





The Oscars
of Chemistry

Like a kid on Christmas morning, Marc Zimmer woke
up in sheer excitement on October 8, 2008. Before dawn, he logged
onto his computer to watch a live video feed from Stockholm,

Sweden, announcing the 2008 Nobel Prize in chemistry.

On that fall morning, the Nobel
Foundation broadcast that the
chemistry prize would go to Osamu
Shimomura, Martin Chalfie and
Roger Tsien for “the discovery
and development of the green

fluorescent protein (GFP).”

Considered the pinnacle of
scientific achievement, Nobel
Prizes honor discoveries in
different fields that have pro-
foundly changed the way we
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think and live.

Zimmer had a hunch that the 2008 chemistry prize might go to
the GFP discovery. Considered an expert on the topic, Zimmer
had been contacted by the Nobel Foundation months before the
announcement to give the committee details about GFP and

groundbreaking research on it.
(Shhh...Zimmer can't share the specifics for 50 years!)

Zimmer was not among the winners (he didn't expect to be),
but nonetheless the prize put his field of research in the inter-
national spotlight.

And for Zimmer, the news got even better. As a GFP historian and
scientist, he was invited to attend the lavish award ceremony in
Stockholm. He hob-knobbed with Nobel laureates, met Swedish

royalty and ate new foods like reindeer paté.

In an article he wrote about the trip, Zimmer reports, “The fact that
GFP was the basis of a Nobel Prize in chemistry, and that | could be
part of the excitement associated with its award, was a dream
come true."—E.C.

National Institute of General Medical Sciences

Different backgrounds

continued from page 5

Because the discovery of GFP has led
to so many potential applications, it
was honored with the 2008 Nobel
Prize in chemistry (see “The Oscars
of Chemistry,” left).

Making Light of Things

Zimmer has spent the last 15 years
studying GFP in his computer lab
at Connecticut College. He's most
interested in the protein’s three-
dimensional structure.

Shaped like a soda can, GFP is made
up of 238 amino acids. Just three

of these amino acids come together
in the center to form the chromo-
phore—the protein’s light source
(see image, page b).

Zimmer wants to know, step-by-step,
how this part of GFP helps the pro-
tein give off green light. To do this, he
uses computers.

“We can see things on the com-
puter that we really can't see in real
life because they occur too fast,”
he explains.

From start to finish, the chromo-
phore takes its unique shape in
about an hour. Compared to other
molecular processes, this is pretty
slow. But Zimmer says it's still too
fast for traditional structure deter-
mination methods.

So Zimmer uses information about
other fluorescent proteins to calculate
each twist and turn of GFP’s chromo-
phore formation. This precise
sequence, he says, could eventually
allow researchers to turn fluorescent
proteins on or off whenever needed.

Zimmer is also using this structural
information to design brighter pro-
teins, particularly ones that glow red.
Unlike other colors, shades of red
give off the lowest amount of energy,
making these proteins much safer to
use in living tissues.

Reds also have the longest wave-
length, which means they can



lead to different approaches to problem solving.

penetrate deeper and still be visible.
That's why you see only red light
when you hold your hand over a
flashlight—the colors with shorter
wavelengths get absorbed by

your flesh.

In addition to improving the proper-
ties of fluorescent proteins, Zimmer
is studying the structure of a bio-
luminescent protein found in corals
as well as the one that turns fireflies
into beacons of light.

Science Club

While many scientists spend their
research careers studying just one
aspect of fluorescence or one partic-
ular protein, Zimmer bounces from
project to project. It's partly because
he likes to work on many things at
once: He's often on the computer,
watching TV and listening to music
at the same time.

But there's another reason. Zimmer
sets up smaller, shorter studies to
get students involved in research.

Some of his students work in the lab
for class credit during a school
semester, while others get paid for it
during the summer. Students can
make up to $3,500, but they must
work 9 hours a day for 10 weeks.

Most of the student projects focus on

GFP and other fluorescent proteins.

Zimmer works closely with the stu-
dents, especially in the beginning,
to make sure they're familiar with
the basic concepts and equipment.
Some students think Zimmer lives
on campus, just like them, because
they can always find him in class or
in his lab or office.

FIND MORE

Check out Marc Zimmer's article
about the GFP Nobel Prize at
http://www.nigms.nih.gov/findings

“There has never been a time when |
tried approaching Marc and he wasn't
there,” says sophomore Rabia Nasir.
For two and a half hours each week
one semester, she downloaded
structural details about many differ-
ent types of fluorescent proteins

to compare and modify them.

