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A CREAM FOR PARKINSON’S
An ingredient in anti-wrinkle cream 
may soon be a potent weapon in the 
fi ght against Parkinson’s disease. 
HHMI Investigator Kevan Shokat 
has shown that kinetin, a plant 
hormone with anti-aging properties, 
stops the nerve cell death associated 
with the disease.

Some cases of inherited 
Parkinson’s are linked to mutations 
in a protein called PINK1. Normally, 
when the mitochondria that power 
nerve cells become damaged, PINK1 
comes to the site and recruits other 
proteins to remove the mitochondria 
before they release toxic compounds. 
Mutated PINK1, however, is inactive 
and unable to signal its helper 
proteins. As a result, the damaged 
mitochondria are never removed, and 
the nerve cell dies.

Shokat and his colleagues at the 
University of California, San 
Francisco, wanted a way to 
ramp up PINK1 activity. As 
they reported August 15, 

2013, in Cell, they found that kinetin 
activates both normal and mutant 
PINK1 and decreases nerve cell death. 
Because it also affected normal 
PINK1, the researchers hope kinetin 
may slow disease progression in 
those without a family history of the 
disease as well. 

The researchers are testing 
kinetin in animal models of 
Parkinson’s. “[It’s] a great molecule 
to pursue because it’s already sold 
in drugstores as a topical anti-
wrinkle cream,” says Shokat. “So it’s 
a drug we know has been in people 
and is safe.” 

STOPPING SYSTEMIC 
SCLEROSIS
Systemic sclerosis is a slow and 
painful hardening of the body’s 
tissue. People with a mild form of 
the disease develop thick patches on 

their skin. More serious cases 
involve trouble breathing 

and swallowing, and can 
lead to death. “[It’s] a very 

mysterious disorder,” says HHMI 
Investigator Harry Dietz of the Johns 
Hopkins University. “There’s been 
a lot of descriptive work on what 
happens to patients, but very little 
information about what causes it.” 
Until now.

Dietz and his colleagues 
had traced a less severe form of 
scleroderma, called stiff skin 
syndrome, to mutations in the 
protein fi brillin-1. When they 
engineered mice with the same 
gene mutation, however, the mice 
showed symptoms of the more 
aggressive systemic sclerosis. As 
Dietz reported November 7, 2013, in 
Nature, the symptoms were caused 
by an immune reaction triggered 
by the protein’s inability to do its 
job. As part of the extracellular 
matrix—the material that exists 
between cells—fi brillin-1 provides 
structural support and helps cells 
communicate with the matrix via 
molecules called integrins. Mutant 
fi brillin-1 can’t interact with 

integrins. To compensate, more 
integrins are produced, causing an 
autoimmune reaction and fi brosis—
the excessive production 
of connective tissue that results 
in scleroderma.

By interfering with the immune 
response, Dietz’s team prevented 
fi brosis and even reversed the 
disease in mice. “This is one of 
the fi rst, and the most dramatic, 
illustrations that fi brosis can be 
reversed,” says Dietz. “I was quite 
surprised and quite thrilled.”

WHEN CANCER SPREADS 
TO BONE
Tumors constantly shed cancer 
cells, yet only a few of these stray 
cells manage to survive and colonize 
distant organs. The rest succumb 
to the stress of the journey. HHMI 
Investigator Joan Massagué of 
Memorial Sloan-Kettering Cancer 
Center has found evidence that 
some breast cancer cells can turn on 
genes that increase their chances of Ig
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Fly Brain Filters
A cluster of neurons 
help fl ies make sense of 
a visual scene.
what	goes	on 	in	a	fl	 y’s	brain	as	it	buzzes	
around	a	room?	Does	it	recognize	every	
object,	or	does	it	take	cues	from	general	
lines	and	shapes?	Using	two-photon	laser	
scanning	microscopy	and	calcium	imaging,	
Vivek	Jayaraman,	a	lab	head	at	Janelia	Farm	
Research	Campus,	probed	the	brains	of	fruit	
fl	 ies	to	fi	 nd	out.

An	area	deep	in	the	fl	 y	brain,	called	the	
central	complex,	lets	fl	 ies	recognize	visual	
landmarks	while	they’re	moving	and	use	
that	information	to	orient	themselves,	locate	
safe	places,	and	avoid	not-so-safe	ones.	Until	
recently,	however,	scientists	didn’t	know	
how	the	fl	 y	central	complex	takes	in	and	
processes	visual	information.	Fly	brains	are	
very	tiny,	and	the	only	way	to	study	them	
was	by	immobilizing	the	fl	 ies,	which	
prevents	any	sort	of	mobility	study.	A	few	

The letters “HHMI” might look like this to a fl y  after 
being fi ltered through its brain. 

years	ago,	however,	Vivek’s	team	fi	 gured	
out	how	to	immobilize	a	fl	 y’s	head	in	a	
two-photon	microscope,	while	its	wings	
and	legs	move	freely.	

