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How algae change their internal solar panels
to stay alive

February 28 2018, by Igor Houwat And Zhiyan (Rock) Du

Working like solar panels, thylakoids capture sunlight, which kickstarts
photosynthesis in organisms like algae and plants. Credit: Pexels, CCO Creative
Commons

A collaboration between the Benning and Kramer labs is revealing how
nature's solar panels, found inside algae, constantly grow and shrink in
size to adjust to changes in their environments, a crucial system that

1/6



PHYS 19X

ensures their hosts stay healthy and alive.

The scientists want to use this knowledge to someday syphon the energy
from nature's solar panels into technologies that benefit humanity. This
vision requires they know how and when the solar panels work best in
their natural contexts, where they face scalding sunlight, cold
temperatures, drought, and countless other variables.

The solar panels, called expand iconthylakoids (thigh-la-koyds), kick
start expand iconphotosynthesis, the process that powers life on Earth by
capturing sunlight and turning it into food and consumable energy.

When photosynthetic organisms have enough resources to grow —
nutrients, the right temperature, enough water — photosynthesis hums
along and they thrive.

But during difficult times — say, nutrients are scarce, or the environment
is too cold or dry — neither can the organisms grow nor can they hide
from the hostile environment.

In those cases, they must dial back photosynthesis until the stress blows
over. This ability to change the rates of photosynthesis is a matter of life
and death. Without it, the organisms produce bad toxins that inflict self-
harm that can be fatal.

The new study, published in The Plant Cell, shows that a expand
iconprotein in algae, called PGDI1, contributes to managing the size of

the solar panels in response to changes in the alga's environment.

The Science: The type of 'fat molecules' algae make changes how they
capture sunlight

Like actual solar panels, thylakoids are made of layers of film (or
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membranes) that contain antennae to capture sunlight. In addition, they
have machines to convert that sunlight into energy and food that can be
consumed by living beings.

The film layers, the focus of the study, are made of expand iconlipids,
small molecules found in fats and oils.

By adjusting the amounts and types of lipids, an organism can change
the size of its solar panels and control photosynthetic activity — say, the
more surface, the more antennae and machines can fit on it, the higher
the photosynthetic activity.

Algae were stress tested in these bioreactors made in the Kramer lab. Each is a
'pond in a jar' that can reproduce real-world settings for testing purposes. Credit:
G.L. Kohuth
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During stressful times, however, organisms change the lipids to
"downsize" the film layer. With less surface area to capture sunlight,
photosynthesis is dialed down.

"The lipid-processing protein, PGD1, has been known to contribute to
the amount and make-up of thylakoid film lipids," says Zhi-Yan (Rock)
Du, a post-doc in the Benning lab. "What we found was that this protein
manages the most abundant type of lipid, which accounts for about 50%
of the thylakoid's lipid make-up."

In fact, when the scientists genetically removed that lipid-processing
protein from an alga strain, Chlamydomonas reinhardtii, the thylakoid
structure was altered, and so was the number of antennae and machines
within.

Without adjusting the solar panels, algae can't weather stressful
environments

The team then tested those algae lacking the lipid-processing protein
under stressful conditions they might encounter in nature to see how well
they would adjust.

For example, if algae grow without enough nitrogen, they cannot make
proteins, and they change the way they store energy. Or if algae are
exposed to cold temperatures, their metabolism slows down.

In these situations, the same amount of sunlight still hits the algae, but
they cannot use all the energy that comes out of it, because of their
subpar metabolism. Unused photosynthesis energy can build up to levels
that cause deadly damage.
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That is precisely when healthy cells would downsize the solar panels and
lower photosynthesis rates to prevent the damage from occurring.

"But," Rock says, "our mutants that lacked the crucial lipid-processing
protein had trouble doing that. The cells accumulated toxins that hurt the
algae, which got sick and lost their coloring."

"We think this ability to control solar panel size is a survival strategy for
the outdoors," he adds. "Next, we plan to explore more variations on
thylakoid lipid profiles to understand how photosynthesis and the algae's
health are affected."”

The researchers' long-term goal is to exploit algal energy for human uses,
as algae are increasingly seen as a future source of biofuels and food in
aquaculture. The aim is to develop algae with higher resistance to
environmental stresses, which will improve their photosynthesis yields.

On a final note, Rock credits the collaborative structure at the MSU-
DOE Plant Research Laboratory for the results. "We in the Benning lab
know lipids, while the Kramer lab studies photosynthesis in dynamic
environments. This work would have been difficult to conduct if we
weren't all working together."

More information: Zhi-Yan Du et al. Galactoglycerolipid Lipase
PGDI1 Is Involved in Thylakoid Membrane Remodeling in Response to
Adverse Environmental Conditions in Chlamydomonas, The Plant Cell
(2018). DOI: 10.1105/tpe.17.00446
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