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H
arvard scientists have cre-
ated a mighty mouse, a rodent
endowed with a rare type of
muscle that combines unusual

power and speed, like that of a sprinter,
with the endurance of a marathoner.
“Damn, they’re good athletes,” said Bruce
Spiegelman, a professor of cell biology at
Harvard Medical School, shortly after the
results were published in Cell Metabolism.
The genetically modified mice ran 25 per-
cent longer on a treadmill, and they did so
at faster speeds than normal mice, cover-
ing nearly 50 percent more ground before
reaching exhaustion. Their extraordinary
performance comes from a little-known
muscle type termed IIX, which normally
exists as a few scattered fibers mixed with
other, more abundant, muscle-fiber types. 

Spiegelman’s interest in his
super mice has less to do with
their enhanced athletic
performance, however,
than with the therapeu-
tic potential of being
able to control muscle-
fiber-type switch-
ing. Treatments for
diseases of disuse
and of wasting, as
well as for muscu-
lar dystrophies, are
what he has in view.

“In mammals,
normally, almost all
muscles are mixed,”
he explains. “We

don’t have muscles that are purely one
type,” as does the IIX mouse. That means
the relative proportion of the various fiber
types determines the characteristics of a
particular muscle group. Muscles that
twitch slowly tend to be more oxida-
tive—favoring endurance activities.
Those that twitch fast are typically gly-
colytic—they rely more on stored carbo-
hydrates, conferring strength and speed.
“IIX fibers are the one type that falls o≠
that paradigm,” Spiegelman says. “They
are fast, but also oxidative, so they pro-
vide the ability to burst energy quickly,
but they use oxidative metabolism.”

Possibly, he says, IIX fibers
are an intermediate-
stage form that exists
when muscles are

changing in response to training. Though
type 1 muscle—the slow-twitch, highly
oxidative kind best suited for endurance
activity—is probably the best known, “it
is not clear in humans that you can do
much to change them,” Spiegelman says.
Most fiber-type switching in human
muscle is from IIB—a fast-twitch muscle
adapted for strength and speed—to IIA,
an oxidative, slow-twitch fiber that en-
hances endurance. IIX may be something
in between.

In 2002, Spiegelman’s laboratory dis-
covered that increasing the production of
a gene called PGC-1α could transform
muscles of mixed fiber-type into predom-
inantly slow-twitch types. Turning up a
sister gene called PGC-1β created the
mighty mouse. “What’s cool is that PGC-
1β did something di≠erent,” says Spiegel-
man; that may augur well for future re-
search. In the meantime, he has recently

shown that PGC-1α, on which his
research has progressed further,
“has a fantastic e≠ect” on
Duchenne muscular dystrophy
in a mouse. “This is exciting,”

he explains, because
“this is a terri-
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T
he recent announcement that
Lene Vestergaard Hau had suc-
cessfully changed light to mat-
ter, and then back into light,

evokes the magic of carrying moonbeams
home in a jar. That the general public
might harbor doubts about the success of
such research is understandable, but Hau
says even her fellow physicists were skep-
tical. “My colleagues would say, ‘Why
would you even try these experiments? It
won’t work right,’” says Hau, Mallinck-
rodt professor of physics and of applied
physics.

Her latest achievement builds upon a
succession of discoveries that began at the
Rowland Institute in Cambridge in 1999,
when Hau’s team first used supercooled
sodium atoms to slow light pulses down
to 38 miles per hour from their cruising
speed of 186,000 miles per second. By 2001,
Hau was able to halt the light pulse com-
pletely before sending it on its way. 

In the spring of 2006, Hau began a new
round of experiments, in the Cruft Labo-
ratory at Harvard, using the same 5- by 16-
foot optics table that she had used to slow
and stop light. The table floats on high-
pressure air and, Hau says, is “absolutely
filled to the brim with optics and optical
gizmos, laser systems and vacuum systems
and electronics everywhere.” In the midst
of an experiment, lasers criss-cross the
table, lighting up the room. “We have peo-
ple come into the lab who say, ‘My God, it
looks like a Christmas tree,’” she adds.

The lasers do more than delight onlook-
ers. One set works to illuminate the exper-
iment in progress, allowing the team to
create images and measurements of the
test; others are tuned to a specific fre-
quency and focused on two tiny “clouds”
or “pools” of neutral sodium atoms (each
pool only a tenth of a millimeter in diame-
ter), in order to cool their temperatures to
within a few billionths of a degree above

ble disease for which there is no treat-
ment. It is 100 percent penetrant, mean-
ing if you have the gene, you get the dis-
ease. The mean age of [human] diagnosis
is 4.6 years, and the average age at death is
17 years.”

Screening for chemical compounds that
will elevate PGC-1α in humans is now
under way at the Broad Institute in Cam-
bridge (see “Bigger Biology,” November-
December 2006, page 72), under the direc-
tion of Loeb professor of chemistry Stuart
Schreiber. Because exercise is known to
have beneficial e≠ects throughout the
body, and the PGC-1 genes are known to
be under the control of exercise, there is
also reason to believe that they may play
important roles in tissues other than
muscle—an intriguing possibility that
Spiegelman intends to explore during the
next few years. �jonathan shaw
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