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cientists are one step closer
to understanding the harm-
ful algal blooms that plague
the Chesapeake Bay. Digital
holographic microscopy
recently has provided a
three-dimensional look at
some of the microbes that

have been wreaking havoc.
Because of the technology, re-
searchers have identified the hunting
tactics of two of the microbes associ-

ated with fish kills in the Bay and var-
ious waterways, says Robert Belas,
professor of marine microbiology and
microbial genetics at the University of
Maryland Biotechnology Institute
(UMBI) in Baltimore.

“This is the first step to under-
standing how red tides develop, what
keeps them together and why they
don't disperse” Mr. Belas says. “It ul-
timately might give us clues as to how
to artificially cause them to disperse
and remove the problem.”

At the end of last month, the results
of the study from UMBI and Johns
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Hopkins University in Baltimore were
reported first in “Proceedings of the
National Academy of Sciences.” The
study focused on the attack patterns
of two dinoflagellates, or single-celled
algae, called karlodinium veneficum
and pfiesteria piscicida.

Both of the microbes are consid-
ered to create toxins that kill large
numbers of fish, Mr. Belas says.
Through digital holographic mi-
croscopy, he learned that pfiesteria
piscicida uses a hunting tactic similar
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to that of a cheetah, which pounces on
its prey. It captures small micro-organ-
isms, or other algae, to survive, con-
suming them by using an extendible
mouth. It is a voracious eater and will
eat 10 times its weight a day.

In contrast, karlodinium veneficum
is slower than pfiesteria p.scicida and
uses an ambush method to consume
its prey, he says. It produces a toxin
and uses a harpoonlike, barblike arm
to capture its food.

This is the first time anyone has
been able to distinguish these behav-
iors in dinoflagellates, Mr. Belas says.
Along with Mr. Belas, Allen R. Place,
professor of biochemistry at the
UMEI, contributed to the research.

“This helps us understand how
these large, dense dinoflagellates form
and mature in the Chesapeake Bay,”
Mr. Belas says. “Now we need to learn
how the microscopic behavior trans-
lates into a series of events in the
Chesapeake Bay that can lead to fish
kills and other problems for human
beings and the environment.”

In the past, it has been hard to
study karlodinium veneficum and pfi-
esteria piscicida under a two-dimen-
sional microscope. The organisms are
very fast swimmers, Mr. Belas says.
Dinoflagellates are only about 10 mi-
crometers in size. One micrometer is
about 1/30th the average width of a
human hair.

“Looking at these microscopic or-
ganisms with a conventional micro-
scope is exceedingly difficult,” Mr.
Belas says. “They move out of the
field of view, going from left to right
almost instantaneously.”

Through digital holographic mi-
croscopy, researchers were able to
acquire 2,000 images per second with
greater depth of field, he says.

Jian Sheng, an assistant professor
of mechanical engineering at the Uni-
versity of Kentucky in Lexington, is
responsible for analyzing and follow-
ing the thousands of organisms
through digital holographic mi-
croscopy. He also has an adjunct fac-
ulty position at Hopkins University. As
part of his doctoral thesis, he devel-
oped sophisticated software to track
the micro-organisms, While writing
his thesis, Mr. Sheng was a graduate
student of Joseph Katz, the William F.
Ward Sr. distinguished professor in
the department of mechanical engi-
neering at Hopkins.

“The knowledge gained from the
previous methods is limited,” Mr.
Sheng says. “It is not complete. We
tried to visualize the microbes’ behav-
ior and motion in their natural envi-
ronment.”

The three-dimensional advantage
of digital holographic microscopy al-
lowed for the ability to quantify the be-
havior of the microbes more accu-
rately, Mr. Katz says. The study
pushed the boundaries of holographic
technology, marking the first time any-
one implemented digital holographic
microscopy to track the motion of
thousands of particles simultaneously,
he says.

“This type of approach will revolu-
tionize microscopy,” Mr. Katz says.
“By knowing how the organisms be-
have in response to different stimuli,
we may find better ways of dealing
with the problem.”

The problem of harmful algal
blooms is increasing day by day, says
Beth McGee, senior water guality sci-
entist at the Chesapeake Bay Founda-

tion, a nonprofit organization based in
Annapolis. She has a doctorate in en-
vironmental science.

“We're seeing more and more
blooms of the toxic algae species in
coastal water throughout the coun-
try"” Ms. McGee says. “It affects the
amount of nitrogen and phosphorous
pollution that feed into coastal systems
like the Chesapeake Bay and others.
The harmful algae are an indicator
that water quality seems to be getting
worse.”

Ms. McGee says she is thankful for
the efforts of Hopkins University and
UMBI.

“There are environmental triggers
that work together to allow an algae
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bloom to occur,” Ms. McGee says.
“The study helps us to understand
the ecological effects of the blooms on
fish. The species they have been focus-
ing on are direct fish killers.”

The toxic micro-organisms have
had a negative impact on the fishing
industry and hampered people's abil-
ity to enjoy the water in the Northeast,
says John Torgan, spokesman for Save
the Bay in Providence, R.I. The non-
profit organization is working to pro-
tect Narragansett Bay.

“We need to get good scientific in-
formation on these critters and do
whatever we can to mitigate the im-
pacts,"” Mr. Torgan says. “The problem
isn't limited to the Chesapeake Bay."




