PSYCHOTHERAPY FOR PLANKTON

Life can be stressful out there in the microscopic marine world

he scene: A diatom is out of its

oceanic habitat and on a couch,
talking to a therapist. The diatom
is stressed. It can't ever seem to get
encugh nutrients. And it's feeling
underappreciated...

Diatom: People just don't seem to
understand. Without me and all the
other phytoplankton producing oxy-
gen via photosynthesis, people wouldn't
have half the oxygen they need to
breathe! We're also the base of the
ocean food chain that supports the fish
they eat, and all the carbon dioxide I
take up from the air to make into oy
body would still be in the atmosphere,
making the Earth heat up. Why can’t
they see how important I am?

Therapist: I'm hearing that you feel
undervalued. Why do you think it is
that people don’t understand you?

Diatom: I suppose it's because I'm

| FEEL SO TINY, INVISIEBLE
AND INSIENIFICANT.

DON'T FLAGELLATE YOURSELFR
SOMETIMES A SEA CUCUMEBER
IS JUST A SEA CUCUMBER...
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so small. They can’t see me without a

microscope, so I might as well not exist! But that's not my main
problem. I can go on fine without humans knowing how much
they depend on me. The thing that's really getting me down is all
this stress I'm under.

Therapist: Tell me what you mean. What's causing this stress?

Diatom: Well, it’s a bit of a long story. T'll start from the begin-
ning. Since I do photosynthesis for a living, sunlight is my energy,
and carbon dioxide from the atmosphere is my sustenance. But in
order to grow, I need other ingredients, too, like nitrogen, iron,
and vitarnins. I use these ingredients in a specific ratio, just like a
recipe. So, for example, even if there is plenty of nitrogen around
in the ocean, unless there is also enough iron, I can't grow. What-
ever runs out first— that's called a “limiting nutrient.”

Therapist: I see. Why this is causing you such stress right now?

Diatom: So, I live in the Southern Ocean around Antarctica.
The waters there have plenty of nitrogen for me to use, but there
iz almost never enough iron to go around. I have to compete with
other phytoplankton for my iron, and I also have to compete with
bacteria. It's particularly annoying that T have to share this scarce
resource with the bacteria, because the only way they get by in life
iz through exploiting the carbon that we phytoplankton make for
them. It just seems unfair!

Therapist: Correct me if I'm wrong, but it sounds to me like
theres more to this story.

Diatom: Uh, I suppose. My relationship with those bacteria—
well, it's complicated. Even though they take that scarce iron from
me when I need it most, I just can't live without them. When the
bacteria grow and die, they release vitamin By, into the water.

I need that B; to grow. And just like iron, it's in short supply
relative to the other ingredients I need. Without enough of those
bacteria growing, I can't get enough vitamin By,. Without enough
iron or Bys, I get really stressed! It's just a bad cycle.

Therapist: It seems almost like sibling rivalry. You and the bac-
teria are dependent on each other, but at the same time, you're also
competing with each other for ron. That's quite a delicately balanced
relationship you have to negotiate there in the Southern Ocean.
WWhat are some strategies you use to try to cope with this stress?

Diatom: Life really gets difficult for me when I start to get
starved for iron or vitamin By,. First, I try harder to get these
missing nutrients. I make more of the proteins that T use to find
and transport the iron or vitamin from the seawater into my cell.

I also make more of the proteins that I need to move the iron or
vitamin around inside my cell. That way, as soon as I find the
nutrients I need, I'm ready to use therm.

Therapist: Those seem like good strategies. But what happens
if they don’t work?

Diatom: Well, I try to get by with less of whatever I'm feeling
starved for. Sometimes I can substitute some other nutrient for
the scarce ones, but this doesn't always work very well. I just can't
work as efficiently when I'm starved, but I can make do and grow
more slowly for a while. If supplies of these nutrients are too low, I
just won't survive. You can see why this is causing me such anxiety.

Therapist: Yes, your reaction seems perfectly natural. Let's try
to think of ways to manage this stress. Are there any ways you
could predict what nutrients you are going to be starved for?

Diatom: Well, I'm not sure. I know that oceanographers are
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locking into this, too. They want to know which nutrients starve
me and the other phytoplankton. But they don't seem much better
than me at predicting which nutrients are limiting how much we
can grow. Until a couple of years ago, the scientists weren't even
sure we could be limited by the lack of vitamin By,!

Therapist: That's interesting. Go on.

Diatom: Cme way scientists find out about what controls our
growth is to take some of us out of the ocean, put us in bottles, add
different nutrients, and watch to see which make us grow faster.
This doesn't make a lot of sense to me, becanse I know that being
in a bottle can make us plankton respond to nutrients differently
than we do growing in the ocean. There just has to be a better way.

Therapist: Yes, yes. But I'm afraid we are out of time; let's pick
this up again next session.

The following week.

Therapist: I did some research after last weelt’s session and
found something that may help. It seems that some scientists are
actually finding new ways to learn about what starves you phy-
toplankton. Really. They're locking closely at changes in the way
you grow when you are starved for specific nutrients, particularly
vitamin By,. They are figuring out how to measure those coping
strategies you told me about last weele. They have developed new
technologies that allow them to detect and measure proteins that
organisms malke when they are grown under different conditions.

Diatom: Are you saying that ocean scientists think they can tell
when we phytoplankton feel starved for By, just by watching what
kinds of proteins we make? They actually are interested enough in
phytoplanlkton to make new methods to do this?

