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Plant Life's Boxy Heart

There’s not always more than one way to skin
acat. Take the way plants use sunlight, water,
and CO, to synthesize the sugars they need
to grow and multiply. Early in the process, an
essential protein called photosystem I (PSIT)
uses solar energy to split water into hydrogen
and oxygen atoms, then pairs oxygens into the
0, molecules we breathe. Despite billions of
years of evolution, PSIT in all photosynthetic
organisms shares almost the
same catalytic core. With-
out it, a few ecosystems
near undersea hydrothermal
vents would be the only life
on Earth,

Researchers in Ger-
many got the first close-
up look at PSITin 2001 by
making a crystal of mil-
lions of copies of the pro-
tein and bouncing x-rays
off it to probe its structure.

Such crystllography experiments can map
complex proteins in near-perfect atomic
detail. But the early maps of PSIT were too

fuzzy to show the exact arrangement of

atoms in the core.

The maps got better in 2009. And this
year, researchers in Japan captured the pro-
fein in full, exquisite detail—including its

heart of four manganese atoms, five oxygen

water molecules and generates molecular oxygen, ke
steps in converting suntight to chemical fuel.

atoms, and a calcium atom. The snapshot
revealed that these core atoms form a cube
with a short tail hanging off one end. That
shape, it turns out, is critical for holding
pairs of oxygen atoms close enough together
to be knitted into (.

This structure 1sn't just essential for life;
it may also hold the key to a source of clean
energy. Today’s societies rely almost exclu-

gy

car'tmatch plants’ ability to convert sunlight
intochemical fuels. Yes, we canuse solarcells
o make electricity—but electricity
is tough to store in mass quantities.
Researchers around the globe are
racing fo come up with catalysts to
do the job. One option is splitting
water to generate 0, and molecu-
lar hydrogen (H,), which can be
burned or run through a fuel cell
to produce electricity. Researchers
have created numerous calalysts to
split water and generate 0. And
so far the best ones have nearly the
same cubic arrangement of atoms
at their core as PSIL Knowing the
structure of nature’s catalyst may
help scientists design better syn-
thetic ones.

Researchers nailed down
crystal structures of several other
important proteins this year. But

II's structure offers a window
into a catalyst that is essential not
only for past and present life on
Earth but also perhaps for the fufure

pivilizatinn

NN
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This structure isn’t just
essential for life; it may also
hold the key to a source of clean
energy.
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PSII’s structure offers a window
into a catalyst that is essential
not only for past and present life
on Earth but also perhaps for the
future of civilization.
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