
to-zygotic transition, but they had a hunch 

that was just the tip of the iceberg. The sci-

entists gathered fruit fly embryos at various 

stages of development and isolated bits of 

embryonic DNA to which Zelda was bound. 

They discovered that after only eight cycles 

of cell division—approximately an hour 

before the maternal-to-zygotic transition—

Zelda was bound to most of the genomic 

regions active during the transition. Their 

findings were published October 20, 2011, 

in PLoS Genetics.

“Zelda appears to be acting as a kind of 

gatekeeper,” says Eisen. “While most of the 

genome remains dormant at the maternal-

to-zygotic transition, places where Zelda 

binds are poised for activation.” Eisen’s 

analysis of other insect genomes reveals 

that they a have proteins similar to Zelda, 

highlighting its importance to insect 

development.

ORIGINS OF THE  

MOLECULAR MACHINE

Many cellular processes are carried out by 

molecular machines composed of multiple 

proteins with specific functions. This begs 

the question of how the gradual processes of 

evolution built up these elaborate complexes. 

HHMI early career scientist Joseph Thornton 

of the University of Oregon may have found 

an answer.

Thornton and his colleagues focused on 

part of an enzyme called vacuolar proton- 

ATPase, or V-ATPase. In plants and ani-

mals, the enzyme’s transmembrane ring 

is assembled from copies of two different 

kinds of proteins, but three distinct proteins 

form the ring in fungi. Thornton’s lab, work-

ing with biochemist Tom Stevens at the 

University of Oregon, wanted to know how 

the fungal ring became more elaborate. 

To answer this question, they resur-

rected the ancient ring proteins as they 

existed just before and just after the 

increase in complexity and assayed their 

functions in yeast. They found that a gene 

duplication of one of the components of 

the two-subunit ring produced the third 

subunit, and this ancestral protein could 

carry out all the functions that were later 

divided among its two daughter copies. 

As the team reports in Nature on 

January 9, 2012, the explanation for the 

proteins’ specialization lies in the struc-

ture of the complex. The ancestral protein 

was able to occupy almost any position in 

the complex because it could interact with 

any ring component on either side; each 

daughter protein, however, lost the capacity 

to interact with certain neighbors on one 

side or the other. 

Thornton believes that this kind of pro-

cess—elaborate complexes evolving when 

generalist proteins duplicate and lose 

ancestral functions in a complementary 

fashion—is likely to be widespread in the 

evolution of molecular machines. 

INITIATING A CALL TO  

ARMS IN PLANTS

When a plant is attacked by pathogens, it 

changes its focus from growth to defense. 

According to HHMI-GBMF investigator 

Xinnian Dong, a single protein acts as the 

master switch to coordinate all the genes 

involved in this call to arms.

Fifteen years ago Dong, at Duke Uni-

versity, discovered that a protein called 

NPR1 helps turn on genes for antipathogen 

proteins in plants. Now, she and her col-

leagues have shown that NPR1, in turn, is 

activated by a protein called TL1-binding 

factor 1 (TBF1). In fact, TBF1 turns out to be 

a key genetic manager that orchestrates 

the growth-to-defense transition by acti-

vating or silencing around 3,000 genes. 

I N  B R I E F

Locating a Genetic Glitch
INTERNATIONAL TEAM FINDS GENE RESPONSIBLE  

FOR RARE MOVEMENT DISORDER.

 A team of 41 scientists led by HHMI investigator Louis Ptáček has 
pinpointed the gene responsible for a rare disease that causes sud-
den, uncontrollable movements. The culprit is a little known protein 
that may be responsible for communication between neurons. 

Paroxysmal kinesigenic dyskinesia with infantile convulsions, or 
PKD/IC, is characterized by attacks of involuntary movements trig-
gered when a person switches between voluntary movements—for 
example, a transition from sitting to standing or walking to running.

Ptáček, a researcher at the University of California, San Francisco, 
and collaborators from two dozen institutions in 10 countries 
sequenced the entire genomes of one member from each of six 
families with PKD/IC. All the individuals carried mutations in a 
gene called proline-rich transmembrane protein 2 or PRRT2. In a 
second analysis, the researchers found the same PRRT2 mutations 
in 24 of 25 families with PKD/IC. The vast majority of these muta-
tions were truncating, meaning they shortened the PRRT2 protein 
they encode.

PRRT2 is normally found in the axons of nerve cells, but cells 
expressing mutant PRRT2 had almost no protein in their axons. As 
a result, the researchers theorize that individuals with PKD/IC have 
hyperexcitable nerve cells that cause the sudden movements. They 
published their findings January 26, 2012, in the inaugural issue of 
Cell Reports.

The scientists also found that 
PRRT2 interacts with a protein called 
SNAP25, which is involved in signal-
ing between nerve cells. SNAP25 
plays a role in helping synaptic 
vesicles dock to the cell membrane 
and empty their contents into the 
junction between nerve cells. This 
finding suggested to the researchers 
that people with PKD/IC may have 
defects in signaling between their 
brain cells. Ptáček found further sup-
port for this idea when he discovered 
that a protein that causes a related 
disease called paroxysmal nonkinesi-
genic dyskinesia, or PNKD, regulates neuronal signaling. He plans 
to test this hypothesis by engineering mice that lack the PRRT2 
protein. 

New treatments aren’t necessary for PKD/IC can easily be 
controlled with existing drugs, but Ptáček’s findings could pave 
the way for new therapies for more common forms of movement 
disorders, such as those in Huntington’s and Parkinson’s diseases. 

W – N I C O L E  K R E S G E

Defects in the interaction 
between the PRRT2 protein 
(green) and a protein called 
synapsin (red) have been 
linked to infantile convulsions. 
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