Vivek’s	postdoctoral	researcher	Johannes	
Seelig	used	the	technique	to	look	at	a	cluster	
of	neurons	in	the	central	complex	called	ring	
neurons.	When	fl	 ies	were	placed	in	a	small	
virtual-reality	arena	and	presented	with	
simple	patterns	of	light,	their	ring	neurons	
responded	more	strongly	to	vertical	bars	
than	horizontal	bars	projected	on	the	walls.	
This	made	sense,	since	fl	 ies	have	an	innate	
tendency	to	walk	or	fl	 y	toward	vertically	
oriented	stimuli.	The	neurons	were,	in	effect,	
extracting,	or	fi	 ltering	out,	visual	information.

“These	input	neurons	seem	to	help	break	
down	the	visual	scene	around	the	fl	 y	into	
particular	features	that	fl	 ies	care	about,”	
Vivek	says.	“Later,	neurons	in	the	central	

complex	presumably	use	these	features	to	
decide	what	to	do	in	their	surroundings.”	
As	the	duo	reported	in	Nature	on	November	
14,	2013,	this	orientation	preference	mirrors	
what	scientists	have	found	in	mammals—that	
certain	neurons	in	the	visual	cortex	tune	in	to	
an	object’s	orientation.	

Next,	Vivek	plans	to	look	deeper	into	the	
central	complex.	“By	marching	through	these	
networks,	we	hope	to	begin	to	understand	
how	sensory	information	is	integrated	to	make	
motor	decisions,”	he	says.	– Nicole Kresge

Shokat and his colleagues at the 
University of California, San 
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survival, specifi cally in bone.
Massagué and his colleagues 

previously discovered that breast 
cancer cells expressing a set of genes 
called the Src response signature 
(SRS) were more likely to metastasize 
to the bone. Cells that expressed 
those genes were more sensitive to 
cell growth-promoting molecules—
called cytokines—that are expressed 
by bone cells, the researchers 
reported August 29, 2013, in Cell.

“For any cancer cell, it’s 
dreadfully rough to survive in the 
body after leaving a tumor,” says 
Massagué. “These cells selected 
for being more responsive to 
cytokines might just have this tiny 
extra chance of surviving in bone. 
But when you’re talking about 
tens of thousands of cancer cells 
circulating in the body per day, 
that tiny extra chance is enough 
to change the odds of a metastatic 
tumor forming.”

Massagué is now testing drugs 
that affect the SRS pathway to see if 

they can block cancers 
from spreading to the bone. 

CREATING FALSE 
MEMORIES
Many a science fi ction movie is based 
on a person getting “brainwashed” 
into remembering something 
that never occurred. But is it really 
possible to create a false memory? 
For mice, the answer is yes. HHMI 
Investigator Susumu Tonegawa 
made rodents, after being placed in 
a certain location, recall receiving 
a mild shock there when, in reality, 
the event happened in a completely 
different place. 

Memories cause lasting physical 
and chemical changes in brain cells. 
A few years ago, Tonegawa and his 
colleagues used these changes to 
pinpoint which nerve cells were 
activated in response to different 
situations. As a follow-up, they 
decided to see if they could use this 
information to create a false fear 
association in mice. 

First, Tonegawa 
and colleagues at the 

Massachusetts 
Institute of 

Technology identifi ed 
the nerve cells triggered in mice 
while they were exploring a new 
cage. Next, they put the mice in 
a different cage and applied a 
mild shock to their paws while 
stimulating the cells that contained 
memories of the previous cage. 
Finally, the mice were placed in the 
fi rst cage again. They froze in place. 

“We got the animal to be 
scared of an environment where, 
technically, nothing bad had ever 
happened to it,” explains Steve 
Ramirez, a graduate student in the 
Tonegawa lab. The results were 
published July 26, 2013, in Science.

Next, the team would 
like to see if they can 
introduce pleasurable 
memories in mice, or 
memories of objects and 
other mice. 

A CALCIUM SUPER SENSOR
When a nerve cell receives a message 
from a neighboring neuron, a wave 
of calcium ions rushes into the cell 
to keep the signal moving. Scientists 
at Janelia Farm Research Campus 
have created a new molecular sensor 
that glows each time it detects one of 
these calcium waves. By following the 
fl ashes of light, researchers can watch 
as a message gets passed from neuron 
to neuron throughout the brain. 

