unpreventable. The discovery of carvedilol (Coreg) has resulted in a paradigm shift for the treatment of CHF. Carvedilol is a simple molecule that has a complex mechanism of action. Carvedilol blocks β1-, β2- and α1- adrenoceptors, inhibits the neurohormonal pathways involved in the progression of HF, is a potent antioxidant and vasodilator, inhibits cardiac remodeling, and prevents cardiac apoptosis (cellular suicide). Despite the inherent logic for the use of carvedilol in the treatment of HF, there was one problem: carvedilol was a β-blocker, and β-blockers were “contraindicated” (i.e., forbidden by the FDA) in patients with HF. Accordingly, the development of carvedilol encountered an adverse regulatory climate, ethical dilemmas, skepticism by cardiologists and reluctance of the company to develop the drug. Despite these issues, science prevailed over fears, and the largest clinical trial conducted in HF was initiated. The results of the clinical trial were so remarkable that a Data Safety and Monitoring Board (DSMB), appointed to oversee this controversial clinical trial, terminated the trial prematurely for ethical reasons; the DSMB determined that carvedilol provided such overwhelming benefit to patients that it was unethical to have patients on “placebo” (the standard of care minus carvedilol). Following 17 years of research and clinical development, carvedilol markedly reduced death and morbidity from HF, reduced the need for hospitalization, and reduced healthcare costs. The discovery and development of carvedilol for HF not only represents a medical breakthrough, but the drug is now considered to be the standard of care for this terrible disease. More importantly, carvedilol has removed the “death sentence” from patients with HF.


BIOT 48
Impact of hydrophobic interaction chromatography operating parameters on peak position, peak shape and purity 
Vicki F Reynolds, Process Development, Amgen, 4000 Nelson Rd, Longmont, CO 80503, Fax: 303-541-9254
Hydrophobic interaction chromatography (HIC) is used in an Amgen purification process. During process characterization operating temperature, load rate and resin degree of substitution (DOS) were found to have a significant influence on peak position and therefore posed a risk to process robustness. Modifications to the process along with tighter controls on the resin DOS were implemented to assure process quality and performance. However, during production scale engineering runs, the elution peaks displayed varying degrees of peak splitting. Small temperature fluctuations were determined to be the major cause of this unexpected profile. Lessons learned with respect to the benefits of process characterization and implementation of controls to assure product quality will be discussed.


BIOT 49
Examining the effect of protein size on transport and adsorption in polymer-modified ion-exchange media 
Brian D Bowes and Abraham M. Lenhoff, Department of Chemical Engineering, University of Delaware, 150 Academy St., Newark, DE 19716
The effect of protein size on the balance between protein transport and adsorption that accounts for observed column breakthrough performance is explored. The model proteins lysozyme, lactoferrin, and a monoclonal antibody were studied on the traditional resin SP SepharoseTM FF and the dextran-modified resins SP Sepharose XL and CaptoTM S. Adsorption isotherms show modest increases in static binding capacity for dextran-modified materials, reflecting a larger available binding volume. Protein uptake visualized by confocal microscopy reveals significant changes with protein size and also reflects consistently faster uptake in the dextran-modified resins, which can be understood in terms of the comparative ability of adsorbed protein to move in the pore space. The faster transport in XL and Capto shifts the optimum operation to lower ionic strengths where static capacities are higher, resulting in greatly improved dynamic binding capacities. Further qualitative insights into column performance are gained through consideration of protein and resin properties.


BIOT 50
Mechanisms for Protein A Resin Binding Capacity Decay and Solutions for Resin Lifetime Improvement 
Canping Jiang1, abhinav.shukla@bms.com, Jing Liu2, abhinav.shukla@bms.com, Steven S Lee1, and Abhinav A Shukla1. (1) Bristol-Myers Squibb, PO Box 4755, Syracuse, NY 13221, (2) Biomolecular Structure and Design, University of Washington, Seattle, WA 98195
The functional lifetime of Protein A resins has substantial influence on process economy in industrial purification of antibodies and Fc-fusion proteins. Despite the importance of this topic, no clear mechanistic understanding of Protein A resin binding capacity decay has emerged. Protein A resin binding capacity decay can be attributed to two major causes: i) resin fouling, ii) ligand loss. A range of mechanistic studies were conducted to investigate the dominant reason for agarose-based Protein A resin binding capacity decay in an Fc-fusion protein purification process. The binding capacity and pore diffusivity were determined on the new and aged resins. The decline in dynamic binding capacity of the aged resins was correlated to a decrease in static binding capacity whereas pore diffusivity remained unchanged during resin aging. Results demonstrated that the use of weakly alkaline or acidic conditions for CIP of Protein A columns plays the major role in causing capacity decrease. Contrary to conventional wisdom, ligand loss other than resin fouling was determined to be the dominant mechanism that resulted in Protein A binding capacity decay. To mitigate this effect, various solvents and additives including chaotropes, detergents and sugars were screened for their protective effects on the Protein A ligand. Additives that can mitigate the effect of extreme pH conditions necessary for column regeneration will be discussed.


BIOT 51
Evaluation of ProSep Ultra Plus® Protein A Affinity Media for mAb Downstream Process 
Vincent Chai, vchai@amgen.com, Amgen Inc, Thousand Oaks, CA 91361, Tony Hong, thong@amgen.com, Process Development, Amgen Inc, Thousand Oaks, CA 91320, and Joe Zhou, joez@amgen.com, Purification Process Development, Amgen Inc, Thousand Oaks, CA 91320
Protein-A affinity chromatography is commonly used as an efficient capture and purification step in monoclonal antibody downstream processes. With its high specificity, this unit operation can routinely remove greater than 99% of non-product impurities. However, with rapidly increasing cell culture titers, Protein A chromatography may soon become the bottleneck and the step productivity of Protein-A resin forms a great challenge to increase process efficiency. Therefore, a full evaluation of a newly designed resin matrix is important to the mAb industry. 

In this presentation, ProSep Ultra Plus® Protein A affinity resin from Millipore was fully evaluated for product throughput in comparison with agarose based resin. The high binding capacity with variable residence time, together with the effects of bed height on the packing profile and different wash solutions for the effective removal of process impurities are discussed. 


BIOT 52
Design of high performance Protein A chromatography resins for antibody processing. 
Neil Soice, Joaquin Umana, Kristen Cotoni, Lloyd Gottlieb, Jim Hamzik, Chen Wang, Nanying Bian, Senthil Ramaswamy, Shari Spector, Yuan Wong, Kami Beyzavi, and KS Cheng, Chromatography Product Development, BioProcess R&D, Millipore Corporation, 80 Ashby Rd, Bedford, MA 01730
The design and optimization of two novel Protein A affinity resins will be described. Critical design parameters such as the pore size, particle size and ligand density will be compared for high capacity resins based on separate approaches, one involving an agarose base matrix and another involving a controlled pore glass base matrix. A novel affinity ligand coupling method, so called “associative coupling”, was implemented which allows for increased IgG binding capacity. This coupling method also provides controlled and/or reduced non-specific binding. For both resins IgG saturation binding capacities greater than 70g/L can be achieved. However, the resulting dynamic capacity is very different. Chromatography performance for antibody capture will be discussed for both novel resins.


BIOT 53
Development of a downstream process for a monoclonal antibody 
Kjell Eriksson, GE Healthcare Bio-Sciences, Björkgatan 30, Uppsala 751 84, Sweden, Fax: +46-18-6121844
This presentation describes the development of a monoclonal antibody (MAb) purification process, from initial screening studies to production scale. The main focus will be on production of Phase I/II material with the use of pre-packed, pre-qualified and sanitized columns packed with standard chromatography media. Instrumental to good process economy at manufacturing scale is the re-use of resins. However, clinical material is commonly only produced once and resins may then be discarded. The direct impact of different downstream scenarios, e.g. conventional techniques versus disposable alternatives, on process economy and productivity will be discussed. 


BIOT 54
Case Study: Using DOE to define operating range of CaptoTM adhere in mAb purification in flowthrough mode 
June L. Lee, juneliml@amgen.com, Amgen, Inc, 1 Amgen Center Dr, Thousand Oaks, CA 91320, Xiaoyang Zhao, xzhao@amgen.com, Process Development, Amgen, Inc, Thousand Oaks, CA 91362, Tony Hong, thong@amgen.com, Process Development, Amgen Inc, Thousand Oaks, CA 91320, and Joe Zhou, joez@amgen.com, Purification Process Development, Amgen Inc, Thousand Oaks, CA 91320
Process consistency and robustness are still the major challenges in large-scale mAb production. In general, if targeted product quality attributes can be reached in broader operation ranges, the process used is more robust and process consistence is readily achievable. Therefore, the design space is becoming a “Smart from the Start” approach. 

Newly produced multimodal strong anion resin, CaptoTM adhere, was evaluated with a mAb in a flow-through mode as this operational mode provides higher capacity while allowing contaminants to bind to the column. During the method development, three main operating parameters - pH, conductivity and load including their ranges were evaluated using DOE with JMP against three main process targets – process yield, host cell protein removal and higher molecular weight removal. The operational ranges and main effects along with interactions between parameters are discussed in the presentation. 


BIOT 55
Rational development of Cleaning-In-Place protocols for affinity media 
Hans J. Johansson, Hanna Tengliden, and Anna Grönberg, R&D, Life Science, GE Healthcare Bio-Sciences, BL5-1, 753 26 Uppsala, Sweden, Fax: 46186121844
Commonly used protein-based affinity ligands (like Protein A) are very stable and allow potential use for many hundreds of purification cycles. Instrumental to maximum functional resin life-time is the use of efficient and resin compatible cleaning-in-place (CIP) solutions. We will present a study demonstrating the use of a protein based affinity ligand, for capture of recombinant albumin from bovine whey over 700 purification cycles using a cleaning solution based on iso-propanol, sodium chloride and sodium hydroxide. However, all biological feeds are unique and will present different challenges with respect to fouling of resins and development of suitable CIP protocols. Traditional small scale column studies are very labor intensive, time and sample consuming. Therefore, we have developed a rational methodology for rapid design of CIP protocols using Protein A affinity media and capture of mAb from harvested cell culture fluid from mAb expressing Chinese hamster ovary (CHO) cells as a model. The paper includes methodology for rapid screening of a large number of CIP solutions in 96-well format and final verification in parallel small scale column format.


BIOT 56
Robustness of retroviral clearance by capture protein A chromatography 
Min Zhang1, zhang.min@gene.com, Scott Lute2, lute@cber.fda.gov, Lenore Norling1, norling.lenore@gene.com, Denise Korbe1, korbe.denise@gene.com, Kevin Padua1, Greg Blank1, Qi Chen1, and Kurt Brorson2, kurt.brorson@fda.hhs.gov. (1) Process Research and Development, Genentech, Inc, 1 DNA Way, South San Francisco, CA 94080, (2) Division of Monoclonal Antibodies, Center for Drug Evaluation and Research, Food and Drug Administration, Bldg 64, Rm 1036, 10903 New Hampshire Ave, Silver Spring, MD 20903, Fax: 301-796-9817
Current validation for virus removal by chromatography steps is perfomed at bench scale. Here we evaluated the potential of Q-PCR based assays to quantify CHO endogenous retrovirus particles directly at process scale. Comparable clearance was obtained relative to the model virus spiking approach. We also tested the concept of a CHO retrovirus removal design space of wide range of operating conditions, including load density, flow rate, wash, pooling, and temperature. Little impact of these variables was found using two orthogonal Q-PCR based assays (genome and Q-PERT), arguing for implementation of the design space approach for viral clearance. The robustness of virus clearance with respect to protein A media re-use was also demonstrated using media with four matrix chemistries. Media lifetime was generally limited by either declining step yield or media fouling. However, clearance of endogenous retrovirus as well as three other viruses (SV40, X-MuLV, and MMV) remained in an acceptable range, again arguing for the design space approach. Overall, virus clearance by protein A chromatography appears to be extremely robust with respect to media age, various process parameters and can be directly measured at large scale using Q-PCR assays.


BIOT 57
Application of Quality by Design to retrovirus inactivation by detergent treatment 
Juliana Nolting, Brian J. Hotovec, Guillermo Miroquesada, Kimberly J. Shields, and Dayue Chen, Bioprocess Research and Development, Eli Lilly and Company, Lilly Corporate Center, Indianapolis, IN 46285, Fax: 317-433-2886
A quality by design (QbD) approach was taken to define the design space for the detergent viral inactivation (DVI) unit operation. A series of designed experiments (DOE) was carried out using Xenotropic Murine Leukemia Virus (XMuLV) as the model virus, to evaluate four parameters of the unit operation: Triton X-100 (TX-100) concentration, temperature, pH, and total protein concentration. Spike and recovery experiments were performed to determine XMuLV inactivation kinetics over a wide range of the four parameters, using cell culture harvest from two monoclonal antibodies and one recombinant protein. Our results showed that TX-100 concentrations ≥ 0.25% (w/v) consistently inactivated XMuLV when temperature, pH, and protein concentration were within the ranges specified. In addition, the study demonstrated that XMuLV inactivation was independent of cell culture harvest or molecule type. Finally, we provided compelling in-house data to support a DVI modular clearance claim for future Eli Lilly therapeutic proteins, providing the unit operation is performed within the design space. 


BIOT 58
Optimization of viral clearance by anion exchange chromatography in a monoclonal antibody purification: Application of a design of experiments (DOE) approach 
M. Ellen Dahlgren1, ellen_dahlgren@merck.com, Nihal Tugcu1, nihal_tugcu@merck.com, Edith Tan Senderak2, edith_senderak@merck.com, and David J. Roush1, david_roush@merck.com. (1) BioPurification Development, BioProcess R&D, Merck & Co., Inc, PO Box 2000, RY805S-100, Rahway, NJ 07065, Fax: 732-594-4973, (2) Preclinical Statistics, Merck & Co., Inc, West Point, PA 19486
Purification processes for therapeutic monoclonal antibodies (MAbs) must be tested to demonstrate their capacity to remove infectious viruses. To ensure process robustness, this testing is performed under the most demanding conditions within the design space. We used a Design of Experiments (DOE) approach to investigate interactions of pH, resin loading, and feed conductivity on clearance of Murine Minute Virus in the anion exchange chromatography (AEX) step of a MAb purification. Twenty automated injections of virus-spiked feedstock were made in a Central Composite Design study. Viral clearance was measured by Q-PCR. Optimal clearance occurred at higher pH and lower conductivity. The model fit was excellent (r2 > 0.99). Conductivity and pH effects were highly significant (p<0.0001), as was pH/conductivity interaction. Resin loading (7 to 149 mg/mL) had no measurable effect. The most demanding viral clearance test for AEX should employ the lowest pH and highest conductivity within the process specifications. 


BIOT 59
Developing a design space for the removal of endogenous retrovirus-like particles from mAb feedstocks by an anion exchange chromatography process 
Daniel M. Strauss, Tony Cano, Nick Cai, Greg Blank, Philip Lester, Qi Chen, and Bin Yang, Process Research and Development, Genentech, Inc, One DNA Way, South San Francisco, CA 94080
Assurance of viral safety is an important consideration in the development of recovery processes for monoclonal antibodies produced in mammalian cell cultures. Anion exchange chromatography (AEX) performed in product flow-through mode is a common operation in mAb purification processes, and it has been shown to provide robust removal of viruses over a wide range of parameters and feedstocks. We have developed a design space for the removal of viruses by a Q-Sepharose Fast-Flow process. We first identified critical process parameters through the use of a formalized risk assessment based on the mechanism of virus removal by this process as well as previous data. We then utilized design-of-experiment techniques and quantitative PCR to analyze the removal of endogenous retrovirus-like particles from CHO-cell derived feedstocks. This methodology provides a thorough analysis of the abilities and limitations of this AEX process to provide assurance of viral safety for biotechnology products.


BIOT 60
Application of design space methodology to a multi-scale centrifugation harvest operation with pH induced impurity precipitation and flocculation 
Matthew Westoby1, matthew.westoby@biogenidec.com, Ryan Haverstock1, Ryan.Haverstock@biogenidec.com, Andy Koswara1, Yik Lam1, yik.lam@biogenidec.com, and Lynn Conley2. (1) Biopharmaceutical Development, Biogen Idec, 5200 Research Place, San Diego, CA 92122, Fax: 858-431-2714, (2) Purification Development, Biogen Idec, San Diego, CA 92122
Centrifugation is a common harvest technique utilized throughout the biotechnology industry. However, it is a challenging operation to characterize due to the lack of robust bench scale models, requiring experimentation at pilot scale and limiting the number of experiments that can be performed. In addition, the coupling of an impurity precipitation/flocculation step to centrifugation complicates characterization efforts further. A strategy was utilized to overcome these challenges and develop an empirical model of the process for the centrifuge harvest of a monoclonal antibody historically harvested by depth filtration. Utilizing this model, the design space of the process was defined where process streams were comparable to the existing depth filtration process. Operating ranges within the design space were then identified for commercial production at 2000 and 15000 L manufacturing scale.


BIOT 61
Approaches to defining the design space for a monoclonal antibody platform purification process 
Ranga Godavarti, Drug Substance Development, Wyeth Biopharma, 1 Burtt Rd., Andover, MA 01810
There has been a lot of interest generated in the recent years in applying the principles of Quality by Design (QbD) to biopharmaceuticals. A key component of that is defining a design space for the manufacturing process, which would link process inputs (input variables and process parameters) to critical quality attributes. The strategy for defining the design space for a monoclonal antibody platform purification process during various stages of development will be described. Minimal process characterization studies are performed when the product is in early phase of development, where the focus is more on a comparison to historical platform process performance. During later stages of development, more rigorous process characterization studies are conducted to define the design space. These include use of risk analysis tools to identify potential key and critical process parameters, multi-factor screening studies using DOE approaches and linking various unit operations. A case study describing some of the elements of the above strategy will be presented.


BIOT 62
Design Space: use of risk assessments in biologic process development 
Elsie DiBella and Patricia Alred, Purification Development, Centocor R & D, Inc, 145 King of Prussia Road, Radnor, PA 19087
As defined in ICH Q8, design space is the multidimensional combination and interaction of process parameters that have been demonstrated to provide assurance of quality. In a typical monoclonal antibody process there are more than 200 individual process parameters and more than 60 quality attributes that can be identified. At first glance, a design space with such a large number of process parameters and quality attributes would be unattainable. Risk assessments applied early in development can be used to focus efforts on the appropriate process parameters and quality attributes. Risk assessments are first performed on the quality attributes to develop a prioritized list of quality attributes, of which a subset is included for consideration in design space studies. Once quality attributes of interest have been determined, a two-tier approach to determining a design space study design is performed. First, an assessment of the individual process unit operations (typically 10) with regards to their potential influence on quality attributes is performed, resulting in a reduced list of quality attributes requiring study for each unit operation. Second, an assessment of the process parameters for each unit operation with regards to the reduced list of quality attributes is performed, resulting in a reduced list of process parameters requiring study for each unit operation. The application of these types of assessments in the development of a monoclonal antibody downstream purification process will be presented. 


BIOT 63
A Tiered Approach for Process Characterization of Biopharmaceutical Downstream Processes 
Canping Jiang, Sunitha Kandula, Saley Harou-Kouka, Michael Rubacha, Daniel Dempsey, Steven S Lee, and Abhinav A Shukla, Bristol-Myers Squibb, PO Box 4755, Syracuse, NY 13221
Process characterization establishes the linkage between process inputs and critical quality attributes, or Design Space. It is an essential component of “Quality by Design”. This presentation will focus on an integration of risk analysis and Design of Experiments (DOE) methodology to characterize the chromatography steps in a monoclonal antibody purification process. A case study using a tiered approach will be described. First, process parameters of low risk were excluded for DOE study as a result of Failure Mode and Effect Analysis (FMEA). During the “screening step”, fraction factorial design was used to further eliminate the non-key process parameters. The key process parameters were then studied by central composite design during the “mapping step” to establish the response surface model and the initial Design Space. Finally, process consistency of the chromatography steps was improved by Robust Parameter Design (RPD). During the RPD step, the key process parameters were categorized into control factors and noise factors. The levels of the controllable factors were optimized within the initial design space in order to obtain the desired process performance while also reducing process variation due to noise factors. Application of this integrated and structured approach can assure product quality and offer improved process robustness for a biopharmaceutical manufacturing process.


BIOT 64
Manipulating Cell Signaling for Novel Anti-Virulence Techniques and Metabolic Engineering for Hydrogen Production 
Thomas K. Wood, Artie McFerrin Department of Chemical Engineering and the Departments of Biology and Civil/Environmental Engineering, Texas A&M University, 220 Jack E. Brown Building, Texas A&M University, College Station, TX 77843, Fax: 979- 865-6446
Bacteria use extracellular signals to become primitive tissues. We have found that cells with different lifestyles use specific signals at different temperatures. In addition, we have found via phenotypic assays and animal studies that the Escherichia coli quorum-sensing signal indole may be used to decrease virulence of the pathogen Pseudomonas aeruginosa and that indole and derivatives decrease the virulence of pathogenic E. coli (Infect. Immun. 75:4597-4607, 2007 & Appl. Environ. Microbiol. 73:4100-4109, 2007). Furthermore, we have discovered a new universal signal, uracil, and found that uracil derivatives may be used to reduce virulence of P. aeruginosa. Striving also to find renewable fuel sources, we have engineered E. coli and its bi-directional hydrogenase 3 for hydrogen generation. Hydrogenase 3 produces hydrogen via the reaction 2H+ + 2e- x H2 (g); the source of the two electrons is formate. We developed a rapid (2 day) technique to make unlimited metabolic deletions in the chromosome using successive P1 transductions and used this technique to create a quintuple mutant hyaB hybC hycA fdoG/pCA24N-FhlA that produces 141 times more hydrogen (Microbial Biotechnol. 1:30-39, 2008). This strain produces the most hydrogen to date and reaches the theoretical limit of 1 mol H2/mol of formate. We also developed strains for producing H2 from glucose and have used protein engineering to create hydrogenase 3 variants with 30-fold enhanced hydrogen production; this is the first random protein engineering of a hydrogenase (Appl. Microb. Biotechnol. on-line, 2008). 


BIOT 65
Cell physiology changes during CHO fed-batch cultures 
Mario A. Jardon1, marioj@chml.ubc.ca, Do Yun Kim2, dykim121@gmail.com, M. Arshad Chaudhry2, and James M. Piret1, jpiret@chml.ubc.ca. (1) Michael Smith Laboratories & Department of Chemical and Biological Engineering, University of British Columbia, 2185 East Mall, Vancouver, BC V6T 1Z4, Canada, (2) Michael Smith Laboratories, University of British Columbia, Vancouver, BC V6T1X7, Canada
Maintaining a productive cell physiology is a fundamental goal of the design and optimization of bioprocesses. Serum-free fed-batch CHO cell cultures were developed and yielded maximal cell concentrations above 107cells/mL and t-PA concentrations of ~100 mg/L. The kinetics of specific amino acid limitations and indicators of cell physiology were investigated, relating them to cell productivity and other commonly analyzed cellular responses relevant to culture performance (specific growth rate, viability and apoptosis). Whereas upon amino acid depletion in fed-batch cultures the mitochondrial transmembrane potential was not significantly affected, the lysosomal content increased more than 50 fold within less than 24 hours and the cytoplasmic mass decreased by more than one order of magnitude. These changes coincided with decreased productivity, even though cells were still actively proliferating. Further work is exploring variables that influence cell physiology to further enhance the fed-batch performance. 


BIOT 66
Engineering Saccharomyces cerevisiae for the heterologous expression of mammalian G-protein coupled receptors 
Michelle A. O'Malley, J. Dominic Mancini, Carissa L. Young, David Raden, and Anne Skaja Robinson, Department of Chemical Engineering, University of Delaware, 150 Academy Street, Newark, DE 19716, Fax: 302-831-1048
The G-protein coupled receptors (GPCRs) are seven-helix transmembrane proteins, and are targets for over 50% of pharmaceuticals on the market. Since GPCRs naturally occur in low levels, heterologous expression systems have been used to over-express them in amounts suitable for biophysical characterization. Previously, we have achieved high-level expression and plasma membrane localization of the human adenosine A2a receptor in S. cerevisiae at levels of ~10 mg/L of culture, which has facilitated characterization of this receptor. However, when similar strategies are employed to over-express representative GPCRs in this system, these proteins fail to reach the plasma membrane. Expression of mislocalized GPCRs activates the unfolded protein response, whereas expression of A2aR does not. Affinity precipitation and confocal microscopy reveal a specific association of mislocalized receptors with BiP, an ER-resident chaperone. This ER localization may be due to trafficking or translocation failure. Currently, we are investigating the possible causes for the differential expression. 


BIOT 67
Identification and optimization of peptone-regulated metabolic pathways to develop high-performance chemically-defined processes 
Rebecca E McCoy and Arvia Morris, Cell Sciences & Technology, Amgen, Inc, 1201 Amgen Court West, Seattle, WA 98119
Hydrolysates are often used to enhance the performance of mammalian fed-batch production cultures. However, hydrolysates are undefined and the risk of batch to batch variability in this raw material has to be managed carefully, involving considerable resources. Recent media development work at Amgen has been focused on replacing peptones with fully defined raw materials in fed-batch processes. CHO microarray analysis was performed to study the impacts of hydrolysates on gene expression in a scaled down model. Analysis of the microarray data using statistical methods in combination with pathway analysis software led to the identification of hydrolysate-regulated metabolic pathways. Substitution of hydrolysates with compounds aimed at modulating some of these pathways was instrumental in the successful development of chemically defined media. The media can be used in a platform approach to support high cell growth and antibody titers in multiple antibody-producing CHO cell lines.


BIOT 68
Probing the dynamics of antibody secretion with SILAC 
Nitya M Jacob1, jacob883@umn.edu, Joon Chong Yee1, joonchong.yee@gmail.com, Karthik P. Jayapal1, jayapal@cems.umn.edu, Yee-Jiun Kok2, kok_yee_jiun@bti.a-star.edu.sg, Robin J. Philp2, Robin_Philp@bti.a-star.edu.sg, Timothy J. Griffin3, tgriffin@umn.edu, and Wei-Shou Hu1, wshu@cems.umn.edu. (1) Department of Chemical Engineering and Materials Science, University of Minnesota, 421 Washington Ave. SE, Minneapolis, MN 55455, (2) Bioprocessing Technology Institute, Agency for Science, Technology and Research, Singapore 138668, Singapore 138668, Singapore, (3) Department of Biochemistry, Molecular Biology and Biophysics, University of Minnesota, Minneapolis, MN 55455, Minneapolis, MN 55455
In the past decade, the specific productivity of recombinant mammalian cells has increased to a level rivaling that of professional secretors in vivo. The increased productivity may entail expansion of the protein processing machinery or a faster secretion process. We performed transcriptome analysis to affirm the role of protein processing machinery and employed SILAC (Stable Isotope Labeling of Amino acids in Culture)-based mass-spectrometry to compare antibody secretion rates in CHO cells under normal and high-productivity (low temperature, butyrate treatment) conditions. Using [13C6,15N4]-arginine, secretion rates were determined by the decay of labeled peptides over time. Both heavy and light chain IgG exhibited similar intracellular holding times under conditions of different productivity. However, a small fraction of antibody had an extended secretion time. This heterogeneity in the secretion rates of intracellular IgG was more profound when recombinant myeloma cells were examined. The observed distribution of antibody secretion rates provides further hints on potential rate-limiting steps in further enhancing recombinant protein productivity.


BIOT 69
Improving recombinant protein production in the Baculovirus Expression Vector System via RNA interference mediated silencing of Tn-caspase 
Colin G. Hébert, cghebert@umd.edu, Fischell Department of Bioengineering, University of Maryland, 6142 Plant Scinces Bldg 036, Center for Biosystems Research, College Park, MD 20742, James J. Valdes, Molecular Engineering Team, US Army Edgewood Chemical Biological Center, Aberdeen Proving Grounds, MD, and William E. Bentley, bentley@umd.edu, Fischell Department of Bioengineering and Center for Biosystems Research, UMBI, University of Maryland, College Park, MD 20742
RNA interference (RNAi) is a powerful tool for characterizing gene function in eukaryotic organisms and cultured cell lines, but its use in metabolic engineering has been limited. In this work, we examine the use of in vitro and in vivo synthesized double-stranded RNA (dsRNA) as a means of increasing recombinant protein production in the baculovirus expression vector system. Specifically, we have expressed, purified and characterized Tn-caspase, the predominant effector caspase present in Trichoplusia ni cells. Our findings demonstrate that RNAi mediated silencing of Tn-caspase results in a greater than 6-fold decrease in caspase activity and an overall reduction in apoptosis. Furthermore, through the use of in vitro synthesized dsRNA and the development of a Tn-caspase repressed stable cells, we have achieved a greater than 2-fold increase in recombinant protein production. These results support the application of RNAi in metabolic engineering, specifically for enhancing protein production in the baculovirus expression system.


BIOT 70
Promotion effect of 30K proteins on glycosylation in a chinese hamster ovary cell system 
Ju Hyun Park, Shin Sik Choi, and Tai Hyun Park, School of Chemical & Biological Engineering, Seoul National University, Korea, Seoul National University, 599 Gwanangno, Gwanak-gu, Seoul, South Korea, Fax: +82-2-883-1874
In our previous study, we reported that the 30K protein originating from silkworm, Bombyx mori, inhibited apoptosis in mammalian cells. In this study, effect of 30K protein on the glycosylation was investigated in CHO cell systems producing FSH and EPO. The 30K protein consists of several subtypes including 30Kc6 and 30Kc19. While the 30Kc6 inhibited apoptosis and increased the production of cloned-gene product, the recombinant 30Kc19 did not show any positive effect on cell growth and viability in a spinner flask culture. However, the recombinant 30Kc19 exhibited positive activity for glycosylation; as a result, content of acidic isoforms increased both in FSH and EPO. In the 2-D analysis of FSH, the percentage of isoform in pI 3-5, which is known to have high in vivo activity, increased by approximately 27 percent when 0.2mg/ml 30Kc19 was added to the culture medium. Similar results were obtained also for EPO. The terminal sialylation of EPO glycan was assayed by MAA lectin. When same amount of EPO was transferred onto a membrane after SDS-PAGE and detected by biotinylated MAA, it was observed that the terminal sialic acid increased significantly in the case of 30Kc19 addition. This promotion effect of recombinant 30Kc19 on glycosylation is considered to be due to the enhancement of sialyltransferase activity. We confirmed this in the in vitro sialylation experiment. The sialylation of asialofetuin, sialic acid-absence fetuin, was enhanced by 30Kc19. The use of the 30Kc19 protein would provide a new strategy to improve the glycosylation pattern in the production of biopharmaceuticals.


BIOT 71
Molecular and network modeling in synthetic and systems biology 
Bruce Tidor, Biological Engineering Division & Department of Electrical Engineering and Computer Science, Massachusetts Institute of Technology, 77 Massachusetts Avenue, Room 32-212, Cambridge, MA 02139
Physico-chemically based models are prevalent in the study of molecules and materials, where they are crucial to our understanding of complex phenomena, to the interpretation and design of experiments, and to the design of new or altered structures with desired properties. Mechanistically detailed models of biochemical networks are growing in popularity, where they hold the promise of helping to unravel the complexity of signal transduction pathways, to identify new therapeutic strategies, and to develop approaches to personalized medicine. This talk will discuss similarities and differences between modeling at the level of biomolecules and that of biochemical networks, with implications for synthetic and systems biology and the presentation of recent results.


BIOT 72
Computational design of protein-protein interactions 
Nikolay V. Dokholyan, Department of Biochemistry and Biophysics, University of North Carolina at Chapel Hill, 116 Manning Drive, Campus Box #7260, Chapel Hill, NC 27599-7260
Protein-protein interactions are key events in cellular life. Disruption or alteration of these interactions often dramatically affect cellular life leading to diseases. The ability to rationally manipulate these processes by computational engineering protein-protein interactions is an important pharmaceutical strategy to fight diseases. Despite recent revolutionary advances in experimental methodologies, we are still limited in our ability to sample and decipher the structural and dynamic aspects of single molecules that are critical for their biological function. An important component during computational design of protein-protein interaction is the ability to account for conformational diversity of the interacting proteins. We combine rapid Discrete Molecular Dynamics simulations with newly-developed Medusa force field to account for such conformational diversity during design. I will describe recent successes in designing protein-protein interactions using our approach.


BIOT 73
Protein design from sequence statistics: Protein properties from consensus and correlation 
Brandon J. Sullivan, bsulliva@chemistry.ohio-state.edu, Ohio State Biochemistry Program, The Ohio State University, 100 W. 18th Ave., Columbus, OH 43210, Venuka Durani, vdurani@chemistry.ohio-state.edu, Department of Chemistry, The Ohio State University, Columbus, OH 43210, and Thomas J. Magliery, magliery@chemistry.ohio-state.edu, Departments of Chemistry and Biochemistry, The Ohio State University, 100 W. 18th Ave., Columbus, OH 43210
We are still far from an accurate physiochemical model to predict the thermodynamic effects of mutations on proteins, but therapeutic, industrial and research purposes often require stabilized proteins. It has been observed recently that so-called consensus mutations-—the most common amino acid from a multiple sequence alignment—-result in protein stabilization about half the time, and whole motifs or domains have been engineered using this principle. More recently, it has been shown that including co-variation of residues can improve sequence-based design. We sought to examine what properties are specified by consensus and higher-order correlations in a large family of complex enzymes, the triosephosphate isomerases (TIMs), which are typical of the common (beta/alpha)8 proteins. We have adopted a host-guest approach, by first engineering consensus TIM (cTIM), and then making mutations to this scaffold. Surprisingly, cTIM is weakly active, and does not fully denature upon heating to 95 °C. More surprisingly, even though all known TIMs are dimers, cTIM is a monomer at room temperature. The effects of interface mutations in cTIM, statistical analysis of correlation in the TIM family, and exploration of other dimeric enzymes will be discussed.


BIOT 74
Experimental characterization of a de novo designed Calcium binding site 
Hossein Fazelinia, Patrick C. Cirino, and Costas D. Maranas, Department of Chemical Engineering, The Pennsylvania State University, 149 Fenske Lab, University Park, PA 16802
Here we computationally design and experimentally characterize a new calcium-binding pocket into the first domain of non-calcium binding CD2 (PDB: 1hng), a rat cell adhesion protein. The D1 domain of this protein has been extensively used as a platform for different protein design endeavors and has been shown to accommodate different configurations of calcium binding pockets. We are using this protein to benchmark a systematic computational framework developed in our group, whereby new functions are introduced into a protein scaffold by transferring a new binding pocket and/or active site. We use a two-level procedure where we first identify where are the most appropriate locations to graft the new binding pocket into the protein fold by minimizing the deviations from a set of geometric restraints. This challenge gives rise to a high dimensional search problem which we tackle using mixed-integer linear optimization. Upon identifying the suitable locations that can accommodate the new binding pocket we subsequently identify whether mutations in the neighboring residues are needed to preserve the conformation of the grafted binding pocket and reduce any steric hindrances. Detailed atomistic energy calculations are employed to identify what mutations, if any, are needed to ensure that the minimum energy conformation of the binding pocket conserves the desired geometry. 

We will describe how this procedure was successfully implemented to transfer the second calcium binding pocket found in TRMase protein (PDB: 1thm) into the D1 domain of CD2 protein. Fluorescence resonance energy transfer between native aromatic residues in the protein scaffold and the calcium analog terbium provides a measure of ligand binding. The de novo designed binding pocket exhibits high affinity for terbium, and competition studies indicate that calcium and terbium compete for the same binding site. 


BIOT 75
Structural understanding of stabilization patterns in engineered bispecific Ig-like antibody molecules facilitates their further optimization 
Jacob L. Jordan1, jlj4x@virginia.edu, Joseph Arndt2, joseph.arndt@biogenidec.com, Karl Hanf2, karlhanf@comcast.net, Guohui Li2, Deping Wang2, Brian Miller3, Scott Glaser3, Erik J. Fernandez1, erik@virginia.edu, and Alexey Lugovskoy2, alexey.lugovskoy@biogenidec.com. (1) Department of Chemical Engineering, University of Virginia, Charlottesville, VA 22903, (2) Drug Discovery, Biogen Idec Inc, Cambridge, MA 02142, (3) Drug Discovery`, Biogen Idec Inc, San Diego, CA 92122
Reengineered antibody fragments often face stability problems. Despite a significant body of work, challenges remain in stabilizing engineered antibodies and their fragments. The Ig-like bispecific antibody single chain variable fragment targeting human LTß receptor has previously been stabilized by over 25°C via rational design. Here we report the computational analysis of the X-ray structures of the wild-type and two stabilized mutants. Structural analysis reveals important differences that introduce new favorable interactions into the structures; computational energy scores confirm and quantify the energetic stabilization. We transform these insights into a new hierarchical structure-based mutant selection approach and use it to identify a new class of stabilizing mutations. This combination of structure-based approaches and hierarchical mutant selection criteria may be applicable in the engineering of other antibodies to enhance thermal and chemical stability that could lead to optimized manufacturability and shelf life.


BIOT 76
High-resolution homology modeling of antibody Fv regions and application to antibody-antigen docking 
Arvind Sivasubramanian1, asivasu1@jhu.edu, Aroop Sircar2, aroopsircar@yahoo.com, Sidhartha Chaudhury3, sidc@jhu.edu, and Jeffrey J. Gray2, jgray@jhu.edu. (1) Chemical and Biomolecular Engineering, Johns Hopkins University, 3400 North Charles Street, Baltimore, MD 21218, Fax: 410-516-5510, (2) Chemical & Biomolecular Engineering, Johns Hopkins University, 3400 N Charles St, Baltimore, MD 21218, (3) Computational and Molecular Biophysics, Johns Hopkins University, Baltimore, MD 21218
High-resolution homology models are useful in structure-based protein engineering applications when a crystallographic structure is unavailable. Here, we report the development and implementation of RosettaAntibody, a protocol for homology modeling of antibody variable regions. The protocol combines comparative modeling of canonical complementarity determining region (CDR) loop conformations and de novo loop modeling of CDR H3 conformation with simultaneous optimization of VL-VH rigid-body orientation and CDR backbone and side-chain conformations. The protocol was tested on a benchmark of 34 antibody crystal structures. The median root-mean-square-deviation (rmsd) of the antigen binding pocket comprised of all the CDR residues was 1.3 Å with 80% of the targets having an rmsd lower than 2.0 Å. The median rmsd of the final CDR H3 loop prediction was 2.0 Å, and 70% of the loop predictions had an rmsd lower than 2.7 Å. When the set of ten top-scoring antibody homology models are used in local ensemble docking to antigen, a moderate to high accuracy docking prediction was made in eight of fifteen targets. This first large-scale antibody-antigen docking study using homology models provides insight into the “functional accuracy” of these structural models towards protein engineering applications.





BIOT 77
Computer Guided Protein Engineering: Free Energy Simulation Approach 
Wei Yang, Institute of Molecular Biophysics, School of Computational Science, & Department of Chemistry and Biochemistry, Florida State University, Florida State University, Tallahassee, FL 32306, Fax: 850-644-7244
Current protein engineering efforts require more accurate and reliable computational tools for the pre-experiment predictions. This task has been challenging for the fact that both accuracy and efficiency need to be balanced. In the recent years, free energy simulation methods, which can provide more accurate predictions, have been greatly advanced so that their efficiencies start allowing this technique to play some role in protein engineering. In this talk, we will discuss our recent efforts in the applications of generalized ensemble based free energy simulation methods in the predictions of binding affinities changes when the wild type antibody AQC2 is mutated.


BIOT 78
Using robotic high throughput screening to identify extraction conditions from E. coli feedstock 
Paul McDonald1, pmcd@gene.com, Vikram N. Sisodiya1, sisodiya@gene.com, Thanmaya Peram1, peram.thanmaya@gene.com, Jayme N. Franklin1, franklin.jayme@gene.com, and Philip Lester2, lester.philip@gene.com. (1) Early Stage Purification, PR&D, Genentech, Inc, 1 DNA Way, South San Francisco, CA 94080, (2) Process Research and Development, Genentech, Inc, South San Francisco, CA 94080
The first step in the purification of recombinant proteins from E.coli feedstock is the extraction of the product of interest from the E. coli whole cell broth. In this step, whole cell broth is typically homogenized to release the product from within the periplasmic space. The homogenized broth is then treated to flocculate cell debris while precipitating impurities such as E.coli proteins and DNA. Treatment of the homogenate involves one or more of the following steps: addition of flocculants & product stabilizers, pH adjustment and the application of heat. The large number of variables and the potential for interactions between those variables can result in time-consuming experimental studies. By contrast, using robotic high throughput screening allows us to quickly screen a large experimental space while also accelerating development timelines. We have developed such an approach to identify the operating space for the extraction of recombinant proteins from E.coli feedstock. Evaluating 384 conditions per experiment, we screened different combinations of pH, flocculant & product stabilizer concentration as well as temperature. We optimized the extraction step for high product yield, low levels of E.coli proteins as well as a low turbidity & stable centrate. For these key outputs, results generated at robotic scale were predictive of trends at lab scale. The optimized extraction process was further tested at pilot-scale.


BIOT 79
High Throuput Screening of Affinity Resins and Dynamic Binding Capacity Prediction 
Lisa Dietrich, lisa_dietrich@merck.com, BioProcess R&D, Merck & Co., Inc, PO Box 2000, Rahway, NJ 08540, and Nihal Tugcu, nihal_tugcu@merck.com, BioPurification Development, BioProcess R&D, Merck & Co., Inc, Rahway, NJ 07065
At early stages of development, the supply of the protein of interest is typically the limiting factor in purification development. Given the large number of commercially available resins, a high throughput method for screening of resins and process conditions increases efficiency. This paper demonstrates a method by which Protein A affinity resins were screened for static binding binding in 96 well plates. Each plate can be used to explore many different binding conditions, while using less than 1 mL of resin and 80 mg of protein. The plate is then filtered and each well is measured utilizing a UV plate reader. The isotherms that were produced from this data, along with batch kinetic data, were then used to calculate parameters for the Bohart-Adams and Thomas solutions. These equations have traditionally been used to estimate the dynamic binding capacity of ion exchange resins, but have recently been applied to affinity resins. These predictions are then compared to data from dynamic binding experiments performed at a 1 mL scale. This can prove to be a powerful tool for preliminary process analysis. 


BIOT 80
Micro-Plate Based Ion-Exchange Chromatography for High Throughput Protein Purification Process Design 
Shuichi Yamamoto, Noriko Yoshimoto, Yuko Nishijima, and Rieko Ozawa, Bioprocess Engineering, Yamaguchi University, Tokiwadai, Ube 755-8611, Japan
As a method for surveying efficient separation conditions for the mobile phase, a 96-well micro-plate based monolithic ion-exchange chromatography system was developed. Discontinuous flow was accomplished by a vacuum manifold. Linear salt gradient elution experiments were carried out with this system and the elution curves were compared with those for monolithic disk column IEC. The normalized gradient slope - the peak salt concentration data for the micro-plate system agreed with those for the monolithic disk column IEC. Although the system is operated manually, it is useful as the liquid volume needed for the experiment is highly reduced, and a large amount of data are obtained quickly. The system was successfully applied to dynamic binding capacity measurements as a function of mobile phase pH and salt concentration.


BIOT 81
Effect of resin ligand density and column packing quality changes on the separation performance of HIC during column scale up 
Justin T McCue1, justin.mccue@biogenidec.com, Philip Engel2, philip.engel@biogenidec.com, and Jorg P Thommes1, jorg.thommes@biogenidec.com. (1) BioProcess Development, Biogen Idec, 14 Cambridge Center, Cambridge, MA 02142, Fax: 617-679-3408, (2) BioProcess Development, Biogen Idec Corporation, Cambridge, MA 02142
Hydrophobic interaction chromatography (HIC) is commonly used to separate monomer and aggregate species in the large-scale manufacturing of therapeutic proteins. In this work, high throughput batch equilibrium experiments were used in conjunction with modeling calculations to predict the separation performance of a therapeutic protein using HIC across a broad range of scales. The performance of the HIC column, which included both product yield and aggregate clearance, depended significantly on a number of operating conditions, including the resin ligand density and column packing quality (HETP). A theoretical model, which described the monomer/aggregate separation process, was used to predict and explain the impact on column performance resulting from changes in the resin ligand density and column packing quality. The described model was used as a predictive tool to determine the optimal operating conditions, making it valuable during process scale up using data generated in a high throughput, laboratory scale environment. 


BIOT 82
Technology transfer studies performed to improve tangential flow microfiltration clarification of 5,000L chinese hamster ovary cultures 
T. Bruce Vickroy, Evan Coates, Susan Severino, Alan R Gardner, and Daniel Baker, Global Manufacturing and Supply, GlaxoSmithKline, 893 Schuykill River Road, Conshohocken, PA 19028
Tangential Flow Micro Filtration (TFMF) is used in the manufacture of a monoclonal antibody to clarify a Chinese hamster ovary cell culture broth. Upon four-fold scale-up from 1,200L pilot scale to 5,000L commercial scale, optimization of operating conditions and cleaning cycle conditions was required to ensure adequate control of transmembrane pressure, product recovery, and membrane re-uses. A 1/100th scale down model system was used to study the effects of two operating variables recirculation and filtration flow rate in key regions of the commercial scale system. In a parallel effort, membrane cleaning procedures and conditions were revised based on input from the membrane manufacturer. Insights gained from these technology transfer studies and from a mathematical model were used to propose new operating and cleaning conditions. These new conditions and procedures were successfully implemented at the 5,000L commercial scale to both increase membrane life and reduce process variation.


BIOT 83
Large scale DNA precipitation and clarification of adenovirus-containing cell lysate 
Aaron R. Goerke, Michael E. Laska, Sangeetha L. Sagar, and John O. Konz Jr., BioPurification Development, Merck & Co., Inc, P.O. Box 4, West Point, PA 19486
Viral vector purification schemes often rely on extensive treatment with nucleases and subsequent chromatography purification methods, to reach the desired purity. Use of selective DNA precipitation provides a more robust and economically feasible purification process for preparing large, commercial grade quantities of different highly infectious adenovirus serotypes. Mixing plays an important role in the performance of such a selective precipitation step. Scale-up studies were performed to investigate whether the precipitation of DNA was thermodynamically or kinetically driven and the potential variables that may have an impact. These studies also provided guidance into the mixing parameters to be used for scale-up of the precipitation step. Not surprisingly, scale-up strategies were also dependent on downstream unit operation performance. Simultaneous optimization of a depth filtration module has proven to be advantageous. A 1000-L purification process, with minimal dependence on nuclease treatment, consistently reduces residual host cell DNA levels less than release specifications.


BIOT 84
Effect of column packing parameters on packed bed stability and chromatography process performance 
John Higgins1, higginsj@medimmune.com, Warren Schwartz2, warren_schwartz@pall.com, Jennifer Griffin3, jennifer_griffin@pall.com, Brandon Christensen1, and Paul O'Neil3, paul_oneil@pall.com. (1) Process Biochemistry, MedImmune, One MedImmune Way, Gaithersburg, MD 20878, Fax: 301-398-8142, (2) Chromatography Products, Pall Biopharmaceuticals, Boxborough, MA 01719, (3) Chromatography Technology, Pall Corporation, Portsmouth, NH 03801
Bed instability can affect column performance during scale-up of a chromatography process step. Sub-optimal packing conditions can cause bed instability at the manufacturing scale. In this example, columns packed with Hydrophobic Charge Induction Chromatography (HCIC) media exhibited visible cracks in the bed and protein break-through was observed during operation. Analyses confirmed the bed instability and showed poor process performance compared to small scale data. To better understand the bed stability issue in order to scale the process up, column packing studies were performed. The data from the column packing studies demonstrated that a stable packed bed and subsequent HETP values are dependent on column packing parameters. Columns packed under optimal conditions exhibited significant improvement in bed stability and process performance. These data support the conclusion that careful control of column packing parameters leads to improved process performance and bed stability.


BIOT 85
Scaling up of gradient elution chromatography 
C. R. Narahari, C. A. Griffin, and G. D. Diehl, GSK, 709 Swedeland Road, King of Prussia, PA 19428
This paper presents an implementation of gradient elution chromatography employed in a commercial process. In general, gradient elution is not considered a manufacturing friendly operation and is often thought to be too difficult to control during large scale manufacturing. There are however, distinct advantages to gradient elution, such as better control over resolution and decreased process development time (and thus increased speed to market). This presentation will discuss scaling up of the gradient in a monoclonal antibody purification process and its implementation in a commercial manufacturing facility. Methods used for troubleshooting the gradient formation and comparison of the gradient across different scales are also presented. Finally, the performance of the gradient in terms of impurities clearance and methods used to assess the quality of the gradient are also presented. In conclusion, this presentation will demonstrate a simple, robust implementation of the gradient technique that exploits the power of this often under-utilized technique.


BIOT 86
Quality by Design in Biotechnology Product Development and Manufacturing 
Patrick G Swann, Division of Monoclonal Antibodies, Center for Drug Evaluation and Research, Food and Drug Administration, 29 Lincoln Drive, Bethesda, MD 20892, Fax: 301-827-0852
"Quality by Design" can be defined as a systematic approach to product development. This approach is based upon a thorough understanding of the relationship between manufacturing process inputs (raw materials, operating parameters, etc) and product quality attributes. This relationship can be described in the design space. Knowledge gained through process development, manufacturing experience and characterization/validation studies can be used to support the design space. Scientific and regulatory issues to consider when establishing a design space for biotechnology products will be discussed. 


BIOT 87
Use of cell cycle, apoptosis and LDH analysis to characterize a mammalian cell culture scale-down model 
Eli Kraus, Jessica Pedroso, George Boros, Holly Tift, Stephen Rianna, and Colin Woodard, Process Development, Amgen, 40 Technology Way, West Greenwich, RI 02817
A representative mammalian cell culture scale-down model is essential in process characterization, troubleshooting and developing improvements of the manufacturing scale process. One area that is under represented during the evaluation of a scale-down model is the comparison of the state of the cells. While comparison of viable cell density provides growth rates, cell cycle analysis provides insight into the metabolic state of the cells and is much more predictive of how much additional growth will occur. In this regard, viability only provides the percentage of cells that are able to incorporate a dye, like Trypan Blue, but apoptosis studies provide insight into the mechanism of how the cells are dying and how long cultures can be maintained. In addition, the use of Lactose Dehydrogenase (LDH) to study cell death captures the total amount of cell death rather than just a snap shot at a single point in time. To improve the predictive capability of the mammalian cell culture scale-down model, this study characterizes cell cycle, apoptosis and LDH for comparison to the manufacturing scale process.


BIOT 88
Application of a scale-down cell culture model for design space development 
Valerie Liu Tsang, Angela Xiaoying Wang, Helena Yusuf-Makagiansar, and Thomas Ryll, Cell Culture Development, Biogen Idec, Inc, 5200 Research Place, San Diego, CA 92122
For late stage clinical programs, good process understanding derived from well-designed process characterization studies can ensure a robust cell culture process and provide consistent performance and product quality attributes. Because it is neither possible nor desired to conduct large numbers of experiments at manufacturing scale, a key prerequisite to developing a design space is to qualify a scale-down model that can be used to determine the impact of various process parameters on performance indicators and product quality attributes. 

Here we describe the definition of a scale-down process model and its application to development of the design space for an antibody-producing CHO cell culture process. Our strategy uses a three-tiered approach to evaluate performance comparability among scales. First is an evaluation of physiological parameters such as production and uptake rate kinetics to confirm that cultures are in similar physiological states at small and large scales. Second is an evaluation using multivariate analysis among scales to demonstrate comparable trajectories for the multivariate components within the model. Third is a comparison of product quality attributes. The qualified scale-down cell culture model is then applied to parameter screening and interaction studies to define the design space based upon performance and product quality responses. 


BIOT 89
Product quality assessment during cell line selection and process development 
Feng Li1, li.feng@gene.com, Darren Brown2, Cary Opel1, copel@gene.com, Efren Pacis2, and Robert Bayer2. (1) Oceanside Process Research & Development, Genentech, Inc, Oceanside, CA 92056, Fax: 760-231-2465, (2) Process Research & Development, Genentech, Oceanside, CA 92056
During therapeutic antibody manufacturing process development, it is critical to select a final production cell line in a timely manner, while having desirable product quality, robust cell growth, and high productivity. In this presentation, two case studies will be described regarding how to deal with low levels of product-related impurities during clone selection. The first study is about the presence of unintended amino acid sequence variants in an antibody product arising from mutations, which is a common issue during the cell line development. From the material produced by a high productivity lead clone candidate, a low level of sequence mutation was detected by peptide mapping. The later LC/MS/MS results confirmed one sequence mutation in heavy chain conserved region. Several important factors were considered to determine acceptability of the presence of sequence mutation. In the second case study, inconsistent levels of high mannose 5 glycosylation form were observed when the lead clone was scaled up from shake flasks to different scales of bioreactors. Multiple process parameters, including cell age, culture duration, media composition, pH, DO setpoints, were tested to have better understanding of how to control the product quality in the cell culture process.


BIOT 90
Quality By Design Characterization of a Fed-Batch Cell Culture Process from Vial Thaw to Harvest 
Susan Abu-Absi, Patrick Thompson, Liying Yang, Megan Newhouse, Momina Andrabi, Bernhard Schilling, Abhinav A Shukla, and Steven S Lee, Bristol-Myers Squibb, PO Box 4755, Syracuse, NY 13221
The timelines for process development, scale-up and validation of biological products are increasingly compressed especially for many life-saving anti-cancer agents. Process optimization studies and process characterization, or Design Space studies, must be completed systematically and effectively to establish appropriate ranges for process parameters. Quality by Design begins with screening experiments to determine appropriate ranges of process parameters, beyond which may have a potential impact on the Critical Quality Attributes (CQA) of the drug substance. Once these key process parameters are determined, more in-depth studies, such as response surface methodology and edge of failure studies, are conducted to determine critical process parameter (CPP) ranges. This talk will focus on our strategy to quickly and concomitantly screen process parameters for the inoculum expansion and production bioreactor steps of fed-batch cell culture processes for the manufacture of monoclonal antibodies. Following establishment of appropriate scale-down models for the seed and production bioreactors, design of experiments (DOE) is utilized to evaluate the effects of shake flask and seed bioreactor parameters on cell growth and viability in the seed bioreactor. Next, seed bioreactor and production bioreactor parameters are screened for their effects on productivity and product quality. The assessment of product quality, including analysis of aggregation and oligosaccharide profile, in addition to quantitation of host cell impurity levels will also be discussed.


BIOT 91
Upstream process characterization utilizing response surface experimental design: Case study for a GS-NS0 monoclonal antibody production process 
Serena Fries Smith, Edith Senderak, Rachel Bareither, Christine Chan, Vanessa Kober, David Lee, Craig Seamans, and Michel Chartrain, Bioprocess R&D, Merck & Co., Inc, P.O. Box 2000, Rahway, NJ 07065
Process characterization is a systematic investigation into a production process and yields valuable information on performance and product quality attributes. The main goals of the characterization studies are to identify Key Operating Parameters (KOP) and Critical Process Parameters (CPP), define operating ranges for those parameters, and demonstrate process robustness. In addition to identifying acceptable operating ranges, setting recommended operating ranges within the acceptable limits is crucial to a robust process. Prior to beginning experimental studies aimed at defining the cell culture process, a Failure Mode Effects Analysis (FMEA) was completed based on previous process and equipment knowledge. Following the risk analysis, which prioritized the process parameters with the highest likeliness of failure, the characterization of the GS-NS0 fed-batch process was completed using a response surface experimental design in a 3-L stirred bioreactor scale-down model. The process parameters studied were temperature, pH, dissolved oxygen, inoculation density, feed timing, medium concentration, and feed concentration. These studies quantified the effects of the process parameters on cell growth, cell viability, antibody production, binding affinity, glycan distribution, and charge variant distribution, and identified temperature and pH as CPPs and inoculation density as a KOP. The other investigated parameters were determined to be non-key parameters. The characterization of this GS-NS0 fed-batch process provided necessary information to set recommended and acceptable operating ranges for the process parameters. It also highlighted process sensitivities and failure limits, which were useful during process scale-up and technology transfer to the manufacturing facility. Further, short-term excursion studies were performed to evaluate the effect of process control drifts beyond the acceptable operating range. The response surface experimental design worked well as a tool to characterize the fed-batch process. This design enabled the detailed mapping of operating space for the evaluated parameters and provided information necessary to identify the critical parameters for this process.


BIOT 92
Experimental design strategies for defining the design space of a cell culture process 
Nathan McKnight1, mcknight.nathan@gene.com, Daniel Coleman2, coleman.daniel@gene.com, Srikanth R. Chary1, schary@gene.com, Robert Kiss1, kiss.robert@gene.com, and Brian Kelley3, kelley.brian@gene.com. (1) Late Stage Cell Culture, Genentech, Inc, 1 DNA Way, South San Francisco, CA 94080, Fax: 650-225-4436, (2) Non Clinical Biostatistics, Genentech, Inc, South San Francisco, CA 94080, (3) Late Stage Bioprocess Development, Genentech, South San Francisco, CA 94080
Sequential, statistically designed experiments were used to define the design space for the production culture of a fed-batch antibody cell culture process. An initial screening experiment consisted of a Plackett-Burman design with eight parameters varied over a relatively wide range. Results were used to build a preliminary model of main and interaction effects and design a follow-up fractional factorial experiment. The follow-up experiment had one parameter range reduced and the center point of another adjusted to levels predicted to produce acceptable product quality. Results from the initial and follow-up experiments were combined to build a more robust process model. This presentation describes the rationale and outcome of our experimental strategy, and describes “what-if” scenarios of alternate strategies, exploring their potential for increasing resource efficiency and minimizing risk while delivering equivalent process understanding.


BIOT 93
Hydrogen bond network lifetime as an indicator of protein stability in pharmaceutical preparations 
Marcus T. Cicerone, cicerone@nist.gov, Polymers Division, National Institute of Standards and Technology, 100 Bureau Drive, Mail Stop 8543, Gaithersburg, MD 20899-8543, Fax: 301-975-3928, and Jerainne M. Johnson, jerainne.johnson@nist.gov, Polymers Division, National institute of Standards and Technology, Gaithersburg, MD 20899
Despite the widespread use of lyophilization for protein stabilization, there are no well-established rational approaches to formulating the hydrophilic glasses that will host the protein in the dry state. As a result, many proteinaceous drug candidates with apparent potential go untested for want of sufficient stability even to perform initial trials. Materials dynamics are universally accepted as important to protein preservation, but when considered in protein formulations, slow structural (á) relaxation is often considered exclusively in relating host dynamics with the time-course of degradation for biological materials embedded in glasses. a relaxation is frequently useful, but is often not sufficient to predict protein stability. We have shown a striking correlation between stability of proteins in glasses and the fast (ps – ns), local dynamics of the glass itself. This correlation was first made with data from neutron scattering. In this presentation I will discuss the neutron scattering results, as well as a steady-state fluorescence method we are developing for estimating hydrogen-bond network lifetimes in biopreservation glasses which gives dynamics information on the same timescale as that of the neutron scattering. This fluorescence probe has potential in optimizing glasses for protein stabilization as well as serving as a powerful tool in clarifying the role of fast dynamics in protein stabilization.


BIOT 94
Analysis of protein-excipient interactions in amorphous solids by hydrogen/deuterium exchange with mass spectrometry 
Sandipan Sinha1, ssinha@ku.edu, Yunsong Li1, Todd D Williams2, tdwillia@ku.edu, and Elizabeth M. Topp1, topp@ku.edu. (1) Department of Pharmaceutical Chemistry, University of Kansas, 2095 Constant Ave., Lawrence, KS 66047, (2) Mass Spectrometry Lab, University of Kansas, Lawrence, KS 66045
Hydrogen/deuterium (H/D) exchange with electrospray ionization mass spectrometry (ESI-MS) was employed to provide insight into protein-excipient interactions in lyophilized solids. Myoglobin, lysozyme, beta-lactoglobulin, ribonuclease A, E-cadherin 5 and concanavalin A were used as model α-helical and β-sheet proteins. The proteins were co-lyophilized with various excipients- trehalose, raffinose, dextran 5000, polyvinyl alcohol (PVA), polyvinyl pyrrolidone (PVP) and guanidine hydrochloride and exposed to D2O vapor at 33% RH at room temperature. Reconstituted samples were analyzed by ESI-MS. Additional analysis employed peptic digestion of selected proteins to provide region-specific information. Raffinose and trehalose exhibited significant protection in the α-helical proteins while β-sheet proteins were less protected. Dextran had a partial protective effect while PVA and PVP had no effect on H/D exchange. Peptic digestion showed conclusively that effects were primarily exerted in the proteins' α-helical regions, while β-sheet regions were protected to a lesser extent. The results demonstrate the utility of H/D exchange with ESI-MS for analyzing protein-excipient interactions in lyophilized samples.


BIOT 95
Mediating sorbitol crystallization-induced aggregation in frozen monoclonal antibody formulations 
Gayathri Ratnaswamy1, gayathri@amgen.com, Deirdre Murphy Piedmonte2, deirdrem@amgen.com, Alison Butler1, Lejla Karamujic1, Priti R. Parmar2, Hong Lin3, hongl@amgen.com, Wenjin Cao3, Karthik Nagapudi3, karthikn@amgen.com, and Susan Hershenson4. (1) Process and Product Development, Amgen Inc, One Amgen Center Drive, Thousand Oaks, CA 91320, (2) Process and Product Development, Amgen, Thousand Oaks, CA 91320, (3) SM Product Development, Amgen Inc, Thousand Oaks 91320, (4) Process Research and Development, Genentech, South San Francisco, CA 94080
We have extended our previous work on protein aggregation due to sorbitol crystallization in the frozen state to evaluate the effect of formulation variables on aggregation of monoclonal antibodies (mAbs). Calorimetric and XRD methods were used to assess sorbitol crystallization as a function of protein concentration which was correlated with subsequent aggregation (by SE-HPLC. Since sorbitol crystallization (by sub-ambient DSC) occurs over extended periods, we also investigated the utility of fragility index measurements as a predictive tool.The fragility index decreases with increasing protein concentration suggesting that it is increasingly difficult for sorbitol to crystallize at high protein concentrations which correlates with the DSC results.In addition, we have characterized both crystalline sorbitol in the frozen state and in the lyophilized state. The XRD pattern obtained is unique and does not match any sorbitol polymorph patterns reported in the literature suggesting that this is a novel polymorph. 


BIOT 96
Interactions of an IgG1 with siliconized glass beads 
Pinaki Basu, Pinaki.Basu@UCHSC.EDU, Department of Pharmaceutical Sciences, University of Colorado Health Sciences Center, 4200 East 9th Ave, School of Pharmacy, Denver, CO 80262, John Carpenter, john.carpenter@uchsc.edu, School of Pharmacy, University of Colorado Health Sciences Center, Denver, CO 80262, Theodore W Randolph, Theodore.Randolph@colorado.edu, Department of Chemical Engineering, University of Colorado, Boulder, Boulder, CO 80309, and Sampathkumar Krishnan, skrishna@amgen.com, Formulation and Analytical Resources, Amgen, Inc, Thousand Oaks, CA 91320
Silicone oil used in coating the inside wall of prefilled syringes for lubrication can lead to protein aggregation and particulate formation. Siliconized glass beads were utilized to have controlled surface area to understand the interaction of protein in aqueous solution and silicone oil layer on the beads. Siliconization of 1 mm diameter borosilicate glass beads was done using a siliconizing agent. A model IgG1 antibody in Sodium Phosphate pH 7.4 and Sodium acetate pH 5 buffers in the presence and absence of 0.01 % polysorbate 20 were incubated with 0.05 gm siliconized glass beads with agitation as part of accelerated stability testing. It was found that polysorbate 20 prevents aggregation of IgG with siliconized glass bead during the agitation studies. 


BIOT 97
The interaction of a monoclonal antibody with stainless steel, cellulose, glass, and tungsten 
Jared Bee1, jaredsbee@gmail.com, Suzanne Sawicki1, David Chiu1, Stephanie A. Nelson1, Jennifer Stevenson2, jlsteven@amgen.com, Koustuv Chatterjee2, Robert Platz3, Erwin Freund2, J. F. Carpenter4, and Theodore W. Randolph5, theodore.randolph@colorado.edu. (1) Department of Chemical and Biological Engineering, University of Colorado, Boulder, CO 80309, (2) Drug Product and device development, Amgen Inc, Thousand Oaks, CA 91320, (3) Drug Product & Device Development, Amgen Inc, Thousand Oaks, CA 91320, (4) Dpt. of Pharmaceutical Sciences, Center for Pharmaceutical Biotechnology, Univ. of Colorado, Denver, CO 80262, (5) Department of Chemical & Biological Engineering, University of Colorado, Boulder, CO 80309
The mechanisms leading to the appearance of visible particulates in some final formulations of protein therapeutics upon storage is not completely understood. The purpose of this work was to investigate the stability of a monoclonal antibody in the presence of tungsten, glass, steel, and cellulose particles. We studied the adsorption and incubation of a monoclonal antibody (mAb) with particles in an accelerated stability protocol. We hypothesize that surfaces could induce bulk aggregation or catastrophic multilayer adsorption depending upon the specific combination of protein properties, surface chemistry, and formulation conditions. We found that the results of particle-mAb interaction did depend upon the particle type and solution conditions. Because the specific protein properties could also dictate its interaction with surfaces we conclude that this type of accelerated screening can be a useful tool in pre-formulation studies or in the investigation of adverse interactions of the container-closure or production equipment with the therapeutic protein


BIOT 98
Mechanical stress testing of therapeutic antibodies 
Astrid Pappenberger, Formulation R&D Biologics, F.Hoffmann-La Roche Ltd, 4070 Basel, Switzerland
Mechanical stress testing is often applied during formulation development to assess the physical stability of the therapeutic protein in its formulation and to evaluate stabilizing excipients. In the work presented, the aggregation behaviour of two therapeutic antibodies was investigated using two different mechanical stress methods (shaking and stirring) at two temperatures with various fill volumes and different amounts of surfactant present in the formulation. The detection of aggregates in terms of size and number was carried out using a variety of analytical methods.


BIOT 99
Impact of high concentration formulations on drug product processing 
Nitin Rathore1, nrathore@amgen.com, Cylia Chen1, Oscar Gonzalez1, and Wenchang Ji2. (1) Global Drug Product & Device Development, Amgen Inc, MS 30W-3-A, One Amgen Center Drive, Thousand Oaks, CA 91320, Fax: 805-375-8251, (2) Global Drug Product & Device Development, Amgen, Thousand Oaks, CA 91320
This talk will discuss challenges faced during drug product processing as a result of high protein concentration formulations. It will provide an overview of fill-finish operations; but more specifically, the paper will focus on two unit operations: Cleaning of product contacting equipment surfaces and Automated Visual Inspection of vials after filling. Our findings will illustrate how the process conditions impact the cleanability of various products, including monoclonal antibodies and how the solution properties of highly concentrated mAb formulations can affect the performance of automated visual inspection equipment. 


BIOT 100
Strategies for achieving buffer concentration, protein concentration and pH targets during the ultrafiltration of concentrated therapeutic proteins 
Glen Bolton, Dan LaCasse, Hari Acharya, Jonida Basha, and Austin Boesch, Purification Process Development, Wyeth BioPharma, 1 Burtt Road, A101C, Andover, MA 01810
Formulation of protein drugs as highly concentrated liquids can benefit both protein production and drug delivery. Reducing process volumes simplifies the spiking of excipients to meet formulation targets, and simplifies the freezing, storage, and lyophilization of process pools. Concentrated drug formulations can more readily be administered subcutaneously. There are a number of technical challenges associated with performing an ultrafiltration process to produce highly concentrated protein solutions. Proteins can aggregate or precipitate at high concentrations. The protein pumping during ultrafiltration can denature proteins and contribute to this aggregation. The Donnan effect can cause imbalances in pH and small solute concentration between the diafiltrate buffer and the concentrated protein solution after an ultrafiltration step. In this study data from small-scale development and large-scale clinical manufacturing ultrafiltration runs performed with a variety of antibodies and therapeutic proteins were examined. Protein aggregation and precipitation were generally low. The pH values and the concentrations of both cationic and anionic buffers in ultrafiltration pools were accurately predicted by the Donnan model. Values of protein charge were obtained from both amino acid sequence and titration experiments. Strategies are provided for recovery of the concentrated protein pool. 


BIOT 101
Agitation and aeration of GS-NS0 cell culture for large-scale monoclonal antibody production 
Derek Adams, Robert Heckathorn, and Eric Frieden, Fermentation and Cell Culture Development, Alexion Pharmaceuticals, Inc, 352 Knotter Dr, Cheshire, CT 06410
Successful cell culture scale up requires good experimental data, predictive modeling, and some luck. Hydrodynamic stress from bursting sparge bubbles is a key parameter that becomes important at larger scales. In contrast, many cell lines are much less sensitive to agitation stress than was historically thought. At larger scales, it is important to ensure sufficient mixing in bioreactors to prevent gradients of pH or dissolved oxygen from developing. In this work, we evaluated aeration and mixing effects on a GS-NS0 cell line (GS-NS0 is licensed from Lonza Biologics, plc.) producing a monoclonal antibody. We demonstrated that greater air sparge rates have a significant detrimental effect on culture longevity and productivity, whereas substantially increased agitation rates (power to volume ratios >100 W/m^3) did not affect culture performance. Further, power to volume ratios greater than 1000 W/m^3 were shown to have only small effects on culture performance. 


BIOT 102
Assessment of platform vaccine process development and improvement of vaccine productivity through bioprocess optimization 
Kunal Aggarwal, Frank Jing, Dharti Pancholi, Richard Schwartz, Jonathan Liu, and Luis Maranga, Cell Culture Development, MedImmune, Inc, 3055 Patrick Henry Drive, Santa Clara, CA 95054, Fax: 650-603-3594
A cell culture based manufacturing process is highly desirable for seasonal and pandemic influenza vaccine production since it promises shorter production cycles, greater surge capacity and reliable, well-characterized production hosts compared to an egg-based production process. In this work, we report our efforts to develop a cell culture-based platform process for production of cold-adapted live attenuated influenza virus strains (Flumist®) using Madin Darby Canine Kidney cells. By optimizing process parameters like virus input per cell (multiplicity of infection), pH, temperature, etc, we increased the peak infectious virus titer from 2 up to 40-fold. Furthermore, we obtained infectious peak titers > 8 log10 Focus Forming Units per ml for more than 20 different influenza vaccine strains including prototype pandemic vaccine strains. This is equivalent to productivity of 10-100 doses/mL of bioreactor harvest fluid. These experiments provide insights to streamline the vaccine manufacturing process development. Based on these findings we shall discuss our approaches to shorten process development time, while improving productivity. 


BIOT 103
Design, characterization and scale up of microsparged 200L perfusion reactor 
A Subramanian, M Jenne, D Havekost, H Brod, and G Dudziak, Bayer Healthcare, Berkeley, CA 94710
Bioreactors for manufacture of antibodies and other protein products (FVIII) are traditionally made in cell culture bioreactor systems. The oxygen required for maintainance of these cells is delivered using a macrosparger. Microsparging is being developed for oxygenation of 200L fermentors. This presentation will talk about the design and characterization of agitator systems that can be used along the sintered microspargers. A variety of impellers were tested at 15L scale and compared wrt mixing times, oxygen transfer rates, power input and shear stress imparted due to agitation. Two impellers were then scaled up to 200L and characterized for operation at 200L scale. Data will be presented on performance of these impellers at 15 and 200L scale. A mechanical foam breaker as also tested in a microsparged reactor as an alternative to use of antifoam C in the media. 


BIOT 104
Effect of the Interaction between Feed Storage and Cell Age on mAB titers in Cell Culture Fed-Batch Process 
Ravishankar Vadali and William J Meyer, GlaxoSmithKline Beecham, MS UE0447 C/D, 709 Swedeland Road, King of Prussia, PA 19406
A cell culture fed-batch process was developed to deliver target mAB titers in 15-16 days of duration. It was observed that the final titers are dependent on feed storage conditions and cell age. Further investigation revealed that some key components in the feed degraded with storage and this stored feed yielded low titers only with cells of > 60 days of cell age after thaw but not with cells that are freshly thawed. A strong interaction effect was observed between the feed composition and cell age in determining the final titers in this process. Subsequent experiments with freshly prepared feed delivered target titers even with aged cells. The outcome of this study demonstrates the importance of considering interactions between cellular metabolism and feed components while designing a fed-batch process. 


BIOT 105
Online process monitoring and feedback control for rapid development of better optimized cell culture processes 
Valerie Liu Tsang, valerie.tsang@biogenidec.com, Cell Culture Development, Biogen Idec, Inc, 5200 Research Place, San Diego, CA 92122, and Angela X. Wang, Cell Culture Development, Biogen IDEC, San Diego, CA 92122
Cell culture feeding strategies are typically developed over a series of experiments in which various feeding volumes and times are applied based on daily offline sampling data. We have implemented automatic online sampling with controlled feedback as a process development tool in which the cell metabolism and physiology of the culture dynamically determine the nutrient requirements of the culture. Using this strategy , monoclonal antibody production increased by over 50% and product quality was not affected when compared to the previously defined cell culture process. We have applied this technique to at least two different cell lines using different nutrient feed components. When networked into the bioreactor control equipment, more complex process control can be achieved. This approach can be used improve product yields and significantly reduce process development timelines.


BIOT 106
Using fibrous microcarriers in quantitative 3D cell culture for antibody production 
Yuan Wen, Xudong Zhang, and Shang-Tian Yang, Department of Chemical and Biomolecular Engineering, The Ohio State University, 125A Koffolt Labs, 140 West 19th Avenue, Columbus, OH 43210
Non-woven poly(ethylene) terephthalate (PET) fibrous matrices have been extensively studied as a tissue engineering material with its capability of supporting high-density cell culture. By simply cutting the same fibrous matrices into microscale patches with a gross volume of about 10 ìL, we have converted the material to economic fibrous microcarriers for cell culture that can suit a wide range of processes. The quantification of cell growth has been a challenge for cultures using microcarriers. In our study, however, quantitative cell growth in the PET fibrous microcarriers was achieved using autofluorescence from a CHO cell line with constitutive green fluorescent protein (GFP) expression and antibody secretion. We studied cell seeding kinetics in an agitated environment. Multiple batches of semi-continuous cell culture were performed in spinner flasks. Perfusion culture can also be realized in a bench-top bioreactor. This novel microcarrier system exhibits a good potential in anchorage-dependent cell culture process development.


BIOT 107
Controlling rate of oxidation and color formation for a human monoclonal antibody in cell culture harvest 
Allen B. Magill II, Pharmaceutical Development, Centocor, R & D, Inc, 145 King of Prussia Rd., Radnor, PA 19087, Fax: 610-993-7864
Oxidation of amino acids including Tryptophan and Methionine are a cause for concern for monoclonal antibody biologics. If they are present in the variable (binding) regions of the protein, antigen binding and therefore potency may be affected. For those antibodies relying on ADCC activity, oxidation of amino acids in the Fc portion of the molecule may also impact biological activity and potency. During early development of a human monoclonal antibody it was discovered that a Tryptophan residue in the CDR-1 region of the heavy chain was oxidizing to form the +4 (kynurenine), +16 (5-hydroxy L-tryptophan) or +32 (N-formylkynurenine) derivatives as determined by tryptic peptide mapping. The increase in oxidation was found to be linked to the length of harvest hold time prior to affinity chromatography. A second effect observed was an increase in the formation of a yellow color in the post affinity column product eluates. The intensity of the yellow color formation was found to increase as the hold time for the cell culture harvest increased prior to protein recovery. The relationship between oxidation and color formation will be discussed as well as the development of mitigating strategies to manage the stability of the protein and control the rate of oxidation and color formation. 


BIOT 108
Effects of urea induced protein conformational changes on ion exchange chromatographic behavior 
Ying Hou1, houy@rpi.edu, Wai Keen Chung1, chungw@rpi.edu, Alexander S. Freed1, freeda@rpi.edu, Thomas Budde Hansen2, tmhs@novonordisk.com, and Steven M. Cramer1, crames@rpi.edu. (1) Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, 110 8th Street, Troy, NY 12180, (2) Department of Protein Separation, Novo Nordisk A/S, Gentofte DK-2820, Denmark
Urea is often employed to solubilize proteins from inclusion body preparations. This can result in urea being present in the mobile phases used in subsequent downstream chromatographic separations. The effects of urea on protein chromatography in IEX are not well understood. In this paper, several model proteins were used to examine the chromatographic effects of protein conformational changes induced by urea. Linear gradient experiments were carried out at various urea concentrations and the protein secondary and tertiary structures were evaluated by far UV CD and fluorescence measurements, respectively. The results indicated that while protein retention time was sensitive to tertiary structure, secondary structure did not appear to play an important role in changes in the retention times. SMA isotherm parameters were also examined and the results indicated that urea induced protein conformational changes affected both the characteristic charge and equilibrium constant in these systems.


