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colleague Adam Frost, has 
discovered an exception to the rule.

Generally, protein synthesis 
requires three components:  
an mRNA template, a ribosome to 
read the template and assemble 
the protein, and transfer RNA 
(tRNA) molecules to supply the 
necessary amino acids. Weissman 
and his colleagues discovered that 
sometimes, when protein synthesis 
stalls, elongation can still continue 
without the mRNA template. This 
type of synthesis relies on only two 
components: a part of the ribosome 
called the 60s subunit and a protein 
named Rqc2 that recruits tRNA 
molecules. With these components, 
cells will continue to randomly add 
amino acids to the stalled peptide, 
with one caveat. Rqc2 recognizes only 
alanine and threonine (abbreviated 
“A” and “T”), so it creates what 
Weissman refers to as “CAT tails.” 

“This is a mode of protein 
synthesis that we’ve missed for  
50 years. It’s totally unprecedented,” 
says Weissman. He and his colleagues 

published their findings 
January 2, 2015, in Science. 
They don’t yet know the 
function of CAT tails, but 
they have some ideas 
they’re pursuing. For 
example, the extra 
amino acids may trigger 
a stress response in the 
cell, or they could tag an 
incomplete peptide for 
destruction.

HOX PARADOX  
NO MORE
During development in animals, the 
Hox gene family directs the formation 
of segment-specific anatomy along 
the head-to-tail axis. The genes are 
responsible for putting the head, 
thorax, abdomen, and other body 
parts in the right places. Surprisingly, 
all Hox proteins bind with high 
affinity to very similar stretches of 
DNA, which begs the question: how 
can Hox proteins find and activate 
their target genes if all binding 
sequences look essentially the same? 

Janelia Group Leader David Stern 
recently revealed the answer to  
this long-standing paradox.

Stern’s team, in collaboration 
with Richard Mann’s lab at 
Columbia University Medical 

Center, figured out that 
Hox proteins activate genes 
via weak interactions at 

previously unrecognized 
DNA binding sites. The 
scientists discovered this by 
showing that a Hox protein 

called Ubx controls expression of 
a gene called shavenbaby by binding 
weakly to two enhancer regions on 
DNA near the gene. These low-
affinity binding sites conferred 
shavenbaby’s specificity for Ubx over 
other Hox proteins.

The findings, published January 
15, 2015, in Cell, explain why scientists 
have been unable to predict where 
Hox proteins bind to DNA simply 
by looking at its sequence. “They’re 
not regulating genes by binding to 
the sites that everybody thought 
they were – they’re binding to these 

sites that don’t look like good Hox 
binding sites,” explains Stern.

A TARGET FOR DYSKINESIA
Some human diseases occur 
episodically in people who appear 
otherwise healthy. One of these 
disorders is paroxysmal nonkine-
sigenic dyskinesia (PNKD).  
The neurological disease’s symp-
toms – involuntary movements 
in the limbs, torso, and face – are 
triggered by coffee, alcohol, and 
stress. In 2004, HHMI Investigator 
Louis J. Ptáçek at the University of 
California, San Francisco, discov-
ered the gene that causes PNKD. 
Now, just over a decade later, he’s 
figured out what the gene does.

To deduce the function of the 
PNKD gene, Ptáçek’s team raised 
antibodies against the PNKD protein. 
This allowed them to isolate PNKD 
and its binding partners from mouse 
brain tissue. From these isolates, 
they discovered that PNKD interacts 
with two other proteins, called 
RIM1 and RIM2, that are involved P
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Got Thirst?  
Here’s Why
Scientists have 
pinpointed the neurons  
in the brain that  
control thirst.
humans	can	typically 	survive	only		
three	to	five	days	without	water.	But	we’ve	all	
said	“I’m	dying	of	thirst”	well	before	we’ve	
been	waterless	that	long	–	albeit	with	little	
understanding	of	the	mechanism	behind	the	
urge.	But	now	the	brain	signals	that	govern	thirst	
are	no	longer	a	mystery.	A	team	led	by	HHMI	
Investigator	Charles	Zuker	has	figured	out	that	
the	motivation	to	drink	water	is	controlled	
by	two	sets	of	neurons:	one	that	provokes	the	
stimulus	to	sip	and	one	that	quenches	it.

Researchers	have	long	suspected	that		
the	signals	driving	animals	to	drink	originate	
in	the	brain’s	subfornical	organ,	or	SFO.	Located	
outside	the	blood-brain	barrier,	where	it	has	
the	opportunity	to	directly	sense	the	electrolyte	
balance	in	body	fluids,	the	SFO	shows	increased	
activity	in	dehydrated	animals.	Yuki	Oka,	
a	postdoctoral	fellow	in	Zuker’s	Columbia	
University	lab,	took	a	closer	look	at	the	SFO	in	
mice	and	identified	two	types	of	nerve	cells:	
excitatory	CAMKII-expressing	neurons	and	
inhibitory	VGAT-expressing	neurons.	Using	
optogenetics,	Oka	added	a	light-sensitive	
protein	to	the	cells	in	the	animals’	SFOs,	
allowing	him	to	selectively	activate	them	with	
blue	light.	When	he	flipped	the	switch	and	
activated	the	CAMKII	neurons,	the	rodents	
drank	with	gusto.

“You	have	a	water-satiated	animal	that		
is	happily	wandering	around,	with	zero	
interest	in	drinking,”	says	Zuker.	“Activate	
this	group	of	SFO	neurons,	and	the	mouse	
just	beelines	to	the	water	spout.	As	long	as	the	
light	is	on,	that	mouse	keeps	on	drinking.”	
Oka	showed	that	the	animals	became	such	
avid	drinkers	that	they	consumed	as	much	as	
8	percent	of	their	body	weight	in	water	–	the	
equivalent	of	1.5	gallons	for	humans.	When	
Oka	used	the	same	technique	to	stimulate	
VGAT	neurons,	thirsty	animals	immediately	
stopped	drinking	and	reduced	their	water	

intake	by	about	80	percent.	The	researchers	
published	their	findings	online	January	26,	
2015,	in	Nature.

According	to	Zuker,	the	opposing	neurons	
likely	work	together	to	ensure	animals	take		
in	enough	water	to	maintain	fluid	homeostasis,	
including	blood	pressure,	electrolyte	balance,	
and	cell	volume.	It	remains	to	be	seen	whether	
the	same	circuit	controls	thirst	in	humans;	if	so,	
the	findings	could	one	day	help	people	with	an	
impaired	sense	of	thirst.		– Nicole Kresge

The mouse brain contains CAMKII neurons (red) that 
trigger thirst and VGAT neurons (green) that quench thirst.

Watch a mouse begin to drink  
thirstily when prompted by a blue light.  

Go to hhmi.org/bulletin/spring-2015. 


