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malformations. They isolated DNA 
from patients with unexplained brain 
malformations and then sequenced 
each of these genes hundreds to 
thousands of times.

“We said we’d shoot to sequence 
them a thousand times over,” Walsh 
says, “thinking that if a mutation is 
only present in 5 percent of the cells, 
it will be obvious that it’s a mutation, 
because we’ll see that mutation 50 
times.” The team reported August 
21, 2014, in the New England Journal of 
Medicine that they had found disease-
causing mutations in more than a 
quarter of the patients in their study, 
demonstrating the effectiveness of 
their method and further supporting 
the idea that mosaic mutations are 
an important cause of diseases that 
affect just a part of the body.

APPETITE CONTROL
Sometimes science is serendipitous. 
Researchers—like HHMI Investigator 
David Anderson—occasionally find 
something they weren’t looking for. 
In Anderson’s case, the accidental 

discovery was a few thousand cells 
that turn appetite on and off.

Harnessing a technique called 
optogenetics, Anderson and his 
colleagues at the California Institute 
of Technology used a beam of light 
to activate a small group of neurons 
in a part of the mouse brain called 
the amygdala. In earlier research, 
Anderson had pegged these nerve  
cells as part of the fear response.  
But, as the team reported September 
2014 in Nature Neuroscience, rather than 
eliciting fearful or anxious behavior, 
the light caused the mice to abruptly 
stop eating. The scientists were able 
to rule out the possibility that the 
animals were too scared to eat, and 
they also established that the neurons 
were also activated by bad tastes, 
nausea, and feelings of satiety.

“We think the neurons make 
up a central node that integrates 
the influences of multiple [feeding-
inhibitory] signals and relays this 
information to inhibit other brain 
centers that normally promote 
feeding,” explains Anderson. Many 

patients with eating disorders 
also have emotional disorders 
like depression and anxiety, 
which may be explained by 
the neurons’ dual appetite 
and fear functions. Next, 
Anderson wants to examine how 
the nerve cells manage to regulate 
both feeding and emotional behaviors.

QUALITY PATROL
Like intricate pieces of origami, 
proteins need to be folded in  
just the right way. An incorrect  
bend here or an extra loop there can 
render a molecule useless—or even 
toxic—to the body. To dispose of 
these defective proteins, cells detect 
misfolded proteins and tag them 
with a protein called ubiquitin, 
marking them for degradation. 

In the yeast Saccharomyces cerevisiae, 
there are two well-established roving 
protein complexes that add ubiquitin 
to proteins in the endoplasmic 
reticulum (ER). One complex is for 
proteins whose misfolded domains 
occur in the cytosol, and one is for 

proteins with misfolded 
domains in the lumen 
or membrane of the 

endoplasmic reticulum. 
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Scientist Pedro Carvalho recently 
uncovered a third complex that 
targets proteins associated with a 
specialized ER domain in the inner 
nuclear membrane (INM).

When Carvalho and his team at 
the Center for Genomic Regulation 
in Barcelona, Spain, removed the two 
known protein patrol complexes 
from yeast, they noticed that some 
molecules were still being disposed 
of, suggesting that another scout was 
at work. As they reported September 
18, 2014, in Science, this mystery 
warden turned out to be the Asi 
complex—a gang of three molecules 
in the INM that not only gets rid of 
misfolded proteins, but also removes 
certain correctly folded proteins that 
are incorrectly directed to the INM.

Carvalho and his team are now 
looking for other proteins that bind 
to this patrol complex. 
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Jamming 
Jumping Genes
Cells have a rapidly 
evolving arsenal to 
counter wayward DNA.
for	millions	of	years ,	bits	of		
DNA	called	retrotransposons	have		
been	duplicating	and	inserting	themselves	
randomly	throughout	the	genomes		
of	different	organisms,	including	humans.	
Sometimes	the	jumping	genes	alight	in		
places	that	help	species	evolve	new	traits.	
Other	times	they	do	nothing.	But	all	too		
often	they	touch	down	in	the	middle	of	
a	gene,	altering	the	way	it’s	regulated	or	
knocking	it	out	of	commission.	Fortunately,	
as	HHMI	Investigator	David	Haussler	
recently	showed,	cells	have	evolved	a	way	to	
keep	these	wayward	sequences	in	check.	

“Over	generations,	our	genome	becomes	
bloated	with	copies	of	retrotransposons,”	
explains	Haussler.	“They	do	damage		
by	disrupting	normal	genetic	mechanisms.	

Something	has	to	be	the	security	patrol	to	try	
and	shut	these	things	down.”

In	humans,	one	form	of	security	patrol	
comes	from	more	than	400	rapidly	evolving	
genes	that	produce	watchdog	proteins	called	
KRAB	zinc-fingers.	These	watchdogs	scan	the	
genome,	clamp	onto	retrotransposons,	and	
then	call	on	other	proteins	to	silence	them.	

To	see	KRAB	zinc-fingers	in	action,	
Haussler’s	team	at	the	University	of	
California,	Santa	Cruz,	used	mouse	cell	lines	
containing	a	copy	of	human	chromosome	11,	
which	includes	hundreds	of	retrotransposons	
commonly	found	in	primates	like	humans,	
but	not	present	in	rodents.	Since	mice		
have	rodent-specific	KRAB	zinc-fingers	to	
control	their	retrotransposons,		
the	rodent	cells	couldn’t	stop	the	rogue	
human	retrotransposons	from	expressing	
themselves.	That	is,	until	the	researchers	
added	two	human	KRAB	zinc-fingers—ZNF91	
and	ZNF93—that	halted	the	primate-specific	
retrotransposons	in	their	tracks.	The	team	
published	its	findings	September	28,	2014,	
online	in	Nature.

Haussler	explains	that	mutations	in	
retrotransposons	allow	them	to	escape	
detection	by	the	KRAB	zinc-fingers,	which	in	
turn	drives	the	evolution	of	new	KRAB	zinc-
finger	genes.	“By	reconstructing	molecular	
evolutionary	histories,	we	can	see	that	these	

KRAB	zinc-finger	genes	have	been	major	
players	in	this	battle	with	the	retrotransposons	
and	will	probably	continue	to	be	so,”	he	says.

There	is	a	silver	lining	in	this	seemingly	
endless	arms	race	within	our	own	DNA.		
Once	KRAB	zinc-fingers	are	no	longer	needed	
to	suppress	retrotransposons,	many	of	
these	watchdog	proteins	adopt	new	roles	as	
regulatory	proteins,	controlling	the	activity		
zof	genes	near	retrotransposon	landing	sites.			
– Nicole Kresge	

Primates have evolved specialized weaponry to home in 
on bits of jumping DNA.