BIOT 109
Not all aggregates are the same. So, should they all be removed? 
Joseph E Shultz, Purification Process Development, Amgen, Inc, One Amgen Center Drive, Thousand Oaks, CA 91320
Aggregation is a common impurity in biotherapeutic processes that is generally thought to present a risk for immunogenicity. The aggregates of concern are typically irreversible aggregates with near-native structure. However, depending on the molecular structure of the molecule, a reversible equilibrium can form, resulting in a high percentage of non- covalent, self-associated species. Unfortunately, under normal operating conditions, it is difficult for common purification techniques to differentiate between forms of aggregate. 

This presentation will describe a molecule whose primary sequence resulted in an extreme propensity for self-association. This self-association was generally reversible, and was only controllable over a very small range of pH and salt conditions. This led to unusually limited degrees of freedom when developing the purification process. The resulting challenge was to develop a purification process that could separate the inherent covalent aggregate while avoiding unnecessary yield loss due to concurrent removal of recoverable aggregate. We will highlight how knowledge derived from the analysis of the conformational stability and propensity for self-association of the candidate, as well as, the concurrent development of the formulation conditions guided the downstream purification process development. 


BIOT 110
Development of an affinity chromatography elution step to enhance stability of a therapeutic monoclonal antibody: An aggregation case study 
Rebecca Chmielowski, rebecca_chmielowski@merck.com, Biopurification Development, Merck and Co., Inc, 165 East Lincoln Ave, Mailstop: RY805S-100, Rahway, NJ 07065, and David J. Roush, david_roush@merck.com, BioPurification Development, BioProcess R&D, Merck & Co., Inc, Rahway, NJ 07065
Over the past decade, the applications of therapeutic monoclonal antibodies (mAbs) have significantly increased. mAb stability represents a current challenge in the purification and formulation of these products. High levels of aggregated mAb in protein formulations can have several disadvantages including changes in protein activity and potentially undesirable immunological responses in patients. 

mAb aggregation can be initated by partial unfolding induced by low pH conditions required for elution from the Protein A (affinity) chromatography step and/or during the subsequent viral inactivation (low pH hold) step. A case study into the investigation of the impact of low pH on the extent of aggregation for a specific mAb and processing options to mitigate aggregation during Protein A will be described. The first option to minimize aggregation involves using temperature to control the kinetics (rate) of aggregate formation. The second option involves minimizing aggregation via optimization of the combination of buffer elution strength and pH to increase mAb stability. The impact of some key parameters, including operating pH, temperature, buffer strength and type on mAb stability during Protein A elution and low pH hold will be described in detail. The optimization of this unit operation reduced the level of aggregation in the product by 5% reducing complexity and yield loss of subsequent chromatography steps. This optimized process scaled-up to produce 3 kg of mAb to support clinical development. 


BIOT 111
Universal secondary structure perturbation mode for proteins in reversed-phase chromatography 
Abigail Laurent, alaurent@andrew.cmu.edu, Department of Chemical Engineering, Carnegie Mellon University, Pittsburgh, PA 15213, and Todd Przybycien, todd@andrew.cmu.edu, Department of Biomedical Engineering and Department of Chemical Engineering, Carnegie Mellon University, Pittsburgh, PA 15213
Reversed-phase chromatography (RPC) is highly resolving, making it attractive for use in industrial scale bioprocessing, but denaturation concerns discourage use. Gaining understanding of structural perturbations occurring in RPC might enhance its attractiveness at process scales. RPC batch adsorption experiments were performed on a set of structurally varied proteins. Mobile phase carrier (25mM potassium phosphate at pH 7) and modifier (10 to 50 vol% isopropanol) were selected in an attempt to make the data as pharmaceutically relevant as possible. Circular dichroism and Raman spectra for secondary structure estimation were collected from adsorbed, desorbed, and control samples during each batch experiment. Significant correlations were found between amount of protein adsorbed and the structural changes. Furthermore, a common mode of structural perturbation was identified wherein changes in helix content and changes in sheet content are strongly negatively correlated: gains in sheet content occur at the expense of helix content and vice versa.


BIOT 112
Manutacturability assessment for a successful therapeutic product 
Yijia Jiang, Formulation and Analytical Resources, Amgen Inc, One Amgen Center Dr, 30E1B, Thousand oaks, CA 91320
Manufacturability assessments for a successful therapeutic product 

Yijia Jiang, Ranjini Ramachander, Jie Wen, Cynthia Li, Jenny Li, Nic Angell, Pavel Bondarenko and Linda Narhi 

Biological products present challenges that traditional pharmaceuticals do not exhibit, due to their inherent structural complexities which include the primary amino acid sequence, the possible presence of carbohydrates and other post-translational modifications, and higher order structures. This inherent complexity is affected by the manufacturing process, which in turn could also impact product quality and efficacy. Manufacturability assessment is an activity that is carried out at early stages of product development, and ensures the selection of a candidate that is manufacturable and of the highest quality. In this talk, the components of manufacturability assessment and case studies will be presented. 


BIOT 113
Application of the ELP-intein-based non-chromatographic protein purification technique to the CHO expression system 
Wan-Yi Wu, wanyiwu@princeton.edu, Department of Chemical Engineering, Princeton University, Engineering Quadrangle, G210 Olden Street, Princeton, NJ 08544, and David W. Wood, dwood@princeton.edu, Departments of Chemical Engineering and Molecular Biology, Princeton University, Engineering Quadrangle, A213 Olden Street, Princeton, NJ 08544
Inteins are self-splicing protein elements that can be engineered for different purposes, one of which is the development of self-cleaving purification tags. In previous work, we combined a self-cleaving intein with a thermally-responsive elastin-like polypeptide (ELP), to create a very simple method for non-chromatographically purifying target proteins expressed in E. coli cells. For the production of more complex human therapeutic proteins, however, mammalian expression systems are typically required. In this work, we demonstrate that ELP-tagged target proteins can be successfully secreted by Chinese Hamster Ovary (CHO) cells. Premature intein cleaving was observed as expected since the pH and temperature required for a CHO process is permissive for the cleaving reaction. Thus suppression of premature cleaving is a key goal of our current work. These strategies will be discussed, as well as the potential for the ELP-intein-based technique to provide a rapid, flexible, and inexpensive approach to purify CHO-expressed recombinant proteins. 


BIOT 114
Can downstream handle 10 G/L? Selective precipitation of monoclonal antibodies versus traditional Protein A capture. 
Orlando A. Jaquez1, orlando.jaquez@biogenidec.com, Robert S. Gronke2, rob.gronke@biogenidec.com, and Philippe de Vilmorin1. (1) BioPharm Development, Biogen Idec, Inc, 14 Cambridge Center, Cambridge, MA 02142, (2) Process Biochemistry, Biogen Idec, Cambridge, MA 02142
Improvements in cell culture technologies for the production of monoclonal antibodies may be outpacing downstream purification capacities. With product titers approaching 10 g/L, traditional chromatographic techniques might become prohibitive in terms of throughput and column hardware. In an effort to circumvent potential bottlenecks in processing, selective precipitation presents an alternative to chromatography for the capture and purification of monoclonal antibodies. Precipitation agents were used alone or in combination to achieve maximal purity and yield, while minimizing reagent requirements, operational costs and disposal issues. In addition, the effects of pH, temperature and other factors were assessed. Results show that product capture out of conditioned media can be obtained with > 90% purity and yield. Interestingly, the combination of multiple precipitation agents leads to comparable purity and recovery, while reducing individual precipitant requirements. In addition to small scale screening studies, scale-up and process implementation will be discussed. Finally, comparisons will be made between the traditional platform process and one that replaces the capture step with a selective precipitation step, taking into consideration recovery, product quality attributes, cost and throughput. 


BIOT 115
Selective precipitation using polyelectrolytes: Capture and recovery of precipitated antibody using depth filtration 
Vikram N. Sisodiya, Paul McDonald, Robert Fahrner, Jayme N. Franklin, and Kathlyn P. Lazzareschi, Early Stage Purification, PR&D, Genentech, Inc, 1 DNA Way, South San Francisco, CA 94080, Fax: 650-225-3880
Precipitation with polyelectrolytes can be used as an alternative to traditional chromatography for the capture and purification of monoclonal antibodies from HCCF. The successful implementation of a precipitation step requires a high yielding and scaleable method for capturing and re-solubilizing the antibody precipitate. This process is complicated by the wide size distribution of the precipitate and the potential for gel formation. To this end, depth filtration media with varying pore sizes were screened for their ability to fully capture the precipitate as well as their ability to be loaded to a high capacity. Following filter selection, the resolubilization process was optimized to achieve a high product yield. We were able to capture, resolubilize and recover the precipitated antibody from the filter. This process was compared to a chromatography based purification process in terms of antibody yield and impurity clearance. The final process was successfully tested at both lab and pilot scale. 


BIOT 116
Development of a high throughput virus filtration step 
Hui F. Liu, huil@gene.com, Process Developement at Genentech Oceanside, Genentech, 1 Antibody Way, Oceanside, CA 92056, and Sarah Hove, sarah_hove@millipore.com, Process Development Consultant at Millipore, Millipore Corporation, Billerica, MA 01821
In a recombinant monoclonal antibody purification process, the typical technologies used for viral clearance include chromatography, chemical inactivation, and membrane filtration. This presentation will review process development data for parvovirus clearance membrane filtration for a late stage antibody product. The requirement for high mass throughput, regulatory compliance and lower cost of production make the use of high throughput virus clearance filters attractive. Studies were done to compare the performance of two parvovirus clearance filters: a newly developed filter, Viresolve Pro™ and an existing filter, Viresolve NFP™. The study focused on exploring the optimal operating parameters to achieve high throughput within a short operation time. Factors taken into consideration for the study were different in-process pools, product pool condition (fresh vs. frozen/thawed samples), product concentration, filtration operating mode (constant flux vs. constant pressure), different operating fluxes, and using two different aggregate reducing technologies. Results show that with proper optimization, mass throughputs of up to 15kg/m2 may be achieved with the Viresolve Pro filter, with or without prefiltration. Data will also be presented on the plugging mechanisms and capacity of the two virus filters at multiple operating fluxes and pressures, as well with the different prefilters. Viral spiking study results will also be included to demonstrate virus clearance under actual process conditions.


BIOT 117
Virus retention validation of parvovirus filters: Challenges and solutions 
Eva Gefroh1, gefrohe@amgen.com, Lee Madrid2, John Fisher1, jtfisher@amgen.com, Joe Parrella2, Houman Dehghani1, Suresh Vunnum1, and Ganesh Vedantham1, vedanthg@amgen.com. (1) AMGEN, 1201 Amgen Court W, Seattle, WA 98119, (2) Millipore, Billerica, MA 01821
Parvovirus retaining filters are being included in downstream monoclonal antibody processes in order to satisfy regulatory requirements for viral safety of biological products. One of the inherent problems with filtering mAb solutions through parvovirus removal filters is the low capacities associated with many commercially available filters. The capacity during commercial manufacture can largely be overcome by use of a depth filter as a prefilter, however, the implementation of this filter combination has been difficult due to challenges encountered during virus retention validation studies. In order to demonstrate size-based removal of viruses, the virus filter must be decoupled from the prefilter for virus spiking. This decoupling can lead to a dramatic decrease in validated throughput, ultimately increasing the cost for a step that accounts for about one-fifth of the entire downstream COGs. Solutions to the problem include exploring alternate spiking strategies, cleaning up the virus preparation, and evaluating alternate filters. Data will be presented in each of these areas, from evaluating the feasibility of using an inline spiking apparatus to overcome the filter decoupling issues, to exploring virus preparation cleanup options to reduce impurities introduced during spiking. Data will also be shown on a new parvovirus removal filter that demonstrates the ability to achieve high capacity and flux during virus retention validation studies and during protein processing.


BIOT 118
Clearance of biological impurities using improved membrane adsorbers 
Mark R Etzel and William T. Riordan, Department of Chemical and Biological Engineering, University of Wisconsin, 1415 Engineering Drive, Madison, WI 53706-1607, Fax: 608-262-6872
Clearance of biological impurities such as viruses, DNA, and host-cell protein (HCP) is a challenging and highly regulated processing step during the manufacture of cell line-derived biopharmaceuticals. We evaluated the ability of a strong anion exchange membrane adsorber to clear biological impurities across a range of operating conditions. We observed a large log reduction value (LRV) for an acidic virus independent of salt concentration, but for a more neutral virus, and for HCP, LRV dropped from a high value to near zero after addition of salt. Many protein therapeutics must have salt present to prevent aggregation. To overcome the limitation of salt intolerance, new ligands were found. Our goal was to find a ligand that maintained a large LRV independent of salt concentration. Results from this study should aid in the design of improved membrane adsorber systems and ultimately lead to increased product safety.


BIOT 119
Re-engineering biopharmaceuticals for delivery to the brain with molecular trojan horses 
William Pardridge, Blood Brain Barrier Research Laboratory, UCLA, Warren Hall 13-164, 900 Veteran Ave., Los Angeles, CA 90024
n/a


BIOT 120
Integrated scientific knowledge and risk analysis approach for the determination of monoclonal antibody critical quality attributes 
David Jen1, djen@cntus.jnj.com, Mark Cunningham2, Yiqing Feng2, Gordon Powers2, Susann Taudte2, Joseph Horwitz1, David Jan1, Mike Tang1, Adam Dinerman1, Patricia Alred1, and Pedro Alfonso3. (1) Pharmaceutical Development, Centocor R&D, 145 King of Prussia Road, Radnor, PA 19087, (2) Research, Centocor R&D, Radnor, PA 19087, (3) Centocor Research & Development Inc
New FDA initiatives, such as Quality by Design (QBD), seek to lower long-term costs for manufacturing and compliance while assuring product quality and safety. The ability to do this depends on increased understanding of the molecule and process through use of critical quality attributes (CQAs) and critical process parameters (CPPs). CQAs are defined as product quality attributes that impact safety and efficacy, such as those related to potency, identity, and purity. CPPs are those process parameters that affect CQAs. A CQA determination process was developed that incorporates scientific rationale and risk analysis starting in discovery through the various stages of development. In this talk, an integrated approach is proposed for the systematic determination of CQAs of a monoclonal antibody. The proposed integrated strategy is comprehensive and flexible for CQA determination from early to late phase development.


BIOT 121
Identification of critical quality attributes of monoclonal antibodies 
Paul Motchnik, Protein Analytical Chemistry, Genentech, Inc, 1 DNA Way, South San Francisco, CA 94080-4990, Fax: 650-225-3554
A Critical Quality Attribute (CQA) is a physical, chemical, biological or microbiological property or characteristic that should be within an appropriate limit, range, or distribution to ensure the desired product quality (draft ICH Q8 Annex 1). CQAs are important in identifying critical process parameters, one of the key elements in defining the design space and, enable a quality by design approach to pharmaceutical development. 

At Genentech, we have developed a business process in which CQAs of monoclonal antibodies are defined through an iterative process of evaluating the drug product and drug substance attributes throughout development to determine which have a potential impact on the safety, efficacy, or potency. This process involves understanding the mechanism of action, clearance, consequences of immunogenicity, product variants and process-related impurities. Platform knowledge from work with molecules of the same class is leveraged to classify some attributes. Documentation of this evaluation includes classification of the attribute as critical, non-critical, or unknown, along with the rationale for that classification. The CQA assessment is used to guide the product development plan, focusing activities on attributes that have potential impact on clinical safety and efficacy. Important aspects of this process with particular attention to product variants will be discussed.


BIOT 122
Assessment of manufacturability of protein drug candidates by ranking of antibody candidates based on accelerated stability studies 
Karen Hathaway1, hathaway.karen@biogenidec.com, Sharon Gao2, sharon.gao@biogenidec.com, Salmeron Laura1, salmeron.laura@biogenidec.com, Jennifer Chang1, chang.jennife@biogenidec.com, and Alex Buko3, alex.buko@abbott.com. (1) Biogen Idec, Inc, 5200 Research Place, san diego, CA 92121, (2) Analytical Biochemistry, Biogen Idec, Inc, 5200 Research Place, san diego, CA 92121, (3) Dept. 418, Abbott Laboratories, Abbott Park, IL 60064
The targeted integrin, through association with laminin and/or receptor tyrosine kinases, has been shown to promote signaling events that result in tumor cell growth, migration and survival. Monoclonal antibodies were developed with the project goal to block this function and reduce tumor cell growth and/or survival. The stability profiles for three early candidates were compared in several studies including pH, agitation, freeze-thaw and thermal stability. A number of analytical methods were employed to evaluate domain stability, aggregation, and degradation under these stress conditions. Results permitted comparison and ranking of the stability of each sample. Freeze-thaw (3x) and agitation studies had little impact on stability, for all three samples. In the pH study, results from SEC-HPLC, SDS-PAGE, IEF and DSC methods showed greatest stability between pH 6 and 7. The thermal stability studies showed typical increases in aggregation, fragmentation, and acidic variants, over time at 40¨¬C. Of the three samples, antibody 2 was the most stable under thermal and pH stresses. Based on results from these studies, the stability ranking for the three samples was antibody 2>antibody 3 °íntibody 1.


BIOT 123
Use of biophysical techniques to determine quality attributes of protein therapeutics 
Yijia Jiang, Ranjini Ramachander, Jie Wen, Cynthia Li, Jenny Li, and Linda Narhi, Amgen Inc, 1 Amgen Center Drive, Thousand Oaks, CA 91320
Due to their inherent structural complexities which include secondary, tertiary and even quaternary structure, determining the quality attributes of biotherapeutics present challenges that are not encountered for traditional pharmaceutical products. There are many biophysical tools available that can be used to assess these characteristics, including fluorescence, circular dichroism, and Fourier transform infrared spectroscopies, differential scanning calorimetry, light scattering, light obscuration , analytical ultra centrifugation and field flow fractionation. In this presentation the strengths and weaknesses of these techniques, and the ability to apply them as predicative tools in guiding the process and formulation development for new therapeutic proteins will be discussed. Case studies demonstrating their use in assessing quality attributes of protein therapeutics will be presented.


BIOT 124
Biological significance of protein microheterogeneity 
Gregory C. Flynn, Diana Y. Liu, and Xiaoyu Chen, Analytical and Formulation Sciences, Amgen Inc, 1 Amgen Center Drive, Thousand Oaks, CA 91320
Analytical testing is performed on therapeutic proteins to ensure their potency, safety, efficacy, and product consistency. Many of these analyses center on subtle chemical modifications found in recombinantly expressed proteins, collectively termed microheterogeneity. These differences result from the infidelity of biological reactions, in process degradation, and degradation upon storage. For example, lot release and characterization testing methods might be designed to monitor changes that result from deamidation, oxidation, and aggregation. Others might monitor different glycosylation or disulfide forms. This talk will discuss how monoclonal antibody (mAb) microheterogeneity, such as glycosylation and disulfide isoforms, might impact the drug behavior. Experiments will be described in which a mAb was isolated from clinical serum samples to test the impact of and changes to microheterogeneity in vivo.


BIOT 125
Unconjugated antibody levels in immunoconjugates: A critical quality attribute? 
Chi-Ting Huang, Analytical & Pharmaceutical Sciences, ImmunoGen, Inc, 830 Winter Street, Waltham, MA 02451
Immunoconjugates are molecules designed for targeted delivery of a cytotoxic agent (CA) to cancer cells by conjugating the CA to a monoclonal antibody (mAb). However, such conjugates can be heterogeneous. One example of this heterogeneity is the number of molecules of the CA that are conjugated to the mAb – including unconjugated mAb. The goal of this talk is to present a case study that determined whether the level of unconjugated mAb is a critical quality attribute (CQA) of the conjugate product. The presentation will discuss the rationale for considering the level of unconjugated mAb as a potential CQA, the development of methods to monitor the levels of unconjugated mAb, and the relationship observed between unconjugated mAb levels and cytotoxicity, as measured in vitro. These studies identified that, while the level of unconjugated mAb can indeed impact cytotoxicity, the level can be minimized with well designed process and control procedures.


BIOT 126
Regulatory aspects of antibody-based immunoconjugates 
Jun T. Park, Chana Fuchs, and Patrick Swann, Division of Monoclonal Antibodies, OBP/CDER/FDA, 29 Lincoln Drive, Bethesda, MD 20892-4555, Fax: 301-827-0852
Antibody-based immunoconjugates are designed to deliver a therapeutic agent (e.g. cytotoxic drug or protein) through a targeting moiety. Ideally, an immunoconjugate remains non-toxic during circulation in vivo until it reaches its target site and then is functional only upon binding to the target. The therapeutic agents used include cytotoxic chemicals, recombinant cytotoxic proteins, cytokines, or radionuclides. Some immunoconjugates use antibody fragments (e.g., Fabs, scFv, or dsFv) rather than an intact antibody. Although such antibody-based immunoconjugates are simple in principle, significant chemistry, manufacturing, and control (CMC)-related challenges have been presented in the regulatory review and approval of these complicated products. Potential critical quality attributes (CQAs) for this class of products including 1) antibody characteristics, 2) therapeutic agents, 3) linker connecting the antibody to the agent, and 4) immunoconjugate characteristics including those that may impact on immunogenicity of the product, will be discussed.


BIOT 127
Multi-Variate Analysis: How to Find a Needle in a Datastack 
Henri Kornmann, Henri.Kornmann@merckserono.net, Merck-Serono Biotech Center, EMD-Serono, CH-1809 Fenil-sur-Corsier, Switzerland, Damien Voisard, damien.voisard@serono.com, Biotechnology Process Development, Serono Biotech Center, CH-1809 Fenil-sur-Corsier, Switzerland, and Gianni Baer, Gianni.Baer@merckserono.net, Biotechnology Process Development, EMD-Serono, CH-1809 Fenil-sur-Corsier, Switzerland
Bioprocesses are usually very complex, involving hundreds of variable from the cell thawing to the drug product. In this situation, investigations or process improvements are therefore tricky as the impact of each variable on the yield or the quality of process outputs should be considered simultaneously. Statistical tools such as multi-variate analysis (MVA) are designed to link hundreds of process variables with critical process outputs simultaneously. Algorithms such as Principal Componant Analysis or Partial Least Square regression are used for several years at Merck-Serono to support manfuacturing and process development. In this paper, the application of multi-variate analysis for: (i) investigation in OOS situation, (ii) process improvement, (iii) tech transfer will be discussed.


BIOT 128
A Molecular and Classical Approach to Engineering: From Fundamentals to Applications 
Georges Belfort, Howard P. Isermann Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, 110 8th Street, Troy, NY 12180-3590, Fax: 518-276-4030
In this 2008 E. V. Murphree Award lecture, I will review my intellectual and geographical journey with respect to my research. My academic career began as an undergraduate in chemical engineering at the University of Cape Town (1959-1963), followed by an industrial position at Astropower Laboratory, McDonnell Douglas Corp. (1964-1970). There, we developed inorganic-based fuel cells and measured hydrodynamics of spacers for electrodialysis. Returning to academia in 1970 for graduate studies in Engineering, UC Irvine, I conducted transport and molecular pulse-NMR relaxation measurements and published a model to explain salt rejection of hyperfiltration membranes. Later, during my first faculty position at the Hebrew University, Jerusalem (1973-1977), I continued water dynamics NMR studies in nano-porous glass membranes and developed an automatic membrane-based virus concentrator. Returning to the US for a sabbatical leave at Northwestern University in 1977, I formulated a comprehensive friction flow model for solute and water transport through permselective membranes and unified Kedem & Katchalsky's transport model using the thermodynamics of irreversible processes. 

After joining the Chemical Engineering faculty at Rensselaer in 1978, I focused on the major limitation of membrane technology “membrane fouling”. We developed a self-cleaning new membrane module, new low protein and NOM anti-fouling membranes, and the first predictive membrane filtration model for processing. We also adapted synthetic membranes for new biotechnology applications such as in mammalian cell membrane-bioreactors, protein overproduction using introns, kinetic resolution of racemic mixtures, mercury sensors, and recovery of IgGs. 

Our current collaborative work involves the following: elucidating the mechanism and applications of intein splicing; understanding transport and selectivity of the nuclear pore complex; determining the reaction mechanisms during amyloidosis; measuring protein behavior at interfaces; and applying a new high throughput surface synthesis and testing method for optimal performance. These past 40 years have produced an exciting journey. 


BIOT 129
Electron transfer experiments: An insight into the alkaline conformational transition of cytochrome c 
Swati Bandi and Bruce E. Bowler, Department of Chemistry, University of Montana, Missoula, MT 59812
How proteins fold is one of the fundamental questions in biochemistry. Various approaches have been taken to answer this question. One of the approaches our lab works on is studying partially unfolded forms of proteins, to have an understanding of folding at the bottom of a folding funnel just prior to formation of the fully folded protein. The alkaline conformational transition of the protein iso-1-cytochrome c (cytc) provides an ideal means to gain insight into partially unfolded states. The initiation and nature of the triggering group for these transitions has remained an open question. In the native state of cytc Met80 is ligated to heme. Studies with K73H and K79H variants of iso-1-cytc have suggested His-heme ligation at near neutral pH and Lys 79/73-heme ligation at alkaline pH. Thermodynamic and kinetic studies are used as a tool for understanding these mechanisms. Kinetic studies in our lab include pH-jump methods and electron transfer (ET) experiments as a function of hexaammineruthenium(II) chloride (a6Ru2+) concentration and pH. pH-jump studies provide information about the observed rate constant, kobs = kf + kb, for His-heme ligation and under favorable conditions can provide information about the forward (kf) and backward (kb) rate constants involved in conformational changes of cytc. Conformationally gated ET studies support this information where conformational rates are independent of a6Ru2+ concentration. Here, an approach that uses ET experiments to provide kf and kb when these rate constants cannot be determined by pH-jump methods will be presented.


BIOT 130
A Highly Efficient Selection Method for de novo Protein Engineering 
Margaret Pawlowski, mack7@MIT.EDU, Department of Biology, MIT, 77 Massachusetts Ave, Cambridge, MA 02139, and K. Dane Wittrup, wittrup@mit.edu, Chemical Engineering & Bioengineering, Massachusetts Institute of Technology, Cambridge, MA 02139
Protein engineering relies on the selective capture of members of a protein library with desired properties. Yeast surface display (YSD) technology provides an ideal platform for this type of molecular evolution—routinely allowing for million-fold improvement in binding affinity by alternating rounds of diversification and flow cytometry-based selection. Unfortunately, while ideal for affinity maturation, flow cytometry is ill-suited for isolating binding clones from naïve libraries. We describe a new selection method that surpasses the barriers to isolating de novo interactions by coupling the multivalency of YSD with multivalent target presentation, which allows isolation of incredibly weak binders from billions of non-binding clones, and requires far less target antigen for each selection while minimizing the chances of isolating undesired solutions to the selective pressure. 

The selection method has been successfully used to isolate de novo binders against a wide variety of targets, and has been used to characterize the ability of a human non-immune scFv library to capture the immunogenicity of various proteins. 


BIOT 131
A novel cellulase assay with AFM micro-cantilevers 
Liming Zhao1, lz54@drexel.edu, Jun Xi2, jx35@drexel.edu, and Guoliang Yang1. (1) Department of Physics, Drexel University, 3141 Chestnut St, Philadelphia, PA 19104, Fax: 215-895-5934, (2) Department of Chemistry, Drexel University, Philadelphia, PA 19104
The Atomic Force Microscopy (AFM) micro-cantilever sensor can be used as a sensitive platform for the study of interfacial interactions based on the physical bending of the micro-cantilever. We are exploring a novel application of this technology in studying the mechanism of cellulase actions on insoluble crystalline cellulose, a critical step of biomass conversion to alternate energy sources. We will describe the preparation and characterizations of the cellulose model surface coated on the micro-cantilever, and discuss the results from the preliminary study of cellulase-cellulose interactions. 


BIOT 132
Activation of bone marrow-derived mast cells as investigated by a combined atomic force and laser scanning confocal microscopy 
Zhao Deng1, zdeng@ucdavis.edu, Tiffany Zink2, trbrovan@ucdavis.edu, Huan-Yuan Chen3, Deron Walters4, Fu-Tong Liu3, fliu@ucdavis.edu, and Gang-Yu Liu1, liu@chem.ucdavis.edu. (1) Department of Chemistry, University of California, Davis, One Shields Ave., Davis, CA 95616, (2) Biophysical Group, University of California, Davis, Davis, CA 95616, (3) Department of Dermatology, UC Davis, Sacramento, CA 95817, (4) Asylum Research, Santa Barbara, CA 93117
The activation of bone marrow-derived mast cells (BMMCs) was investigated by combined atomic force and laser scanning confocal microscopy. This combination enabled simultaneous visualization and correlation of membrane morphology with both cytoskeletal structures and intracellular granules. Two activation mechanisms were revealed by stimulating BMMCs with two protocols. In immunoglobulin-E mediated activation, characteristic membrane ridges formed in accordance with the rearrangement of F-actin network underneath. Individual and merged granules after releasing their contents were visualized. In BMMCs stimulated by poly-L-lysine, lamellopodia and filopodia associated with F-actin appeared at the periphery, while craters were observed on the cell membrane lack of F-actin. These craters may represent structures resulting from granules permanently fused into the plasma membrane. The correlation among these observations suggests that the F-actin network and membrane ridges facilitate transient fusion, but inhibit permanent fusion, between the plasma membrane and granules. In contrast, the absence of F-actin favors permanent granule fusion.


BIOT 133
AFM measurement of interactions among split inteins 
Mirco Sorci, sorcim@rpi.edu, Chemical and Biological Engineering, Rensselaer Polytechnic Institute, 110 8th Street, Troy, NY 12180, Bareket Dassa, bareket.dassa@weizmann.ac.i, Department of Molecular Genetics, Weizmann Institute of Science, Rehovot, Israel, Shmuel Pietrokovski, pietro@weizmann.ac.il, Weizmann Institute of Science, Rehovot, Israel, and Georges Belfort, belfog@rpi.edu, Howard P. Isermann Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, Troy, NY 12180-3590
Atomic Force Microscopy (AFM) is a well known tool used to investigate biological systems. In this work we have used AFM in force-mode to analyze the interaction between three naturally split-inteins from diverse cyanobacteria. While inteins are well-known self-splicing proteins, split inteins are inactive but can assemble and refold into an active intein. However, experimental measurements of the binding energies are not available. Here we immobilized split inteins on gold surfaces using antibodies (used an ELISA to check the protocol effectiveness). The binding energy measurements show that endogenous pairs exhibit twice the binding energies than do exogenous pairs. This technique can also be adapted to perform kinetic experiments in order to investigate the splicing activity of split inteins. How they find their partners and combine into an active splicing intein is of fundamental interest and AFM seems to be a useful tool to bring new insights in this problem.


BIOT 134
Aggregation and oxidation in PEG-GCSF and GCSF by different peroxides and degraded polysorbate 
Grace C. Chu1, gchu@amgen.com, Yu Zhang1, Priti R. Parmar2, Dirk Chelius3, Timothy Osslund4, Deirdre Murphy Piedmonte2, deirdrem@amgen.com, and Michael J. Treuheit4. (1) Product Quality, Amgen, P.O. Box 4060, Road 31, Km 24.6, Juncos, PR 00777, (2) Process and Product Development, Amgen, Thousand Oaks, CA 91320, (3) Quality Control, TRION Pharma Gmbh, Munchen 80807, Germany, (4) Formulation and Analytical Sciences, Amgen, Thousand Oaks, CA 91320
Aggregation and oxidation in proteins can be induced by hydroperoxides, which can be formed by auto-oxidation of surfactants such as polysorbate. The relationship between aggregation, oxidation, and protein unfolding induced by hydroperoxides was examined in PEG-GCSF, GCSF, and the GCSF C17A mutant. Each protein was treated with a peroxide, e.g. hydrogen peroxide, tert-butyl hydroperoxide, or di t-amyl peroxide, or with pre-degraded polysorbate, then incubated at various temperatures for durations ranging from hours to months. Results showed that peroxide-induced oxidation preceded the aggregation process. Aggregation was faster and greater at higher temperatures and peroxide concentrations. Proteins originally formulated with non-degraded polysorbate but later incubated with low levels of hydroperoxides had a rapid increase in aggregation also. The aggregates in PEG-GCSF and GCSF were covalent, whereas those in the C17A mutant were non-covalent. Peptic maps identified three disulfide linkages involved in the covalent aggregation. 


BIOT 135
Antibody fragment engineering 
Junpeng Xiao1, juxiao@indiana.edu, Allison M. Kukuch2, Rui Chen2, chenr@indiana.edu, Mark Pawlicki1, Brian S. Hamilton1, bshamilt@indiana.edu, and Thomas J. Tolbert2, tolbert@indiana.edu. (1) Interdisciplinary Biochemistry Graduate Program, Indiana University, Bloomington, IN 47405, (2) Department of Chemistry, Indiana University, 800 E. Kirkwood Ave., Bloomington, IN 47405-7102, Fax: 812 856-1887
Monoclonal antibodies are an important class of medicinal glycoproteins used to treat a wide variety of diseases ranging from rheumatoid arthritis to cancer. Antibody fragments such as Fab, scFv, Fab2, and Fc each have potential medicinal and/or biotechnological uses. Our laboratory has been involved in engineering human immunoglobulin G Fragment crystallizable (IgG Fc) produced in yeast. Examples of IgG Fc-fusions, site selective chemical modifications of IgG Fc, and glycosylation engineering will be presented. 


BIOT 136
Biotechnical applications of a protein refolding enzyme 
Margarida Fernandes, margfer@det.uminho.pt, Textiles, University of Minho, 4800 058 Guimaraes, Portugal, and Artur Cavaco-Paulo, artur@det.uminho.pt, Textile Engineering Department, University of Minho, Guimaraes 4800-058, Portugal
Disulfide bonds formation between correct pairs of cysteines residues is essential for the folding and stability of proteins. The protein disulfide isomerase (PDI) is a multifunctional protein that catalyses the formation and isomerization of disulfide bonds during protein folding. This enzyme has also shown the ability to assist on the formation of disulfide bonds between cysteine/cystine containing dyes and keratin matrixes. Further treatments with PDI assist the migration of the dyes at the surface of the matrix. Apart these properties, PDIs have shown the ability to refold and induce biological activity on peptides linked oxidatively to a keratin matrix. 

In this communication we report for the first time the isolation of fragments resulting from the disulphide bond formation between keratin chains and a synthesized cystine containing dye catalyzed by PDI. Moreover, the results tested the concept of a release mechanism of a disulfide containing protein previously incorporated on the wool. 


BIOT 137
Cell-free protein biosynthesis utilizing maltodextrin as an energy source 
Yiran Wang and Y.-H Percival Zhang, Biological Systems Engineering Department, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061, Fax: 540-231-3199
Cell-free protein biosynthesis is became a powerful technology for biochemical research. Here we describe an improvement in a cell-free protein synthesis system based on the Escherichia coli lysate Low-cost maltodextrin can be used as an energy source through a combination of substrate phosphorylation, glycolysis pathway, and pyruvate/CoA/NAD/oxalate (PNAOx) ATP regeneration system. This new method provided a more stable ATP supply and a good pH control during the protein synthesis process because phosphate is recycled through the process. This may be a significant improvement for cell-free protein biosynthesis by using low-cost polysaccharides as an ATP provider.


BIOT 138
Characterizing the viscoelastic properties of high concentration antibody solutions using quartz crystal microbalance with dissipation technology 
Sekhar Kanapuram1, sekhark@amgen.com, Ankit Patel2, ankit.patel@gmail.com, and Bruce A. Kerwin1, bkerwin@amgen.com. (1) Department of Process and Product Development, Amgen Inc, One Amgen Center Dr, Thousand Oaks, CA 91320, (2) Department of Chemical Engineering, Stanford University, Stanford, CA 94305-5025
We investigted the utility of using the Quartz Crystal Microbalance with Dissipation (QCM-D) for understanding protein-protein interactions in high concentration protein formulations. Prior work in this area to investigate the viscoelastic properties of protein solutions has not accounted for the protein film deposited on the surface of the gold plated quartz crystal. Here, we present a straightforward method to calculate complex modulus and viscosity of high concentration protein solutions from measurements made on a commercially available QCM-D instrument. This approach specifically accounts for the effect of any deposited protein film on the quartz sensor through measurements of the adsorbed film. This methodology was used to investigate the effect of differing solution pH values on the viscoelastic properties of high concentration solutions of a recombinant humanized monoclonal antibody. Finally, these results are discussed in the context of the viscoelastic ratio, G”/G', and compared to the results in the literature.


BIOT 139
Combinatorial biophysics: Library approaches to hydrophobic core repacking of the four-helix bundle protein Rop 
Jason J. Lavinder, lavinder.2@osu.edu, Ohio State Biochemistry Program, The Ohio State University, 100 W. 18th Ave., Columbus, OH 43210, Sanjay B. Hari, hari.2@osu.edu, Department of Biochemistry, The Ohio State University, Columbus, OH 43210, and Thomas J. Magliery, magliery@chemistry.ohio-state.edu, Departments of Chemistry and Biochemistry, The Ohio State University, Columbus, OH 43210
The inability to accurately decipher the relationship between protein sequence and structural stability presents a major difficulty in predicting the effects of mutation on protein folding. We are analyzing this complicated relationship using rigorous high-throughput methods to explicitly test hypotheses that have been generated by previous de novo design studies and offer a more complete understanding of protein folding and structure. Our studies focus on the sequence-stability-function relationship of the four-helix bundle protein Rop through the means of combinatorial repacking of the hydrophobic core. Using a novel in vivo screen that utilizes GFP as a reporting phenotype, we are able to screen large libraries for functional variants, representing Rop mutants that are able to achieve a native-like fold. These functional variants from the repacked libraries have been sequenced via high-throughput colony sequencing technology to accumulate a data set that is significantly large to produce statistically significant sequence sampling. The final data set has been statistically analyzed in a variety of fashions to understand the correlation and context of hydrophobic core packing. To gain insight into the thermodynamic consequences of sequence on structural stability, we have developed a high-throughput calorimetry (HTC) assay to assess the relative stabilities of the sequenced active variants (as well as a set of inactive variants for comparative analysis). Using this HTC assay, the thermal unfolding of the variants can be measured in real-time 96-well format. This is the most comprehensive study to date to collect detailed thermodynamic information on a single protein's sequence-stability relationship. Select Rop variants from the libraries are being biophysically characterized via circular dichroism spectroscopy, HSQC NMR, and, in certain cases, X-ray crystallographic techniques. This will aid in validating structural hypotheses that are generated from the high-throughput studies and allow conclusions to be drawn on sequence-stability patterns that emerge.


BIOT 140
Conformation of peptide neck domains for cosmetic applications 
Artur Cavaco-Paulo, Textile Engineering Department, University of Minho, Campus de Azurém, Guimaraes 4800-058, Portugal, Fax: 00351-253-510293
Surfactant Proteins (SP- ) are found in lungs of mammalians. Most surfactant proteins have a carbohydrate binding domain (CRD) and neck domain. CRD have defense function in mammalian mucosa's, by eliminating microbes, due to strong binding to sugars in the cell walls. Neck domains are found to order phospholipids allowing the exchange of oxygen between the alveoli and blood. X-Ray structures indicate that neck domains are alpha-helixes, but circular dicroism indicates that in the presence of phospholipids, those peptides present a disordered structure. Neck domains with 20 residues from natural sequences of SP-A, SP-B, SP-C, SP-D have been tested to be delivered in lipophilic media. Only disordered structures would have the ability to cross the lipid barriers. The results obtained here indicated that neck domains possibly can be used as carriers to deliver molecules across skin and hair. 


BIOT 141
Construction of an Array of Glucose Indicator Proteins for Continuous Glucose Monitoring 
Sha Jin1, sjin@uark.edu, Garrett Jared2, Jithesh Veetil2, jvelich@uark.edu, Tanushree Thote2, tthote@uark.edu, and Kaiming Ye2, kye@uark.edu. (1) DNA Core Laboratory, University of Arkansas, Fayetteville, AR 72701, (2) Biomedical Engineering Program, University of Arkansas, 3420 ENRC, 700 Research Center Blvd, Fayetteville, AR 72701, Fax: 479-575-2846
We previously reported the development of a pH insensitive glucose indicator protein (GIPi) by fusing a mutated glucose-binding protein (mGBP) with pH-insensitive green fluorescent protein variants. In this report, we describe an approach to construct a panel of GIPs that possess various dissociation coefficients to cover various ranges of glucose concentrations which are relevant to glucose monitoring for the prevention and treatment of diabetes. We hypothesized that the affinity of GIPi for glucose can be manipulated through screening mutants at 16th amino acid of the GBP by disrupting pi-pi stacking around glucose based on our previous studies and reports by others. We demonstrated that the glucose dissociation coefficients of GBP can be manipulated from 0.026 mM to 7.86 mM without reducing their specificity. Five variants of GIPi were developed based on these GBP mutants. These indicators are suitable for development of an array of glucose sensors for continuous glucose monitoring. 


BIOT 142
Covalent and non-covalent cross-linking of polypeptides at solid-liquid interface 
Amit K Dutta, Arpan Nayak, and Georges Belfort, Howard P. Isermann Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, 110 8th Street, Troy, NY 12180-3590
The real-time changes in viscoelasticity of adsorbed poly(L-lysine) (PLL) due to covalent cross-linking by glutaraldehyde and non-covalent cross-linking by “clicking” counter ions and corresponding release of associated water were investigated using a quartz crystal microbalance with dissipation monitoring (QCM-D). Attenuated total reflection Fourier transform infrared spectroscopy (ATR/FTIR) were used to probe the structural changes due to cross-linking. The changes in shear viscosity and shear modulus of the adsorbed layer due to glutaraldehyde cross-linking were estimated using Voigt viscoelastic model. To non-covalently cross-link adsorbed PLL layer we used three counter ions: bromide, per-chlorate and sulfate. Exchanging a bromide to sulfate anion resulted in an increase in rigidity of the adsorbed PLL layer. While covalent cross-linking resulted in irreversible changes in viscoelasticity the non-covalent cross-linking resulted in reversible changes in viscoelastic properties of the adsorbed layer. However, when a bromide anion was replaced with per-chlorate, little change in rigidity was observed. This method of obtaining desired rigidity of adsorbed layers could be useful for nanoactuators and drug delivery. 


BIOT 143
Design and characterization of a pH triggered homo-dimeric antiparallel coiled coil 
Radhika P. Nagarkar, nagarkar@udel.edu, Department of Chemistry and Biochemistry, University of Delaware, Newark, DE 19716, and Joel P Schneider, schneijp@udel.edu, Chemistry and Biochemistry, University of Delaware, Newark, DE 19716
Coiled coils are composed of two or more helices wound together with a superhelical twist; containing heptad amino acid repeats (abcdefg). a and d residues are primarily hydrophobic, while e and g residues are charged. The pH responsiveness of a designed antiparallel coiled coil BCRI42E was investigated. We introduced pH dependence by changing two Ile-Glu a-d layers of a reported coiled coil BCR (1) to Glu-Glu layers. This disfavors coiled coil formation at a pH above the pKa of Glu due to charge-charge repulsion in the hydrophobic core. CD confirms a higher Tm at pH 4 vs. pH 8. Fits of a single ideal species to the AUC data verify the presence of homodimer and monomer species at pH 4 and 8, respectively. Oxidation of N and C terminally thiol-linked peptides at pH 4 substantiated the preference for antiparallel orientation. Thermodynamic analysis of the variant reveals lower stability compared to BCR. 1. Keating et. al., Biochemistry, 2005, 16246 


BIOT 144
Determination of the mass transfer coefficient of PAMAM dendrimers into pancreatic cancer cells 
Armin W. Opitz1, aopitz@udel.edu, Kirk J. Czymmek2, kirk@udel.edu, Eric Wickstrom3, eric@tesla.jci.tju.edu, and Norman J. Wagner1, wagnernj@udel.edu. (1) Department of Chemical Engineering, University of Delaware, Center for Molecular and Engineering Thermodynamics, Colburn Laboratory, Newark, DE 19716, Fax: 302.831.1048, (2) Delaware Biotechnology Institute, University of Delaware, Newark, DE 19716, (3) Biochemistry & Molecular Biology, Thomas Jefferson University, Philadelphia, PA 19107
We hypothesized that the internalization and release of fluorescently labeled nanoparticles into and out of mammalian cells could be quantitated by confocal microscopy. We examined the cellular influx and efflux of a third generation poly(amido amine) (PAMAM) dendrimer labeled with an Alexa Fluor 555 dye interacting with Capan-1 pancreatic cancer cells labeled with 5-chloromethylfluorescein diacetate green cell tracker dye. Using confocal microscopy, cluster of cells were recorded as a function of time as the fluorescent dendrimer was taken up by the cells. The cell tracker dye delineated a clear boundary of the cell membrane in the image, as well as automated extraction of the intensity values in the green and red channels recorded by the microscope. A dilution curve of the fluorescent PAMAM dendrimer enabled conversion of the recorded intensity values inside the cell to actual concentration values. A simple mass transfer model sufficiently described the influx of the PAMAM dendrimer into the Capan-1 cells, yielding a mass transfer coefficient of 0.054 ± 0.043 µm/min, as well as a rate constant of 0.025 ± 0.006/min. The mass transfer coefficient can also be used to predict the release behavior of the PAMAM dendrimer from the cell, for which the rate constant is not suited. This work was supported in part by NCI contract N01 CO27175 to E.W. 


BIOT 145
Development of in vivo and in vitro systems for studying the expression and activation of [FeFe] hydrogenases and their required maturases 
Jon M. Kuchenreuther, Marcus E. Boyer, James A. Stapleton, and James R. Swartz, Department of Chemical Engineering, Stanford University, Stanford, CA 94305
Rising energy costs and growing global demand have fueled research and development of economical alternative energy technologies. Conventional industrial hydrogen production processes rely heavily on fossil fuels. Despite advances in solar power technologies, none has emerged as a cost-effective, robust solution for harnessing the energy of the sun. Integration of a functioning [FeFe] hydrogenase into a microbial photosynthetic pathway would create an efficient, renewable source of solar-derived hydrogen gas. However, the oxygen sensitivity of the [FeFe] hydrogenase and the complexity of its active site are major obstacles that limit the application of this enzyme on an industrial level. We have developed both in vivo and in vitro E. coli-based systems to investigate the properties of [FeFe] hydrogenases and their required maturases. The doubly-heterologous E. coli systems have allowed us to examine how oxygen affects these metalloenzymes to complement our efforts in evolving [FeFe] hydrogenases for improved oxygen tolerance. We have also characterized the variables that influence maturase solubility, maturase functionality, and the process of hydrogenase maturation.


BIOT 146
Direct identification and quantification of aspartyl succinimide in an IgG2 mAb by RapiGest assisted digestion 
Holly Z. Huang, Andrew Nichols, and Dingjiang Liu, Pharmaceutics Department, Amgen Inc, One Amgen Center Drive, M/S 8-1-C, Thousand Oaks, CA 91320
A special tryptic digestion method was developed for easy identification and accurate quantification of aspartyl succinimide (Asu) formation in an IgG2 mAb. The new method replaces chaotropic reagents, such as urea and guanidine hydrochloride (GdnHCl) with an acid labile surfactant RapiGest„· (RG), accomplishes tryptic digestions in mildly acidic condition without alkylation and desalting steps in approximately half the time for conventional methods. The new digestion conditions were optimized to suppress Asu hydrolysis during sample preparation and solved the problems conventional digestions have been facing in detecting and quantifying Asu in complex proteins. The validity of this method was confirmed by subjecting a mixture of peptides containing a predetermined amount of Asu to the same digestion conditions. An excellent correlation was observed for Asu results between cation-exchange chromatography and the new digestion method. To our knowledge, this is the first reported method for rapid and accurate quantification of succinimide formation in proteins directly from a peptide map including site specific information.


BIOT 147
Efficient delivery of superoxide dismutase using polyketal microparticles 
Gokulakrishnan Seshadri Iyer, gokul@gatech.edu, Biomedical Engineering, Georgia Institute of Technology, 101 Woodruff Circle, Room #2302, Atlanta, GA 30322, David S Wilson, david.wilson@chbe.gatech.edu, Chemical Engineering, Georgia Tech, Atlanta, GA 30332, Sergey Dikalov, Division of Cardiology, Emory University, Atlanta, GA 30322, Niren Murthy, niren.murthy@bme.gatech.edu, The Wallace H. Coulter Department of Biomedical Engineering and Parker H. Petit Institute for Bioengineering and Biosciences, Georgia Institute of Technology, Atlanta, GA 30332-0535, and Michael E Davis, michael.davis@emory.edu, Wallace H. Coulter Department of Biomedical Engineering & Division of Cardiology, Georgia Insititute of Technology & Emory University School of Medicine, Atlanta, GA 30322
Superoxide dismutase (SOD) protein therapy may have broad clinical implications; however intracellular delivery and sustained delivery of the drug remain as critical obstacles. Polyketal particles are a new class of biomaterials with controllable kinetics that degrade to FDA-approved, non-toxic compounds. Using a double-emulsion technique, we were able to encapsulate SOD with 25% efficiency within polyketal microparticles (PK-SOD). To determine superoxide scavenging capability of PK-SOD, we measured superoxide production of PMA-stimulated macrophages in the presence of either empty microparticles (PK) or PK-SOD. In addition to dose dependent extracellular superoxide scavenging ability, PK-SOD also exhibited dose-dependent intracellular superoxide scavenging ability in contrast to free SOD or PK. This increase in superoxide scavenging by PK-SOD also resulted in a decrease in LPS-induced TNFα and IL-6 production. Thus, polyketals represent a novel biomaterial for both the intracellular and extracellular delivery of the SOD protein that may have many clinical applications.


BIOT 148
Engineering a plasmid display system for the directed evolution of targeted cell penetrating peptides 
Shan Gao1, sg2323@columbia.edu, Melissa J. Simon2, mjs2150@columbia.edu, Barclay Morrison III2, bm2119@columbia.edu, and Scott Banta1, sbanta@cheme.columbia.edu. (1) Chemical Engineering, Columbia University, 500 W 120th St, New York, NY 10027, (2) Biomedical Engineering, Columbia University, New York, NY 10027
Cell penetrating peptides (CPPs) can traverse membranes and deliver cargos to most cell types, including the brain, but new methods are needed to engineer them for enhanced delivery and specificity. We developed an innovative directed evolution (DE) strategy based on a plasmid display (PD) platform to create specific CPPs. Successful penetration of cells by members of a randomized library will be indicated by the expression of a fluorescent transgene. But, the delivery of the PD complex with a positive control peptide into PC-12 cells has been inefficient, and we are identifying probable bottlenecks. Novel fusion proteins made with GFP and the DNA-binding domain of the PD system have been created and used to determine the ratio of CPP to DNA needed for cellular delivery. The insights gained through these efforts explain the low delivery efficiency of the PD complex and are enabling us to redesign our PD system for the DE of novel targeted CPPs.


BIOT 149
Evaluation and modeling of non-specific binding of polysorbate-20 with filter membranes during drug product production 
Ge Jiang1, gjiang@amgen.com, Joe Zhou2, joez@amgen.com, Jinshu Qiu3, jqiu@amgen.com, Sajeevi Gunasekera1, sajeevig@amgen.com, and Manpreet-Vick Wadhwa1, mwadhwa@amgen.com. (1) Drug Product & Device Development, Amgen Inc, One Amgen Center Drive 30W-3-A, Thousand Oaks, CA 91320, (2) Purification Process Development, Amgen Inc, Thousand Oaks, CA 91320, (3) Analytical Sciences, Amgen Inc, Thousand Oaks, CA 91320
Polysorbate-20 (PS-20) was found to adsorb to polyethersulfone (PES) filter and Polyvinylidene Difluoride (PVDF) filter membranes during drug substance and drug product production. This study focused on evaluation of PS-20 binding to PVDF filters. Two models were developed based on mass balance and kinetic binding experiments. Both models provided comparable results for PS-20 binding to PVDF filters. Overall PS-20 loss from binding to PVDF membrane was found to be modest. However, the initial filtrate after sterile filtration has significantly lower PS-20 level due to the kinetics of binding. Results from modeling of PS-20 binding to PVDF filters, and mitigation approaches for minimizing PS-20 variation will be presented. 


BIOT 150
Global and residue-specific aspects of denaturant-induced conformational changes in a beta-trefoil protein 
Ramil F. Latypov1, rlatypov@amgen.com, Dingjiang Liu1, Jaby Jacob1, Timothy S Harvey2, David N. Brems1, and Andrei A. Raibekas1. (1) Pharmaceutics Department, Amgen Inc, One Amgen Center Dr, Thousand Oaks, CA 91320, (2) Chemistry Research & Discovery, Amgen Inc, Thousand Oaks, CA 91320
Structural properties of folded and unfolded ensembles of human interleukin-1 receptor antagonist (IL-1ra) are strongly denaturant dependent as evidenced by high-resolution 2D NMR and small-angle X-ray scattering (SAXS). The NMR results are consistent with a variety of non-cooperative changes within the folded state ensemble of the protein. In particular, the part of the protein structure formed by the 60th and 90th regions is progressively destabilized by increasing urea concentrations. This region outlines an intrinsically labile part of the beta-trefoil conformation. The SAXS measurements show no changes in the protein size or conformation at subdenaturing conditions. Although the major increase in Rg is associated with global unfolding, there are clear differences in the dimensions of unfolded protein molecules realized in urea and guanidine hydrochloride. Specifically, the Rg increases from the folded state value of ~17 Å to ~40 Å in 6.5 M urea or ~35 Å in 2 M guanidine hydrochloride. This difference diminishes at higher denaturant concentrations and disappears in the presence of 8.5 M urea and 7 M guanidine hydrochloride. Implications of the observed denaturant-induced changes in the folded and unfolded ensembles to the solution stability and aggregation of IL-1ra are discussed.


BIOT 151
Heterodimeric DNA methyltransferases 
Glenna E. Meister1, gmeiste1@jhu.edu, Srinivasan Chandrasegaran2, schandra@jhsph.edu, and Marc Ostermeier1, oster@jhu.edu. (1) Department of Chemical and Biomolecular Engineering, Johns Hopkins University, 3400 N. Charles St., Maryland Hall 221, Baltimore, MD 21218, (2) Division of Physiology, Bloomberg School of Public Health, Johns Hopkins University, Baltimore, MD 21205
DNA methylation patterns play an important role in determining gene expression patterns. These patterns are of particular interest in embryonic development and in cancer cells, which often exhibit abnormal methylation patterns. The ability to control the activity and specificity of DNA methyltransferases would have applications in the study of DNA methylation in cells, would offer an avenue to control gene expression epigenetically and potentially would allow the correction of abnormal methylation patterns for therapeutic purposes. Most known DNA methyltransferases are encoded in a single polypeptide chain. DNA methyltransferases in which the activity is encoded by heterodimerizing peptides, offer unique platform for engineering DNA methyltransferases with novel properties. The C5-methylcytosine methyltransferases M. AquI and M. EcoHK31I each have alpha and beta peptide chains that associate to create a functional enzyme. Methylation is not possible without the association of the two fragments. Truncated version of these fragments exhibit decreased association in vitro. We have used an in vivo method to determine if the fragment's association is more or less sensitive to these truncations in the cellular environment. Select fragments formed the basis for designed methyltransferases that will methylate unique sites. 


BIOT 152
Identification of interfacial regions that are involved in aggregate formation 
Jeremy Primack1, jprimack@amgen.com, Dirk Chelius2, Himanshu Gadgil3, Carl Kolvenbach1, and Rahul S. Rajan4, rrajan@amgen.com. (1) Process and Product Development, Amgen, Inc, Thousand Oaks, CA 91320, (2) Quality Control, TRION Pharma Gmbh, Munchen 80807, Germany, (3) Analytical and Formulation Sciences, Amgen Inc, Seattle, WA 98119, (4) Formulation and Analytical Resources, Amgen, Inc, Thousand Oaks, CA 91320
Text will be submitted as soon as approval is obtained by Amgen Legal department


BIOT 153
Immobilized metal-affinity protein delivery via polyketal microparticles 
Jay C Sy, jcsy@gatech.edu, Wallace H. Coulter Department of Biomedical Engineering, Georgia Institute of Technology & Emory University, 313 Ferst Drive, Suite 2127, Atlanta, GA 30332, Fax: 404-894-4243, Niren Murthy, niren.murthy@bme.gatech.edu, The Wallace H. Coulter Department of Biomedical Engineering and Parker H. Petit Institute for Bioengineering and Biosciences, Georgia Institute of Technology, Atlanta, GA 30332-0535, and Michael E Davis, michael.davis@emory.edu, Wallace H. Coulter Department of Biomedical Engineering & Division of Cardiology, Georgia Insititute of Technology & Emory University School of Medicine, Atlanta, GA 30322
Protein delivery from polymeric microparticles has seen limited success due to low loading efficiencies and loss of protein activity. We hypothesized that by utilizing protein purification techniques, we could efficiently load proteins onto the surface of polyketal microparticles while retaining activity. This was accomplished by incorporating a nitrilotriacetic acid (NTA)-lipid conjugate in our particle. To characterize the binding of Ni-NTA to His6-labeled protein, we investigated His-labeled green fluorescent protein (His-GFP) binding via fluorescent microscopy and quantitative analysis using ELISA. We found little nonspecific binding and a maximum loading of 40 ng His-GFP/mg particle (40% loading efficiency). This specific binding was reversed by incubation with 500 mM imidazole. Release studies under physiological conditions (10% fetal bovine serum, 37°C) demonstrated that 50% of the bound protein is released within 24h. Favorable release kinetics, combined with tunable hydrolysis of polyketals, make our particles ideal for use as a dual-drug delivery vehicles. 


BIOT 154
Introducing a novel activity into the RhlI enzyme by directed evolution 
Lianhong Sun and Pavan Kumar Reddy Kambam, Department of Chemical Engineering, University of Massachusetts Amherst, 686 N. Pleasant Street, Amherst, MA 01003
LuxI and its homologs catalyze the synthesis of a variety of signaling molecules essential for a cell-cell communication mechanism, quorum sensing. These signaling molecules vary in the length of the side chain and the oxidation states, and these differences can be distinguished by corresponding cognate transcription factors. Such specificity allows the presence of multiple quorum sensing systems simultaneously without interfering with each other's functions. LuxI homologs exhibit high sequence similarity, and highly conserved amino acid residues across the family have been identified. In spite of the intensive biochemical characterizations of the LuxI enzymes, the molecular mechanisms of the LuxI enzyme substrate specificity, amino acid residues important for the substrate specificity in particular, remain unknown. Because quorum sensing is involved in a variety of infectious diseases, illuminating the mechanisms will facilitate the development of novel antibiotics specifically targeting quorum sensing to eliminate bacterial infections, a method regarded as a superior strategy to common antibiotics with the potential of not introducing bacterial drug resistance. 

We believe engineering the substrate specificity of LuxI homologs will identify amino acids important for the substrate specificity. As a homolog of LuxI, RhlI catalyzes the synthesis of C4HSL and C6HSL but not OHHL, which is synthesized by LuxI. Using a genetic selection we established for the engineering of LuxI, we performed directed evolution on RhlI to introduce a novel OHHL synthesis activity. After three rounds of directed evolution experiments, a mutant with a significant OHHL activity was identified, and the OHHL synthesized by the mutant was detected from the cell culture. Compared to LuxI, the mutant shows a lower but comparable activity. In this presentation, we will discuss our efforts on using both directed evolution and rational design in introducing and improving OHHL synthesis activity by RhlI, and possible mechanism determining the substrate specificity of LuxI homologs. 


BIOT 155
Modulating inhibition of bacterial toxins by multivalent glycopolypeptides via appropriate engineering of the glycopolypeptide chain 
Ronak Maheshwari, ronak@udel.edu, Department of Material Science and Engineering, University of Delaware, 201 DuPont Hall, Newark, DE 19716, Fax: 302-831-4545, Brian D. Polizzotti, bpolizzo@udel.edu, Department of Materials Science and Engineering, University of Delaware and Delaware Biotechnology Institute, Newark, DE 19716, Eric Levenson, University of Delaware, Newark 19711, and Kristi L. Kiick, kiick@udel.edu, Department of Materials Science and Engineering, University of Delaware, Newark, DE 19716
A wide range of human diseases are activated by protein-carbohydrate interactions, and the inhibition of such interactions provides a powerful strategy for the treatment of disease. We have developed multiple polypeptide-based polymers via protein engineering methods; these approaches have permitted the structure-based design of polymers for inhibition of the multivalent binding event by affording control over both the number and spacing of saccharides on the polymer backbone. In our expanded investigations, polypeptides equipped with chemically reactive, alkyne-functionalized non-natural amino acids were designed and synthesized via protein engineering techniques. These polypeptides were modified with azido-functionalized saccharides via click chemistry protocols, and the ability of these glycopolypeptides to inhibit binding of cholera toxin was evaluated in immunochemical assays.


BIOT 156
Monitoring Covalent Modifications in Protein Therapeutics and Evaluation of Shelf Life Stability 
Bryan Yu, Analytical and Formulation Service, Amgen, One Amgen Center Drive, 2-2-B, Thousand oaks, CA 91320
Monitoring Covalent Modifications in Protein 

Therapeutics and Evaluation of Shelf Life Stability 

Bryan Yu, Dean Liu and Bing He 

Recombinant therapeutic monoclonal antibodies are subject to a variety of covalent modifications during the manufacturing process and product storage. These modifications include but are not limited to oxidation, deamidation, and cyclization. These degradation reactions create additional size, charge, or structural heterogeneities, which may influence their biological activity. In this work, we have investigated the chemical stability of a monoclonal antibody. We have characterized several degradation pathways and determined the specific residues of the modifications. In addition the extent of the modifications at different conditions was quantified. The study of covalent modifications helped us better understand the kinetics of each modification, which was critical in evaluating the impact on shelf life stability of the antibody product throughout the commercial formulation development process. 


BIOT 157
Nicotinamide increases the megakaryocytic maturation of human hematopoietic stem cells primarily due to sirtuin inhibition 
Swapna Panuganti1, s-panuganti@northwestern.edu, Eleftherios T. Papoutsakis2, and William M. Miller1, wmmiller@northwestern.edu. (1) Department of Chemical and Biological Engineering, Northwestern University, 2145 Sheridan Road, Tech E136, Evanston, IL 60208, Fax: 847-491-3728, (2) Department of Chemical Engineering, University of Delaware, Newark, DE 19716
Megakaryocytic cells (Mks), the precursors to platelets, are derived from hematopoietic stem cells (HSCs). During differentiation, Mks become polyploid. Higher Mk DNA content correlates with greater platelet production. Elucidation of the factors that regulate Mk polyploidization will aid in developing treatments for Mk-related disorders. We have shown that nicotinamide increases the percentage of high-ploidy Mks ca. 3-fold versus primary Mk cultures supplemented only with thrombopoietin. Nicotinamide is a potent inhibitor of sirtuin histone/protein deacetylases (SIRT). The SIRT1/2 inhibitor cambinol increased Mk ploidy to a similar extent as nicotinamide. EX-527 and AGK2, which inhibit SIRT1 and SIRT2, respectively, were approximately 30% as effective as nicotinamide at increasing Mk ploidy. This suggests that nicotinamide increases Mk ploidy via synergistic inhibition of SIRT1 and SIRT2. We are currently investigating effects on selected SIRT targets including p53 and NFκB. Future plans include knockdown of SIRT1/2 in primary murine HSC cultures.


BIOT 158
Novel biosensor for thyroid hormone endocrine disruptors 
Izabela Hartman1, izabela_hartman@yahoo.com, David W. Wood2, dwood@princeton.edu, and Thomas W. Eyster2, teyster@princeton.edu. (1) West Center for Computational Chemistry and Drug Design and Department of Chemistry & Biochemistry, University of the Sciences in Philadelphia, University of the Sciences in Philadelphia, 600 S 43rd Street, Philadelphia, PA 19104, (2) Departments of Chemical Engineering and Molecular Biology, Princeton University, Engineering Quadrangle, A213 Olden Street, Princeton, NJ 08544
In previous work, we combined nuclear hormone receptor ligand-binding domains with a thymidylate synthase reporter enzyme to generate an allosteric sensor protein for estrogenic compounds. These compounds lead to increased growth of auxotrophic E. coli strains expressing the engineered sensor, and strong evidence indicates that the biosensor can discriminate between agonist and antagonist compounds. In previous work, we used this sensor to identify household products that interacted with the estrogen receptor's ligand binding domain. We have also generated a thyroid hormone version of the sensor by simply swapping the functional ligand-binding domains. In this presentation we report the screening of over-the-counter natural remedies alleging either direct effects on the thyroid or a general increase in metabolism, as well as congenerous environmental compounds that are also suspected to interact with the thyroid hormone receptor (e.g. p-hydroxybromodiphenyl ethers). 


BIOT 159
Peptide-nucleic acid conjugates in the design of macromolecular assemblies 
Erinc Sahin, sahin@udel.edu, Department of Chemistry & Biochemistry, Delaware Biotechnology Institute, University of Delaware, Newark, DE 19716, Kristi L. Kiick, kiick@udel.edu, Department of Materials Science and Engineering, University of Delaware, Newark, DE 19716, and Thomas Hanson, tehanson@udel.edu, Graduate College of Marine Studies, Delaware Biotechnology Institute, University of Delaware, Newark, DE 19716
Biomacromolecules have evolved to function via precise intermolecular interactions, although utilization of biomacromolecules for prescribing the positioning of functional groups in materials remains a significant challenge. We have employed leucine-zipper peptides and complementary nucleic acids as assembly elements to provide structural control and tunability of materials assembly. Such controlled assemblies will not only provide building blocks for nanoscale tools and devices, but also promote further insights on the utilization of biological self-assembly phenomena. In the application of these principles, heterodimeric coiled-coils are of particular use, but due to their potentially extreme isoelectric points (pI), can be difficult to produce from traditional expression hosts. Comparative proteomic analysis suggests strong inverse correlation between a microorganism's optimum pH and average pI of its proteome, which may be useful in informed decisions on selection of hosts for expression of proteins with extreme pIs.


BIOT 160
Reducing polypeptide aggregation by site-specific modification with betaine 
Junpeng Xiao, juxiao@indiana.edu, Interdisciplinary Biochemistry Graduate Program, Indiana University, Bloomington, IN 47405, and Thomas J Tolbert, tolbert@indiana.edu, Department of Chemistry, Indiana University, Bloomington, IN 47405
Protein aggregation is a common problem in biochemical and biophysical studies as well as pharmaceutical applications. Here we introduce a novel approach to prevent protein aggregation by site-specific attachment of a small molecule betaine, which contains a quaternary ammonium group. A betaine thioester was synthesized and site-specifically attached to the N-terminal cysteines of two aggregation prone polypeptide models, the bacterial enzyme GPRT, and the HIV entry inhibitor peptide T20, using native chemical ligation. The N-terminal cysteines for the ligation were generated from expressed fusion proteins using TEV protease cleavage. Our investigations indicated that both the betaine modified GPRT protein and T20 peptide show increased solubility and reduced aggregation propensity compared to the unmodified polypeptides. In addition, the betaine modified T20 can function as an aggregation inhibitor to prevent the aggregation of the unmodified T20 in a mixture of betaine modified T20 and unmodified T20.


BIOT 161
Separation of charge variants of a humanized IgG1 monoclonal antibody 
Josef Vlasak, Erin Green-Trexler, Marc Kirchmeier, and Roxana M Ionescu, Merck Research Laboratories, Merck and Co., Inc, West Point, PA 19486
During storage, monoclonal antibodies (mAbs) often form acidic charge variants, mostly due to Asn deamidation. Characterization and quantification of these variants is an important part of mAb therapeutics development. In order to reliably quantify this degradation process, sufficient separation of the charge variants from each other and from the remaining intact fraction is needed. Here, we show that three different techniques, 1) cation-exchange HPLC with salt-gradient elution, 2) cation-exchange HPLC with pH-gradient elution, and 3) capillary isoelectric focusing can provide remarkably different separation of acidic variants of a humanized IgG1 mAb. Reliable quantification of all acidic variants seen in this antibody can only be achieved by using more than one of these three methods. In addition, the differences in separation between the three methods can provide clues about the chemical nature of the acidic variants.


BIOT 162
Silicone oil induced particle formation in prefilled syringes 
Margaret Ricci1, mspeed@amgen.com, Lisa Donahue2, Nate Ball1, N Stackhouse3, Jaymi Lee1, Sampathkumar Krishnan4, skrishna@amgen.com, and Monica M. Pallitto4, monicap@amgen.com. (1) Process and Product Development, Amgen, Inc, Mailstop 8-2-A, One Amgen Center Drive, Thousand Oaks, CA 91320, Fax: 805-447-9836, (2) Formulation and Analytical Resources, Amgen, Thousand Oaks, CA 91320-1799, (3) Amgen Inc, Thousand Oaks, CA 91320, (4) Formulation and Analytical Resources, Amgen, Inc, Thousand Oaks, CA 91320
Aggregation and particulation are critical issues for proteins formulated at high concentrations. In some cases, protein formulations can be stable in the vial, but these formulations in the prefilled syringe form visible particles that worsen upon transportation due to silicone oil interactions. Various approaches have been evaluated to prevent particle formation, including reformulating with surfactant, reducing the air gap within syringes, and utilizing syringes having different siliconization chemisty or alternative lubricants. Syringes that underwent actual transport displayed greater levels of visible and subvisible particulation compared to syringes subjected to vibrational stress in the laboratory. Key differences of actual shipping included pressure changes, presence of high frequency vibrations, changes in syringe orientation that cause air bubble movement, and shock/drop stress. These findings demonstrate that the air/liquid interface and the oil/liquid interface are critical elements of silicone oil induced particulation in prefilled syringes, and these elements have been successfully implemented into formulation screening. 


BIOT 163
Simulation of amyloid beta in a lipid bilayer 
Alex J Sodt, alexsodt@berkeley.edu, QB3, University of California, Berkeley, Stanley Hall, Berkeley, CA 94720-1460, and Teresa Head-Gordon, TLHead-Gordon@lbl.gov, Department of Bioengineering, University of California, Berkeley, Berkeley, CA 94720
Amyloid beta is a short peptide that forms amyloid fibrils, the abundance of which is the primary symptom of Alzheimer's disease. The action of amyloid beta is not clear, but mounting evidence points towards oligomeric states, as opposed to mature fibrils, as being the cytotoxic species. Amyloid beta possesses a significant hydrophobic region, so it is reasonable that the function of oligomeric states could be directed toward the membrane. While experiments have shown that amyloid beta appears to be able to disrupt the membrane, computer simulation may provide the best hints as to the form and function of potentially cytotoxic oligomeric units. 

In this study we investigate the stability and formation of oligomeric states in a model lipid bilayer. We extend a coarse-grained peptide model that has previously been used to investigate the aggregation of amyloid beta in solution. For our description of the membrane, we borrow from recently developed implicit solvent membrane simulations able to reproduce the biologically relevant fluid phase. 


BIOT 164
Stability of surface-tehtered proteins 
Gaurav Anand, anandg@rpi.edu, Chemical and Biological Engineering, Rensselaer Polytechnic Institute, 110 8th Street, Troy, NY 12180, and Georges Belfort, belfog@rpi.edu, Howard P. Isermann Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, Troy, NY 12180-3590
There is an increasing interest in revealing and controlling the structural behavior of adsorbed and covalently-bound or tethered proteins at solid surfaces. Protein adsorption on solid substrates has been extensively studied, however, little, if any, work has been conducted to understand the stability of surface-tethered proteins. For certain protein surface applications like pattern recognition, protein micro-arrays, biosensors, and biophysical studies, it is critical that the native state of the protein on the surface remains stable. The stability of tethered proteins can be affected by the presence of solid substrates and can depend on the site of tethering, entropic loss upon tethering and energetics. Surface properties, such as exposed functional groups, surface restructuring and surface topology, affect thermodynamic stability of tethered proteins. There exist many well-developed techniques to monitor protein unfolding in solution. 

We have developed a novel method to monitor unfolding of low-concentration (300 ng/cm2) surface-tethered proteins using multi-molecular atomic force spectroscopy (MMAFS). In this work we are combining experiments and theory to understand the effect of surfaces on protein behavior, especially focusing on their adhesion behavior. 


BIOT 165
Strategies to Improve Recombinant Proteins Solubility and Purification by Fusion with Thermally-responsive Polypeptides 
Rita Araujo1, raraujo@det.uminho.pt, Margarida Casal1, mcasal@bio.uminho.pt, and Artur Cavaco-Paulo2, artur@det.uminho.pt. (1) CBMA Centre of Environmental and Molecular Biology, Department of Biology, University of Minho, Campus de Gualtar, 4710-553 Braga, Portugal, Fax: 00351-253-604398, (2) Textile Engineering Department, University of Minho, Guimaraes 4800-058, Portugal
Thermally responsive elastin like polypeptides (ELPs) have been used to purify proteins from Escherichia coli cultures when proteins are expressed as a fusion with an ELP. Purification of ELP fusion proteins, termed inverse transition cycling (ITC), exploits the reversible soluble–insoluble phase transition behavior imparted by the ELP tag. This is a non-chromatographic and inexpensive technique which can be easily scaled up to accommodate larger culture volumes thus, potentially impacting both high-throughput protein expression and purification for industrial uses. 

We found that ELPs can also increase the solubility of “hard” recombinant proteins. Here, we introduce a new method to solubilize a recombinant protein expressed in Escherichia coli using an ELP fusion tag. We compare the expression, solubility and purification of the recombinant protein with and without the ELP tag. Using this method we obtained for the first time high purity, activity and reasonable yields for the target protein. 


BIOT 166
Structural and functional analysis of Alternaria brassicola cutinase 
Jin K. Montclare, Department of Chemical and Biological Sciences, Polytechnic University, 6 Metrotech Center, Brooklyn, NY 10019
Cutinases are enzymes belonging to a class of serine hydrolases found in fungal pathogens that are active for cutin degradation. The most commonly studied cutinase is from Fusarium solani f. pisi. Recently, we cloned and expressed cutinase from Alternaria brassicicola. Upon testing the enzymes for hydrolysis activity, we discovered that the A. brassicicola cutinase exhibited consistently higher activity for pNPB hydrolysis at high temperatures relative to that of F. solani. Due to the improved activity of this cutinase, we determined its structure to gain insight into its functional behavior. 


BIOT 167
Sustained and localized gene silencing in vitro and in vivo using PLGA nanoparticles densely loaded with small-interfering RNA 
Kim A. Woodrow, Jennifer K. Saucier-Sawyer, Jeremy S. Blum, Monica J. Wood, and W. Mark Saltzman, Biomedical Engineering, Yale University, Malone Engineering Center, 55 Prospect Street, New Haven, CT 06437, Fax: 203-432-0030
RNA interference mediated by small interfering RNA (siRNA) is an emerging tool in basic science and is poised to offer new therapeutic modalities to treat various diseases. Biodegradable polymer carriers offer a strategy for improving the stability, enhancing internalization, and prolonging the gene silencing effect by providing sustained release of siRNA. We developed and characterized nanoparticles for delivering siRNA in vitro and in vivo. When siRNA was complexed with polyamines and loaded into poly (lactide-co-glycolide) (PLGA) nanoparticles, we obtained encapsulation efficiencies of 60-90% and loadings as high as 2,000 molecules per nanoparticle. Delivery of siRNA nanoparticles caused targeted gene knockdown in various cell types, and produced significant and sustained gene silencing in HepG2 hepatocytes. We also demonstrate that our siRNA nanoparticles are active in vivo when administered to the female reproductive tract. These results suggest that PLGA nanoparticles densely loaded with siRNA can achieve sustained and localized gene silencing. 


BIOT 168
Targeted Membrane Recognition By Designed Hydrogen Bonding Between Synthetic Phospholipids 
Mingming Ma, mma@chem.osu.edu, Department of Chemistry, The Ohio State University, Columbus, OH 43210, and Dennis Bong, bong@chem.osu.edu, Department of Chemistry, Ohio State University, Columbus, OH 43210
Four new phospholipids bearing cyanuric acid (CA) and melamine (M) groups have been synthesized, which are capable of forming vesicles in water by themselves or with other natural phospholipids (POPC or DPPC). Thermal characteristics of these vesicles were investigated by differential scanning calorimetry and spectroscopically by using pyrene-PC as a fluorescence probe. The observed spectral characteristics indicate that the vesicle membrane composed by 1:1 mixture of CA and M display phase transition from a highly ordered phase to a liquid crystalline phase. The presence of the highly ordered phase indicates a strong intra-vesicular complementary hydrogen-bonding between CA and M on the membrane-water interface. Selective vesicle aggregation and fusion have been achieved by simply mixing the CA vesicles and M vesicles. The vesicle aggregation and fusion indicate a strong inter-vesicular interaction between CA and M. In addition, phase separation and domain formation in these vesicles show a big effect on tuning these vesicle aggregation and fusion.


