
 

Scientists apply biomedical technique to
reveal changes within the body of the ocean
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The scientists used a CTD (conductivity, temperature, depth) rosette to collect
water samples during a research cruise in October 2011 along a 2,500-mile
stretch in the Pacific Ocean, from Hawaii to Samoa. The transect cut across
regions with widely different concentrations of nutrients, from areas rich in iron
to the north to areas near the equator that are rich in phosphorus and nitrogen but
devoid of iron. Credit: Photo by Brian Dimento, University of Connecticut
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For decades, medical researchers have sought new methods to diagnose
how different types of cells and systems in the body are functioning.
Now scientists have adapted an emerging biomedical technique to study
the vast body of the ocean.

In a study published Sept. 5 in the journal Science, a research team led by
the Woods Hole Oceanographic Institution (WHOI) demonstrated that
they can identify and measure proteins in the ocean, revealing how
singled-celled marine organisms and ocean ecosystems are operating.

"Proteins are the molecules that catalyze the biochemical reactions
happening in the organisms," said WHOI biogeochemist Mak Saito, the
study's lead author. "So instead of just measuring what species are where
in the ocean, now we can effectively look inside those organisms and see
what biochemical reactions they are performing in the face of various
ocean conditions. It's a potentially powerful tool we can use to reveal the
inner biochemical workings of organisms within ocean ecosystems and
to start diagnosing how the oceans are responding to pollution, climate
change, and other shifts."

The emerging biomedical technique of measuring proteins—a field
called proteomics—builds upon the more familiar field of genomics,
which has allowed scientists to detect and identify genes in cells. The
new study is an initial demonstration that proteomic techniques can be
applied to marine environments not only to identify the presence of
proteins, but for the first time, to precisely count their numbers.

"We're leveraging that biomedical technology and translating it for use in
the oceans," Saito said. "The oceans are huge, and the issues that
confront them have important impacts on society. Just the way you'd
analyze proteins in a blood test to get information on what's happening
inside your body, proteomics gives us a new way to begin to learn what's
happening in ocean ecosystems, especially under multiple stresses and
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over large regions. With that information, we can identify changes,
assess their impacts on society, and devise more effective strategies to
adapt."

For their study, funded by the Gordon and Betty Moore Foundation and
the National Science Foundation, the scientists collected water samples
during a research cruise in October 2011 along a 2,500-mile stretch in
the Pacific Ocean, from Hawaii to Samoa. The transect cut across
regions with widely different concentrations of nutrients, from areas rich
in iron to the north to areas near the equator that are rich in phosphorus
and nitrogen but devoid of iron.

Back in the lab, the scientists analyzed the samples, focusing on proteins
produced by one of the ocean's most abundant microbes,
Prochlorococcus. They used mass spectrometers at WHOI to separate
out individual proteins in the samples, identifying them by their peptide
sequences. In subsequent steps, the scientists demonstrated for the first
time that they could precisely measure the amounts of individual
proteins from individual species at various locations in the ocean.

The results painted a picture of what factors were controlling microbial
photosynthesis and growth and how the microbes were responding to
different conditions over a large geographic region of the ocean. For
example, in the regions where nitrogen was limited, the scientists found
high levels of a protein that transports urea, a form of nitrogen, which
the microbes used to improve their ability to obtain the essential
nutrient. Similarly, in areas where iron was deficient, they found an
abundance of proteins that help grab and transport scarce iron.

"The microbes have biochemical systems that are ready to turn on to
deal with low-nutrient situations," Saito said. In areas in between, where
the microbes were starved for both nutrients simultaneously, proteins
detected by the scientists indicated which biochemical machinery the
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microbes used to most efficiently negotiate multiple environmental
stresses. The protein measurements enabled scientists to map when,
where, and how ecosystem changes occurred over broad areas of the
ocean.

This study demonstrates how these targeted proteomic methods can
provide new insights into how marine microbes respond to scarcity of
nutrients in the oceans. By deploying these new diagnostic capabilities
across the oceans and into the future, these methods could be used to
understand how marine microbes – who form the base of marine food
webs and are critical to regulating ocean chemistry – respond to the
multitude of changes now occurring in the oceans.

"In our study, we measured about 20 of these biomarkers that indicate
metabolism occurring in the ocean, but we can readily scale up that
capacity to measure many more simultaneously," Saito said. "Here at the
Woods Hole Oceanographic, we're building an oceanic proteomic
capability, which will include sampling with ocean-going robots, to allow
us to diagnose the inner workings of ocean ecosystems and understand
how they respond to global changes."

  More information: "Multiple nutrient stresses at intersecting Pacific
Ocean biomes detected by protein biomarkers," by M.A. Saito et al. 
Science, 2014. www.sciencemag.org/lookup/doi/ …
1126/science.1256450
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