Calcium sensors for brain 
activity have been around for 
about two decades, but earlier 
versions were less accurate or more 
cumbersome to use. “You can think 
of the brain as an orchestra with 
each different neuron type playing a 
different part,” says Janelia Lab Head 
Karel Svoboda. “Previous methods 

only let us hear a tiny fraction of 
the melodies. Now we can hear 

more of the symphony at once.”
Svoboda, along with Janelia Lab 

Heads Loren Looger, 
Vivek Jayaraman, D
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Halting Heart 
Damage
Small targeted RNA turns 
off mutant genes that 
impair heart muscles.
there	are	more 	than	1,000	ways	in	which	
genes	can	be	mutated	to	cause	hypertrophic	
cardiomyopathy	(HCM).	But	any	one	of	the	
mutations	has	the	same	result:	the	heart	
thickens,	it	has	trouble	pumping	blood,	and	
eventually	up	to	1	in	500	people	with	the	
condition	dies.		There	is	no	cure,	but	HHMI	
Investigator	Christine	Seidman,	at	Brigham	
and	Women’s	Hospital,	has	fi	 gured	out	how	to	
prevent	HCM	symptoms	from	worsening	in	
mice	by	shutting	off	some	of	the	mutant	genes	
that	cause	the	disease.

Many	of	the	mutations	linked	to	HCM	
can	be	found	in	the	genes	that	encode	the	
heart	muscle	protein	myosin.	To	develop	new	
treatment	strategies,	Seidman	focused	on	
mutations	in	the	mouse	gene	Myh6	that	encodes	

Mutations in the heart protein myosin 
(red molecules) can cause hypertrophic 
cardiomyopathy. 

myosin;	HCM	myosin	mutations	alter	the	
heart’s	ability	to	contract	and	relax.	Her	team	
designed	small	pieces	of	RNA,	called	RNAi	(for	
RNA	interference),	that	prevent	the	mutant	
gene	from	producing	proteins.	They	used	a	
virus	that	homes	in	on	heart	cells	to	deliver	the	
RNAi	to	the	correct	location	in	the	mice.

The	experiment	worked.	For	fi	 ve	months,	
mice	with	an	HCM	mutation	in	Myh6	showed	
no	thickening	or	other	changes	in	their	hearts,	
according	to	her	team’s	report	in	Science	on	
October	4,	2013.	Although	HCM	could	be	
prevented,	existing	damage	wasn’t	reversed;	
but	it	didn’t	get	worse,	which	is	a	benefi	 t.	
Unfortunately,	each	RNAi	targets	only	a	single	
mutation.	“There	are	nearly	1,000	human	HCM	
mutations,”	acknowledges	Seidman,	“and	it	
would	be	an	extraordinary	effort	to	make	an	
RNAi	that	was	specifi	 c	for	each	one.”	As	an	
alternative,	her	team	also	created	an	RNAi	that	
targets	common	genetic	variants	that	are	tightly	
linked	to	a	broad	spectrum	of	mutations.	Like	
the	mutation-specifi	 c	RNAi,	this	one	worked	
for	fi	 ve	months,	making	it	a	very	promising	
method	for	targeting	HCM	mutations.

Next,	Seidman	wants	to	fi	 gure	out	why	
the	RNAi	becomes	ineffective	after	fi	 ve	
months.	She	suspects	it’s	getting	used	up	and	
that	a	booster	of	inhibitor	could	extend	its	
effectiveness.		– Nicole Kresge
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and Rex Kerr, created a sensor named 
GCaMP6. It is the most sensitive 
calcium sensor ever developed, 
and the fi rst sensor that can detect 
impulses in every neuron in the 
brain, according to their report in 
the July 18, 2013, issue of Nature. The 
team continues to tinker with the 
sensor and develop new versions for 
specifi c uses, including sensors that 
emit different wavelengths of light 
so they are easier to detect.  

CAREFULLY CONCOCTED TALES
Every cell in the body has the 
same genes, yet many of them—for 
example, nerve cells and skin 
cells—have very different jobs. This 
specialization is due in part to a 
cell’s ability to turn genes on 
and off using short stretches 
of DNA known as enhancers. 
David Stern, a lab head at 
Janelia Farm Research Campus, 
has found a way to learn more 
about these regions by targeting 
them with particular DNA-

binding proteins. 
Stern and Justin Crocker, a 

researcher in his lab, used a group 
of proteins called transcription 
activator-like effectors, or TALEs. 
Originally isolated from bacteria, 
TALEs can be altered to bind to a 
specifi c sequence of DNA. Stern and 
Crocker created TALEs that bound 
to the enhancer for a gene called eve. 
They then attached part of a protein 
known to stop gene expression to 
those TALEs. As they reported in 
the August 2013 issue of Nature 
Methods, their engineered TALEs 
were able to halt eve expression in 
developing fl y embryos.