BIOT 169
Useful applications of synthetic modified-sugar nucleotide donor substrates 
Maria R. Manzoni1, mmanzoni@ncifcrf.gov, Elizabeth Boeggeman2, eeb@helix.nih.gov, Boopathy Ramakrishnan2, and Pradman Krishen Qasba1, qasba@helix.nih.gov. (1) Structural Glycobiology Section, Nanobiology Program, Center for Cancer Research, National Cancer Institute-NIH, P.O Box B, Bldg. 469, Rm 221, NCI-Frederick, Frederick, MD 21702-1201, (2) Structural Glycobiology Section, Nanobiology Program, Center for Cancer Research,SAIC, Inc, National Cancer Institute-NIH, Frederick, MD 21702-1203
Considering the important role of glycoconjugates in biological recognition, acute and chronic diseases (such as inflammation), and numerous cancer types; methods capable of introducing a sugar residue with a reactive chemical handle at a unique site in the oligosaccharide chain of relevant glycoprotein and/or glycolipid are highly desirable. Structure-based design of novel glycosyltransferases is making it possible to transfer unnatural sugars to a specific monosaccharide residue on a glycan chain or directly to a peptide because these carbohydrates with chemical handles have been shown to be new sugar-donor substrates for natural and engineered mutant glycosyltransferases. While exploiting this selective, chemoenzymatic approach, these functionalized, unnatural glycoconjugates have a variety of new diagnostic and therapeutic applications allowing for the incorporation of probes, biomarkers, and development of drug-targeting systems. We are currently synthesizing novel unnatural carbohydrates that will contain the functionality for incorporating probes and/or biomarkers; namely, we plan to exploit this technology for the analysis of “over-” and “under-” glycosylated glycans related to certain disease. These techniques will facilitate the diagnosis of a diseases by tracing of aberrant glycosylation patterns associated with the diseases, as well as the analysis of specific glycoconjugates related to biological recognition. The usefulness of this conjugation method will be discussed since we have developed mutant glycosyltransferases that are capable of transferring modified sugars to specific monosaccharide residue of therapeutic monoclonal antibodies in a selective, controlled manner. Thus, this technology is also applicable to drug development.


BIOT 170
Cationic nanogel formulations of nucleoside analogs for the treatment of drug-resistant tumors 
Serguei V. Vinogradov1, vinograd@unmc.edu, Carlos M. Galmarini2, carlos.galmarini@recherche.univ-lyon1.fr, Anton Mitin1, amitin@unmc.edu, and Arin Zeman1, azeman@unmc.edu. (1) Department of Pharmaceutical Sciences, University of Nebraska Medical Center, 986025 Nebraska Medical Center, Omaha, NE 68198-6025, Fax: 402-559-9543, (2) Institut de Recherche sur les Cancers et le Sang, U.F.R. de Médecine Lyon-Sud, BP12 – 69921 Oullins Cedex, France
Delivery of cytotoxic nucleoside analogs 5'-triphosphates (NATP) allows administrating the drug in activated form and bypassing several drug resistance mechanisms in cancer cells. Biodegradable cationic nanogels are capable to efficiently encapsulate NATP forming small nanoparticles, cross the cellular membrane and release the activated drug in cytoplasm. Typically, NATP nanoformulations were more efficient than parental NA in normal cancer cells and hundreds-fold more cytotoxic in drug-resistant cancer cells. They produced similar pro-apoptotic and cell cycle changing effects as the parental NA. The intracellular level of NATP was elevated several hours following the treatment. Targeting Nanogels to cancer cells was achieved by decoration of the carrier surface with multiple PEG linkers carrying folate moieties or short EGF-derived peptides. Folate-Nanogel demonstrated extremely low toxicity, while its NATP formulation had enhanced cytotoxicity against tumor cells. Intravenous injection of tumor-targeted NATP nanoformulations resulted in the efficient tumor growth inhibition in animals with murine mammary carcinoma. 


BIOT 171
Characterization of AI-2 uptake mechanism in E. coli quorum sensing circuitry 
Sara Hooshangi, Chen-Yu Tsao, and William E. Bentley, Fischell Department of Bioengineering and Center for Biosystems Research, UMBI, University of Maryland, 5115 Plant Science Building, College Park, MD 20742
While the quorum sensing phenomenon has been studied in a large number of bacterial species, many questions remain unanswered. Previous models have addressed aspects of population dynamics in Pseudomonas aeruginosa and Vibrio fischeri but no comprehensive model of autoinducer AI-2 uptake has been proposed. The AI-2 signal transduction network comprises several important network topologies including a positive feedback loop, an autoregulation motif and, a number of negatively regulated modules which make it particularly interesting. The complex interaction of these network motifs are not yet fully understood and can be further analyzed using stochastic simulations. This study focuses on developing a computational model that captures the dynamics of quorum signal generation, receptor driven recognition, and AI-2 uptake. By combining the existing experimental data with mathematical models, the relationship between basic cellular circuitry of quorum sensing and the phenotypical responses observed at the macroscopic scale can be elucidated.


BIOT 172
Characterization of stability and activity of fluorinated histone acetyl transferase, tGcn5 
Natalya Voloshchuk, Anita Yuhua Zhu, and Jin K. Montclare, Department of Chemical and Biological Sciences, Polytechnic University, 6 Metrotech Center, Brooklyn, NY 11201
Fluorinated amino acid analogs have been employed in protein and peptide design to improve conformational stability, self-assembly, and protease resistance. Inspired by this we investigate the effects of residue-specific incorporation of fluorinated phenylalanine analogs, para-fluorophenylalanine (pFF), meta- fluorophenylalanine (mFF), and ortho-fluorophenylalanine (oFF) into a histone acetyl transferase (HAT). The HAT protein tGcn5 is able to activate gene expression by acetylating the lysines of histone tails. Here, we explore how monofluorinated analogs influence the ability of tGcn5 to acetylate the target histone peptide and overall stability.


BIOT 173
Complexes of α-gliadin and polymers with different composition 
Li Liang, liliang_bm@yahoo.com, Department of Food Science and Nutrition, University Laval, Pavillon Paul Comtois, Quebec, QC G1K 7P4, Canada, Maud Pinier, maud.pinier@umontreal.ca, Faculty of Pharmacy, University of Montreal, Montreal, QC H3C 3J7, Canada, Jean-Christophe Leroux, Jean-Christophe.Leroux@umontreal.ca, Canada Research Chair in Drug Delivery, Faculty of Pharmacy, University of Montreal, Montreal, QC H3C 3J7, Canada, and Muriel Subirade, muriel.subirade@aln.ulaval.ca, Canada Research Chair in proteins, bio-systems and functional food, Department of Food Science and Nutrition, University Laval, Quebec, QC G1K 7P4, Canada
α-Gliadin, a protein fraction of wheat and involved in celiac disease, can be complexed by 4-styrenesulfonic acid (SSt) homopolymer and its copolymer with hydroxyethyl methacrylate (HEMA). In this work, these complexes were studied at gastric (1.2) and intestinal (6.8) pHs using circular dichroism and dynamic light scattering. Influence of polymers on α-gliadin structure depends on polymer concentration and SSt content and the pH of solution. In excess of negative charges of polymers, the size of polymer-protein complex particles basically decreases as polymer concentration increases. However, SSt homopolymer can not form the complex particles with α-gliadin when the polymer negative charges are six times higher than the protein positive charges. Its copolymerization with HEMA may enhance the formation of complex particles by partially screening the electrostatic repulsion among negatively-charged sulfonates of SSt monomers. Hence, we speculate that copolymerization of SSt with HEMA may be useful as a potential candidate for the supportive treatment of celiac disease.


BIOT 174
Design and installation of a pilot scale bio-disposable DeltaV based bioreactor network for cell culture process monitoring, control and data management 
Terrence A. Allotta1, allotta.terrence@gene.com, Cary Opel1, Terry Hudson2, hudson.terry@gene.com, and Thomas Myint1. (1) Process Research and Development, Genentech Inc, 1 Antibody Way, Oceanside, CA 92056, (2) Oceanside Process Research & Development, Genentech, Inc, Oceanside, CA 92056
Bioprocess disposable technologies have become more prevalent in the biopharmaceutical industry as a viable alternative to stirred-tank bioreactors. Advances in this technology have brought bio-disposable systems to geometrically, mechanically and operationally match all characteristics of the traditional stainless steel bioreactor platform. With these proven advances and advantages of disposables it has allowed industry to shift their processing platform to this technology seamlessly. At the Genentech Oceanside facility 1x100L and 2x250L disposable bioreactors were used to expand the pilot plant's capacity. This infrastructure includes the customized large scale single-use-bioreactors, industry standard DeltaV based control platform, and integration into the Genentech network. This networking provides complete access for process monitoring, control and data management between the bench-scale (2L, 10L and 20L) and pilot scale (100L and 250L) bioreactors. This system accelerates scale-up tech transfer, provides online parallel data comparison across scales, and standardized all cell culture processing applications under one centralized system.


BIOT 175
Effects of impeller – sparger configurations on mass transfer capabilities and cell culture performance 
Claudia Berdugo, berdugo.1@osu.edu, Chemical Engineering Department and Pre-Clinical Development Microbial and Cell Culture Process Development, The Ohio State University- GlaxoSmithKline, 709 Swedeland Rd, King of Prussia, PA 19406, Jeffrey J Chalmers, chalmers.1@osu.edu, Department of Chemical and Biomolecular Engineering, The Ohio State University, Columbus, OH 43210, Ilse Blumentals, ilse.i.blumentals@GSK.COM, Pre-Clinical Development Microbial and Cell Culture Process Development, GlaxoSmithKline, King of Prussia, PA 19406, and Oscar Lara-Velasco, Oscar.2.Lara-Velasco@gsk.com, Pre-Clinical Development, Microbial & Cell Culture Process Development, GlaxoSmithKline, King of Prussia, PA 19406
Large-scale cell cultures require efficient mass transfer systems for economically viable production. Mass transfer capabilities are determined by the bioreactor's agitation and aeration configuration. The aeration and agitation configuration also dictates the level of shear stress that cells will find during culture. A balance should be accomplished to obtain the best mass transfer capabilities and low shear stress during bioreactor design. 

In this work, the performance of ten different Impeller-Sparger configurations was evaluated. A full factorial experimental design with two center points was used to characterize the mass transfer capabilities for every configuration. The best Impeller-sparger configuration was chosen based on the response surface model for testing in cell culture experiments. 

The evaluation included different types of sparger and impeller as well as relative location of impeller along the shaft and clearance between impellers. Results indicated that the volumetric oxygen mass transfer coefficient is affected by the relative sparger location and is less affected by the clearance between impellers. 

Once the best impeller sparger configuration was identified a cell culture experiment was carried out to assess its effects on culture performance. 

The proposed configuration supported high cell density cultures through improved gas dispersion with acceptable shear rates and low foam formation. 


BIOT 176
Genes associated with hydroxysafflor yellow A revealed by cDNA-AFLP in Carthamus tinctorius 
meili guo, department of pharmacognosy, school of pharmacy, second military medical university, 325, guohe road, shanghai 200433, China
Hydroxysafflor yellow A (HSYA), an important active compound possessing treatment of focal cardiac and cerebral ischemia, is uniquely present in florets of Carthamus tinctoriu. In present study, HSYA contents in parents, cross hybridized F1 and F2 individuals were analyzed by high performance liquid chromatography, which revealed that the presence/absence of HSYA was controlled by monogenic major gene termed HSya. Furthermore, we applied cDNA-AFLP to identify transcripts that are tightly related to HSYA in C. tinctorius. Three special unique transcript-derived fragments (TDFs) were found which named as TDF-8, TDF-9 and TDF-27. The genetic distances from the HSya locus were calculated as 9.2 cM, 6.8 cM and 8 cM that is strongly associated with HSYA. Bioinformatics analysis showed highly homologous with the gene coding protein of Broad bean wilt virus and Patchouli mild mosaic virus, which suggest HSYA might probably be a resistant consequence induced by specific virus infection.


BIOT 177
Identification of Bifidobacterium animalis subsp. lactis strains using PCR primers design from dnaK gene 
Yun-Chieh Yang, Yu-Cheng Chiang, and Hau-Yang Tsen, Department of Food Science and Nutrition, Hung-Kuang University, 34 Chung-Chie Rd, Sha Lu, Taichung County 443, Taiwan
Probiotic products containing Bifidobacterium are widely used as human food and animal feed supplements. For quality control of these products, it is essential to establish rapid methods for the detection of Bifidobacterium spp.. One of these Bifidobacterium spp. is B. animalis subsp. lactis which, however, closely related to B. animalis subsp. animalis. For example, the 16S rRNA sequence similarity between these two Bifidobacterium species is higher than 99%. Previously B. animalis and B. lactis were considered to belong to the same species. Recently, reports demonstrated that strains of B. animalis subsp. animalis and B. animalis subsp. lactis are distinguishable at the subspecies level. In this study, we used the dnaK gene to design primers specific to B. animalis subsp. lactis. The forward primer which determined the specificity has three bases at the 3' end that different from the sequences of other Bifidobacterium species. Results showed that our primer pair was not only able to discriminate B. animalis subsp. animalis from B. animalis subsp. lactis but also able to identify B. animalis subsp. lactis in strains more than Bifidobacterium species. This study thus provides an useful method for the identification of B. animalis subsp. lactis.


BIOT 178
In vitro LsrK: Toward an AI-2 phosphorylation nanofactory that modulates bacterial talk 
Varnika Roy1, varnika@umd.edu, Rohan Fernandes2, rohan@umd.edu, Chen-Yu Tsao3, jtsao@mail.umd.edu, and William E Bentley3, bentley@eng.umd.edu. (1) Department of Molecular and Cell Biology and Center for Biosystems Research, University of Maryland and University of Maryland Biotechnology Institute, 5115 Plant Sciences Building #036, College Park, MD 20742, Fax: 301-314-9075, (2) Fischell Department of Bioengineering and Center for Biosystems Research, University of Maryland and University of Maryland Biotechnology Institute, College Park, MD 20742, (3) Fischell Department of Bioengineering, University of Maryland, College Park, MD 20742
AI-2, the putative universal signal molecule, co-ordinates interspecies bacterial communication via a phenomenon called quorum sensing (QS). In Escherichia coli AI-2 is secreted, taken up and its signal transduction regulated by the lsr operon. Once inside the cell, the signal kinase LsrK phosphorylates AI-2. Phospho-AI-2 inactivates LsrR, the repressor of the lsr operon, thereby switching on the QS signaling circuit. In this study, we express and purify hexahistidine-tagged LsrK (His-LsrK) to generate phospho-AI-2 in vitro. The effect of this phospho-AI-2 on AI-2 uptake and signal transduction is investigated using reporters downstream of the lsr promoter. The interruption of AI-2 uptake and signaling via generation of phospho-AI-2 ex vivo using His-LsrK is important as this signaling mechanism is conserved in many bacterial species. Prospects for the next generation of antimicrobials based on interrupting QS using this LsrK phosphorylation module targeted to the AI-2 transporter in a nanofactory are envisioned. 


BIOT 179
Investigation into concentration gradient formation in high concentration antibody formulations 
Sajeevi Gunasekera, Ge Jiang, Abhinaya Thummala, and Manpreet-Vick Wadhwa, Drug Product & Device Development, Amgen Inc, One Amgen Center Drive, Thousand Oaks, CA 91320
The visual observation of apparent “swirl” effects upon storage of high concentration antibody formulations was investigated to determine if it corresponds to formation of a concentration gradient. Two antibody products (150 and 166 mg/mL) were tested upon storage at 2-8°C and controlled room temperature (CRT), temperature cycled 3 times from CRT to 2-8°C and freeze-thawed 3 times from CRT to -30°C. Samples withdrawn from the bottom, middle and the top of the container/s at various time points were analyzed for protein concentration, pH, osmolality, refractive index, density and viscosity to determine if a concentration gradient was present. No significant changes were found between the sampled aliquots either with respect to time, temperature or sampling position, as long as the formulations were not frozen. Therefore, we concluded that the visually observed “swirl” like effect in these high concentration antibody formulations upon hold/storage at 2-8°C did not correspond to detectable inhomogeneity. 


BIOT 180
LsrR-mediated switching of gene expression in E. coli based upon phosphorylation of the quorum-sensing signal molecule AI-2 
Christopher Matthew Byrd1, cbyrd@umd.edu, Chen-Yu Tsao2, jtsao@umd.edu, James J. Sumner3, jsumner@arl.army.mil, and William E. Bentley2, bentley@umd.edu. (1) Fischell Department of Bioengineering and Center of Biosystems Research, UMBI, University of Maryland, 5115 Plant Science Building, College Park, MD 20742, Fax: 301-405-9953, (2) Fischell Department of Bioengineering and Center for Biosystems Research, UMBI, University of Maryland, College Park, MD 20742, (3) Sensors and Electron Devices Directorate, US Army Research Laboratory, Adelphi, MD 20783
Quorum sensing is the process through which bacteria communicate via signal molecules called ‘autoinducers' which are both secreted and imported by a cell population altering bacterial genetic expression. Autoinducer-2 (AI-2), once transported into a cell, is purported to regulate the expression of the lsr operon by first binding to, and being phosphorylated by, the kinase LsrK. The phospho-AI-2 complex is then released intracellularly and subsequently binds and inactivates LsrR, the repressor of lsr transcription. Conditional binding with LsrR may act as a virtual switching mechanism triggering distinct and detectable changes in bacterial gene expression. In this study, we express and purify the hexahistidine tagged LsrR protein in vitro for use in chromatin immunoprecipitation and DNA microarrays (ChIP-Chip) to evaluate genome-wide changes in genetic transcription in the presence of AI-2 and phospho-AI-2. We foresee specific mapping of this ‘switch' in genetic expression to elucidate LsrR-based coordinated expression in bacterial species. 


BIOT 181
On Rational Drug Design usign Combinatorial Synthesis 
Kal Renganathan Sharma, Adjunct Professor, Department of Chemical Engineering, Prairie View A & M University, PO Box 519 MS 2505, Room 201A, C. L. Wilson Building, Prairie View, TX 77446, Fax: (936) 261 9419
B. Merrified discovered a method to prepare peptides by solid phase synthesis in 1963. This has burgeoned into the field of combinatorial chemistry. The field took its current shape in the 1980s when scientists at Glaxo, Research Triangle Park, NC, found a way to synthesize arrays of peptides on pin-shaped solid supports and peptide libraries in tiny mesh ‘tea bags' by solid phase parallel synthesis. The field has gyrated in 1990s toward libraries of drug like molecules. Scientists use combinatorial chemistry to create large populations of molecules, or libraries, that can be screened efficiently en masse. Combinatorial organic synthesis can be achived by three different methodologies; i) Spatially addressable Synthesis; ii) Encoded mixture Synthesis and iii) Deconvolution. Enormous amount of information is generated by virtue of combinatorial synthesis. One of the largest bottlenecks in the construction of combinatorial libraries is in obtaining the basic building blocks necessary to run each reaction. Chemical information systems that can quickly access updated databases of inventory and commercially available reagents are invaluable tools in reagent acquisition. Project Library is a complete, ready-to-use desktop software application that supports the multiple combinatorial chemistry research methods in use today, including functions such as: a) Storage of both oligomeric and non-oligomeric structures; b) Tracking of mixture and discrete compound libraries; c) Elucidation of mixtures or discrete compounds from a library derived from any of the active identification strategies in use today.


BIOT 182
Production of recombinant human macrophage colony stimulating factor with light weight polymeric microsphere culture system 
Chung-Yih Wang, Hui-Fan Liao, and C Will Chen, Department of Bioengineering, Tatung University, 40 Chungshan N. Rd., Sec.3, Taipei 104, Taiwan
Recombinant human macrophage colony-stimulating factor (M-CSF) was produced by Chinese hamster ovary cells (5/9 M alpha3-18, BCRC 60185). The cells were inoculated into culture media containing light weight porous microspheres, which were made of biodegradable polymer poly(lactic-co-glycolic acid) (PLGA) with double emulsion solvent evaporation method. The support of PLGA microspheres reduced cell damage resulting from shear force generated in the spinner flask. The surface of microspheres was further modified with oxygen plasma and short peptides to improve cell growth. The pore size of microspheres was about 16 µm, which allowed cell infiltration. The number of cells grown on PLGA microspheres was 75% higher than that on Cytodex 3, which was cross-linked dextran coated with denatured collagen. The optimum concentration of additives for enhancing the stability and yield of M-CSF was discussed.


BIOT 183
Proteome analysis for soluble BDNF production in E. coli periplasm 
Norio Shimizu1, nshimizu@itakura.toyo.ac.jp, Shun Tago1, Madoka Nakagawa2, Noriko Atoh2, and Yoichi Kurokawa3. (1) Graduate School of Life Sciences, Toyo University, 1-1-1 Izumino, Itakura-machi, Ora-gun, Gunma 374-0193, Japan, (2) Faculty of Life Sciences, Toyo University, Gunma 374-0193, Japan, (3) Faculty of Biotechnology, Fukui Prefectural University, Fukui 910-0095, Japan
BDNF (brain-derived neurotrophic factor) with three disulfide bonds is a neurotrophin. When BDNF was secreted in the periplasmic space of E. coli cells, insoluble BDNF proteins with low biological activity and mismatched disulfide bonds were formed. The formation of disulfide bonds in E. coli periplasm is catalyzed by Dsb proteins. We have already found that the co-expression of BDNF and Dsb proteins was very effective to increase soluble BDNF production. Next, we investigated the proteome analysis of E. coli transformants using 2-D gel electrophoresis to clarify proteins involved in soluble BDNF production. Several proteins were up- or down-regulated. The expression of BDNF repressed the production of OPPA (a periplasmic chaperone-like protein). The co-expression of BDNF, OPPA and Dsb proteins was very effective to increase soluble BDNF production. These results show that the co-expression of recombinant protein, OPPA and Dsb proteins is very useful to improve active-protein production.


BIOT 184
Rapid flow modeling for mammalian cell bioreactor scale-up studies 
Marc Horner1, marc.horner@ansys.com, Shitanshu Gohel2, shitanshu.gohel@ansys.com, Shital Joshi2, shital.joshi@ansys.com, and Brian Bell3, brian.bell@ansys.com. (1) ANSYS Inc, 1007 Church Street Suite 250, Evanston, IL 60201, (2) Fluent India Pvt, Pune, India, (3) ANSYS Inc, Lebanon, NH 03766
Using fundamental theories of mixing, the process engineer can blend the best of fluid mixing engineering practices with state-of-the-art computational techniques to optimize the performance of biopharmaceutical stirred tank reactors. Computational fluid dynamics (CFD) is increasingly being used to optimize bioreactor scale-up and scale-down. A Mixing Modeling Tool has been developed as a rapid flow modeling tool, designed to automate the entire simulation process for agitated vessels. Automation makes CFD accessible to those with little or no prior simulation experience and also incorporates best simulation practices so that erroneous findings are avoided. The authors will use the Mixing Modeling Tool to analyze the performance of mammalian cell bioreactors at four different sizes. Critical scale-up criterion, such as agitation rate, blend time, and local energy dissipation rate, are provided by the tool will be presented for each scale.


BIOT 185
Robust Modeling of qRT-PCR Data Using Logistic Equations 
Meile Liu1, meile.liu.b@bayer.com, Chun Zhang1, Claudia Uhde-stone2, claudia.stone@csueastbay.edu, and Chetan Goudar1, chetan.goudar.b@bayer.com. (1) Cell Culture Development, Bayer HealthCare, 800 Dwight Way, Berkeley, CA 94710, (2) Department of Biological Sciences, California State University, East Bay, Hayward, CA 94542
Quantitative real-time polymerase chain reaction (qRT-PCR) is the preferred method of mRNA detection and quantification given it much higher sensitivity compared to other methods. The standard curve method is typically used to analyze qRT-PCR data when absolute determination of the copy number is desired. When it is adequate to know the relative amount of the target sequence compared with a reference condition, the comparative threshold (CT) method is used. While these methods are widely used, generation of standard curves and using a housekeeping gene is laborious. Direct fitting of fluorescence data to sigmoidal functions has been proposed as an alternative to overcome some of these limitations. Despite its advantages, the sigmoidal fitting approach cannot accurately describe data in the plateau region of the fluorescence vs. cycle number curve. In this study we use a logistic equation to directly describe data generated in a qRT-PCR study. Experimental data from multiple experiments were well described by the logistic equation and these included data points in the plateau region. The logistic approach, which is an improvement on the current sigmoidal fitting approach, offers considerable advantages over the standard curve and CT methods and should be an attractive method for rapid and robust analysis of qRT-PCR data.


BIOT 186
RTD study of RFBB in viscous biopolymer fermentation 
Ching-Suei Hsu and Shang-Tian Yang, Department of Chemical and Biomolecular Engineering, The Ohio State University, 140 W 19th AVE, Columbus, OH 43210
Biopolymers, such as xanthan gum and Poly- γ-glutamic acid (γ-PGA), can be applied in food, cosmetic, and pharmaceutical industries. However, the increasing viscosity of the broth in these biopolymers fermentation can cause difficulties in mass transfer. To overcome the mass transfer limitation, rotating fibrous bed bioreactor (RFBB) was applied. In this research, we study the effect of several operation parameters, such as rotational rate, recirculation rate, and nozzle position, on residence time distribution (RTD) of RFBB in different concentration of xanthan gum and γ-PGA. The RTD data are valuable in process scale-up. 


BIOT 187
Structure and macromolecular organization of cartilage proteoglycans 
Ferenc Horkay1, horkay@helix.nih.gov, David C. Lin1, lindavid@mail.nih.gov, Iren Horkayne-Szakaly1, horkayi@mail.nih.gov, Candida Silva1, Emilios K. Dimitriadis2, dimitria@helix.nih.gov, and Peter J. Basser1, pjbasser@helix.nih.gov. (1) Laboratory of Integrative and Medical Biophysics, National Institutes of Health, NICHD, 13 South Drive, Bethesda, MD 20892, (2) Laboratory of Bioengineering and Physical Science, NIBIB, National Institutes of Health, Bethesda, MD 20892
Our goal is to develop a model for articular cartilage in which all local material properties that determine the equilibrium behavior are related to the local structure and interactions among the constituents. Although recent research has elucidated much about the genetic and biochemical alterations associated with cartilage degeneration, relatively little is known about the physical-chemical interactions among the macromolecules that constitute the cartilage matrix. We combined high-resolution scattering measurements (small-angle X-ray scattering and small-angle neutron scattering) with macroscopic osmotic observations to determine the spatial organization of the main proteoglycan components (aggrecan, hyaluronic acid) of the cartilage matrix and the interactions among them. We developed a new tissue micro-osmometer that enables us to measure the swelling pressure of very small tissue specimens. Cartilage stiffness at the micrometer scales was probed by AFM force measurements. Biochemical analysis was performed to determine the chemical composition of the samples.


BIOT 188
System development for expression of G-protein coupled receptor (GPCR) fragments 
Zachary T Britton1, ztb@udel.edu, Tatyana Polenova2, tpolenov@udel.edu, and Anne Skaja Robinson1, asr@udel.edu. (1) Department of Chemical Engineering, University of Delaware, 150 Academy Street, Newark, DE 19716, Fax: 302-831-1048, (2) Department of Chemistry and Biochemistry, University of Delaware, Newark, DE 19716
G-protein coupled receptors (GPCRs) represent the largest family of integral membrane proteins and mediate the transduction of extracellular signals across the cellular membrane via interaction with heterotrimeric G-proteins. Despite the role of GPCRs in a variety of physiological functions and significant interest by the pharmaceutical industry, our knowledge of this class of proteins is limited by the lack of structural and functional data. In an effort to generate the structural data required, we have generated a system for the expression and purification of peptide fragments of the adenosine family of GPCRs in E. coli. The engineered system utilizes a N-terminal ketosteroid isomerase domain, thrombin cleavage site, and dual affinity tags to enable the expression and rapid purification of human adenosine receptor peptides for biophysical and structural determination.


BIOT 189
Transcriptional orchestration and control of clostridial sporulation 
Shawn W. Jones1, shawn-jones@northwestern.edu, Carlos Paredes1, c-paredes@northwestern.edu, Bryan Tracy1, Nathan Cheng1, n-cheng@northwestern.edu, Ryan Sillers1, rsillers@northwestern.edu, Ryan S. Senger2, and Eleftherios T. Papoutsakis2. (1) Department of Chemical and Biological Engineering, Northwestern University, 2145 Sheridan Rd, Evanston, IL 60208-3120, Fax: 302-831-7090, (2) Department of Chemical Engineering, University of Delaware, Newark, DE 19716
The genus of Clostridium encompasses a large variety of anaerobic, endospore-forming prokaryotes including strains important for biofuel production and cellulose degradation. All clostridia sporulate, and understanding the sporulation program is crucial for creating industrial strains. In order to interrogate the sporulation program of C. acetobutylicum and compare it to Bacillus subtilis, we performed a microarray study with extensive sampling during differentiation. All of the major sporulation-related factors were investigated, both in termed of their differential expression and intensity, as a quantitative measure of transcript abundance. We also accessed their activity by the average transcriptional patterns of putative canonical genes of their regulon. Based on these transcriptional and activity patterns, we found that the expression and activity of the major sporulation factors in C. acetobutylicum was only broadly similar but not identical to the B. subtilis model. We also investigated potential kinases which could initiate sporulation and identified possible candidates.


BIOT 190
Tuning rheological properties of cell receptor responsive heparinized hydrogels 
Aaron D. Baldwin, Ting Nie, and Kristi L. Kiick, Department of Materials Science and Engineering, University of Delaware, 201 Dupont Hall, Newark, DE 19716, Fax: 302-831-4545
Noncovalent interactions involving glycosaminoglycans contribute to tissue viscoelasticity and have been explored for producing materials that are responsive to cellular cues. In this work, noncovalent interactions between heparin and vascular endothelial growth factor (VEGF), or VEGF-peptide-conjugated poly(ethylene glycol) (PEG), have been employed in concert with covalent crosslinking to yield responsive materials of increased mechanical strength. The covalent crosslinking of a maleimide-functionalized low molecular weight heparin (LMWH, f=2) with a four-arm star, thiol-functionalized PEG yields hydrogels that are easily formed in situ. The functionality of the polymers was confirmed with 1H NMR spectroscopy and can be tuned to vary the mechanical properties of the hydrogels. The production of hydrogels in the presence of VEGF results in degradable materials with increased moduli as indicated by oscillatory rheology. VEGF-containing materials direct endothelial cell proliferation and migration, suggesting the potential use of the materials in the tissue engineering of supracellular structures. 


BIOT 191
Biofunctionalization methods of silicon surfaces 
Ansoon Kim, Chil Seong Ah, Chan Woo Park, Jong-Heon Yang, In-Bok Baek, Chang-Guen Ahn, and Gun Yong Sung, Biosensor Research Team, Electronics and Telecommunications Research Institute, 161 Gajeongdong, Yuseonggu, Daejeon 305-700, South Korea, Fax: 82-42-860-5404
We have achieved the covalent functionalization of silicon surfaces toward immobilization of biomolecules such as proteins, DNAs, or receptors of cancer markers. The immobilization of biomolecules was performed by the silizanization method in wet and dry processes, followed by forming surface aldehyde groups to immobilize biomolecules through covalent linkage. The biofunctionalization of silicon surfaces using two different processes were confirmed and compared by using Au nanoparticles conjugated with either proteins or DNAs. The surface aldehyde forms a covalent link to the amine incorporated into the DNA, which has been proved by subsequent hybridization with complementary DNA-linked Au nanoparticles (13 nm). Likewise, the aldehyde functionality works on several proteins including antibodies for several cancer markers and immunoglobulin G (IgG) by binding to random amine sites on the proteins. The dry silanization process shows high density immobilization of biomolecules on the Si surface. Furthermore, we will present selective biofunctionalization of silicon surface on Si/SiO2 substrate. An UV-initiated modification of silicon surface with alkene was used to modify the Si surface to aldehyde-terminated surface without the reaction with the SiO2 substrate for the covalent immobilization of the biomaterials. We will show selective biofunctionalization of the aldehyde-modified Si surface using Au nanoparticles conjugated with biomolecules. The high density immobilization and selective photochemical hydrosilation methods provide a strategy to with which to design and produce Si nanowire biosensor with high sensitivity and selectivity.


BIOT 192
Conversion of a Human IgG2 Structural Isoform in vivo 
Y. Diana Liu1, liuy@amgen.com, Xiaoyu Chen1, Matthew Plant2, and Gregory C. Flynn1. (1) Department of Analytical & Formulation Sciences, Amgen Inc, One Amgen Center Dr, Thousand Oaks, CA 91320, (2) Department of Inflammation, Amgen Inc, Thousand Oaks, CA 91320
Human IgG2 antibodies (mAb) contain certain structural isoforms that differ by their disulfide connectivities in the hinge region. These disulfide isoforms have been recently categorized into three general forms: IgG2-A, IgG2-B and IgG2-A/B forms. For some monoclonal IgG2 antibodies, these different disulfide isoforms display different activities in vitro. Thus, the levels of these isoforms could potentially impact the physiological activity of mAb drug or of an endogenous antibody. Since these disulfide forms can interconvert under certain redox conditions in vitro and the human serum contains some free thiols, interconversion in vivo seemed possible. To test for disulfide conversion of a circulating IgG2, a monoclonal IgG2 was isolated from human clinical samples using affinity purification with the antigen target. The single step isolation method generated good recovery and purity. Results indicate that the disulfide isoforms converted (IgG2-A -> IgG2-A/B -> IgG2-B) in vivo over several days. In this poster, we will present the purification method development and the results of an in vivo study. 


BIOT 193
Dynamic kinetic resolution of amino acid compounds in organic media 
Tatsuro Kijima1, kijima@yz.yamagata-u.ac.jp, Ryoichi Kasahara1, Ryuta Ooenoki1, Takehito Nara1, Taeko Izumi1, and Norimasa Ohya2. (1) Chemistry and Chemical Engineering, Graduate School of Science & Engineering, Yamagata University, 4-3-16 Jonan, Yonezawa 992-8510, Japan, Fax: +81-238-26-3413, (2) Department of Material and Biological Chemistry, Faculty of Science, Yamagata University, Yamagata 990-8560, Japan
Dynamic kinetic resolution (DKR) of amino acid esters in organic media were performed using rasemase from Pseudomonas putida IFO12996 with PLP (Pyridoxal-5-phosphate) as a coenzyme and Alkali proteases (Alcalase). Aliphatic amino acids such as DL-Alanine ethyl esters were converted to L-Alanine by DKR reaction on 60% yield. Aromatic amino acids such as L- Phenylalanine and L-Tyrosine were obtained from DL-Phenylalanine ethyl esters and DL-Tyrosine ethyl esters using DKR reaction on 80-90% yield. However the no racemization was performed on amino acid by PLP and trietylamine (base) without racemase, non-enzymatic racemization of amino acid esters were occurred by PLP and trietylamine.





BIOT 194
Engineering green fluorescent protein for improved reassembly to study protein-protein interactions in vivo 
Mohosin Sarkar, msarkar@chemistry.ohio-state.edu, Department of Chemistry, The Ohio State University, 100 W 18th Ave, Columbus, OH 43210, Fax: 614-292-1685, and Thomas J. Magliery, magliery@chemistry.ohio-state.edu, Departments of Chemistry and Biochemistry, The Ohio State University, Columbus, OH 43210
Identification of protein-protein interactions is critical for understanding protein function and regulation. Split protein reassembly is an in vivo probe of protein interactions that circumvents some of the problems with yeast 2-hybrid (indirect interactions, false positives) and coimmunoprecipitation (loss of weak and transient interactions, decompartmentalization). Split GFP reassembly, also called Bimolecular Fluorescence Complementation (BiFC), is especially attractive because the GFP chromophore forms spontaneously on protein folding in virtually every cell type tested. However, one drawback of this method is that cellular fluorescence evolves slowly in bacteria (4-5 days) and fails to evolve at all for some interactions. We found that the original split sg100 GFP system failed to give any reassembly and fluorescence for N-terminal RING domain interactions of a tumor suppressor protein BRCA1 with its associating partner BARD1. We aimed to improve the split GFP method for more reliable, robust and faster fluorescence complementation using different variants of GFP and by directed evolution of split fragments. Among different variants of GFP tested, split folding-reporter GFP (frGFP) was found to give improved and faster fluorescence (36 hours) compared with the split sg100 system. It also produced weak fluorescence for the BRCA1/BARD1 interaction. Using BRCA1/BARD1 as a model prey and bait pair, we further improved the split frGFP system by directed evolution of both fragments and bimolecular selection. After one round of selection we observed significant improvement of the system and obtained very robust and bright fluorescence complementation within 24 hours. Further improvement and characterization of the screen will be discussed. 


BIOT 195
Engineering transcription factors with novel DNA-bind specificity 
Christopher Rao and Tasha A. Desai, Department of Chemical and Biomolecular Engineering, University of Illinois at Urbana-Champaign, 600 S. Mathews Avenue, 211 RAL, Box C-3, Urbana, IL 61801
Transcription factors are proteins that bind to specific sequences of DNA. By changing the DNA-binding specificity of these proteins, we can potentially change how genes are regulated in cells. Identifying the rules regarding how different combinations of amino acids in the DNA-binding domain of the protein map to specific nucleic acid sequences will be useful for engineering novel transcription factors. To solve this problem, we propose the use of comparative genomics for transcription factor engineering. 

High-throughput sequencing has revealed numerous patterns in the genomic architecture of diverse bacteria species. By observing the natural variation of specific families of transcriptions factors, we can identify specificity-determining amino acids and their cognate binding sequences. We computationally identified eight sets of amino acid combinations that are predicted to yield novel DNA-binding specificity, including four which showed unique results. These computational predictions were tested experimentally using the cyclic AMP receptor (CRP) protein from Escherichia coli. 


BIOT 196
(1-40) aggregates and model lipids with hydrogen exchange(Investigation of interaction between A 
Wei Qi, wq4f@virginia.edu, Chemical Engineering, University of Virginia, Room 117 102 Engineer's Way, charlottesville, VA 22904-4741, Theresa A Good, tgood@umbc.edu, Department of Chemical and Biochemical Engineering, University of Maryland, Baltimore County, Baltimore, MD 21250, and Erik J. Fernandez, erik@virginia.edu, Department of Chemical Engineering, University of Virginia, Charlottesville, VA 22904-4741
Growing evidence suggests that Aβ peptide-lipid interaction plays an important role of neurotoxicity in Alzheimer's disease. However, the effect of such interaction on solvent accessibility/distribution of Aβ aggregates is not investigated. Furthermore, the role of this interaction on Aβ aggregates stability is not well understood. 

Previously, we demonstrated that Hydrogen Exchange Mass Spectrometry (HX-MS) is useful in studying Aβ aggregation in solution. In this work, HX results revealed that lipids can accelerate the transition of intermediates to fibrils, and that the effect of lipids on freshly dissolved Aβ is weak, except in the absence of salt. An investigation of the effect of a set of agents that modify protein stability is currently underway, as we hypothesize that increasing stability of the oligomeric structures will reduce their interactions with lipid bilayers, perhaps neurotoxicity. All the information will be useful to understand Aβ neurotoxicity and develop drugs. 


BIOT 197
Optimization of a dual-enzyme peptide mapping method 
Jennifer Wang, Oleg Borisov, Bao-Jen Shyong, Marian Eng, and Victor Ling, Department of Protein Analytical Chemistry, Genentech, 1 DNA Way, South San Francisco, CA 94080
Peptide mapping in conjunction with enzymatic digestion and LC-MS/MS is widely used in recombinant monoclonal antibody characterization to confirm the amino acid sequence and to determine sequence variances. Maximum sequence coverage, esp. complete CDR sequence coverage, confirmed by accurate peptide mass or MS/MS sequence information is important. However, in some cases, due to lack of cleavable amino acids in the protein sequence, use of any particular enzyme yields relatively large peptides, which may lead to low HPLC recovery and poor MS/MS signal. Strategic use of two enzymes in tandem facilitates smaller peptide generation, which in turn improves HPLC recovery and sequence coverage. This presentation demonstrates the optimization of a dual-enzyme peptide mapping method with the use of statistical design of experiment (DOE). Multiple factors affecting peptide mapping performance, such as enzyme to substrate ratio, digestion time, and enzyme inhibitor concentration are optimized with respect to CDR peptide intensity, and total sequence coverage.


BIOT 198
Particle characterization in protein solutions using Micro-Flow ImagingTM 
Nancy Jiao1, njiao@amgen.com, Shawn Cao2, scao@amgen.com, Joey Pollastrini2, joey@amgen.com, Lisa Donahue2, Yijia Jiang1, yjiang@amgen.com, and Linda Narhi3. (1) Formulation and Analytical Resources, Amgen Inc, One Amgen Center Drive, 30E-1-B, Thousand Oaks, CA 91320, (2) Formulation and Analytical Resources, Amgen, Thousand Oaks, CA 91320-1799, (3) Global Cellular and Analytical Resources, Amgen Inc, Thousand oaks, CA 91320
Micro-Flow ImagingTM (MFI) is a digital microscope that captures the images of suspended particles in a flowing fluid. It can provide valuable information on particle size and shape and give some insight into the origins and nature of particulates, for instance whether they are foreign and/or proteinaceous. A method based on this new technology has been developed and applied to characterize and quantify particles in protein solutions. This method was used to screen formulations, monitor stability, and evaluate the effect of processes on product quality. Its performance in quantifying subvisible particles in protein solutions is also compared to that of a USP light obscuration method (HIAC).


BIOT 199
Reassessing methods for quantifying retrovirus-like particles from cultures of rodent cell lines 
Paul A. Duncan and Sarah Downing, Bioprocess and Bioanalytical Research, Merck and Co., Inc, WP17-101, 770 Sumneytown Pike, West Point, PA 19486-0004, Fax: 215-993-4851
Manufacturers of therapeutic proteins in rodent cell lines have an additional burden of demonstrating the clearance of endogenous retrovirus-like particles generated by the production cells. Establishing the viral load is key to assuring the viral clearance safety margin of a purification process. Methods for enumerating the retrovirus-like particles are well established, but that is not to say that they're highly consistent with one another or within themselves in practice. In this presentation we examine alternative formats of transmission electron microscopy across a number of clones and lots, plus two molecular methods (PCR for CHO type C particles, and PCR-based test for retroviral reverse transcriptase) across a subset of these lots. Specifically, we address some practical shortcomings of the methods, and address the possible impact on evaluating retrovirus-like particle clearance. 


BIOT 200
Revealing protein switch design principles through directed evolution 
Jennifer A. Tullman and Marc Ostermeier, Department of Chemical and Biomolecular Engineering, Johns Hopkins University, 3400 N. Charles St., NEB B26, Baltimore, MD 21202
A protein switch recognizes an input signal (e.g. ligand concentration) and, as a result, its output function (e.g. enzyme activity) is modulated.  Protein switches have potential applications as biosensors and selective protein therapeutics.  Previously, enzymatic protein switches were created by nonhomologously recombining the genes encoding TEM1 β-lactamase (BLA) and E. coli maltose binding protein (MBP) and subjecting the resulting library to a selection and screen designed to identify switches with maltose-dependent β-lactamase activity.  However, for many types of switches such convenient selections and screens are not readily available.  Here, we have applied our switch construction algorithm to BLA, homologs of MBP and other periplasmic binding proteins with the goal of elucidating general design principles for switch construction.  These principles will be used in future switch endeavors to create designed, focused libraries that can be more easily screened for proteins with switching behavior useful for applications.  


BIOT 201
Submicron protein aggregation monitoring by field flow fractionation 
Joey Pollastrini and Shawn Cao, Formulation and Analytical Resources, Amgen, One Amgen Center Drive, Thousand Oaks, CA 91320-1799
The formation of protein aggregates and submicron particles are prominent issues in biopharmaceutical protein development. Current analytical techniques are not adequate to detect and quantify these species throughout a majority of the size range in which they exist, roughly 20nm to 1um. This constitutes a significant gap in the ability to monitor the species' development. Recently, techniques such as Field Flow Fractionation (FFF) have matured, enabling the quantitative analyses of these entities. This report describes the method development and application of FFF for the separation and detection of protein aggregates from small-sized oligomers to submicron particles. 

Demonstrated are some of the distinctions between traditional SEC and the FFF technique, such as mobile phase compatibility, concentration requirements and mass recovery. The complimentary use of the two approaches is discussed. Some of the limitations of the current technology such as sensitivity and limits of detection are covered. 


BIOT 202
Synthesis of near-infrared heptamethine cyanine fluorescence dye for biomolecular detection 
Xinxin Qiang, Jingyang Jiang, and Xiaojun Peng, State Key Laboratory of Fine Chemicals, Dalian University of Technology, zhongshan road, NO 158, Liaoning province 116012, China, Fax: 086-0411-88993906
A new NIR (near-infrared region) heptamethine cyanine with large Stokes shift (81nm, acetonitrile with little methanol), good photo stability and water solubility was synthesized (the structure is shown as below). Although the fluorescence quantum yield and Stocks shift decreased because of the introduction of aromatic amine compared with that of aliphatic amine, the photo stability increased obviously. After esterfication of the carboxyl by NHS (N-Hydroxysuccinimide), it can be used as a biomolecular probe for proteins, peptides and those compounds which have free amino group. 





BIOT 203
Systems analysis of pentose transport regulation 
Tasha A. Desai and Christopher Rao, Department of Chemical and Biomolecular Engineering, University of Illinois at Urbana-Champaign, 600 S. Mathews Avenue, 210 RAL, Box C-3, Urbana, IL 61801
The Escherichia coli genome encodes for a number of pentose transporters. Each pentose regulon encodes for at least one transporter, in a few instances two. While the expression of specific transporters is conditional on the presence of its cognate sugar (e.g. xylose transporters are expressed in the presence of xylose), significant regulatory crosstalk exists between different pentose regulons. Furthermore, the transporters are not specific and therefore capable of transporting a broad spectrum of sugars. 

By profiling gene expression in different transporter knockouts and regulatory mutants, we have developed a model for pentose transport regulation in the presence of multiple sugars. Our model suggests that this regulation induces a hierarchy in pentose utilization. As transport is a rate-limiting step in pentose metabolism, our results and model may aid in the metabolic engineering of strains using pentose sugars as feedstock, such as in cellulosic biofuel production and natural product synthesis. 


BIOT 204
Isolation and Characterization of Host Cell Protein from Cell Culture Process Unit Operations for Directed Clearance Studies. 
Jessica Adams1, jessicaa@amgen.com, Amanda Lewis2, alewis@amgen.com, and Roger Hart2. (1) Process Development, Amgen Inc, 4000 Nelson Road, Longmont, CO 80503, Fax: 303-401-4401, (2) Purification Process Development, Amgen, Longmont, CO 80503
Clearance of cellular contaminants including host cell protein and DNA is an important function of any purification process used in the production of biotherapeutics. The nature of the host cell protein population is likely to be enriched or depleted in particular species across different types of unit operations. We have evaluated the nature of the host cell protein contaminants in cell culture harvest filtrate and in various process pools found in recombinant protein purification processes. Changes in the host cell protein population across various chromatography steps will be discussed. Additionally, host cell protein pools were prepared from select unit operations for removal challenge studies. The results of these contaminant clearance challenge studies will be presented and discussed.


BIOT 205
Diafiltration and recovery of a pegylated peptide by tangential flow filtration 
Albert A. Wieczorek, Chemical Process Development and Commercialization, Merck & Co., Inc, RY818-C108, Box 2000, Rahway, NJ 07065
A two stage use of membrane filters at different MWCO (molecular weight cutoff) was utilized to reduce acetate level and concentrate pegylated peptide conjugate solution. Diafiltration of a pegylated peptide conjugate solution to adjust acetate level was accomplished using 30,000 MWCO regenerated cellulose TFF (tangential flow filter). As diafiltration progressed the permeate flux (LMH) increased. This proved to be indicative of the ability of the apparently larger pegylated peptide molecule to pass through the membrane and not be retained. The nature of the polyethylene glycol (PEG) portion of the conjugate enables the molecule to deform and squeeze through the filter under osmotic pressure. The product was successfully concentrated and recovered with high yield using a TFF in the Nanofiltration range, 350 MWCO. The membrane filter was also able to maintain the acetate level within target range. The results of this study demonstrate the feasibility using TFF membrane filters for pegylated peptide processing.


BIOT 206
A quality by design approach towards modular clearance for low-pH retrovirus inactivation 
Juliana Nolting, Michelle Quertinmont, Kimberly Shields, Guillermo Miroquesada, and Dayue Chen, Bioprocess Research and Development, Eli Lilly and Company, Lilly Corporate Center, Indianapolis, IN 46285, Fax: 317-433-2886
Low pH treatment is a commonly used viral inactivation step for monoclonal antibody manufacturing. In many cases the pH needs to be controlled within a narrow range bound by protein instability on the low side and lack of inactivation on the high side. In addition, potential interactions with other process variables are not well understood. A Quality by Design approach was utilized to increase the level of understanding about this unit operation and define the limits of the Design. A series of statistically designed experiments (DOE) was conducted using pH and other process parameters for three different monoclonal antibodies. Spike & recovery experiments were performed to determine the kinetics of Xenotropic Murine Leukemia Virus (xMuLV) inactivation by low pH treatment within the specified design space utilizing the DOE. The results of our experiments are presented and the implication of the study for setting up the design space for the low pH inactivation step on future molecules is discussed. 


BIOT 207
An affinity-based strategy for the design of selective displacers for the chromatographic separation of proteins 
Srinavya Vutukuru1, vutuks@rpi.edu, Sandesh D. Kate1, Scott A. McCallum2, Christopher J. Morrison1, morric2@rpi.edu, Steven M. Cramer1, and Ravi S. Kane1, kaner@rpi.edu. (1) The Howard P. Isermann Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, 110 8th Street, Troy, NY 12180, (2) Director, NMR Core Facility, Center for Biotechnology and Interdisciplinary Studies, Rensselaer Polytechnic Institute, Troy, NY 12180
The development of effective strategies for designing selective displacers is critical for the successful implementation of displacement chromatography – a powerful technique for the purification of biomolecules. We have developed an affinity-based approach for designing selective displacers, based on the identification of a protein-binding moiety and its attachment to a resin-binding moiety via a linker. In particular, we synthesized displacers based on biotin, which selectively retained avidin as compared to aprotinin on SP Sepharose High Performance resin. In addition, we have extended this approach to develop an affinity-peptide-based displacer that discriminates between lysozyme and cytochrome c. Our approach may be broadly applicable for the design of selective displacers for many proteins of biological or pharmaceutical interest. Combinatorial methods such as phage display are well-established and enable the rapid identification of affinity ligands; the attachment of these ligands to resin-binding moieties allows the immediate design of selective displacers. 


BIOT 208
Approaches To Comparability Issues Of A Recombinant Human IgG4 Caused by Process Changes 
Xiuzhen Connie Lu, Protein Analytical Chemistry, Genentech, Inc, 1 DNA Way, south san francisco, CA 94080
IgG4 molecules are unique among IgGs in their hinge region structure. Due to the hinge region bond energy level difference, IgG4 molecules are much more likely to form intra-heavy chain disulfide bonds than other IgGs, which results in a Non-Covalently Bound (NCB) antibody with intra-chain disulfide bonds in the hinge region. A humanized IgG4 monoclonal antibody for Phase 1 and 2 clinical trials was produced from a NS0 cell line. To improve titers, cell culture conditions were changed during Phase 3 process development. Development lots from the new process had 6 times higher NCB than Phase 2 clinical materials; and the levels of acidic variants, sialic acid, and á-galactose containing oligosaccharide species of this material were also more than 2 times higher than Phase 2 clinical materials. To solve the comparability issues, the process was further changed to reduce the levels of sialic acid and á-galactose containing oligosaccharide species to the ranges of Phase 1 and Phase 2 clinical lots. However, the level of NCB was still 4-5 times and acidic variants were 30% higher than Phase 2 clinical lots. To assess the risk, acidic variants and NCB were isolated or enriched. No marked differences were detected among the acidic variant fractions and the ion exchange main peak, and the antibody samples containing 6% and 40% NCB in antigen-binding and cell-based functional assays.


BIOT 209
Automated microscale screening of operating conditions for mixed-mode chromatography 
Christopher L. Daniels1, chris_daniels@merck.com, Marc D. Wenger2, marc_wenger@merck.com, Pete DePhillips2, peter_dephillips@merck.com, and Michael E. Laska1, michael_laska@merck.com. (1) BioPurification Development, Merck & Co., Inc, West Point, PA 19486, (2) Bioanalytical Development, Merck & Co, West Point, PA 19486
Mixed-mode adsorbents represent some of the latest advances in process-scale chromatography media, offering new binding behavior and selectivity advantages over traditional media. The incorporation of multiple binding mechanisms in a single adsorbent creates a broad parameter space that must be carefully characterized in order to identify the optimal operating conditions. Furthermore, the contributions of individual parameters, such as pH or ionic strength, may be interdependent and non-intuitive, making identification of optimal conditions difficult. We have developed an approach using automated microscale chromatography on a Tecan system to rapidly screen the operating parameter space for mixed mode resins to identify optimal operating conditions and sensitivity ranges. Our approach is demonstrated for hydroxyapatite and Capto MMC resins, for both de novo resin screening and later-phase development. This has led to the creation of standard screens for these and other resins, decreasing the time needed for development.


BIOT 210
Crossflow microfiltration of E.coli cell lysate containing inclusion bodies of a recombinant protein biopharmaceutical 
Adith Venkiteshwaran, venkia@rpi.edu, Chemical and Biological Engineering, Rensselaer Polytechnic Institute, 110 8h St, Troy, NY 12180, Are Bogsnes, arbo@novonordisk.com, Protein Separation, Novo Nordisk, Gentofte, Denmark, Arne Staby, ast@novonordisk.com, CMC Project planning and management, Novo Nordisk A/S, Gentofte, Denmark, and Georges Belfort, belfog@rpi.edu, Howard P. Isermann Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, Troy, NY 12180-3590
The production of recombinant protein therapeutics as inclusion bodies in E. coli has the main advantage of high specific cellular yield. The desired protein, mainly in the inactive form (i.e. as inclusion bodies), has to be solubilized and refolded to high yields and activity and at high purity. Membrane-based separations namely, microfiltration, provide an attractive method for the recovery and concentration of inclusion bodies prior to subsequent refolding steps. The key factor to be considered in this step is to ensure high removal of host cell impurities which will enable economical protein refolding. Membrane fouling due to the retained solids and soluble host cell impurities is a major problem with feeds containing high percentage of solids. Hence, the main thrust of this study was to minimize membrane fouling while ensuring high removal of impurities into the permeate. 

Screening of membrane pore size with respect to permeate flux, transmembrane pressure and protein transmission was carried out to determine the optimum pore size for removal of host cell soluble impurities. Feed pH was modified, to not only enhance protein transmission, but also to minimize long-term fouling during the concentration step. This approach resulted in a higher removal of impurities for a given processing time. It was necessary to fix an upper limit to the feed pH caused by the release of ammonia (from ammonium salts in the growth media). A combined concentration and diafiltration step at the optimum pH resulted in the removal of 85% of the soluble impurities. 

While feed properties may vary depending on growth conditions and media, the choice of steps and operating conditions described here may be applicable to any E. coli bacterial lysate containing inclusion bodies of a recombinant protein. 


BIOT 211
Determining the feasibility of using MabSelect SuRe resin on multiple products 
Joseph A. Lepore1, jlepore1@cntus.jnj.com, John M. Wesner1, jwesner@cntus.jnj.com, Doreen L. Gill1, dgill@cntus.jnj.com, Lee R. Bink1, lbink@cntus.jnj.com, Chiali Liu1, cliu3@cntus.jnj.com, and Mark I Richards2, mark.richards@imclone.com. (1) Development Pilot Plant, Centocor R&D, PO Box 776, Spring House, PA 19477, (2) Clinical Manufacturing, ImClone, Branchburg, NJ 08876
MabSelect SuRe™, the resin for initial capture of monoclonal antibodies, was tested to determine the effectiveness of cleaning procedures, and possibility of being used on multiple products. Significant cost savings in resin purchase could be realized for non-GMP operations. A MabSelect SuRe™ column of pilot scale (10-liter) was used on 5 different Centocor products, spanning 11 campaigns. 

Samples were collected throughout the campaigns. Post-sanitization mock elutions were also performed to collect samples to assessing the cleanliness of resin. Assays performed included host cell DNA, Protein A Ligand, endotoxin, bioburden, and protein. Cleaning effectiveness was achieved when the carry-over product quantity is lower than the maximum allowable carry-over (MAC) of product from batch to batch. 

The assay results indicate that this batch of resin could be cleaned sufficiently, supporting the proposal that this resin could be used on different products. This outcome provides a significant operational cost savings for non-GMP operations.


BIOT 212
Development and optimization of a parvovirus-retentive viral filter for a biological process 
Christine A Bogaerts, Robert M Boychyn, David Maheu, Scott Rosenthal, and Sushil J Abraham, Process Development, Amgen, 4000 Nelson Road, Longmont, CO 80501
Viral filtration is a critical bioprocessing step to provide removal of potential viral contaminants. Parvoviruses are particularly challenging to remove by filtration due to their small size (18-26 nm). Generally, removal of greater than 4 logs of parvovirus is desirable to demonstrate a robust viral filtration step. This paper examines the implementation of a viral filtration step comprising a depth-based pre-filter and a parvo-retentive viral filter. The chosen depth-based pre-filter showed significant improvement in protection of the viral filter compared to other pre-filters evaluated. A critical criterion for assessing viral filtration performance is flux decay which was found to correlate to viral particle breakthrough. Process characterization data with respect to protein concentration, hold times, filter load, operating conditions and reprocessing are shown. The pre-filter/viral filter combination was found to be robust with respect to the parameters evaluated. 


BIOT 213
Development of a monoclonal antibody purification process to remove aggregate 
Jesse Richter, Andrew Arbutina, Francis Meacle, Elsie DiBella, and Patricia Alred, Purification Development, Centocor R & D, Inc, 145 King of Prussia Road, Radnor, PA 19087, Fax: 610-993-7865
A monoclonal antibody was expressed in murine cell line A for Phase 1 and Phase 2 clinical production. Going into Phase 3, a cell line switch to murine cell line B increased 3-fold the expression level of the product and increased 6-fold the levels of product-related aggregate in the cell culture harvest. The purification process used in early development was re-designed to remove this aggregate species. The process improvements included a change in protein A affinity resin and an optimization of the cation exchange chromatography step. A scaleable and streamlined process was developed, which gives high purification yields (90 +/- 5 %) during Protein A capture, and robust aggregate clearance (6-fold) during cation exchange. Process performance was confirmed at the development as well as pilot scale.


BIOT 214
Evaluation and removal of key plant-derived impurities during downstream process development 
Lisa R. Wilken, Georgia Barros, Susan L. Woodard, and Zivko L. Nikolov, Biological & Agricultural Engineering, Texas A&M University, 201 Scoates Hall, MS 2117, College Station, TX 77843
Recombinant proteins for pharmaceutical and nutraceutical applications are being expressed in various transgenic plant hosts such as seed crops and green tissues. Each plant host system is comprised of a unique mixture of proteins, lipids, phenolics, carbohydrates, alkaloids, etc. that must be removed during the purification of the target protein. The identification of critical plant extract impurities and evaluation of their impact on selected recovery and purification steps is imperative. One class of key plant impurities that poses unique challenges in downstream processing and protein purification is phenolics. Green tissue extracts contain a variety of phenolic compounds which are known to foul chromatography resins and membranes and can also form complexes with proteins. Removal of phenolics prior to the main capture step is especially important if expensive affinity resins such as protein A for monoclonal antibody purification are used. Another key plant impurity is phytic acid which is present in seed crops such as rice and corn. Phytic acid is known to form binary and tertiary complexes with proteins. In addition, our data suggest that phytic acid can affect the extraction and purification efficiency of a recombinant protein. 

This presentation will discuss the strategies employed for the identification, removal, and interactions of key plant impurities. We will report on the evaluation and comparison of various chromatography resins for the ability to capture phenolics and their subsequent regeneration. We will also discuss the effect of phytic acid on protein purification and the strategies used to identify and reduce protein-phytate interactions. 


BIOT 215
Impact of the Harvest Clarification on Downstream Performance: A mAb Product Case Study 
Thomas McNerney and Stephen Trimble, Purification Process Development, Amgen, 1201 Amgen Court West, Seattle, WA 98119
Centrifugation is commonly used to remove host cells and cellular debris from the monoclonal antibody (mAb) production bioreactor broth. This is followed by harvest filtration operation which provides polishing clarification of cell debris from the centrate. Product mAB in the very complex mixture of harvested cell culture fluid is typically recovered using an affinity Protein A chromatography step. It has been shown previously that clarification of the centrate with a depth filter decreases host cell proteins and DNA that result in processing issues downstream. We have further observed that the removal of cell culture impurities by harvest depth filters increases the mAb Protein A capacity by as much as 2 fold. The effectiveness of the harvest depth filter to remove the cell impurities is dependent on the cell culture conditions and filter throughput. Removal of these impurities is also achieved by processing the cell culture fluid over an anion exchange filter or resin, which has a greater capacity to remove these impurities compared to the harvest depth filter. Further characterization and implementation strategies will be discussed.


BIOT 216
Maximizing Productivity of Protein-A Chromatography Operation 
Tony Hong, thong@amgen.com, Process Development, Amgen Inc, Mail Stop 30W-2-A, One Amgen Center Drive, Thousand Oaks, CA 91320, and Joe Zhou, joez@amgen.com, Purification Process Development, Amgen Inc, Thousand Oaks, CA 91320
Due to high specificity, high flow rate, and superior large column packing profile, Protein-A affinity chromatography is a common unit operation in monoclonal antibody (mAb) downstream process. However, the resin alone can account for a substantial part of the total downstream operating cost. To reduce cost and increase productivity, cycling of Protein-A columns is a common practice. However, with rapidly increasing cell culture titer, Protein A chromatography may soon become the bottleneck of the downstream process. Therefore, streamlining the Protein-A step to increase process efficiency is becoming a rising challenge and the key to make the downstream process viable. 

One way to evaluate the efficiency of chromatography unit operation is to measure its productivity, a measurement of process throughput over cost of operation. In this presentation, several parameters such as column dimensions, binding capacity, operating flow rate, number of resin reuse as well as cost of resin and buffer are analyzed using mathematical modeling, and an optimal operating condition to maximize the throughput and the cost efficiency of the Protein-A chromatography process is suggested. 


BIOT 217
On Krogh Tissue Cylinder 90 Years Later 
Kal Renganathan Sharma, Adjunct Professor, Department of Chemical Engineering, Prairie View A & M University, PO Box 519 MS 2505, Room 201A, C. L. Wilson Building, Prairie View, TX 77446, Fax: (936) 261 9419
The residence time of the blood in the capillary is in the order of 1 second. The wave diffusion and relaxation time is comparable in magnitude to the residence time in the blood. Krogh [1919] showed a cylindrical capillary tissue model to study the supply of oxygen to muscle. The tissue space surrounding the capillary is considered a continuous phase albeit it consists of discrete cells. An effective diffusivity DT can be used to represent the diffusion process in the tissue. The driving force for the diffusion is driven by the consumption of the solute by the cells within the tissue space. Oxygen depleted regions in the tissue of Krogh in cylindrical and cartesian coordinates are derived. Simultaneous diffusion and reaction is considered and the concentration profile solved for at steady state and transient state. Michaelis-Menten kinetics is supposed for the reaction rate. The critical distance in the tissue, less than the length of the tissue, is given by a quadratic equation. This is obtained from the governing equation by solving for the appropriate boundary conditions. An expression for relaxation times above which subcritical damped oscillations can be seen is derived.


BIOT 218
On subcritical Damped Oscillations during Damped Wave Electrophoretic Diffusion and Relaxation 
Kal Renganathan Sharma, Adjunct Professor, Department of Chemical Engineering, Prairie View A & M University, PO Box 519 MS 2505, Room 201A, C. L. Wilson Building, Prairie View, TX 77446, Fax: (936) 261 9419
The sequence distribution of DNA can be obtained using the method of gel acrylamide electrophoresis. Migration distances of molecular fragments are measured and inferences about genes are made from calibration. The confounding effect of charge is not considered. Reliable mathematical models are not available. Microscale time effects are not accounted for when Fick's law of diffusion is used. Six reasons were given by Sharma (2005) to seek a generalized Fick's law of molecular diffusion and relaxation. This law can be derived from a Stokes-Einstein formulation of chemical potential. For slowly moving molecule the acceleration term of the molecule when considered results in the ballistic term in the generalized Fick's law. Early investigators of this equation in heat conduction, claim “violations” of second law of thermodynamics. Sharma (2005) showed that by use of the steady state condition as the final condition in time, well bounded solutions to the damped wave diffusion and relaxation equation are obtained. This may reflect better the physical realities of diffusion and relaxation. In this study the electrophoretic effects in addition to the microscale time effects as ballistic term are added to the governing equation for molecular diffusion and analytical solution for the case of a finite slab is obtained by the method of separation of variables. The Peclect number (electric) gives the ratio of the electrophoretic velocity to the molecular velocity of mass. The exact solution is well bounded devoid of singularities and within Clausius inequality and is given by a infinite Fourier series. The relaxation times of the gel above which the concentration will exhibit subcritical damped oscillatios is derived. This critical limit was found to be given by l^2/DPI(1-1/Peclect). 


BIOT 219
Quality aspects of microtiter plate workflow in the screening off chromatographic conditions 
Tryggve J E Bergander, Lena Kärf, and Karin Brännström-Carlsson, Chemistry, GE Healthcare, Bjoerkgatan 30, Uppsala SE-75440, Sweden
The ability to obtain conclusions from high throughput techniques is subject to uncertainties related to experimental equipment, procedures and analytical methods. Recently, a paradigm shift has been observed in how separation processes are developed. The new approach screens a large experimental space with highly parallel methods, enabling the possibility to obtain a larger picture from which a smaller window can be more intensely investigated. This increases the chances of achieving robust processes with less effort. Parallelity in this workflow is achieved by adapting chromatographic screening to the 96-well microtiter plate format. However, to ensure that the result obtained from parallel measurements can be relied upon, each microtiter plate well should be able to reproduce the same result. In this work involving the development of PreDictorTM plates, we will show how resin volume variability co-interacts with other sources of variability. This will end up with a general consideration of microtiter plate use when planning replicates of chromatographic conditions versus replicates of analytical methods. 


BIOT 220
Analysis of fouling within microporous membranes in biopharmaceutical applications 
Christina Bondy, Christina_Bondy@millipore.com, Millipore Corporation, 80 Ashby Road, Bedford, MA 02452, Fax: 781-533-8980, and Christopher Santeufemio
A better understanding of how biological fluids foul membrane filters will allow membranes to be better designed and more appropriately chosen for the filtration of biopharmaceutical products. For this study, a model fluid has been developed to facilitate the study of membrane loading capacity and particle retention using normal flow, polymeric microporous membranes for liquid-phase sterile filtration. The model fluid approximates process fluids that have high loads of submicron particles (such as cell debris and agglomerated proteins), as found in cell culture harvests. Using this model fluid, foulants can be visualized within the membrane structure by advanced electron microscopy techniques, giving insight to where and in some cases how fouling occurs. 


BIOT 221
Benefits of an anaerobic, chemically-controlled process when scaling a peptibody refold 
Amanda Ebner1, aebner@amgen.com, Ronald N. Keener III2, keener@amgen.com, and Joseph E Shultz2, jshultz@amgen.com. (1) Purification Process Development, Amgen Inc, One Amgen Center Drive, Thousand Oaks, CA 91320, (2) Purification Process Development, Amgen, Inc, Thousand Oaks, CA 91320-1799
One of the most complex aspects of producing a microbial product such as Human Fc-peptide conjugates (peptibodies) is the refolding operation. The complex chemistry in a refolding reaction is not fully understood, but it is known that both physical and chemical properties can affect the outcome of the reaction. Recently, Amgen has made significant advances in the development of peptibody refolding in regards to the scaling of aerobic vs. anaerobic refolds from bench to manufacturing scales and the interplay with the redox couple. Oxygen mass transfer can directly influence the reaction rate, purity, and/or yield of the refold. However, because oxygen is not a direct reactant, aerobic refolds are very difficult to scale due to different mixing and tank geometries, both of which affect the dissolved oxygen content of the refold. An anaerobic refold that is insensitive to levels of oxygen at all scales is more desirable in refold development. Another component of a refold that is closely tied to scaling and oxygen mass transfer is the chemical redox couple which facilitates electron transfer as the protein is refolding. It has been found that a refold can be chemically controlled by balancing the buffer strength and redox potential of the redox couple. Greater understanding of the refolding of peptibodies has led to increased yield and flexibility in the development of a manufacturing purification process.


BIOT 222
Challenges of ultrafiltration processing with high concentration IgG solutions 
Jon T. Petrone, Technical Support Group, Pall Life Sciences, 50 Bearfoot Road, Northborough, MA 01532, Fax: 508-393-1874
Ultrafiltration (UF) has been extensively used for the concentration and diafiltration of protein solutions. The standard mode of operation for TFF is batch processing, where the retentate is returned to the feed tank and the permeate stream is directed to drain or a collection tank. As the target concentration of antibody solutions approaches levels in excess of 150g/L, difficulties can arise associated with processing and recovering viscous product solutions. Typically, the transmembrane pressure is kept constant along with either crossflow rate or feed side pressure drop (dP) control. Experimental data for the concentration of bovine immunoglobulin (IgG) solutions from 15g/L to ~180g/L is presented using both methods of control, while monitoring the change in process flux, feed viscosity, retentate flow rate, and feed side dP as the IgG solution was concentrated. Product recovery strategies are also presented.


BIOT 223
Cleaning cycling study of a new Protein A affinity resin for the purification of a monoclonal antibody 
Susan M. Liu, Francis Meacle, Elsie DiBella, and Patricia Alred, Purification Development, Centocor R & D, Inc, 145 King of Prussia Road, Radnor, PA 19087
The cost of chromatographic media is one of the most significant costs associated with the manufacture of an antibody drug product. To be economically viable, chromatographic media must be reusable over many purification and cleaning cycles. The performance of a new Protein A resin (MabSelect SuReTM) from GE Healthcare was tested over repeated purification and cleaning cycles of a monoclonal antibody. Results show that loading product every cycle, the resin was effective for over 150 cycles with regards to product yield and impurity clearance. For the duration of the study, > 80% yield was observed and host cell protein and DNA clearance remained consistent, exceeding 100-fold and 1000-fold clearance, respectively. The resin has potential to improve manufacturing costs due to its compatibility with cheaper, more environmentally friendly cleaning chemicals.


BIOT 224
Design and optimization of a filter train for precipitate removal 
Sunitha Kandula, Sudha Babu, Steven S Lee, and Abhinav A Shukla, Bristol-Myers Squibb, PO Box 4755, Syracuse, NY 13221
The commercial production of monoclonal antibodies has been achieving high product expression levels in cell-culture. Such cell-culture processes are inevitably associated with high cell densities containing a significant amount of contaminants, typically CHOP and DNA. These contaminants can cause issues with precipitation during the early stages of the purification process. As a result, monoclonal antibody downstream processes often require the design of a cost-effective and scaleable filtration process to remove the precipitation caused by these impurities. 

One such precipitation problem was observed during pH neutralization of the Protein A elution pool for a monoclonal antibody. Filtration for this issue was studied with various combinations of depth, asymmetric and symmetric filters. Based on the results of these screening experiments, an efficient two step filter train was developed and filter performance was optimized keeping process economics in mind. This case-study highlights some of the tools and methodologies that can be employed during filter selection and optimization for a difficult to filter solution. 


BIOT 225
Development of effective anion-exchange chromatographic steps for a challenging monoclonal antibody using a novel resin screening method and optimization tools 
Hong Shen, Mikhail Goldfarb, Karen Fixler, Jaclyn Shervin, Suzanne Solivan, John Bodek, Sharlene Savino, Ajoy Velayudhan, Elsie Dibella, and Patricia Alred, Purification Development, Centocor R&D Inc, 145 King of Prussia Road, Radnor, PA 19087, Fax: 610-993-7865
The systematic development of effective anion-exchange and mixed-mode chromatographic steps to purify a challenging monoclonal antibody that contained four aggregate species is presented. Among these aggregates, two species were of major concern for the downstream process: one species (Aggregate A) was present at a high level (15%) and the other (Aggregate B at 3.2%) was chromatographically the most difficult to remove based on previous work. In this study, a novel screening method is developed to combine pH and salt gradients to efficiently select the best candidate resins for separating these two aggregate species from the monomer. The separation conditions of the elution step were further optimized using an adaptive simplex method combined with mathematic models resulting in final conditions that provide robust operation windows for manufacturing scale-up. In addition, adsorbed buffer system was also used to enhance the separation resolution by taking the advantage of displacement focusing effect produced on the mixed-mode resin. The final condition of the chosen anion-exchange resin resulted in clearance of 90-95% of the Aggregate A with the yield of 80-85%, and the final condition of the chosen mixed-mode resin resulted in clearance of 88-94% of the Aggregate B with the yield of 75-80%. 


BIOT 226
Early and late phase monoclonal antibody purification process improvement using Capto™ MMC mixed-mode resin 
Karen Fixler, Savino Sharlene, Suzanne Solivan, Mikhail Goldfarb, Hong Shen, Elsie Dibella, and Patricia Alred, Purification Development, Centocor R&D Inc, Radnor, PA 19087, Fax: 610-993-7865
The need to maximize column capacity and remove impurities is a common scenario faced in the purification development of monoclonal antibodies. To address both of these issues, Capto™ MMC mixed-mode cation exchange resin was used in the purification development of a monoclonal antibody product. Capto™ MMC was selected for the early phase purification process because of its aggregate reduction capability, flow properties, and mixed mode chromatographic characteristics. The early phase chromatography conditions used a single buffer system for column equilibration and elution, which resulted in an aggregate reduction of 60%, and a lower than desired binding of 25 g/L. To improve the level of aggregate removal and increase the binding capacity, the chromatography step was further optimized in late phase development. Improvements to the Capto™ MMC step in late phase development resulted in a 10% increase in aggregate reduction of 70%, while the binding capacity was increased to 45 g/L. This poster discusses the strategies used to improve the Capto™ MMC chromatography step between early and late phase purification development. 


BIOT 227
Implementation of a pilot scale disc stack centrifuge in a multi-product GMP facility 
Erin Jeppe, Matt Kessler, and Jayanth Sridhar, Merck Research Laboratories/Bioprocess Research and Development, Merck & Co., Inc, West Point, PA 19486
A portable, pilot scale, disc stack centrifuge designed for GMP processing was introduced into Merck's multi-product Biologics Pilot Plant in October 2007. It's intended use was to replace and/or supplement microfiltration for initial clarification of various biological products. The centrifuge incorporates design features for cleaning, sterilizing, and BL2 containment. The system has been installed, qualified, and successfully used in GMP manufacturing. Satisfactory separation was demonstrated for several different monoclonal antibody products (solids concentrations of ~1-3%) and has been modified for clarification of higher concentration products (up to ~30% solids). Several challenges were presented during the integration of the centrifuge system for manufacturing of GMP clinical supplies. Process parameters were developed and optimized to ensure adequate separation compared to previous microfiltration methods. This poster will present the data collected during the separation of multiple monoclonal antibody products using this disc stack centrifuge. It will also review some of the challenges that were experienced and resolutions implemented during these runs. In conclusion, options for future improvements to the centrifugation system to better accommodate higher solids loading are summarized. 


BIOT 228
Impurity Removal During Clarification of Cell Culture Harvest with Continuous Flow Centrifugation and Depth Filtration 
Joseph A. Lepore1, jlepore1@cntus.jnj.com, John M. Wesner1, jwesner@cntus.jnj.com, Doreen L. Gill1, dgill@cntus.jnj.com, Lee R. Bink1, lbink@cntus.jnj.com, Chiali Liu2, cliu3@cntus.jnj.com, Dennis Dong3, ddong@cntus.jnj.com, Thomas Gervais3, tgervais@cntus.jnj.com, Sharlene Savino3, and Mark Teeters4, mteeters@cntus.jnj.com. (1) Development Pilot Plant, Centocor R&D, PO Box 776, Spring House, PA 19477, (2) Pharmaceutical Development, Centocor R&D, Inc, Spring House, PA 19477, (3) Pharmaceutical Development, Centocor Research & Development Inc, Radnor, PA 19087, (4) Purification Development, Centocor R & D, Inc, Radnor, PA 19087
The introduction of fed batch cell culture, alternative clarification methods were investigated to increase the processing efficiency. Centrifugation will not remove small cellular debris the supernatant will require further clarification with depth filtration. 

Fed batch harvests of several Centocor products were processed through depth filtration with and without centrifugation. These clarification techniques were investigated to determine effect on product quality and recovery, specifically host cell DNA and host cell protein (HCP) contents. There was approximately a one-log reduction of host cell DNA independent of clarification method. 

The products processed through various clarification schemes were captured separately using Protein A chromatography. The product quality and recovery in the eluates were investigated. On average a 2 log reduction of host DNA was seen from clarification to Protein A eluate. In many products, Protein A chromatography further removed the host cell DNA and HCP, giving similar impurity profile regardless of the clarification methods. 