Bactaria and unicallular marine plants callad
diatoms depand on each othar for soma
assantial nutrisnts, but they
also compata for

other nutrients.

So life gats

complicatad in

the chamical soup

of the ocean.
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Diatoms convert
carbon dioxide into
organic carbon via

photosynthesis.

Diatoms require vitamin
Byz. but they can’t make
it. Bacteria do make it, so
diatoms rely on bacteria,
which release By; into
the ocean when they grow,
are lysed (broken apart],

or are eaten.
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Therapist: That’s right. When the scientists grew some of you
in the laboratory, they noticed that you phytoplankton made more
of certain types of proteins when you are starved for the vitamin,
but not when you are starved for other nutrients. They call these
proteins “B4,-starvation indicator proteins.”

Diatom: They come up with fancy names, those scientists. If
only they could learn how to measure those—what did they call
them, By, -starvation indicator proteinst—if only they could mea-
sure them in the ocean instead of just in the lab! If they could,
they could figure out what controls all the patterns and processes
that lead to us getting starved for vitamin By;. I'd sure love to
know that. Then I could be prepared for the stress. That would
make life so much easier!

Therapist: I know that they are doing their best. In order to
use these measurements to learn about what stresses you, the
scientists will need to measure these proteins from within a very
complex mixture of many thousands or even millions of other
proteins in the ocean, and they must also be sure they understand
why you make this protein. They are getting closer!

Diatom: Wow, that’s great news. I feel a little better already.
It's comforting to think that those sclentists aren’t overlooking
me and care so much about me and my stress!

This research was suppored by a National Science Foundation
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Bacteria need organic
carbon, but many
cannot make it. So
they rely on diatoms,
which release organic
carbon into the ocean
when they grow, are
lysed, or are eaten by
zooplankton.

Diatoms and bacteria both need
iron, which is a scarce comm odity
in the ocean. So they compete
for it. If bacteria use up the iron,
diatoms won't have enough to
make organic carbon; if diatoms
use up the iron, bacteria won't
have it to make vitamin Bq3.



How does proteomics work?

Marine scientists have begun to apply a new biomedical ressarch approach to the
study of the ocean: proteomics. Genomics is the study of organisms’ genes (their
genomel, which provide the blugprints to make proteins (their proteomel. Proteins
catalyze chemical reactions in the organisms. So while genomics can tell you what
organisms are capable of, proteomics can tell yvou what organizms are actually
doing in response to conditions and changes in their environment. A key technique
of proteomics research uses mass spectrometers that distinguish and measure
various proteing in organisms. Here's how it works:

Detergent
is added to
sample and cells
are broken apart
using ultrasonic
Energy.

Chemicals

are added

to separate out
proteins.

Peptides are

injected into a
column, which allows
them to be separated
according to their
chemical properties.

Enzyme is added
to chemically
cleave proteins into
shorter peptides.

Proteomics: A new way to explore the sea

Pn:nteius are important in oceanogra-
phy because they are the “do-ers” in
the cell: They catalyze chemnical reactions
required to support life and are the agents
that interact with the environment outside
the cell. By looking at what proteins are
used by marine microorganisms, we can
learn about the chemistry going on in
the ocean, including what nutrients
limit phytoplankton growth.
M: ito's lab group at
Woods Hole Oceanographic
o Institution has been working
8% to perfect techniques using
' proteomics for studying
proteins in the marine envi-
ronment. Proteomics is used
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to identify and measure large numbers

of specific proteins in very complex mix-
tures—such as the ocean. The techniques
involve brealing up the proteins into pieces
called peptides, separating those peptides,
measuring their masses, and examining
how they break apart when bombarded
with energy. The way a peptide fragments
when it encounters this energy is charac-
teristic of its chemical structure.

The results are like a puzzle: Scientists
fit all the pieces back together and identify
the proteins that were in the original mix-
ture. This metheod, called mass spectrome-
try-based proteomics, enables a wide r:
of studies, from finding cancer bicmarkers
to diagnosing honeybee diseases—or in our
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case, learning how the scarcity of nutrients
can limit the growth of phytoplanlton.
Phytoplankton live near the ocean
surface and convert carbon dicxide into
organic carbon via photosynthesis. While
all phytoplankton can become starved of
nutrients, our lab has focused on diatoms




As the

peptides
are separated,
they are sprayed
into a mass Peptides are
spectrometer. bombarded
It uses magnets with energy to
to measure the break them into
mass-to-charge smaller but still
ratios of the identifiable peptide

peptides. fragments.

because they are a particularly important
group in the ocean, and nutrient starvation
iz a major factor governing whether they
flourish or fade.

Diatoms grow quickly and form dense
blooms, when these blooms exhaust the
available nutrient supply, they can sink
quickly down from the surface ocean,
transferring large amounts of carbon from
the surface to the deep ocean. That process
plays an important role in determining
how much heat-trapping carbon dicxide
the ocean can absorb from the atmosphere.
These new marine protein measurement
techniques will help scientists make pre-
dictions about the impacts on phytoplank-
ton as humans continue to alter ocean
chemistry through coastal pollution and
fossil-fuel burning,

The mass spectrometer
separates peptide
fragments by molecular
weight and measures the
relative abundance of each
malecular weight group.

Relative Abundance

ass-10-Charge Ratio

Using computerized

bioinformatics to
analyze all these data,
scientists can reconstruct
the diatoms’ proteomes: that
is, which proteins, and how
many of them, were in the
original diatoms.

Proteome Reconstruction
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