Scientists will be able to use the 
technique to engineer their own 

TALEs and learn more about 
enhancer function and gene 
expression. “Not only does this 
let us understand enhancers 
in their native context,” says 
Crocker, “it also lets us take 
the next step forward to 

controlling them.”

ACCURATELY HITTING GENE 
TARGETS
Scientists have been manipulating 
genes in test tubes for years. Doing 
the same in living organisms, 
however, is a different story: It 
requires a way to precisely target 
that gene. A mismatch could mean 
the difference between effectively 
treating a disease and triggering the 
development of cancer. Two HHMI 
investigators recently teamed up to 
test the accuracy of a molecule called 
Cas9 that can be instructed to bind to 
and modify specifi c genes.

Cas9 is a naturally occurring 
bacterial protein with a bright future 
in genome engineering and gene 
therapy. It can be programmed with 
a short piece of RNA to cut specifi c 
DNA sequences. The RNA “guide” is 
usually about 20 base pairs long and 
is complementary to the target DNA. 
David Liu of Harvard University, 
Jennifer Doudna of the University 
of California, Berkeley, and their 
students evaluated Cas9’s ability, 

when paired with guide RNAs of 
different lengths, to cut one trillion 
different DNA sequences.

They found that while the entire 
guide RNA sequence can program 
Cas9 specifi city, some genome 
sequences that do not exactly match 
the guide RNA can nevertheless be 
cleaved, according to the report in 
the September 2013 issue of Nature 
Biotechnology. The tolerance for 
mismatches depends on what site 
in the genome was targeted and 
where the mismatches occurred in 
the guide RNA sequence. The team 
also found a trade-off between 
activity and specifi city. Shorter, less 
active guide RNAs are more specifi c 
than longer, more active ones. 
Doudna and Liu are continuing 
their collaboration, which is now 
aimed at improving Cas9 specifi city. 
They believe that, with future 
improvements, the molecule should 
be able to home in on any single 
site in the human genome, with 
potential therapeutic implications.

Regenerate or 
Mate
In zebrafi sh, spiky 
structures hinder fi n 
regrowth.
when	it	comes 	to	sex	versus	survival,	most	
male	zebrafi	 sh	can’t	have	it	both	ways.	The	fi	 sh	
is	either	good	at	mating	or	good	at	growing	a	
new	fi	 n	after	an	amputation	injury.	Scientists	
are	now	a	little	closer	to	understanding	why.

A	few	years	ago,	Ken	Poss,	an	HHMI	
early	career	scientist	at	Duke	University,	
noticed	that	female	zebrafi	 sh	were	better	
at	regenerating	their	pectoral	fi	 ns	than	
male	fi	 sh.	“This	type	of	sexually	dimorphic	
regeneration	is	pretty	unusual,”	explains	
Poss.	“It	suggests	there’s	some	sort	of	
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signaling	malfunction	in	the	males.”	
Poss	and	his	colleagues	discovered	that	

the	males	had	high	levels	of	a	protein	called	
Dkk1b	in	their	pectoral	fi	 ns.	Dkk1b	is	a	potent	
inhibitor	of	Wnt—a	signaling	molecule	that	
plays	a	big	role	in	development,	and	thus	
regeneration.	The	researchers	traced	the	
source	of	Dkk1b	to	a	cluster	of	needle-like	
structures,	called	epidermal	tubercles,	on	
the	pectoral	fi	 ns.	Males	use	these	spiky	
growths	to	grasp	their	partners	when	mating.	
“Normally,	[Dkk1b]	is	regulated	in	a	very	
precise	way	during	fi	 n	regeneration,”	Poss	
says.	But	when	the	fi	 ns	have	tubercles,	this	
changes	completely.

Poss	realized	that	the	production	of	
Dkk1b	from	epidermal	tubercles	was	short-
circuiting	the	regeneration	of	pectoral	fi	 ns.	
The	fi	 ndings,	published	in	Developmental Cell	
on	October	14,	2013,	suggest	that	zebrafi	 sh	
traded	an	ancient	ability	to	regenerate	tissue	
for	a	new	way	to	enhance	reproductive	
success.	The	good	news	for	zebrafi	 sh	is	that	
it’s	not	all	or	nothing.	A	certain	percentage	of	
males	can	recover	from	amputation.

The	discovery	of	this	level	of	control	by	a	
signaling	inhibitor	during	tissue	regeneration	
is	big	news.	“It	says	that	these	inhibitors	are	
important	too,”	says	Poss.	“Putting	them	in	the	
right	places	at	the	right	time	should	be	part	of	
making	tissue	artifi	 cially.”	– Nicole Kresge

Zebrafi sh use these spiky structures on their pectoral fi ns 
to grasp their partners when mating. 

TALEs and learn more about 
enhancer function and gene 

let us understand enhancers 

Crocker, “it also lets us take 

controlling them.”