BIOT 229
Model development of a Protein A chromatographic elution step for addressing viscosity issues at high elution concentrations 
John Bodek1, jbodek@cntus.jnj.com, James Ferraro1, jferrar@cntus.jnj.com, Andrew Arbutina2, Paul Gahr3, pgahr@cntus.jnj.com, Christopher Alderfer1, calderf@cntus.jnj.com, Stuart Green4, Francis Meacle2, fmeacle@cntus.jnj.com, Ajoy Velayudhan4, Elsie DiBella2, edibella@cntus.jnj.com, and Patricia Alred2, palred@cntus.jnj.com. (1) Purification Development, Centocor R&D Inc, 145 King of Prussia Rd, Radnor, PA 19087, Fax: 610-993-7865, (2) Purification Development, Centocor R & D, Inc, Radnor, PA 19087, (3) Pilot Plant, Centocor R&D Inc, Springhouse, PA 19477, (4) N/A
The capture column's geometry and elution peak width was found to depend on load ratio and flow rate. Small-scale experiments were performed on a variety of column diameters to replicate and quantify these observations on large-scale columns. The peak width became wider and more unusual in shape as the flow rate decreased and the load ratio increased. The range of column diameters across which this phenomenon occurs was quantified. A model was developed to quantify the dependence of elution volume on flow rate and load ratio. In order to limit variability, ranges of flow rates and load ratios were calculated that constrain the resulting elution band to no more than 1.8 column volumes. Capture step elution volume was found to be dependent on load ratio and flow rate at column diameters 2.6 cm. A model was developed to predict flow rate needed to achieve a 1.8 CV elution volume based on a given set of load ratios. The model shows that using flow rates and load ratios typically seen in manufacturing should result in a robust process step. 


BIOT 230
Planova 15N filter performance and small virus clearance in the mAb1 purification process: A feasibility study 
Matthew Bailley, Michael Felo, Bin Lin, Elsie DiBella, and Patricia Alred, Purification Development, Centocor R & D, Inc, 145 King of Prussia Road, Radnor, PA 19087
Feasibility was demonstrated for the use of Planova 15N filtration in the mAb1 purification process. Effects of mAb1 feed conditions on capacity (Vmax) and flux (Qi) were studied. For mAb1 concentrations ranging from 5 to 24 g/L at 12 psi, Qi declined from 27 to 6 LMH, and Vmax declined from 2525 to 67 L/m2. Concentrations of 5 to 21 g/L were also tested at 7 psi, where Qi declined from 14 to 7 LMH while Vmax declined from 3685 to 185 L/m2; and at 14 psi, where Qi declined from 34 to 11 LMH, and Vmax declined from 4901 to 154 L/m2. Minimum membrane areas and processing times were modeled at each condition. Finally, a clearance study was performed using PPV as a small model virus. At a spike of 1% (v/v), a log10 reduction of virus of > 4.1 was shown at mAb1 loading of 1500 g/m2.


BIOT 231
Process optimization for recovery of a recombinant protein by osmotic shock 
Andrew Englehart, Daniel Roth, Thomas Svab, and Patrick M. McHugh, Bioprocess Research and Development, Merck Research Laboratories, WP17-301, P.O. Box 4, Sumneytown Pike, West Point, PA 19486
Expression of recombinant proteins within the periplasmic space of gram negative bacteria offers several advantages compared to intracellular protein expression, and osmotic shock is a traditional method used at laboratory-scale for release of such proteins for subsequent downstream recovery. We have successfully adapted the osmotic shock procedure for use at manufacturing scale by investigating the effects of various process parameters on protein recovery, purity, and lipopolysaccharide levels in the osmotic shock supernatant, through a series of experiments at both small and large scale. We show that initial cell concentration, buffer composition, dilution level, temperature, and mixing rates are all important process parameters, and present optimized conditions for achieving high protein recovery and purity while minimizing process volume requirements.


BIOT 232
Process step capabilities for clearing process and product-related impurities when challenged with a worst case feed 
Kathleen M Schmidt and Vicki Reynolds, Process Development, Amgen, Inc, 4000 Nelson Road AC-5, Longmont, CO 80503
The capability of various unit operations routinely used in the purification of recombinant proteins was evaluated by challenging individual steps with “worst case” feed materials. By extending process pool hold times or using intermediate pools typically processed further upstream, specific purification unit operations were challenged with worst case levels of host cell proteins, DNA and product aggregate. The capability of these select purification steps to deliver product with pre-defined purity and quality attributes was then assessed. The contaminant clearance capabilities for the process steps evaluated will be presented. 


BIOT 233
Rapid protein purification to support biologics discovery 
Jih-Han Hsieh, Tim St. Clair, David Lee, Angie Sun, Diane Vesey, Tahmina Abassi, Neal Connors, and Beth Junker, Bioprocess Research & Development, Merck Research Laboratories, Merck & Co., Inc, P.O. Box 2000, RY80Y-105, Rahway, NJ 07065-0900
Early stage support of biologics discovery efforts requires high throughput and speedy delivery of proteins, monoclonal (mAb) and polyclonal (pAb) antibodies for product candidate evaluation, animal testing, and assay development. We have established an efficient and flexible downstream process workflow, simplifying available mAb purification platforms, and rapidly purified and delivered appropriate quality and quantity of proteins, mAbs, and pAbs from hybridoma supernatants, CHO stable cell line, HEK293 cell transient transfection culture broths, and rabbit sera samples. 

The downstream process workflow consists of centrifugation, sterile filtration, tangential flow ultrafiltration, Protein A or FLAG or HIS-tag affinity chromatography, anion/cation exchange, gel filtration column chromatography, and centrifugal ultrafiltration for cell culture broth clarification, concentration, protein purification, and buffer exchange. Aseptic operation and varied size filters and columns were implemented to process 70 to 25,000 mL culture broths containing 0.016 to 4.71 mg/mL target protein concentrations. During a period of seven months using 3.5 FTEs, a total of seventy mAbs, pAbs, and proteins, ranging from 0.5 to 2,000 mg with average purity of 95%, were purified and delivered to internal customers. 


BIOT 234
Removal of hydrophobic impurities using a multimodal resin 
Thomas Gervais, Dennis Dong, Alison Walsh, Marijana Stella, Nicole Quinlan, Patricia Alred, and Pedro Alfonso, Pharmaceutical Development, Centocor Research & Development Inc, 145 King of Prussia Rd, Radnor, PA 19087
Multimodal ion exchange resins have been developed which contain ligands that enable multiple interactions between proteins and the chromatographic media. The most pronounced interactions include hydrogen bonding, ionic and hydrophobic interactions. These often result in different selectivities when compared to traditional ion exchangers and may provide opportunities for novel separations. Here we describe the use of a multimodal anion exchanger for the reduction of hydrophobic impurities as a polishing step for the manufacture of an antibody derived fusion protein. A major focus during the development of this process step concerned the optimization of impurity reduction while maintaining high step yields through the use of an intermediate wash. Several tools were utilized during the development which included DOE and empirical mathematical models. By using these tools, optimal intermediate wash conditions were achieved which were found to be robust, scalable and resulted in the removal of the hydrophobic impurities while maintaining > 80% step yields.


BIOT 235
Screening cation exchange resins for dynamic binding capacity and selectivity 
Christine C. Lee, Martin Chandler, Nihal Tugcu, and David J. Roush, BioPurification Development, BioProcess R&D, Merck & Co., Inc, P.O. Box 2000, Mailstop: RY805S-100, Rahway, NJ 07065, Fax: 732-594-4973
Cation exchange chromatography (CEX) is used in the biopharmaceutical industry as a capture or polishing purification step to remove impurities from therapeutic protein products such as monoclonal antibodies (mAbs). The progression of cell culture development towards high mAb titers has led to a desire for chromatographic resins with high capacities and improved selectivities. This paper describes how several commercially available CEX resins (Unosphere S, Unosphere XS, Toyopearl GigaCap S-650M, Hitrap Capto S, Hitrap SP Sepharose XL, Fractogel EMD SE Hicap, Fractoprep SO3, and Poros 50HS) were evaluated for their dynamic binding capacities and clearances of impurities, such as host cell proteins, residual protein A ligand, DNA, and mAb aggregates, when polishing a post-protein A mAb product stream. Screening of resins was done under a broad range of pH, salt, and flow conditions to ensure that opportunities for improved performance would not be overlooked.


BIOT 236
Subvisible particle investigation for an antibody solution in prefilled syringes 
Ge Jiang1, gjiang@amgen.com, Nagarajan Thyagarajapuram1, rthyaga@gmail.com, Mark Verardo2, mark.vera@sbcglobal.net, Gloria Juan2, gjuan@amgen.com, and Manpreet-Vick Wadhwa1, mwadhwa@amgen.com. (1) Drug Product & Device Development, Amgen Inc, One Amgen Center Drive 30W-3-A, Thousand Oaks, CA 91320, (2) Clinical Immunology, Amgen Inc, Thousand Oaks, CA 91320
The presence of subvisible particle counts by light obscuration (HIAC) in the 2-25µm size range were found to be significantly higher for an antibody formulation in prefilled syringe (PFS) as compared to the same composition in non siliconized vials. Further investigation revealed similar pattern for placebo in PFS and vials. Different sample collection methods from PFS showed a significant impact on subvisible particle counts. The presence of surfactant in the formulation also increased subvisible counts. Microbubbles were ruled out as a cause for the observations since degassing did not significantly reduce particle counts. A new technique using Laser Scanning Confocal Microscopy (LSCM) in combination with a Nile Red fluorescence dye staining showed that the subvisible counts were due to silicone oil droplets which were apparently formed from silicone oil lubricant in the syringe barrel and/or plunger. The particles' spherical morphology observed by a Malvern imaging technique also correlated with LSCM results. Our results are consistent with observations previously reported in the literature that siliconized syringes can release micro silicone oil droplets into aqueous solutions. 


BIOT 237
The Systematic Evaluation of Protein A Chromatography for Virus Clearance Using Designed Experiments (DOE) 
qing zhang1, qing@lilly.com, Brandie Pies1, Lorriaine Metzka1, Guillermo Miroquesada2, and Dayue Chen1. (1) Bioprocess research and development, Eli lilly and Company, Eli lilly and Company Lilly corporate center, Indianapolis, IN 46285, (2) Bioprocess Research and Development, Eli Lilly and Company, Indianapolis, IN 46285
Protein A chromatography is commonly used as the capture method for the purification of monoclonal antibodies. It is also routinely evaluated for its ability to remove viruses to demonstrate that purification processes can clear appropriate levels of potential viral contaminants. We have employed statistically designed experiments (DOE) to systematically evaluate the Protein A chromatography unit operation in an attempt to better understand the parameters that are critical for its virus removal capacity. A series of spike & recovery experiments was performed to assess the effectiveness of virus removal by Protein A chromatography using mouse minute virus (MMV) as the model virus. The results of our experiments are presented, and the impact of this study on our viral clearance strategy is discussed in the context of the Quality by Design (QBD) initiative. 


BIOT 238
Theoretical analysis and experimental data of excipient concentrations in Final Ultrafiltration and Diafiltration process using Poisson-Boltzmann equation 
Tuan Tran1, ttran10@cntus.jnj.com, Mark Teeters2, mteeters@cntus.jnj.com, Elsie DiBella2, edibella@cntus.jnj.com, and Patricia Alred2, palred@cntus.jnj.com. (1) Purification Development, Centocor R&D Inc, 145 King of Prussia Rd, Radnor, PA 19087, Fax: 610-889-4677, (2) Purification Development, Centocor R & D, Inc, Radnor, PA 19087
In downstream processes, Ultrafiltration/Diafiltration (UF/DF) step is often used as a final step for buffer exchange of a monoclonal antibody into its final formulation buffer and further concentration of drug substance. Analysis of two monoclonal antibody products revealed a difference in the histidine level between the retentate and the permeate side of the UF/DF membrane. Donnan exclusion had been previously described as one of the mechanisms for this excipient level deviation. In this study, a more fundamental approach was used to describe the distribution of charged buffer species in the vicinity of charged protein molecules in the retentate. The Poisson-Boltzmann equation coupled with the volume exclusion effect was used for prediction of the level of histidine molecule in the retentate. Experimental data from two Centocor monoclonal antibodies was generated and used to fit the Poisson-Boltzmann model as compared to the Donnan exclusion mechanism.


BIOT 239
Use of a chaotrope for aggregate reduction in monoclonal antibody purification process 
Mikhail Goldfarb, Hong Shen, Karen Fixler, Solivan Suzanne, Savino Sharlene, John Bodek, Elsie Dibella, and Patricia Alred, Purification Development, Centocor R&D Inc, Radnor, PA 19087, Fax: 610-993-7842
One of the challenges in purification of monoclonal antibodies is aggregate removal. The efficiency of removing aggregates using chromatographic techniques is sometimes complicated by co-elution of aggregates with the antibody monomer, presumably because the same localized surface of the monomer is involved in the binding of both monomers and aggregates to various chromatographic resins. An alternative approach to achieve separation of monomers and aggregate species is disruption of aggregates with chaotropic reagents. Use of a chaotropic reagent for reduction of a particular aggregate species was successfully implemented in a monoclonal antibody Phase 2 purification process. Batch incubation with a chaotropic reagent at sub-denaturing concentrations successfully reduced the aggregate species content from ~3.5% to non-detectable levels by SE-HPLC. Inclusion of the chaotropic reagent incubation step reduced the total aggregate content from ~1.3% to 0.5%, while increasing the overall purification process yield from 45% to 60%. Results from product characterization assays (intact molecular weight, peptide map, ligand binding, light scattering, bioactivity, cIEF, etc.) will be provided, demonstrating that incubation with the chaotropic reagent does not affect protein structure or activity. 


BIOT 240
Viral Clearance Evaluation for Monoclonal Antibody Purification Processes using Capto™ MMC and Capto™ Adhere Resins 
Karen Fixler, Purification Development, Centocor R&D, Inc, 145 King of Prussia Road, Radnor, PA 19087
An assessment of the ability of manufacturing processes to clear viruses is required in the production of biopharmaceuticals used in clinical trials. Viral clearance studies were performed on two GE Healthcare Capto™ resins developed for use in two monoclonal antibody purification processes . For the studies, the sample loads for Capto™ MMC and Capto™ Adhere mixed-mode purification steps were spiked with X-MuLV, an enveloped model virus. The virus studies were performed using scaled-down columns representative of the full scale manufacturing processes. Infectivity assays determined that Capto™ MMC demonstrated a LRV of >5.04 log10 and the Capto™ Adhere demonstrated a LRV of >5.44 log10. The viral clearance of the Capto™ purification steps resulted in clearance values well above the starting viral spiked loads. Therefore, the incorporation of the Capto™ resins greatly helped to increase the overall viral clearance for both monoclonal antibody purification processes. 


BIOT 241
Metabolic engineering of Escherichia coli for cadmium accumulation and CdS nanocrystals synthesis 
Wilfred Chen, Department of Chemical and Environmental Engineering, University of California at Riverside, Riverside, CA 92521
In this work, we will present a new strategy for making CdS nanocrystals using a metabolically engineered E. coli to synthesize the cysteine-rich peptide, phytochelatin (PC), derived from plants and yeasts. Expression of PC, a stabilizing agent, with the supplement of CdCl2 resulted in cadmium accumulation via the formation of PC-cadmium complex. Further enhancement in cadmium was achieved by co-expressing the Cd-transporter MntA. Subsequent incubation with Na2S completed the formation of peptide-capped CdS nanocrystals. We demonstrated that cells producing PCs were able to synthesize CdS nanocrystals when exposed to both cadmium and sulfide. Formation of CdS nanocrystals was further confirmed by transmission electron microscopy (TEM). A crystal lattice distance of 3.3 Ǻ, which is the unique value of CdS nanocrystals, was observed while preserving the spectral properties. Capping of the nanocrystals with PCs was verified by analyzing the pooled Cd and sulfide rich fractions by HPLC. The PC levels also agreed with the Cd and sulfide profiles, implying that the CdS complexes are coated by PCs. Further investigations on the synthesis of core-shell nanocrystals will be discussed.


BIOT 242
Developing a True Autoinducible Recombinant Protein Expression Platform by Harnessing Native Quorum Signaling Circuitry in Escherichia coli 
Chen-Yu Tsao1, jtsao@umd.edu, Sara Hooshangi1, shoosh@umd.edu, Liang Wang2, James J. Valdes3, and William E. Bentley1, bentley@umd.edu. (1) Fischell Department of Bioengineering and Center for Biosystems Research, UMBI, University of Maryland, 5115 Plant Science Building, College Park, MD 20742, Fax: 301-314-9075, (2) Center for Biosystems Research, UMBI, College Park, MD 20742, (3) U.S. Army Engineering, Research, and Development Center, Edgewood, MD
Autoinducers are chemical molecules that coordinate bacterial cell communication via a phenomenon called quorum sensing (QS). Autoinducer-2 (AI-2) is suggested to be the ‘universal' bacterial interspecies signaling molecule. The AI-2 QS signal transduction mechanism in Escherichia coli is dependent upon the lsr (luxS regulated) operon that is activated after phospho-AI-2 de-represses LsrR. In this positive feedback circuit, the inducible/repressible promoter (lsr promoter) and its cognate repressor (LsrR) are critical components that can be utilized to develop an expression system. In this study, we rewire this native QS signaling circuitry and couple it to the widely-used T7 expression system to construct an autoinducible recombinant protein expression platform. We demonstrate true autoinduction of recombinant proteins in Escherichia coli where reporters GFPuv, CAT, LacZ and OPH are all overexpressed using this expression system which offers advantages with respect to cell growth monitoring and inducer addition.


BIOT 243
DNA assembler, a highly efficient approach for rapid construction of large recombinant DNA for metabolic pathway engineering and synthetic biology 
Zengyi Shao, zshao@uiuc.edu, Department of Chemical and Biomolecular Engineering, University of Illinois at Urbana-Champaign, 600 S. Mathews Avenue, 222 Roger Adams Laboratory, Box C3, Urbana, IL 61801, and Huimin Zhao, zhao5@uiuc.edu, Department of Chemical and Biomolecular Engineering, University of Illinois, Urbana, IL 61801
The assembly of large recombinant DNA encoding a whole biochemical pathway represents a significant challenge in metabolic engineering and synthetic biology. Here we report a new method, DNA assembler, which allows the assembly of multiple fragments into large recombinant DNA in a single step via in vivo homologous recombination in Saccharomyces cerevisiae. We showed that DNA assembler can rapidly assemble functional biochemical pathways including D-xylose utilization pathway, zeaxanthin biosynthesis pathway separately or in combination with high efficiencies (70%~100%) either on a plasmid or on a yeast chromosome. In addition, we attempt to reconstruct the recently identified fosfomycin biosynthetic cluster and extend the application of DNA assembler in a wider range of hosts such as Escherichia coli and Streptomyces lividans. As this system only requires simple DNA preparation and one-step yeast transformation, it represents a powerful tool in the construction of custom-designed large recombinant DNA for metabolic engineering and synthetic biology.


BIOT 244
Heterologous expression of D-xylulokinase from Pichia stipitis enables high levels of xylitol production during growth on xylose in engineered Escherichia coli 
Patrick C. Cirino and Olubolaji Akinterinwa, Department of Chemical Engineering, The Pennsylvania State University, 226A Fenske Laboratory, University Park, PA 16802, Fax: 814-865-7846
Deletion of the Escherichia coli xylulokinase gene (xylB) is essential for achieving high xylitol titers from xylitol-producing E. coli strains growing on glucose. We speculated that this is due to XylB-catalyzed toxic synthesis of xylitol-5-phosphate. This activity prohibits the use of xylose as the sole carbon source for high levels of xylitol production by E. coli. To overcome this limitation we turned to the yeast Pichia stipitis, which naturally produces xylitol, as a source of xylulokinase (Xyl3). We compared the effects of plasmid-based expression of XylB to Xyl3 on growth and xylitol production by engineered E. coli. Xylulokinase activity assays show similar levels of functional expression of both enzymes, and reveal significant activity on xylitol only for E. coli XylB. 31P-NMR confirms the production of xylitol-5-phosphate from in vitro reactions with XylB. We find that replacement of xylB with xyl3 results in greatly enhanced xylitol titers from E. coli strains co-expressing CbXR during growth on xylose. 


BIOT 245
Improving cofactor availability for recombinant phytochemical production 
Joseph A. Chemler, Zachary Fowler, Ashish Chitalia, and Mattheos Koffas, Department of Chemical and Biological Engineering, University at Buffalo, State University of New York, 914 Furnas Hall, Buffalo, NY 14260, Fax: 716-645-3822
Many pharmaceuticals we use today originate from plant secondary metabolites such as Taxol and artemisinin which are still extracted from natural sources. To solve the supply constraints encountered when using plant extracts, significant progress has been made in cloning the biosynthetic pathways into microorganisms to produce these compounds through fermentative processes. However, these approaches typically suffer from low yields. One issue that has received minimal attention is the availability of the NADPH, a necessary cofactor in many plant biosynthetic pathways, especially when cytochrome p450s are involved. Our group has been focusing on utilizing metabolic engineering to optimize NADPH availability. Specifically, our progress has covered the reconstruction of the NADPH-dependent (+)-catechin biosynthetic pathway within Escherichia coli. We have developed a constraint based model that uses an evolutionary algorithm to identify beneficial gene knockouts in order to improve NADPH yields. So far, we have increased (+)-catechin yields using knockout strains and overexpression of genes that are involved in NADPH metabolism. The creation of such efficient production platforms has allowed us to use them for the synthesis of novel flavonoid analogues using a mutational biosynthesis approach.


BIOT 246
Engineering synthetic pathways for production of higher alcohols as biofuels 
Shota Atsumi, atsumi@ucla.edu, Department of Chemical and Biomolecular Engineering, UCLA, 420 Westwood Plaza, 5805 Boelter Hall, Los Angeles, CA 90095, Fax: 310-206-4107, and James C. Liao, liaoj@ucla.edu, Department of Chemical and Biomolecular Engineering, University of California, Los Angeles, Los Angeles, CA 90095
Biofuels synthesized from renewable resources are increasingly in demand considering global energy and environmental problems. Compared to the common biofuel-ethanol, higher-order alcohols may offer advantages as gasoline substitutes because of higher energy contents and higher hydrophobicity. We previously developed novel keto acid-based pathways to produce higher alcohols including isobutanol, 1-butanol, 2-methyl-1-butanol, 3-methyl-1-butanol and 2-phenylethanol from glucose, a renewable carbon source, from Escherichia coli (1). Here we present metabolic and molecular engineering approaches to expand and improve the keto acid-based pathways. The method employed in this study could be useful for improving higher alcohol production in this pathway. 

1. S. Atsumi, T. Hanai & J.C. Liao　Nature. 2008 451(7174):86-9. 


BIOT 247
High-titer production of hydroxyvalerates from levulinate 
Collin H. Martin, collin@mit.edu, Department of Chemical Engineering, Massachusetts Institute of Technology, 77 Massachusetts Avenue Room 66-425, Cambridge, MA 02139, and Kristala J. Prather, kljp@mit.edu, Chemical Engineering, MIT, Cambridge, MA 02139
In this work, an economical, high-titer method for the production of 4-hydroxyvalerate (4HV) and 3-hydroxyvalerate (3HV) from the inexpensive and renewable carbon source levulinic acid was developed. These hydroxyvalerates were produced by periodically feeding levulinate to Psuedomonas putida KT2440 expressing the thioesterase II (tesB) gene from Escherichia coli K12. Titers of 4HV and 3HV in shake flask cultures both reached multi-gram-per-liter scale in both minimal and rich media. To achieve these high titers, we tested two strains of P. putida: a commercially available strain (KT2440) and the PHA synthase knockout strain GPp104. We also examined two enzyme systems for removing CoA acyl carriers off of intracellular hydroxyvalerates: the ptb/buk system and tesB. Once a suitable strain and enzyme system was found, the process was optimized at the shake flask scale in minimal and rich media for the high-titer production of both 4HV and 3HV. To our knowledge, this work represents the first time that these hydroxyacids have been produced from a feasible feedstock in shake flasks at the gram-per-liter scale.


BIOT 248
Biophysical study of the aggregation of human lysozyme into amyloid fibrils 
Anne Dhulesia, Andrew J. Baldwin, Maria F Mossuto, Xavier Salvatella, and Christopher M. Dobson, Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, United Kingdom
Human lysozyme systemic amyloidosis is a fatal disease associated with the deposition of amyloid fibrils formed from the protein lysozyme. Biophysical analysis of fibrils formed both in vitro and in vivo show that the fibrils are based on a cross-beta core. Remarkably, by performing limited proteolysis of fibrils formed in vitro, it has been recently demonstrated that almost half of the sequence of the protein is not incorporated into the beta-sheet core of the fibrils but is extending out. Confirming this view, we show that parts of these non-core regions have sufficient mobility to yield solution-state NMR resonances. This conclusion is obtained using NMR diffusion experiments interpreted with a recently developed theory that includes the effects of rotational, as well as translational motion. The lengths of the fibrils determined using NMR is in good agreement with the fibril lengths measured using electron microscopy.


BIOT 249
Structural changes during early oligomerization of Aβ(1-40) revealed by peptide-level solvent accessibility analysis. 
Aming Zhang and Erik J. Fernandez, Department of Chemical Engineering, University of Virginia, 102 Engineers' Way, Charlottesville, VA 22904
Elucidation of the structural features of Aβ oligomers responsible for toxicity is poorly understood because of the difficulty in isolating these transient species. Using hydrogen exchange (HX), we have investigated the peptide level solvent accessibility of multiple Aβ(1-40) aggregated states, including two intermediate oligomeric forms. We mapped a gradual reduction in solvent accessibility, spreading from the C-terminal region to the N-terminal region in the increasingly aggregated states. The HX results also indicate that the early Aβ(1-40) oligomerization may initially be driven by the molecular interaction in the hydrophobic C-terminal region 20-40. As the oligomer grows, a gradual structural rearrangement takes place. Circular dichroism (CD) shows a progressive increase in the amount of β-sheet secondary structure, consistent with the reductions in solvent accessibility spreading toward the N-terminus as aggregates mature. Furthermore, the neurotoxicity of different aggregated states was correlated with their distinct solvent accessibility patterns, particularly in the N-terminal region 1-16.


BIOT 250
Aβ neurotoxicity: Role of aggregate size and elucidation of key amino acids 
Ben Keshet, keshet1@umbc.edu, Department of Chemical and Biochemcial Engineering, University of Maryland Baltimore County, 1000 Hilltop Circle, Baltimore, MD 21250, Fax: 410-455-1049, and Theresa A Good, tgood@umbc.edu, Department of Chemical and Biochemical Engineering, University of Maryland, Baltimore County, Baltimore, MD 21250
β-amyloid protein (Aβ) forms fibrils, which are believed to be correlated to the formation of Alzheimer's disease. It is commonly believed that an intermediate along the aggregation pathway is the most neurotoxic species. Yet, the structure of the toxic species and the pathway by which it forms are still unknown. 

Biophysical tools were used to assess the solvent accessibility of Aβ species upon aggregation. The results imply that the toxic intermediate and the fibril share the same molecular structure. This result may imply that the intermediate appears more toxic than the fibril due to its higher mobility and concentration, rather than a different interaction with the cells. We developed a diffusion-limited reaction model that illustrates the plausibility of our hypothesis. 

We are currently studying the interactions of Aβ fibrils with toxicity inhibitors. We are using in-silico docking to elucidate the inhibitors' binding sites, and verify the predictions experimentally. Binding sites that are common to several inhibitors may play a crucial role in Aβ toxicity. 


BIOT 251
Membrane interactions of protein fibrils and amyloids – a good thing? 
Raz Jelinek, Chemistry, Ben Gurion University, Beer Sheva, Israel, Fax: +972-8-6472943
Membrane interactions of amyloidogenic protein aggregates are generally believed to be a major toxic factor, and a likely pathological precursor in varied diseases. We have studied several fibrillar protein systems using lipid/polydiacetylene vesicles – a new chromatic biomimetic membrane assay which allows in situ analysis of membrane interactions of protein species formed throughout the aggregation process. In addition to detection of previously-observed transient membrane-disruptive protofibril oligomers in some protein families, we also find surprising evidence for protection of membrane bilayers by fibrillating proteins. In such cases the aggregating proteins considerably inhibited membrane binding and bilayer permeation by membrane-active molecules. Other experiments have detected significant, and unexpected, membrane interactions of physiologically-abundant protein aggregates. Overall, our data point to unrecognized and potentially beneficial roles for protein aggregation in physiological conditions.


BIOT 252
Salt dependence of aggregation kinetics of Sup35NM 
Andreas S. Bommarius1, andreas.bommarius@che.gatech.edu, Victor Yeh2, Buxin Chen3, Andrej Romaniuk3, and Yury O. Chernoff3, yury.chernoff@biology.gatech.edu. (1) Schools of Chemical Engineering and Chemistry/Biochemistry, Georgia Institute of Technology, 315 Ferst Drive, Atlanta, GA 30332-0363, Fax: 404-894-2291, (2) School of Chemistry and Biochemistry, Georgia Institute of Technology, (3) School of Biology, Georgia Institute of Technology
Understanding the influence of salt effects on the aggregation and fibril-formation behavior of amyloidic proteins can help to understand the propensity to aggregate or form fibrils. 

We have found similar behavior towards displayed by half a dozen globular proteins, independent of size, multimericity, relative charge density, or deactivation kinetics (loss of function over time) [1,2]. A common trend exists between observed rate constants for loss of function and Jones-Dole B-viscosity coefficients, which are indicative of ion hydration. 

Here, we present results on the effects of common salts on the rate of fibril formation of Sup35NM, a fragment of amyloid-fibril forming yeast prion, as measured by the Congo Red assay. We find that the influence of salts on Sup35NM significantly differs from those on globular proteins and will attempt to provide an explanation for the observations. 

[1] J.M. Broering and A.S. Bommarius, J. Phys. Chem. B 2005, 109, 20612-19 

[2] J.M. Broering and A.S. Bommarius, Biochem. Soc. Trans. 2007, 35, 1602-5 


BIOT 253
Analysis of protein misfolding and aggregation using peptide microarrays 
Moumita Bhattacharya, Jason Lin, Sumitra Meena Sukumaran, Jonathan S Dordick, and Peter M. Tessier, Dept. of Chemical & Biological Engineering, Rensselaer Polytechnic Institute, 110 Eighth Street, Troy, NY 12180
The “misfolding” and assembly of proteins into ordered and amorphous aggregates is implicated in a wide range of detrimental and beneficial biological functions. Although much less is known about protein misfolding than protein folding, it appears that the molecular interactions governing these two processes are very different. To further illuminate the molecular determinants of protein aggregation, we have sought to understand the underlying protein-protein interactions. Recently we have demonstrated that peptide microarrays can be used to identify small sequence elements within several amyloid-forming proteins that govern their aggregation behavior (Tessier & Lindquist, Nature, 2007). In this presentation we will discuss our recent work using peptide microarrays to understand the interactions governing aggregation of closely related prions and how these interactions regulate species barriers. Moreover, we will discuss analysis of the peptide interactions driving Abeta aggregation associated with Alzheimer's disease, as well as mechanisms of small molecule inhibition of Abeta aggregation. 


BIOT 254
Lyophilized, adjuvanted vaccines: Processing effects on particle size, protein stability, protein adsorption and efficacy 
Theodore W. Randolph1, Theodore.Randolph@colorado.edu, Amber Clausi1, Shujun Bai2, and John F. Carpenter2, john.carpenter@uchsc.edu. (1) Department of Chemical and Biological Engineering, University of Colorado, Boulder, CO 80309, (2) Department of Pharmaceutical Sciences, University of Colorado Health Sciences Center, Denver, CO 80262
Vaccines that are based on protein antigens must generally include an adjuvant such as aluminum hydroxide in order to elicit the desired immune response. Although lyophilization of adjuvanted vaccines would be attractive in order to stabilize the antigen against degradation during storage, the lyophilization process can induce changes in the particle size distribution of adjuvant, which in turn might affect the efficacy of the vaccine. Furthermore, adsorption of the protein antigen to the adjuvant has long been considered critical to success of a vaccine. In this presentation, we examine how lyophilization process conditions can be manipulated to alter resulting adjuvant particle size distributions and the degree of antigen adsorption. Long-term accelerated temperature storage data will be presented, along with efficacy data tested in murine models. Finally, the importance of particle size distribution control and degree of antigen adsorption in generating desired immune responses will be discussed. 


BIOT 255
Multicolumn Countercurrent Solvent Gradient Purification of Proteins (MCSGP-Process) 
Lars Aumann, Thomas Mueller-Spaeth, Guido Stroehlein, and Massimo Morbidelli, Institute for Chemical and Bioengineering, Department of Chemistry and Applied Biosciences, ETH Zurich, Wolfgang-Pauli-Strasse 10, Zurich 8093, Switzerland, Fax: +41 (44) 632 10 82
Due to steadily improvements in biopharmaceutical upstream processing, the product titers in the supernatants increase. This can lead to a bottleneck in the chromatographic downstream processing, where the capturing is most often performed with one single batch column. 

The MCSGP process (multicolumn countercurrent solvent gradient purification process) has been developed especially for the high performance purification of biomolecules. The MCSGP process transfers a solvent gradient from a single column batch device to a multicolumn arrangement and enables the simultaneous use of solvent gradient chromatography and countercurrent simulated solid movement in one chromatographic device. 

The lecture gives insights into the concept, the design and the operation of the MCSGP process. In a case study the superior performance of the MCSGP process with respect to single column operations is demonstrated for the example of an industrially relevant biomolecule. 


BIOT 256
BioSMB: A new continuous disposable chromatography process 
Marc AT. Bisschops and Thomas Ransohoff, Tarpon Biosystems Inc, 197 M Boston Post Road West, Marlborough, MA 01752
The downstream processing bottleneck is leading to the exploration of processes with higher efficiencies and higher productivities. BioSMB is a technology that refines traditional SMB into a viable option for biopharmaceutical purification. By implementing a fully disposable-format fluid path and modular design, the BioSMB technology addresses the key issues associated with biopharmaceutical processing, such as elimination of cleaning validation and rapid campaign change-over. 

This talk will present experimental data of a MAb downstream process using a bench-scale BioSMB system. The presentation covers the capture of MAb from cell supernatant on various commercially available Protein A media, packed in disposable cartridges. 

The data showed that the BioSMB outperformed the batch process in terms of MAb recovery and HCP reduction, while offering a significant reduction in buffer consumption and a three to tenfold increase in productivity. 

Based on the experimental data, projections will be given for the impact of BioSMB technology on large-scale manufacturing of monoclonal antibodies. 


BIOT 257
Cell immobilization and biosurfactant-induced pellet formation as potential means to retain Trichoderma reesei cells during in situ affinity foam fractionation for cellulase collection. 
qin zhang1, qz2@uakron.edu, Chi-Ming Lo2, lo1@uakron.edu, Narayanan Srinivasan3, narainsv@yahoo.com, and Lu-Kwang Ju3, lukeju@uakron.edu. (1) Department of Chemical and Biomolecular engineering, the university of akron, 200 East Buchtel Commons, akron, OH 44325, (2) Department of Chemical and Biomolecular Engineering, the university of akron, akron, OH 44325, (3) Department of Chemical and Biomolecular Engineering, University of Akron, 200 E Buchtel Commons, Akron, OH 44325-3906
In situ affinity foam fractionation is potentially a powerful tool for continuous, selective removal of products from bioprocesses. When evaluating its applicability to cellulase production by Trichoderma reesei fermentation, we encountered the difficulty of high removal of fungal mycelia along with cellulase. To solve this problem, cell immobilization using cut pieces of hydrophilic polyurethane (PU) foam was first evaluated. Five commercial PU foams with different pore sizes and porosities were tested. Two were found to support good cell growth, cellulase production, and cell loading (about 0.6 g dry cells per g PU). The PU-immobilized mycelia were successfully retained in the foaming process. We also accidentally discovered that some biosurfactants would effectively induce Trichoderma reesei to change morphology from mycelia to pellets. The pellet formation reduced broth viscosity significantly and did not appear to affect cellulase productivity. The pellets were also confirmed to be effectively retained in the foaming process.


BIOT 258
Development of chemically selective displacement processes for industrial applications 
Christopher J. Morrison, morric2@rpi.edu, The Howard P. Isermann Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, 110 8th Street, Troy, NY 12180, SunKyu Park, Department of chemistry, Rennselaer Polytechnic Institute, Troy, NY 12180, Scott A. McCallum, Director, NMR Core Facility, Center for Biotechnology and Interdisciplinary Studies, Rensselaer Polytechnic Institute, Troy, NY 12180, J. A. Moore, Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, Troy, NY 12180, and Steve M. Cramer, crames@rpi.edu, Deparment of Chemical Engineering, Rensselaer Polytehnic Institute, Troy, NY 12180
Previous studies have demonstrated that chemically selective displacement chromatography can be employed to add additional dimensions of selectivity to preparative ion exchange separations. This technique is achieved by incorporating a binding affinity for the targeted molecule into the design of the chemically selective displacer while also retaining the displacer's affinity for the resin. In this paper we expand this work by identifying fluorescent displacers which can selectively separate proteins while also facilitating on-line detection. A robotic high throughput screen was also employed to identify new anion exchange selective displacers for protein purification. Displacer leads were verified with STD NMR and column experiments. Finally, a novel approach was developed for applying selective displacement for the removal of key industrial impurities from product streams. These examples demonstrate the ability of selective displacement chromatography to provide high resolution separations while simultaneously removing a targeted molecule, thus eliminating further downstream processing steps.


BIOT 259
Self-cleaving intein-mediated protein purification in Pichia pastoris 
Baley A. Fong, bafong@princeton.edu, Department of Chemical Engineering, Princeton University, Princeton, NJ 08544, and David W. Wood, dwood@princeton.edu, Departments of Chemical Engineering and Molecular Biology, Princeton University, Princeton, NJ 08544
The methylotropic yeast, Pichia pastoris, is a cheaper alternative to CHO for the production of glycosylated proteins. An economical protein purification system has been developed in Pichia which utilizes self-cleaving inteins to link purification tags and target proteins, thereby eliminating the need for proteolytic tag removal and making the method economically feasible on larger scales. Both chromatographic and non-chromatographic purification tags were investigated. A chitin-binding domain was successfully used to purify various proteins on chitin affinity resin. In addition, a non-chromatographic elastin-like polypeptide (ELP) purification tag was investigated. In the latter purification scheme, mild temperature shifts induce ELP aggregation and dissociation. This reversible precipitation allows for the separation of the ELP-bound target protein using a series of temperature shifts and centrifugation, ultimately resulting in a simple, economical purification system. 


BIOT 260
Clearing trace HCP, DNA and viruses in the manufacture of biologics: A novel single use anion exchange membrane adsorber 
Alejandro Becerra-Arteaga1, alejandro_becerra-arteaga@millipore.com, Jim Neville1, jim_neville@millipore.com, and Michael W. Phillips2, michael_phillips@millipore.com. (1) BioProcess Engineering Group, Millipore Corporation, 900 Middlesex Turnpike, Billerica, MA 01821, (2) Research and Technology Development, Millipore Corporation, Bedford, MA 01730
Purification of greater protein mass, from higher fermentation titers can lead to bottlenecks downstream both in terms of unit operations capacity and subsequent preparations of buffers. A unique disposable flow through anionic membrane adsorber, is described .This is designed to replace the anion exchange column in a traditional chromatography polishing template. The characteristics of the support membrane, unique gel surface coating and device flow distribution are described. A unique feature of the membrane chemistry is the ability to bind impurities at high conductivities (14mS) eliminating the need for cation pool dilution .Data is shown from MAB feedstocks where purity targets of HCP to <10 ppm, DNA >3 LRV, Virus >4 LRV were achieved.


BIOT 261
Protein engineering in biomedicine 
K. Dane Wittrup, Chemical Engineering and Biological Engineering Departments, Massachusetts Institure of Technology, MIT, Cambridge, MA 02139
Protein recognition processes are the basis for most normal and pathological biological function; therefore, the control of binding attributes is central to the design of protein biopharmaceuticals. At our present state of knowledge, the fastest and most robust route to desired binding properties is by directed evolution. A panoply of selection platforms have been developed to engineer proteins- for example, protein surface display on: mRNA, ribosomes, phage, E. coli, yeast, or mammalian cells. Given the ready availability of these powerful capabilities, the significant question is now: what to make? Or, more specifically, what biophysical properties will maximize efficacy while minimizing toxicity of a given protein drug? Quantitative modeling and measurements of pharmacokinetics, receptor trafficking, and binding kinetics are necessary to formulate specific hypotheses that can then be tested by synthesis of proteins with the desired properties. Particular examples of this approach will be presented, from amongst the following topics: tumor targeting; immunocytokine engineering; huntingtin aggregation antagonism; or antigenic cross presentation in cancer vaccines.


BIOT 262
Tailored intracellular fates of ketalized polyethylenimine/nucleic acids polyplexes for controlled therapeutic effects 
Min Suk Shim, mshim@uci.edu, Chemical Engineering and Materials Science, University of California, Irvine, CA 92697, and Young Jik Kwon, kwonyj@uci.edu, Department of Chemical Engineering and Materials Science, University of California, Irvine, CA 92697
Cationic polymers such as polyethylenimine (PEI) have been popularly used for nonviral gene delivery. Intolerable cytotoxicity, non-biodegradability, and a limited flexibility in modification have been major obstacles of using PEI-based polyplexes for gene therapy. Acid-degradable ketalized polyethylenimine (K-PEI) was synthesized and utilized to prepare degradable gene/polymer polyplexes. The ketalized PEI was able to efficiently complex plasmid DNA and siRNA as nanoparticles. It was also demonstrated in vitro that both nucleic acids were efficiently dissociated from the polyplexes in the endosomal pH and efficiently processed for DNA trasfection and RNA interference, with almost completely abolished cytotoxicity. Interesting enough, transfection efficiency of K-PEI polyplexes was found to be inversely proportional to molecular weights of the polymer, while higher RNA interference was observed with larger polymers. This implies feasibility of achieving selective delivery of plasmid DNA and siRNA to their intracellular targets to obtain controlled therapeutic effects. We further investigated a possibility of precisely tailoring intracellular fates of K-PEI polyplexes by differentially modulating ketalization ratios in the range of 17-96%. It was found that efficiency of nucleic acid condensation, transfection efficiency, and RNA interference were strongly correlated with ketalization ratios as well as molecular weights of K-PEI. On the contrary, cytotoxicity was not strongly dependent on ketalization ratios, suggesting that the minimal ketalization is sufficient enough to diminish cytotoxicity of PEI. The presentation will show logics of polymer design, preparation and characterization of K-PEI polyplexes, in vitro tests, and potentials of using K-PEI as a nontoxic, efficient, and biocompatible polymeric nonviral gene carrier. 


BIOT 263
Silent packaging for gene silencing: Tobacco mosaic virus RNAi delivery 
Chi-Wei Hung1, cwhung@umd.edu, Edith R. Howarth2, ehowarth@umd.edu, Hsuan-Chen Wu2, hcwu@umd.edu, Adam D. Brown3, adamdegen@gmail.com, Chen-Yu Tsao2, jtsao@mail.umd.edu, Peter Kofinas2, James N. Culver3, jculver@umd.edu, and William E Bentley2, bentley@eng.umd.edu. (1) Chemical and Biomocular Engineering, University of Maryland, College Park, MD 20742, (2) Fischell Department of Bioengineering, University of Maryland, College Park, MD 20742, (3) Center of Biosystems Research, University of Maryland, Biotechnology Institute, College Park, MD 20742
We are investigating Tobacco mosaic virus (TMV) as an RNAi carrier for gene delivery into mammalian cells. Self-assembly and disassembly of TMV has been studied to create chimeric viruses for gene delivery. TMV particles are rod-like (18nm x 300nm) and composed of 2130 identical coat protein units stacked in a helix around a single plus sense RNA of 6395 nucleotides. The origin of assembly sequence (OAS) within the TMV RNA initiates the association of ribonucleotides with coat protein by forming a unique hairpin structure. We are exploring engineering of the TMV OAS so that any RNA may be assembled into “pseudo-virions” by the virus coat protein. In addition, TMV coat proteins can be further functionalized with synthetic signal peptides to facilitate cell specific or targeted endocytosis. 

Preliminary results show pseudo-virions targeting egfp RNA are able to suppress transgene EGFP production by 61%. We are currently investigating the packing of pseudo-virions containing other genes of interest. This RNA packaging system would protect packaged RNA and potentially could provide a means of delivering RNAi constructs into various host cells. 


BIOT 264
Quantum dot-based nuclease-resistant molecular beacons for visualizing the Coxsackievirus replication in living cells via TAT peptide delivery 
Hsiao-yun Yeh1, hyeh002@ucr.edu, Marylynn V. Yates2, marylynn.yates@ucr.edu, Ashok Mulchandani1, and Wilfred Chen1. (1) Department of Chemical and Environmental Engineering, University of California, Bourns Hall Rm A242, Riverside, CA 92521, (2) Department of Environmental Sciences, University of California, Riverside, CA 92521
Molecular beacons (MB), which produce fluorescence upon target binding, provide a simple and separation-free detection scheme. By directly visualizing the fluorescent hybrids with newly synthesized viral RNA, MB can be used to provide a rapid and sensitive detection of infectious viruses. For real-time studies in living cells, however, the durability of MBs is affected due to nuclease degradation and the rapid photodegradation of the organic fluorophore. In this study, we developed nuclease-resistant MBs composed of CdSe/ZnS quantum dots as donors and gold nanoparticles as quenchers for the in vivo detection of infectious viruses. For intracellular delivery, a hexahistidine-appended cell-penetrating TAT peptide was self-assembled onto the quantum dot surface via metal-affinity interactions. Presence of the TAT peptide allowed nearly 100% intracellular delivery within 15 min. Confluent buffalo green monkey kidney (BGMK) monolayers were infected with virus dilutions and the fluorescence intensity was monitored in real time. Fluorescence microscope was used to directly visualize infected cells and to subsequently follow virus spread among cells in vivo. The number of fluorescent cells increased in a dose-responsive manner and enabled the direct quantification of infectious viral doses. Using the 2-h infection window, the validation of the MB-based fluorescence assay for viral quantification was demonstrated by comparing with the traditional 48-h plaque assay.


BIOT 265
Chemically Controlled Assembly of Antibody Nanorings 
Qing Li1, lixxx340@umn.edu, David Hapka2, Hua Chen3, Daniel A. Vallera3, valle001@umn.edu, and Carston R. Wagner4, wagne003@umn.edu. (1) Department of Chemistry, University of Minnesota, Minneapolis, MN 55455, (2) College of Pharmacy, University of Minnesota, Minneapolis, MN 55455, (3) Therapeutic Radiology, University of Minnesota, Minneapolis, MN 55455, (4) Department of Medicinal Chemistry, University of Minnesota, Minneapolis, MN 55455
In possession of pharmacokinetic advantages and nonimmunogenicity, polyvalent single-chain antibodies have drawn much attention in the fields of tissue imaging, drug delivery and autoimmune disease therapeutics. Our group has developed an approach that allows controlled assembly and disassembly of polyvalent single-chain antibody nanorings. The newly formed bivalent and multivalent scFv's could be efficiently produced, and exhibited excellent binding abilities which were characterized by in vitro cytotoxicity blocking assay and FACS competitive binding assay. In addition, The chemically dimerized scFv's were shown to be stable in cell culture at 37oC and the dimerization was shown to be reversible by the addition of excess amounts of the non-toxic FDA approved DHFR antagonist trimethoprim. To our knowledge this is the first example reported of a method to reversibly chemically controlled assembled antibodies. 

(NIH CA120116 (CRW) and the Leukemia Research Foundation (CRW)) 


BIOT 266
A new reactive oxygen species sensitive drug delivery vehicle for targeting oxidative stress 
D. Scott Wilson, gth700g@mail.gatech.edu, School of Chemical & Biomolecular Engineering, Georgia Institute of Technology, 311 Ferst Drive, Atlanta, GA 30308, and Niren Murthy, niren.murthy@bme.gatech.edu, The Wallace H. Coulter Department of Biomedical Engineering and Parker H. Petit Institute for Bioengineering and Biosciences, Georgia Institute of Technology, Atlanta, GA 30332-0535
Oxidative stress, a cytopathic consequence of excessive production of reactive oxygen species (ROS) is implicated in the development and persistence of many inflammatory diseases, including inflammatory bowel disease, acute lung injury, myocardial infarct, and reperfusion injury. For this reason, ROS provide a molecular beacon for targeting therapeutics to treat these and other inflammatory diseases. In this presentation, we introduce a new ROS-sensitive polymer for drug delivery composed of ROS sensitive thioketal linkages. Homo and copolymer poly(thioketals) (PTKs) were synthesized using the acetal exchange reaction between a variety of dimercaptans and 2,2-dimethoxypropane. PTKs have been shown to degrade in hours in the presence of supper oxide, but are stable to pHs from 1.0- 14.0 over the same time period. ROS sensitive microparticles loaded with both hydrophobic small molecules and hydrophilic biomolecules such as proteins and siRNA have been formulated from PTKs. Cell culture experiments demonstrate that dye-containing microparticles formulated from PTKs degrade more rapidly in cells that overproduce superoxide. This conclusion is based off of results that show increased dye release into cells treated with dye-containing microparticles and subsequently with the endotoxin lipopolysaccharide (LPS), which is known to cause macrophages to overproduce supper oxide, when compared to cells receiving only dye-containing microparticles and no LPS. These results demonstrate the ability of TK microparticles to target therapeutics to cells or regions of the body where there is an excess of ROS such as in and around inflamed tissue. We are currently using siRNA-loaded TK microparticles to treat inflammatory bowel disease. 


BIOT 267
Development of cell-specific gene delivery methods for vascular applications 
Kory M. Blocker, Peter G. Millili, Stephanie L. Myrick, and Millicent O. Sullivan, Department of Chemical Engineering, University of Delaware, 150 Academy Street, Newark, DE 19716, Fax: 302-831-3009
Surface-mediated gene delivery has the potential to vastly improve the cellular response to implanted biomaterials. We have designed a method for tethering custom-packaged nucleic acids to functionalized surfaces via protease-sensitive peptide nucleic acid (PNA) and peptide linkages. This tethering mechanism will promote cell-specific, controlled delivery and is adaptable to a variety of substrates and nucleic acid-complexing polycations. 

We have used the PNA-peptide-based mechanism to tether plasmid DNA to carboxylate-modified gold model surfaces via matrix metalloproteinase-1 (MMP-1)-sensitive peptides, and have complexed the tethered DNA with polyethylenimine (PEI). Nanometer-scale islands of DNA are visible on the substrates by atomic force microscopy imaging, with topologies that vary with DNA density and PEI concentration. We have used surface plasmon resonance to investigate the kinetics of MMP-1-stimulated DNA release as a function of DNA density and tether number, and are investigating the relationship between release kinetics and gene expression by cells cultured on the substrates. 


BIOT 268
Matrix elasticity directs stem cell lineage - from tissue measurements to polymeric mimics 
Dennis E. Discher and Florian Rehfeldt, Chem & Biomol Eng; Cell & Mol Biology and Physics Grad Groups, University of Pennsylvania, 129 Towne Building, Philadelphia, PA 19104
Cell adhesion is not just a membrane phenomenon, and matrix is more than just ligand. Most tissue cells need to anchor to a 'solid' for viability, and over the last decade it has become increasingly clear that the physical 'elasticity' of that solid is literally ‘felt' by cells. In fact, matrix elasticity as an insoluble cue now appears to synergize with the effects of soluble factors, with emerging examples in the TGF-b superfamily [1]. We will show that Mesenchymal Stem Cells (MSCs) specify lineage and commit to phenotypes with extreme sensitivity to the elasticity typical of tissues – as mimicked with both purely synthetic [2] and bio-derived crosslinked polymer hydrogels. In serum only media, soft polymer-based matrices that mimic brain appear neurogenic, stiffer matrices that mimic muscle are myogenic, and comparatively rigid matrices that mimic collagenous bone prove osteogenic. Inhibition of nonmuscle myosin II activity blocks all elasticity directed lineage specification, which indicates that the cytoskeleton pulls on matrix through adhesive attachments. Results have significant implications for ‘therapeutic' stem cells and have motivated nano-measurements of the elasticity of normal and disease tissues as well as development of a proteomic-scale method to identify mechano-responsive protein structures [3]. [1] R.G. Wells and D.E. Discher. Science Signaling - STKE 1(10): pe13 (2008); [2] A. Engler, S. Sen, H.L. Sweeney, and D.E. Discher. Cell 126: 677-689 (2006); [3] C.P. Johnson, H-Y. Tang, C. Carag, D.W. Speicher, and D.E. Discher. Science 317: 663-666 (2007). 


BIOT 269
Hydrodynamic regulation of embryonic stem cell differentiation 
Carolyn Y. Sargent1, Geoffrey Y. Berguig1, Luke Hiatt1, Richard L. Carpenendo1, R. Eric Berson2, and Todd C. McDevitt1, todd.mcdevitt@bme.gatech.edu. (1) Wallace H. Coulter Department of Biomedical Engineering, Georgia Institute of Technology / Emory University, 313 Ferst Drive NW, U. A. Whitaker Building, Atlanta, GA 30332-0535, Fax: 404-894-4243, (2) Department of Chemical Engineering, University of Louisville, Louisville, KY 40292
Pluripotent embryonic stem cells (ESCs) can uniquely differentiate into all somatic cell types, however effective use of ESCs for regenerative cell-based therapies and tissue engineering requires an improved understanding of environmental mechanisms regulating ESC differentiation. Currently, most directed differentiation schemes rely primarily on exogenous application of morphogenic factors to stem cells, but controlling other environmental factors, such as fluid mechanical forces in suspension culture, may also differentially impact stem cell differentiation. Thus, we have been systematically examining the effects of hydrodynamic mixing conditions imposed by rotary orbital shaking culture on ESC differentiation within embryoid bodies (EBs). The size, morphology and differentiation of EBs were significantly modulated by varying rotary orbital speed at different stages of EB differentiation. These results suggest that hydrodynamic mixing environment are capable of modulating ESC differentiation, suggesting a new potential approach that could be readily integrated into the creation of bioreactors for stem cell bioprocessing.


BIOT 270
Controlled cardiomyocyte differentiation from human embryonic stem cells for cell transplantation therapy 
Chunhui Xu1, cxu@geron.com, Shailaja Police1, Namitha Rao1, Mohammad Hassanipour1, Yan Li1, Jiwei Yang1, Wen Bo Wang1, Yinhong Chen1, Catherine Priest1, Kent Chen2, Wei-Zhong Zhu2, Michael Laflamme2, Charles Murry2, Anthony Davies1, Jane Lebkowski1, and Joseph D. Gold1. (1) Geron Corporation, 230 Constitution Drive, Menlo Park, CA 94025, (2) Departments of Pathology, University of Washington, Seattle WA 98109
Human embryonic stem cells (hESCs) are a potential cell source for tissue engineering and cellular therapy to treat heart disease, owing to their extensive proliferative capacity and the ability to differentiate into functional cardiomyocytes. Controlled lineage-specific differentiation is one of the most critical steps in order to bring these cells in the clinic. Achievement of this step requires developing methods for stably expanding undifferentiated hESCs, generating cardiomyocytes in a highly efficient manner, and extensively characterizing the cells. Current procedures for expansion of undifferentiated cells and cardiomyocyte differentiation present significant challenges for the generation of sufficient amount of cells with the requisite qualities. Recently, we have demonstrated that undifferentiated hESCs can be maintained for long-term culture in feeder-free conditions without using conditioned medium. In addition, we have developed a growth factor-guided method to efficiently generate cardiomyocytes from hESCs at high yield. Upon a sequential treatment with activin A and BMP4 in a serum-free medium, hESCs differentiate rapidly into a population containing high percentages of cardiomyocytes. The cells maintain their contractility in culture, express cardiac markers, and display action potentials characteristic of immature nodal/pacemaker-, ventricular, and atrial-like cells. This highly specific differentiation procedure can be scalable into large tissue culture formats, and the cardiomyocytes thus generated can be further enriched and are recoverable after cryopreservation. Furthermore, cryopreserved cardiomyocytes survive in vivo and form healthy grafts after transplantation into rat hearts with myocardial infarctions. More importantly, transplantation of hESC-derived cardiomyocytes significantly attenuates the progression of heart failure in transplanted animals. These data represent a step forward towards the application of hESC-derived cardiomyocytes to regenerative medicine for heart disease. 


BIOT 271
Embryonic stem cell expansion and directed differentiation in bioreactors with continuous agitation 
Emmanuel S. Tzanakakis, Daniel E. Kehoe, Lye T. Lock, and Abhirath Parikh, Chemical and Biological Engineering, State University of New York at Buffalo, 907 Furnas Hall, Buffalo, NY 14260
Stem cells (SCs) are considered a renewable source of cellular material for a wide spectrum of clinical applications. Realization of SC based-technologies will require the development of bioprocesses for large scale expansion of SCs or their committed derivatives. To that end, we have undertaken an effort to adapt the culture of SCs in scalable stirred suspension bioreactors, which provide flexibility for aggregate and surface culture modes. Also, considering the problems linked to the use of serum, we developed a serum-free system for the expansion of embryonic SCs. Stem cells were expanded 20- to 25-fold over 4-day passages, maintained their proliferative capacity and were capable of trilineage differentiation even after multiple bioreactor passages. Moreover, results will be discussed on directing the differentiation of embryonic SCs en masse towards cardiac and neuronal progenies using this culture modality. 


BIOT 272
Aryl hydrocarbon receptor is activated during megakaryopoiesis in response to physiologic ligands 
Stephan Lindsey, Pani Apostolidis, and Eleftherios T. Papoutsakis, Department of Chemical Engineering, University of Delaware, 150 Academy St., COLBURN LABORATORY, Newark, DE 19716
Myelodysplastic syndromes are often accompanied by defective megakaryocyte (MK) development, decreased platelet counts, and progress into leukemia. In vitro culturing difficulties and their relative paucity in vivo make the transcriptional mechanisms governing MK development poorly understood. Recognizing this void, we employed microarray analysis of ex vivo differentiated MKs from human CD34+ cells to investigate the transcriptional control of megakaryopoiesis. Particular attention was given to differentially expressed TFs that regulate cell cycle genes, as MK polyploidization is thought to occur due to altered cell-cycle regulation. From this analysis, the aryl hydrocarbon receptor (AhR) became the focus of further investigations. Well-known as a “toxic sensor,” AhR function is normally associated with the action mechanism of various environmental toxins, presumably by altering cell cycle regulation. A growing body of evidence, including our preliminary data, suggests that AhR may have a physiological role during megakaryopoiesis, hematopoiesis, and development independent of environmental stress. 


BIOT 273
Promoting local stem cell differentiation using engineered, modular growth factors 
Jae-Sam Lee, jsfemto@hotmail.com, Biomedical Engineering, University of Wisconsin, Madison, WI 53706, and William L. Murphy, wlmurphy@wisc.edu, Department of Pharmacology, University of Wisconsin, Madison, WI 53706
Control over the molecules that cells encounter in their local environment is a common theme in natural tissue development. Similarly, schemes to mimic development and “engineer” functional tissues are likely to benefit from control over the cell's local signaling environment. This concept is particularly important in stem cell-based applications, in which local signaling can direct cell fate. This talk will describe a class of modular peptide growth factors with two functional characteristics: 1) the ability to bind with controllable affinity to hydroxyapatite-based materials; and 2) the ability to promote osteogenic differentiation of human mesenchymal stem cells (hMSCs). Results indicate that these engineered growth factors bind with high affinity to hydroxyapatite and remain biologically active when bound. Therefore, these molecules represent bio-molecular coatings that promote hMSC differentiation in vitro, as well as bone formation in vivo. 


BIOT 274
Scaffolds based on degradable alginate hydrogels and poly(lactide-co-glycolide) (PLGA) microspheres for stem cell culture 
Randolph S. Ashton1, ashtor@berkeley.edu, Akhilesh Banerjee2, banera@rpi.edu, Supriya Punyani3, supriya.punyani@gmail.com, David V. Schaffer1, schaffer@berkeley.edu, and Ravi S. Kane2, kaner@rpi.edu. (1) Department of Chemical Engineering, University of California at Berkeley, 278 Stanley Hall, University of California Berkeley, Berkeley, CA 94720, (2) Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, Ricketts Building, 110 8th Street, Troy, NY 12180, (3) R&D, Beauty care, Proctor and Gamble home products, Bangalore 560052, India
We describe a method for creating alginate hydrogels with adjustable degradation rates that can be used as scaffolds for stem cells. Alginate hydrogels have been widely used for cell culture and in tissue regeneration applications; however, alginate hydrogel implants can take months to disappear from sites of implantation. By incorporating poly(lactide-co-glycolide) (PLGA) microspheres loaded with alginate lyase into alginate hydrogels, we demonstrate that alginate hydrogels can be enzymatically degraded in a controlled and tunable fashion. We demonstrate that neural progenitor cells (NPCs) can be cultured and expanded in vitro in this degradable alginate hydrogel system. Moreover, the expansion rate of NPCs can be controlled by tuning the rate of degradation. In ongoing work, we are also investigating how the stiffness of these hydrogels influences the differentiation of NPCs. Degradable alginate hydrogels encapsulating stem cells may thus be widely applied to develop novel therapies for tissue regeneration.


BIOT 275
Model-driven metabolic engineering of E. coli to produce high-value compounds 
Adam Michael Feist, afeist@ucsd.edu, Department of Bioengineering, University of California, San Diego, 9500 Gilman Drive, Dept 0412, La Jolla, CA 92093, and Bernhard O. Palsson, palsson@ucsd.edu, Bioengineering Department, University of California, San Diego, La Jolla, CA 92093-0412
The use of systems biology methods in metabolic engineering applications is on the rise. Aiding these efforts are computational models that allow for the analysis of cellular processes on the genomic-scale and the integration of high-throughput data sets. Genome-scale metabolic models specifically are important in metabolic engineering applications due their ability to predict the effects of specific genetic manipulations on substrate uptake, desired byproduct secretion, and growth rate. Here, we present, i.) a genome-scale metabolic reconstruction of E. coli as an analysis platform for metabolic engineering, ii.) the modeling and adaptation methods applied to engineer production strains of E. coli, and iii.) current experimental validation for the demonstration of strain performance. The genome-scale reconstruction of E. coli, iAF1260, is the largest and most complete reconstruction of a micro-organism to date. Coupled with our modeling approaches, we present the use of adaptive evolution as a design principle in strain construction.


BIOT 276
Genome-scale model development for Clostridium acetobutylicum and the influence of proton flux states 
Ryan S. Senger and Eleftherios T. Papoutsakis, Department of Chemical Engineering, University of Delaware, Delaware Biotechnology Institute, 15 Innovation Way, Newark, DE 19711
The obligate anaerobe Clostridium acetobutylicum is of interest to biofuels research due to its ability to ferment complex substrates into acetone, butanol, and ethanol while producing hydrogen gas through ferredoxins. We have developed a genome-scale model of C. acetobutylicum, a bacterium with an incomplete TCA cycle. The pathway for L-glutamate biosynthesis was not clear in the metabolic network reconstruction from genome annotation, so a thermodynamic analysis was developed to explore intracellular conditions allowing the arginine biosynthesis pathway to operate in reverse, resulting in L-glutamate biosynthesis. In addition, the proton flux state was developed in this research as a parameter to limit the phenotypic solution space of the genome-scale model. This constraint led to predictions of acidogenic phenotypes in the beginning stages of the culture followed by solventogenesis at the end of exponential growth, which were consistent with experimental data. We also developed a dynamic biomass constituting equation in this research. 


BIOT 277
Development of metabolic kinetic model using MCMC simulation for a large-scale fed-batch CHO cell culture 
Zizhuo Xing, zizhuo.xing@bms.com, Process Sciences Upstream, Bristol-Myers Squibb Company, PO Box 4755, Syracuse, NY 13221-4755, Nikki Bishop, Department of Chemical & Biological Engineering, Rensselaer Polytechnic Institute, Troy, NY 12180, Zheng Jian Li, zhengjian.li@bms.com, Process Sciences Upstream, Bristol-Meyers Squibb Company, Syracuse, NY 13221-4755, Kirk Leister, kirk.leister@bms.com, Analytical Biochemistry, Bristol-Myers Squibb Company, Syracuse, NY 13221, and Steven Lee, steven.lee@bms.com, Biotechnology Development & Operations, Bristol-Myers Squibb Co, Syracuse, NY 13221-4755
The productivity of mammalian cell cultures has increased dramatically in the past two decades, which was driven by strategies of maximizing peak cell density, extending sustained high cell viability, and enhancing the specific production rate. In order to improve productivity of a CHO cell culture process for the antibody fusion protein B1 (B1) production, a metabolic kinetic model was established to quantitatively describe the effects of glucose, glutamine, ammonia, and lactate on cell growth rate, cell death rate, and B1 productivity. The Markov chain Monte Carlo (MCMC) simulation for Bayesian parameter estimation was used for modeling based on 14 cell culture run data at 5,000-L scale. These cell culture runs were randomly assigned to the training or the validation data-set each containing seven runs. The MCMC simulation was performed to the training data-set to estimate the kinetic constants. The estimated constants were then used to simulate each cell culture run of the validation data-set. The simulations of the training and the validation data-sets returned the consistent results, indicating the reliability of the metabolic kinetic model. The model includes the Monod-type cell growth equation, of which the constants of Kglc, Kgln, KIamm, and KIlac are 0.56, 0.65, 4.7, and 57.7 mM, respectively. The model also includes the Monod-type cell death equation, of which the constants of Kd,amm and Kd,lac are 6.4 and 69.3 mM, respectively. Furthermore, the B1 production rate is a function of glutamine concentration, viable cell density, and B1 titer in this model. This modeling methodology may be general applicable in the metabolic kinetic analysis using fed-batch cell culture data directly from manufacturing runs.


BIOT 278
Genome-scale metabolic network model of Arabidopsis 
Cristiana Dal'Molin, Lake-Ee Quek, and Lars Keld Nielsen, Australian Institute for Bioengineering and Nanotechnology, The University of Queensland, St Lucia Campus, Brisbane QLD 4072, Australia
Genome-scale metabolic maps are useful tools to represent and analyze the metabolism of an organism. Flux balance analysis has been useful for qualitative and quantitative analysis of the metabolic reconstructions. A metabolic network model for a photosynthetic plant cell has been reconstructed based on Arabidopsis genome, Aracyc, KEGG database and biochemical information found in the literature. It represents the first attempt to collect and characterize a photosynthetic plant cell to perform fluxomics analysis at genome-scale. More than 1250 reactions represent the carbon flux through the metabolic network, compartmentalized between cytosol, mitochondria, vacuole, plastid, and peroxisomes, including more than 130 transporters. The plant genome-scale model is being used to perform fluxomics analyses for a better understanding of plant metabolic capabilities under different conditions. This is a potential platform to test hypotheses in silico and derive biological insights from the metabolism of plants. Fluxome profiles integrated to other omics dataset represents an important step toward genome-scale plant systems biology.


BIOT 279
Multiplex recombineering: Progress toward the multigenic insertion of regulatory elements and potential applications in metabolic engineering 
Joseph R. Warner1, jwarner@colorado.edu, Anis Karimpour-Fard2, anis.karimpour-fard@uchsc.edu, and Ryan T Gill1, rtg@colorado.edu. (1) Department of Chemical and Biological Engineering, University of Colorado, Boulder, CO 80309, (2) School of Medicine, University of Colorado at Health Science Center, Denver, CO 80045-0511
Microbes can be used as biocatalysts for the production of commodity chemicals or fuels. However, industrial conditions can stress these organisms resulting in reduced production. Engineering stress tolerance in these strains may be difficult because multiple changes in gene expression are required. Multiplex recombineering is a potential new way to generate a library of mutants with multigenic changes in expression. We have designed and are constructing pools of synthetic DNA containing barcode tags, regulatory elements and gene homology regions that allow precise recombination upstream of almost every gene in E. coli. Individuals in the libraries can be selected for growth in stress conditions and identified on a barcode tag microarray. This new method has the potential to create libraries where genes are upregulated and/or downregulated and mutants are identified relatively easily. Additionally, genetic diversity may be tuned by the simultaneous or sequential insertion of regulatory elements for multiple genes. 


BIOT 280
Microfluidic droplets as nanobioreactors for screening libraries of engineered strains 
Benjamin Wang1, ben_wang@mit.edu, Hang Zhou1, David A. Weitz2, weitz@seas.harvard.edu, and Gregory N. Stephanopoulos1, gregstep@mit.edu. (1) Department of Chemical Engineering, Massachusetts Institute of Technology, 77 Massachusetts Ave., 56-422, Cambridge, MA 02139, (2) Dept. of Physics & SEAS, Harvard University, Cambridge, MA 02138
In metabolic engineering, combinatorial approaches for perturbing metabolic pathways are advantageous because of their ability to probe unknown pathways and regulatory networks. However, these approaches necessitate the use of high throughput screening methods to select the most desirable clones from these libraries of engineered strains. For many metabolic engineering libraries, the selection criterion is the production of a secreted metabolite or the consumption of a medium component. Thus, a strategy for compartmentalizing clones is necessary so that each clone grows in a separate environment allowing for the measurement of clone-specific metabolite concentrations. Traditional methods such as microwell plates can be used but are not sufficiently high throughput. Here, we will present our development of a high throughput screening platform which utilizes microfluidics to encapsulate yeast cells in nanoliter aqueous droplets surrounded by an immiscible fluorinated oil phase. This system contains modules for cell culturing, measurement of the metabolite of interest with a fluorescent enzymatic assay, and sorting. We will demonstrate the capabilities of this system by showing that we can select for mutants with high xylose consumption from a Saccharomyces cerevisiae library.


BIOT 281
Deconvoluting nonnative aggregate nucleation and competing growth mechanisms by combined kinetic, spectroscopic, and light scattering analysis 
Yi Li, Babatunde A. Ogunnaike, and Christopher J. Roberts, Department of Chemical Engineering, University of Delaware, 150 Academy St., Newark, DE 19716, Fax: 302-831-1048
Observed kinetics of nonnative protein aggregation are typically a convolution of multiple stages. These may include: (partial) unfolding; reversible association or pre-nucleation; (irreversible) nucleation; and subsequent growth via chain polymerization and/or aggregate self-association. Deconvoluting these stages in a mechanistically sound fashion is highly non-trivial experimentally; this is problematic for applications that targeting early-stage intervention of (mis)folding and nucleation. The present work focuses on a general approach for: (i) identifying and separately quantifying the kinetics of competing stages (ii) identifying a minimal set of experimental assays needed for characterization in terms of kinetics and of structural and morphological changes. The approach combines size-exclusion chromatography, spectroscopy, in-line multi-angle static light-scattering, multivariate statistical analysis, and an expanded version of the LENP model of nonnative aggregation. Experimental results for aggregation of chymotrypsinogen-A over a range of conditions are used to illustrate the approach and highlight limitations of canonical methods.


BIOT 282
A universal pathway for amyloid nucleus and precursor formation for insulin 
Arpan Nayak, arpann@gmail.com, Howard Isermann Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, 110 8th street, Troy, NY 12180, Fax: 518-276-4030, Mirco Sorci, sorcim@rpi.edu, Chemical and Biological Engineering, Rensselaer Polytechnic Institute, Troy, NY 12180, Susan Krueger, susan.krueger@nist.gov, Condensed Matter Science Group, NIST Center for Neutron Research, NIST, Gaithersburg, MD 20899, and Georges Belfort, belfog@rpi.edu, Howard P. Isermann Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, Troy, NY 12180-3590
Amyloid fibrillation is the process of native soluble proteins misfolding into insoluble fibrils comprising of cross-ß-sheets and has received wide attention due to its substantial physiological relevance and the complexity of the underlying physical and chemical reactions. At present, more than 20 amyloidogenic diseases including Alzheimer's disease, Parkinson's disease, and prion–associated encephalopathies have been found to share fibril formation as a common phenomenon. 

To help identify the etiological agents for amyloid-related diseases, attention is focused here on the fibrillar precursors, also called oligomers and protofibrils, and on modeling the reaction kinetics of the formation of the amyloid nucleus. Insulin is a favored model for amyloid formation, not only because it is related to the syndrome “injection-localized amyloidosis”, but also because aggregation and fibrillation causes problems during its production, storage and delivery. We used small angle neutron scattering (SANS) to measure the temporal formation of insulin oligomers in various solvents and obtained consistent evidence of the composition of the insulin nucleus that comprised three dimers. A simple molecular structural model that describes the growth of oligomers under a wide range of environmental conditions is proposed. Using different additives to demonstrate their influence on the kinetics of oligomer formation, we showed that, although the time required to form the nucleus was dependent on a specific system, they all followed a universal pathway for nucleus and precursor formation. Not only do the methods and analyses presented here provide the first experimental molecular description of the details of amyloid nucleus formation and subsequent propagation to fibril precursors, but the approach could also be used to deduce the composition of the nucleus for other amyloid proteins. 


BIOT 283
Reversibility and regioselectivity in thiol/disulfide interchange of tocinoic acid with glutathione in lyophilized solids 
Lei Zhang1, leizhang@ku.edu, Todd D Williams2, tdwillia@ku.edu, and Elizabeth M. Topp1, topp@ku.edu. (1) Department of Pharmaceutical Chemistry, University of Kansas, 2095 Constant Ave., Lawrence, KS 66047, (2) Mass Spectrometry Lab, University of Kansas, Lawrence, KS 66045
Thiol/disulfide interchange and disulfide scrambling are among the most common routes of covalent modification of proteins. To explore the mechanism of thiol/disulfide interchange in solid state, we investigated kinetics and equilibria of the reactions between a model peptide, tocinoic acid (TA(ox)), and glutathione. Our findings demonstrated that thiol/disulfide interchange of TA(ox) and glutathione (GSH, reduced) differs in solution and dry amorphous solids with regard to reversibility and regioselectivity. The results suggested limited conformational flexibility in solid state prevents ring-closure to form TA(ox) from single mixed disulfides, so that the reaction of TA(ox) with GSH is effectively irreversible in lyophilized solids. The results also showed regioselectivity in the reactions, with the single mixed disulfide (SMD1) formed exclusively on the less-hindered side of the disulfide bond. The findings suggested thiol/disulfide interchange equilibria for proteins in solution may be altered by lyophilization and storage, leading to re-equilibration and/or further reaction upon reconstitution. 





BIOT 284
Monoclonal antibody interactions and phase behavior 
Rachael A. Lewus, Abraham M. Lenhoff, and Stanley I. Sandler, Department of Chemical Engineering, University of Delaware, Newark, DE 19716
Protein phase behavior is implicated in numerous aspects of downstream processing either by design, as in crystallization or precipitation processes, or as an undesired effect, such as aggregation. An improved understanding of protein phase behavior is therefore critical to developing rational design strategies for important process steps. This presentation will explore the phase behavior of monoclonal antibodies (mAbs), which may exhibit a wide range of forms despite the structural similarities at the molecular level. Liquid-liquid separation, aggregation, gel networks, and crystals have been observed. A systematic study of numerous factors, including the effects of solution composition and pH, is conducted in order to explore antibody behavior. Examples of phenomena observed for individual mAbs include a significant dependence of the spinodal boundary on the cation in sulfate salts and non-monotonic trends in pH dependence. Protein-protein interactions are used to interpret these observations. Comparisons of behavior among different mAbs, and possible mechanistic origins, will be discussed.


BIOT 285
Elucidation of two major aggregation pathways in an IgG2 antibody 
Jaby Jacob1, Nicholas Van Buren2, Douglas Rehder2, Himanshu Gadgil2, and Masazumi Matsumura3. (1) Pharmaceutics Department, Amgen Inc, One Amgen Center Dr, Thousand Oaks, CA 91320, (2) Analytical and Formulation Sciences, Amgen Inc, Seattle, WA 98119, (3) Formulation and Analytical Resources, Amgen Inc, Thousand Oaks, CA 91320
Two major aggregation pathways observed in an IgG2 molecule are described. Different aggregate species generated by long-term incubation of the antibody at 37oC were collected by a semi-preparative size exclusion chromatography method. These purified species were analyzed extensively by denaturing size-exclusion chromatography methods. The major aggregation pathway at low pH (pH 4.0) resulted in the formation of both dimers and high molecular weight (HMW) aggregates. It was found that these dimers and HMW aggregates contain antibody molecules that have a peptide bond cleavage between an aspartic acid and proline residue in the CH2 domain. Evidence that unfolding of the CH2 domain may be driving the aggregation at low pH is presented. At higher pH (pH 6.0), formation of a dimer having approximately 75% covalent character was the major aggregation pathway while formation of higher molecular weight aggregates were largely suppressed. The covalent dimer consisted of both disulfide linked antibody molecules and another species that was formed due to non-disulfide covalent bonds between two heavy chains. At pH 5.0, both dimer and higher molecular weight aggregates were formed and the aggregation pathway was a combination of the major pathways observed at pH 4.0 and 6.0. The dimer species formed at pH 5.0 had a larger contribution from covalent species – both disulfide and non-disulfide linked, while the HMW aggregate contained a higher percentage of molecules that had the peptide bond cleavage in the CH2 domain. The dimer formed at pH 6.0 was found to have identical secondary and tertiary structure as the intact antibody molecule. However, the dimer and higher molecular weight aggregate formed at pH 4.0 have altered secondary and tertiary structure.


