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percentage of the tumors had mutations 

in NOTCH1, a gene upregulated in several 

other cancer types. In HNSCC, however, 

NOTCH1 was downregulated, meaning that 

in this case it acts as a tumor suppressor 

gene, keeping HNSCC tumors from form-

ing when it’s activated.

Many other mutations the research-

ers discovered were in genes involved 

in one molecular pathway: the differen-

tiation of stem cells into specific types of 

squamous cells.

These results underscore the impor-

tance of understanding mutations specific 

to a tumor before developing therapeutics.

UnregULateD transLation  

LinkeD to FragiLe X anD aUtism

Fragile X syndrome, the leading cause of 

inherited intellectual disability, results 

from mutations in the gene encoding the 

Fragile X mental retardation protein 

(FMRP). Researchers know that FMRP 

binds to messenger RNA (mRNA) in cells, 

but there is little consensus about the 

protein’s specific RNA targets and 

mechanism of action.

In the July 22, 2011, issue of Cell, HHMI 

investigator Robert Darnell, together with 

his wife Jennifer Darnell and other col-

leagues at the Rockefeller university, 

propose that the cognitive dysfunction 

associated with Fragile X syndrome may 

be the consequence of FMRP’s failure to 

do its job of blocking translation of certain 

mRNAs in the brain—a process that is criti-

cal for learning and memory.

Jennifer Darnell, a biochemist and 

leader of the group’s Fragile X team, 

speculates that halting translation could 

allow the mRNA to be moved from the  

cell body to distant synapses, allowing  

the proteins to be rapidly manufactured 

“on site” as needed.

To pinpoint the specific mRNAs that 

interact with FMRP inside neurons, the 

group employed HITS-CLIP, a technique 

developed in Darnell’s lab to identify RNAs 

that interact with particular proteins.

The team discovered that approximately 

30 percent of the 842 mRNAs recognized 

by FMRP encode proteins found at neuro-

nal synapses. Analysis revealed a striking 

overlap between these mRNAs and autism 

susceptibility genes or loci, illuminating 

a potential basis for shared symptoms in 

Fragile X syndrome and autism.

Further analysis revealed that FMRP 

is able to halt the ribosomes that cata-

lyze protein synthesis as they move 

along mRNA strands, effectively stalling 

protein production. In the absence of func-

tional FMRP, however, translation speeds 

along unimpeded.

protein aggregates ampLiFy 

immUne response

A cell needs to act quickly to ward off viral 

attack. According to a team led by HHMI 

investigator Zhijian J. Chen, this rapid 

response is made possible by a protein that 

behaves like a prion.

Previously, Chen’s lab group at the 

university of Texas Southwestern Medical 

Center at Dallas discovered an immune 

system protein called MAVS (mitochon-

drial antiviral signaling) on the membranes 

of mitochondria—cellular organelles that 

generate energy. To study the role of MAVS 

in the antiviral immune response, Chen and 

his colleagues reconstituted the response 

pathway in a test tube, breaking open cells 

and combining their contents with viral 

RNA. The effect on MAVS was drastic and 

immediate: the normally solitary proteins 

aggregated by the hundreds on mitochon-

drial surfaces.

“This reminded us of prions,” says Chen. 

“But the most important feature of prions 

is that they can cause the native protein 

I N  B R I E F

When Membranes Merge
SCIENTISTS ARE uNCoVERING DETAILS oF SYNAPTIC SIGNALING BETWEEN NEuRoNS.

Neurons communicate by releasing the contents of vesicles full of 
neurotransmitters into the space between one neuron and the next. 
Details of this fraction-of-a-millisecond step are now clearer, thanks 
to a powerful tool developed by researchers led by HHMI investiga-
tor Axel T. Brunger.

As an electrical impulse travels through a nerve cell, chan-
nels in the cell membrane open, allowing calcium ions to rush 
in. Researchers knew this flash flood of calcium somehow sig-
naled vesicles to fuse with the neuron’s membrane and spill their 
contents into the synaptic cleft—the gap between neurons. But 
previous assays to illuminate the process told a misleading story. 
In those systems, membrane lipids were tagged with fluorescing 
dyes, and lipid mixing (from two distinct membranes) was used 
as an analog of fusion. The new assay, reported July 19, 2011, in 
the Proceedings of the National Academy of Sciences, demon-
strates that while lipid mixing is necessary for fusion, it’s far from  
the whole picture.

“Those assays showed only part of the process, and they kept 
the calcium concentration constant,” says Brunger. “So they didn’t 
show the process from start to finish.”

To mimic fusion and neurotransmitter release, Brunger and 
colleagues at Stanford University and the University of California, 
Berkeley, tagged donor vesicle contents with green self-quenching 

dye and its membrane lipids with red 
self-quenching dye. Self-quenching 
dyes are more intense at lower con-
centrations; at higher concentrations, 
the fluorescence fades as the dye 
turns itself off.

The researchers mixed these 
tagged donor vesicles with acceptor 
vesicles tethered to a glass surface 
and then exposed them to stepwise 
increases in calcium. Using micros-
copy, they were able to distinguish 
between the vesicles docking closely 
(red lipid mixing) versus merging 
completely (both green and red lipid 
mixing) by monitoring dye intensity. As the vesicles fused, the concen-
tration of tagged content decreased, causing brighter fluorescence.

Using the new method, Brunger’s team showed that a set of 
proteins called SNAREs initiates membrane fusion and that the 
protein synaptotagmin-1 lowers the barriers to fusion upon calcium 
influx while the protein complexin increases fusion efficiency. The 
team plans to continue to examine the roles of other proteins in 
the fusion process. W – j e n n i  l a i d m a n 

A new assay sheds light 
on vesicular traffic at the 
 synapse, depicted in this 
artistic rendition.
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