
AN IMMUNOLOGICAL ARMS RACE

Protein kinase R is one of the most potent 

weapons in a cell’s protective arsenal. The 

enzyme lies dormant until triggered by 

a replicating virus. Then, it springs into 

action, shutting down protein production 

inside the cell, effectively halting viral rep-

lication. HHMI early career scientist Harmit 

Malik recently discovered how one virus 

outwits this defense mechanism by bulk-

ing up its genome.

The vaccinia virus uses two pro-

teins—E3L and K3L—to fend off protein 

kinase R. E3L prevents protein kinase R 

activation, while K3L interferes with the 

enzyme’s ability to stop growth and divi-

sion. Malik’s team at the Fred Hutchinson 

Cancer Research Center infected cells with 

a strain of virus lacking E3L and watched 

the virus evolve. After just a few rounds of 

replication, the virus learned how to outfox 

protein kinase R. 

Investigating the evolved virus’s 

genome, the researchers saw increased 

numbers of K3L genes. By increasing K3L 

gene copies, the virus not only produces 

more K3L proteins to combat protein 

kinase R, it also enhances the probabil-

ity that K3L will acquire a mutation that 

makes it a better weapon. Once the virus 

has the desirable amino acid substitution, 

the number of K3L genes declines. The 

group published their findings August 17, 

2012, in Cell.
Malik plans to look for other adapta-

tion-driven gene expansions that enable 

viruses to keep pace in such arms races.

THE ORIGINS OF DOUBT

What goes on in the brain when we experi-

ence doubt? Alla Karpova, a group leader 

at Janelia Farm Research Campus, is help-

ing to zero in on the answer.

Karpova studies the brain’s medial 

prefrontal cortex, which helps guide 

decisions by weighing past choices. To 

determine what happens when the brain 

switches from certainty to uncertainty, 

she created a treat-dispensing machine 

for rats. Over time, the rats learned that 

the machine’s left lever dispensed treats 

more often than the right. After a rat 

learned to favor the left lever, Karpova 

recorded neuronal activity in its medial 

prefrontal cortex and saw a stable pattern 

of nerve pulses.

When she changed which lever dis-

pensed treats, however, things got 

chaotic in the brain. Cortical cells started 

to fire in unpredictable patterns. Soon, 

hundreds of cells were firing at random. 

The cells had crossed a threshold, reset-

ting the network and allowing the brain 

to let go of certainty, says Karpova. 

The reset coincided with the moment 

when the rats started doubting the  

left lever and exploring the right one.  

The study was published October 5, 

2012, in Science.

Karpova aims to identify the trigger 

that sparks these activity changes. Her 

team suspects the neurotransmitter nor-

epinephrine. If correct, they can use it to 

manipulate medial prefrontal cortex activ-

ity to determine cause and effect.
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Tunneling Out
BULKY RNA–PROTEIN PARTICLES TAKE A SURPRISING ROUTE 

THROUGH THE NUCLEAR MEMBRANE.

Molecules in a cell’s nucleus have only one way out. They must 
travel through channels, called nuclear pores, which bridge the 
otherwise impassable double membrane surrounding the nucleus. 
At least, that’s what scientists thought. Now, a research team 
including HHMI investigator Melissa Moore at the University of 
Massachusetts Medical School (UMass) has upended that notion 
with the discovery of an alternative passageway used by RNA–
protein complexes to exit the nucleus.

While studying how motor neurons communicate with muscle 
cells in fruit flies, UMass geneticist Vivian Budnik noticed 
something unusual in the cells: a build-up of large, round particles 
in the space between the two layers of nuclear envelope. A staining 
procedure showed that the membrane-bound particles did not 
contain DNA, so Budnik consulted Moore, an RNA expert. They 
discovered the particles were chock full of messenger RNA destined 
for the cytoplasmic soup. But how did those large marbles of protein-
studded RNA leave the nucleus?

The team saw a tantalizing parallel in virology: herpes virus, 
which assembles in the nucleus, is also too large to exit via a 
nuclear pore. Instead, it tunnels through the nuclear envelope, 
wrapping the envelope’s inner membrane around itself and 
forming a bubble-like vesicle that fuses with the outer membrane, 
which allows the virus to escape into the cytoplasm.

“This really made my jaw drop,” says Moore. Though scientists

had known about the viral 
export mechanism for years, 
no one had ever looked to see 
whether cells used a similar 
tunneling mechanism.

T h e  U M a s s  t e a m 
confirmed that the RNA–
protein particles use the 
same exit strategy as herpes 
virus and identified other 
proteins involved that have 
been linked to human 
neuromuscular diseases. The 
findings, published May 11, 
2012, in Cell, suggest that 
disruption of this nuclear 
export pathway hinders 
connections between motor 
neurons and muscle cells. “It’s unbelievable how many previously 
unexplained things make sense now,” says Moore.

Evidence in the literature indicates this alternative form of 
nuclear export may occur in organisms ranging from yeast to 
mammals, says Moore. The team is now investigating these other 
possibilities.    – M E G A N  S C U D E L L A R I 

Large RNA–protein particles exit the 
nucleus by fusing with and budding 
through the nuclear envelope. 
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