BIOT 286
Differences in aggregation propensity between IgG1 and IgG2 isoforms of anti-streptavidin: role of conformational changes and covalent interactions 
Stephen Brych, Heather Hultgen, Carl Kolvenbach, and Rahul Rajan, Process & Product Development, Amgen, Inc, Thousand Oaks, CA 91320
Aggregation of human therapeutic antibodies represents a significant hurdle to product development. Therapeutic antibodies often originate from the IgG1 and IgG2 classes. To investigate antibody aggregation, the structural and covalent features of soluble aggregates of IgG1 and IgG2 isoforms of an anti-streptavidin antibody were examined, at neutral pH and 45 deg.C, below the onset of any melting transition. The two isoforms of anti-streptavidin shared 95% sequence identity, but varied significantly in inter-chain disulphide connectivity. The resulting monomer, oligomer, and aggregate species were purified using size-exclusion chromatography. These species were analyzed using fluorescence, ANS binding, near-UV and far-UV circular dichroism (CD), infrared spectroscopy (FTIR), denatured size-exclusion chromatography, electrophoresis, analytical ultracentrifugation, and free thiol determination. Characterization using fluorescence and ANS binding data showed that the tertiary structures of all species between the two isoforms appeared similar. However, near-UV CD spectra showed distinct differences in disulphide character and in the tryptophan and tyrosine environments between the monomer, oligomer and aggregate species. The aggregate far-UV CD indicated changes in b-sheet structure when compared to the monomer. The FTIR data confirmed significant differences in the inter-molecular b-sheet and turn structures between the monomer and the aggregate species, particularly for IgG2. Free thiol determination showed approximately two-fold lower quantity of free cysteines in the IgG1 form. Concomitantly, it was found that the IgG1 isoform had a two-fold reduction in the extent of aggregation compared to IgG2 under these conditions. In other studies, IgG1s aggregated to a lesser extent than IgG2s under these stressed conditions. These observations suggest an important role for disulphide bond formation during the antibody aggregation process, and elucidate the structural basis for the differences in aggregation observed between the IgG1 and IgG2 isoforms. Appropriate formulation conditions would need to be designed to minimize such degradations while developing antibody therapeutics.


BIOT 287
Lowering cholesterol and raising antibodies 
Barry Buckland, Merck & Co., Inc, P.O. Box 2000, Rahway, NJ 07065, Fax: (732) 594-8100
Bioprocess Development has evolved toward being able to run meaningful experiments at smaller scale which allows the implementation of High Throughput Screening techniques. This has also resulted in the capacity to be able to run more replicates and therefore generate more meaningful conclusions during the process development of inherently complex and variable Biological processes. 

Examples will be given from the following practical examples which illustrate the evolution in approach for Bioprocess Development : 

• The fermentation and purification of Cholesterol oxidase used as the basis of an assay for cholesterol 

• Lovastatin made by Aspergillus at very large scale and used to lower cholesterol in humans 

• The HPV vaccine proven to effectively raise antibodies against HPV and thereby provide protection against cervical cancer 

• Raising titres in a Pichia fermentation for making antibodies with human glycosylation 


BIOT 288
Monoclonal antibody purification using continuous countercurrent ion-exchange chromatography (MCSGP) 
Thomas Mueller-Spaeth1, Thomas.Mueller-Spaeth@chem.ethz.ch, Lars Aumann1, lars.aumann@chem.ethz.ch, Guido Stroehlein1, guido.stroehlein@chem.ethz.ch, Henri Kornmann2, Henri.Kornmann@merckserono.net, and Massimo Morbidelli1, massimo.morbidelli@chem.ethz.ch. (1) Institute for Chemical and Bioengineering, Department of Chemistry and Applied Biosciences, ETH Zurich, Wolfgang-Pauli-Strasse 10, Zurich 8093, Switzerland, Fax: +41 (44) 632 10 82, (2) Merck-Serono Biotech Center, EMD-Serono, CH-1809 Fenil-sur-Corsier, Switzerland
Monoclonal antibodies (mAbs) are experiencing a boost in development and production in recent years. Applications include treatment of various diseases (e.g. cancer) and diagnostics. As cell line development leads to increasing fermentation titers, downstream processing is confronted with rising amounts of material to be purified. With increasing titers more purification cycles are required per batch. As a consequence the stationary phase needs to be replaced more often. As state of the art, mAbs are captured and purified by Protein A affinity chromatography which represents a robust but costly solution. With rising cycle numbers, the Protein A materials become the major cost driver in the downstream processing. As a consequence innovative, highly productive, downstream process alternatives such as multicolumn countercurrent solvent gradient purification (MCSGP) have been developed. MCSGP is a continuous chromatographic process that combines high purity, yield and productivity using cost-effective ion exchange materials. 

The application of cation-exchange MCSGP to a mAb purification from cell culture supernatant is presented using experimental data. The process performance in terms of yield, purity, productivity and solvent consumption is compared to the established affinity-based process. 


BIOT 289
Capacity, productivity and cost of operation characterization of a novel high performance protein A chromatography media 
Jim Neville1, jim_neville@millipore.com, Chen Wang2, chen_wang@millipore.com, Bala Raghunath1, bala_raghunath@millipore.com, Chase Duclos-Orsello3, chase_duclos-orsello@millipore.com, Alejandro Becerra-Arteaga1, alejandro_becerra-arteaga@millipore.com, and Fred Mann4, fred_mann@millipore.com. (1) BioProcess Engineering Group, Millipore Corporation, 900 Middlesex Turnpike, Billerica, MA 01821, Fax: 781-533-8495, (2) . Chromatography Product Development, BioProcess Research and Development, Millipore Corporation, Bedford, MA 01730, (3) BioProcess Applications Development Group, Millipore Corporation, Molsheim, France, (4) Technical Marketing, Millipore Corporation, Consett, United Kingdom
Abstract: 

In order to meet the Biotechnology Industry's need to increase the throughput and improve the economics of downstream MAb purification, significant efforts have been made to enhance protein A chromatography media performance via optimization of binding capacity and flow permeability. Often these two attributes cannot be maximized simultaneously. We report on a recently developed new protein A media which exhibits the most competitive MAb binding and flow performance amongst various commercial resins. For MAb purification, this is a game changing MAb capture technology that helps remove current downstream process and plant constraints. 

In this presentation, both theoretical studies and experimentally measured performance data are utilized to display small and large scale perspectives for an end user implementation. 

The analyses demonstrate that, relative to various existing commercial counterparts, this new media can provide the highest productivity in a wider operating process window, together with additional operating flexibility under various processing constraints; overall providing the most cost effective protein A media for MAb capture processing. 


BIOT 290
Development of effective Protein A resin sanitization and storage solutions 
Dennis L. Dong, Lopa Kalola, Mike Sheedy, Scott Zacharda, Sinann Dy, Manshi Patel, Irving Ford, Nicole Quinlan, Patricia Alred, and Pedro Alfonso, Pharmaceutical Development, Centocor Research & Development Inc./J&J BIO, 145 King of Prussia Road, Radnor, PA 19087, Fax: 610-993-7864
Effective Protein A resin cleaning, sanitization and storage process steps are key to reduce the cost of goods and increase manufacturing robustness. Following the U.S. and European pharmacopoeia, multiple alternative storage solutions in combination with the base treatment have been investigated to achieve the cleaning and sanitization of the Protein A chromatography column. The study evaluated and identified several viable solutions for Protein A resin cleaning, sanitization and storage. The results demonstrated the efficient killing of a wide range of microorganisms within the specified process time, including yeast, mold and bacterial spores. The combination of the base cleaning and acidified ethanol sanitization can achieve > 5 logs reduction of microorganism according to USP 51 and EP, and effectively destroys and removes endotoxins and viruses. This study met the initial objectives of developing an efficient, cost effective, and environmental friendly process while maintaining the safety of the products.


BIOT 291
Use of chaotropic agents to recover functional protein from aggregates using Protein A chromatography 
David M. Didio1, david.didio@bms.com, Xuankuo Xu1, xuankuo.xu@bms.com, John L. Hickey1, john.hickey@bms.com, Steven S. Lee2, steven.lee@bms.com, and Sanchayita Ghose1, sanchayita.ghose@bms.com. (1) Process Sciences Downstream, Bristol-Myers Squibb, 6000 Thompson Road, East Syracuse, NY 13057, Fax: 315-432-2343, (2) Technical Operations, Bristol-Myers Squibb Company, Syracuse, NY 13221-5050
In the manufacturing of biotherapeutic molecules, protein aggregates are deemed as process impurities and the downstream purification process needs to remove protein aggregates to minimal levels. We investigated the use of chaotropic agents to recover functional monomeric material in the downstream purification of a Fc-fusion protein containing very high levels of high molecular weight (HMW) species. In batch studies, chaotropic agents irreversibly disaggregated a majority of the aggregated protein. A novel processing method, termed as on-column disaggregation, was developed in which the protein was captured on Protein A chromatograhy and then a chaotropic agent was used to simultaneously elute the bound protein and disaggregate the HMW species. This on-column disaggregation process resulted in protein recoveries of > 95% and aggregation reduction of > 50%. This step led to an increased overall process yield proportional to the percentage of monomer recovered from the aggregates. Process analytics will be presented showing that the recovered monomeric material was biophysically comparable to the reference protein. The kinetic and molecular mechanisms governing the protein aggregation and disaggregation will also be elucidated. This unconventional strategy, when applicable, can be incorporated into a Protein A-based purification scheme without the need for additional unit operations or infrastructure investment. 


BIOT 292
Reduction of host cell DNA using charged filters at Protein A capture for monoclonal antibody production 
John M. Wesner1, jwesner@cntus.jnj.com, Joseph A. Lepore1, jlepore1@cntus.jnj.com, Doreen L. Gill1, dgill@cntus.jnj.com, Lee R. Bink1, lbink@cntus.jnj.com, Stanley Peters2, jdrewicz@mmm.com, and John Drewicz2, jdrewicz@mmm.com. (1) Development Pilot Plant, Centocor R&D, PO Box 776, Spring House, PA 19477, (2) 3M/ Cuno, Meriden, CT 06450
A key benchmark of a protein purification process from mammalian cell culture is removal of contaminating host cell DNA. One product generated by perfusion cell culture at Centocor had higher than usual host cell DNA (~20 mg/mL) in the harvest. This high level of DNA proved to be a purification challenge. It could give a detrimental effect on the expensive Protein A resin. In addition, the high DNA content in the eluted product will potentially impact further purification steps. 

Bench-scale studies were performed using various negatively charged depth filters to reduce the host cell DNA level. These filters were placed in-line during loading harvest onto the Protein A column. The CUNO charged filter 120ZA10AEXT was found to reduce the DNA by greater than 1 log when processing at 220 L of harvest/m2. Additional tests will be performed at the pilot scale to determine the effectiveness of this approach. 


BIOT 293
Designing quality into the process: Starting with the end in mind 
Richard S Blackmore, BioProcess Development, Seattle Genetics, 21823 30th Drive SE, Bothell, WA 98021
Quality by Design introduces a new paradigm for biopharmaceutical process development, with the possibility of a more flexible manufacturing environment and the opportunity to implement the continuous process improvement methodologies that, in many industries, has revolutionized manufacturing costs, product quality and customer satisfaction. In order to benefit from this new paradigm, many challenges exist, particularly for a small biopharmaceutical company with ambitious goals and limited resources. In this presentation, we describe our experience implementing QbD concepts early in a second generation mAb purification development process. We outline how we have combined science and statistical methods to build process understanding and thereby design an intrinsically reliable purification in an efficient and timely fashion. Overall, the experience we outline is compelling: combining scientific knowledge with statistical experimental design & analysis is not only cost effective for the long term, it is cost effective in the short term, with the development of a robust purification process, predictable scale-up and seamless tech transfer. QbD, when implemented from the earliest process development stages, represents a critical technology for meeting the production and product life-cycle challenges now and into the future. 


BIOT 294
Synthetic Biology: From programming bacteria to programming 
Ron Weiss, Princeton University, Princeton, NJ 08544, Fax: 609-258-2931
Synthetic biology is revolutionizing how we conceptualize and approach the engineering of biological systems. Recent advances in the field are allowing us to expand beyond the construction and analysis of small gene networks towards the implementation of complex multicellular systems with a variety of applications. In this talk we will briefly describe the implementation of genetic circuits with finely-tuned digital and analog behavior and the use of artificial cell-cell communication to coordinate the behavior of cell populations for programmed pattern formation. We will discuss experimental results for obtaining precise spatiotemporal control over stem cell differentiation. For this purpose, we couple elements for gene regulation, cell fate determination, signal processing, and artificial cell-cell communication. We will conclude by discussing the design and preliminary results for creating an artificial tissue homeostasis system where genetically engineered stem cells maintain indefinitely a desired level of pancreatic beta cells despite attacks by the autoimmune response.


BIOT 295
An externally-tunable bacterial band-pass filter for enzymatic activity 
Takayuki Sohka1, Richard A. Heins1, Ryan M. Phelan2, Jennifer Greisler1, Craig A Townsend2, and Marc Ostermeier1, oster@jhu.edu. (1) Department of Chemical and Biomolecular Engineering, Johns Hopkins University, 3400 N. Charles St., Baltimore, MD 21218, Fax: 410-516-5510, (2) Department of Chemistry, Johns Hopkins University, Baltimore, MD 21218
Synthetic biology aims at the assembly of complex biological systems using a network of robust, tunable, biological building blocks. Most synthetic systems described to date have been tuned through reengineering system components. However, this approach to tuning the response of a system is tantamount to building a new device for each desired network behavior. Biological systems designed with the inherent ability to be tuned based on external stimuli will be more versatile. We engineered an E. coli strain to behave as a band-pass filter for enzyme activity. The band's location can be positioned within a four order of magnitude range simply by the addition of a compound to the growth media. Inclusion of an enzyme/substrate pair that functions as an attenuator in the network enabled this tunability. Mixtures of cells with different levels of enzyme activity could be induced to grow in a differentiated pattern corresponding to a rank order of enzyme activity. The system was used to isolate an engineered allosteric enzyme from a library of inactive and non-allosteric enzymes. The application of this strategy to other synthetic biological systems will increase their utility for biotechnological applications and their usefulness as a tool for gaining insight into nature's underlying design principles.


BIOT 296
DNA as a universal substrate for chemical kinetics 
Georg Seelig1, seelig@dna.caltech.edu, David Soloveichik1, and Erik Winfree2. (1) Applied Physics, California Institute of Technology, 1200 E California Blvd, Pasadena, CA 91125, (2) Department of Computer Science, Department of Computation and Neural Systems, California Institute of Technology
We show that a DNA-based chemical system can be constructed such that it closely approximates the dynamic behavior of an arbitrary system of coupled chemical reactions. Using strand displacement reactions as a primitive we explicitely construct reaction cascades with effectively unimolecular and bimolecular kinetics. Our construction allows for individual reactions to be coupled in arbitrary ways such that reactants 

can participate in multiple reactions simultaneously correctly reproducing the dynamical properties of the chemical reaction network to be approximated. We illustrate our algorithm for compiling a set of chemical reactions into DNA on a chaotic Rössler attractor. Simulations of the Rössler attractor and of our proposed DNA based implementation show good agreement. 


BIOT 297
Engineering microbial production of glucuronic and glucaric acids 
Tae Seok Moon, Sang-Hwal Yoon, and Kristala Jones Prather, Department of Chemical Engineering, Massachusetts Institute of Technology, 77 Massachusetts Avenue, Cambridge, MA 02139
Organic acids represent a class of compounds with both commercial interest and significant potential for biological production. Glucuronic and glucaric acids are two such molecules. The latter has been deemed a “value-added” compound for integration into biorefineries. We have engineered strains of E. coli capable of producing glucuronic acid from glucose in two steps, utilizing genes that have been previously cloned and reported in the literature. INO1 enables the production of myo-inositol from glucose, and MIOX oxidizes myo-inositol to glucuronic acid. We have cloned and characterized a third enzyme, uronate dehydrogenase, from multiple sources, that facilitates the conversion of glucuronic acid to glucaric acid. Flux towards both glucuronic and glucaric acids is ultimately limited by MIOX, whose activity is dependent upon its substrate concentration. We have used synthetic scaffolds to co-localize INO1 and MIOX, thereby increasing the local concentration of myo-inositol. We will discuss the effects of these synthetic methods on improving the performance of the biosynthetic pathway. In addition, we will present progress to-date on the construction of an alternative designed pathway towards glucuronic acid that proposes putative transformations based on the selection of enzymes primarily according to generalized enzyme reactions and not specific substrate-enzyme pairs. This latter method follows a framework of synthetic biology for “retro-biosynthetic design” of novel pathways and requires that new activities consisting of enzymes with altered substrate specificity be created. 


BIOT 298
Genome-scale model of a minimal organism: Mycoplasma genitalium 
Patrick F. Suthers, Madhukar S. Dasika, Vinay Satish Kumar, and Costas D. Maranas, Department of Chemical Engineering, The Pennsylvania State University, 112 Fenske Laboratory, University Park, PA 16802
With the recent announcement of the de novo synthesis and assembly of a complete M. genitalium genome and advances made in transplanting the genome from one mycoplasma species to another, the construction of a completely synthetic genome seems an achievable target. To better understand the organizational principles of metabolism, we developed a genome-scale metabolic model of M. genitalium that accounts for 164 metabolic genes, 194 reactions and 290 metabolites. This reconstruction relied heavily on methods we developed in our group for metabolite connectivity gap detection and reconnection (i.e., GapFind & GapFill) as well as restoration of prediction errors in gene essentiality experiments (i.e., GrowMatch). This curated metabolic reconstruction allows for the rational design of a defined minimal culture medium and an in silico exploration of the minimal number (and alternatives) of metabolic genes required for growth.


BIOT 299
Programming Biomolecular Self-Assembly Pathways 
Peng Yin1, py@caltech.edu, Harry MT. Choi2, Colby R. Calvert2, and Niles A. Pierce3. (1) Department of Bioengineering, Department of Computer Science, California Institute of Technology, Pasadena, CA 91125, (2) Department of Bioengineering, California Institute of Technology, Pasadena, CA 91125, (3) Department of Bioengineering, Department of Applied and Computational Mathematics, California Institute of Technology, Pasadena, CA 91125
In nature, self-assembling and disassembling complexes of proteins and nucleic acids bound to a variety of ligands perform intricate and diverse dynamic functions. In contrast, attempts to rationally encode structure and function into synthetic amino acid and nucleic acid sequences have largely focused on engineering molecules that self-assemble into prescribed target structures, rather than on engineering transient system dynamics. To design systems that perform dynamic functions without human intervention, it is necessary to encode within the biopolymer sequences the reaction pathways by which self-assembly occurs. Nucleic acids show promise as a design medium for engineering dynamic functions, including catalytic hybridization, triggered self-assembly and molecular computation. Here, we program diverse molecular self-assembly and disassembly pathways using a ‘reaction graph' abstraction to specify complementarity relationships between modular domains in a versatile DNA hairpin motif (Nature, 451:318-322, 2008). Molecular programs are executed for a variety of dynamic functions: catalytic formation of branched junctions, autocatalytic duplex formation by a cross-catalytic circuit, nucleated dendritic growth of a binary molecular ‘tree', and autonomous locomotion of a bipedal walker.





BIOT 300
Use of an expanded genetic alphabet in nested and multiplex PCR 
Zunyi Yang1, zyang@ffame.org, A. Michael Sismour1, Pinpin Sheng2, and Steven A. Benner1, sbenner@ffame.org. (1) Foundation for Applied Molecular Evolution, 1115 NW 4th Street, Gainesville, FL 32601, (2) Department of Chemistry, Uiversity of Florida, Gainesville, FL 32601
To support efforts to develop dynamic architectures for sequencing, molecular-, and systems-biology based on an Artificially Expanded Genetic Information System (AEGIS), we have developed a non-standard nucleobase pair, dZ, and its Watson-Crick complement, dP. We also found that both dZTP and dPTP are efficiently accepted by many DNA polymerases and the dZ:dP pair participates in PCR reactions catalyzed by Taq polymerases, with 94.4% retention per round. We present here a demonstration of nested PCR using AEGIS components, and benchmark its performance against standard nested PCR. Placing AEGIS components in the tags of chimeric primers allows the internal primers that contain standard nucleotides to be at low concentrations, while the distal tag primers can be at high concentration, built from AEGIS components, are orthogonal to all other DNA in the sample, and therefore are unlikely to cause PCR artifacts. Highly multiplex PCR using AEGIS components are currently under investigation. 


BIOT 301
Realizing the vision of biology over steel: Wyeth Biopharma's strategy for platform process development 
Jeffrey S. Deetz, Wyeth BioPharma, Andover, MA 01810
Wyeth BioPharma has created a high titer, high capacity manufacturing process for a wide variety of biopharmaceutical molecules. Traits of this process include cell lines with high cellular productivity developed without gene amplification, completely defined culture medium devoid of animal-derived products, a two-column purification process with high purity yields and robust viral clearance. The process was developed utilizing platform concepts of simplicity in design and execution. The platform approach integrates all aspects of process development from promoter choice to final formulation optimization as well as innovation in technology and business practices. 


BIOT 302
Efficient Production of L-Ribose with a Recombinant E. coli 
Ryan Woodyer1, ryans88gt@yahoo.com, Michael Racine1, David C. Demirjian1, and Badal C Saha2, sahabc@ncaur.usda.gov. (1) zuChem, Inc, 2225 W. Harrison., Suite F, Chicago, IL 60612, (2) Fermentation Biotechnology Research Unit, USDA-ARS-National Center for Agricultural Utilization Research, Peoria, IL 61604
A new synthetic platform with potential for the production of several rare sugars, with L-ribose being the model target is described. The gene encoding the unique NAD-dependent mannitol-1-dehydrogenase (MDH) from Apium graveolens (garden celery) was synthetically constructed for optimal expression in Escherichia coli. This MDH enzyme catalyzes the interconversion of several polyols with their L-sugar counterparts including ribitol to L-ribose. Recombinant MDH expression was successfully achieved in active form and one-step purification was demonstrated. Using the created recombinant E. coli strain as a whole cell catalyst, the synthetic utility was demonstrated for production of L-ribose and this system was improved using shaken flask experiments. The final achieved conversions were >70% at a concentration of 40 g/L and >50% at a concentration of 100 g/L. The best conditions determined were then scaled up to a 1 L fermentation that resulted in a 55% conversion of 100 g/L ribitol in 72 hours for a volumetric productivity of 17.4 gL-1d-1. While this system already represents a significantly improved method for the large scale production of L-ribose, directed evolution has shown promise for further improvement. Production of other L-sugars using this same system has been demonstrated. 


BIOT 303
Hyperthermophilic sugar isomerases and epimerases for biocatalytic inter-conversion of commodity and rare monosaccharides 
James M Harris, Kevin L. Epting, Sara Blumer-Schuette, and Robert M. Kelly, Chemical and Biomolecular Engineering, North Carolina State University, 911 Partners Way, EB-1, Box 7905, Raleigh, NC 27695-7905, Fax: 919-515-3465
Hyperthermophilic sugar isomerases and epimerases offer many potential advantages over their mesophilic counterparts for the production of commodity and rare monosaccharides. These include longer half-lives under bioprocessing conditions, higher sugar solubilities and favorable chemical equilibrium at elevated temperatures, and a decreased risk of contamination. Here, recombinant versions of sugar isomerases and epimerases from the hyperthermophilic genus Thermotoga were examined, including D-xylose isomerase (TNXI) from Thermotoga neapolitana, and L-rhamnose isomerase (TMRI), L-arabinose isomerase (TMAI), L-fucose isomerase (TMFI), and D-tagatose 3 epimerase (TMTE) from Thermotoga maritima. Biocatalyst immobilization for elevated temperature operation was accomplished by creating a fusion protein containing a carbohydrate-binding domain (CBD) from a hyperthermophilic chitinase (PF1233) from Pyrococcus furiosus. Single and multi-step inter-conversions of aldoses and ketoses into commodity and rare sugars (e.g., D-psicose, D-allose, D-altrose, and D-sorbose) were examined with an eye towards exploiting elevated temperatures to improve rates and yields.


BIOT 304
Engineering bacteria for the production of human drug metabolites 
Jamie E. Prior1, jamie.prior@colorado.edu, Uwe Christians2, and Ryan T Gill1, rtg@colorado.edu. (1) Department of Chemical and Biological Engineering, University of Colorado, ECCH 111, Campus Box 424, Boulder, CO 80309, (2) University of Colorado Health Sciences Center, Denver, CO 80262
Drug metabolism is the process where a drug is broken down for elimination from the body. Many metabolites that are created in the process varying toxicity profiles compared to the drug, which must also be studied. Microbial models for human drug metabolism has been an effective method to produce metabolites in quantities suitable for testing and is more attractive than other methods such as synthesis. In both microbes and mammals, cytochrome P450 enzymes are responsible for the breakdown of drugs into metabolites. The bacterium, Actinoplanes sp. has been found to metabolize many drugs similarly to humans, but cannot be engineered for scale-up of metabolite production. We are working to identify the cytochrome P450s responsible for the biotransformation of these drugs for production of specific metabolites in order to (i) express them in a heterologous host for characterization, and (ii) optimize expression through metabolic engineering for increased production of drug metabolites.


BIOT 305
Highly stable formate dehydrogenase/cofactor reaction system encapsulated in phospholipid vesicles 
Makoto Yoshimoto and Ryo Yamasaki, Department of Applied Molecular Bioscience, Yamaguchi University, 2-16-1 Tokiwadai, Ube 755-8611, Japan, Fax: +81-836-85-9201
Formate dehydrogenase (FDH) is a versatile enzyme for regenerating the cofactor consumed in the enzymatic synthesis of pharmaceutically relevant compounds and for the reduction of carbon dioxide under mild condition. FDH is known to be unstable especially in practical bioreactors. The stability of FDH is therefore one of the critical factors in evaluating the feasibility of the above enzyme reaction processes. In this work, FDH from Candida boidinii and its cofactor NAD+ were encapsulated in phospholipid vesicles (liposomes) to increase the enzyme stability under practical reaction conditions. The FDH activity was significantly stabilized at 55 °C in liposomes with mean diameter of 100 nm compared to the activity of the free FDH/NAD+ system. The formation of thermostable FDH-cofactor complex was indicated to be facilitated in the liposomal system because of their high liposomal concentrations and the highly stabilized enzyme tertiary and quaternary structures through the interaction with liposome membranes.


BIOT 306
Stabilization of glucose dehydrogenase (GDH) 
Eduardo Vazquez-Figueroa1, eduardo.vazquez@chbe.gatech.edu, Victor Yeh2, James M Broering3, james.broering@chbe.gatech.edu, Javier Chaparro-Riggers1, Karen M Polizzi4, K.M.Polizzi@exeter.ac.uk, and Andreas S. Bommarius5, andreas.bommarius@che.gatech.edu. (1) Department of Chemical and Biomolecular Engineering, Georgia Institute of Technology, 311 Ferst Dr, Atlanta, GA 30332, (2) School of Chemistry and Biochemistry, Georgia Institute of Technology, (3) School of Chemical and Biomolecular Engineering, Georgia Institute of Technology, Atlanta, GA 30332-0363, (4) School of Biosciences, University of Exeter, Exeter EX4 4QD, United Kingdom, (5) Schools of Chemical Engineering and Chemistry/Biochemistry, Georgia Institute of Technology, Atlanta, GA 30332-0363
Instability under non-native processing conditions, especially at elevated temperatures, is a major factor preventing widespread adoption of biocatalysts for industrial synthesis. Glucose dehydrogenase (GDH) is an important cofactor-regeneration system that allows both NAD+ and NADP+ to be regenerated back to NADH and NADPH, respectively. However, the system often suffers from instability at high temperature, low salt, and presence of organic solvents. 

First, we test the generation of a thermostable GDH via structure-guided consensus. The consensus sequence in combination with additional knowledge-based criteria was used to select amino acids for substitutions. Using this approach we generated 24 variants, 11 of which showed higher thermal stability than the wild-type GDH, a success rate of 46%. Of the 24 variants, the mutations of seven where located at the subunit interface—known to influence GDH stability—and six where more stable (86% success). The best variants feature a half-life of ~ 4 days at 65oC in contrast to ~ 20 minutes at 25oC for the wild type, enhancing stability 106-fold. In addition, the three most stabilizing single mutations were transferred to two GDH homologs from Bacillus thuringiensis and Bacillus licheniformis. The resulting stability changes provides further support that these residues are critical for stability of GDHs and reinforces the success of the consensus approach for identifying stabilizing mutations. 

Next, we tested the stability in organic solvents and in different salt buffers. We found that no universal stability parameter can be used to characterize the stability of GDH in organic solvents. In different salt solutions, the common trend among proteins between observed deactivation constants and Jones-Dole B-viscosity coefficients, which is indicative of ion hydration, does not seem to be followed. We will discuss the reasons behind this behavior. 


BIOT 307
Enantiocomplementary Enzymes: Classification, Molecular Basis for their Reversed Enantiopreference and Prospects for Mirror-Image Biotransformations 
Romas J. Kazlauskas, Biochemistry, Molecular Biology and Biophysics, and BioTechnology Institute, University of Minnesota, 1479 Gortner Avenue, St. Paul, MN 55108
One often-cited weakness of biocatalysis is the lack of mirror-image enzymes, which could form either enantiomer in asymmetric syntheses. Nature's solution to this problem is enantiocomplementary enzymes, which are enzyme pairs that catalyze the same reaction, but favor opposite enantiomers. They are not mirror image molecules, but contain functionally mirror-image active sites. To create mirror image active sites, nature can switch locations of binding sites and/or locations of key catalytic groups. This review surveys x-ray crystal structures of enantiocomplementary enzymes and classifies them into four groups according to how the mirror image active sites form. This survey reveals that enantiocomplementary enzymes are more common than generally thought, so screening or genome mining can discover an enantiocomplementary enzyme in nature. Protein engineering using pair wise mutagenesis to reverse the location of a substrate-binding pocket or catalytic residue can reverse the enantiopreference of an existing enzyme. 


BIOT 308
Scintigraphic imaging of KRAS mRNA in human pancreas cancer xenografts with ([111In]DO3A)n-poly(diamidopropanoyl)m-PNA-D(Cys-Ser-Lys-Cys) hybridization probes 
Nariman V. Amirkhanov1, nariman@tesla.jci.tju.edu, Kaijun Zhang2, kurtzhang99@yahoo.com, Mohan R. Aruva2, mohanr_aruva@yahoo.com, Mathew L. Thakur2, Mathew.Thakur@mail.tju.edu, and Eric Wickstrom3, eric@tesla.jci.tju.edu. (1) Laboratory of Nucleic Acids Chemistry, Institute of Chemical Biology & Fundamental Medicine, Lavrentiev Prospect 8, Novosibirsk 630090, Russia, Fax: 215-923-9214, (2) Department of Radiology, Thomas Jefferson University, Philadelphia, PA 19107, (3) Biochemistry & Molecular Biology, Thomas Jefferson University, Philadelphia, PA 19107
Coupling of dendrimers to receptor specific biological probes allows one to label the probe with multiple radioactive metal ions, thereby increasing the sensitivity of a probe in diagnostic or therapeutic applications. We hypothesized that a dendrimeric hybridization probe with a peptide analog of IGF1 could identify colonies of malignant cells that overexpress IGF1 receptor and KRAS mRNA from outside the body. Previously we synthesized a novel dendrimer, polydiamidopropanoate (PDAP), with increasing numbers of primary amines, extended from KRAS PNA-IGF1 analogs on polymer supports. DOTAn-PDAPm-PNA-IGF1 analogs with 2, 8 or 16 amino (or DOTA) moieties were cleaved from polymer supports, purified by HPLC, and characterized by mass spectroscopy. ([111In]DOTA)2,8,16 PDAP dendrimer PNA-IGF1 analogs were administered by tail vein into immunocompromised mice bearing human AsPC1 or CAPAN2 pancreatic cancer xenografts. The level of tumor/muscle radioactive imaging intensity ratios for DOTA2,8,16 PNA-peptide probes increased from 3 to 6 with increasing of generations of PDAP dendrimers or DOTA number in the order: DOTA2 < DOTA8 < DOTA16. The results showed that PDAP dendrimers with up to 16 DOTA chelators attached to PNA-IGF1 analogs did not perturb tumor uptake of labeled PNA-IGF1 analogs. This work was supported in part by NCI contract N01 CO27175 to E.W. and NCI grant CA109231 to M.L.T.


BIOT 309
Engineering polymers for DNA vaccine delivery 
Chun Wang, Department of Biomedical Engineering, University of Minnesota, 7-105 Hasselmo Hall, 312 Church Street S. E, Minneapolis, MN 55455
DNA vaccine has shown considerable promise in combating a wide range of devastating diseases including cancer and infectious diseases. One major obstacle to successful clinical use of DNA vaccines is the difficulty of delivering DNA molecules to antigen-presenting cells that mobilize the immune system. We hypothesize that DNA vaccine incorporated in multifunctional polymer nanoparticles that target dendritic cells, achieve high levels of antigen expression and presentation, and activate resting dendritic cells, will be able to generate potent antigen-specific immune responses in vivo. Here we report the synthesis and characterizations in vitro and in vivo of well-defined block copolymers as DNA vaccine carriers, and demonstrate the importance of tailoring the polymer structure and functions for both optimizing gene transfer and modulating the immune system.


BIOT 310
Targeted delivery of oligonucleotides for anti-leukemia therapy using multifunctional immunolipopolyplex nanocarriers 
Yan Jin1, jin.69@osu.edu, Bo Yu2, Shujun Liu3, Xulang Zhang1, Rosa Lapalombella3, Georgia Triantafillou3, Jiuxia Pang3, Natarajan Muthusamy3, L. James Lee2, John C. Byrd3, Guido Marcucci3, and Robert J. Lee4. (1) NSF Nanoscale Science and Engineering Center-Center for Affordable Nanoengineering of Polymeric Biomedical Devices, The Ohio State University, Columbus, OH 43210, (2) NSF Nanoscale Science and Engineering Center & Department of Chemical Engineering, The Ohio State University, (3) Division of Hematology-Oncology, The Ohio State University, (4) NSF Nanoscale Science and Engineering Center & Division of Pharmaceutics, The Ohio State University
Oligonucleotides (ONs) interact with complementary sequences of target mRNAs and downregulate them in a selective and sequence-specific manner. When targeting oncogenes, these compounds have high potentials as anticancer therapeutics, but unfortunately their efficient in vivo delivery to cancer patients remains challenging. We report here development of multifunctional lipopolyplex nanocarriers (LPNs) that incorporate antisense-ONs and specifically target myeloid and lymphoid leukemia cells. From the biophysical and biochemical standpoint, LPNs had 40~80 nm mean diameter and zeta-potentials at 2-3 mV, and remained stable for 8 weeks in 50% serum. For the specific delivery to myeloid or lymphoid leukemia cells, LPNs were conjugated with anti-CD33 or anti-CD20 monoclonal antibodies, respectively. When an antisense-ON to the Bcl-2 antiapoptotic oncogene was incorporated, LPNs showed a half-life significantly longer than naked antisense-ONs in blood circulation, specific targeting of different lineage leukemia cells according to the coating antibody, low toxicity, and very efficient cellular delivery and Bcl-2 target down-regulation. This study provides a novel, specific approach to improve the clinical efficacy of antisense-ON-based molecular targeting therapies for both myeloid and lymphoid leukemia. 


BIOT 311
Delivery of SOD and siRNA with polyketal-microparticles to treat acute liver failure 
Stephen C. Yang, Sungmun Lee, Chen-yu Kao, Michael Heffernan, and Niren Murthy, The Wallace H. Coulter Department of Biomedical Engineering and Parker H. Petit Institute for Bioengineering and Biosciences, Georgia Institute of Technology, 315 Ferst Dr, Atlanta, GA 30332-0535
Acute liver failure (ALF) is a major cause of death in the world. Liver macrophages (Kupffer cells) play a major role in mediating ALF. Microparticles, formulated from biodegradable polymers, are advantageous for treating ALF because they can passively target therapeutics to Kupffer cells. However, existing biomaterials are not suitable for the treatment of ALF because of their acidic degradation products. Polyketals are advantageous for treating ALF because of their neutral degradation products and tunable hydrolysis. In this presentation, two new polyketal-based drug delivery systems for treating ALF will be discussed. The first delivery system targets superoxide dismutase (SOD) to Kupffer cells for treating ALF caused by acetaminophen overdose. The second delivery system targets a siRNA for tumor necrosis factor alpha to Kupffer cells for treating endotoxin-induced ALF. Our work demonstrates the ability of polyketal-based drug delivery systems for delivering therapeutic proteins and nucleic acids to treat ALF. 


BIOT 312
Pharmacokinetic model for the distribution of radiometal-chelator-dendrimer-PNA-IGF1 analog nanoparticles in tumor-bearing mice 
Armin W. Opitz1, aopitz@udel.edu, Nariman V. Amirkhanov2, nariman@tesla.jci.tju.edu, Kaijun Zhang3, kurtzhang99@yahoo.com, Mathew L. Thakur3, Mathew.Thakur@mail.tju.edu, Eric Wickstrom4, eric@tesla.jci.tju.edu, and Norman J. Wagner1, wagnernj@udel.edu. (1) Department of Chemical Engineering, University of Delaware, Center for Molecular and Engineering Thermodynamics, Colburn Laboratory, Newark, DE 19716, Fax: 302.831.1048, (2) Laboratory of Nucleic Acids Chemistry, Institute of Chemical Biology & Fundamental Medicine, Novosibirsk 630090, Russia, (3) Department of Radiology, Thomas Jefferson University, Philadelphia, PA 19107, (4) Biochemistry & Molecular Biology, Thomas Jefferson University, Philadelphia, PA 19107
We hypothesized that overexpression of a mutated KRAS oncogene in a human pancreas cancer xenograft could be detected by external scintigraphic imaging of a KRAS peptide nucleic acid (PNA) hybridization probe, radiolabeled with a polydiaminopropanoyl (PDAP) dendrimer of 111In ions, endocytosed into cancer cells that overexpress insulin-like growth factor 1 receptor (IGF1R) via an IGF1 peptide retro-inverso fragment, D(Cys-Ser-Lys-Cys). We assembled this molecular imaging nanoparticle (MIN) on a polymer support by solid-phase coupling starting from the C-terminus of the IGF1 peptide, purified the MIN by reverse-phase HPLC, and analyzed the MIN by mass spectrometry. The in vivo distribution of the KRAS MIN labeled with 111In was established scintigraphically at 4 and 24 hours using human pancreas cancer xenografts in immunocompromised mice. The MIN distributed normally to the kidneys, livers, tumors, and other tissues. A two-compartment model of the tissue distribution was used to calculate an elimination rate constant of 1.64 ± 0.09/hr. The forward rate calculated for blood to tissue distribution was 0.26 ± 0.14/hr. The backward rate from tissue to blood was calculated as 0.089 ± 0.032/hr. Further it was determined that the MIN tends to reside in the vascular space of the mouse. An oligonucleotide pharmacokinetic model adapted from the literature fitted the distribution of the MIN in several tissues and in the blood by empirically adjusting the injected dose able to enter tissues and bind to its mRNA target at only 10-20% of the MIN concentration in blood. We speculate that the majority of the MIN is filtered out of the blood by the kidneys, and that a small fraction binds to the circulating insulin-like growth factor binding proteins (IGFBPs), which then aid in distributing the MIN into the different organs and tumor. This work was supported in part by NCI contract N01 CO27175 to E.W.


BIOT 313
Ligand-targeted delivery of therapeutic siRNA-containing nanoparticles: From Laboratory to Clinic. 
Shyam M. Rele1, srele@calandopharma.com, Joanna Y-C. Liu1, Yongchao Liang1, Ryan K. Zeidan1, Jeremy D. Heidel1, jheidel@calandopharma.com, and Mark E. Davis2. (1) Calando Pharmaceuticals Inc, 129 N. Hill Avenue, Suite 104, Pasadena, CA 91106, (2) Chemical Engineering, CALTECH, Pasadena, CA 91125
Incorporation of siRNA into nanoparticles using cyclodextrin-containing polycations that are then surface-decorated with cell receptor-targeting ligands is a promising strategy for systemic siRNA delivery. Administration of these nanoparticles results in preferential cellular uptake by receptor-mediated endocytosis, after which chemistry on the polycation allows the subsequent release of the drug payload to the diseased cells/tissue in a controlled manner. Preclinical studies in various murine cancer models have demonstrated that Calando's CALAA-01 formulated nanoparticles, containing a potent siRNA duplex against the M2 subunit of ribonucleotide reductase and the pegylated transferrin protein (targeting ligand), have elicited statistically-significant anti-tumor responses. Additionally, these nanoparticles have shown good safety in multiple species, including non-human primates. Given the potential significance of RNAi therapies, optimizing and understanding the various parameters involved in the engineering and nanofabrication of these formulations for efficacious targeted drug delivery applications is of prime importance. Extensive investigation on the stoichiometry and the nature of individual components involved (polycation, siRNA, transferrin bioconjugate) in nanoparticle formation has led to Calando's unique and successful two-vial formulation strategy. The present work will highlight Calando's nanoparticle platform with emphasis on the chemistry, biophysical and chromatographic characterization and analysis of these components to achieve the desired efficacy and design parameters for the creation of a commercially-viable therapeutic. 


BIOT 314
Modeling buffer preparation operations for downstream processing 
Charles A. Siletti, casiletti@intelligen.com, Intelligen, Inc, 700 Walton Ave., Mount Laurel, NJ 08054, and Demetri Petrides, dpetrides@intelligen.com, INTELLIGEN, INC, Scotch Plains, NJ 07076
In most biopharmaceuticals processes, the downstream purification is dominated by chromatographic separations, which require the preparation, holding and distribution of numerous buffer solutions. Buffer preparation is a potential process bottleneck in high-capacity situations. This paper examines the use of macroscopic modeling techniques to evaluate buffer preparation for downstream processing. Cases studies will address the challenges in buffer preparation for multi-line facilities (that share buffer prep tanks), the impact of disposable containers on the demand for utilities and the cost of goods, and the effect of changes in bioreactor titer.


BIOT 315
Charged ultrafiltration membranes in protein purification 
Mark R Etzel, etzel@engr.wisc.edu, Department of Chemical and Biological Engineering, University of Wisconsin, 1415 Engineering Drive, Madison, WI 53706-1607, Fax: 608-262-6872, and Shanti Bhushan, bhushan@wisc.edu, Department of Food Science, University of Wisconsin, Maidison, WI 53706
By adding a positive charge to ultrafiltration membranes, it is possible to separate proteins having different isoelectric points even though the sizes of the proteins are nearly the same. The fundamental measure of ultrafiltration membrane performance is the sieving coefficient. The stagnant film model relates the sieving coefficient to membrane parameters such as the flux, cross-flow velocity, membrane flow-path length, and spacer distance between membrane sheets. In this work, we measured the fractionation of proteins by uncharged and positively-charged ultrafiltration membranes as a function of the shear rate, pH, salt concentration, and flux. Placing a charge on the membrane increased the selectivity by over 600%. Selectivity was a strong function of all these parameters, and with the interaction of proteins at the membrane surface. These data were fitted using the stagnant film model, and the model and data were used illustrate the effect of operating conditions on capacity, selectivity, and the presence of other proteins in the feed solution. 


BIOT 316
Protein - multi-modal ligand docking simulations in solution and resin systems 
Alexander S. Freed1, freeda@rpi.edu, Wai Keen Chung1, chungw@rpi.edu, Ying Hou1, houy@rpi.edu, Sarah Dekat2, K V Lakshmi2, George Makhatadze3, makhag@rpi.edu, Shekhar Garde1, gardes@rpi.edu, and Steven M. Cramer1, crames@rpi.edu. (1) Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, 110 8th Street, Troy, NY 12180, (2) Departments of Chemistry and Chemical Biology, Rensselaer Polytechnic Institute, Troy 12180, (3) Department of Biology, Rensselaer Polytechnic Institute, Troy, NY 12180
Multi-modal chromatography has been shown to have significant potential for highly selective protein separations. In order to study the nature of this selectivity, a series of simulations were carried out. Protein multi-modal ligand docking simulations were conducted in solution to determine the location of ligand interaction sites on the protein surface and the binding energetics. These results were compared to solution NMR experiments. A course grained model was developed and employed for studying protein interactions with multi-modal chromatographic materials in order to elucidate protein binding configurations in solid systems. These results were then compared to experimental data obtained using EPR. Finally, these modeling approaches were employed to predict the relative affinity of a range of proteins for these multi-modal systems.


BIOT 317
Screening and modeling of Protein A affinity chromatography: Capture and purification of monoclonal antibodies 
Mark Teeters, Terry Benner, Daniel Bezila, Hong Shen, Ajoy Velayudhan, and Patricia Alred, Purification Development, Centocor R & D, Inc, 145 King of Prussia Road, Radnor, PA 19087
A simple desorption kinetic model was applied to describe the elution of monoclonal antibodies and key product-related impurities (e.g., aggregates) from a Protein A affinity chromatography column. For two different systems, clarified harvest was loaded onto small chromatography columns and elution conditions were screened in automated runs over a range of pH and salt conditions. The chromatograms of each component were imported into a computer simulator and desorption kinetic parameters were estimated as a function of the pH and salt concentration for each component. Empirical correlations of desorption kinetic parameters were generated across the parameter space, and the simulation was run in the forward direction to predict purity and recovery as a function of the elution conditions and column volumes collected. Model predictions were in semi-quantitative agreement with laboratory and pilot-scale results, and for one of the systems evaluated, significant clearance of aggregate was achievable across the Protein A column.


BIOT 318
Large scale process chromatography column modeling 
Chris Antoniou, chris.antoniou@biogenidec.com, Biogen Idec, 14 Cambridge Center, Cambridge, MA 0242, and Brian Bell, brian.bell@ansys.com, ANSYS Inc, Lebanon, NH 03766
A chromatography tool was developed by ANSYS and Biogen Idec to describe the fluid dynamics inside a large scale chromatography column packed with compressible resin. The tool utilized Computational Fluid Dynamics (CFD), to determine the flow distribution of large scale chromatography columns with various geometries. 

A case study was performed to evaluate the performance of flat and “ribbed” chromatography flow distribution systems, and their impact on flow distribution within the column. Columns with ribbed design exhibit better performance than the flat design but both designs have enough theoretical plates to perform the separation. In addition, scaling up from 1.4m to 2.0 meter flat design column does not require additional inlet ports. 


BIOT 319
Process modeling to integrate cost reduction and throughput increase 
Chae Han, Sumitra Angepat, Robert Brake, and Vinod Bulusu, Global Process Engineering, Amgen Inc, One Amgen Center Drive, 18S-1-A, Thousand Oaks, CA 91320
The biotech industry is facing increasing pressure to minimize operational cost while maximizing productivity. One approach to meet this challenge is to utilize process models from early phase process design to successfully integrate cost reduction and throughput increase in commercial-scale processes. To be used as a predictive tool, process models should incorporate key information such as process capability, plant capacity, material cost, capital expense and operational cost. Simulating multiple process scenarios with process models provides additional information to better understand cost and throughput projections, lending guidance to process design decisions. Furthermore, such analyses help in identifying manufacturing facility fit issues and selection of a commercial manufacturing site for the process. This presentation will discuss how process modeling can be used to guide and optimize commercial-scale process design through integration of cost and productivity. A case study will be presented which encompasses de-bottlenecking, screening of alternative technologies and materials, and evaluation of potential facility impact. 


BIOT 320
Engineering mucus penetrating particles for transmucosal delivery 
Samuel K. Lai1, samlai@jhu.edu, Ying-Ying Wang2, ywang63@jhu.edu, and Justin Hanes1, hanes@jhu.edu. (1) Chemical & Biomolecular Engineering, Johns Hopkins University, Baltimore, MD 21218, (2) Biomedical Engineering, Johns Hopkins University, Baltimore, MD 21218
Highly viscoelastic mucus layers protect exposed organs from infectious pathogens and foreign particulates. The human mucus barrier was recently believed to be impermeable to polymer nanoparticles as small as 59nm. This reality has strongly limited development of long-lasting controlled release systems for application at mucosal sites, and likely has played a major role in thwarting gene therapy of mucosal tissues as well. 

We hypothesized that adhesion to mucus was a critical rate-limiting barrier to nanoparticle transport through mucus layers. We sought to mimic the hydrophilic and net-neutral surface properties of viruses capable of rapidly moving through human mucus. Our initial search for a candidate material that could endow these surface properties on synthetic particles led us to poly(ethylene-glycol), or PEG. Paradoxically, PEG had a considerable history of use as a muco-adhesive. 

Here, we describe our recent discovery that coating synthetic nanoparticles with high densities of low M.W. PEG allows particles with sizes of at least 500 nm in diameter to rapidly transport through undiluted human mucus nearly as fast as they move through pure water. In contrast, high M.W. PEG coating makes nanoparticles even more adhesive to mucus than without coatings. We show that PEG density is especially critical as particle size diminishes from 500- to 100-nm. We also show that the spacings within the human mucus mesh are much larger than previously appreciated, and that the fluid within the “pores” of human mucus has a viscosity that is more than 1000-fold lower than its bulk viscosity, which provides a significant opportunity for non-adhesive controlled drug delivery nanoparticles to pass through and avoid mucus clearance mechanisms. Finally, we describe the use of mucus-penetrating nanoparticles for gene therapy of the lungs as well as localized and sustained cancer therapy in mucosal tissues. 


BIOT 321
Integrating polyelectrolyte multilayers and microcontact printing for patterned siRNA delivery 
Sumit Mehrotra, Ilsoon Lee, and Christina Chan, Department of Chemical Engineering and Materials Science, Michigan State University, 2527 Engineering Building, East Lansing, MI 48824
RNA interference (RNAi) is a sequence-specific post-transcriptional gene silencing process triggered through small interfering RNAs (siRNAs) which serves as a powerful therapeutic tool in gene therapy. RNAi is also widely used for high-throughput functional genetic analysis of cells in cell microarrays The present report describes a method for top-down forward transfection of siRNA, yielding micron-sized patterns of transfected mammalian cells, and provides a proof-of-concept study towards the eventual development of a forward (pre-plated) transfection-based cell microarray. pH controlled degradable polyelectrolyte multilayers (PEMs) consisting of biocompatible and bioinert polyelectrolytes were fabricated under acidic conditions. Microcontact printing (µCP) was used to pattern siRNA molecules on top of PEMs. Positioning the PEM carrying siRNA substrate onto the cells resulted in PEM degradation at physiological pH conditions leading to patterned siRNA delivery. Patterned delivery was demonstrated by using a fluorescein labeled oligomer delivered to HeLa cells and visualized with confocal microscopy. Transfection efficiencies of the process were evaluated using quantitative reverse transcriptase-polymerase chain reaction (RT-PCR). Our study describes a solid-phase method of patterned siRNA delivery which offers a potential approach for developing localized approaches to RNAi based gene therapy.


BIOT 322
Nanofabricated polymeric membranes in new generation in vitro models of the blood brain barrier 
Gilda Shayan1, gs246@cornell.edu, Margarita Chatzichristidi2, mc723@cornell.edu, Michael Shuler1, mls50@cornell.edu, Eric Shusta3, shusta@engr.wisc.edu, Christopher Ober2, cober@ccmr.cornell.edu, and Kelvin H. Lee4, khl@udel.edu. (1) Department of Biomedical Engineering, Cornell University, 120 Olin Hall, Ithaca, NY 14853, (2) Department of Materials Science and Engineering, Cornell University, Ithaca, NY 14853, (3) Department of Chemical and Biological Engineering, University of Wisconsin Madison, Madison, WI 53706, (4) Department of Chemical Engineering and Delaware Biotechnology Institute, University of Delaware, Newark, DE 19711
The blood brain barrier (BBB) is comprised of a specialized class of endothelial cells that line the cerebral vasculature and is an important barrier for protecting the brain from fluctuations in plasma composition. Several in vitro models of the BBB have been developed to better understand its cell biology and/or to predict drug permeability due to inherent difficulties in performing BBB molecular level studies in vivo. 

Traditionally, these models consist of a monolayer of endothelial cells, grown on the top side of commercially available porous polymeric membranes affixed to a cylindrical plastic insert (i.e. culture transwell). These membranes are made of polyester or polycarbonate with pores that are 400 nm, 1 um, or 2 um in diameter. Membrane thickness ranges from 10 – 40 um. Occasionally, astrocytes are co-cultured with endothelial cells on the backside of this membrane to better mimic in vivo characteristics. However, the traditional polymeric membranes do not have the physical dimensions necessary to promote a high degree of physical interaction. 

We designed and synthesized thin, optically clear polymeric membranes that are fabricated using state of the art techniques, including electron beam lithography. The membranes are 2.5 um thick, with pore diameters selectively ranging in size from 50 – 1000 nm. The membranes are modified to be useful for cell culture by the adsorption of various protein substrates. We successfully cultured primary astrocytes and endothelial cells on these membranes and demonstrated proliferative capability and morphologies that are indistinguishable from conventional membranes and surfaces used in cell culture and used in other BBB models. Additionally, we designed a new transwell device that will allow for incorporation of these membranes to further study the influence of astrocytes on endothelial cells, once they are co-cultured on these thin membranes. Transendothelial electrical resistance (TEER), permeability, and immunocytochemical results will be discussed. 


BIOT 323
Stem Cell, Gene, and Cancer Therapies with Bioactive Nanostructures 
Samuel I. Stupp, Department of Chemistry, Department of Materials Science and Engineering, and Feinberg School of Medicine, Northwestern University, 2220 Campus Drive, Cook Hall 1127, Evanston, IL 60208, Fax: 847-491-3010
Bottom up design of organic and biocompatible nanostructures for advanced therapies is a field in very early stages. The great opportunity in this area is to craft "biodegradable" nanostructures bearing extracellular and intracellular bioactivity that can disintegrate into nutrients. In contrast, many of the current platforms in the bionanotechnology space would leave behind inorganic particles in cells after delivering a therapy. This lecture will describe self-assembling nanostructures designed with peptides, lipids, and polysaccharides to signal cells directly in regenerative medicine targets, including differentiation of stem cells and gene delivery. The specific regenerative medicine targets include the central nervous system, cardiovascular tissues, and the skeleton. Other systems to be described demonstrate in vivo the possibility of using supramolecular systems to generate the first fully biodegradable cancer therapy using nanostructures.


BIOT 324
Cytochrome c adsorption to silica nanoparticles: Effect of nanoparticle size and surface curvature on protein structure, function, and stability 
Joseph H. Nuffer1, nuffej@rpi.edu, Wen Shang2, shangw@rpi.edu, Richard W. Siegel2, rwsiegel@rpi.edu, and Jonathan S. Dordick1, dordick@rpi.edu. (1) Rensselaer Nanotechnology Center and Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, 110 8th Street, Troy, NY 12180-3590, (2) Rensselaer Nanotechnology Center and Department of Materials Science and Engineering, Rensselaer Polytechnic Institute, Troy, NY 12180-3590
Nanoscale materials have generated excitement with their potential application in engineered biomolecule-nanomaterial assemblies. To engineer these assemblies, understanding the parameters affecting biomolecules adsorbed to nanomaterials is critical. Previous efforts showed size and curvature influences protein structure, function, and thermodynamic stability. Using cytochrome c (cyt c) and silica nanoparticles (SNPs) for our system, we are elucidating these effects. We observed a decrease in cyt c's thermodynamic stability upon adsorption to SNPs that decreased more with increasing nanoparticle size. A more dramatic size effect was observed by measuring the cyt c-SNP kinetic stability. Cyt c's circular dichroism spectra suggested a loosening of the heme crevice upon adsorption. To confirm this, we measured its peroxidase activity and observed a dramatic increase with increasing nanoparticle size. We are currently exploring the unfolding pathway and protein orientation with hydrogen/deuterium exchange and mass spectrometry and we will discuss these results in relation to other ongoing work. 


BIOT 325
Deciphering bacterial communication using multi-modular biological nanofactories in a microfluidics device 
Rohan Fernandes, rohan@umd.edu, Fischell Department of Bioengineering and Center for Biosystems Research, University of Maryland and University of Maryland Biotechnology Institute, 5115 Plant Sciences Bldg, College Park, MD 20742, Fax: 301-314-9075, Xiaolong Luo, xlluo@umd.edu, Fischell Department of Bioengineering, University of Maryland, College Park, MD 20742, Gary W. Rubloff, rubloff@isr.umd.edu, Department of Materials Science and Engineering, University of Maryland, College Park, College Park, MD 20742, and William E. Bentley, bentley@umd.edu, Fischell Department of Bioengineering and Center for Biosystems Research, UMBI, University of Maryland, College Park, MD 20742
Quorum sensing (QS) is a mode of coordinating multicellular intra- and inter-species bacterial response via the production, secretion and uptake of signaling autoinducers. We present multi-modular biological nanofactories to spatially localize QS bacteria within a microfluidic device and selectively deliver the autoinducer, AI-2, a presumed universal signaling molecule to the cells. Our nanofactories contain a multi-domain protein covalently attached to chitosan previously electrodeposited on the microfluidic device's test area via a pentatyrosine tag. The protein also contains an AI-2-synthesis domain comprising E. coli AI-2 synthases Pfs and LuxS and a protein-G domain that binds to the Fc region of a QS bacterium targeting antibody. Upon substrate addition, the nanofactories locally synthesize and deliver AI-2 at the surface of the attached bacteria in the test area thereby altering their response. The effect of varying the reaction conditions within the device on cellular response is studied to elucidate AI-2-based communication in bacteria. 


BIOT 326
Stem cell niche, signaling, and expansion 
linheng li, Stowers Institute for Medical Research, 1000 E. 50th St, Kansas City, MO 64119
The focus of our research is to understand how stem cells are maintained in vivo by their microenvironment, or niche. Stem cell attachment to the niche is mediated by adhesion molecules, and key niche signals promote self-renewal and inhibit differentiation. We previously reported that N-cadherin is present at the interface between hematopoietic stem cells and their osteoblastic niche. Through molecular and functional studies, we recently discovered that the level of N-cadherin distinguishes the different states of HSCs: relatively high N-cadherin levels represent ‘reserved' HSCs, while relatively low levels represent ‘primed' HSCs. Reserved HSCs are maintained in prolonged quiescent state; primed HSCs are active in supporting ongoing hematopoiesis. Existence of HSCs as different states that may link to their maintenance (quiescent state) and proliferation (active state) will add additional insight into in vitro expansion of HSCs. 

Several key niche signaling pathways, including Wnt, Notch, BMP, and PTEN are known for their role in regulating stem/progenitor cell proliferation and lineage commitment. Previously we reported that conditional inactivation of BMPR1a leads to enhanced Wnt signaling and results in juvenile polyposis in intestine; thus BMP and Wnt play a Yin-Yang type control of stem cell self-renewal and proliferation. Recent evidence supports our model by showing that BMP provides an inhibitory niche signal to restrict stem cell activation, and that Gremlin, a BMP antagonist, is substantially increased in tumor stromal cells. Thus, maintaining an inhibitory niche environment for stem cells is essential to prevent tumorigenesis as well as to maintain stem cells. Similar to BMPR1a, inactivation of PTEN, a tumor suppressor, results in the development of leukemia and intestinal polyposis. 


BIOT 327
Effects of fluid shear stress on embryonic stem cells 
Taby Ahsan and Robert Nerem, Petit Institute for Bioengineering and Bioscience, Georgia Institute of Technology, 315 Ferst Drive, Atlanta, GA 30332
Physical forces, such as compression, tension, and shear, have long been applied to cells via bioreactors. Fluid shear stress applied to endothelial cells is known to alter cytoskeletal arrangement, signal transduction, and gene/protein expression. It is not clear whether similar shear stresses can be used to influence cell fate decisions of embryonic stem cells (ESCs), including differentiation. Initial studies showed that a shear stress of 15 dynes/cm2 applied to mouse ESCs significantly (p<0.05) increased the overall expression of Flk1, a VEGF receptor. In addition, only after exposure to shear did the ESCs form structures on Matrigel, an in vitro assay for endothelial function. Further efforts are in progress to determine the effects of input levels (e.g. shear stress magnitude, shear duration, etc.) and whether the application of shear stress can be used to generate clinically relevant numbers of endothelial cells.


BIOT 328
Scale-up and long-term expansion of embryonic stem cells in suspension and fibrous bed bioreactors 
Ning Liu and Shang-Tian Yang, Department of Chemical and Biomolecular Engineering, The Ohio State University, 140 West 19th Avenue, columbus, OH 43210
The potential of embryonic stem cells (ESCs) in cellular transplantation and tissue engineering requires overcoming the scarcity of these cells through controlled expansion. In this study, we developed a computer-controlled bioprocess for the expansion of murine ESCs in suspension as aggregates and investigated the long-term expansion of ESCs in a fibrous bed bioreactor. In the suspension culture system, the process was scaled up from a 125-mL spinner flask to a 500-mL bioreactor. The maximum shear stress was examined in order to support the oxygen demands of the high cell density and reduce cell damage in the system. The process achieved a high viable cell densities and high multiplication ratio. Moreover, the process successfully maintained the undifferentiated characteristics of ESCs, confirmed by flow cytometry and RT-PCR analyses of pluripotency markers. ESCs cultured in the fibrous bed bioreactor continuously expanded for four months in 8 passages and remained highly undifferentiated.


BIOT 329
Microporous membrane-based indirect co-culture system for human embryonic stem cell propagation 
Kelsey Albert1, albertkm@vcu.edu, Steven Sheridan2, Louise Laurent3, Jeanne Loring3, and Raj Rao1, rrrao@vcu.edu. (1) Chemical and Life Science Engineering, Virginia Commonwealth University, 601 west main street, Richmond, VA 23284, (2) Millipore Corporation, (3) Scripps Institute
We report the development and characterization of a novel microporous membrane-based indirect co-culture system, which physically separates human embryonic stem cells (hESCs) from the feeder layer, while allowing real time conditioning of the medium, and serves as an attractive alternative to direct co-culture feeder layer-dependent propagation. Experimental outcomes demonstrate the potential of this propagation system in maintaining the undifferentiated state of two hESC lines (BG01v and WA09) in prolonged culture. The hESCs cultured is this system not only demonstrated expression of several pluripotent characteristics, but also exhibited global gene expression profiles similar to hESCs propagated using other routine hESC passaging techniques. Additionally, we demonstrate that a completely 'human' expansion method is possible based on prolonged culture of hESCs in indirect co-culture with human fibroblasts. These results represent a significant development in properly segregating hESCs from their feeders, thus eliminating cell mixing, contamination, and providing the cells with a superior environment for real-time nourishment and controlled self-renewal. Overall, this development in hESC propagation could have wide-reaching applications for self-renewal and differentiation studies within the field of stem cell biology.


BIOT 330
Maintenance of hMSC survival and initiation of chondrogenesis via temporal delivery of peptide sequences 
Chelsea Salinas and Kristi S. Anseth, Department of Chemical and Biological Engineering, University of Colorado, ECCH 111, Boulder, CO 80309
Human mesenchymal stem cells (hMSCs) maintain high viability in inert PEG hydrogels when exposed to an adhesive peptide, RGD. Studies show that native upregulation of RGD initiates chondrogenesis. However, RGD persistence limits complete differentiation. Research implies that the enzyme, MMP-13, is upregulated by day 7 during chondrogenesis, coinciding with native downregulation of fibronectin. A peptide was designed with an MMP-13 specific binding site, flanked with cysteine and RGDS. Active MMP-13 production of encapsulated hMSCs increased from days 9-14 in chondrogenic differentiating cultures. hMSCs encapsulated in RGD-releasing gels produced 10 times as much glycosaminoglycan as cells in uncleavable RGD gels, by day 21 of culture. Furthermore, 75% of cells stained positive for collagen type II deposition, where RGD is cleavable, while 19% stained for cultures where RGD persisted. Collectively, this data provides evidence that temporal regulation of integrin-binding peptides is important in the design of niches in differentiating hMSCs to chondrocytes. 


BIOT 331
Stem cell differentiation to muscle induced by a suitably compliant microenvironment 
TATHAGATA CHAUDHURI1, Florian Rehfeldt1, rehfeldt@sas.upenn.edu, H. Lee Sweeney2, and Dennis E. Discher1, discher@seas.upenn.edu. (1) Chem & Biomol Eng; Cell & Mol Biology and Physics Grad Groups, University of Pennsylvania, 129 Towne Building, Philadelphia, PA 19104, (2) Department of Physiology, University of Pennsylania, Philadelphia, PA 19104
Stem cells can in principle develop into a wide range of soft tissue cell types, but the importance of the 'softness' of the tissue microenvironment in differentiation is only now becoming clear. In fact, tissue compliance varies considerably between tissues, and muscle is one soft tissue that at rest appears to have a well-defined matricellular elasticity (10-15 kPa) which is readily achieved with polymeric hydrogels. We use a molecular layer of collagen-I on crosslinked polyacrylamide hydrogels with muscle-like elasticity to induce adult human mesenchymal stem cells (MSCs) cultured in 10% serum to become spindle-shaped myoblasts expressing key early markers (Pax7, MyoD). When replated at high density, these cells further fuse into multi-nucleated myotubes expressing late skeletal muscle markers. On hydrogels that are too stiff, the MSCs do not differentiate – unless we add a potent glucocorticoid used in the clinic to treat muscular dystrophy. This single glucocorticoid also tends to downregulate adhesive/cytoskeletal structures involved in substrate attachment and sensing, and it appears to suppress osteogenic markers, consistent with bone loss in treated patients. This replaces typical soluble induction cocktails of multiple glucocorticoids plus other factors, and in such a case, we find muscle induction occurs regardless of matrix elasticity. Nonetheless, the best results at low dose clearly occur in combination with an optimally compliant matrix.


BIOT 332
Chitosan membrane for osteoblast differentiation 
Karthikeyan Narayanan1, karthikeyan@ibn.a-star.edu.sg, Andrew CA. Wan1, awan@ibn.a-star.edu.sg, and Jackie Y Ying2. (1) Institute of Bioengineering and Nanotechnology, 31 Biopolis Way. The Nanos, Singapore 138669, Singapore, (2) Nanobiotechnology, Institute of Bioengineering and Nanotechnology, Singapore 138669, Singapore
Directed differentiation of stem cells into the desired lineage is a challenge. The method that we have developed is a simple way of differentiating stem cells. We have employed the biological signals present in the extracellular matrix secreted by committed cells. Presenting these signals helps the stem cells to differentiate into the required phenotype. This method has been successfully verified for the differentiation of hMSC into osteoblasts. 


BIOT 333
Functional overexpression of lipase in Escherichia coli 
C. Perry Chou, Department of Chemical Engineering, University of Waterloo, 200 University Avenue West, Waterloo, ON N2L 3G1, Canada
Lipases (triacylglycerol acylhydrolase, EC 3.1.1.3) are enzymes that catalyze the synthesis or hydrolysis of glycerol esters (i.e. triglycerides), such as fats and oils. Lipase B from Pseudozyma antarctica (PalB) is a cold active microbial lipase with the transesterification activity which mediates biodiesel production. Even with the popularity of Escherichia coli as the workhorse for recombinant protein production, functional expression of PalB in this host was not demonstrated until recently and the expression performance stands improvement. A major technical issue limiting the PalB expression level in E. coli is associated with its intracellular misfolding. PalB is a cold active lipase destined to be secreted extracellularly in the original psychrophilic and eukaryotic source of P. antarctica. Consequently, the intracellular overexpression might prevent it from being structurally adaptable to the mesophilic and prokaryotic expression system of E. coli, resulting in protein misfolding. In addition, wild-type PalB has three intermolecular disulfide bonds potentially associated with its folding process though they might not be strictly required for developing the bioactivity. In our lab, we have explored several expression strategies for functional overexpression of PalB in various compartments of E. coli, including the cytoplasm, periplasm, and cell surface. These recombinant cells could be potentially used for whole-cell immobilization to make biocatalysts for transesterification.


BIOT 334
Fast development of pichia pastoris cultures based on hybrid semi-parametric process control 
Aaron R. Goerke1, aaron_goerke@merck.com, Johannes Scholten2, johannes_scholten@merck.com, Nedim Emil Altaras3, nedim_altaras@merck.com, Ana Teixeira4, Joao Clemente4, Antonio Cunha4, Rui Oliveira4, rui.oliveira@dq.fct.unl.pt, and John G. Aunins3. (1) BioPurification Development, Merck & Co., Inc, P.O. Box 4, West Point, PA 19486, (2) Fermentation and Cell Culture, Merck & Company, Inc, West Point, PA 19486, (3) Fermentation and Cell Culture, Bioprocess R&D, Merck Research Laboratories, Merck & Co, West Point, PA 19486, (4) IBET Instituto de Biologia Experimental e Tecnologica, Oeiras, Portugal
This study addresses the development of a Pichia pastoris process for production of a mAb with human-like glycosylation. The optimization of cultivation conditions is typically a complex multidimensional problem complicated by the fact that control degrees of freedom are time functions which impact process performance synergistically. Thus the number of experiments and time required for process development is potentially very high. As a result, fast process development is a critical factor for many bio-pharmaceutical companies. In this study “hybrid semi-parametric mathematical systems” were employed as a platform for fast process development with. three main goals: i) process productivity as close as possible to the intrinsic maximum, ii) fast development of cultivation conditions, iii) metabolic interpretability of control strategies. The hybrid semi-parametric methodology is based on a combination of statistical experimental design with mechanistic model based experimental design. This type of hybrid approach shortens the duration of process development.


BIOT 335
Hypersecretion of recombinant proteins in E. coli by translation engineering 
Prateek Gupta, pg76@cornell.edu, School of Chemical and Biomolecular Engineering, Cornell University, 120 Olin Hall, Ithaca, NY 14853-5201, Fax: 302-831-4841, and Kelvin H. Lee, khl@udel.edu, Department of Chemical Engineering and Delaware Biotechnology Institute, University of Delaware, Newark, DE 19711
Extracellular protein secretion has the advantage of reducing protein aggregation and simplifying downstream purification. Certain synonymous changes in codon usage in specific parts of a gene of interest can result in nearly 10 fold increase in protein secretion via Type-I pathway and we describe here series of experiments to study the effect of synonymous codon changes on recombinant protein secretion via this pathway. We investigated the effects of both the position of synonymous codon clusters as well as the types of codon changes on the intracellular and extracellular expression of beta-lactamase. The effect of synonymous codon changes on the folding of the polypeptide destined for secretion, and its intracellular fate was explored. We also tested the strategy to improve secretion via multiple secretion pathways and observed similar beneficial effects of translation engineering. 


BIOT 336
Carbon effects for a novel inducible fermentation producing recombinant therapeutic proteins as inclusion bodies 
Mark Berge, Cell Science and Technology, Amgen, One Amgen Center Drive, 18S-1-A, Thousand Oaks, CA 91320, Fax: 805-499-6819
Fermentation processes generally utilize glucose as the primary carbon source for microbial systems, but with increasing costs due to the diversion of corn products to ethanol production, diverse carbon sources need to be investigated as future alternatives. Many of these alternate carbon sources behave differently when compared to glucose. This is especially important when using E. coli, as with the detailed inducible fermentation process in this presentation, where acetate formation can be greatly affected by the choice of carbon source. The effects of using varied carbon sources on the titer levels and inclusion body formation will be detailed for the fermentation system used in this study. 


BIOT 337
Finding conditions to untangle the recombinant protein inclusion body mess in Escherichia coli 
Mary Alice Salazar, salazar@clemson.edu, Department of Chemistry, Clemson University, 202 Biosystems Research Complex, 51 New Cherry Rd, Clemson University, Clemson, SC 29634, Fax: 864-656-6613, and Sarah W. Harcum, harcum@clemson.edu, Department of Bioengineering, Clemson University, Clemson, SC 29634-0905
Recombinant proteins are overexpressed in Escherichia coli to produce large amounts of proteins for therapeutics, industrial enzymes, and other applications.  Often these valuable proteins are malformed, less active aggregates referred to as inclusion bodies.  Numerous approaches have been investigated to reduce inclusion body formation, such as reduced culture temperatures and chaperone overexpression.  Many of these approaches have been successful at increasing solubility; however, results have not been uniformly true.  In this study, we investigated several of these approaches to increase recombinant protein solubility, as a means to better understand the physiological responses in E. coli responsible for inclusion body formation. Confocal microscopy was used for visual detection and quantification of the cytoplasmic inclusion bodies and soluble protein fractions for an aggregate-prone green fluorescent protein fusion protein. In parallel, standard protein expression bioanalytical assays were conducted. Novel analysis approaches will be presented for inclusion body and soluble protein quantification. 


BIOT 338
Role of the putative autophagy protein Atg13 in filamentous fungi during nutrient starvation 
Judith Kadarusman-Pollack1, jkadar1@umbc.edu, Yonghyun Kim1, yk1@umbc.edu, Zhengjian Li2, zhengjian.li@bms.com, Steven Harris3, sharri1@unlnotes.unl.edu, and Mark R. Marten1, marten@umbc.edu. (1) Department of Chemical & Biochemical Engineering, University of Maryland, Baltimore County (UMBC), 1000 Hilltop Circle, Baltimore, MD 21250, (2) Bioprocess Development, Bristol-Myers Squibb Company, Syracuse, NY 13057, (3) University of Nebraska - Lincoln, Lincoln, NE 68588-0660
Filamentous fungi are used prevalently in the bioprocess industry to produce billions of dollars of products annually. In many bioprocesses, particularly large scale fed-batch fermentations, fungi experience nutrient deprivation or starvation. In some cases, nutrient starvation can detrimentally affect cellular morphology and negatively impact product quality. In other cases, starvation-induced morphological changes can be beneficial. Thus a better understanding of how starvation influences morphology has the potential to dramatically increase productivity. We hypothesize that in fungal bioprocesses, autophagy plays an important role during nutrient starvation. Autophagy is a non-specific, degradation/recycling pathway, with numerous conserved genes in eukaryotic cells ranging from yeast to man. Autophagy is induced under various conditions, most notably nutrient deprivation. To study this phenomenon, we deleted a putative autophagy gene, Anatg13, in the model filamentous fungus, Aspergillus nidulans. Using a parallel plate flow chamber we find this deletion has a significant morphological impact on fungal cells: spore germination is delayed, both growth and branching rates are reduced, and cell wall formation is potentially affected. In addition, we find a lag before re-growth following carbon starvation but not following nitrogen starvation. We will discuss the implication of these results as well as their potential impact on the fermentation industry. 


BIOT 339
In-depth analysis of fermentation aeration through the use of computational fluid dynamics 
Matthew R Johnson1, johnsom6@wyeth.com, Shitalkumar Joshi2, Marc Horner3, marc.horner@ansys.com, Chris Hickey1, and Akshat Agarwal2. (1) Wyeth Biotech, Sanford, NC 27330, (2) ANSYS Inc, Lebanon, NH, (3) ANSYS Inc, Evanston, IL 60201
The optimization of fermenter and bioreactor aeration through traditional methods such as gassing-out and sulfite oxidation are time consuming, expensive, and lack the ability to provide a detailed view of the aeration environment. In addition, experiments to improve the performance within commercial operations are often exceedingly difficult due to scheduling and compliance restrictions. A novel solution to such limitations is the use of computational fluid dynamics (CFD) to model the two-phase environment of aerated fermentation vessels. CFD provides a way to gain insight into the hydrodynamics and flow dependent processes of existing fermentation aeration. Such insights are useful to proactively design future vessels for improved performance. In this presentation, we will compare experimental and simulation data for mixed vessels covering the pilot through production scale. Experimental Kla and blend-time data will be used to establish the validity of the computational approach. We will also explore opportunities for CFD methods to provide a more detailed analysis of productivity-impacting phenomena such as gas cavity, aeration channeling and dead-zones and stress exposure to cells.


BIOT 340
Process Development and Modeling of Propionibacterium acidipropionici for Enhanced Propionic Acid Fermentation 
An Zhang and Shang-Tian Yang, Department of Chemical and Biomolecular Engineering, The Ohio State University, 140W. 19th Ave. , Koffolt Laboratories, Columbus, OH 43210
A propionic aicd fermentation process using immbolized Propionibacterium acidipropionici in a fibrous bed bioreactor (FBB) was developed for propionic acid production from waste glycerol. CO2 (HCO3-) was added during the fermentation, which is converted to oxalacetate, intermediate in propionic acid synthesis. The productivity of propionic acid with CO2 (HCO3-) is 2.94 g/l/day, which is much higher than that without CO2 (HCO3-) (1.56 g/l/day). The yield and productivity of succinate, the main precursor of propionate, is increased by 81% and 280%, respectively as well. However, the yield of propionic acid is decreased slightly from 0.77 to 0.67 g/g glycerol due to the higher biomass production. In addition, a dynamic process model was established to simulate the continuous fermentation of glucose by P. acidipropionici in FBB, which is used for process optimization and scale up. 


BIOT 341
Synonymous mutations and ribosome stalling can lead to altered folding pathways and distinct minima 
Ruth Nussinov1, ruthn@ncifcrf.gov, Chung-Jung Tsai2, Zuben Sauna3, Chava Kimchi-Sarfati3, Suresh Ambudkar4, and Michael Gottesman3. (1) CCR Nanobiology Program, NCI-Frederick, Frederick, MD, MD 21702 USA, Fax: 301-846-5598, (2) NCI-Frederick, Frederick, MD 21702, (3) LCB, CCR, NCI-Bethesda, MD, (4) LCB,CCR, NCI-Bethesda, MD
How can we understand a case where a given amino acid sequence folds into structurally and functionally distinct molecules? Synonymous single-nucleotide polymorphisms (SNPs) in the multidrug resistance 1 (MDR1 or ABCB1) gene involving frequent to rare codon substitutions lead to identical protein sequences. Remarkably these alternative sequences give a protein product with different structures and functions. Here we propose that long-enough ribosomal pause time-scales may lead to alternate folding pathways and distinct minima on the folding free energy surface. While the conformational and functional differences between the native and alternate states may be minor, the MDR1 case illustrates that the barriers may nevertheless constitute sufficiently high hurdles in physiological time-scales, leading to kinetically trapped states with altered structures and functions. 

