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Chromatofocusing is a type of focusing technique involving a retained pH gradient dynamically produced in an ion-exchange chromatography column.  It has several unique characteristics as compared to traditional chromatographic techniques, making it a powerful method for protein purification at both the analytical- and preparative scales.  However, presently it is not extensively used, due to the expensive proprietary materials required, and to a lack of an understanding of the underlying phenomena related to the technique.  Novel chromatofocusing methods based on an improved fundamental understanding of the technique were developed in this thesis to overcome these drawbacks and therefore perform chromatofocusing economically and efficiently.

One major accomplishment was the use of simple mixtures containing four or fewer individual buffering species in the elution buffer instead of the more commonly used polyampholyte buffers to produce linear or concave pH gradients on weak-electrolyte ion-exchange packings, and to achieve high-speed, high-resolution, analytical- and preparative-scale separations of proteins.  In addition, computer software was developed for selecting the composition of the elution buffer to produce a pH gradient of a desired shape. 

To further extend the method, chromatofocusing using cation-exchange column packings was investigated.  Linear or convex gradients in the range from pH 2.6 to 9 were formed using a variety of commercially available column packings and either polyampholytes or simple mixtures having a small number of buffering species as the elution buffer.  The resolution achieved was in general comparable to that achieved using anion-exchange chromatofocusing, although for some protein pairs one method yielded better resolution than the other evidently due to the way electrostatic charges are distributed on the protein surface.  Furthermore, several chromatofocusing methods were investigated that take advantage of the acid-base properties of commercially available cation-exchange column packings including the use of composite gradients consisting of an initial gradual section followed by a stepwise section, the use of very low pH ranges, and the use of elution buffers containing a single buffering species.  

Investigations of mass-overloaded chromatofocusing were also conducted which led to the development of a spacer-free displacement chromatography/chromatofocusing method to separate proteins into individual peaks by employing multiple, step-wise pH fronts produced on a strong-base anion exchanger.  Two new methods to produce pH gradients suitable for displacement chromatofocusing were also discovered theoretically using numerical simulations and their existence confirmed experimentally. 

A novel mixed-mode chromatography technique termed “hydrophobic charge-induction chromatofocusing” was also developed which takes advantage of both hydrophobic and electrostatic interactions of proteins with the column packing to separate proteins which are generally not separable using the standard technique of chromatofocusing.  

In order to extend the range of column packings suitable for the method, chromatofocusing involving gradual pH gradients formed on strong-electrolyte ion-exchange column packings was also studied.  Proteins were separated using this method with the resolution achieved comparable to, or better than, that achieved using traditional weak-electrolyte ion-exchange packings.  Tryptic peptides were successfully separated for the first time using the method of chromatofocusing by employing a gradual pH gradient produced on a strong-acid cation exchanger with the resolution achieved adjusted through the use of organic solvent which produced mixed-mode retention effects.  The method developed has uses which are complementary to traditional ion-exchange chromatography or reversed-phase chromatography methods for peptide separations.

Finally, pore diffusion in liquid filled pores with molecules attached to the pore wall was studied.  A theory was developed to predict the diffusion coefficient of an eluite diffusing through the pores of a chromatographic media for the case where eluite adsorption reduces the effective diffusion coefficient. The theory can be used for chromatographic media design and process optimization.  

