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SCIENCE AND TECHNOLOGY

John Allen looks at research easting new light on how plants convert the Sun’s energy

ACROSS the cowstry, the British
are trying 1o tame the most im-
portant  biologicat process on
carth, Tae familiar rituat of ex-
tracting tawrmowers from their
winter hibernation and distract-
ing the quiet of subutban weck-
eads is prompicd by the unruly
spring growth of grass. For mest
peopie this is the most obvious
sign of the power of photasyn-
thesis: the ability of green plants
{and nther living cells) to harness
the energy of the sun’s light.
Without cxception, everything
that happens in the living world
needs energy to make it run, Afl
this energy ultimately comes from
the Sun, where hydrogen atoms
fuse at very high temperatures to
make helium and radiant energy,
ineluding light. Yet many of the
details of how photosynthesis
works arc still uncicar. The 1988
Nobei prize for chemistry wont to
three German biochemists who

worked out the structure that-

cells have built up to convert sun-
light into usefui encrgy.

The ¢ncrgy in our food was
converted from radiant cnergy re-
cently, when the plants thal we
eatused sunlight for their grawth.
So the wheels of a bicycle are
driven by nuclear fusion that hap-
pened & Tew yoars ago in a reactor
at the safe distance of 93 million
miles. The wheels of a car go

Photosynthesis has

come a long way in

3,000 million years
or so of evolution

round for the same feason, but in
that case the cnesgy was €on-
verted long ago, when 100 rmillion
vears of sunlight was compressed
into the coal, oit and gas on which
our style of civitisation can briefly
depend.

Photasynthesis has come a long
way in the 3,000 million years or
s0 0f evolution, but we can stil
ghimpse its cssential features in
the membrancs of the cells of
green plants, algac and photasyn-
thetic bacteria, [n all cases, a act-
work of “light harvesting” pig-
menis collects light and channels
it to the “reactioh centre” where
cRergy conversion occurs.

The detafled strugture of the
molecular machine — the reac.
tion centre — that carcies out this
crugial, early event of photosyn-
thesis was revealed by Johann
Deisenhofer, Hartmut  Michel
and Robert Huber of the Max
Planck institute for Biochemistry
at Martinsricd near Munich, in
their 1985 report on the rescasch
that won them the Nobel prizo.

Er a techinical tonr de force, they
made X-ray diffraction studics of
crystals obtatned from the photo-
synthetic membzanes of purple
bacteria. “Though protein crystal-
{ography has beea dong for some
tinsg, their studics wese the fist of
a membrane protein, which is in-

trinsically tnore difficult to crys-
tallise than water-saluble proteins
like hacmoglobin. The studics ze-
vealed the structure that under-
pins processes scientists feit had
been going on inside the photo-
syathetic reaction ceatre. ’
‘Fhe reaction ceatre converts
she cnergy of sunlight into electris
cal energy when the green pig-
meat, chicrophyll, {oses an elec-
tron to a neighbouring molecuie
of the closcly related substance;
catled phacophytin, The phago-
phiytin must haad the electron on
to a quinone molecule, and a se-
ries of other molecules it $in
play “pass the electron’. [a the fi-
nal part of the game, the cnergy s
transformed again - from elec-
trical into chemical energy stored

. in a molecule kaown as ATP.

The studies revealed a strucs
ture that fits the fdentikit picturc
of a reaction centre that had been
put together from indirect ovi-
derce. It shows four chlorophyll
malecules, two phacophytin mol-
ceules, a quinone molecuie and
an iron atom held in a very pre-
cise symmetrical arrangement by
theee large protgin molecules.
‘These proteins  are  plugged
through the celf membrane and
fotded asound and between the
other molecules, even including a
quinone-shaped hole for a second
quinone molecule. The refative
positions and  orientations  of
these moiecules reflect the indi-
vidual steps of electron transfer in
the reaction centre,

S0 the first and fundamental
step of encrgy conversion in pho-

iravellin ga

ation of the light hnrvesting.

tosynthesis is the movement of an
electron from one of the four
chiarophylis to the adjacent pha-
cophytin, This takes several mit-
Lionths of a millionth of a sceond,
The clectron moves to onc gui-
none in just less than a millionth
of p second and o te the second
quinopa in just less than a thou-
sandth of a second.

‘The photesynthetic membrane
of a cell also contains an array of
light-harvesting uaits to colleet
light in the way that a satellite-
dish untenna cotleets radio waves,
For light must be harvested by
this array of chloraphyll mole-
cules before the reaction centre
can work. Whatever its structure,
there are things we already know
about the aatenna of chlorophylls
and proteins that harvests Hebit.

For example, the aatcnna must be
large and operate at high effi-
ciency when sunlight is in short
supply — bui a swdden, bright
shalt of light witl then ddager-
ously overload the encrgy con-
verting, reaction centre unit if
there is no way of regulating the
supply of encrgy.

Green plants can regulate the
way light-larvesting and reaction
centee units work together by sub-
tly modifying the chemistry of
their protein molecules. This
chemical modification, phospho-
ylation, was discovered by Joha
Benanett at Warwick Univessity in
the late Seventies. The effect is to
disconnect a part of the light-har-
vesting upit from its neighbouring

reaction centre, and so decrease”

the amount of energy that is pre-
sented fo the reaction cenlze for
conversion.

But what does the detached,
phosphorylated  lghi-harvesting
unit do with the light it has ab-

‘sorbed, but cannot pass or for

conversion? Some groups believe
that the cnergy is converted
wastefully to heat, while others
believe it is redirected to a differ-
ent kind of rcaction ¢entre, in
whicl: case it may be saved.

We will be able to understand
the process only wien molccular
structures are available for the
phospliorylated and unphospho-

The answers should
tell us about
vision, smell and
hormone action

rylated proteins. But a subtle
modification of existing proteins
is not cnough to explain the great
differences  between plants or
celis grown in sunny and shady
environmenss. Here at Leeds
University, we think that the
switch that controls phosyphory-
“lation also conicols the activity of
the genes that give rise to the
light-narvesting and reaction ton-
tre components, We nced to
kaow how these gepes can be
turned on and off by light.

We need to kaow the structure
of light-harvosting complexes in
order to understand how they fit
together with reaction centres,
Then we will begin te understand
how the green machine of photo-
synthesis works and adapts. We
also ueed to know how photosyn-
thesis is abie to switch genes for
its own compenents on 2nd off.

“The answers should tell us rot
just about photosynthesis, but
more gesnctally about how pro-

teins interact with each other in.

any cell membrane. This in tuen
should help to provide an under-
standing of stber important activ-
ities in biology, inciuding vision,
smell, hormone action, and nesve
signal transmission.

The author is lecturer in’ Pure and
Applied Biology at Leeds University
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