This project has been funded in whole or in part with federal funds from the NCI, NIH, under contract number NO1-CO-12400. This research was supported (in part) by the Intramural Research Program of the NIH, NCI, CCR.


BIOT 342
Exploring the energy landscape of human lysozyme towards an elucidation of the molecular mechanism of systemic amyloidosis 
Anne Dhulesia1, ad409@cam.ac.uk, Janet R. Kumita1, Daniel Nietlispach2, Xavier Salvatella1, xs210@cam.ac.uk, and Christopher M. Dobson1, cmd44@cam.ac.uk. (1) Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, United Kingdom, (2) Department of Biochemistry, University of Cambridge, Cambridge CB2 1GA, United Kingdom
Human lysozyme systemic amyloidosis is a fatal disease associated with the deposition of fibrillar aggregates. The formation of amyloid fibrils requires human lysozyme, which is natively folded, to undergo conformational changes leading to the population of aggregation prone species. We here aim at understanding the fibrillization pathway. We focus on the low pH equilibrium between monomeric forms of human lysozyme and show how the unfolding reaction can be tuned using temperature and pH, as monitored by biophysical experiments such as circular dichroism and tryptophan fluorescence. Thermal unfolding by NMR reveals that the folded and unfolded forms of human lysozyme are in slow exchange, on the chemical shift time-scale. ZZ –15N exchange experiments allow the rate constants for the folding and unfolding reactions to be derived, whereas CPMG experiments reveal exchange contributions for resonances of the unfolded state, providing evidence for the exchange between the unfolded and other intermediate states.


BIOT 343
Oxidative folding of onconase, a member of the ribonuclease family:A kinetic and thermodynamic study 
Robert F. Gahl and Harold A. Scheraga, Baker Laboratory of Chemistry and Chemical Biology, Cornell University, Ithaca, NY 14853-1301, Fax: 607-255-4137
Onconase (ONC), a four disulfide-bond-containing protein and a sequence and structural homolog of ribonuclease A (RNase A), is currently in confirmatory phase IIIb clinical trials to treat malignant mesothelioma. A better understanding of the folding process could lead to more diverse therapeutics involving onconase and other members of the ribonuclease family. In this study, the oxidative folding pathway of onconase was analyzed. In particular, the kinetic roles and thermodynamic characteristics of key intermediates along the oxidative folding pathway, specifically, the structured intermediates, I1, I2 and I3, previously identified as des-[19-68, 30-75], des-[30-75], and des-[19-68], respectively, are discussed. From the characterization of such species, the key steps that i) drive the formation of structure and ii) correctly align remaining cysteines to form native disulfide bonds are identified. Compared to RNase A, ONC utilizes more efficient interactions along the oxidative folding pathway to adopt its native fold more quickly. 


BIOT 344
High hydrostatic pressures as a tool to recover folded protein from aggregates and inclusion bodies 
Theodore W. Randolph, Department of Chemical and Biological Engineering, University of Colorado, Boulder, CO 80309
Protein aggregates are a serious problem facing the biotechnology industry. During the production of recombinant proteins aggregation causes dramatically reduced process yields and heavy environmental costs. Hydrostatic pressures between 1 and 3 kbar cause dissociation of multimeric proteins. At higher pressures, typically 5-10 kbar, monomeric proteins will unfold. There is thus a pressure “window” between about 1 and 5 kbar wherein the native state of monomeric proteins is thermodynamically favored, but multimeric proteins will dissociate into their subunits. We have used high pressures to refold proteins from aggregates and to fold proteins from inclusion bodies. By applying pressures in the “window”, we dissolve the aggregates in a fashion similar to the dissociation of multimeric proteins, and concomitantly refold the protein because the native state is still favored. High yields of folded protein are obtained, and folding yields are independent of protein concentration at concentrations to 10g/L. For protein aggregates containing disulfide-crosslinked aggregates, application of high hydrostatic pressures in the presence of disulfide shuffling agents produced higher yields of active protein than conventional, chaotrope-based refolding processes. 


BIOT 345
Alternative folded states separate monomeric from oligomeric β-2 microglobulin 
Andrew Miranker, Department of Molecular Biophysics and Biochemistry, Yale University, 260/266 Whitney Avenue, P.O. Box 208114, New Haven, CT 06520-8114
β-2 microglobulin (β2m) is a 99 residue globular protein essential to cell-surface expression of class I MHC-like proteins. These proteins are critical both to iron homeostasis and to immunity. Unique to renal patients on long-term dialysis, β2m self-associates into debilitating amyloid deposits. Amyloid deposition is common to a number of diseases including Alzheimer's and type II diabetes, and is a motif increasingly associated with biological function such as melanin biosynthesis. Furthermore, amyloid formation appears to be a fundamental physical property of polypeptides that can be triggered by diverse conditions. One such trigger, that has been reported for Parkinson's, Huntington's, Alzheimer's and β2m, is the binding of divalent cation. β2m is a Cu2+ binding protein that upon coordination, under physiological conditions, gives rise to oligomerization. Here, we report the molecular basis for this self-association at atomic resolution. Metal is not a direct participant in the molecular interface. Rather, binding results in distal alterations enabling the formation of new surfaces that interact. In part, this involves isomerization of a buried and conserved cis-proline generally implicated in the β2m aggregation pathway. The consequences of proline isomerization are characterized and reveal a molecular basis for the conformational conversion of this robust monomeric protein into an amyloid competent state. 


BIOT 346
Increasing immunoglobulin concentration modulates the conformational heterogeneity, bonding network and molecular interactions that influence solution properties 
Tim J Kamerzell, Jun Liu, Steven J. Shire, and Y John Wang, Late Stage Pharmaceutical and Device Development, Genentech, 1 DNA Way, South San Francisco, CA 94080-4918
The effect of increasing antibody concentration on the structural heterogeneity and molecular interactions of two different MAb's (MAb1 and MAb2) that influence their solution properties is explored. To better understand the role of charged residues and molecular interactions we employed two-dimensional correlation spectroscopy to investigate the sequence of changes in molecular environment that occur as protein concentration increases from 20-120 mg/mL. Increasing concentration modulates the conformational heterogeneity, hydrogen bonding network and molecular forces that influence their solution properties. Changes in disordered and helix regions are observed prior to other events for MAb1 as viscosity and self association increases. When salt concentration is increased, the sequential order of events is reversed. Furthermore, the change in environment of charged residues is coupled to concentration increases in which Lysine residues trigger the change in all solution conditions except MAb1 without salt (highly viscous regime) in which carboxyl groups initiate the change. 





BIOT 347
Cys shotgun labeling to probe protein unfolding in solution and in normal & diseased cells 
J. David Pajerowski, davidpaj@seas.upenn.edu, Department of Bioengineering, University of Pennsylvania, 129 Towne Bldg, 220 S 33rd St., Philadelphia, PA 19104, Christine Carag, caragci@seas.upenn.edu, Department of Chemical and Biomolecular Engineernig, University of Pennsylvania, Philadelphia, PA 19104, and Dennis E. Discher, discher@seas.upenn.edu, Chem & Biomol Eng; Cell & Mol Biology and Physics Grad Groups, University of Pennsylvania, Philadelphia, PA 19104
Cysteine is a relatively hydrophobic amino acid that is often buried within protein folds or assemblies, but is rarely used to probe protein structure. For intracellular proteins, cysteines are not in disulfides, so their reactivity to fluorescent dyes in solution is readily determined as a function of temperature under both native and high urea conditions. Labeling kinetics yields a thermal unfolding curve similar to results from solution methods such as CD. Unlike these other methods, the Cys labeling approach can be applied to intact cells with membrane-permeable dyes. Labeling studies on several cell types are followed by electrophoretic separation and detailed LC/MS-MS analysis. What results is identification of labeled proteins, as well as labeled sites, including disease-related structural proteins such as Lamin-A/C and Dystrophin. The Cys shotgun method thus provides unique, proteomic scale measurements of protein structural changes in both solution and intact cells. (Science 317, 663-666, 2007)


BIOT 348
Peptide tertiary structure nucleation by sidechain crosslinking with metal complexation and double "click" cycloaddition 
Oscar Torres1, otorres@chemistry.ohio-state.edu, Deniz Yuksel2, Matt Bernardina1, Krishna Kumar2, Krishna.kumar@tufts.edu, and Dennis Bong1, bong@chem.osu.edu. (1) Department of Chemistry, Ohio State University, 100 W. 18th Avenue, Columbus, OH 43210, Fax: 614-292-1685, (2) Department of Chemistry, Tufts University, Medford, MA 02155
Stabilized helical peptides show potential as therapeutics capable of modulating protein function through enhanced helix-protein binding. We report herein a new helix-nucleating i and i+4 crosslinking strategy based on copper catalyzed azide-alkyne [3+2] “click” cycloaddition and demonstrate the ability of this method and metal complexation to restore coiled-coil dimerization in a folding-incompetent sequence crippled by 2 helix-breaking glycine residues. We studied 21 residue sequences derived from the GCN4 leucine zipper in which the central heptad contains glycine residues in the c and e helix positions and crosslinking residues (histidine and azidoalanine) in the b and f (i and i+4) positions, leaving the hydrophobic core residues in the a and d positions intact. The ability of metal complexation and “click” cycloaddition to restore folding of GCN4-derived crippled sequences was investigated using circular dichroism and ultracentrifugation. Staudinger reduction and mass spectrometry were employed to ascertain that the covalent linkage conferred the observed tertiary structure. 


BIOT 349
Directed evolution for fun and profit 
Huimin Zhao, Department of Chemical and Biomolecular Engineering, University of Illinois, 215 RAL, Box C3, 600 S. Mathews Ave., Urbana, IL 61801, Fax: 217-333-5052
Proteins have been increasingly exploited for applications in medical, chemical, agricultural, and food industries. However, a major limitation in the applications of proteins is the existence of a functional gap between naturally occurring proteins and those required by specific practical settings. Thus, how to close this functional gap has become a première intellectual and engineering challenge. In this talk, I will discuss our recent work on the development of new directed evolution and rational design tools and their applications. Specifically, I will discuss: (1) development of estrogen receptor based genetic switches for human gene therapy and mammalian cell biology; (2) engineering of a novel phosphite-dehydrogenase based NAD(P)H cofactor regeneration system for industrial biocatalysis, and (3) development of a new microbial process for synthesis of a high-value chemical - phloroglucinol. 


BIOT 350
Predicting Ion-Exchange Behavior from Three-Dimensional Characterization of Proteins 
Li Xu, lxu@iastate.edu, Department of Chemical and Biological Engineering, Iowa State University, Ames, IA 50011, and Charles E. Glatz, cglatz@iastate.edu, Department of Chemical Engineering, Iowa State University, Ames, IA 50011
Recovery and purification is the most costly part of recombinant protein production and a great amount of experimental work is generally needed for process development because of the lack of knowledge of the molecular properties of the host proteins or a means to use such knowledge to predict behavior. The most frequently used protein separation methods are usually operated based on the differences in surface hydrophobicity, charge and molecular weight among target and host proteins. Investigation of those protein properties for commonly used hosts and their influences on fundamental separation techniques could establish a database for rational selection of purification strategies for recombinant proteins or could guide selection among alternative production hosts or expression target organs on the basis of simplifying protein purification. 

For a set of model proteins we related the pI, MW and aqueous two-phase partitioning coefficients of the proteins to retention time in cation-exchange chromatography (CEC) using partial least squares regression. We also examined how well those same three properties could be determined for a mixture of proteins using methods reported previously (Gu and Glatz, Biotechnol. Bioengr. 97, 1159-1169, 2007) The resulting model fit well (r2=0.8453) considering the limited property basis, and the regression model was able to predict results for a small test set of proteins. The model showed that pI and MW correlated positively with CEC retention time, while the partitioning coefficient was negatively correlated. 

Implications for dealing with the more complex set of host cell proteins will also be examined in the light of preliminary data. 


BIOT 351
Generation and clearance of protein A fragments during antibody purification 
Jayme Carter-Franklin1, jfrankli@gene.com, Corazon Victa2, cvicta@gene.com, Paul McDonald3, pmcd@gene.com, and Robert Fahrner3, fahrner@gene.com. (1) Bioprocess Development, Genentech, Inc, 1 DNA Way, South San Francisco, CA 94080, (2) Early Stage Purification, Genentech, Inc, South San Francisco, CA 94080, (3) Early Stage Purification, PR&D, Genentech, Inc, South San Francisco, CA 94080
Protein A affinity chromatography is a common method for process scale purification of monoclonal antibodies. During protein A affinity chromatography, protein A ligand co-elutes with the antibody (commonly called leaching), which is a potential disadvantage since the leached protein A may need to be cleared for pharmaceutical antibodies. To determine the mechanism of protein A leaching and characterize the leached protein A, we fluorescently labeled the protein A ligand in situ on protein A affinity chromatography media. We found that intact protein A leaches when loading either purified antibody or antibody in harvested cell culture fluid (HCCF), and that additionally fragments of protein A leach when loading HCCF. The leaching of protein A fragments can be reduced by EDTA, suggesting that proteinases contribute to the generation of protein A fragments. Clearance of leached protein A is typically achieved by downstream chromatography steps, and we characterized the downstream clearance of intact and fragments of leached protein A through our standard antibody purification platform. Our results show that the clearance of protein A fragments in downstream processes is more difficult than the clearance of intact protein A, and that problems clearing leached protein A may be caused by the presence of protein A fragments.


BIOT 352
Development of chromatography process design database from crude mixture of proteins 
Tangir Ahamed1, t.ahamed@tudelft.nl, Beckley K. Nfor1, b.kungahnfor@tudelft.nl, Luuk A. M. van der Wielen1, L.A.M.vanderWielen@tnw.tudelft.nl, Peter D. E. M. Verhaert1, peter.verhaert@tudelft.nl, Gijs W. K. van Dedem1, g.w.k.vandedem@tnw.tudelft.nl, Michel H. M. Eppink2, michel.eppink@organon.com, Emile J. A. X. van de Sandt3, Emile.Sandt-van-de@dsm.com, and Marcel Ottens1, m.ottens@tudelft.nl. (1) Department of Biotechnology, Delft University of Technology, Julianalaan 67, Delft 2628 BC, Netherlands, Fax: +31 (0)15 2782355, (2) Biotechnology Operations, N.V. Organon, Oss 5340 BH, Netherlands, (3) DSM Anti-infectives B.V, Delft 2600 AK, Netherlands
Development of novel pharmaceutical bio-molecules requires rapid development of their downstream processes. A systematic rigorous modeling-based process synthesis methodology [Nfor, JCTB 83, 124, 2008] may accelerate chromatography process development. Bottleneck remains critical parameters estimation (characteristic charge, ion-exchange equilibrium constant, molecular size, hydrophobic contact area, and affinity constant) of product and impurities for every new case. Establishing a chromatography process development database, consisting of commonly expressed proteins from an organism and their required properties eliminates the need to measure these properties for every new case. This paper describes a fractionation / characterization scheme for fast acquisition of these parameters for a hybridoma CCS, based on pH-gradient ion-exchange chromatography, GE and MS detection [Ahamed, JChromA 1164, 181, 2007; doi:10.1016/j.chroma.2007.11.111]. 

Acknowledgement: This project is financially supported by the Netherlands Ministry of Economic Affairs and the B-Basic partner organizations (www.b-basic.nl) through B-Basic, a public private NWO-ACTS program (ACTS = Advanced Chemical Technologies for Sustainability). 


BIOT 353
Design of recombinant strains based on host cell elution profiles 
Zhu Liu1, zliu@engr.pitt.edu, Patrick Bartlow1, Richard Koepsel1, Ryan Haley2, rchaley@uark.edu, Robert R. Beitle3, rbeitle@engr.uark.edu, and Mohammad M Ataai4, ataai@engr.pitt.edu. (1) Department of Chemical and Petroleum Engineering, University of Pittsburgh, 1249 Benedum Hall, Pittsburgh, PA 15261, Fax: 412-624-9630, (2) University of Arkansas, Department of Chemical Engineering, Fayetteville, AR 72701, (3) Department of Chemical Engineering, University of Arkansas, Fayetteville, AR 72701, (4) Department of Chemical Engineering, University of Pittsburgh, Pittsburgh, PA 15261
This presentation illustrates a novel concept by which proteins of commercial, therapeutic, or academic interest may be isolated particularly when affinity tail technology is used to dictate purification. The deletion or modification of host gene(s) coding for protein(s) present in certain strategic portions of an elution gradient opens windows of low background contaminants. Exploiting these windows permit ease of target protein recovery, since less genomic contaminants is present in the mixture to complicate recovery. To this end, understanding and manipulating the elution profile associated with the genome of the cell producing the recombinant product provides an added dimension to bioprocess development. The feasibility of this approach was demonstrated by the analysis of the cellular proteins present in the Immobilized Metal Affinity Chromatography (IMAC) elution profile of Escherichia coli genomic proteins. Mutant strains have been prepared that are deficient in certain key proteins to minimize the number of contaminants that display when imidazole is used to illicit protein elution from Ni(II) IMAC. Mutant strains showed no differences in growth rate and Green Flourescent Protein expression when compared to the wild-type. These results provide the foundation for developing highly engineered host cells that pair with a particular affinity technique.


BIOT 354
Profiling of Host Cell Proteins by Two Dimensional Difference Gel Electrophoresis (2D-DIGE): Application in Downstream Process Development 
Nicolas Szapiel1, nicolas.szapiel@bms.com, Mi Jin1, mi.jin@bms.com, John L. Hickey1, john.hickey@bms.com, Steven Lee2, steven.lee@bms.com, and Sanchayita Ghose1, sanchayita.ghose@bms.com. (1) Process Sciences Downstream, Bristol-Myers Squibb, 6000 Thompson Rd., Syracuse, NY 13057, (2) Bristol-Myers Squibb Company, Syracuse, NY 13221-4755
Host cell proteins (HCP) constitute a major group of impurities required to be adequately removed throughout the downstream purification process. They are a complex mixture of proteins with significantly diverse molecular properties. The level of HCP is typically quantified using a sensitive ELISA based assay. However, ELISA assay does not provide information on the diversity and the molecular properties of HCP. Complex protein mixtures can be profiled using two-dimensional gel electrophoresis (2D-PAGE) based on charges and sizes. Two-dimensional difference gel electrophoresis (2D-DIGE) is an advanced quantitative tool based on 2D-PAGE to profile protein species and level differences. This technique can be used as a complementary tool to the ELISA based assay to further reveal the diversity and properties of HCP species. 

This presentation will explore the use of 2D-DIGE to examine host cell protein profiles and to gain knowledge on the molecular species that cause certain downstream processing problems. A case study will be presented on how the knowledge gained by 2D-DIGE related to establishing effective strategies for mitigating precipitation seen during protein A elution, a commonly observed phenomenon in antibody purification. In addition, the impact of cell culture parameters on host cell protein profile and their implications for downstream processing will also be discussed. 


BIOT 355
Programming Molecular Tube Circumferences 
Peng Yin1, py@caltech.edu, Rizal F. Hariadi2, Sudheer Sahu3, Harry MT. Choi4, SungHa Park5, Thomas H. LaBean3, Erik Winfree6, and John H. Reif3. (1) Department of Computer Science, Department of Bioengineering, Center for Biological Circuit Design, California Institute of Technology, Pasadena, CA 91125, (2) Department of Applied Physics, California Institute of Technology, (3) Department of Computer Science, Duke University, (4) Department of Bioengineering, California Institute of Technology, (5) Department of Computer Science, California Institute of Technology, (6) Department of Computer Science, Department of Computation and Neural Systems, California Institute of Technology
Controlling the circumference of synthetic molecular tubes is important to nanotechnology, chemistry, and materials science. We describe a tube circumference control framework based on molecular programming. Programs for constructing molecular structures are written through simple ``wiring" of modular complementary domains in a novel 42-base single-stranded DNA motif. The execution of such programs through one-pot annealing results in the self-assembly of monodisperse tubes of programmed circumferences. Compared with previous tube circumference control work using diverse materials, our molecular programming based approach is distinctively modular and simple, both on a conceptual and on a practical level. Its generality and robustness is demonstrated by the assembly of long tubes displaying monodisperse circumference of 4, 5, 6, 7, 8, 10, or 20 DNA helices, according to each design.





BIOT 356
Multicomponent molecular detection of breast cancer cells using nanotube electronic devices specific for cell surface receptors 
Ning Shao1, ningshao@udel.edu, Eric Wickstrom2, eric@tesla.jci.tju.edu, and Balaji Panchapakesan1. (1) Department of Electrical and Computer Engineering, University of Delaware, Delaware MEMS and Nanotechnology Laboratory, Newark, DE 19716, Fax: 302-831-4316, (2) Biochemistry & Molecular Biology, Thomas Jefferson University, Bluemle 219, 233 S 10th Street, Philadelphia, PA 19107-5541, Fax: 215-955-4580
Circulating tumor cells imply advanced diseases. Current methods for detecting circulating tumor cells require multiple technically demanding steps carried out by highly trained personnel. We hypothesized that single wall carbon nanotube (SWCNT) devices might provide an accurate, sensitive, simple and swift alternative to detect human breast cancer cells in single drops of blood. SWCNT transistors fabricated by employing airbrushing, surface functionalization were optimized by dual ultrasonication and polymer coating to maximize their performance. Specific and non-specific antibodies were attached to the exterior surfaces of the SWCNTs to render them specific for target biomolecules. Devices were challenged with several cancerous/non-cancerous human cell lines. Individual specific cancer cells could be detected by monitoring the 60% reduction of the device conductance upon specific cell binding. Non-specific cancer cells exhibited less than 5% conductance drop. Specific pairs of cancer cells with their cognate antibodies showed more than 10 times change of conductance over non-specific pairs, illustrating the sensitivity and selectivity of the SWCNT-antibody device. This work was supported by DAMD W81XWH-06-1-0668, NSF CAREER award ECS 0546328, and NIH INBRE grant RR016472-06.


BIOT 357
Fast detection of protein cancer markers and HIV antigen using microfluidic-based surface immobilized biobarcode assay 
LIYING WANG1, liying-wang@northwestern.edu, Edgar D. Goluch1, Haley D. Hill2, hdhill@northwestern.edu, Sarah J. Hurst2, s-hurst@northwestern.edu, Eun-Young Kim3, Chad A Mirkin2, c-mirkin@northwestern.edu, and Chang Liu1. (1) Mechanical Engineering/Electrical Engineering, Northwestern University, 2145 Sheridan, Evanston, IL 60208, (2) Department of Chemistry, Northwestern University, Evanston, IL 60208, (3) Division of Infectious Diseases/The Feinberg School of Medicine, Northwestern University, Chicago, IL 60611
Nanoparticle-based Biobarcode Assays (BCA) are among the novel innovative biodetection technologies with great promise for cancers and genetic diseases diagnostics and therapeutics because of their high sensitivity, unique selectivity, and multiplexing capabilities. In order to drive the applications of this advent from biomedical research to the clinical setting, a low-volume, easily-operated platform of BCA named Surface Immobilized Biobarcode Assay (SI-BCA), which integrates the advance in micro/nano-fabrication, microfluidics, and biotechnology, has been developed and validated for detection of protein cancer markers. This presentation will focus on further optimizations of this technique and its applications in (1) fast, simultaneous multiplexed detection of prostate specific antigen (PSA) and human chorionic gonadotropin (HCG) and (2) fast detection of HIV antigen as well as (3) testing of patient's sample.


BIOT 358
Near real-time antibody quantification via plasmonic enhancement of a sandwich fluoroimmunoassay 
Derek S. Smith1, dsmith4@umbc.edu, Henryk Szmacinski2, Michael A. Hanson1, m.hanson@umbc.edu, Yordan Kostov1, kostov@umbc.edu, Joseph R. Lakowicz2, lakowicz@cfs.umbi.umd.edu, and Govind Rao1, grao@umbc.edu. (1) Center for Advanced Sensor Technology, Department of Chemical and Biochemical Engineering, University of Maryland at Baltimore County, 1000 Hilltop Circle, Baltimore, MD 21250, Fax: 410-455-6500, (2) Center for Fluorescence Spectroscopy, Department of Biochemistry and Molecular Biology, University of Maryland at Baltimore, Baltimore, MD 21201
Nanometer-sized silver island films generate a two-fold effect on fluorophores; the fluorescence quantum yield is increased and the lifetime is decreased resulting in brighter, more stable fluorophores. This is a near-field effect termed Metal-Enhanced Fluorescence (MEF) occurring for fluorophores at distances about 3 to 50 nm from the surface. As a result, in fluoroimmunoassays, MEF provides a distinct difference between the fluorescence properties of bound and unbound reporter antibodies. By employing phase modulation (PM) fluorometry, the reporter antibodies bound to the captured target are detected in the presence of a large excess of unbound reporter antibodies. The use of the MEF-PM method to quantify IgG3 resulted in an order of magnitude fluorescence enhancement with the elimination of washing steps shortening the conventional ELISA by nearly 90 minutes. As this technology is developed, it is believed that real-time monitoring of proteins and other biological interactions of relevance will be possible.


BIOT 359
Dissecting Ephrin A1-EphA2 signaling in breast cancer 
Pradeep M. Nair1, Pnair@berkeley.edu, Khalid Salaita1, Salaita@berkeley.edu, Rich M. Neve2, Joe W. Gray2, and Jay T. Groves1, JTGroves@lbl.gov. (1) Department of Chemistry, University of California, Berkeley, Berkeley, CA 94706, (2) Lawrence Berkeley National Laboratory
Activation of the EphA2 receptor tyrosine kinase with its natively membrane-bound ligand, ephrin A1, plays an important role in breast cancer biology. Here we examine the behavior of a library of breast cancer cell lines when cultured on a supported lipid bilayer (SLB) presenting fluid, membrane-tethered ephrin A1. Real-time fluorescence imaging, immunostaining, and protein expression all show that the ligand induces receptor clustering and activation when presented in this context. However ligand-induced receptor clustering and activity is altered when the ligand is presented in solution or bound to non-fluid surfaces. Nanopatterned diffusion barriers are used to constrain ephrin A1 into micron-scale corrals within the SLB. Importantly, these barriers confine cell-directed lateral transport of ligand-receptor complexes, and this affects downstream signal transduction. The SLB system allows for in vitro examination of EphA2 activation by ephrin A1, subsequent protein recruitment, and phenotypic characterization of live cells, in a physiologically relevant microenvironment.


BIOT 360
An emerging technology for the fundamental problem of immunocompatibility: The body's own means of ‘self' recognition 
Richard Tsai, Pia Rodriguez, and Dennis E. Discher, Chem & Biomol Eng; Cell & Mol Biology and Physics Grad Groups, University of Pennsylvania, 129 Towne Building, Philadelphia, PA 19104
Any particle injected or surface implanted in us or any other mammal must contend with Macrophages that have – for eons – swept up invading bacteria, yeast, and other pathogens. At the same time, Macrophages leave our own ‘Self' cells alone. The Foreign vs Self difference certainly does NOT reside in steric repulsion by the glycocalyx, which some have argued is well-mimicked by the modern polymer PEG. We have sought to address how Macrophages specifically recognize Self and to define its physicochemical limits, and we have focused on a cell-surface protein found on all of our own cells. We demonstrate a two-step procedure for recognizing intruders that helps avoid misdirected attacks. In the first step, which is well known, Macrophages adhere and begin engulfing objects studded with antibodies or plasma complement proteins that bind interlopers and will also bind to the body's own cells. However, before a macrophage engulfs its target, it also checks for the second form of identification on all self cells, the protein CD47. The ~100 aa extracellular domain of CD47 is sufficient to induce a macrophage to disengage a cell from the same species or even a synthetic particle decorated with this domain. We will detail the divergence in Foreign vs Self adhesive signaling mechanisms, the dependence on protein densities, and the length scale dependence for this fundamental facet of immunocompatability. 


BIOT 361
Self-interaction nanoparticle spectroscopy: A nanoparticle-based protein interaction assay 
Aditya Bengali and Peter M. Tessier, Dept. of Chemical & Biological Engineering, Rensselaer Polytechnic Institute, 110 Eighth Street, Troy, NY 12180
Weak protein interactions have broad relevance to the fields of biology and biotechnology. For example, these interactions govern the assembly of proteins into crystals for structural analysis, as well as both the aggregation of therapeutic proteins in vitro and disease-related proteins in vivo. Despite the importance of these interactions, they are notoriously difficult to characterize, especially in a high-throughput manner. We are developing a nanoparticle-based platform, namely self-interaction nanoparticle spectroscopy (SINS), to detect protein self-interactions in a parallel manner (Tessier et al., J Am Chem Soc, 2008). In this presentation we will discuss different approaches to modifying gold nanoparticles for efficient, stable immobilization of proteins with diverse physical properties. Moreover, we will demonstrate that protein self-interactions can be characterized using SINS in good agreement with measurements of osmotic second virial coefficients. Finally, we will discuss future directions for integrating SINS into the design and selection of aggregation-resistant protein therapeutics.


BIOT 362
Mechanical nanosensor based on a thermophilic thermosome: On route to self-reporting biomaterials 
Nico Bruns1, nico.bruns@berkeley.edu, Katarzyna Pustelny2, kpustelny@gmail.com, and Douglas S. Clark1, clark@cchem.berkeley.edu. (1) Department of Chemical Engineering, University of California, Berkeley, 201 Gilman Hall, Berkeley, CA 94720, Fax: +1 510 643 1228, (2) Department of Analytical Biochemistry, Jagiellonian University, Kraków, Kraków 30-387, Poland
The incorporation of extremophilic proteins into polymers gives robust composite materials that function under extreme conditions (e.g. over a broad temperature range). Here we present a concept that enables materials to sense and report mechanical failure. 

The thermosome from the thermophile Thermoplasma acidophilum is a spherical hexadecameric protein. We have engineered it in such a way that it covalently entraps guest proteins into its two cavities. Immobilizing a donor-acceptor pair of fluorescent proteins into the cavities allows for fluorescent resonance energy transfer (FRET). The host-guest protein complex was further modified with acrylic groups and copolymerized with acrylic monomers to form composite materials. If these materials are mechanically stressed, the stress is transferred onto the protein. Distortion of the protein attenuates the FRET signal. Current studies are underway to examine the application of the host-guest protein system as a nanometer sized sensor to monitor stress distributions within polymeric samples and to detect stress-induced nanocracks prior to structural failure of the material. 


BIOT 363
Impact of Medium Formulation on Stable MAb Expression 
Andrea Levine1, andrea_levine@merck.com, Paul Duncan1, ET Sendarek2, and Colette Ranucci3. (1) Bioprocess Research and Development, Merck and Co, Inc, 770 Sumneytown Pike, Mail Stop: WP 17-201, West Point, PA 19486, (2) Non-Clinical Statistics, Merck Research Laboratories, Merck and Co, Inc, West Point, PA 19486, (3) Bioprocess Research and Development, Merck & Company, West Point, PA 19486
A stable cell line is a fundamental requirement for developing a robust monoclonal antibody production process. Typically, stability studies are performed during clone selection activities, and the clone with the desired productivity and product quality attributes is chosen for long term program development. During process development of a particular monoclonal antibody, cell line stability was found to be impacted by medium composition. Specifically, three medium components (yeastolate, tropolone, and trace elements) were shown to interact to cause a rapid decline in cell specific productivity. A Central Composite Design DOE was performed to identify the causes of instability and to define a robust medium composition. Results of these studies were applied to redesign the medium to fully restore stable clone performance. The effects of the medium on stability were characterized not only by long term stability studies, but also in terms of changes in copy number and mRNA expression. 


BIOT 364
Effects of microsparger surface area and pore size on mass transfer in a development bioreactor 
Christian Wood, Tanti Kurniawati, and Sadettin Ozturk, BioProcess Development, Centocor R&D, PO Box 776, Welsh and McKean Roads, Spring House, PA 19477
Oxygenation and carbon dioxide removal are key factors to the successful operation of a bioreactor. As new process developments continue to increase cell densities and productivities, it becomes an increasing challenge to provide sufficient oxygen to the cells and maintain a low level of carbon dioxide, while minimizing accumulation of excess foam. Additionally, the fouling of microspargers due to the build up of cellular debris, and possibly addition of antifoam, provides another challenge. In this study, several microspargers with a wide range of pore sizes (2 to 100 micron) and surface areas (1.6 to 11.4 cm2) were used in a development bioreactor under varying operating conditions. The resulting oxygen and carbon dioxide mass transfer coefficients (kLa) were evaluated to determine the effects of sparger pore size, sparger surface area, and addition of antifoam. The change in mass transfer due to accumulation of high cellular mass and debris was also evaluated. 


BIOT 365
Biochemical characterization of phosphoglucomutase from Clostridium thermocellum 
Yiran Wang and Y.-H Percival Zhang, Biological Systems Engineering Department, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061, Fax: 540-231-3199
A phosphoglucomutase (PGM) identified from the genome sequence of a thermophilic bacterium Clostridium thermocellum was heterologously over-expressed in Escherichia coli. The recombinant CBM-intein-PGM was specifically adsorbed by regenerated amorphous cellulose (RAC); the truncated PGM was purified in the aqueous phase through intein self-cleavage occurring on the surface of RAC. The C. thermocellum PGM required Mn2+ as an activator and had a promiscuous activity -- phosphomannomutase (PMM). The kcat and Km of PGM were 183 s-1 and 0.41 mM on G1P at 60oC, respectively. The Ser144 was identified to be a catalytic site. It was found that the thermostability of PGM was reversely proportional to its protein concentration. PGM thermostability at a low concentration was enhanced by 12-fold (i.e., t1/2 = 72 h) at 60oC with a combinatorial addition of BSA, Triton X-100, Mg2+, and 2+. This enzyme, the most active PGM thus far characterized, will be vital for high-yield hydrogen production from carbohydrate and water by a synthetic enzymatic pathway at elevated temperatures (Zhang et al. PLoS One, 2007, 2:e456). 


BIOT 366
Coexpression of Arabidopsis thaliana phytochelatin synthase and Treponema denticola cystalysin leads to enhanced arsenic accumulation 
Shen-Long Tsai1, stsai003@ucr.edu, Shailendra Singh1, ssing007@student.ucr.edu, Nancy A. Da Silva2, ndasilva@uci.edu, Ashok Mulchandani1, and Wilfred Chen1. (1) Department of Chemical and Environmental Engineering, University of California, Riverside, 900 University Ave., Riverside, CA 92521, (2) Chemical Engineering and Materials Science, University of California, Irvine, Irvine, CA 92697-2575
Arsenic is one of the most hazardous pollutants found in aqueous environment and has been shown to be a carcinogen. Phytochelatins (PCs), which are cysteine-rich and thio-reactive peptides, have been shown to have high binding affinities for various metals including arsenic. Previously, genetically engineered yeast expressing phytochelatin synthase (AtPCS) has been shown to produce PCs and bioaccumulate high levels of arsenic. In an effort to further improve the overall bioaccumulation of arsenic, cysteine desulfhydrase, an aminotransferase that converts cysteine into hydrogen sulfide under aerobic condition, was co-expressed in order to promote the formation of larger AsS complexes. When grown in defined minimal media, yeast cells producing either AtPCS or cysteine desulfhydrase showed significant increase in arsenic accumulation whereas cells producing both AtPCS and cysteine desulfhydrase showed further increase in arsenic accumulation, indicating the cumulative action from both enzymes. Moreover, the level of arsenic accumulation can be modulated by the addition of cysteine, confirming the importance of hydrogen sulfide in the overall bioaccumulation.


BIOT 367
Discovering the regulatory hubs of Strepotmyces secondary metabolism through transcriptome data mining 
Salim Charaniya1, salim@cems.umn.edu, Marlene Castro1, castro@cems.umn.edu, Siguang Sui1, sui@cems.umn.edu, George Karypis2, karypis@cs.umn.edu, and Wei-Shou Hu1, wshu@cems.umn.edu. (1) Department of Chemical Engineering and Materials Science, University of Minnesota, 421 Washington Ave. SE, Minneapolis, MN 55455, Fax: 612-626-7246, (2) Department of Computer Science and Engineering, University of Minnesota, Minneapolis, MN 55455
The phenotypic complexity of Streptomycetes manifests in their diversity of secondary metabolism and morphological differentiation. The transcriptomic, genomic, and functional characteristics of all the genes for the model organism, Streptomyces coelicolor, were integrated in an effort to identify the dynamic regulatory networks that confer such complex phenotypes. More than five-hundred samples of genome-wide temporal transcriptome data compiled from our laboratory and public repositories, comprising wild-type and approximately twenty-five regulatory gene mutants probed across multiple stress and medium conditions, were examined. Information based on transcript and functional similarity was used to predict transcriptional networks constituting modules enriched in diverse functions such as polyketide synthesis and electron transport. Furthermore, a whole-genome operon map was predicted and combined with non-coding sequence information to identify putative regulons involved in secondary metabolism. Such integrative efforts to tap ‘omics' resources will aid in uncovering the regulatory cascades of functional processes relevant for secondary metabolism.


BIOT 368
FSscan: A program to identify +1 frameshifting hot spots in Escherichia coli genome 
Pei-Yu Liao1, pl248@cornell.edu, Robert S. Kuczenski1, rsk23@cornell.edu, and Kelvin H. Lee2, khl@udel.edu. (1) School of Chemical and Biomolecular Engineering, Cornell University, 120 Olin Hall, Ithaca, NY 14853-5201, Fax: 302-831-4841, (2) Department of Chemical Engineering and Delaware Biotechnology Institute, University of Delaware, Newark, DE 19711
Programmed ribosomal frameshifting (PRF) is the process by which ribosomes produce two different polypeptides from the same mRNA. In +1 PRF, ribosomes skip over one nucleotide toward 3' end. Previously, we proposed a kinetic model which shows that the interactions in the ribosome E-, P-, and A-sites act synergistically on promoting +1 frameshifting. In this study, FSscan program is developed for searching potential +1 frameshifting sites in the Escherichia coli genome. The program calculates scores for an 11-nucleotide window along a gene sequence according to different effects of the E-, P-, and A-site. FSscan was successfully applied to prfB to identify the +1 framshifting site in the gene. To validate FSscan results, a reporter system for high throughput screening for +1 frameshifting in E. coli was developed. The combination of the FSscan program and large scale reporter system provides a method for identifying novel +1 frameshifting sites in E. coli. 


BIOT 369
Metabonomics: Roles in mammalian cell culture process understanding and optimization 
NingNing Ma, Bioprocess R&D, Pfizer Inc, 700 Chesterfield Parkway West, Chesterfield, MO 63017
A metabonomics tool was used to study the dynamics of mammalian cell metabolism during a fed-batch process where a broad array of metabolites in different metabolic pathways were monitored over time. The results and benefits of this study on process understanding and optimization will be presented. 


BIOT 370
Using a novel 24-well microplate in high-throughput development of serum-free suspension cell culture 
Yuan Wen, Ning Liu, Xudong Zhang, and Shang-Tian Yang, Department of Chemical and Biomolecular Engineering, The Ohio State University, 125A Koffolt Labs, 140 West 19th Avenue, Columbus, OH 43210
We have designed and fabricated a novel 24-well microplate for high-throughput cell culture process development. Each well of the plate has a set of observation windows at the bottom, where optical detection methods can be used for monitoring cell number, pH and dissolved oxygen with corresponding sensors. Good mixing was achieved by a center stir pillar in each well under agitated conditions. This plate also features two membranes as bottom and lid which are highly permeable to non-polar gases, such as oxygen and carbon dioxide, critical for high density cell culture. In addition, an even lower evaporation of water content from each well can also be achieved, compared with proprietary and commercially available low evaporation multiwell plates. Suspension culture can be grown to a density as high as over 2 million cells/mL with the microplate. Using design of experiment techniques, we also developed and optimized a serum-free medium for CHO cell culture in the microplate. This platform is a useful high-throughput scale-down model for cell culture process development.


BIOT 371
Application of on-line scanning dielectric spectroscopy to monitor CHO cell cultures 
Cary Opel and Ashraf Amanullah, Oceanside Process Research & Development, Genentech, Inc, 1 Antibody Way, Oceanside, CA 92056
Achieving reliable on-line cell density measurements is one of the most valuable, but challenging goals in process monitoring. Recent advances in scanning dielectric spectroscopy show promise in providing information on many parameters related to viable cell density. On-line monitoring of batch and fed-batch CHO cultures was performed using a capacitance probe Several methods of analyzing the set of capacitance data were used to derive useful culture parameters such as viable cell density, viable packed cell volume, integrated viable cell density, growth rates, average cell diameter and cell size distribution. These methods included a simple capacitance-to-parameter ratio model, a Partial Least Squares (PLS) regression model, and theoretical calculations based on the beta-dispersion curve. Some practical applications of capacitance probes were demonstrated through the integration of the signal with a DeltaV bioreactor control system. These included an automated batch re-feed, monitoring of base addition via conductivity, online indication of glucose and lactate exhaustion, and implementation of a capacitance controlled continuous bioreactor.


BIOT 372
CFD modelling of gas transfer in bioreactors 
William J. Kelly, Chemical Engineering Department, Villanova University, 800 Lancaster Avenue, 318 White Hall, Villanova, PA 19085-1681, Fax: 610-519-7354
Computational Fluid Dynamics (CFD) has been used to model upstream bioprocessing steps such as fermentation and homogenization. The focus of these studies has often times been to characterize single phase (liquid) flow and hydrodynamic shear. In the actual bioprocessing operations however, there is at least two phases (cells and liquid) present. In the bioreactor, the gas bubbles constitute a third phase. More recent CFD models have considered the momentum and mass transfer that occurs between the phases. In this study, a CFD model was developed that predicts steady state concentrations of dissolved oxygen (O2) and especially dissolved carbon dioxide (CO2) in a small laboratory bioreactor. The model employs the following three features: 1. mass balances across the liquid phase for oxygen and carbon dioxide. 

2. gas solubility as a function of liquid head pressure 

3. reaction equilibrium for the CO2-bicarbonate chemistry. 

The model has been used to assess the dependence of gas transfer on RPM, gas flow rate, surface tension etc. 


BIOT 373
Denitrifying fermentation technology: Rhamnolipid production from biodiesel byproduct glycerol 
Neissa M. Pinzon and Lu-Kwang Ju, Department of Chemical and Biomolecular Engineering, University of Akron, 200 E Buchtel Commons, Akron, OH 44325-3906
Glycerol is generated in large quantities as the major byproduct of biodiesel manufacturing. Developing large-volume new uses of glycerol is essential to sustainable and profitable biodiesel production. Rhamnolipids are high-value effective biosurfactants that can be produced by Pseudomonas aeruginosa from glycerol. Industrial production of rhamnolipids is challenging because of the highly foaming nature of the culture broth and the complex regulatory mechanisms involved. We have developed the denitrifying fermentation technology, making use of P. aeruginosa's ability of nitrate respiration, to avoid the foaming problems associated with aerobic fermentations. Isolates of glycerol-utilizing P. aeruginosa were obtained from soil samples of a biodiesel production plant. SW agar plates were used to identify the highest rhamnolipid producers from glycerol. P. aeruginosa E03-40 was selected as the production strain. Successful cell growth and rhamnolipid production under denitrifying condition were obtained. Characteristics of the new denitrifying fermentation technology will also be presented. 


BIOT 374
Development of a cell culture production platform for cold-adapted live attenuated influenza vaccine (CAIV) strains of FluMist®: Medium fortification and process intensification strategies for improving bioreactor productivity 
Meena George, Xiao Shi, Thi Dang, Kunal Aggarwal, Richard Schwartz, Jonathan Liu, and Luis Maranga, Cell Culture Development, MedImmune, Inc, 3055 Patrick Henry Drive, Santa Clara, CA 95054, Fax: 650-603-3594
Current influenza vaccines are manufactured using embryonated hens' eggs. The potential occurrence of a pandemic outbreak of avian influenza might reduce or even eliminate the current supply of eggs, leaving the human population at risk. 

We have previously reported the early development of a platform process for cell culture production of a cold-adapted live attenuated influenza vaccine using Madin-Darby Canine Kidney (MDCK) cells where we obtained peak infectious virus titers ≥ 8.6 log10FFU/mL for all 2006/2007 seasonal FluMist® virus strains. This was equivalent to ≥ 40 vaccine doses/mL of culture prior to purification. 

In this communication we report the efforts undertaken to further improve bioreactor virus titer via medium fortification and process intensification. Systematic evaluation of: pre- and post-infection medium composition, pre- and post-infection cell metabolism, as well as process intensification proof of concept experiments, yielded peak titers as high as 9.5 log log10FFU/mL (equivalent to 316 vaccine doses/mL of culture). 


BIOT 375
Enhanced hydrogen production from glucose and xylose by C. tyrobutyricum 
Yali Zhang and Shang-Tian Yang, Department of Chemical and Biomolecular Engineering, The Ohio State University, 140 w 19th Ave., Columbus, OH 43210
Clostridium tyrobutyricum, a strict anaerobic, gram-positive bacterium, produces acetate, butyrate, and hydrogen from different saccharide including glucose and xylose during anaerobic fermentation. According to the metabolic pathway, 2 mol of hydrogen could be produced when 1 mol of glucose is converted to acetate and 4 mol of hydrogen could be produced if butyrate is co-produced. In order to increase the hydrogen production, a ptb-deleted mutant has been constructed by the homologous recombination to decrease the butyrate production. The ratio of butyrate/acetate decreased 20% and the hydrogen production also increased in the mutant. Fermentation conditions such as pH and substrate initial concentration are also optimized to continually increase the hydrogen production. 


BIOT 376
Evaluation & implementation of a fully automated bioreactor sampling system for on-line cell counting, metabolite analysis, and HPLC amino acid analysis 
Erwin Y. Yu, erwin.y.yu@pfizer.com, Global Biologics, Pfizer Inc, 700 Chesterfield Parkway West, Chesterfield, MO 63017, keith davis, keith.a.davis@pfizer.com, Pfizer Global Biologics, Chesterfield, MO 63017, George Barringer, barge@GrotonTech.com, Groton Technology, Inc, Acton, MA 01720, and Susan A. Casnocha, susan.a.casnocha@pfizer.com, Bioprocess R&D, Pfizer Global Biologics, Chesterfield, MO 63017
Two common goals of biotherapeutics development are reduction in timelines and increased process understanding. The advent of new tools for process analytical technology will help process development scientists meet these two seemingly conflicting goals. In this presentation an evaluation of Groton Biosystems' automated sampling system, ARS840, will be discussed. This system has the capability of both unattended sampling and unattended sample analysis via integration with on-line in-process analytical instruments. 

We successfully demonstrated the capacity of the system to automatically sample from multiple bioreactors and deliver sample to 4 process analytical instruments: NOVA400 (dissolved gases, pH and metabolite analysis), Cedex (viable cell concentration and viability), HPLC [amino acid (AA) analysis] and an offline sample collector. The robustness of the system was demonstrated for both 1L benchtop bioreactors and 30L steam in place (SIP) bioreactors. In collaboration with Groton Biosystems an ARS-Bioreactor SIP interface was developed which ensures sterility of the bioreactor during unattended online sampling. 

During the evaluation the ARS840 was able to deliver samples to the various analytical instruments in near-real time with results comparable to off-line analysis using the same instruments. Issues which were resolved during the evaluation include elimination of sample dilution (caused by steam condensate and other system cleaning protocols) and maintaining fidelity of sample dissolved gases (O2 and CO2). Resolutions of these issues were key to obtaining reliable on-line analytical results to accurately monitor the bioreactor environment. The successful ARS840-HPLC interface can be a very powerful process development tool to monitor and ultimately control residual concentrations of AA in the production media. An integrated ARS840 system affords the potential for increased process understanding through more frequent sampling and analysis in a truly automated mode. 


BIOT 377
Implementation of a high yield chemically defined process in a bench scale bioreactor 
Eddie Rustandi1, eddie.rustandi@biogenidec.com, Yao-ming Huang1, Yao-ming.Huang@biogenidec.com, Weiwei Hu1, Helena Yusuf-Makagiansar2, helena.yusuf-makagiansar@biogenidec.com, and Thomas Ryll2, Thomas.ryll@biogenidec.com. (1) Cell Culture Development, Biogen Idec Inc, 5200 Research Place, San Diego, CA 92122, (2) Cell Culture Development, Biogen Idec, Inc, San Diego, CA 92122
A robust and high yield chemically defined (CD) process has been developed, eliminating the dependency of hydrolyzed proteins to enhance productivity. A five-fold increase in product yield is seen over the existing CD process and a two-fold increase over the best hydrolysate process. This high product yield is successfully achieved through the rebalancing of existing components and addition of new components that increase the volumetric productivity of the process. The specific Oxygen uptake rate (OUR) and volumetric Oxygen uptake rate of the optimized CD process is compared to the previous process to evaluate whether mass transfer limitations would arise in manufacturing.


BIOT 378
Maintenance of a cell culture inoculum source 
Keri Mills1, kamills@gene.com, Kevin Johnson1, johnson.kevin@gene.com, Luciano Pollastrini1, and Linda Emerick2. (1) Manufacturing Sciences and Technical Services (MSATS), Genentech, Inc, 1000 New Horizons Way, MS 110E, Vacaville, CA 95688, Fax: 707-454-2823, (2) Cell Culture Services (CCS), Genentech, Inc, Vacaville, CA 95688
Long commercial campaigns and facilities dedicated to only one product are becoming less common as titers increase and product demand is reduced through increased competition. The changing marketplace is resulting in multiple processes being consolidated into fewer facilities and increased scrutiny on the cost of goods. As more and more products enter a given facility, companies need to design processes and equipment that are capable of allowing the maintenance of higher run rates and the performance of rapid product changeovers. One of these methods is to maintain continuous cell source to enable the inoculation of many runs from a single thaw. This helps to reduce the time needed for early scale-up, shorten the time needed to inoculate subsequent larger-scale bioreactors, and allow earlier initiation of new product thaws. Several methods have been established by industry to maintain this continuous cell source. This is a case study reviewing the operation of 20-L bioreactor suites as the cell source. This method will be compared to systems of varying complexity and scale, for example, spinners, Wave bags, and larger bioreactors. The pros and cons for the cell source will be discussed as this is a balance between the benefits of having enough cells to scale-up quickly and the costs of maintaining that cell source in a continuous manner. 


BIOT 379
Proteomics and genome sequencing to enhance CHO cell productivity 
Jeffrey C Swanberg Jr., swanberg@udel.edu, Chemical Engineering, University of Delaware, 15 Innovation Wy, Rm 125, Newark, DE, DE 19711, and Kelvin H. Lee, khl@udel.edu, Department of Chemical Engineering and Delaware Biotechnology Institute, University of Delaware, Newark, DE 19711
2D gel electrophoresis was used to identify 21 proteins with significantly altered expression in response to elevated SEAP production during a course of methotrexate amplification in CHO cells. One of the upregulated proteins, CapZ, inhibits growth of actin filaments. The addition of Cytochalasin D, a small molecule actin filament inhibitor, increases SEAP productivity. Cytochalasin E and Latrunculin B are two other actin inhibitors and we report on the utility of these medium additives in enhancing SEAP productivity. Two gene targets, EF2 and PEST were identified by proteomics as a means of increasing SEAP productivity, and we report on their expression in CHO cells. As an initial step towards whole genome shotgun sequencing of CHO K1, we report on a low coverage map of the CHO K1 genome that was generated using short read, next generation sequencing technology. This map is compared to related sequenced mammalian genomes.


BIOT 380
Recombinant antibody production from fed-batch cell culture using RevolutionTM engineered CHO DG44 
Xiaoguang "Margaret" Liu, Paula Ravnikar, and Florence Wu, PD Direct, Invitrogen, 7335 Executive Way, Frederick, MD 21704, Fax: 240-379-4066
Fed-batch mammalian cell culture process comprises most commercial biologics production systems. However, high concentrated nutrient feeds may negatively impact cell growth and productivity because of osmolarity and excess nutrient levels. Invitrogen's RevolutionTM technology was applied to DG44 CHO cells to inhibit mismatch repair, thereby generation a genetically diverse cell population, to develop a cell line resistant to high osmolality. The RevolutionTM engineered cells could tolerate as harsh as 600 mOsm/kg and doubled and demonstrated prolonged viability over a single passage. The recombinant antibody could be expressed and amplifiable with methotrexate using the engineered cells. Fed-batch shake flask and bioreactor with concentrated feeds were performed to test the engineered cells tolerance to high osmolality and antibody expression level. In a word, Invitrogen's RevolutionTM technology has been shown to be valuable towards systematically engineering a mammalian host cell that are both advantageous for bioproduction and as yet not fully exploited. 


BIOT 381
Enhancing Succinic acid production by improving fitness of E.coli production strains 
Amarjeet Singh, amarjeet.singh@colorado.edu, Department of Chemical and Biological Engineering, University of Colorado at Boulder, Campus Box 424, Boulder, CO 80309, and Ryan T Gill, rtg@colorado.edu, Department of Chemical and Biological Engineering, University of Colorado, Boulder, CO 80309
C4- dicarboxylic acids are potential building blocks for deriving commodity and specialty chemicals from biomass. E.coli strains engineered for succinic acid acids formation are, however, incapable of robust growth in minimal media. To elucidate the causal mechanisms for this observed growth defect, we employed a selection strategy to identify genes that improve growth of NZN111- a succinic acid production strain. Our studies suggest that altered internal redox balance is the primary cause for the growth inhibition of this strain. Using SCALEs, a genome wide approach, we identified a number of genetic changes that can balance the redox inside the cell and restore microaerobic growth of NZN111 in minimal media. Based on this genetic information, we modified the external redox conditions and observed two-fold improvement in succinic acid production and four-fold improvement in growth for NZN111. Similar improvements were also observed for NZN111 derivative AFP111 strain. 


BIOT 382
Optimization of autoinducible protein expression in Escherichia coli 
Kai Wang1, wangkaicv@gmail.com, Chen-Yu Tsao2, jtsao@umd.edu, and William E. Bentley2, bentley@umd.edu. (1) Department of Bioengineering, University of Maryland, College Park, 5115 Plant Science Building, College Park, MD 20742, (2) Fischell Department of Bioengineering and Center for Biosystems Research, UMBI, University of Maryland, College Park, MD 20742
In a process termed quorum sensing, bacteria coordinate their behavior according to the population density by producing, releasing and responding to signal molecules called autoinducers. The accumulation of Autoinducer 2 (AI-2) in media triggers the transcription of the lsr operon in E. coli, which encodes the AI-2 uptake transporter system. The AI-2 inducible lsr promoter was used to construct an autoinducible expression system in E. coli. In this study, the autoinducible expression of green fluorescent protein was optimized in shake flasks and compared to the commonly used BL21(DE3)/pET200 system. The timing of “autoinduction” can be altered by supplying different amounts of glucose in the media. Subsequent fermentations (4L bioreactors) showed similar levels of GFP expression as in shake flask cultures. We believe the ability to achieve a high level of protein expression in fermentors without any ex vivo addition of chemical inducers is a significant advantage in commercial bioprocess systems. 


BIOT 383
An evaluation of quantitative PCR for determining copy number of recombinant expression vectors in bacterial, yeast and mammalian systems, and its use in establishing genetic stability during culture 
Szi Fei Feng and Paul Duncan, Bioprocess and Bioanalytical Research, Merck and Co., Inc, 770 Sumneytown Pike, West Point, PA 19486
Recombinant bacterial, yeast and mammalian cells are now commonly used for producing biological medicinal drug substances for clinical or commercial use. Demonstration of the stability of recombinant expression systems is critical to assuring the ability to manufacture consistent product from batch to batch and over long periods of time. The copy number of a recombinant expression vector or cassette is one indication of the stability of the system during culture. While traditionally performed by Southern blot, we have successfully applied quantitative PCR (qPCR) to assess copy number of recombinant vectors and cassettes in bacterial, yeast, and mammalian production systems. In this presentation, we review the design of robust qPCR strategies for copy number, their qualification, and application to establishing genetic stability in a variety of production systems. These tests have been used to demonstrate the plasmid stability in recombinant yeast cells used to make a protein-based vaccine, the characteristic increase in copy number of plasmid in bacteria during growth restriction when making plasmid DNA-based vaccines, confirmation of the stability of a recombinant vector integrated into a human cell line used for adenovirus production, and finally the amplification of integrated expression vector copies in a stressed rodent cell cultures. 


BIOT 384
Bacterial band-pass filter for enzymatic activity - bacterial growth patterning 
Takayuki Sohka1, tsoka1@jhu.edu, Richard A. Heins1, rheins2@jhu.edu, Ryan M. Phelan2, Jennifer Greisler1, Craig A Townsend2, and Marc Ostermeier1, oster@jhu.edu. (1) Department of Chemical and Biomolecular Engineering, Johns Hopkins University, 3400 N Charles St, Baltimore, MD 21218, (2) Department of Chemistry, Johns Hopkins University, Baltimore, MD 21218
We engineered an E. coli strain to behave as a band-pass filter for enzyme activity. The band's location can be controlled simply by the addition of a compound to the growth media. Mixtures of cells with different levels of enzyme activity could be induced to grow in a differentiated pattern corresponding to a rank order of enzyme activity. Cells could be induced to form a ring of growth on agar plates. A simple correlation was observed between ring dimensions and enzymatic activities and/or compound concentrations. Our bacterial band-pass filter functions like a sensor and can be used to detect enzyme activity or substrate concentration in a very narrow range. A variety of patterns of growth and fluorescence could be induced depending on the position and concentrations of key molecules. 


BIOT 385
Benefits and limitations of rocking motion reactors in a process development environment 
Kapil Kothary1, kapilk@gene.com, Gayle E. Derfus2, derfus.gayle@gene.com, Jemelle Dizon-Maspat2, jemelle@gene.com, and Terry Hudson2, hudson.terry@gene.com. (1) Process Research and Development, Genentech Inc, 1 antibody way, Oceanside, CA 92056, (2) Oceanside Process Research & Development, Genentech, Inc, Oceanside, CA 92056
With the rise of biotherapeutic molecules, especially antibodies, the demand for innovations in bioreactor technology has become widespread. Disposable bioreactors are being increasingly accepted, both for improved simplicity of operation and for the economic advantages they offer in process development labs by replacing the conventional stirred tanks. Rocking motion reactors have so far proved to be an efficient alternative to produce antibodies. These reactors come with various probes/sensors and control systems. Several rocking bioreactor systems currently available on the market were evaluated and this poster highlights the experimental facts and recommendations that were determined to be best suited for a process development environment. Data is presented for the production train for Mab derived from CHO cell line. The growth and metabolic profiles for the production train as well as control system and sensors associated with the reactors have been compared and summarized. 


BIOT 386
Cellulase production by continuous culture of Hypocrea jecorina Rut C30 using acid hydrolysate prepared to retain more oligomers for induction 
Chi-Ming Lo and Lu-Kwang Ju, Department of Chemical and Biomolecular Engineering, University of Akron, 200 E Buchtel Commons, Akron, OH 44325-3906
An acid hydrolysate was prepared to retain more oligosaccharides, for improving the capability of inducing cellulase production by Hypocrea jecorina (anamorph Trichoderma reesei). The effect was evaluated with continuous culture at the dilution rates of 0.03 to 0.08 h-1. The specific cellulase production rates were found to be relatively constant at 8.9 ± 0.3 (FPU/g CDW-h), except for the lower rate, i.e., 7.2 (FPU/g-h), at the lowest dilution rate investigated. The former value was slightly higher than the rate obtained with a lactose-based medium, i.e., 8.2 (FPU/g-h). The maximum specific cell growth rate supported by the hydrolysate-based medium was 0.096 (h-1) and the apparent cell yield increased from 0.44 to 0.57 (g CDW)/(g reducing sugars) with increasing dilution rates. The best-fit maximum cell yield (without endogenous metabolism) was 0.68 (g/g), the endogenous substrate consumption rate was 0.023 (g reducing sugars)/(g CDW-h), and the specific cell death rate was 0.016 h-1.


BIOT 387
Characterization of a shake flask model for cultivation of CHO cells 
Jonathan D. Raley and Oscar Lara-Velasco, Pre-Clinical Development, Microbial & Cell Culture Process Development, GlaxoSmithKline, 709 Swedeland Road, P.O. Box 1539 UE0551, King of Prussia, PA 19406
A Full Factorial DOE was performed in shake flasks to test culture volume, shaking speed, and CO2 levels as variables. Shake flasks with nominal volumes ranging from 250mL to 1000mL were used and culture working volumes ranging from 30% to 70% of the nominal volume were examined. Responses investigated were Viable Cell Concentration, culture pH, remaining glucose, lactate and ammonium accumulation, and product titer. Additionally, shear stress was calculated for each one of the conditions tested. Results suggested that CO2 level and working volume had a statistically significant influence on lactate and ammonium accumulation. Moreover, the relationship between product accumulation and shear stress was explored. No definitive differences were observed for VCC, IVC, & Specific glucose uptake rate. A small scale seed shake flask model was obtained to help explain performance differences between cultures grown in shake flasks and bioreactors by applying statistical design of experiments.


BIOT 388
Conversion of a complex cultivation medium into a chemically defined protein-free medium for cultivation of CHO cells and production of monoclonal antibodies 
Laura Kizer Bentley1, laura_bentley@merck.com, James Park1, Diane Chauliac2, Serena Fries Smith1, Kristin Listner1, kristin_listner@merck.com, Lily Chu1, and Michel Chartrain1, michel_chartrain@merck.com. (1) BioProcess R&D, Merck & Co., Inc, 126 E. Lincoln Avenue, RY80Y-105, Rahway, NJ 07065, (2) ESIL -Engineering School of Luminy- Marseille -FRANCE
The following work describes the steps that were followed in the conversion of an in-house proprietary medium from a complex formulation to a chemically defined, protein-free medium which was shown to support cell growth and production of monoclonal antibodies in CHO cells. Not only is the new formulation free of the hydrolysate that was part of the original medium but it also has two high cost components, rHI and tropolone, removed as well. In addition to removing these complex and costly components, we also investigated reducing the glucose levels in both the medium and the fed-batch phase of the process as well as the use of an alternate carbon source, galactose, to address the issue of lactate accumulation. Analyses comparing the glycosylation patterns of the antibodies produced on complex versus defined media as well as when using galactose instead of glucose in the fed-batch were conducted and will also be discussed.


BIOT 389
Development of a hydrolysate-free CHO cell platform process 
Shadia Oshodi1, soshodi@gene.com, Deborah E. Pascoe2, pascoe.deborah@gene.com, and Inn H. Yuk1, iyuk@gene.com. (1) Early Stage Cell Culture, Process Research & Development, Genentech, Inc, 1 DNA Way, South San Francisco, CA 94080, Fax: 650-225-2006, (2) Late Stage Cell Culture, Process Research & Development, Genentech, Inc, South San Francisco, CA 94080
Platform processes are an increasingly popular method for implementing robust CHO cell culture processes within the aggressive timelines of early stage development projects. The platform process is first implemented in bioreactor experiments for cell line selection and can be scaled-up into large scale production with minimal modifications. To increase the probability of success of meeting titer and timeline goals, typical cell culture platform processes often include hydrolysates, with development of hydrolysate-free processes delayed until later development stages. As part of the development of a hydrolysate-free platform process, three metabolically different cell lines were evaluated in bioreactors. Results from cell line selection and DOE studies of process parameters for hydrolysate-free processes will be discussed, and the impact of inoculum train procedures on production culture performance will also be included.


BIOT 390
Effect of molasses concentration on fermentative bio-hydrogen production in attached growth system 
Jing TANG1, fairy_tang2003@yahoo.com.cn, Nanqi Ren2, rnq@hit.edu.cn, and Wenzong LIU1, liuwz0326@126.com. (1) School of Municipal & Environmental Engineering, Harbin Institute of Technology, No.202, Haihe Road, Nangang District, 150090, Harbin, China, (2) State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology, 150090, Harbin, China
Fermentative bio-hydrogen production from molasses wastewater by sewage sludge attached on activated carbon was conducted in batch and continuous experiments. The effect of molasses concentration on the stability and yield of hydrogen production was studied. In batch test, as the initial substrate concentration increased, both the final cell concentration and H2 production increased but the final pH was similar. When substrate was at a high concentration, 12000mg/L, not all of the molasses was consumed and the cell growth and H2 production were not much different from those with 8000mg COD/L. It is clear that fermentation stopped in the latter case when liquid end products reached a certain level. In continuous process, steady-state operation was obtained from 4000 to 14000mg COD/L of molasses in the influent. The increase of substrate concentration resulted in higher H2 production, but the yield of H2 production gradually decreased with increasing glucose concentration.


BIOT 391
Exploiting the potential of the RpoS phenotype via an inducible small RNA expression system 
Karen Carter, dekabbs@hotmail.com, Department of Chemical and Biomolecular Engineering, UMCP and Center for Biosystems Research, UMBI, University of Maryland -College Park, College Park, MD 20742, and William E. Bentley, bentley@umd.edu, Fischell Department of Bioengineering and Center for Biosystems Research, UMBI, University of Maryland, College Park, MD 20742
Escherichia coli are able to thrive in a multitude of environments by activating protective genes that render them remarkably resilient. However, this protective mechanism also creates difficulties for the medical community as refractory microbes develop resistance to multi-spectrum antibiotics and bacteria used in biotechnology resist modifications to increase protein yield. rpoS is a gene that is largely responsible for this ability to resist stressful surroundings. While recent studies reveal that small RNAs (sRNA) play a prominent role in the regulation of this cellular process, researchers are still exploring suitable applications. Our work focuses on using sRNAs to regulate RpoS in order to increase protein yield for industrial applications. This method potentially carries a lower metabolic cost than regulatory protein syntheses, has a rapid response time, and high binding specificity to its target mRNA.


BIOT 392
Immobilized Cytochrome P450 enzyme constructs: A potential bioreactor application 
Lance Wollenberg1, lwollenb@mix.wvu.edu, Jarod L. Kabulski1, Jarod.Kabulski@gmail.com, Mingli Yang2, mingli.yang@mail.wvu.edu, Nianqiang Wu2, nick.wu@mail.wvu.edu, Matthew Powell3, matthew.powell@proteabio.com, Lisa Martin4, Lisa.Martin@sci.monash.edu.au, Nissa Thomsen1, Timothy S. Tracy5, tracy017@umn.edu, and Peter M. Gannett1, pgannett@hsc.wvu.edu. (1) Department of Pharmaceutical and Pharmacological Sciences, West Virginia University, 1 Medical Center Drive, Morgantown, WV 26505, Fax: 304-293-2576, (2) Department of Mechanical and Aerospace Engineering, West Virginia University, Morgantown, WV 26505, (3) 955 Hartman Run Road, Protea Biosciences, Inc, Morgantown, WV 26505, (4) School of Chemistry, Monash University, Victoria, Australia, (5) Department of Experimental and Clinical Pharmacology, University of Minnesota, Minneapolis, MN 55455
Cytochrome P450 enzymes play a key role in the metabolism of pharmaceutical agents. To delineate drug/metabolite toxicity, it is necessary to obtain the entire complement of P450 metabolites from various pharmaceutical agents. Here, we demonstrate a procedure to immobilize pharmaceutically relevant P450 isoforms, on a variety of surfaces, in a bioreactor format to enable biosynthesis of natural P450 metabolites, as an alternative to chemical synthesis. As part of the development of the P450 bioreactors, we have studied two different methods of attachment including coupling via the N-terminus or the C-terminus using a Zn+2 chelator, AcBzTacn and a C-terminal his-tag. Proof-of-concept bioreactors have metabolized substrates using endogenous co-factors and co-enzymes. Long-term, we will utilize this technology in a microfluidic device, to maximize surface area and minimize volume, to optimize metabolite production. (Supported by NIH GM069753, GM063215 and a STEM Fellowship to LAW from WVEPSCoR.)


BIOT 393
Improvement of dark fermentation of bio-hydrogen production by release of acetic acid inhibition 
Jing TANG1, fairy_tang2003@yahoo.com.cn, Nanqi Ren2, rnq@hit.edu.cn, and Wenzong LIU1, liuwz0326@126.com. (1) School of Municipal & Environmental Engineering, Harbin Institute of Technology, No.202, Haihe Road, Nangang District, 150090, Harbin, China, (2) State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology, 150090, Harbin, China
Biological processes are an environmentally friendly technology for producing hydrogen from renewable resources. However, anaerobic fermentation is limited by high end products concentration and low pH value under unaffected conditions. To enhance hydrogen production by fermentative hydrogen producing bacterial strain B49 (AF481148 in EMBL), we have recently employed an electrodialytic cell to release critical acetic acid inhibition. Electrodialysis with bipolar membrane was utilized to remove acetic acid from original effluent of fermentation reactor, while another liquid end product - ethanol and residual glucose were recovered, and return to previous process. We report here that by optimizing the reactor configurations and operation conditions, the hydrogen yield increased to 2.4 mol H2/ mol glucose with an average of pH of 4.5. The modified process moderated the critical pH and increased substrate utilizing rate.


BIOT 394
Kinetics of butanol fermentation by Clostridium acetobutylicum in multiple-step fibrous bed bioreactor 
Wei-Lun Chang and Shang-Tian Yang, Department of Chemical and Biomolecular Engineering, The Ohio State University, 140 West 19th Ave., Columbus, OH 43210, Fax: 614-292-3769
Biofuel is recently a very popular topic with the rising concern of energy crisis. Among several potential biofuel candidates, butanol can be a better choice with similar properties to automobile fuel. Butanol can be produced through fermentation by microorganisms that carry out acetone-butanol-ethanol (ABE) fermentation. The production of butanol as a biofuel is limited by its toxicity to the bacteria and the high cost of downstream processing for separation of butanol from the cultured media. To improve the productivity, three fibrous bed bioreactors (FBB) connected in series are set up for several advantages. FBB can increase butanol production with higher cell densities and help on-site adaptation of microbial tolerance to toxic butanol with multiple bioreactors connected in series. The kinetics of butanol fermentation in multiple FBB is studied in media with different concentration of substrates. Based on experimental result, a computational model is set up for further optimization. 


BIOT 395
Media Optimization for Morphology Control and Fumaric Acid Production by Rhizopus oryzae in Free and Immobilized Cell Fermentations 
Zhen Wang and Shang-Tian Yang, Department of Chemical and Biomolecular Engineering, The Ohio State University, 140 West 19th Avenue, Columbus, OH 43210
The production of fumaric acid by Rhizopus oryzae in free and immobilized cell fermentations was studied. Factorial design was used to optimize the fermentation medium. Factors including the nitrogen source, pH value, and trace metals were studied. Nitrogen sources had significant effects on pellet formation and maintaining cell activity for fumaric acid production. It was also found that the productivity of R. oryzae changed significantly with the medium pH. A low pH was inhibitory to fungal growth and fumaric acid production, while a high pH promoted cell growth and formation of large pellets and mycelial clumps. A trickle bed reactor with fungal mycelia immobilized on fibrous matrices improved fumaric acid production due to improved oxygen transfer. 


BIOT 396
One-step oligonucleotide purifications using anion-exchange chromatography resins 
Phu T. Duong, Shigeru Nakatani, and J. Kevin O'Donnell, Tosoh Bioscience LLC, 156 Keystone Drive, Montgomeryville, PA 18936, Fax: 215-283-5035
The use of synthetic oligonucleotides as biotherapeutic agents continues to grow. Our experiments focused on a one-step purification using anion exchange chromatography resins where the best selectivity was found at pH=9.0. Not surprisingly, longer columns (up to 20cm) gave better resolution between the product peak, the N-1 and N+1 moieties. A crude (<50% pure) 20-mer oligonucleotide was purified to greater than 98% with >85% recovery in a single step. Purity was confirmed by HPLC and gel electrophoresis. Larger particle-size resins exhibited more flexibility when applying simple gradients, whereas, smaller particle-size chromatography resins worked best when the gradient was modified. At higher loading conditions, TSK-GEL SuperQ-5PW and Toyopearl GigaCapQ-650M resins (20µm and 75µm) gave the best resolution and recovery of the resins tested. The 1000Å pore size of these resins offered excellent binding kinetics and less peak tailing. A comparison between DNA and RNA based oligonucleotide separations will also be discussed. 


BIOT 397
Oxygen transfer characterization of process scouting devices using a noninvasive optical sensor 
Jose Vallejos1, jose7@umbc.edu, Kurt Brorson2, kurt.brorson@fda.hhs.gov, Antonio R. Moreira1, moreira@umbc.edu, and Govind Rao3, grao@umbc.edu. (1) Center for Advanced Sensor Technology, Department of Chemical and Biochemical Engineering, University of Maryland, Baltimore County, TRC 224, 1000 Hilltop Circle, Baltimore, MD 21250, (2) Office of Biotechnology Products, Center for Biologics Evaluation and Research, Food and Drug Administration, Bethesda, MD 20892, (3) Center for Advanced Sensor Technology, Department of Chemical and Biochemical Engineering, University of Maryland at Baltimore County, Baltimore, MD 21250
Design and development of novel miniature process scouting devices with volumes between 0.1ml to 100ml that can mimic the same process in a larger scale have increased significantly in the last few years. Despite their wide use in bioprocess development, these process scouting devices lack of engineering characterization of fundamental parameters such as kla, mixing time, and specific power input (P/V). Recent development of noninvasive sensors for oxygen monitoring enables mass transfer characterization at the process scouting devices scale. Oxygen transfer characterization of two such devices (Celline350 and CultiFlask50) is discussed in this presentation. Orbital shaken agitated devices such as the CultiFlask50 achieved a higher Oxygen Transfer Rate (1.64x10-3mmol/ml.h) than static devices such as the Celline350 (4.07x10-4mmol/ml.h). Comparison among static devices shows that Celline350 achieved a higher oxygen transfer than conventional T-flasks 75cm2(2.29x10-4mmol/ml.h). Current results from 40 to 100 rpm show that CultiFlask50 can mimic the oxygen transfer rate found in larger shaken devices (up to 2L) thus it may be used as a scale-down tool for bioprocessing. 


BIOT 398
Refinement of pilot-scale models of mammalian cell expansion and robotic roller-bottle processing for comparison to full scale manufacturing 
James Warren, Arianna Druckenmiller, Franklin Lu, Nisha Sosale, and Gargi Maheshwari, Fermentation and Cell Culture, Merck & Co., Inc, West Point, PA 19486, Fax: 215-993-4884
The scalability of disposable static culture units for the propagation of adherent mammalian cell culture involves increasing surface-area by either increasing the volume and number of layers (scale-up) or increasing the overall number of a given culture unit (scale-out). From a scaling perspective these disposable units offer the advantage of holding constant critical parameters such as the ratio of growth surface to headspace volume, and as such a robust process would expect to exhibit similar performance at multiple scales. This expected similarity in process performance across scales assumes that other critical processing parameters remain constant. Experimental results obtained at laboratory scale (1/200 production volume) are often not predictive of results observed at full manufacturing scale due to pronounced differences in processing times, equipment, and temperature. Here we have defined a pilot-scale process for mammalian cell expansion and robotic roller-bottle processing, utilizing step delays which normalize processing time, equipment, and temperature to levels relevant to the full scale manufacturing process. In order to further refine the pilot scale process for head-to-head comparison to manufacturing, real-time communication with the manufacturing operations teams enabled the process development team to utilize the same stock virus seed, maintain the same infection/harvest timings, and minimize variations in raw material lots. With these controls in place we have demonstrated that experiments conducted at pilot scale (~1/10 production scale) are representative and predictive of results obtained at full manufacturing scale. This pilot scale model is therefore a valuable system for assessing the potential impacts of manufacturing process changes prior to implementation. Development of such a "scale-in" system for a process which scales linearly enables the potential of application of Quality By Design principles. It is envisioned that certain aspects of process validation may be achievable using such a process scale down model.


BIOT 399
Simple protein purification through affinity adsorption on regenerated amorphous cellulose followed by intein self-cleavage 
Jiong Hong, Yiran Wang, Xinhao Ye, and Y.-H Percival Zhang, Biological Systems Engineering Department, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061, Fax: 540-231-3199
A simple, low-cost, and scalable protein purification method was developed using a biodegradable regenerated amorphous cellulose (RAC) with a binding capacity of up to 365 mg protein per gram of RAC. The recombinant protein with a cellulose-binding module (CBM) tag can be specifically adsorbed by RAC. In order to avoid using costly protease and simplify purification process, a self-cleavage intein was introduced between CBM and target protein. The truncated target protein can be liberated from the surface of RAC by intein self-cleavage occurring through a pH change from 8.0 to 6.5. Five recombinant proteins (green fluorescence protein, phosphoglucomutase, cellobiose phosphorylase, 6-phosphogluconate dehydrogenase, and glucan phosphorylase) have been purified successfully. 


