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Bacterial–Viral Warfare
SEAHoRSE-SHAPED CoMPLEX HELPS BACTERIA DEFEND AGAINST PATHoGENS.

When bacteria survive a run-in 
with a virus or phage, they take  
some of the invader’s DNA 
and integrate it into their own 
genome to help combat future 
attacks. HHMI investigators Eva 
Nogales and Jennifer Doudna 
have deduced molecular details 
of how bacteria use the RNA tran-
scripts from these bits of DNA to 
target their intruder’s genome 
without harming their own.

In Escherichia coli, the pieces 
of confiscated DNA, which are integrated into clustered regularly 
interspaced short palindromic repeats or CRISPRs, are transcribed 
as RNA and displayed on a multisubunit surveillance complex  
called Cascade. When Cascade encounters a piece of foreign DNA 
that is complementary to the CRISPR sequence it’s carrying, the 
complex grabs hold and targets it for destruction by a nuclease.

Nogales, Doudna, and colleagues at the University of Califor-
nia, Berkeley, and Wageningen University in the Netherlands, used 

 cryoelectron microscopy to look at the structure of the  Cascade 
 complex before and after it bound to bits of foreign RNA. The sci-
entists discovered that Cascade is shaped like a seahorse and that 
it displays its CRISPR-derived RNA (crRNA) in a long groove 
that protects the crRNA from degradation while allowing it suffi-
cient exposure to survey the environment.

When the complex encounters invading nucleic acids, the 
crRNA binds to them, forming several duplex regions. These short 
helical segments reduce the overall length of the crRNA, causing a 
conformational change in the Cascade molecule that may serve as a 
signal for a nuclease to destroy the invading nucleic acids.

The structure, which was reported in the September 22, 2011, 
issue of Nature, may provide a way for humans to combat harmful 
 bacteria. “Anything that allows us to understand the mechanisms 
by which a bacterium is able to survive viral infection means that 
we have a potential way to control bacterial populations by reduc-
ing their defense capabilities,” says Nogales. “The enemy of our  
enemy is a friend.”

Next, Nogales and Doudna want to look at the interaction 
between Cascade and the nuclease to learn more about the events 
surrounding degradation of the foreign DNA. W – n i C o l e  k r e s g e

to also form aggregates.” To test for this, 

Chen’s team added MAVS aggregates to 

mitochondria. Within minutes, every MAVS 

on the mitochondria had clumped into 

aggregates that were highly effective in 

activating immune reactions. The scientists 

also found that when they blocked MAVS 

aggregation in cells, no immune response 

was launched. The team reported its results 

on August 5, 2011, in Cell.
The prion-like behavior of MAVS allows 

the cell to launch a full-blown antiviral 

response, Chen says, even if it senses only 

a few copies of a virus. 

an UnUsUaL inFLUenza antiboDy

Stephen C. Harrison, an HHMI investigator 

at Children’s Hospital Boston and Harvard 

Medical School, was scanning antibodies 

from subjects who had received the influ-

enza virus vaccine when he stumbled upon 

something unusual: an antibody that rec-

ognizes multiple strains of the flu virus.

Normally, an antibody recognizes a sur-

face glycoprotein specific to one strain of 

flu virus. unfortunately, these glyco proteins 

mutate rapidly, allowing the virus to evade 

the immune system. However, one part of 

the influenza virus doesn’t mutate—the 

area that recognizes and binds to recep-

tors on human cells.

“It has been assumed that because 

antibodies have a larger contact area 

than most virus receptors,” says Harrison, 

“an antibody might target that receptor 

binding area, but it would also recognize 

surrounding, changeable areas.” Thus, if 

that surrounding area mutated, the anti-

bodies wouldn’t bind.

The antibody that Harrison and his col-

leagues isolated, however, binds so tightly 

to the receptor pocket that it isn’t affected 

by surrounding mutations. Collaborators 

tested the antibody—dubbed CH65—

against 36 flu strains and found that it 

blocked 30 of them. The research was pub-

lished August 23, 2011, in the Proceedings 
of the National Academy of Sciences.

This knowledge could, in principle, 

be used to develop a vaccine that stimu-

lates production of CH65 antibody. Before 

embarking on such an endeavor, Harrison 

would like to use CH65 to learn more about 

how the immune system chooses which 

antibodies to produce. 

sheDDing Light on bLinDness 

Retinitis pigmentosa (RP) is a group of 

genetic eye conditions that result in pro-

gressive vision loss. The disorder is thought 

to be caused by mutations in any one of 

more than 100 different genes, fewer than 

half of which have been identified. HHMI 

investigators Edwin M. Stone and Val C. 

Sheffield of the university of Iowa along 

with collaborators have added one more 

gene to this list and have devised a method 

for identifying many more.

Sequencing the exome—the portion of 

DNA that encodes proteins—of a patient 

with RP, the team found a mutation in 

both copies of the patient’s MAK (male 

germ-cell associated kinase) gene. As 

reported August 23, 2011, in the Proceed-
ings of the National Academy of Sciences, 

the mutation was also found in about 

1 percent of unrelated individuals with  

RP. Although this gene previously had 

been studied predominantly in the testes, 

the scientists were able to find a unique 

version of the MAK protein in human retina 

cells as well.

The researchers then investigated the 

effects of the mutation on the eye by cre-

ating retina cells out of stem cells obtained 

from the RP patient’s skin. These mutant 

cells were unable to make the full MAK 

protein at all.

Now, the group plans to apply the same 

combination of next-generation sequenc-

ing and induced pluripotent stem cell 

technology to identify as many new RP 

genes as they can. 

I N  B R I E F

Bacteria ward off recurring attacks 
by displaying an invader’s own 
RNA (green) on the surveillance 
molecule Cascade.
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