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beating, among other functions. 
This is an impressive feat—especially 
because sodium ions are the  
same size as calcium ions and are  
70 times more plentiful outside  
the cells, yet few of them pass 
through the tiny pores. Using x-ray 
crystallography, HHMI Investigator 
Ning Zheng and his collaborators in  
William Catterall’s group at the 
University of Washington recently 
caught a calcium channel in action 
and revealed the secret of its 
selectivity.

As they reported in Nature on 
January 2, 2014, the key to this filter 
is a series of three checkpoints that 
ions must pass through. Each of 
these three sites selectively binds to 
hydrated calcium and rejects other 
ions. The first site, near the mouth 
of the pore, recognizes calcium and 
admits it into the channel. Once 
inside, the calcium ion binds to the 
second site, where it remains until 
it’s pushed out by the next calcium 
ion entering the channel. The final 
checkpoint, near the end of the 

channel, helps move the ion into the 
cell’s interior.

Next, Zheng would like to 
figure out how drugs disrupt these 
calcium channels. “The mammalian 
voltage-gated calcium channels 
are the molecular targets of 
therapeutic drugs in the treatment 
of hypertension, angina pectoris, and 
cardiac arrhythmia,” he explains. By 
understanding how the drugs interact 
with calcium channels, scientists can 
create new compounds that work 
better and have fewer side effects.

THE ROOTS OF A DISEASE 
French Settlement, LA, is an 
unassuming little town just 
northwest of New Orleans. It is also 
the place where a group of genetic 
disorders known as hereditary 
spastic paraplegia (HSP), or French 
Settlement Disease, was first 
discovered. Unlike the town, the 
disease is anything but modest: 
its main features are stiffness and 
involuntary contractions in the legs. 
Thirty-five years after the disease’s 

discovery, a study led by HHMI 
Investigator Joseph Gleeson at the 
University of California, San Diego, 
has almost doubled the number of 
genes associated with HSP.

Scientists had already linked 22 
genes to HSP, but mutations in those 
genes explained less than 50 percent 
of the cases. To find more genes, 
Gleeson and a team of 51 scientists 
from around the world recruited 
55 families with HSP. The scientists 
sequenced every gene in 93 family 
members and discovered 18 genes 
newly linked to the disease. They then 
created an “HSPome”—a genetic map 
showing how all the HSP-associated 
genes interact with each other.

The effort, which took 10 
years, allowed the researchers to 
link HSP to other common 
neurodegenerative diseases, 
such as Alzheimer’s. “This 
told us that common 
neurodegenerative diseases 
share similar networks and 
cellular vulnerabilities,” says 
Gleeson. “Maybe we need to 

think about these less as individual 
diseases and more as collective 
problems of neuronal susceptibility.”

The findings, reported January 
31, 2014, in Science, may help Gleeson 
and his colleagues develop new 
treatments for HSP. They’re already 
pursuing several promising targets.

DNA DOESN’T HAVE  
THE LAST WORD 
During transcription, the RNA 
polymerase enzyme reads 
information from a strand of DNA 
and uses it to create RNA. It’s often 
assumed that the RNA is an exact copy 
of its DNA template. Three years ago, 
Vivian Cheung, an HHMI investigator 
at the University of Michigan, showed 
otherwise. She found widespread 
sequence differences between RNA 
transcripts and their template DNA 
in human cells. In her latest research, 
Cheung has pinpointed when these 
mismatches, or RNA-DNA sequence 
differences (RDDs), occur.

Cheung and her collaborator, 
John Lis at Cornell University, C
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CRISPR’s  
Little Helper
Bacteria use a tiny signal 
motif to save time when 
detecting foreign DNA.

bacteria	have	a 	secret	weapon	for		
dealing	with	viral	invaders:	a	library	of	genetic	
mug	shots.	These	bits	of	DNA,	collected		
from	previously	encountered	viruses,	help	
the	bacteria	target	and	destroy	their	invaders.	
HHMI	scientists	recently	showed	that	this	
defense	mechanism—known	as	the	CRISPR-Cas	
system—gets	some	of	its	accuracy	and	speed	
from	a	tiny	sequence	of	DNA	that	is	just	three	
nucleotides	long.

The	workhorse	of	the	CRISPR-Cas	immune	
system	is	an	enzyme	called	Cas9.	Each	Cas9	

molecule	carries	a	20-base	pair	“guide”	RNA	
sequence	that	matches	one	of	the	DNA	mug	
shots.	When	a	repeat	offender	invades,	it’s	up	to	
the	Cas9	complex	to	find	the	complementary	
DNA	sequence	on	the	pathogen	and	to	cut	it.

Scientists	also	use	the	CRISPR	system	in	
their	research	labs	to	make	precise	changes	in	
the	genomes	of	animals	and	plants.	“One	of	the	
concerns	for	people	who	are	using	this	as	a	tool	
has	been	whether	there	are	off-target	effects,	in	
which	sites	are	mistakenly	recognized	by	Cas9	
and	perhaps	cut	or	modified	in	experiments,”	
says	HHMI	Investigator	Jennifer	Doudna	from	
the	University	of	California,	Berkeley.

Doudna	teamed	up	with	HHMI	Early	
Career	Scientist	Eric	Greene	of	Columbia	
University	to	figure	out	how	Cas9	does	its	
job.	Using	a	technique	called	a	DNA	curtains	
assay	that	was	pioneered	by	Greene,	the	
scientists	were	able	to	watch	Cas9	interact	with	
individual	DNA	molecules.	Their	findings	
were	published	on	March	6,	2014,	in	Nature.

Instead	of	inspecting	the	entire	genome	of	
an	invading	virus,	Cas9	bounces	onto	and	off	
of	the	viral	DNA	while	looking	for	a	specific	
three-letter	sequence	of	nucleotides,	called	a	
PAM.	“The	enzyme	really	only	spends	time	at	
sites	that	have	this	motif,”	explains	Doudna.

Cas9	unzips	the	DNA	at	each	PAM	site,	
looking	for	sequences	that	match	its	own	guide	
RNA.	There	may	be	thousands	of	PAM	sites,	

but	only	one	sits	next	to	the	DNA	pattern	that	
Cas9	is	looking	for.	If	there’s	no	match,	Cas9	
falls	off,	and	the	search	continues.

Knowing	that	Cas9	relies	on	a	PAM	
sequence	in	addition	to	its	RNA	guide	
molecule	will	help	reduce	concerns	about	the	
technique	and	will	guide	efforts	to	make	Cas9	
a	better	tool	in	genome	engineering.		
– Nicole Kresge

Short DNA sequences known as PAMs (yellow) enable 
bacteria to recognize and destroy foreign DNA.

To watch the Cas9 complex in action, go to 
www.hhmi.org/bulletin/spring-2014.