BIOT 400
The influence of process configurations and nitrogen contents on the sorghum fermentation at very-high-gravity conditions 
Kow-jen Duan1, duan@ttu.edu.tw, Li-Yen Huang1, Jen-Wei Chang1, and Yen-Han Lin2. (1) Department of Bioengineering, University of Tatung, 40 Chungshan N. Road Sec. 3, Taipei 104, Taiwan, Fax: 886-2-25854735, (2) Department of Chemical Engineering, University of Saskatchewan, Saskatoon, Canada
A 2x2 design of experiment was planned and implemented to investigate the effect of free amino nitrogen (FAN) on the sorghum fermentation at very-high-gravity (VHG) conditions. A rapid initial FAN uptake rate signified an insufficient provision of utilizable nitrogen by sorghum mash alone. The overall ethanol production rate was 3.03 g L-1 h-1 ethanol (equivalent to 145.4 g L-1 ethanol in 48 h when FAN was supplemented) compared to 0.93 g L-1 h-1 ethanol (equivalent to 144.4 g L-1 ethanol in 156 h when FAN was not added) by using simultaneous saccharification and fermentation. Whereas, the overall ethanol production rate was 2.18 g L-1 h-1 ethanol (equivalent to 139.9 g L-1 ethanol in 64 h when FAN was provided) compared to 0.68 g L-1 h-1 ethanol (equivalent to 125.1 g L-1 ethanol in 185 h when FAN was not added) by using the operation of saccharification followed by fermentation. In this study, the best experimentally attainable ethanol yield is compatible to or even exceeds the ethanol productivity (that is, 2.5 US gallons of ethanol per bushel of corn) of the modern corn-based fuel alcohol plant operated in North America. 


BIOT 401
Transient in planta expression of cellulose-degrading enzymes: Plant tissues as bioreactors 
Ben Lindenmuth, Dept. of Chemical Engineering & Materials Science, University of California, Davis, 3118 Bainer Hall, Davis, CA 95616
The use of cellulose-derived sugars for the biofuel industry requires massive amounts of cellulose-degrading enzymes produced by fermentation. Harvested plant tissue provides an alternative bioreactor that derives its energy from the sun and uses CO2 as a carbon source. In this work, harvested plant tissue was infected by Agrobacterium tumafaciens, which transferred genes for a thermostable cellulase and viral replicase into harvested N. benthamiana tissues. These genes were expressed transiently, and the viral replicase amplified enzyme production. The yield, productivity, and scale-ability of this process are evaluated. 


BIOT 402
Tuning cell cycle of insect cells for enhanced protein production 
Hsuan-Chen Wu, hcwu@umd.edu, Fischell Department of Bioengineering, University of Maryland, College Park, 5115 PLANT SCIENCES BLDG, College Park, MD 20742, and William E Bentley, bentley@eng.umd.edu, Fischell Department of Bioengineering, University of Maryland, 5115 Plant Sciences Bldg, College Park, MD 20742, Fax: 301-314-9075
The “cell cycle” is a process in which eukaryotic cells undergo chromosome duplication and cell division and consists of many gateways to ensure the cells' integrity and survivability. However, these strategies may compromise growth rate and protein synthesis. In our research, a metabolic engineering tool is exploited to ‘tune' the cell cycle to overcome gateway processes to facilitate faster or unchecked cell growth and protein production. Specifically, with John March, we regulated the positive cell cycle regulator Cyclin E gene expression in Drosophila melanogaster S2 cells. A 4-fold increase of model protein production was observed by CycE gene silencing (Appl. Microbiol. Biotechnol., 2007). There have been no reports of CycE silencing in more industrially relevant insect cells from Spodoptera frugiperdea or cabbage looper (Trichoplusia ni) cells. Therefore, we are investigating the effect of cell cycle regulation on physiology and protein production in T. ni cells. Firstly, CycE expression is up-regulated by transfecting T. ni cultures with a vector that carries CycE. Next, CycE expression is down-regulated via dsRNA against CycE. For both experiments, various amounts of vectors or dsRNA are delivered to T. ni cells. Dosage-dependent effects on cell cycle distribution, viability, growth rate, and protein synthesis are examined.


BIOT 403
Application of synthetic vesicle fusion to cellular delivery by small molecule recognition 
Yun Gong, gong.32@osu.edu, Chemistry, The Ohio State University, 100 W. 18th Avenue, Columbus, OH 43210, and Dennis Bong, bong@chem.osu.edu, Department of Chemistry, Ohio State University, Columbus, OH 43210
We report the induction of selective vesicle fusion with biological recognition motifs not natively associated with lipid bilayer fusion and its potential application in cellular delivery. Our system employs vancomycin glycopeptide, coupled to the antimicrobial peptide magainin, and D-Ala-D-Ala-OH dipeptide (Kaa) coupled to a phospholipid derivative, as surface-bound fusogens. Fusion was characterized by dynamic light scattering and FRET experiments with lipid bound fluorophores. Our findings indicate that effects of fusogen concentration, lipid composition, membrane charge are determinants of fusion rate, vesicle stability, peptide binding, catalytic fusion and membrane disruption during fusion. Our current work shows that when these vancomycin-modified vesicles with lipid-bound fluorophores are incubated with Jurkat cells that are incorporated with Kaa, the cells became fluorescent as judged by flow cytometry. This process is charge dependent and temperature independent. These findings may provide us a new approach to deliver cargo into cells.


BIOT 404
Application of whole-column detection capillary isoelectric focusing technique in protein formulation development 
Ning Li1, ning.x.li@pfizer.com, Laura Bass2, and Wei Wang1. (1) Department of Pharmaceutical Research and Development, Pfizer Global Biologics, 700 Chesterfield Parkway, St. Louis, MO 63017, Fax: 636-247-5030, (2) Department of Analytical Research and Development, Pfizer Global Biologics, St. Louis, MO 63017
Charge related degradation is an important factor to be considered during candidate screening, pre-formulation and formulation development. The Whole-Column Detection Capillary Isoelectric Focusing (iCE280) technique was evaluated for its potential application as a high throughput tool to separate charge related species and determine their pIs using glycosylated, non-glycosylated and pegylated protein therapeutics as models. Resolution was achieved for glycosylated and non-glycosylated molecules, but remained a challenge for pegylated proteins. The sources of charge variants were determined to be the presence of C-terminal Lysine residues, sialic acid content, and deamidation products. Limited assay performance evaluation demonstrated that the method was linear in the concentration range of 11 to 333 µg/mL of IgG with linear regression coefficients of 0.984, 0.998, and 0.990 for acidic, parent and basic species, respectively. Limit of detection and limit of quantitation were determined to be 3 and 11 µg/mL. The RSD for intra- and inter-day precision as well as reproducibility was determined to be 0.2% or less for all pI values and 1.4% or less for acidic and parent peak area distribution; the RSD for basic peak area distribution was 5.7% or less. Robustness testing was performed by deliberately deviating ±50% of pharmalyte concentration away from the desired condition. This deviation revealed a pI shift of only 0.06 pH units and resulted in no significant impact on area percent distribution. Utilization of Whole-Column Detection Capillary Isoelectric Focusing technique eliminated the mobilization step associated with traditional capillary isoelectric focusing analysis and increased analytical throughput at least 2 fold. 


BIOT 405
Assembly and disassembly of DNA-gold nanoprobes 
Stephanie Lim1, stephanie.lim@binghamton.edu, Lingyan Wang1, lwang2@binghamton.edu, Uma Chandrachud2, Martha Kamundi1, mkamund1@binghamton.edu, Rameshwori Loukrakpam1, rloukra1@binghamton.edu, Susannah Gal2, sgal@binghamton, and Chuan-Jian Zhong1, cjzhong@binghamton.edu. (1) Department of Chemistry, State University of New York at Binghamton, Vestal Parkway E, Binghamton, NY 13902, (2) Biological Sciences Department, State University of New York at Binghamton, Binghamton, NY 13902
Molecularly-engineered metal nanoparticles have attracted growing interest in biotechnology because of their potential applications in biosensors, drug delivery, tissue repair, immunoassay, cell separation, and medical imaging. One area of increasing interest involves the DNA mediated assembly of nanoparticles. The ability to manipulate and intervene in the assembly-disassembly processes of DNA-nanoparticles is important for the exploitation of nanoparticles in medical diagnostics and treatment. In this work, the temperature-induced assembly and disassembly processes of DNAs and gold nanoparticles have been studied as a model system. The introduction of a molecular recognition probe lead to intervention of the assembly-disassembly process depending on its specific bio-recognition. This process was detected by monitoring the change in the optical properties of gold nanoparticles. Implications of the preliminary results to the exploration of the molecular intervention for fine-tuning interfacial reactivities in DNA-based bioassays and biomaterial engineering are also discussed.


BIOT 406
Au-bound P450 platform: An in-vitro tool for predicting in-vivo drug metabolism 
Jarod L. Kabulski1, Jarod.Kabulski@gmail.com, Lance Wollenberg1, lwollenb@mix.wvu.edu, Mingli Yang2, mingli.yang@mail.wvu.edu, Nianqiang Wu2, nick.wu@mail.wvu.edu, Nissa Thomsen1, Timothy S. Tracy3, tracy017@umn.edu, and Peter M. Gannett1, pgannett@hsc.wvu.edu. (1) Department of Pharmaceutical and Pharmacological Sciences, West Virginia University, Morgantown, WV 26506-9530, (2) Department of Mechanical and Aerospace Engineering, West Virginia University, Morgantown, WV 26505, (3) Department of Experimental and Clinical Pharmacology, University of Minnesota, Minneapolis, MN 55455
Cytochrome P450 enzymes, major metabolic enzymes in first-pass metabolism, are responsible for the biotransformation of a wide range of xenobiotics. Typically, in vivo metabolism is predicted using in vitro data obtained from a reconstituted P450 system, but these systems are prone to protein aggregation. We have developed an immobilized enzyme system that isolates the P450 enzyme. This Au-bound P450 platform allows for electroanalytical analysis of enzymatic activity, real-time measurements of substrate binding, electron transfer, and enzyme kinetics. This work is the basis for the development of a system for studying P450-mediated kinetics, a platform for controlling enzyme aggregation, electrochemically-driven P450 metabolism, and for investigating the effect of protein-protein interactions on drug metabolism. Ultimately, this platform is a tool that will help improve the assessment of pharmaceuticals by better predicting in vivo kinetics in an in vitro system. (Supported by NIH GM069753, GM063215 and a STEM Fellowship to JLK from WVEPSCoR.)


BIOT 407
Biologically Programmed Synthesis of Hybrid Semiconductor CdSe/ZnS Nanocrystals 
Shailendra Singh, Nosang Myung, Ashok Mulchandani, and Wilfred Chen, Department of Chemical and Environmental Engineering, University of California, Riverside, Riverside, CA 92521
Type II-VI semiconductor nanocrystals (e.g., ZnS, CdS, CdSe, CdTe) have been shown to possess unique properties for broad range of applications. The spectral properties of these semiconductor nanocrystals can be controlled effectively by tuning their sizes, compositions, and phases. Among different quantum dot materials, ZnS-shelled CdSe QDs have attracted attention because narrow emission bands can be created to span the whole optical spectrum. Most synthesis methods for CdSe nanocrytals are based on chemical routes where high temperature organicmetallic thermolysis followed by a size-selective precipitation step is used. This approach, however, possesses several intrinsic disadvantages because of the high-temperature and extremely toxic, expensive, unstable, and explosive raw materials. Here we report a green-chemistry, low-temperature method for core-shell semiconductor CdSe/ZnS quantum dot synthesis with a control over size and crystallinity. A bipeptide fusion selected by phage display for bulk semiconductor material binding was exploited for synthesis. Highly monodisperse and photoluminescent nanocrystals were obtained. First we report synthesis of the CdSe core with an average size of 5 nm followed by ZnS shell growth increasing the overall size to an average 10nm as observed under TEM. Nanoparticles had a defect free crystallinity and a clearly observed Core-Shell structure as seen under HRTEM. Elemental analysis verified the presence of Cd and Se in 1:1 while Zn and S ratio varied slightly around 1:1. Diffraction patterns verified the presence of characteristic zinc blend CdSe diffractions. Further we will report a one step purification of such synthesized quantum dots using elastin-like protein (ELP). The results are significant as this is the first report of core-shell semiconductor nanoparticle green chemistry low temperature synthesis using biological templates.


BIOT 408
Delivery of Protein and DNA Mediated by Strong Impulsed Magnetic Field 
Wen-Chien Lee, Chao-Bin Chen, Ji-Yao Chen, and Chia-Haw Lee, Department of Chemical Engineering, National Chung Cheng University, Chiayi 621, Taiwan, Fax: 886-5-2720649
A novel method is proposed for fast delivering protein and DNA complexes into mammalian cells including mesenchymal stem cells by applying a strong impulsed magnetic field. To mediate the cellular uptake, cells were mixed together with protein conjugates or nucleic acid complexes and the resulting mixture was exposed once or several times to impulsed magnetic field for short durations of few millisecond. To demonstrate the first transduction of protein into mammalian cells, fluorescein-labeled proteins were conjugated with superparamagnetic iron oxide nanoparticles (SPIONs) prior to the magnetic exposure. Cellular internalization of the fluorescein-labeled protein-nanoparticle conjugates was proved by the observation of cell fluorescence in fluorescent microscopy, as well as cell analysis by flow cytometer. Results indicated that ca. 90% of cells could receive the protein conjugates during the brief exposure in the impulsed magnetic field with strength of 0.6 Tesla. The lost of cell viability by magnetic pulsing was not evidenced. In the transfer of DNA into adherent and suspended cells, most complexes of plasmid DNA and polyethylenimine (PEI)-coated SPIONs were internalized immediately. In comparison with no magnetic pulsing, the enhancement in cell transfection efficiency was about two fold on average by pulsing in magnetic field of 0.6 Tesla three times. The transfection yield increased with the strength of magnetic field and the number of pulsing. In summary, by the mediation of strong impulsed magnetic field the delivery of biomacromolecules into mammalian cells was achieved in a simple and effective way.


BIOT 409
Developing photostable and biocompatible single nanoparticle probes for in vivo imaging of early development of zebrafish embryos 
Lauren M. Browning, Kerry J. Lee, Tao Huang, Parkash D. Nallathamby, Jill E. Lowman, and Xiaohong Nancy Xu, Department of Chemistry and Biochemistry, Old Dominion University, 4541 Hampton Blvd., 211 Alfriend Chemistry BLDG, Norfolk, VA 23529, Fax: 757-683-4104
Study of transport and biocompatibility of nanomaterials in vivo is essential to the development of biocompatible nanosensors for probing fundamental molecular mechanisms in vivo and for effective diagnosis and therapies. Biocompatibility of gold (Au) nanoparticles in vitro has been studied with a range of cell types; however the effects of Au nanoparticles on an in vivo model system remain to be studied. We have synthesized and characterized monodisperse Au nanoparticles (10-11 nm) and found that single Au nanoparticles resist photodecomposition and bleaching and can be used to image their transport and biocompatibility in zebrafish embryos in real time. We found that Au nanoparticles at given doses can diffuse into the embryo via passive diffusion and generate little toxic effects on the development of embryos, offering new opportunities to utilize single Au nanoparticles as biocompatible probes for study of desired molecular mechanisms, and as biocompatible vehicles for drug delivery in vivo. 


BIOT 410
Intelligent thermosensitive cationic diblock copolymers for multi-modal gene delivery 
Tze-Haw Howard Chen, Younsoo Bae, and Darin Y Furgeson, Division of Pharmaceutical Sciences, School of Pharmacy, University of Wisconsin-Madison, 777 Highland Avenue, Madison, WI 53705
Stimuli-responsive vectors are critical for controlled gene delivery. Elastin-like polypeptides (ELP) are a class of genetically engineered, thermo-sensitive biopolymers with sharp phase transition behavior. We have previously demonstrated the feasibility of using a genetically engineered ELP containing a short poly(L-lysine) (PLL) block as a delivery vector. In a recent effort, the cationic blocks were chemically synthesized utilizing ELP as the macro-initiator for the polymerization in order to rapidly screen the optimal length of the cationic block. When combined with plasmid DNA, these copolymers generate neutral particles with sizes range from 100-300 nm, and yield comparable transfection to other PLL polyplexes under normothermic conditions. Moreover, the polyplexes give 2-3 fold higher luciferase expression in COS-7 cells under hyperthermia with little cytotoxicity. The results clearly show the potential of these polymers for thermal targeted gene delivery.


BIOT 411
Layer-by-layer engineering approach for in vivo targeting delivery of siRNA 
Oleh Taratula, oleht@pegasus.rutgers.edu, Department of Chemistry, Rutgers University, Newark, NJ 07102, and Huixin He, huixinhe@newark.rutgers.edu, Department of Chemistry, Rutgers, the State University of New Jersey, Newark, NJ 07102-1811, Fax: 973-353-1264
Attempts to develop effective nonviral vectors for in vivo delivery of nucleic acids through a systemic route are hampered by difficulties of combining of high extracellular stability with ready availability of the nucleic acids following entry into cells. Other challenges with non-viral gene delivery include limitation in target-cell specificity. Here we demonstrate that the caging of siRNA nanoparticles with a dithiol containing crosslinkers provides lateral stabilization, preventing unfavorable dissociation of the nanopartices before entering the cytoplasm of target cells. Further PEGylation of the caged nanoparicles stabilize them against aggregation induced by salts and proteins existed in the serum. Due to the reductive environment in the cytoplasm, the disulfide bonds could be reduced, the lateral crosslinks are removed and the siRNA is released for expression. Furthermore, PEG coating can effectively eliminate nonspecific delivery, increasing targeting delivery efficiency after a specific targeting groups attached to its distal ends.


BIOT 412
Multifunctional protein mimics for the delivery of peptides and oligonucleotides 
Sharon K. Hamilton, sharon.k.hamilton@vanderbilt.edu, Department of Chemistry, Vanderbilt University, 7619 Stevenson Center, Nashville, TN 37235, Fax: 615-343-1234, Christian Wallen, Chemistry, Vanderbilt University, Nashville 37235, and Eva Harth, eva.harth@vanderbilt.edu, Department of Chemistry and Pharmacology, Vanderbilt University, Nashville, TN 37235-1822
Current challenges in the development of efficient drug therapies are the ability of molecules to reach the desired tissue and intracellular target sites. Our approach strives for the investigation of synthetic guanidine containing molecular transporters mimicking natural and unnatural peptides that not only cross biological barriers into specific intracellular compartments and organelles but also comprise functionalities that enable the conjugation to carrier of multiple drug molecules. The designed macromolecular transporters are based on a dendritic architecture and engage versatile linker chemistries at the focal point and peripherally active penetrating groups. As a result, these building blocks can be attached to other macromolecular systems such as nanoparticles that provide functionalities to implement dyes and therapeutics. We will present that multifunctional organic macromolecular delivery vectors are assembled from synthesized building blocks such as dendritic molecular transporters and provide targeted intracellular delivery of macromolecular therapeutics, such as peptides and oligonucleotides. 


BIOT 413
Novel linker technology for surface immobilization of proteins on self-assembled monolayers 
Matthew K. Strulson and Joshua A. Maurer, Department of Chemistry, Washington University in St. Louis, Campus Box 1134, One Brookings Drive, St. Louis, MO 63130, Fax: 314-935-4481
Protein immobilization on a surface is critical for studying protein-protein interactions, developing protein biochips, and examining how components of the extracellular matrix alter cell growth. However, proteins interacting directly with a surface are known to denature, losing their chemical and structural properties. Self-assembled monolayers (SAMs) have been used to prevent protein denaturation on a surface, but traditional immobilization systems allow for the attachment of only a single protein at a single concentration on the surface. In order to combat this problem, we have developed two pairs of bifunctional linker molecules that react rapidly under cell culture conditions to form stable bonds to the surface. In our system, one molecule is coupled to an acid terminated surface via amide bond formation while its partner reacts with a sulfhydryl group on the protein. The labeled protein then reacts specifically with its complementary molecule on the surface. These linkers lead to control over the relative concentrations of two proteins which allows for the exploration of complex protein-cell interactions involving multiple proteins. To study protein immobilization using the linker technology, vitronectin and laminin were immobilized to control the number of neurite outgrowth from rat hippocampal neurons.


BIOT 414
Synthesis and analysis of combinatorial libraries using integrated microfluidic chips 
Benjamin R. Schudel1, schudel@uiuc.edu, Brian T. Cunningham2, Paul J. A. Kenis1, kenis@uiuc.edu, and Charles Choi2. (1) Department of Chemical and Biomolecular Engineering, University of Illinois at Urbana-Champaign, 600 South Matthews Avenue, Urbana, IL 61801, Fax: 217-390-5729, (2) Department of Electrical and Computer Engineering, University of Illinois at Urbana-Champaign, Urbana, IL 61801
Combinatorial chemistry is the generation of molecular libraries of novel compounds that are subsequently screened against a biological target (e.g. a protein) for their binding affinity. Current platforms use 0.1 to 5 microliter per experiment (e.g. micro-titer plates). Scaling down to nanoliter volumes would greatly enhance the potential and profitability of combinatorial chemistry as a drug discovery tool. Here we present a microfluidic combinatorial chemistry chip designed with the capability of discretely mixing an array of reagents to create a library of novel chemical compounds. Key to convenient use or reuse of these microfluidic chips is the incorporation of novel actuate-to-open valving structures. Integrated photonic crystal biosensors enable on-chip assay of binding with target biomolecules, as will be shown using a proof-of-principle protein/antibody reaction matrix.


BIOT 415
Temperature dependent diffusion of DNA escaping from a protein nanopore using AC readout 
Andrew D. Hibbs1, ahibbs@electronicbio.com, Daniel K. Lathrop1, dlathrop@electronicbio.com, Geoffrey A. Barrall1, gbarrall@electronicbio.com, Eric N. Ervin1, eervin@electronicbio.com, Michael G. Keehan1, Michael A. Krupka1, Henry S. White2, white@chem.utah.edu, and Ryuji Kawano2. (1) Electronic Bio Sciences, LLC, 5754 Pacific Center Blvd, Suite 204, San Diego, CA 92121, (2) Department of Chemistry, University of Utah, Salt Lake City, UT 84112
Monitoring single stranded DNA (ssDNA) translocating a nanopore has great potential to produce very low cost DNA sequencing. For methods that rely on changes in the DC current as nucleotides pass through the nanopore, increasing the DC bias to improve sensitivity drives the ssDNA through at an ever increasing rate. Higher measurement bandwidth increases the measurement noise and reduces sensitivity. Monitoring variations in nanopore conductivity with an AC bias decouples the conductivity measurement from the DC bias that pulls ssDNA into the nanopore. The high 1D diffusion rate of ssDNA at room temperature makes resolution of neighboring bases difficult. Cooling is an effective way to reduce the diffusion rate with modest loss in sensitivity. The combined AC/DC method has been used to measure the 1D diffusion rate of ssDNA escaping a nanopore. Measurements over a wide temperature range yield the activation energy of the process and reveal a large reduction in diffusion below 0°C.


BIOT 416
A Synthetic Approach to Stop Codon Scanning Mutagenesis 
Lihua Nie1, lnie@chemistry.ohio-state.edu, Jason Lavinder1, and Thomas J. Magliery2, magliery@chemistry.ohio-state.edu. (1) Department of Chemistry, The Ohio State University, 100 W 18TH Ave., Columbus, OH 43210, (2) Departments of Chemistry and Biochemistry, The Ohio State University, Columbus, OH 43210
Alanine scanning is a systematic mutagenesis method for probing the contributions of individual amino acid side chains to the properties of proteins. Several methods have been developed to making protein libraries in which alanine is scanned through every position of a protein. Besides individual construction of the Ala mutants, shotgun alanine scanning is the most widely used method. However, many positions cannot be limited to Ala and the wild-type residue because of the genetic code, and it is difficult to limit the number of mutations per gene. An alternative method is the use of orthogonal protecting groups, DMT (dimethoxytrityl) and Fmoc (9-fluorenylmethoxycarbonyl), for the phosphoramidites. The Fmoc-trinucleotide phosphoramidite method enables mutagenesis at codon level and the distribution of mutants is controllable. We took the advantage of this method and the stop codon suppression method to perform stop codon scanning mutagenesis. The amber stop codon, TAG, is the least-used stop codon in E. coli. There are robust natural and engineered “suppressor” tRNAs in bacteria and eukaryotes that efficiently insert natural amino acids at TAG, preventing translation termination. Moreover, many unnatural amino acids have also been added to the genetic code of E. coli and yeast by engineering amber suppressor tRNAs and the aminoacyl-tRNA synthetases. Here we synthesized Fmoc-TAG phosphoramidite and employed it to synthesize a small gene library for the protein Rop. Ten positions were chosen as mutation sites: 5 RNA binding sites and another 5 surface positions. The library was then expressed in an engineered Ala amber suppression strain. The in vivo results largely corresponded to published one-at-a-time in vitro results. This result demonstrates that Fmoc-TAG phosphoramidite is very useful in scanning DNA library synthesis. In the future, we plan to apply this method for unnatural amino acid scanning.


BIOT 417
Novel vaccine strategy via the orthogonal inactivation of enveloped viruses using a bifunctional hydrophobic crosslinker and detergent treatment 
Julie M. Leiston-Belanger1, jbelanger@ncifcrf.gov, Yossef Raviv2, yraviv@ncifcrf.gov, Mathias Viard2, Julian W. Bess Jr.3, and Robert Blumenthal1, blumenthalr@mail.nih.gov. (1) Center for Cancer Research Nanobiology Program, National Cancer Institute, Miller Dr. Bldg. 469/211, Frederick, MD 21702, Fax: 301-846-6210, (2) Basic Research Program, SAIC, NCI-Frederick, Frederick, MD 21702, (3) SAIC NCI-Frederick, AIDS Vaccine Program, Frederick, MD 21702
The advantage of using inactivated virus vaccines is the preservation of the structure and epitopes needed to elicit an immune response. Orthogonal methods of inactivation are needed to decrease the potential for accidental infection. We describe here a method for the orthogonal inactivation of enveloped viruses using a combination of two methods: a hydrophobic crosslinker and detergent treatment. This approach reinforces the structure of the viral envelope and minimizes the loss of nucleoprotein antigens often observed with other vaccine strategies. We have synthesized a novel hydrophobic bifunctional crosslinker, 1,5-diazidonaphthalene (DAN). Treatment of HIV-1 with DAN followed by irradiation with UV light results in the formation of extensive covalent crosslinks between proteins within both the viral envelope and nucleocapsid, inactivating the virus and imparting partial detergent resistance. Subsequent treatment with Triton X-100, further decreases the likelihood of residual infectious material, while antigenic fragments of the inactivated detergent-resistant virions are retained.


BIOT 418
Boron dipyrromethene as a caging group photolyzed with 500 nm green light 
Nobuhiro Umeda, Yasuteru Urano, and Tetsuo Nagano, Graduate School of Pharmaceutical Sciences, The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan, Fax: +81-3-5841-4855
Boron dipyrromethene (BDP) is one of the most widely used fluorophore in bioimaging and chemical sensing. In this meeting, we describe another aspect of the molecule: BDP as a photo-removable protecting group, which composes caged compounds. Caged compounds are biomolecules temporally inactivated with caging group, which can be activated by irradiation. Because existing caging groups need high energetic UV irradiation to be photolyzed, caged compounds require harmful UV light to be activated. However, with use of BDP as a caging group, we can develop caged compounds which can be activated upon irradiation of 500 nm green light. We have found at first that 4-phenoxy group of BDP is released when the compound is irradiated. Based on this result, we have developed BDP-caged glutamic acid utilizing quinine methide formation reaction. This BDP-caged biomolecule is expected to overcome the problems of photo-damage and permeability in cell tissues of the irradiation light.


BIOT 419
Chemoenzymatic synthesis of the optically active adrenaline crown ethers 
Tatsuro Kijima1, kijima@yz.yamagata-u.ac.jp, Fumi Sasaki1, memorial-address@kne.biglobe.ne.jp, Yutaka Watanabe1, Taeko Izumi1, and Masataka Watanabe2. (1) Chemistry and Chemical Engineering, Graduate School of Science & Engineering, Yamagata University, 4-3-16 Jonan, Yonezawa 992-8510, Japan, Fax: +81-238-26-3413, (2) Institute of Multidisciplinary Research for Advanced Materials, Tohoku University
The optically active adrenaline crown ethers expected as a medicine part for inhibition of the growth of virus and bacteria were synthesized in 47% yield by amination of chiral chlorohydrin analogs with isopropylamine in acetonitrile-water mixed solvent. The chiral chlorohydrin derivatives incorporating crown ether (4'-hydroxyethyl-benzo-15-crown-5-ether) as a key analogs were kinetically resolved in high optical yield by asymmetric transformation with Candida Antarctica lipase (Novozyme 435). Racemic adrenaline crown ester compounds were hydrolyzed non-enzymatically using Candida Antarctica lipase. Absolute configuration of the obtained chiral adrenaline crown ethers were determined by Mosher's method using MNP acid [2-methoxy-2-(1-naphthyl) propionic acid].





BIOT 420
Facile fabrication of biopolymeric optical waveguides 
Amy K. Manocchi1, amy.manocchi@tufts.edu, Peter Domachuk2, peter.domachuk@tufts.edu, Fiorenzo G. Omenetto3, fiorenzo.omenetto@tufts.edu, and Hyunmin Yi1, hyunmin.yi@tufts.edu. (1) Department of Chemical and Biological Engineering, Tufts University, 4 Colby St., Science & Technology Center Rm 148, Medford, MA 02155, (2) Department of Biomedical Engineering, Tufts University, Medford, MA 02155, (3) Department of Biomedical Engineering and Department of Physics, Tufts University, Medford, MA 02155
With the rapid development in optical detection techniques for biomedical and in vivo applications, there is increasing need for biocompatible, biodegradable and disposable optical components. We present a simple and readily controllable fabrication of a free standing optical waveguide composed entirely of biopolymeric materials. This flexible device is composed of agarose and gelatin; materials selected for their known biocompatibility, thermal-responsive properties and refractive index contrast. The spin coating technique used to fabricate the three layer device resulted in controllable layer thicknesses as well as exceedingly smooth layer interfaces, confirmed by Prism Coupler measurements and Scanning Electron Microscopy, respectively. Two crosslinkers were employed to enhance the thermal stability of the gelatin in the waveguides; glutaraldehyde or microbial transglutaminase. Light guiding in the core layer of the waveguide was confirmed in both macro and micro scale, and attenuation of light demonstrated when guiding was attempted in the cladding layer of the waveguides. The low loss of the waveguide was also visible during light guiding. The demonstration of light guiding in this flexible device, as well as the inherent biocompatibility and biodegradability show the potential for use in numerous applications, such as biological sensing devices or disposable optical components.


BIOT 421
Functional Glyco-Affinity Macroligand: Design, Synthesis and Application 
Srinivas Chalagalla and Xue-Long Sun, Department of Chemistry, Cleveland State University, 2121 Euclid Avenue SR 382, Cleveland, OH 44115
Functional investigation of biomolecules typically starts by reducing the sample complexity through multidimensional separation methods based on the unique characteristics of the biomolecules or their peptides followed by identification and quantification. A biotin chain-end functionalized boronic acid-containing polymers (boropolymer) as functional glyco-affinity macroligands for rapid purification and identification of carbohydrate and glycoconjugates have been designed, synthesized and characterized. Briefly, a biotin derivatived arylamine proved to be initiator for cyanoxyl-mediated free-radical polymerization to yield biotin chain-end functionalized boropolymers. The biotin chain-end boropolymers can be conjugated or otherwise linked to a variety of molecules or surfaces in a high oriented fashion. In deed, a strategy for oriented boropolymers labeling of magnetic bead surface through specific streptavidin-biotin binding and its glyco-capture followed by direct MALDI mass spectrometry identification of the captured carbohydrate were investigated. This biotin-chain ended boropolymer as oriented multivalent glyco-affinity capture ligands facilitates an on demand and rapid purification and identification of carbohydrates and carbohydrate-containing proteins. 


BIOT 422
Microalgae culture on wastewater and flue gases for biomass feedstock and nitrate and phosphate Ions removed 
qingxue kong1, kongx075@umn.edu, Blanca Martinez2, marti021@umn.edu, Ling Li1, ling59@yahoo.con, Paul Chen2, chenx088@umn.edu, and Roger Ruan2. (1) Department of Food Science, Tianjin Agricultural College, 22 Xiqing Road, tianjin 300384, China, (2) Department of Bioproducts and Biosystems Engineering, University of Minnesota, St. Paul, MN 55108
The goal of our research is to develop technologies to produce high oil content microalgae in large scale. We studied the growth of selected microalgae species on tap water and wastewater with or without supplemental nutrients and CO2 inputs. The algal growth responses to different batch and continuous bioreactors and harvest techniques were evaluated. The biomass yield, oil yield, and nutrient removal ability of micro-algae in responses to the wastewaters at different treatment stages under different lighting conditions were investigated. Growth rate of the algae Chlamydomonas reinhardtii was monitored by measuring the two parameters optical density (OD680 nm) and in vitro chlorophyll fluorescence for a period of 7 days. 

The experimental results showed that 70% of nitrate and phosphate ions in sewage can be effectively removed after seven days of algae culture. Dry biomass production reached at 0.25-0.5g /L/day. The technical and economic implications of our results for wastewater treatment and biomass production will be discussed. 


BIOT 423
On Scanning Microscope for Microarray Detection in the 21st Century 
Kal Renganathan Sharma, Adjunct Professor, Department of Chemical Engineering, Prairie View A & M University, PO Box 519 MS 2505, Room 201A, C. L. Wilson Building, Prairie View, TX 77446, Fax: (936) 261 9419
According to M. Schena human disease will be eradicated in 50 years since the invention of microarray technique. Currently the confocal scanning microscope is used in commercial microarray scanners to detect the fluorescent signal and illuminate the sample. Glass as substrate has resulted in reduced background noise and lead to reliable gene expression data from microrray study. With the advent of miniaturization the current 25 micron dot size will be reduced to the nanorange. At some point, the Rayleigh criterion that stipulates the minimum resolution size at half the wavelength of light at 200 nm would require that the detectors be made out of x-ray devices as opposed to the laser excitation used now. The x-ray illumination as well as separate paths for illumination and detection would be a better design for the nanoarray studies. This paper discusses the epi-illumination, spatial addressing issues of the scanner in the next millennium. The instrument performance measures such as detectivity, sensitivity, cross-talk, resolution, field size, uniformity, image geometry, throughput of the nanoarray detector that can be expected is reviewed. The suitability of the current microarray manufacturing methods such as mechanical microspotting, photolithography and ink jet printing for nanoarrays are evaluated. 


BIOT 424
On Subcritical Damped Oscillations during Controlled Drug Delivery of Systemic Therapy 
Kal Renganathan Sharma, Adjunct Professor, Department of Chemical Engineering, Prairie View A & M University, PO Box 519 MS 2505, Room 201A, C. L. Wilson Building, Prairie View, TX 77446, Fax: (936) 261 9419
Many agents cannot be administered orally because of poor absorption from the intestinal tract into the blood. The issues involved in designing a controlled rate drug delivery system to administer a antiviral agent in the blood are discussed. Viral diseases are a significant cause of disability and death. Example viral diseases such as polio and small pox are under control on account of the development of protective vaccines. Vaccines for some viral diseases have been difficult to develop. Antiviral therapies has a significant impact on the clinical care of AIDS patients. Many patients cannot tolerate aggressive antiviral therapy and they develop drug resistant viral stains. The retroviral infections need be blocked. T-20 is a 36 aminoacid synthetic peptide which was designed by the analysis of the gp41 structure and therefore blocks viral fusion. The pharmacokinetics of T-20 after intravenous injection is discussed. A implantable controlled release matrix for T-20 delivery is considered. The agent is delivered from an implanted polymer matrix made of a copolymer of ethylene and vinyl acetate. A device that lasts 14 days must weigh atleast 840 mg. The rate of release of agent from the matrix depends on the rate of agent diffusion through the polymer matrix. Difusion is characterized by an effective diffusion coefficient. The overall process of release from the matrix can be described by the equations of generalized Fick's law of diffusion in the matrix subject to the appropriate initial and boundary conditions. The solution to the hyperbolic diffusion equation is obtained by the method of separation of variables. The minimum thickness of the matrix to avoid subcritical damped oscillations in concentration is derived. A three regime solution is presented in the form of Fourier series. The blood concentration of agent after implantation of controlled-release system is predicted. 


BIOT 425
Selective prodrug activation using protein switch technology 
Chapman M. Wright and Marc Ostermeier, Department of Chemical and Biomolecular Engineering, Johns Hopkins University, 221 Maryland Hall, 3400 N. Charles St., Baltimore, MD 21218, Fax: 410-516-5510
Current chemotherapeutic agents used for cancer treatment suffer from a lack of selectivity for cancer cells over normal cells. In an effort to improve the selectivity of chemotherapy, we propose to create a protein “switch” that is active only in cancer cells. Our lab has developed a novel protein engineering strategy by combining the domains of two independent proteins into a single hybrid protein. Previously, we have created maltose-activated beta-lactamases by combining maltose binding protein with TEM1 beta-lactamase. These “switch” proteins' beta-lactamase enzyme activity is increased 500-fold in the presence of maltose, but are inactive in the absence of maltose. We envision that a therapeutic protein switch could be created in the same fashion, by combining a prodrug activating enzyme and a protein that binds a cancer-specific marker. This therapeutic protein could improve selectivity by converting a systematically administered prodrug into a toxic drug within cancer cells, but not normal cells.


BIOT 426
Whey protein fractionation using supercritical carbon dioxide 
Laetitia M. Bonnaillie and Peggy M Tomasula, Dairy Processing and Products Research Unit, USDA-Agricultural Research Service, Eastern Regional Research Center, 600 E Mermaid Lane, Wyndmoor, PA 19038
Whey protein isolate (WPI) contains approximately 32% alpha-Lactalbumin and 61% beta-Lactoglobulin. Methods using salts, organic solvents or acids are used to prepare enriched fractions of the two proteins, but contaminate the products. We demonstrated the use of Supercritical CO2 to prepare enriched fractions of alpha-LA and beta-LG from WPI solutions. SCO2, an environmentally-friendly acid, readily vaporizes after use and requires no removal step. Preliminary studies using HCl elucidated the alpha-LA aggregation kinetics and behaviors versus process parameters. Optimal parameters were identified: pH~4, temperature ~60°C, run-time >30 min, and protein concentration ~10 wt%. Enriched fractions contained 62% alpha-LA and 98% beta-LG. With supercritical CO2, pressure, temperature, and protein concentration regulated the pH. Anti-solvent effects were examined and process parameters optimized for successful reproduction of previous results, but with no residual acid (pH 6). This economical, environmentally-friendly process will produce large-scale, enriched fractions of alpha-LA and beta-LG from whey, WPC or WPI. 


BIOT 427
A screening of phage displayed peptides for the recognition of fullerene 
Yasutaka Morita, School of Humanity-Oriented Science and Engineering, Kin-ki University, 11-6, Kayanomori, Iizuka, 820-8555, Fukuoka, Japan, Fax: 81-948-23-0536
Fullerene are made exclusively of carbon atoms, in which condensed hexagons and pentagons are arranged in a spherical form similar to a soccer ball. A novel approach to develop a peptide, that can recognize fullerene (C60) is described for affinity selection of phage displayed peptides from a combinatorial peptide library. Biopanning was performed using cyclic 7-mer peptide library against C60 films deposited on silicon (Si) substrate, and eluted phages with organic solvent. The phage, that recognized C60 films deposited on Si substrate, were obtained from biopanning. 17 kinds of peptide displayed phages were obtained. One kind of peptide (peptide No. 4) displayed phage recognized the C60 films deposited on Si substrate. Peptide No. 4 displayed no affinity towards the Si substrate. The recognition event was monitored by a fluorescent immunoassay. Additionally, peptide No. 4 phage could recognize C60 in powder form, but not the graphite powder. This recognition event in powder form was also observed by a fluorescent immunoassay.


BIOT 428
Advances in sub-cloning using high-throughput bioreactors 
Bhargavi Kondragunta1, bkondra1@umbc.edu, Jessica Drew1, Kurt Brorson2, Kurt.Brorson@fda.hhs.gov, Antonio R. Moreira3, moreira@umbc.edu, and Govind Rao4, grao@umbc.edu. (1) Center for Advanced Sensor Technology, Department of Chemical and Biochemical Engineering, University of Maryland, Baltimore County, MD, TRC 224, 1000 Hilltop Circle, Baltimore, MD 21250, (2) Office of Biotechnology Products, Center for drug Evaluation and Research, Food and Drug Administration, Silver Spring, MD 20993, (3) Center for Advanced Sensor Technology, Department of Chemical and Biochemical Engineering, University of Maryland, Baltimore County, Baltimore, MD 21250, (4) Center for Advanced Sensor Technology, Department of Chemical and Biochemical Engineering, University of Maryland at Baltimore County, Baltimore, MD 21250
Clone selection for monoclonal antibody production is traditionally carried out in stationary culture, typically in a 96-well plate format, using the limiting dilution method. The top producer is selected after analyzing antibody titer from the stationary cultures. However, since most cell culture production systems use agitated bioreactors, the actual productivity as well as growth characteristics of the clones may differ from those observed in stationary cultures. There is a limitation for using instrumented bioreactors to monitor the growth characteristics of the sub-clones, although it is more representative of the current production methods. We show the use of our 12-station high-throughput mini-bioreactor system with 30mL working volume each, to monitor the growth parameters as well as product titers, and finally select a robust clone for future scale-up. Gene expression will also be studied in using the selected clone in a fed-batch process. This represents an important first step in process development where we bypass un-instrumented process scouting devices, and use stirred tank architecture early on.


BIOT 429
Application of multivariate analysis to continuous long-term cell culture processes 
Julie L. Barker1, julie.barker@genzyme.com, Janani Swamy2, janani.swamy@genzyme.com, and Claudia W. Buser1, claudia.buser@genzyme.com. (1) BioEngineering, Genzyme Corporation, 45 New York Avenue, Framingham, MA 01701, (2) Cell Culture Operations, Genzyme Corporation, Allston, MA 02134
Application of multivariate analysis techniques, such as Principal Component Analysis (PCA), to short-term fed-batch cell culture processes has been described previously. This work will illustrate the application of PCA to a long-term perfusion cell culture process at Genzyme. Because Genzyme's 40-115 day continuous processes are multiphasic (growth, transition and harvest), bioreactor run performance is typically analyzed through examination of dynamic productivity, cell concentration and metabolic parameter profiles. PCA was tested as a more comprehensive means of understanding, and potentially minimizing, sources of variability in run performance. A multivariate process fingerprint was generated to visualize the typical progression of bioreactor parameters through each phase of the process. Cluster analysis was then performed for each process phase to determine the point at which some runs deviated from expected performance and to identify key contributing parameters. The results demonstrate that PCA can be effectively applied to long-term processes and can improve process understanding. 


BIOT 430
Applications of the SimCell™ System as a high-throughput microbioreactor platform 
A. Peter Russo, BioProcessors Corp, 12A Cabot Rd., Woburn, MA 01801
Cell culture development proceeds through multiple phases: clone selection, media optimization, process development and characterization. Various vessels are used: wellplates, tubes, flasks, and bench-top, or larger, bioreactors. Platforms vary in scale and ability to predict bioreactor performance. Consequently, batch clone screening experiments lack measurements/controls of the ultimate process. Such experimentation using simplified processes identifies the best clone/media/process from the serial selection, but may miss the global optimum because that clone performed poorly under batch conditions. The SimCell System has measurements/controls similar to bioreactors. It performs fed-batch protocols with pH, DO, and glucose control across hundreds of microbioreactors. Cell density, metabolites, titer and product quality profiles permit analysis using multiple metrics. Such content results in more predictive experiments earlier in the development process. Wider design spaces ensure confidence in the optimum, and provide process robustness information. SimCell measurement and control capabilities, and its use in cell culture development will be demonstrated. 


BIOT 431
Binding proteins as potential sensors for real- time monitoring of glucose and glutamine in mammalian cell culture using microdialysis. 
Archana Sriram1, as9@umbc.edu, KarunaSri Mupparapu2, karunam@umbc.edu, Xudong Ge3, xge1@umbc.edu, Govind Rao4, grao@umbc.edu, and Leah Tolosa4, leah@umbc.edu. (1) Department of Chemical and Biochemical Engineering, Center for Advanced Sensor Technology, University of Maryland, Baltimore County, TRC Bldg., Rm. 224, 1000 Hilltop Circle, Baltimore, MD 21250, (2) Department of Chemical and Biochemical Engineering, Center for Advanced Sensor Technology, University of Maryland Baltimore County, Baltimore, MD 21250, (3) Center for Advanced Sensor Technology, Department of Chemical and Biochemical Engineering, University of Maryland, Baltimore County, Baltimore, MD 21250, (4) Center for Advanced Sensor Technology, Department of Chemical and Biochemical Engineering, University of Maryland at Baltimore County, Baltimore, MD 21250
Bioprocessing needs effective monitoring and control of substrates for optimum cell growth and maximum product yield. Two substrates of utmost importance are glucose and glutamine. Lack of glucose in the medium will severely affect product yield whereas catabolism of glutamine leads to buildup of ammonia which inhibits cell growth. Hence monitoring glucose and glutamine concentrations throughout the growth cycle is important. 

Here we report our efforts to develop glucose and glutamine sensors for bioprocess monitoring. Both the Glucose/Galactose binding protein (GBP) and Glutamine binding protein (QBP) of E.Coli have binding constants in the micromolar range. As a consequence, only a minimal fraction of the millimolar glucose and glutamine in the media is required for measurements. Accordingly, fast perfusion rates are required. The result is near real-time determination of these substrates during cell cultures. A feasibility study using the GBP and QBP biosensors to monitor glucose and glutamine by microdialysis was conducted. The effect of perfusion rate, bulk glucose and glutamine concentration and temperature on microdialysis efficiency was determined. Additional parameters, DO, OD and pH were determined in parallel during the culture. 


BIOT 432
Characterization and purification of bacteriophages using chromatofocusing 
Scott Lute1, lute@cber.fda.gov, Hong Shen2, Kurt Brorson1, kurt.brorson@fda.hhs.gov, and Douglas Frey2, dfrey1@umbc.edu. (1) Division of Monoclonal Antibodies, Center for Drug Evaluation and Research, Food and Drug Administration, 10903 New Hampshire Ave, Silver Spring, MD 20903, Fax: 301-827-0852, (2) Department of Chemical and Biochemical Engineering, University of Maryland Baltimore County, Baltimore, MD 21250
The technique of chromatofocusing was applied to the characterization and purification of three bacteriophages routinely used for testing virus filters, ÖX-174, PR772, and PP7. Chemically well defined eluent buffers were used, instead of the more commonly used chromatofocusing polyampholyte buffers. Chromatographic column packings were selected to minimize band broadening by confining bacteriophage adsorption solely to the exterior particle surface. It was determined that, under the conditions used, bacteriophages could be made to focus into narrow eluite bands in a retained pH gradient with recoveries that ranged from 15 to nearly 100%. Retention times and apparent isoelectric point data were obtained for samples consisting either of purified bacteriophage, or samples consisting of crude preparations of bacteriophages containing host cell impurities. Isoelectric point estimates were obtained using modifications to the previously described models. The results obtained suggest that chromatofocusing is a useful, simple, and rapid method for estimating the true isoelectric points of bacteriophages and probably other types of viruses. It is also likely a useful method for purifying these materials.


BIOT 433
Co-Encapsulation of Saccharomyces cerevisiae and enzymes for the efficient fermentation of D-Xylose in the production of fuel ethanol from cellulosic biomass 
Brian Frederick, eandrees@clarkson.edu, Department of Chemistry and Biomolecular Science, Clarkson University, PO Box 5810, Potsdam, Potsdam, NY 13699-581, Fax: 315-268 6610, and Silvana Andreescu, eandrees@clarkson.edu, Department of Chemistry and Biomolecular Science, Clarkson University, 8 Clarkson Av, Potsdam, NY 13699-5810
The necessity for alternative fuel sources is of increasing concern and one such option is the use of ethanol derived from plant matter. Cellulose and hemicellulose account for approximately 70% of the dry mass of typical plant and tree matter. From this, a significant proportion of the sugars are pentoses, such as xylose, which cannot be fermented by currently available non-GMO industrial yeast strains. These strains are only capable of fermenting hexose sugars making the process economically limited. In this presentation, we report the co-immobilization of standard Saccharomyces cerevisiae yeast along with appropriate enzymes such that the encapsulated combination will have both xylose and hexose fermentation capabilities. We describe the fabrication and characterization of core-shell structures with appropriate biomolecules entrapped inside a liquid core, as well as the study of stability, optimization of experimental conditions, and conversion yields. Co-encapsulation of the yeast with enzyme provided a sufficiently high concentration of enzyme for efficient xylose conversion to ethanol while lowering the cost of creating such a high concentration of biomaterial in bulk solution. These core-shell microcapsules are stable enough for multiple use, lowering economic costs. They also provide a protective micro-environment for yeast when in dilute acid-hydrolyzates, and opportunities to conduct continuous-flow fermentation. In addition, other enzymes can be incorporated to allow both enzymatic hydrolysis of cellulose and hemicellulose, and fermentation of other pentose sugars. The method provides a simple and economical way for improving the efficiency and conversion yield for both cellulose and hemicellulose sugar fermentation, from cellulosic biomass to ethanol.


BIOT 434
Colloidosomes: "Smart" materials for biomedical applications 
Rachel T. Rosenberg, Department of Chemical and Biological Engineering, Drexel University, 3141 Chestnut Street, Philadelphia, PA 19104
Colloidosomes have a wide range of applications including cell encapsulation, imaging and diagnostics, and drug delivery. They consist of an aqueous polymer core with a shell of colloidal particles adsorbed to the surface by electrostatic interactions. The distribution and packing of the colloidal particles determine the pore size. Poly (N-isopropylacrylamide) (PNIPAAm) and alginate hydrogels are used as two different aqueous gel scaffolds, synthesized via microfluidics. The shells consist of packed polystyrene spheres which are functionalized to yield the appropriate charge. Temperature and pH sensitive polymers allow the packing of the colloidal particles to be tuned. Modifying the pore size can be particularly useful in drug delivery applications that require localization.


BIOT 435
Development of a high power density enzyme fuel cell using a laccase biocathode. 
Abhijeet P. Borole, borolea@ornl.gov, BioSciences Division, Oak Ridge National Laboratory, Bldg. 4505, MS 6226, Oak Ridge, TN 37831-6226, and Samuel LaBarge, labars@gmail.com, Oak Ridge Associated Universities, Oak Ridge, TN 37831
Using enzymes as catalysts for energy production in fuel cells requires development of efficient electron and proton transfer systems and novel enzyme stabilization techniques. Various mass transfer processes have to be considered for enabling high power densities in these devices. Development of a biocathode was investigated using laccase as the catalyst. Various parameters including air flow rate, enzyme concentration, use of ABTS as a mediator, buffer concentration were studied. The biocathode was coupled with a Pt anode using hydrogen as the fuel. Power densities ranging from 0.2 to 10 W/m2 were obtained depending on the operating conditions. Effect of electrode design, operating conditions and assembly on power output will be presented.


BIOT 436
Development of serum-free media for embryonic stem cells using experimental design 
Ning Liu and Shang-Tian Yang, Department of Chemical and Biomolecular Engineering, The Ohio State University, 140 West 19th Avenue, columbus, OH 43210
The potential clinical applications of embryonic stem cells require a reproducible, well defined culture medium. To develop a serum-free medium for mES cells, pre-weaning strategy combined with experimental design was adopted in this study. First, mES cells were adapted to grow in serum-reduced medium. Then, these weaned cells were adopted to screen medium supplements by use of fractional factorial design. Consequently response surface methodology was applied to find the optimal concentrations of the supplements which have most significant effects on cell growth. In addition, a serum-free medium was developed for STO cells by the same strategy. The serum-free conditioned medium by STO cells was able to support the growth of undifferentiated mES cells and did not require the supplement of Leukemia inhibitory factor. Thus the medium cost for mES cell expansion could be greatly reduced, which will facilitate the study on the long-term and scale-up of ES cell expansion.


BIOT 437
Effects of carbon nanotube on DRG neuron culture 
Kotaro Matsumoto1, gx0610010@toyonet.toyo.ac.jp, Chie Sato1, qqdn5urz9@dolphin.ocn.ne.jp, Raymond Whitby2, r.whitby@brighton.ac.uk, and Norio Shimizu1, nshimizu@itakura.toyo.ac.jp. (1) Graduate School of Life Sciences, Toyo University, 1-1-1 Izumino, Itakura-machi, Ora-gun, Gunma 374-0193, Japan, Fax: +81-276-82-9210, (2) School of Pharmacy and Biomolecular Sciences, University of Brighton, Brighton BN2 4GJ, United Kingdom
Carbon nanotube (CNT) has unique structural, electrical, and mechanical properties. Recently, there has been great interest in the biological applications of CNT at the molecular and cellular levels. We investigated the effect of multi-walled CNT (MWCNT), single-walled CNT (SWCNT) and graphite on neurite outgrowths of DRG neurons. MWCNT was functionalized by amino groups. When both CNT and soluble NGF were added to DRG neuron culture, the number of neurons with neurite outgrowths in the case of 0.85 µg/ml of the functionalized MWCNT or SWCNT was higher than those for the control. However, in the case of graphite, the number of neurons with neurite outgrowths was almost constant in the range of 0.11 to 17 µg/ml of graphite. Moreover, MWCNT coated with neurotrophin (NGF, BDNF) regulated the differentiation and survival of neurons. CNT may be effectively used to regulate the differentiation and survival of neurons.


BIOT 438
Efficacy evaluation of antibiotic-containing nanoparticles against Pseudomonas aeruginosa, a major cause of human lung infections 
Matthew W. Chang and Kunn Hadinoto, School of Chemical and Biomedical Engineering, Nanyang Technological University, 62 Nanyang Drive, Singapore 637459, Singapore, Fax: 65-6794-7553
Pseudomonas aeruginosa, an opportunistic human pathogen, causes chronic lung infections in individuals with cystic fibrosis and cancer. Our current regimen for these lung infections, which depends on oral administration of antibiotics, frequently fails in part because of limited access of antibiotics to the deep lung through the oral route. Pulmonary antibiotic delivery may enable targeted deposition of antibiotics to the lung compartments, complementary to current orally delivered antibiotics. This study aims to evaluate the feasibility of using nanoparticles as therapeutic carrier particles in dry powder inhaler delivery of nanoparticulate antibiotics for treatment of P. aeruginosa lung infections. Large hollow micron-size carrier particles of the nanoparticulate drugs were manufactured by spray drying suspensions of biocompatible polymer nanoparticles, with loaded antibiotics, such as ciprofloxacin. The size and concentration of the nanoparticles, as well as the phospholipids inclusion, a major component of lung surfactant, were manipulated to modify the morphology, including size and degree of hollowness, of the spray-dried carrier particles, and to control release rate of antibiotics. Efficacy of those antibiotic-containing nanoparticles was tested against P. aeruginosa in planktonic and biofilm forms, the latter of which is dominant during chronic lung infections, contributing to antibiotic resistance. Further, the dependency of the efficacy on antibiotic release rate was assessed to enhance persistence and steady release of antibiotics. Our results suggest that the antibiotic release rate is controlled by the degree of hollowness of the carrier particles and affects the efficacy of antibiotic-containing nanoparticles against P. aeruginosa. These results may provide insights into the use of nanoparticles as a therapeutic carrier for treatment of chronic lung infections.


BIOT 439
Electricity production from paper recycling wastewater in continuous-flow microbial fuel cells 
Liping Huang, huang9511@yahoo.com, School of Environmental and Biological Science and Technology, Dalian University of Technology, Dalian 116024, China, Shaoan Cheng, suc12@psu.edu, Department of Civil and Environmental Engineering, The Pennsylvania State University, University Park, PA 16802, and Bruce E. Logan, blogan@psu.edu, Civil and Environmental Engineering, Pennsylvania State University, University Park, PA 16802
Paper recycling wastewater was investigated to produce electricity in a microbial fuel cell. Power output increased from 55 mW/m2 (1.6 W/m3) to 200 mW/m2 (5.7 W/m3) with the influent wastewater strength increasing from 136 mg/L to 449 mg/L while COD removal decreased from 37.5% to 27.5% corresponding to coulombic efficiencies (CEs) ranging from 22% to 33% at a hydraulic retention time (HRT) of 6 h. Power generation improved to 394 mW/m2 (11 W/m3) by increasing the ionic strength using a 50 mM phosphate buffer solution while COD removal increased to 35% and CE increased slightly to 24% with an influent COD of 449 mg/L. Changing the HRT from 6 h to 15 h led to the increase of COD removal to 38% while power generation did not change. Further increase of the HRT to 25 h only resulted in the increase of COD removal to 41% while power generation decreased to 102 mW/m2 (3 W/m3). 


BIOT 440
Electrochemical biosensors for cisplatin detection 
John E Jett1, jjett@hsc.wvu.edu, Nianqiang Wu2, nick.wu@mail.wvu.edu, Huaqing Li2, and Peter M. Gannett1, pgannett@hsc.wvu.edu. (1) Department of Pharmaceutical and Pharmacological Sciences, West Virginia University, One Medical Center Drive, Morgantown, WV 26506, (2) Department of Mechanical and Aerospace Engineering, West Virginia University, Morgantown, WV 26506
Methods of monitoring in vivo drug concentrations are time consuming and costly, though knowledge of in vivo drug concentrations is necessary for optimal treatment. Here we describe our work toward developing a sensor for the anticancer agent cisplatin (CP). Thus, a DNA oligonucleotide that can bind CP was bonded to a gold electrode. Electrochemical measurements with this electrode were made in the presence of methylene blue (MB), which intercalates into DNA and reduces at a potential different from MB in solution. In the presence of MB and increasing amounts of CP, the reduction wave for intercalated MB decreases and, for solution MB, increases. These observations are consistent with CP binding to DNA and decreasing MB intercalation in a dose dependent manner. Construction of a sensor based on this could provide a rapid and inexpensive method to monitor CP plasma concentrations (Support: WVEPSCoR STEM Fellowship to JEJ & the Brown-Hott foundation).


BIOT 441
Elucidating mechanisms of acetate tolerance in E. coli using SCALES 
Nicholas R. Sandoval and Ryan T Gill, Department of Chemical and Biological Engineering, University of Colorado, Boulder, CO 80309
Biofuels from cellulosic biomass are important in transitioning away from petroleum-based fuel. Acetate is a toxic pretreatment side product of cellulosic biomass. Hence, conferring tolerance of acetate upon fermenting microorganisms will benefit biofuels production. SCalar Analysis of Library Enrichments (SCALEs), created by the Gill lab at the University of Colorado, combines a traditional genomic library selection with DNA microarrays to provide genotypic data. The method employs multiple-sized libraries for greater genomic resolution. We report here two SCALES selections using an E. coli K12 library with different levels of acetate in minimal media. Selections took place over a three day period while not allowing cultures into stationary phase. Growth rates of top clones identified through conventional sampling were double that of control. Genomic regions with greatest fitness identified through SCALES encode for transporters, DNA maintenance, and energy production. Future work includes confirmation of SCALES results through cloning and growth rate tests.


BIOT 442
Evaluating biopharmaceutical economics and capacity with process simulation tools 
Charles Siletti, casiletti@intelligen.com, INTELLIGEN, INC, 700 Walton Avenue, Mt. Laurel, NJ 08054, Fax: (856) 235-1438, and Demetri Petrides, dpetrides@intelligen.com, INTELLIGEN, INC, Scotch Plains, NJ 07076
The capital investment for new biopharmaceutical manufacturing facilities is around $7000 per liter of bioreactor capacity. Moderate to large scale facilities can cost hundreds of millions of dollars, yet such investments are often made with uncertain information about process performance, media and materials prices, and market conditions. This paper presents a systematic way to evaluate the critical costs and capacity issues in biopharmaceutical plants. Examples will be presented on determining the target product titer, optimizing bioreactor batch size and choosing where or whether to use disposable (single-use) equipment. Since many process decisions must be based on partial or uncertain information, this presentation will also describe how to evaluate the risk associated with process and economic assumptions.


BIOT 443
Evaluation and implementation of in-line dilution using buffer concentrates in column chromatography 
Jemelle Dizon-Maspat1, jemelle@gene.com, Deanna Myers1, Dylan Grant2, and Terry Hudson1, hudson.terry@gene.com. (1) Oceanside Process Research & Development, Genentech, Inc, 1 Antibody Way, Oceanside, CA 92056, (2) Oceanside Clinical Plant, Genentech, Inc, Oceanside, CA 92056
Conventional buffer preparation in the downstream steps of antibody manufacturing requires the use of large tanks that demand cleaning and steaming. One way to reduce tank size and minimize operational costs is to perform in-line dilution in column chromatography. Buffer concentrates can be prepared and then diluted in-line with WFI during a column chromatography operation. Evaluation of in-line dilution was performed at the 200L and 2000L scale and then successfully implemented as part of the production process of several antibodies for use in toxicology and clinical studies. This reduced buffer preparation efforts, allowed for smaller storage vessels, decreased the total number of tank cleaning and steaming procedures, and allowed for the implementation of disposable bags in pilot and clinical facility operations. 


BIOT 444
Evaluation of downstream Process Analytical Technology (PAT) in Mab production 
Shinta Dermawan, Ashutosh Sharma, and Anurag S Rathore, Process Development, Amgen, Inc, One Amgen Center Drive, Mail Stop 30W-2A, Thousand Oaks, CA 91320, Fax: 805-447-6212
Chromatography steps in biotechnology processes often use pooling criteria that are based on UV absorbance, such as absorbance at 280 nm. The key advantage is the simplicity of implementing UV-based pooling criteria in a manufacturing environment. This approach works well for bind and elute applications, when the whole peak is to be collected from baseline to baseline and the protein concentration is linearly correlated to the absorbance signal for the range under consideration. However, in the case of a high-resolution separation where a part of the peak is being collected to pool the product and pool out the impurity/impurities, this approach is not optimal because absorbance-based methods are not able to differentiate between product and other proteins or other species that have similar absorbance profile. Thus, since impurity levels in the feed material vary from lot to lot, pool purity also varies. One way to alleviate this product loss and make the pooling process more robust would be to incorporate real-time, inline assays that actually measure product quality. We will present results from evaluation of several analytical methods for feasibility of their use for in-line/on-line/at-line analysis.


BIOT 445
Evaluation of production of bio-ethanol and bio-diesel from renewable resources using process simulation tools 
Demetri Petrides, dpetrides@intelligen.com, INTELLIGEN, INC, 2326 Morse Avenue, Scotch Plains, NJ 07076, and Charles Siletti, casiletti@intelligen.com, INTELLIGEN, INC, Mt. Laurel, NJ 08054
Over the past three decades there has been intense investigation on the development of fuel producing processes that are based on the use of renewable agricultural materials as feedstock. This activity is driven primarily by the quest for fuel self-reliance and carbon oxides emission reductions. The main effort has been concentrated on bio-ethanol and bio-diesel which have been shown to give motor engine performance similar to that of conventional petroleum based fuels. In addition to product characteristics, however, process economics play an equally important role in any successful product commercialization. In this work, realistic process simulation models have been developed in order to analyze the economics of “corn-to-ethanol” and “soybean-oil to bio-diesel” production. The models developed include process flow diagrams, material and energy balances, equipment sizes and estimates of capital and operating costs. This presentation will illustrate how such models can facilitate the design of new manufacturing facilities and the optimization of existing ones. 


BIOT 446
Facilitating bioprocess scale-up and technology transfer with computer aids 
Demetri Petrides, dpetrides@intelligen.com, INTELLIGEN, INC, 2326 Morse Avenue, Scotch Plains, NJ 07076, and Charles Siletti, casiletti@intelligen.com, INTELLIGEN, INC, Mt. Laurel, NJ 08054
The successful scale up and commercialization of biopharmaceuticals is a challenging task that requires collaboration of professionals from many disciplines. Process simulators and other computer aids can facilitate this task by assisting scientists and engineers to answer the following and other related questions: What is the impact of product titer increase on the capacity load of the downstream section, the overall throughput of a plant, and the cost of goods? What changes are required in an existing multi-product facility to accommodate the process of a new product? What is the range of variability that a process can accommodate if it operates under a tight cycle time? What is the impact of single-use equipment on the demand for utilities and the cost of goods? Our experience in addressing the above questions will be presented using industrial examples in which we evaluated alternative technologies for producing therapeutic monoclonal antibodies and vaccines.


BIOT 447
Hierarchically assembled viral-synthetic hybrid microparticles for high throughput sensing 
Christina L. Lewis1, christina.lewis@tufts.edu, Wui Siew Tan2, Daniel C. Pregibon2, Nicholas E. Horelik1, Patrick S. Doyle2, pdoyle@mit.edu, and Hyunmin Yi1, hyunmin.yi@tufts.edu. (1) Department of Chemical and Biological Engineering, Tufts University, 4 Colby St., Science & Technology Center Rm 148, Medford, MA 02155, (2) Department of Chemical Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139
We present hierarchical assembly of potent viral nanotemplates onto encoded microparticles via nucleic acid hybridization. A genetically modified TMV employed in this study contains over 2000 cysteine residues displayed on the viral surface, providing high density thiol functionality for covalent coupling of peptides, antibodies, or nanoparticles with precise nanometer scale spacing. The multifunctional, PEG-based microparticles are rapidly produced in microfluidic channels via stop-flow lithography (SFL), and consist of spatially discrete regions containing encoded identity information and embedded capture DNAs. For the hybridization based assembly, partially disassembled TMVs are programmed with linker DNAs that contain sequences complementary to both virus 5'-end and a selected capture DNA. In this presentation, we will further demonstrate that multiple fluorescently labeled TMV nanotemplates can be assembled onto discrete regions of microparticles simultaneously in a one-pot procedure due to the hybridization based assembly nature. Confirmation of the high density TMV assembly via Atomic Force Microscopy and confocal microscopy will also be presented. Together, these results represent a novel and high throughput route to create high capacity, multiplexed microentities in mild aqueous conditions. We believe that these viral-synthetic hybrid particles may find broad applications in high capacity biosensing, environmental monitoring and biothreat detection.


BIOT 448
Identification of beta-glucosidase mutants with improved thermostability by a novel selection/screening method 
Wenjin Liu, Jiong Hong, and Y-H. Percival Zhang, Biological Systems Engineering Department, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061, Fax: 540-231-3199
Complete hydrolysis of recalcitrant cellulose in biomass requires a synergy among endoglucanase, exoglucanase and beta-glucosidase. Among them, beta-glucosidase converts cellobiose and soluble longer cello-oligosaccharides into glucose, which is consumed by microorganisms as a carbon source. In addition, removal of cellobiose lessens product inhibition to exoglucanase and endoglucanase. Improving thermostability of beta-glucosidase is therefore of great interest for advancing biofuel production from biomass. Here we develop a novel high-efficient strategy to screen a library of recombinant cell-surface displayed beta-glucosidase generated by random mutagenesis. Identified mutants will be further characterized, both in vitro and in vivo, using natural substrate – cellobiose as well as colorimetric substrates. The effects of amino acid mutation on enzyme structure will be discussed.


BIOT 449
Isolation of neurons differentiated from mouse ES cells using nerve growth factor-coated nanoscale magnetic beads 
Ayako Kitazawa and Norio Shimizu, Graduate School of Life Sciences, Toyo University, 1-1-1 Izumino, Itakura-machi, Ora-gun, Gunma 374-0193, Japan, Fax: +81-276-82-9210
It is important to collect neurons differentiated from embryonic stem (ES) cells for studying the potential applications in neuroscience and regenerative medicine. We previously reported that chick dorsal root ganglia conditioned medium induced the differentiation of ES cells into neurons and the percentage of neurons differentiated from ES cells was approximately 50%. Because nanoscale magnetic beads have been used for isolating cells, we investigated to isolate neurons from a variety of differentiated cells in a selected area of the culture plate surface by using magnetic beads (50 nm or 250 nm in diameter) coated with nerve growth factor (NGF) and an 11-mm magnet. NGF-coated 50 nm beads effectively collected neurons with neurite outgrowths in the particular area. The neurons were labeled with anti-TrkA antibody (antibody against NGF receptor). The confocal laser scanning microscope analysis showed the presence of the FITC-NGF-coated beads inside the cell.


BIOT 450
Manifestation of Acceleration of Molecules durinf Controlled Drug Delivery to the Brain 
Kal Renganathan Sharma, Adjunct Professor, Department of Chemical Engineering, Prairie View A & M University, PO Box 519 MS 2505, Room 201A, C. L. Wilson Building, Prairie View, TX 77446, Fax: (936) 261 9419
Water-soluble, high molecular weight drugs do not reach the brain following systemic administration on account of slow penetration of the blood-brain barrier. Chemical modification of the drugs to increase their lipid solubility has been attempted. The permeability of the BBB can be transiently increased by intra-arterial injection of the solutions with high osmolarity, that disrupts inter-endothelial tight junctions. Enhanced uptake in the brain can be effected by protein modifications such as cationization by hexamethyldiamine and anionization by succinylation. The kinetics of drug release from a controlled-release are frequently characterized by measuring the amount of drug released from the matrix into a well-stirred reservoir of phosphate buffered water or saline at 37 0 C. The release of drug molecules from polymer matrices can be regulated by diffusion of drug through the polymer matrix of degradation of the polymer matrix. For diffusion-mediated release the amount of drug released from the polymer is proportional to the concentration gradient of the drug in the polymer. The concentration of the drug as a function of position and time can be described by the governing equation; 

tou(r)Utt + Utt = DUxx 

The hyperbolic damped wave diffusion and relaxation equation was solved using methods of separation of variables and relativistic transformation of coordinates. The transformation variable was symmetric in space and time. The cumulative mass of drug released as a function of time can be written for the initial 60% of release. The Fick's laws of diffusion imply infinite speed of propagation of mass. This is not suitable to represent the transient diffusion of drug molecules. The acceleration of the drug molecules during transience is accounted for by using the generalized Fick's law of diffusion. The relaxation time can be derived from the Stokes Einstein formulation of diffusion in solutions. 


BIOT 451
Methane production from dairy waste anaerobic digestion: Evaluation of mixing behaviors of digester and its implication on methane production 
Zhiyou Wen, Biological Systems Engineering, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061, Fax: 540-231-3199
Methane production from dairy waste anaerobic digestion has been developed for decades. However, process failure is common due to inadequate mixing of the digester. The objective of this work is to investigate the characteristics of the flow pattern inside the digester. 

The mixing of the digester was provided through gas-circulation from headspace and evaluated through (i) The velocity magnitude as predicted by Computer Fluid Dynamic (CFD); (ii) Residence Time Distribution (RTD) as determined by tracer analysis, and (iii) the methane gas production from the digester. At the low solid content (<5%), the liquid in the reactor close to the complete mixing; while at high solid content, a significant portion of dead zone was observed due to the non-Newtonian flow property of the liquid. The experimental RTD data agreed with the predicted data by CFD, indicating the CFD is a good tool to predict the flow behavior of the anaerobic digesters.


BIOT 452
Monitoring of shake flask fermentation using triple noninvasive sensors 
Xudong Ge1, xge1@umbc.edu, Yordan Kostov2, kostov@umbc.edu, and Govind Rao2, grao@umbc.edu. (1) Center for Advanced Sensor Technology, Department of Chemical and Biochemical Engineering, University of Maryland Baltimore County, 5200 Westland Blvd., Baltimore, MD 21227, Fax: 410-455-6500, (2) Center for Advanced Sensor Technology, Department of Chemical and Biochemical Engineering, University of Maryland at Baltimore County, Baltimore, MD 21250
Bioprocess development and optimization is an experiment-driven process requiring a large number of experiments to be conducted under varying conditions. Small-scale upstream bioprocess development is often performed in shake flasks because of their inexpensiveness and ability of being operated in high parallel. However, these culturing platforms are often not equipped to accurately monitor and control critical process parameters such as pH, dissolved oxygen and CO2 concentrations. Because dissolved oxygen is not monitored, there is no definitive information on the oxygen supply of growing cells. Here we describe a shake flask fermentation process monitored by three different optical sensors that we developed for noninvasive small-scale process monitoring. The sensitive element of these sensors is a thin, luminescent patch affixed to the inside bottom of the flask. Small electronic devices for excitation and fluorescence detection are positioned outside under the shake flask for noninvasive pH, dissolved oxygen and CO2 monitoring. The monitored shake flask fermentation provides much useful information about oxygen availability, CO2 production and pH change.


BIOT 453
Novel DNA staining technique employing gold phosphine salts: Application for nanowire synthesis 
Jacopo Samson, jacopo.samson@gmail.com, Department of Chemistry & Biochemistry, Hunter College & Graduate Center of the City University of New York, 695 Park Ave, New York, NY 10021, C. Michael Drain, Department of Chemistry and Biochemistry, Hunter College & The Graduate Center of the City University of New York, New York, NY 10021, and Patrick Nahirney, pnahirney@rockefeller.edu, Electron Microscopy Services & Bio-Imaging Resource Center, Rockefeller University, New York, NY 10065
Attempts to image DNA via transmission electron microscopy (TEM) have been made since its discovery. Although numerous staining (positive as well as negative) techniques have been adopted to resolve the DNA strands, they do not show significant detail about its helical and periodical structure. A very common challenge has been to avoid the re-aggregation of DNA in aqueous solution caused by the drastic change of pH upon treatment with uranyl acetate or other compounds. Here we report a novel technique that exploits the electrostatic interaction between the negatively charged DNA phosphate backbone and the positively charged trimethyl phosphine gold (I) ion. This simple technique employs deionized water, plasmid DNA (3ug/mL) and a saturated aqueous solution of the gold phosphine salt. These characteristics make this technique very environmentally friendly and inexpensive. Potential applications of this technique may involve formation of nanowires used in creating microcircuits and other nanoscale conductive networks. 


BIOT 454
Plant Cell Suspension Cultures as a Bioproduction Platform of Recombinant Human Therapeutic Proteins 
Ting-Kuo Huang1, tkhuang@ucdavis.edu, Michael A. Plesha1, maplesha@ucdavis.edu, Bryce Falk2, Abhaya M. Dandekar3, and Karen A. McDonald1, kamcdonald@ucdavis.edu. (1) Department of Chemical Engineering and Materials Science, University of California at Davis, One Shields Avenue, Davis, CA 95616, (2) Department of Plant Pathology, University of California, Davis, Davis, CA 95616, (3) Department of Plant Sciences, University of California at Davis, Davis, CA 95616
Plant cell cultures have been investigated for developing as a potential bioproduction platform of recombinant protein, and especially for human therapeutics due to their intrinsic safety, cost-effective bioprocessing that leads to lower production and downstream costs, and the capacity for post-translation modifications. To realize using plant cell suspension cultures as alternative to traditional prokaryotic and eukaryotic systems for producing biopharmaceuticals in industry, in this study, we investigated various factors which may affect the expression yield and functionality of a recombinant human blood protein, alpha-1-antitrypsin (AAT), in transgenic tobacco cell suspension cultures. First, we demonstrated that the productivity and functionality of rAAT could be enhanced by using our novel Cucumber mosaic virus (CMV) inducible viral amplicon (CMViva) expression system while comparing with a Cauliflower mosaic virus (CaMV) 35S constitutive promoter expression system or a chemically inducible promoter expression system. Second, to decrease the proteolytic degradation effects and increase the stability of rAAT during plant cell cultures, a rational induction strategy combining medium exchange and pH control was proposed in bioreactor. Third, the timing of induction (TOI) is a critical parameter for chemically inducible plant cell cultures in bioreactor. We applied OUR (oxygen uptake rate) of plant cell cultures as physiology indicator for determining the optimal TOI. Last but not least, amino acids supplied in cultivation medium have been proven that could affect mammalian cells growth and recombinant product yield and quality. We studied the effects of amino acid supplementation on the rAAT production in plant cell cultures using design of experiments (DOE). All of our results have been investigated and further play a foundation for developing plant cell cultures as a platform of biopharmaceuticals production in industry.


BIOT 455
Preparation of protein microspheres for biocatalytic application 
Ying Wang, Department of Chemistry, Texas Christian University, 2800 S. University Dr, Fort Worth, TX 76129
Enzymes are promising catalysts for the sustainable chemical industry. However, one of the main challenges for their applications has been their typically low activity and stability in harsh conditions. Cross-linked enzyme crystals and aggregates have shown improved activity and stability in non-aqueous media compared to free enzymes. However their catalytic performance is very sensitive to precipitation conditions and their optimization usually relies on trial-and-error procedures. 

In this poster, we present a novel and tunable approach to prepare enzyme immobilized particles. The enzyme microspheres were prepared using liquid-liquid phase separation (LLPS) of protein aqueous solution and cross-linking. This preparing progress is under mild condition and the cross-linked enzyme spheres can be transferred and work under harsh conditions. Through investigating the LLPS phase boundary of enzyme aqueous solution the way to tune the size and microenvironment of enzyme spheres can be rationalized. Our study includes: 1) LLPS in enzyme-aqueous systems and determination of LLPS phase boundary; 2) preparation of cross-linked enzyme microspheres; 3) investigation of enzyme activity in non-aqueous media. This work can potentially provide an important contribution to the use of enzymes in green-chemistry catalysis.