Senior Luisa Dickson has spent
two “intense” summers working in
Zimmer's lab, where she calculated
specific measurements for more
than 1,000 GFP molecules. “Even
though this sounds tedious,” she
says, ‘I enjoyed every moment.”

Her work paid off in other ways, too.
The findings contributed to two larger
studies on the GFP chromophore
structure that were described in
scientific journals, making this
undergraduate a published author.
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And she’s not the only one. Of the
56 students who have worked with
Zimmer, 34 have co-authored pub-
lications and 35 have presented talks
or posters at scientific meetings.

About half of all his students have
gone on to medical school or a grad-
uate program in the sciences.

Recruiting Chemists

Zimmer says that students often
don't pursue chemistry because they
think it will be boring or won't lead to
tangible careers, as opposed to fields
like nursing or engineering. But
chemistry, he counters, offers plenty
of job opportunities.

"One of the big challenges for [scien-
tists] is to go out to middle schools

story continues on page 8

Zimmer travels to middle schools and high schools to show students that chemistry can be exciting and fun.
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Nerve cell proteins (reddish orange)
build up in the brains of sleep-deprived
flies (right).

Why Sleep?

All animals sleep, including flies.
Like us, these insects need more
sleep if deprived of it, they perk up
with caffeine and their primitive
brains have small electrical surges
while they snooze.
However, unlike people,
flies breed quickly, and since
researchers have a detailed
knowledge of their genetics and
behavior, flies are an ideal model
system for studying biology.
Scientists are using fruit flies
to find out why we sleep—and
what happens when we do.
Neuroscientists Chiara Cirelli
and Giulio Tononi of the University
of Wisconsin-Madison conclude
that sleep refreshes nerve cell
connections that become over-
worked while we are awake.
They found that levels of pro-
teins in synapses—the working
ends of nerve cells—plummet at
night in well-rested flies, presum-
ably clearing away excess “noise”
built up during the preceding day.
The scientists reason that the
molecular housecleaning that takes
place during sleep readies the brain
for learning and allows it to save
energy. If proven true in humans,
the results could deepen under-
standing about insomnia and other
sleep disorders.—A.D.

National Institute of General Medical Sciences

Learning science. .. .1t's about doing.

continued from page 7

and high schools and tell students
what they can do with chemistry and
what it's all about,” he says.

Zimmer is the first to follow his own
advice. He often packs up his travel-
ing mice-and-fish show and heads to
local schools to teach students about
GFP and, more generally, about what
it's like to be a chemist.

During one of these visits, Zimmer
met Tonesha Hunt, a high school
senior at a Connecticut magnet
school. He guest-taught her biotech-
nology class for three consecutive
days, using props, demos and jokes
to engage his audience.

“The class itself was already good,
but Marc made it great,” says Hunt.
“He did what many other visitors did
not—he got the class involved.”

At the time, Hunt had already picked
her dream college, but Zimmer made
her think twice about her choice.
Today, she's a sophomore at
Connecticut College.

Hunt is part of the college’s Science
Leaders Program, which is geared
toward underrepresented students
interested in science. Through the
program, directed by Zimmer, stu-
dents receive additional guidance
and have access to research oppor-
tunities and internships.

FIND MORE

Zimmer values diversity in science and
refers to his own lab as a mini-United
Nations because his students come
from all parts of the world (including
Connecticut). One student is the first
in his family to go to college.

Different backgrounds, says Zimmer,
lead to different approaches to prob-
lem solving (see “Making a MARC,”
page 14).

“If you have a diverse lab, you've got
a much better chance of approaching
the problem from different directions
and maybe finding something you
wouldn't have thought of if every-
body was thinking the same way.”

At the end of the day, Zimmer's stu-

dents go back to their dorms and tell
their roommates all about chemistry,
and Zimmer goes home to his family.

Now plain white, his mice run through
the obstacle course designed by
his 10-year-old daughter. The fish,
returned to gray, circle their bowl
gasping for food flakes.

Zimmer puts away his chemistry
books and instead reads a few chap-
ters from an African adventure novel
before dozing off.

He needs some sleep because
in the morning, it's show time
once again. eee®

It glows! Learn about GFP at http://gfp.conncoll.edu





