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Spinach Power Adds Muscle to Batteries

By KATIE ZEZIMA

CAMBRIDGE, Mass.

ENTS and doctors have

P‘ltc:}'lg talked up the powerful
properties of spinach.

Now an unlikely group has joined
the chorus: researchers seeking to
put more oomph in batteries.

Scientists at the Massachusetts In-
stitute of Technology, the University
of Tennessee, the United States Na-
val Research Laboratory and the De-
fense Advanced Research Projects
Agency have found a way to harness
the energy that plants use during
photosynthesis to convert light to en-
ergy. They are using the process to
extend the life of batteries in cellular
phones, laptop computers and other
portable electronic devices.

While the research is still at an
early stage and scientists say com-
mercial applications are years away,
they add that the discovery chips
away at the barriers between nature
and technology.

“This really shows that there is a
way of using biologically produced
molecules and coupling them direct-
ly into applied electronic circuitry,”
said Barry Bruce, an associate pro-
fessor of biochemistry and cellular
and molecular biology at the Univer-
sity of Tennessee-Knoxville and one
of the scientists working on the
project. “This opens up a gateway for
applied application, whether you
want to make DNA wires or enzy-
matically based reactor cells.”

This is the first time scientists

were able to extract “something as
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GREENS Shuguang Zhang of M.I.T. and a photosynthesis-powered chip.

fundamental as an electrical cur-
rent” from photosynthesis, Professor
Bruce said. While previous efforts
have produced currents that lasted
for a few hours, this group of scien-
tists produced an electrical current
that lasted for three weeks.

Earlier efforts to extract a current
from photosynthesis failed because
the proteins that capture energy
from sunlight died without water.
But Shuguang Zhang, associate di-
rector of the Center for Biomedical
Engineering at M.L.T., was able to
create a peptide detergent from ami-
no acids that stabilized the protein
and allowed it to channel energy.

Professor Zhang said the re-
searchers liquefied spinach in a cen-
trifuge. They extracted the protein

and placed it, heads up and with
spaces between each protein, on the
chip. The peptide detergent was in-
serted in the spaces, and in an exam-
ple of a process known as self-assem-
bly, the two parts locked like fingers
holding hands, Professor Zhang said.

The mixture was wedged between
layers of plastic, gold and indium-tin
oxide, a transparent semiconducting
material. The resulting chips are du-
rable and easy to repair: more pro-
tein can easily be injected if one
stops working.

So far the chips have been built
with only one layer of the spinach so-
lution, and thus can produce a negli-
gible amount of electricity. But sci-
entists are planning to add additional
layers to harness more power.

“It's like building a building,” Pro-
fessor Zhang said. “It gets more
complete with each floor.”

The device, which looks like a
square microchip about a half-inch
on a side with green liquid visible in-
side, won't be able to power electron-
ics on its own, Professor Zhang said.
Rather, it will wrap around a battery
much like a leather case envelops a
cellular phone, using the power of
light to prelong the life of the battery.

“If we can put it on three dimen-
sions, we can get some use from the
juice,” Professor Zhang said.

Scientists chose spinach both for
its high chlorophyll content, which
makes it dark green, and its low
price. Green peas would have served
as well, but spinach is cheap, plenti-
ful and readily available. Scientists
usually have to grow and fertilize
their own fresh peas.

“You can buy nice bags of washed
baby spinach, and you can get that
year-round,” Professor Bruce said.

Scientists also hope to use the
chips for transistors and memory el-
ements, according to Marc Baldo, a
professor of electrical engineering at
M.LT. who worked on the project.
Professor Zhang said, however, that
devices based on the group’s discov-
ery will not be available commer-
cially for about a decade.

There may be a better detergent to
be found, and scientists must figure
out how to build chips with additional
layers of spinach matter, among oth-
er things. But vegetables could even-
tually power your electronics.

“It will take some time,” Professor
Zhang said, “but we have broken the
barrier for the concept.”