BIOT 456
Production planning, scheduling, and debottlenecking practices in the biopharmaceutical industries 
Charles Siletti, casiletti@intelligen.com, INTELLIGEN, INC, 700 Walton Avenue, Mt. Laurel, NJ 08054, Fax: (856) 235-1438, and Demetri Petrides, dpetrides@intelligen.com, INTELLIGEN, INC, Scotch Plains, NJ 07076
The scheduling challenges in biopharmaceutical processes lie in the ancillary operations: media and buffer preparation, vessel and line cleaning, and chromatography column preparation. Such operations may use shared resources that can couple process suites with otherwise dedicated equipment. These considerations are further complicated by variability in process durations. Three case studies, which are based on a process for the manufacture of monoclonal antibodies (MABs), illustrate the value of a constrained-resource scheduling tool for biotech processes. In the first case study, the scheduling tool shows that auxiliary cleaning equipment can limit batch production. A second case study shows how scheduling tools can be used to identify and eliminate bottlenecks associated with utilities. A third case study illustrates how to use scheduling tools to mitigate the effects of process variability. 


BIOT 457
Uncovering hyperproductivity gene-trait relationships through transcriptome data mining 
Anne Kantardjieff, Salim Charaniya, Joon Chong Yee, and Wei-Shou Hu, Department of Chemical Engineering and Materials Science, University of Minnesota, 421 Washington Ave SE, Minneapolis, MN 55455, Fax: 612-626-7246
Global transcriptome analysis can provide a better understanding of the gene-trait relationships of high productivity and assist in cell line development. Such analysis benefits from the inclusion of multiple experiments across cell platforms, including different high- and low-producing cell lines, and various productivity-enhancing conditions. In the past few years, our laboratory has amassed microarray samples from both Chinese hamster ovary (CHO) and NS0 cell lines spanning different productivities under various culture conditions, including low-temperature cultivation, butyrate treatment and dhfr-amplification. We mined this dataset to identify the transcriptional signature associated with high productivity conditions. Statistical analysis identified differentially-expressed genes in increased productivity states, while gene-class testing found significant functional classes shared amongst these states. Furthermore, feature selection strategies were combined with support vector machines to identify genes significant for sample classification. While this analysis highlights the multiple routes which can lead to higher productivity, a common set of functional classes begins to emerge as a critical determinant of productivity.


BIOT 458
Hyperosmotic stress responses in mammalian cells: A comparative microarray study of hybridoma and CHO cell responses 
Susan T. Sharfstein1, sharfs@rpi.edu, Duan Shen1, shend2@rpi.edu, Thomas R. Kiehl2, kiehlt@rpi.edu, Sarwat F. Khattak3, sarwat.khattak@bms.com, Zhengjian Li3, zhengjian.li@bms.com, Steven S. Lee4, steven.lee@bms.com, Aiqing He5, Isaac M. Neuhaus5, Paul S. Kayne5, and Vishal Patel5. (1) Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, Biotech 2nd floor, 110 8th Street, Troy, NY 12180, Fax: 518-276-4285, (2) Multidisciplinary Science, Rensselaer Polytechnic Institute, Troy, NY 12180, (3) Process Development, Technical Operations, Bristol-Myers Squibb, Syracuse, NY 13057, (4) Technical Operations, Bristol-Myers Squibb Company, Syracuse, NY 13221-5050, (5) Applied Genomics Dept, Bristol-Myers Squibb Company, Pennington, NJ 08534
Hyperosmotic stress has been shown to increase specific productivity of monoclonal antibodies and other recombinant proteins in many mammalian cell lines including murine hybridomas and Chinese hamster ovary (CHO) cells. However, the adverse effects of hyperosmolarity on cell growth and/or induction of apoptosis lead to only modest increases in overall productivity. We previously studied the overall transcriptional response in murine hybridoma cells using DNA microarrays and found three major families of genes, metabolism, transcriptional regulation, and signaling pathways, were extensively involved in the transcriptional response to osmotic stress. 

Here we report a comparative study in CHO cells producing a recombinant Fc-fusion protein under fed-batch conditions. Upon increasing the osmolarity in mid-exponential phase by ~80 mOsm by addition of 5M sterile sodium chloride, the specific productivity increased ~40%, while the growth rate decreased ~20%, with no net change in product titer. Samples were taken at 1, 2, 4, 8, 24, and 48 hours after the onset of osmotic stress and analyzed using proprietary CHO microarrays to identify differentially expressed genes. In parallel to the microarray studies, signal transduction pathways and other cellular physiological responses were analyzed to develop a complete picture of cellular responses to increased osmolarity. 


BIOT 459
Controlling the proteome: Is the transcriptome sufficient? 
Robert S. Kuczenski, rsk23@cornell.edu, School of Chemical and Biomolecular Engineering, Cornell University, Room 124, 15 Innovation Way, Newark, DE 19711, and Kelvin H. Lee, khl@udel.edu, Department of Chemical Engineering and Delaware Biotechnology Institute, University of Delaware, Newark, DE 19711
Disciplines ranging from metabolic engineering to synthetic biology often tune protein expression to optimize a desired phenotype. These expression levels are usually controlled via transcription, and likewise measured as mRNA concentrations, assuming proportional protein expression. Here, we explore the validity of this assumption in a complex cellular environment where competition for substrates is the rule not the exception. Using a mathematical model of protein production including competition for translation substrates, the proportionality of changes in the proteome and transcriptome are investigated. These results are validated against our group's previous experimental observations of induced expression in Escherichia coli and extended to a constitutively expressed system. Conclusions are drawn on how cellular conditions may affect protein expression. 


BIOT 460
Closing the circuit: Towards network-based identification of drug-sensitivity and resistance mechanisms 
Jeremy Purvis, Vibitha Ilango, and Ravi Radhakrishnan, Department of Bioengineering, University of Pennsylvania, 240 Skirkanich Hall, 210 S 33 Street, Philadelphia, PA 19104, Fax: 215 573 2071
We study the effects of EGFR inhibition in wildtype and mutant cell lines upon tyrosine kinase inhibitor TKI treatment through a systems level deterministic and spatially homogeneous model to help characterize the hypersensitive response of the cancer cell lines harboring constitutively active mutant kinases to inhibitor treatment. By introducing a molecularly resolved branched network systems model, (the molecular resolution is introduced for EGFR reactions and interactions in order to distinguish differences in activation between WT and mutants), we are able to quantify differences in (1) short-term signaling in down-stream ERK and Akt activation, (2) the changes in the cellular inhibition EC50 associated with receptor phosphorylation (i.e. 50% inhibition of receptor phosphorylation in the cellular context), and (3) EC50 for the inhibition of activated downstream markers ERK-(p) and Akt-(p), where (p) denotes phosphorylated, upon treatment with the inhibitors in cell-lines carrying both WT and mutant forms of the receptor. Using the branched signaling model we illustrate a possible mechanism for preferential Akt activation in the cell-lines harboring the oncogenic mutants of EGFR implicated in non-small cell lung cancer, and the enhanced efficacy of the inhibitor erlotinib especially in ablating the cellular Akt-(p) response. Using a simple phenomenological model to describe the effect of Akt activation on cellular decisions, we discuss how this preferential Akt activation is conducive to cellular oncogene addiction and how its disruption can lead to dramatic apoptotic response and hence remarkable inhibitor efficacies. We also identify key network nodes of our branched signaling model through sensitivity analysis as those rendering the network hyper-sensitive to enhanced ERK-(p) and Akt-(p); intriguingly, the identified nodes have a strong correlation with species implicated in oncogenic transformations in human cancers as well as in drug resistance mechanisms identified for the inhibitors in non-small cell lung cancer therapy. 


BIOT 461
Modeling and analysis of eukaryotic translation initiation reveals the fragility of PI3K/Akt/mTOR sub-system 
Satyaprakash Nayak, Jalal K Siddiqui, and Jeffrey D. Varner, School of Chemical and Biomolecular Engineering, Cornell University, 244 Olin Hall, Cornell University, Ithaca, NY 14853
Protein translation in eukaryotes consists of three stages, initiation, elongation and termination of the amino acid chain. Translation initiation in eukaryotes is thought to be the most complex and the rate limiting step of the entire process. A model of translation initiation consisting of 129 protein/complexes and 165 interactions was constructed, which predicted the formation of the 80S Initiation complex under different physiological conditions. The model was also able to predict a switch from cap-dependent mode to a cap-independent mode (e.g., IRES) in the presence of physiological stress such as heat shock etc. Monte-Carlo sensitivity analysis was performed on the initiation pathway, whose deregulation has been implicated in a variety of human cancers. Our results show a higher fragility of the PI3K/Akt/mTOR sub-system in the whole pathway. A more important role of the Rheb-GTP-TSC complex interactions was also predicted.


BIOT 462
Understanding the Endoplasmic Reticulum's critical role in heterologous protein expression 
David Raden and Anne Skaja Robinson, Department of Chemical Engineering, University of Delaware, 150 Academy St., Newark, DE 19716
The high-level expression of a desired, functional protein remains a largely empirical process. The mechanisms that limit high-level expression are not well understood, and industrial strategies typically rely on screening to identify the best expression host and cell line. A better understanding of the cellular machinery involved in protein expression and maturation is critical for creating a reliable system for producing protein therapeutics. Yeast, Saccharomyces cerevisiae, provides an ideal system for elucidating cellular processes limiting protein expression. For many heterologous proteins expressed in yeast, the Endoplasmic Reticulum (ER) is the bottleneck to high-level expression. Our approach integrates experimental studies of heterologous protein expression into a quantitative model. The ER's feedback mechanism to eliminate excess proteins is a key component of our studies. Our results include the effects of overexpressing key ER resident proteins and microarray analysis of expressing a single-chain antibody that is partially retained in the ER.


BIOT 463
Functional implications of IgG2 disulfide isoforms 
Margaret Ricci1, mspeed@amgen.com, Tom Dillon1, Chris Vezina2, Gregory C. Flynn3, Diana Y. Liu3, Douglas Rehder3, Matthew Plant2, Brad Henkle2, Yu Li2, Songpon Deechongkit4, Brian Varnum1, Jette Wypych5, Alain Balland5, and Pavel Bondarenko2. (1) Process and Product Development, Amgen, Inc, Mailstop 8-2-A, One Amgen Center Drive, Thousand Oaks, CA 91320, Fax: 805-447-9836, (2) Inflammation Research, Amgen Inc, Thousand Oaks, CA, (3) Analytical and Formulation Sciences, Amgen Inc, Thousand Oaks, CA 91320, (4) Laboratory of Medicinal Chemistry, Chulabhorn Research Institute, Laksi, Bangkok 10210, Thailand, (5) Analytical & Formulation Sciences, Amgen Inc, Thousand Oaks, CA
Recent findings have shown that the human IgG2 subclass exists as an ensemble of distinct isoforms, designated IgG2-A, -B and -A/B, which differ by the disulfide connectivity at the hinge region. We present data on the structural and functional properties of the IgG2 disulfide isoforms. The relative potency of the antibodies in cell-based assays was: IgG2-A > IgG2 >> IgG2-B. This difference correlated with an increased hydrodynamic radius of the IgG2-A relative to the IgG2-B, as shown by biophysical characterization and was attributed to greater flexibility of the IgG2-A isoform. The IgG2-A and IgG2-B isoforms were enriched by redox treatment. The enrichment of disulfide forms and activity studies were extended to additional IgG2 monoclonal antibodies. All IgG2 antibodies displayed the same disulfide conversion, but only a subset showed activity differences between their IgG2-A and IgG2-B isoforms. Additionally, the distribution of isoforms was influenced by the light chain isotype, with IgG2ƒÜ comprised mostly of the IgG2-A form. Furthermore, the IgG2 isoforms were shown to interconvert in whole blood or a "blood-like" environment, thereby suggesting that the in vivo activity of human IgG2 may be dependent on the distribution of isoforms.


BIOT 464
Characterization of human IgG2 disulfide isoforms 
Thomas M. Dillon1, tdillon@amgen.com, Margaret Speed Ricci1, Chris Vezina2, Gregory C. Flynn3, Yaoqing Diana Liu3, Douglas S. Rehder3, Matthew Plant2, Brad Henkle2, Yu Li2, Songpon Deechongkit4, Brian Varnum5, Jette Wypych3, Alain Balland3, and Pavel V. Bondarenko3. (1) Formulation & Analytical Resources, Amgen Inc, One Amgen Center Drive, MS 8-1-C, Thousand Oaks, CA 91320, (2) Inflammation Research, Amgen Inc, Thousand Oaks, CA, (3) Analytical & Formulation Sciences, Amgen Inc, Thousand Oaks, CA, (4) Laboratory of Medicinal Chemistry, Chulabhorn Research Institute, Laksi, Bangkok 10210, Thailand, (5) Biotechnology Value Fund
In this study we have utilized several novel analytical methods to characterize the newly discovered isoforms of the human IgG2 subclass (IgG2-A, IgG2-B, and IgG2-A/B). We show that the IgG2 subclass is comprised of several isoforms that arise from multiple disulfide bond connectivities centered near the conserved hinge region. Redox treatment was used to enrich for the IgG2-A and IgG2-B isoforms for further characterization. In addition, several IgG2 samples purified from human serum showed a similar pattern of disulfide heterogeneity, which was also reactive to reduction/oxidation treatment. Based on crystal structure analysis, we propose that IgG2 disulfide exchange is caused by the close proximity of several cysteine residues at the hinge and the reactivity of tandem cysteines within the hinge. Our findings show that the human IgG2 subclass of antibodies is composed of an ensemble of disulfide mediated structures, which can each display unique properties.


BIOT 465
Peptide cysteine thiyl radicals abstract hydrogen atoms from surrounding amino acids: The photolysis of a cystine containing model peptide 
Bruce A. Kerwin1, bkerwin@amgen.com, Olivier Mozziconacci2, Viktor Sharov2, sharov@ku.edu, Todd D. Williams3, twilliams@msg.ku.edu, and Christian Schoneich2, schoneic@ku.edu. (1) Department of Process and Product Development, Amgen Inc, 1201 Amgen Court West, AW2/D3152, Seattle, WY 98119, (2) Department of Pharmaceutical Chemistry, University of Kansas, Lawrence, KS 66047, (3) Department of Chemistry, University of Kansas, Lawrence, KS 66045
Proteins contain multiple disulfide bonds and are sensitive to light-induced degradation. Studies though have typically focused on photodegradation of Trp and not specifically on photoreduction of disulfides. Cysteine thiyl radicals are formed during photolysis through one-electron reduction of disulfide bridges and have the potential to cause multiple types of damage within a protein including fragmentation, aggregation and/or epimerization. To better understand these processes within proteins peptide cysteine thiyl radicals were generated through UV-photolysis of disulfide precursors, in order to follow intramolecular reactions of those radicals with neighboring amino acids. When reactions were carried out in D2O, there was a significant incorporation of deuterium specifically into the CαN-H/D bonds of glycine residues in positions i+1 and i-1 to the Cys residue, indicating a fast reversible H-atom transfer. This H-atom transfer occurred prior to the formation of final, non-radical products including free thiol, thioaldehyde, and aldehyde. 


BIOT 466
Mechanisms of thiol oxidation and hydrogen transfer reactions in peptides and proteins 
Christian Schöneich1, schoneic@ku.edu, Willem Koppenol2, koppenol@inorg.chem.ethz.ch, and Thomas Nauser2, nauser@inorg.chem.ethz.ch. (1) Department of Pharmaceutical Chemistry, University of Kansas, 2095 Constant Avenue, Lawrence, KS 66047, (2) Institute of Inorganic Chemistry, ETH Zürich, Zürich 8093
Protein cysteine residues are major targets for oxidation reactions through a variety of reactive oxygen species and/or free radicals. The oxidized cysteine intermediate can then target other amino acids through various pathways. For example, cysteinyl radicals will abstract hydrogen atoms from surrounding amino acids potentially leading to the oxidation of additional hot spots of a protein. That is, the cysteine residue of a protein will potentially act as a catalyst in the oxidation of other amino acids of the protein. 

We have devised methods to measure the kinetics for these reactions, and, through kinetic isotope effects, have obtained convincing information that quantum mechanical tunneling will play an important role in these processes. As a consequence, we expect that changes of temperature will not have significant effects on these hydrogen transfer reactions, and that they will readily proceed even in solids. Examples will be provided.


BIOT 467
Novel Approach for Detecting sulfenic Acid-Modified Proteins in Living Cells 
Young Ho Seo, Khalilah G. Reddie, Wilson B. Muse III, Stephen E. Leonard, and Kate S. Carroll, Life Sciences Institute, University of Michigan, 210 Washtenaw Avenue, Ann Arbor, MI 48109
Oxidation of the thiol functional group in cysteine (Cys-SH) to sulfenic (Cys-SOH), sulfinic (Cys-SO2H) and sulfonic acid (Cys-SO3H) is emerging as an important post-translational modification that can activate or deactivate the function of many proteins. Changes in thiol oxidation state have been implicated in a wide variety of cellular processes and correlate with disease states but are difficult to monitor in a physiological setting because of a lack of experimental tools. Here, we describe a method that enables live cell labeling of sulfenic acid-modified proteins. For this approach, we have synthesized the probe DAz-1, which is chemically selective for sulfenic acids and cell permeable. In addition, DAz-1 contains an azide chemical handle that can be selectively detected with phosphine reagents via the Staudinger ligation for identification, enrichment and visualization of modified proteins. Through a combination of biochemical, mass spectrometry and immunoblot approaches we characterize the reactivity of DAz-1 and highlight its utility for detecting protein sulfenic acids directly in mammalian cells. This novel method to isolate and identify selfenic acid-modified proteins should be of widespread utility for elucidating signaling pathways and regulatory mechanisms that involve oxidation of cysteine residues. In addition, we report a new immunological approach to probe sulfenic acid-modified proteins. 





BIOT 468
Identification and characterization of diastereomers in antibodies using methionine sulfoxide reductase 
Hui Koon Khor1, hkhor@amgen.com, Grace C. Chu2, gchu@amgen.com, Michael E Jacoby3, Thomas C. Squier3, and Dirk Chelius4. (1) Analytical Sciences, Amgen, 1 Amgen Center Drive, M/S 2-1-A, Thousand Oaks, CA 91320, (2) Product Quality, Amgen, Juncos, PR 00777, (3) Fundamental Sciences Division, Pacific Northwest National Laboratory, Richland, WA 99352, (4) Quality Control, TRION Pharma Gmbh, Munchen 80807, Germany
Proteins exposed to light sources or oxidizing agents for prolonged periods can be oxidized at residues such as Met, Cys, His, Tyr and Trp. However, the detection of diastereomers such as Met-S-sulfoxide and Met-R-sulfoxide by LC/MS is a challenge because they have identical masses. The enzyme methionine sulfoxide reductase (Msr) has been used to provide evidence of repair mechanisms against oxidative stress in cells. We have applied this enzyme in a novel manner. Three different Msr enzymes were used to detect and differentiate Met-diastereomers in an IgG2 antibody that had been irradiated for different periods. The formation of sulfones and rate of oxidation in different Met residues in the IgG2 were determined. The Msr enzyme was also able to differentiate and identify the resulting Met-diastereomers induced by peroxides in an IgG1 antibody. This indicated that Met-diastereomers could be identified by the Msr enzyme regardless of the oxidation pathway.


BIOT 469
Stability and structure changes as a consequence of methionine oxidation of IgG1 Fc region 
Dingjiang Liu, Analytical and Formulation Science, Amgen Inc, One Amgen Center Drive, Thousand Oaks, CA 91320
In order to gain a detailed understanding of the effect of methionine oxidation on the structure and stability of the human IgG1 Fc, we have characterized the fully oxidized E. coli-produced Fc using biophysical (DSC, CD and NMR) and bioanalytical (SEC and RP-HPLC/MS) methods. Detailed structural changes were mapped out using a solution NMR technique. Our results indicated that methionine oxidation resulted in changes in the structure and stability of the Fc. These findings, which are directly applicable to Fc- containing protein therapeutics, such as monoclonal antibodies and Fc-fusion proteins, demonstrate that it is critical to monitor and control methionine oxidation during manufacturing and storage of recombinant protein therapeutics containing an immunoglobulin Fc domain.


BIOT 470
Metabolic engineering for branched-chain higher alcohols as biofuels 
James C. Liao, Department of Chemical and Biomolecular Engineering, University of California, Los Angeles, 420 Westwood Plaza, 5531 Boelter Hall, Los Angeles, CA 90095, Fax: 310-206-4107
Global energy and environmental problems have stimulated increased efforts in synthesizing biofuels from renewable resources. Compared to the traditional biofuel, ethanol, higher alcohols offer advantages as gasoline substitutes because of their higher energy density and lower hygroscopicity. In addition, branched-chain alcohols have higher octane numbers compared to their straight-chain counterparts. However, these alcohols cannot be synthesized economically using native organisms. Here we present a metabolic engineering approach using Escherichia coli to produce higher alcohols including isobutanol, 1-butanol, 2-methyl-1-butanol, 3-methyl-1-butanol and 2-phenylethanol from a renewable carbon source, glucose. This strategy leverages the host's highly active amino acid biosynthetic pathway and diverts its 2-keto acid intermediates for alcohol synthesis. In particular, we have achieved high yield, high specificity production of isobutanol from glucose. The strategy enables the exploration of biofuels beyond those naturally accumulated to high quantities in microbial fermentation.


BIOT 471
Understanding and harnessing microbial fermentation of glycerol: A new path to biofuels and biochemicals 
Ramon Gonzalez, Departments of Chemical & Biomolecular Engineering and Bioengineering, Rice University, MS-362, P.O. Box 1892, Houston, TX 77251-1892, Fax: 713-348-5478
The production of chemicals and fuels via microbial fermentation has been largely based on the use of sugars as carbon sources. This trend could change in the near future due to the large surplus of glycerol generated as inevitable by-product of biodiesel fuel production. Glycerol is not only abundant and inexpensive but also a highly reduced molecule, which offers the opportunity to produce fuels and (reduced) chemicals at yields higher than those obtained with the use of common sugars. Fully realizing this potential, however, would require the anaerobic metabolism of glycerol in the absence of external electron acceptors. Unfortunately, anaerobic fermentation of glycerol is restricted to a small group of microorganisms, many of them not amenable to industrial applications. For example, E. coli and S. cerevisiae, considered workhorses of modern biotechnology, are thought to metabolize glycerol only via respiration. However, we have discovered that E. coli can fermentatively metabolize glycerol when cultivated under appropriate conditions. We have demonstrated the fermentative nature of this process along with the role of different fermentative pathways. A novel trunk pathway responsible for glycerol conversion into glycolytic intermediates was identified. Based on our findings, we propose a new paradigm for the 1,3-PDO-independent fermentation of glycerol in bacteria in which trunk and auxiliary pathways work in partnership to attain redox balance. Our current work focuses in the use of the knowledge base created by the aforementioned studies to engineer E. coli and other microorganisms for the production of fuels and chemicals from crude glycerol. We will present at the meeting our latest results in this area, including the development of biocatalysts for the production of ethanol, hydrogen, formic, succinic and lactic acids, among other products. 


BIOT 472
Identification of networks perturbed by isobutanol and butanol toxicity 
Mark P. Brynildsen and James C. Liao, Department of Chemical and Biomolecular Engineering, University of California, Los Angeles, 420 Westwood Plaza, 5806 Boelter Hall, Los Angeles, CA 90095, Fax: 310-206-4107
Isobutanol and butanol have received attention recently as renewable resource fuel alternatives (1-3). However, toxicity is a main concern for these biofuels, with native butanol producing strains (Clostridium acetobutylicum) being unable to grow at concentrations of 1.5% vol/vol (4). The deleterious effects of alcohols have mainly been attributed to disruption of the membrane, but recent work suggests that toxicity is much more complex (5-7). To understand isobutanol and butanol toxicity we have applied an approach that integrates transcriptomic, metabolic, protein, and phenotypic data to identify networks in Escherichia coli perturbed by isobutanol and/or butanol. By the use of DNA microarray, gene knockouts, phenotypic experiments, protein and metabolic data, and bioinformatics techniques including Network Component Analysis we have characterized the isobutanol and butanol response networks of E. coli. Escherichia coli was chosen as our model organism instead Clostridium strains due to similar growth toxicity (unable to grow at concentrations of 1% vol/vol), the degree to which the transcription, metabolic, and protein-protein interaction networks of E. coli have been identified, and the potential of E. coli to be used as a host strain for biofuel production. 

1. Atsumi, S., et al (2008) Nature 451(7174):86-9. 

2. Keasling, J.D. and H. Chou. (2008) Nature Biotech. 26(3):298-299. 

3. Tollefson, J. (2008) Nature 451:880-883. 

4. Vollherbst-Schneck, K., et al (1984) Appl. Environ. Microbiol. 47:193–194. 

5. Tomas, C. A., et al (2003) Appl. Environ. Microbiol. 69:4951–4965. 

6. Borden, J.R., and E.T. Papoutsakis (2007) Appl. Environ. Microbiol.73:3061-3068. 

7. Gonzalez, R., et al (2003) Biotechnol. Prog. 19:612-623. 


BIOT 473
Evaluation and testing of ionic liquid pretreatments on targeted biomass feedstocks 
Blake A Simmons1, basimmo@sandia.gov, Seema Singh1, seesing@sandia.gov, Dean Dibble1, ddibble@sandia.gov, Brad Holmes1, bmholmes@lbl.gov, Manfred Auer2, mauer@lbl.gov, Danielle Jorgens2, and Jean-Loup Faulon3, jfaulon@sandia.gov. (1) Deconstruction Division, Joint BioEnergy Institute, Emeryville, CA 94608, (2) Technology Division, Joint BioEnergy Institute, Emeryville, CA 94608, (3) Computational Systems Biology Department, Sandia National Laboratories and Joint BioEnergy Institute, Albuquerque, NM 87185
The first critical challenge in the biomass conversion process is increasing the available surface area of the biomass for subsequent enzymatic hydrolysis with minimal formation of downstream inhibitory compounds. The implementation of a pretreatment methodology that can process a wide range of feedstocks with little variability in efficiency and yield is the most critical process step in the realization of an integrated lignocellulosic biorefinery. Biomass degradation products that result from some of these pretreatment methods typically include hydroxymethylfurfural (HMF) and furfural, which produce levulinic and formic acids that inhibit subsequent fermentation of sugars to ethanol. We are investigating the utilization of ionic liquids as a biomass pretreatment technology that may reduce the production of these inhibitory compounds and efficiently break down crystalline cellulose. We will present results that demonstrate how lignocellulosic material degrades in these ionic environments and correlate structural elements with compositional changes. A comparison of this technology with dilute acid pretreatment will also be presented.


BIOT 474
SSCF of Paper Sludge Using Recombinant Xylose-Fermenting Microbes 
Jiayi Zhang, jzhang@mascoma.com, Mascoma Corporation, 16 Cavendish Court, Suite 2A, Lebanon, NH 03766, and Lee R Lynd, Lee.Lynd@dartmouth.edu, Thayer School of Engineering, Dartmouth College, Hanover, NH 03755
As a cellulosic waste that in many cases does not require pretreatment, paper sludge is a potentially attractive commercial substrate as well as a model substrate for the investigation of simultaneous saccharification and co-fermentation (SSCF) featuring cellulose hydrolysis, hemicellulose hydrolysis, and fermentation of resulting sugars in an a single process step. Two recombinant xylose-utilizing strains, Zymomonas mobilis 8b and Saccharomyces cerevisiae RWB222, were studied for performance in paper sludge SSCF with a commercial Trichoderma reesei cellulase preparation under conditions producing > 40 g/L ethanol. Substrate conversion, ethanol production, and cell viability were evaluated, and the role of ethanol inhibition, mass transfer limitation, and inhibition by compounds present in paper sludge was investigated. Formation of ethyl beta-xylopyranoside, a previously-unreported byproduct, was observed in substantial amounts (corresponding to approximately 25% of hemicellulose hydrolyzed) during paper sludge SSCF. A comprehensive mathematic model was developed for SSCF, the first such model known to us. Model validation data and use of the model for hypothesis testing will be presented, and overall conclusions about paper sludge conversion and SSCF will be drawn. 


BIOT 475
Bioenergy generation from cellulose in single-chamber microbial cells (MEC,MFC) 
Shaoan Cheng1, suc12@psu.edu, Defeng Xing1, and Bruce E. Logan2, blogan@psu.edu. (1) Department of Civil and Environmental Engineering, The Pennsylvania State University, University Park, PA 16802, (2) Civil and Environmental Engineering, Pennsylvania State University, University Park, PA 16802
Cellulose is one of the most abundant renewable resources in the world. Cellulose has previously been investigated to produce H2, ethanol and biogas mainly through biological fermentation processes. It was recently shown that cellulose could also be used to directly generate electricity in a two-chamber Microbial fuel cell (MFC) or to generate hydrogen in a two-chamber microbial electrolysis cell (MEC). However, the power density or H2 rate was low. We report here that a maximum power density of 1080 mW/m2 can be obtained using cellulose in a single-chamber MFC with a Pt-catalyzed air-cathode and carbon fiber brush anode. This power density is around 20 times higher than that previously obtained using a two-chamber bottle MFC.  By using single-chamber MEC, we achieved hydrogen recoveries of up to 75 % and a hydrogen production rate of 0.5 m3-H2 per m3 reactor volume per day at an applied voltage of 0.8 V. 


BIOT 476
Biocatalyst and engineering optimization of anode to develop high power density microbial fuel cells 
Abhijeet P. Borole, borolea@ornl.gov, BioSciences Division, Oak Ridge National Laboratory, Bldg. 4505, MS 6226, Oak Ridge, TN 37831-6226, Choo Y Hamilton, hamiltoncy@ornl.gov, The University of Tennessee, Knoxville, Knoxville, TN 37996, Doug Aaron, Georgia Institute of Technology, Atlanta, GA 30332, and Costas Tsouris, tsourisc@ornl.gov, Nuclear Science and Technology and Environmental Sciences Divisions, Oak Ridge National Laboratory, Oak Ridge, TN 37831-6181
Microbial fuel cells (MFCs) are an upcoming green technology to convert waste and renewable materials into electricity. This paper reports development of high power density MFCs via biocatalyst and engineering optimization. Biocatalyst optimization was conducted by targeting enrichment of electrogenic biofilm-forming organisms capable of electron transfer in the absence of mediators. Microbial consortia were enriched using a various carbon sources including sugars, organic acids as well as other wastewater components. A single-chamber MFC with a flow-through anode and an air-only cathode was used to enrich the organisms. Engineering optimization parameters included electrode spacing, substrate delivery and flow pattern in the anode chamber. Power density was compared between a Pt-based cathode as well as an aqueous ferricyanide cathode. The potential of the anode biocatalyst to support power densities up to 300 W/m3 (3200 mW/m2) was demonstrated. Individual internal resistances below 5 ohms were obtained for the anode using electrochemical impedance spectroscopy. Long-term stability of the MFCs as well as application to various industries including the biofuels and bioproducts industry will be discussed.


BIOT 477
Case study: Fitting a difficult monoclonal antibody into a platform process while maintaining timelines 
Elsie DiBella, Jesse Richter, Andrew Arbutina, Francis Meacle, and Patricia Alred, Purification Development, Centocor R & D, Inc, 145 King of Prussia Road, Radnor, PA 19087
Platform processes decrease timelines and resource needs when the monoclonal antibody (Mab) fits into the process with limited need for "redevelopment". A case study will be presented on developing a downstream process for a monoclonal antibody that was not an easy fit into the platform. Both the cell line and host were changed, relative to what had been used in early clinical development. These changes resulted in minor changes to the biochemical properties of the Mab; however there were changes in the charge distribution and aggregate level. Based on these changes, elution from the capture column had to be optimized for removal of aggregate (3-fold), while maintaining acceptable yield levels (≥ 85%). For the polishing step, adaptive simplex and DOE methodologies were utilized in order to define binding and elution conditions that maximized aggregate reduction (0.2 – 0.5%) while maximizing yield (≥ 88%) and maintained appropriate elution volumes (≤ 5 column volumes). Within six months, the target commercial process was defined and implemented in the production of comparability material. 


BIOT 478
Downstream processing of an antibody based biologic produced at 15 000 L scale involving purification of drug substance from a feedstock containing fifty percent product related impurities 
David R. H. Evans, Process Biochemistry, Biogen Idec, 14 Cambridge Center, Cambridge, MA 02142, Fax: 6176793408
A purification process was developed to purify an antibody-based biologic drug at manufacturing-scale. The feedstock contained aggregated species and product related impurities requiring removal to low levels. The manufacturing process was initially developed for clinical studies and modified to increase productivity sufficient for commercialization. To achieve this, cell culture productivity was increased four-fold. This was associated with a substantial increase in product variants and notably, aggregate levels more than doubled. Clearance of aggregate to less than 1% in the drug substance was achieved by precise control of chromatography steps guided by factorial design experiments to investigate critical parameters. Further challenges encountered during development of the downstream process were instability of the product during cell harvest and integration of a membrane adsorber step to enhance viral clearance. Aspects of the downstream process implemented to achieve the required purity will be described and the impact on process robustness will be discussed.


BIOT 479
High throughput process development: Development of chromatographic steps for removal of aggregates in an antibody purification process 
Kristina Nilsson-Välimaa, Gustav Rodrigo, Carina Engstrand, Annika Forss, and Karol M. Lacki, GE Healthcare Bio-Sciences AB, Uppsala SE-75184, Sweden
In recent years, a considerable economic incentive for more efficient process development methods has been observed. Introduction of high throughput techniques into process development workflow have proven to significantly reduce time and sample requirement necessary for developing different chromatographic steps. This presentation will describe a real feed case study focused on development of a process for purifying a monoclonal antibody from its different aggregate forms using High Throughput Process Development (HTPD) methods. In particular, we will show how 96-well filter plates with chromatography resin can be used to speed up the development of capture and polishing chromatography steps based on protein A resins and a multimodal anion exchanger, respectively. We will discuss experimental approaches for screening of load, wash and elution conditions. Data obtained using the high throughput format will be compared with results obtained using the traditional column based approach. Based on the results obtained we will show how process development can be improved by applying HTPD tools for designing, performing and evaluating high throughput experiments.


BIOT 480
Isolation and Characterization of DNA from Cell Culture Bioreactors for Evaluation of Clearance across Various Purification Unit Operations 
Amanda Lewis, Purification Process Development, Amgen, 4000 Nelson Road, AC24A, Longmont, CO 80503, Fax: 303-401-4402
Clearance of cellular contaminants including DNA and host cell protein is an important function of any purification process used in the production of biotherapeutics. The nature (i.e., fragmented, intact, histone-associated, etc.) of the DNA population is likely to influence the mechanistic removal characteristics across various types of unit operations. We have evaluated the nature of the DNA found in harvest filtrate from cell culture processes and prepared representative DNA pools for challenge studies. In particular we examine the effects of apoptotic CHO cell cultures and the clearance of fragmented DNA across specific purification unit operations. Changes in the DNA population as a result of the various process steps evaluated will be described.


BIOT 481
Process interactions in the clearance of host-cell DNA from adenovirus vectors 
John O. Konz Jr., Aaron R. Goerke, Michael E. Laska, and Sangeetha L. Sagar, BioPurification Development, Merck & Co., Inc, P.O. Box 4, West Point, PA 19486, Fax: 215-993-3348
Development of a production process for a biological by sequential optimization of unit operations can result in an overall process which fails to be globally-optimized or potentially to even meet critical goals. In the case of production of adenovirus vectors for vaccine or gene therapy applications, one critical goal is the clearance of host-cell DNA. Over the course of process development, several examples were noted where variation of operations in cell culture, harvest, and clarification achieved a positive local benefit but were detrimental to the overall goal of DNA clearance. For example, the harvest time of the culture was shown to have a profound effect on, and interaction with, DNA precipitation and clarification operations in a scale-dependent manner. In another case, re-sequencing of unit operations, which resulted in poorer local performance, was necessary to achieve lower DNA concentrations in the product. These examples highlight the importance of scientific intuition and mechanistic thinking when assessing possible interactions between non-adjacent unit operations.


BIOT 482
Removal of beta-glucans from solutions by filtration with Posidyne® filters 
Eva Gefroh1, gefrohe@amgen.com, Arthur Hewig1, Yuefeng Lu2, yuefengl@amgen.com, and Ganesh Vedantham1, vedanthg@amgen.com. (1) AMGEN, 1201 Amgen Court W, Seattle, WA 98119, (2) Process & Analytical Sciences, Amgen Inc, Thousand Oaks, CA 91320
Regulatory requirements of biological products prescribe the need to demonstrate removal of contaminants introduced to a downstream process. Data has previously been presented showing that beta-glucans can be found in certain raw materials such as sucrose, and that introduction of this contaminant through the formulation buffer can result in carry over to the bulk drug substance. A size-based removal using an ultrafilter has previously been proposed for removal of beta-glucans, but this approach is not as desirable due to the low throughput and high cost of the filter. Data will be presented that demonstrates the ability of a charged nylon 6,6 filter to significantly reduce the level of beta-glucans in sucrose containing solutions. This presentation will focus on determination of beta-glucan capacity, robustness of removal to operating conditions, and performance at larger scale.


BIOT 483
Analysis and manipulation of embryonic stem cell fate decisions 
William L Stanford, Institute of Biomaterials & Biomedical Engineering, University of Toronto, 164 College Street, Toronto, ON M5S 3G9, Canada, Fax: 416-978-4317
Stem cells are defined by their clonal capacity to self-renew and differentiate. However, to analyze cell behavior at the single cell (i.e., clonal) level is technically challenging, which is why most of what we know about stem cell behavior and function is through retrospective analyses or population studies. My presentation will present two projects in which we are using high content imaging as well as various genomics platforms to investigate and manipulate ESC biology. The first is a factorial design approach to engineer ESCs into mesodermal derivatives utilizing defined media and cytokines. I will discuss how this work, which also utilizes sophisticated genetic marking and fluorescent reporters has identified surprising interactions between signaling pathways. The second project stems out of our efforts to draft a comprehensive, active transcriptional network regulating human ESC fate. Using a combination of high content imaging, genome-wide transcription factor binding assays, qPCR, and expression microarrays of genetically perturbed ESCs, we have generated our first draft of a network controlling ESC self-renewal and commitment, which has identified numerous novel mediators of ESC fate. We have determined that one of these novel mediators controls the expression of numerous tumor suppressor genes and oncogenes in ESCs. Fate mapping of hematopoietic cells demonstrated that this gene is specifically expressed in cycling hematopoietic stem cells. We have generated a gene trap insertion from our mutagenesis resource and discovered that loss of function of this gene in vivo causes pleiotropic defects including a hyperproliferative syndrome in the blood system. We are currently examining leukemia patients for expression alterations and mutations of this gene. 


BIOT 484
Cell shape and adhesion regulate bmp-2-induced osteogenesis: Role of rhoa-dependent smad signaling 
Yangkao Wang and Christopher S. Chen, Department of Bioengineering, University of Pennsylvania, 210 South 33rd Street, Skirkanich 510, Philadelphia, PA 19104, Fax: 215-746-1752
Osteogenic differentiation of human mesenchymal stem cells (hMSCs) is mediated by numerous cytokines, of which the BMPs are perhaps best described. Here, we examined whether cell adhesion can modulate BMP-2-induced osteogenesis in hMSCs. Micropatterned substrates used to progressively restrict cell adhesion, spreading, and flattening against extracellular matrix demonstrated that cell spreading was required for BMP-induced osteogenesis. BMP treatment triggered rapid and sustained RhoA and ROCK activity, and contractile tension only in spread cells, while inhibition of these pathways abrogated BMP-induced osteogenesis. Exploring the molecular basis for these effects, we found that blocking cell spreading, RhoA/ROCK signaling, or cytoskeletal tension prevented activation of the SMAD binding element by BMP. Furthermore, RhoA activity and cytoskeletal tension was required for p-SMAD nuclear translocation. Together, these findings demonstrate the direct involvement of adhesion, cell shape, and RhoA in BMP signaling, and highlight the essential interplay between biochemical and mechanical cues in stem cell differentiation.


BIOT 485
Fine-tuned hyaluronic acid hydrogels to mimic the softness of tissues 
Florian Rehfeldt1, rehfeldt@sas.upenn.edu, Allison L. Zajac2, azajac@mail.med.upenn.edu, Shenshen Cai3, scai@seas.upenn.edu, and Dennis E. Discher1, discher@seas.upenn.edu. (1) Chem & Biomol Eng; Cell & Mol Biology and Physics Grad Groups, University of Pennsylvania, 129 Towne Building, 220 South 33rd Street, Philadelphia, PA 19104-6315, Fax: 215 573 2093, (2) Department of Chemical and Biomolecular Engineering, University of Pennsylvania, Philadelphia, PA 19104-6315, (3) Department of Chemical & Biomolecular Engineering, University of Pennsylvania, Philadelphia, PA 19104
It is increasingly evident that physical cues such as matrix elasticity can be as important to cell behavior as soluble cues. Recently, human mesenchymal stem cells (hMSCs) from bone marrow have been found to be responsive to matrix elasticity in their differentiation toward various lineages depending on the Young's modulus E (~1 – 34 kPa) of collagen coated polyacrylamide (PA) substrates. While collagen is the most abundant protein in mammals, hyaluronic acid (HA) is a major non-protein component in many tissues and a widely distributed load-bearing matrix polysaccharide essential for embryonic development and other processes such as healing. We present a method to finely tune the elasticity E of cross-linked HA hydrogels over a wide physiologically relevant range and we demonstrate the applicability for hMSC culture in 2D and 3D. In contrast to synthetic polymer substrates these bioderived hydrogels open up new opportunities for 3D studies in vitro and in vivo.


BIOT 486
Mechanisms of vascular differentiation from MSCs by PEGylated fibrin 
Ge Zhang, christie.zhang@mail.utexas.edu, Biomedical Engineering, University of Texas, 1 University Station, C0800, Austin, TX 78712, and Laura J. Suggs, laura.suggs@mail.utexas.edu, Department of Biomedical Engineering, University of Texas at Austin, 1 University Station, Mail Code C0800, Austin, TX 78712
In this study, we developed a 3D cell culture system by modifying fibrinogen with PEG derivatives. Utilizing PEGs with different reactivities and molecular weights, we were able to alter mechanical properties of the PEGylated fibrin up to five-fold and investigated the effects on directing human MSC differentiation towards vascular cell types. We found hMSCs seeded in these PEGylated fibrin biomatrices began to form vascular tube-like networks in the absence of additional soluble cytokines. Endothelial cell specific markers including vWF and CD31 were also up-regulated in certain gel formulations. The addition of blebbistatin (myosin inhibitor) did not block the specification towards an endothelial cell phenotype but caused a significant decrease of cell viability. The addition of amino caproic acid (serine protease inhibitor) similarly did not block specification. Further studies using a DNA microarray confirmed the differentiation towards endothelial cells as a direct result of the culture system.


BIOT 487
Matrix Mechanics and Cell Traction Regulate Integrin-Adhesion Ligand Bond Formation by Mesenchymal Stem Cells in 3D Micro-environments 
Nathaniel D Huebsch, Praveen R Arany, Angelo S Mao, and David J. Mooney, School of Engineering and Applied Sciences, Harvard University, 415 ESL, 40 Oxford Street, Cambridge, MA 02138, Fax: 6174958534
Recent work has shown that the phenotype of a variety of tissue cell types, including mesenchymal cells (MSCs), is affected by the mechanical properties of the extracellular matrix (ECM). However, the biophysical mechanism behind this observation is incompletely understood. We hypothesize that one important means for cells to sense matrix stiffness is through mechanically-dependent changes in integrin-adhesion ligand bond formation. To test this hypothesis, we assessed RGD bond formation in MSCs encapsulated into 3D alginate hydrogels modified with adhesion peptides (G4RGDASSKY) using a non-invasive FRET technique. We found that the number of RGD-integrin bonds depended on matrix compliance in a biphasic manner that was independent of the specific type of alginate polymer or crosslinking molecule. A second FRET assay to assess the degree of matrix reorganization by cells, along with live-cell imaging of GFP-tagged α5-integrins, revealed that bond formation correlated with both mechanical reorganization of the matrix by cells and the localization of α5-integrins to the cell-matrix interface. Importantly, bond formation, along with intracellular integrin localization and matrix reorganization, was decoupled from matrix mechanics in the presence of drugs that inhibit cell traction forces. The biphasic dependence of integrin-RGD bond number on matrix stiffness found in this 3D study differs from the monophasic dependence of cell adhesion as a function of matrix stiffness derived from 2D studies, and likely represents a more physiologically relevant response of cells to ECM stiffness in vivo. This work highlights a role for the number of cell-matrix bonds, and resulting integrin-mediated signaling, as rational design criteria for selecting both the biological (e.g. the density of adhesion ligands) and biophysical properties of micro-environments used to study and manipulate stem cells in vitro and in vivo. 


BIOT 488
Parsing stem cell behaviors on complex biomaterials via high content imaging and modeling 
Matthew D. Treiser1, treiser@rci.rutgers.edu, Simon Gordonov1, Eric Yang1, Abraham Joy2, Daniel Cohen3, Durgadas Bolikal4, bolikal@rutchem.rutgers.edu, Ioannis Androulakis1, Doyle D. Knight5, ddknight@rci.rutgers.edu, Joachim Kohn6, kohn@rutchem.rutgers.edu, Christopher S. Chen7, chrischen@seas.upenn.edu, and Prabhas V Moghe1, moghe@rutgers.edu. (1) Department of Biomedical Engineering, Rutgers University, 599 Taylor Road, Piscataway, NJ NJ 08854, (2) Department of Chemistry and Chemical Biology, Rutgers University, Piscataway, NJ 08554, (3) Street Department of Bioengineering, University of Pennsylvania, Philadelphia, PA 19104, (4) New Jersey Center for Biomaterials, Rutgers University, Piscataway, NJ 08854, (5) Department of Mechanical and Aerospace Engineering, Rutgers - The State University of New Jersey, Piscataway, NJ 08854-8058, (6) New Jersey Center for Biomaterials, Piscataway, NJ 08854, (7) Department of Bioengineering, University of Pennsylvania, Philadelphia, PA 19104
It is challenging to design biomaterials with potential to guide stem cell differentiation. We propose a novel approach to identify biomaterial-responsive molecular-level signatures of the cell differentiation process. Using the cytoskeleton as a mediator for outside-in stem cell signaling, we imaged human mesenchymal stem cells (hMSCs) transfected with GFP-fusion reporters using two-photon microscopy, and quantified a library of descriptors of the cytoskeletal organization. The descriptors correlated with differentiation toward osteogenic versus adipogenic lineages were identified. Next, cells were sub-cultured in 50:50 mixed osteogenic and adipogenic induction media on tyrosine-derived polycarbonates and combinatorially derived polymethacrylates. Through decision tree and linear mapping models, the predictive descriptors for osteogenic vs. adipogenic lineages were identified, and incorporated within a model to predict longer term stem cell behavior on a wider set of biomaterials. This study highlights the possibility of using a combination of high content imaging and materials informatics toward predicting stem cell fates on complex substrates.


BIOT 489
Silencing of tumor suppressor p53 promotes polyploidization and defers apoptosis during megakaryocytic differentiation 
Pani A. Apostolidis1, pani-apostolidis@northwestern.edu, Peter G. Fuhrken1, pfuhrken@gmail.com, Anne Duchoud2, anne.duchoud@epfl.ch, Stephan Lindsey3, slindsey@udel.edu, William M. Miller1, wmmiller@northwestern.edu, and Eleftherios T. Papoutsakis3. (1) Department of Chemical and Biological Engineering, Northwestern University, 2145 Sheridan Road, Room E-136, Evanston, IL 60208-3120, Fax: 302-831-4841, (2) Department of Chemical Engineering, Ecole Polytechnique de Lausanne, Lausanne 1015, Switzerland, (3) Department of Chemical Engineering, University of Delaware, Newark, DE 19716
The molecular mechanisms underlying differentiation of hematopoietic stem cells (HSC) into megakaryocytes, which eventually release platelets, are poorly understood. Tumor suppressor protein p53 can act as a transcription factor affecting both cell cycle control and apoptosis, and we have previously shown that p53 is activated during megakaryocytic differentiation of phorbol-ester (PMA) stimulated megakaryoblastic CHRF-288-11 (CHRF) cells. RNA interference-mediated p53 silencing leads to greater fraction of polyploid cells, higher maximum ploidy, accelerated DNA synthesis and delayed apoptosis/cell death upon PMA stimulation. Reduced p53 levels do not affect ploidy or DNA synthesis of unstimulated CHRF cells, indicating that p53 loss cannot promote polyploidization in the absence of megakaryocytic differentiation. Our studies suggest a model where p53 activation during megakaryopoiesis serves to control polyploidization and the transition to endomitosis by impeding cell cycling and promoting apoptosis. Current work, employing RNA interference, aims to elucidate the p53 activation process in human HSC-initiated megakaryocytic cultures.


BIOT 490
Simple and complex salt bridges in globular proteins: Implications for protein folding and design 
George Makhatadze, Department of Biology, Rensselaer Polytechnic Institute, Biotech 3244A, 110 8th Street, Troy, NY 12180, Fax: 518-276-2955
The energetic contribution of simple (SSB) salt bridges and complex (CSB) salt bridges, in which one charged residue (anchor residue) forms salt bridges with two or more residues simultaneously, has been suggested to have importance for protein stability. We will present the results of bioinformatics, computational, and experimental approaches that provide detailed analysis of energetics of SSB and CSB in globular proteins. In particular we will show that surface salt bridges are stabilizing, but their contribution to the overall protein stability is strongly context-dependent, with overall charge-charge interactions being the largest determinant. We will also show that the geometry of CSB is important for defining their (anti)cooperativity, i.e. whether the net strength of the complex salt bridge is less or more than the sum of the energies of individual pairs. Implications of these findings for engineering proteins with enhanced thermostability will be discussed.


BIOT 491
Enhancing production of complex mammalian proteins using E. coli based cell-free protein synthesis 
John Patrick Welsh, James R Swartz, and Jeanne Bonomo, Chemical Engineering Department, Stanford University, 380 Roth Way, Keck Science Bldg, Room 152, Palo Alto, CA 94305
Advances in E. coli based cell-free protein synthesis include activating oxidative phosphorylation and developing scale-up technologies and have greatly enhanced expression of relatively simple proteins. However, mammalian proteins with more complex quaternary structures such as antibodies and Fab fragments have proven more difficult. We have mimicked the folding environment of the mammalian endoplasmic reticulum by controlling the reaction redox potential, adding a disulfide bond isomerase, and inactivating reductases. We have also added the Hsp70-family ER chaperone BiP to the cell-free system along with its cochaperones, ERdj3 and BAP. In mammalian cells, BiP functions in the ER lumen by localizing to the Sec translocon and then protecting short hydrophobic stretches of nascent proteins as they emerge from the translocon. We have, therefore, engineered BiP to accept nascent polypeptides as they emerge from the ribosome in our prokaryotic cell-free system by fusing BiP to the ribosome binding portion of the E. coli protein, trigger factor. This fusion protein has both ribosome binding and basic chaperone activities. We will report how both the cell extract and the fusion protein chaperone can be modified to facilitate optimal protein folding and assembly. 


BIOT 492
Biophysical Characterization on the Interactions between Heparin/HS and Proteins with Biological Significant Using SPR 
Fuming Zhang, zhangf2@rpi.edu, Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, Center for Biotechnology and Interdisciplinary Studies, 110 8th Street, Troy, NY 12180, and Robert J Linhardt, linhar@rpi.edu, Departments of Chemistry and Chemical Biology, Rensselaer Polytechnic Institute, Troy, NY 12180
Heparin, and the structurally related heparan sulfate, are the most acidic polysaccharides, and as a result interact with many cationic proteins giving rise to myriad biological activities. Some of these interactions have received extensive attention in recent years, including heparin's binding to growth factors influencing angiogenesis and other proliferation-dependent processes, and heparin's binding to the ectodomain proteins of pathogens influencing infection. Surface plasmon resonance (SPR) spectroscopy has been successfully used for biophysical characterization of heparin-protein interactions. In natural biological systems, heparan sulfate is found immobilized on the cell surface through its core protein, and captures heparin–binding proteins that flow over the cell surface. Modeling this interaction by SPR is best be achieved by immobilizing heparin /heparan sulfate rather than the heparin-binding protein on the surface of a biosensor chip. In the present study, we report SPR interaction studies on the interactions between heparin/HS and proteins, which include: fibroblast growth factors and receptors (FGFs and FGFRs), proteins in Hedgehog Signaling Pathway, and virus envelope proteins using different heparin biochips.


BIOT 493
Microsecond acquisition of heterogeneous structure in the folding of a TIM barrel protein 
Ying Wu1, Elena Kondrashkina2, Can Kayatekin1, C. Robert Matthews1, and Osman Bilsel1, osman.bilsel@umassmed.edu. (1) Department of Biochemistry and Molecular Pharmacology, University of Massachusetts Medical School, Worcestor, MA 01605, (2) BioCAT, Advanced Photon Source, Argonne National Laboratory, Argonne, IL 60439
The earliest kinetic folding events for (βα)8 barrels reflect the appearance of off-pathway intermediates. Continuous-flow micro-channel mixing methods interfaced to small-angle x-ray scattering (SAXS), circular dichroism (CD), time-resolved FRET (trFRET) and time-resolved fluorescence anisotropy (trFLAN) have been used to directly monitor global and specific dimensional properties of the partially-folded state in the microsecond time range for a representative (βα)8 barrel protein. Within 150 μs, the α-subunit of Trp synthase (αTS) experiences a global collapse and the partial formation of secondary structure. The time resolution of the folding reaction was enhanced with trFRET and trFLAN to show that, within 30 μs, distinct and autonomous partially-collapsed structure has already formed in the N-terminal and central regions but not in the C-terminal region. Analysis of trFRET data using a two-dimensional maximum entropy approach confirmed the presence of a heterogeneous ensemble that persists for several hundreds of microseconds. Ready access to locally-folded, stable substructures may be a hallmark of repeat-module proteins and the source of early kinetic traps in these very common motifs. Their folding free energy landscapes must be elaborated to capture this source of frustration. 

This work was supported by grants GM23303 (NIH) and MCB0327504 (NSF). Use of the Advanced Photon Source was supported by the U.S. Department of Energy, Basic Energy Sciences, Office of Science, under contract No. W-31-109-ENG-38. BioCAT is a National Institutes of Health-supported Research Center RR-08630. 


BIOT 494
Influence of nonlinear electrostatics on transfer energies between liquid phases: Charge burial is far less expensive than expected by Born model 
Haipeng Gong, Glen Hocky, and Karl F. Freed, Department of Chemistry and The James Franck Institute, University of Chicago, Chicago, IL 60637
Continuum electrostatic models are widely used for enormously reducing the computational labor of molecular mechanics, molecular dynamics, and quantum mechanics methods. The most common Born model describes the response of the continuous media using static dielectric constants for each medium. However, when applied to a liquid environment, Born model predictions only agree with experiment, e.g., for transfer free energies and pKa shifts, by using physically quite unrealistic dielectric constants for proteins, lipids, etc., and/or equally unrealistic atomic radii. This raises serious questions concerning the physical origins for this failure of the Born model. We partially resolve this question by applying the Langevin-Debye (LD) model, which introduces an added dependence of the electrostatic response on the solvent's optical dielectric constant and gas and liquid phase dipole moments, features absent in the Born model. The LD model reduces to the Born model for weak fields but, more generally, includes added contributions describing the self-consistent, nonlinear, many-body response of the proximal dipoles in the solvent through the phenomenon of dielectric saturation. The LD model is applied to simple representations of four biologically relevant systems: (1) globular proteins, (2) separated greasy and water phases, (3) lipid bilayers, and (4) membrane proteins. The linear Born treatment greatly overestimates both the self-energy and the transfer free energy from water to hydrophobic environments (such as a protein interior). Using the experimental dielectric constant, the LD model reduces the Born model estimate for the energy cost of charge burial in globular or membrane proteins by almost 50%, and the predicted pKa shifts from the LD model agree well with experimental trends. Selected calculations for the electrostatic interactions between a pair of ions shed light on the underlying fundamental assumptions of generalized Born models.


BIOT 495
Revealing beta-amyloid structure at residue level via chemical modification, mass spectrometry and fluorescence spectroscopy 
Irina Ramos, irina1@umbc.edu, Chemical and Biochemical Engineering, UMBC, 1000 Hilltop Circle, Baltimore, MD 21250, and Theresa A Good, tgood@umbc.edu, Department of Chemical and Biochemical Engineering, University of Maryland, Baltimore County, Baltimore, MD 21250
Beta-amyloid protein (Aβ) is the major protein constituent found in senile plaques in Alzheimer's disease (AD) patient brains. It is believed that Aβ plays a role in neurodegeneration associated with AD and that its toxicity is related to its structure or aggregation state. It is important to comprehend the relationship between Aβ structure and function in order to better understand the toxicity of this protein. 

Mass Spectrometry (MS) coupled with several Chemical Modifications are tools to identify residue accessibility in peptide structure associated with aggregation. The change in mass with chemical modification indicated the extent of structure's exposure to the solvent. A kinetic study was developed to determine rate of reaction at different sites of the protein. 

Fluorescence techniques were used to elucidate how Aβ exerts its toxic effect on cells by analyzing which part of the peptide structure is responsible for the contact/exchange upon binding with the membrane. 

Peptide structure information at the residue level is a first step in designing novel therapies for prevention of beta amyloid structural transitions associated with AD. 


BIOT 496
Systematic convergence of REMD sub-replicas: Insight into the structure and dynamics of the Aβ peptide 
Jory Z Ruscio and Teresa Head-Gordon, Department of Bioengineering, University of California, Berkeley, Berkeley, CA 94720
Biomolecular simulations provide significant insight into protein folding and characterization. Comparing experimental observables and simulation data allows us to better understand and make predictions from the data. The major caveat is that the simulations must be thoroughly sampled and converged. Replica Exchange Molecular Dynamics (REMD) has become quite popular for enhancing sampling. However, ensuring the convergence of the REMD simulation is often difficult. We devise a method to systematically simulate and converge portions of a full REMD simulation. This incremental convergence of sub-replicas allows for better and faster convergence. We apply this improved sampling and convergence procedure to Aβ. This 42-residue unstructured peptide readily forms aggregates that in some conformation are the causal agents of Alzheimer's Disease. The simulation of the full length peptide follows our study of the Aβ 21-30 fragment, in which our simulation protocol produced results that agree well with experimental NMR data. The elucidation of the underlying structural ﬂuctuations of full length Aβ peptide will be integral for the understanding of the mechanism of aggregation under diseased conditions. 


BIOT 497
Exploring the amyloid formation by cytochrome c 
Regina L. Hutchings and Krishna M. G. Mallela, Department of Pharmaceutical Sciences, University of Colorado Denver Health Sciences, 4200 E 9th Ave, C238, Denver, CO 80262
Proteins are dynamic structures that fold from an unfolded state to a thermodynamically stable functional native structure. However, misfolding does occur, and some misfolded proteins can escape all quality control processes in the cell and form amyloid-type aggregates. Amyloid formation is known to be involved in more than twenty-five well characterized diseases. Many non-disease-related proteins were shown to form amyloid fibers, indicating that the amyloid formation may be a general property of the polypeptide chain. These amyloid fibers are highly cytotoxic, and can be detrimental to cell function and viability. Our focus has been to take a model system where residue-resolved folding/unfolding and stability is well-characterized and to determine its amyloid formation pathway and the various factors that control the process. Cytochrome c is one such model system. The folding/unfolding kinetics and stability of structure protecting each amino acid in cytochrome c have been well characterized in terms of foldons and sequential stabilization principles. It is of interest to see whether the same principles govern the amyloid formation pathway. Also, cytochrome c is an all-α-helical protein. Studying its amyloid formation pathway can reveal how an all-α-helical protein converts to a β-amyloid structure. Our experiments show that cytochrome c forms amyloid fibers at extreme acidic and alkaline conditions. Increased Thioflavin T and Congo Red fluorescence, and transmission electron microscopy data confirm these results. The amyloid formation kinetics have been characterized at both extreme pH conditions. In addition to the lag phase, the amyloid formation appears non-mono-exponential. Our final approach will be using the aprotic solvents DMSO or DMF to dissolve these amyloid fibers, and to study the amyloid kinetic pathway by hydrogen exchange using NMR or MS.


BIOT 498
New Methodologies for Analyzing Deamidation in Proteins 
Jason Cournoyer1, Xiaojuan Li1, Cheng Lin1, and Pete O'Connors2, poconnors@ku.edu. (1) Boston University School of Medicine, Boston, MA 02118, (2) Mass Spectrometry Resource, Boston University School of Medicine, Boston, MA 02118
Deamidation is the most common post-translational modification, as it affects essentially all proteins, all the time, and is simply kinetically limited. Deamidation of asparagine and glutamine residues results in mixtures of aspartic/isoaspartic acid or glutamic/ƒ×-glutamic acid. The deamidation reaction is pH controlled, minimizing in reaction rate at about pH 5-6. The mechanism that's relevant at physiological or basic pH involves cyclization of the amino acid via nucleophilic attack of the backbone nitrogen on the sidechain carbonyl, followed by hydration on either side of the resulting succinimide. Thus it occurs at every asparagine or glutamine residues (except those adjacent to proline, which cannot do a nucleophilic attack) and is governed primarily by the deprotonation of the backbone amide nitrogen and steric factors. Deamidation, therefore, is one of the primary aging mechanisms for proteins, and can result in dramatic changes in protein 3-D structure. 

Analysis of the isomeric deamidation products is problematic. We recently discovered that a new fragmentation technique, called Electron Capture Dissociation, is capable of distinguishing these isomeric products because it results in cleavage of the C\-C] bond, resulting in different diagnostic marker peaks for the two isomeric forms. Furthermore, methods have been developed to quantify the two forms in a mixture and to determine if the modifications are native to the sample or are artifacts of sample preparation procedures (a common problem). This talk will present these methodologies, discuss their usage, and show how they can be applied in a proteomic context. 


BIOT 499
Identification and characterization of charge variants of a humanized IgG1 monoclonal antibody 
Josef Vlasak1, josef_vlasak@merck.com, Marie C Bussat2, Shiyi Wang1, Elsa Wagner-Rousset2, Mark Schaefer1, Christine Klinguer-Hamour2, Marc Kirchmeier1, Nathalie Corvaïa2, Roxana Ionescu1, and Alain Beck2, alain.beck@pierre-fabre.com. (1) Merck Research Laboratories, Merck and Co., Inc, West Point, PA 19486, (2) Centre d’Immunologie Pierre Fabre, Saint-Julien-en-Genevois, France
Charge heterogeneity is frequently seen in monoclonal antibodies. It has been attributed to various modifications and the significance for antibody function has been demonstrated in some cases. We present an example of a humanized IgG1 prone to deamidation in light chain CDR1. Using cation-exchange HPLC, two acidic fractions can be baseline-resolved. They are already present after manufacturing and their content increases upon storage. Identification of the chemical nature of these two variants by several orthogonal methods, including papain digestion, mass spectrometry (MALDI-TOF, LC-ESI-TOF, MALDI-TOF/TOF, LC-ES-IT), Edman degradation, and by measuring the isoAsp content will be presented. We have identified that both variants have been formed by deamidation of the same residue in the light chain; one variant contains an Asp at this position and the other an isoAsp. We also present data suggesting that the remarkable separation between the two variants is due to structural alterations of the antibody molecule.


BIOT 500
Using kinetics to understand the degradation pathways of monoclonal antibodies 
Roxana M Ionescu and Josef Vlasak, Merck Research Laboratories, Merck and Co., Inc, 770 Sumneytown Pike, West Point, PA 19486, Fax: 215-652-5299
We illustrate by three examples how information can be gathered from kinetics of monoclonal antibody degradation. The procedure is based on kinetic modeling of first-order reactions. The first example is “1 hot spot case”. It provides quantitative criteria for identifying the species with covalent modifications in both chains, based on the rates of formation of the species with covalent modification in only one chain. The second example, “2 hot spots case”, presents the time-dependence of nine species that are formed in this situation. These examples can guide the interpretation of complex chromatographic separations and help elucidating the minimum number of “hot spots” required to describe the species observed under stress conditions. Finally, an example will be presented on how kinetic modeling contributed to the full understanding of a deamidation reaction in the CDR of a humanized IgG1 monoclonal antibody which was followed by conversion of isoaspartate to aspartate.


BIOT 501
Effects of secondary stucture on deamidation of the Fc portion of recombinant monoclonal antibody IgG 
Sandipan Sinha1, ssinha@ku.edu, Lei Zhang1, leizhang@ku.edu, Todd D Williams2, tdwillia@ku.edu, Josef Vlasak3, josef_vlasak@merck.com, Roxana M Ionescu3, roxana_ionescu@merck.com, and Elizabeth M. Topp1, topp@ku.edu. (1) Department of Pharmaceutical Chemistry, University of Kansas, 2095 Constant Ave., Lawrence, KS 66047, (2) Mass Spectrometry Lab, University of Kansas, Lawrence, KS 66045, (3) Merck Research Laboratories, Merck and Co., Inc, West Point, PA 19486
The effects of secondary structure on deamidation in a 22 amino-acid tryptic fragment (369-390) of the Fc portion of antibody IgG were investigated using UPLC/ESI-MS. Deamidation in the intact protein was compared with that in tryptic digests and in synthetic peptides (37 oC, pH 7.5). In the unstructured controls, the tryptic fragment deamidated only at position 382 to form isoaspartate and aspartate products in the expected ratio of ~4:1 with a half-life of ~12 hours. In contrast, the intact Fc-IgG showed an overall deamidation half-life of ~25 days. Isoaspartate was detected at N382 and aspartate at N387, together with minor amounts of a double-deamidated product. Deamidation was not detected at N388; the aspartate at N382 and the isoaspartate at N387 were also not detected. The fact that intact Fc-IgG deamidated 50-fold more slowly than tryptic-digest or synthetic-peptide controls suggests secondary structure serves to retard the reaction. Support: Merck, Inc.


BIOT 502
Isomerization of a single aspartyl residue of anti-epidermal growth factor receptor (EGFR) immunoglobulin gamma 2 antibody highlights the role avidity plays in antibody activity 
Pavel V Bondarenko, Douglas S Rehder, Arnold McAuley, Thomas M Dillon, Gang Xiao, Jill Crouse-Zeineddini, Louisa Vardanyan, Natalie Perico, Venkat Mukku, Dirk Chelius, Masazumi Matsumura, and David N Brems, Process and Product Development, Amgen Inc, One Amgen Center Drive, Thousand Oaks, CA 91320
A new isoform of the light chain of a fully human monoclonal IgG2 antibody against human EGFR was generated by in vitro aging. The isoform was attributed to the isomerization of aspartate 92 in the antigen-binding region. The isomerization rate was investigated as a function of pH, temperature and co-solutes. A size-exclusion chromatography binding assay was used to show that one antibody molecule was able to bind two soluble extracellular EGFR molecules in solution, and isomerization of one or both Asp-92 residues deactivated one or both antigen-binding regions, respectively. In addition, isomerization of Asp-92 showed a decrease in in vitro potency as measured by a cell proliferation assay with a 32D cell line that expressed the full-length human EGFR. The data indicate that antibodies containing either one or two isomerized residues were not effective in inhibiting EGFR-mediated cell proliferation, and that two unmodified antigen binding regions were needed to achieve full efficacy. For comparison, the potency of an intact IgG1 antibody against the same receptor was correlated with the bioactivity of its individual antigen-binding fragments. The intact IgG1 antibody with two antigen-binding fragments was also much more active in suppressing cell proliferation than the individual fragments, similar to the IgG2 results. These results indicated that avidity played a key role in the inhibition of cell proliferation by these antibodies against the human EGFR. 


BIOT 503
Teasing out the degradation mechanisms in two monoclonal antibodies 
Jun Ouyang1, ouyang.jun@gene.com, Nancy Chen1, Oleg Borisov1, Erika Ingham2, Trevor Swartz2, Mary Nguyen1, Daren Nelson2, Mechelle Carnine2, and Fred Jacobson1, fsj@gene.com. (1) Protein Analytical Chemistry, Genentech, Inc, MS 62, 1 DNA Way, South San Francisco, CA 94080, (2) Early-Stage Pharmaceutical Development, Genentech, Inc, South San Francisco, CA 94080
Two case studies are discussed to demonstrate the effectiveness of novel analytical approaches in teasing out the degradation mechanisms of therapeutic proteins. In both cases, side chain modifications of a single amino acid in the complementary-determining region (CDR) that drastically affected antibody-antigen binding were identified. In one case, oxidation of tryptophan was found by tryptic mapping using LC-ESI-MS/MS followed by Mascot Error Tolerant Search. The level of oxidized tryptophan, quantified using a polymeric reversed-phase liquid chromatography method, was then correlated to the level of potency loss. In the other case, a drastic decrease of binding affinity observed in stressed samples was attributed to an aspartic acid that underwent isomerization at elevated temperatures and acidic pHs. Electron-transfer dissociation mass spectrometry was employed to pinpoint the modification site. In both cases, appropriate assays and formulation strategies were developed to mitigate the stability risk.


BIOT 504
Photosynthetic biofuels: Renewable in situ generation of hydrogen and hydrocarbons 
Anastasios Melis, Plant & Microbial Biology, University of California, 111 Koshalnd Hall, MC-3102, Berkeley, CA 94720, Fax: 510-642-4995
The concept of “Photosynthetic Biofuels” entails the direct application of photosynthesis for the generation of hydrogen and a variety of hydrocarbons, in a process where a single organism acts both as the catalyst and processor, synthesizing and secreting ready to use biofuels. An example of a successful application of this concept is the recent breakthrough achievement of re-directing photosynthesis in microalgae to photo-produce hydrogen, instead of oxygen, from water. Current efforts seek to apply the same principle to the generation of hydrocarbons. The work will describe green microalgae that photosynthesize and secrete hydrocarbons in a form that can be continuously collected. Botryococcus braunii, a green colonial microalgae naturally synthesize and secrete a 30-carbon long terpenoid that can be readily processed into useful fuel. Issues pertaining to: (i) photosynthetic cell modification for the direct light-depended production of hydrogen and a variety of hydrocarbons; (ii) the solar conversion efficiency of the cells under bright sunlight conditions; (iii) photobioreactor materials development; and (iv) the state of the art in these fields will be addressed. A three-pronged approach seeks to (a) increase the yield of hydrogen and hydrocarbon production in model green microalgae, (b) optimize the absorption and utilization of sunlight by the cells so as to achieve the maximum possible solar-to-chemical conversion efficiency, and (c) to explore affordable bioreactor designs that are best suited for mass cultivation of microalgae for photosynthetic biofuels production, harvesting, and sequestration. 

Work supported by the DOE Hydrogen, Fuel Cells and Infrastructure Technologies program. 


BIOT 505
Activating and evolving hydrogenases for solar hydrogen production 
James R. Swartz, James A. Stapleton, Jon M. Kuchenreuther, and Phillip Smith, Department of Chemical Engineering, Stanford University, Stauffer III, Rm 113, Stanford, CA 94305-5025, Fax: 650-725-0555
We are working to develop technology for the photosynthetic production of hydrogen. Using bacteria such Cyanobacteria, mobilized electrons could be transferred directly from the photosystems to an hydrogenase using ferredoxin. The [Fe-Fe] hydrogenase will be the key enzyme. It must be oxygen tolerant and must also be efficiently activated in the photosynthetic organism. We will describe our cell-free based system for evolving hydrogenases and will also present new insights into the complex maturation process for these complicated enzymes. Three helper proteins, themselves oxygen sensitive, must be activated, and Fe, S, S-adenosyl methionine, GTP, NAD, and tyrosine all contribute to hydrogenase maturation. The last two contributors have not been previously recognized. The hydrogenase evolutionary search has so far identified enzymes that are more active; and the expression, activation, oxygen exposure, and evaluation methods have been improved to better search for oxygen tolerant mutants using both rational design and random approaches.


BIOT 506
Biofuels Production by Cell-Free Synthetic Enzymatic Technology 
Yiran Wang, Xinhao Ye, and Y.-H Percival Zhang, Biological Systems Engineering Department, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061, Fax: 540-231-3199
Biomass is the only renewable resource that can provide a sufficient fraction of both future transportation fuels and renewable materials at the same time. The future transportation fuel production of biofuels from biomass requires a good trade-off among a number of factors, such as feedstock prices, product revenues, processing costs, capital investment, infrastructure, environmental costs, and so on. In short terms, liquid biofuels (ethanol and butanol) can be well blend with gasoline for internal combustion engines. In long terms, gaseous hydrogen is believed to be the ultimate transportation fuel through fuel cells. 

We have demonstrated the cell-free synthetic enzymatic pathway comprised by three separate pathways -- starch phosphorylation, the pentose phosphate pathway, with hydrogen generation -- for producing 12 molecules of hydrogen per molecule of glucose unit of starch (PLoS One, 2007, 2:e456). This new sugar-to-hydrogen technology would solve several obstacles to the hydrogen economy – cheap hydrogen production, high hydrogen storage density (14.8 H2 mass%), and costly hydrogen infrastructure, and to eliminate safety concerns about mass utilization of hydrogen. Similarly, we propose cell-free enzymatic butanol production from glucose by using 18 enzymes to implement high butanol yield and minimize butanol inhibitor to cellular membrane. 

The research and development of cell free enzymatic fermentation require more efforts, especially in low-cost thermostable enzyme building block manufacturing, efficient cofactor recycling, enzyme and cofactor stabilization, and so on. 


BIOT 507
Conversion of cellulose fermentation end products to hydrogen in microbial electrolysis cells 
Elodie Lalaurette, exl922@psu.edu, Department of Civil and Environmental Engineering, Pennsylvania State University, 126 Sackett Building, University Park, PA 16802, and Bruce Logan, blogan@psu.edu, Department of Civil and Environmental Engineering, The Pennsylvania State University, University Park, PA 16802
Hydrogen production is becoming increasingly important as a source of fuel for fuel cells. So far, most of the hydrogen produced is derived from fossil fuels. Ecologically clean and renewable methods of producing hydrogen include microbial fermentation and the use microbial electrolysis cells (MECs), also known as bioelectrochemically assisted microbial reactors or BEAMRs. Microbial fermentation using cellulose is possible, however, less than 15% of the organic matter is typically converted to hydrogen with most of the energy still contained in soluble end products such as acetate and other volatile fatty acids. In this project, we are looking at degrading cellulose fermentation end-products (acetate, succinate, formate, lactate, and ethanol) from a specific fermentation end stream to produce hydrogen in single chamber MEC reactors. We are comparing the hydrogen production by mixed cultures to the complete mix of end products, to cultures pre-acclimated to the different substrates.


BIOT 508
Functional genomic and biochemical analysis of xylanolytic glycoside hydrolases in the biohydrogen-producing extremely thermophilic bacterium Caldicellulosiruptor saccharolyticus 
Amy L. VanFossen, Derrick L Lewis, Samantha L Zelin, Jason D Nichols, and Robert M. Kelly, Chemical and Biomolecular Engineering, North Carolina State University, 911 Partners Way, EB-1, Box 7905, Raleigh, NC 27695-7905, Fax: 919-515-3465
Caldicellulosiruptor saccharolyticus is a gram-positive, anaerobic bacterium growing optimally at 70°C, whose 2.97 Mb genome sequence has recently been completed (http://genome.ornl.gov/microbial/csac). Previous studies indicate that both hexoses and pentoses are co-fermented to hydrogen by this organism, an unusual, but attractive, microbial characteristic for bioenergy production. This metabolic feature raises interesting questions about the regulation and mechanism of carbohydrate utilization in C. saccharolyticus. This issue was addressed using a whole genome oligonucleotide microarray, coupled with mixed effects ANOVA model analysis. The glycoside hydrolase inventory was examined as this corresponds to the utilization of a range of carbohydrate growth substrates that can be converted to biohydrogen. Of particular interest were enzymes found in two separate genomic loci that were implicated in the degradation of xylan, a major component of lignocellulosic biomass. C. saccharolyticus shows promise for bioenergy production processes from both microbiological and engineering perspectives.


BIOT 509
Analyzing the flux distribution in Synechocystis sp. PCC 6803 for improving biosolar hydrogen production 
Frank WR. Chaplen, Elizabeth H. Burrows, and Roger L. Ely, Biological and Ecological Engineering, Oregon State University, 116 Gilmore Hall, Corvallis, OR 97331, Fax: 541-737-2082
Biosolar production of hydrogen (H2) from water has great appeal as an environmentally sustainable, long-term solution to energy needs. The major feedstocks (sunlight and water) are abundant and widely distributed, and quantities of biosolar H2 that could be produced far exceed current and projected global energy requirements. The metabolic engineering of Synechocystis sp. PCC 6803 strains with the capability of consistent, high-yield biosolar production of H2 requires the continued development of comprehensive mathematical models describing the metabolism underlying H2 production. Here we report on the use of flux balance analysis to examine the effect of different network parameters on photoautotrophic H2 production. This network model incorporates a detailed description of photosynthetic electron transport and central carbon metabolism during photoautotrophic growth. The model is used to provide insights into the mechanisms of H2 production in Synechocystis sp. PCC 6803 and the possible effects of different mutant phenotypes on biosolar H2 production. 
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