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Wiring the Brain
DEVELoPMENT IN SoME PARTS oF THE BRAIN IS CoNTRoLLED  

BY NEuRAL ACTIVITY RATHER THAN ExPERIENCE.

A newborn’s brain develops by forming and strengthening new 
synapses—connections between neurons—in response to sights, 
sounds, and experiences. But one part of the brain, the basal ganglia, 
doesn’t receive inputs from the external world, so how does it build 
its wiring shortly after birth?

Research by HHMI investigator Bernardo Sabatini suggests that 
self-reinforcing loops of neural activity may drive the development 
of synapses in the basal ganglia, a region of the brain that uses sen-
sory and social context to direct movement. 

The basal ganglia’s main input center—the striatum—orches-
trates movement through two pathways: a direct pathway that 
stimulates movement and an indirect pathway that inhibits move-
ment. To learn how striatal activity affects neuronal development, 
Sabatini and his colleagues at Harvard Medical School bred mice 
whose indirect or direct pathways were turned off because they were 
incapable of releasing the chemical messenger GABA. 

The scientists expected that silencing these neurons would 
stop them from forming connections between the striatum and 
receiving neurons. Instead, even with the striatum’s output signal 
silenced, the synapses grew normally. However, silencing the direct 
pathway prevented the formation of connections delivering input 
to the striatum, and silencing the indirect pathway increased the 

growth of these input synapses. 
The circuit was basically wiring 
itself—output controlled the 
development of input. 

In a follow-up experiment, 
the group reduced the activity in 
neurons providing input to the 
striatum during development. 
When these mice reached adult-
hood, their brains had fewer 
neuronal connections in their 
striatum than normal mice, sug-
gesting that wiring changes in 
the basal ganglia during early development can have lasting effects. 

This research, says Sabatini, reveals the existence in basal ganglia 
development “of a very important positive feedback loop where some-
thing can establish itself by driving its own maturation into the right 
state.” Sabatini’s team published its results May 31, 2012, in Nature. 

“We went into the study with hypotheses that were completely 
disproven by the study,” says Sabatini. Ready for more surprises, he will 
continue to engineer mice, activating and inactivating specific neurons 
to reveal how perturbations affect wiring later in life. W  – n o r a  ta r a n t o

the expressed FAP proteins with x-ray crys-
tallography. unexpectedly, the researchers 
saw pockets in FAPs that held tightly to 
fatty-acid molecules from the bacteria. In 
a similar way, CHI grabs chalcone to turn it 
into plant flavonoid. 

Tracking FAP proteins in Arabidopsis, 
the team found that they play a role in 
fatty acid biosynthesis and regulation in 
chloroplasts. Even algae, the modern-day 
example of early plant ancestors, rely on 
FAPs. Based on these findings, Noel posits 
that FAPs are the immediate precursor to 
CHI. The work was published May 13, 2012, 
in Nature. 

wHAt mAkes yoUr cLock tIck?
Two proteins, CLoCK and BMAL1, are re-
sponsible for the circadian rhythms that 
regulate our sleep patterns, blood pres-
sure, and metabolism on a 24-hour schedule.  
Now, HHMI investigator Joseph S. Takahashi 
has solved the three-dimensional structure 
of these proteins.

CLoCK and BMAL1 are “the batteries 
of the biological clock,” says Takahashi, 
at the university of Texas Southwestern 
Medical Center. 

Despite the proteins’ important role, 
scientists had been unable to resolve their 

structures. Since the discovery of the Clock 
gene in 1997, researchers had tried in vain 
to isolate the CLoCK and BMAL1 proteins 
in the crystalline form required for x-ray 
crystallography. Takahashi’s group suc-
ceeded by coexpressing the two proteins 
and then paring them down to isolate 
the areas that interact with each other. 
They discovered that CLoCK is entwined 
around BMAL1 and that tight interactions 
occur in three different regions. In one 
region, the proteins are interlocked, and in 
a second region, a single amino acid from 
BMAL1 fits snugly into a groove in CLoCK. 

With the structure in hand, published 
May 31, 2012, in Science, scientists can 
delve into how other proteins vie for the 
binding spot on CLoCK, and how gene 
mutations of the protein-binding site 
alter circadian rhythms. Takahashi next 
hopes to solve the proteins’ full-length 
structures and their complexes with other 
CLoCK proteins. 

Not yoUr PAreNts’ Home vIDeo
Suspended in liquid and illuminated by 
beams of light, thousands of cells divide 
and differentiate into the neurons, muscle, 
and skin of a fruit fly embryo. These are the 
kinds of movies scientists can capture with 

a new microscope designed by biophysi-
cist Philipp Keller. 

Named SiMView, for simultaneous 
multiview light sheet microscopy, the 
microscope captures millions of images, 
allowing scientists to watch developmen-
tal biology unfold with unprecedented 
detail. The images rely on two sheets of 
laser light that scan back and forth over 
the embryo for hours on end. The fluores-
cently labeled cells emit light in response 
to the laser illumination, allowing Keller 
and his colleagues at HHMI’s Janelia Farm 
Research Campus to watch each cell 
move and divide throughout the embryo’s 
development.

on a large table filled with optical lenses  
and mirrors angled to precision, the lasers 
are flawlessly aligned, and the two cameras 
straddling the sample chamber must be 
in perfect calibration to achieve the high-
resolution videos. “Instead of looking at the 
sample from one direction” like most micro-
scopes do, Keller says, “we look at it from 
four directions at the same time.” The result 
is a view of the developmental process as 
it occurs—from every side of the embryo, 
start to finish. 

The results were published June 3, 2012, 
in Nature Methods. 

I N  B R I E F

An electrode fills an indirect  
pathway neuron with a red fluoro-
phore to help measure its growth.
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