
Erasing unwanted memories is still 
the stuff of science fiction, but 

Weizmann Institute scientists have 
now managed to erase one type of 
memory in mice. In a study reported 
in Nature Neuroscience, they suc-
ceeded in shutting down a neuronal 
mechanism by which memories of 
fear are formed in the mouse brain. 
After the procedure, the mice re-
sumed their earlier fearless behavior, 
“forgetting” they had previously been 
frightened.

This research may one day help 
extinguish traumatic memories in 
humans – for example, in people 
with post-traumatic stress disorder, or 
PTSD. “The brain is good at creat-
ing new memories when these are 
associated with strong emotional 
experiences, such as intense plea-
sure or fear,” says team leader Dr. 
Ofer Yizhar. “That’s why it’s easier 
to remember things you care about, 
be they good or bad; but it’s also the 
reason that memories of traumatic 
experiences are often extremely 
long-lasting, predisposing people to 
PTSD.”

In the study, postdoctoral fellows 
Dr. Oded Klavir (now an investigator 
at the University of Haifa) and Dr. 
Matthias Prigge, both from Yizhar’s 
lab in the Neurobiology Department, 
together with departmental colleague 
Prof. Rony Paz and graduate student 
Ayelet Sarel, examined the communi-
cation between two brain regions: the 
amygdala and the prefrontal cortex. 
The amygdala plays a central role in 
controlling emotions, whereas the 
prefrontal cortex is mostly respon-
sible for cognitive functions and 
storing long-term memories. Previ-
ous studies had suggested that the 
interactions between these two brain 
regions contribute to the formation 
and storage of aversive memories, 
and that these interactions are com-

promised in PTSD; but the exact 
mechanisms behind these processes 
were unknown.

In the new study, the researchers 
first used a genetically-engineered vi-
rus to mark those amygdala neurons 
that communicate with the prefrontal 
cortex. Next, using another virus, 
they inserted a gene encoding a light-
sensitive protein into these neurons. 
When they shone a light on the brain, 
only the neurons containing the light-
sensitive proteins became activated. 
These manipulations, belonging to 
optogenetics – a technique extensive-
ly studied in Yizhar’s lab – enabled 
the researchers to activate only those 
amygdala neurons that interact with 
the cortex, and then to map out the 
cortical neurons that receive input 
from these light-sensitive neurons.

Once they had achieved this 
precise control over the cellular 
interactions in the brain, they turned 
to exploring behavior: Mice that 
are less fearful are more likely to 
venture farther than others. They 
found that when the mice were 
exposed to fear-inducing stimuli, a 
powerful line of communication was 
activated between the amygdala and 
the cortex. The mice whose brains 
displayed such communication were 
more likely to retain a memory of 
the fear, acting frightened every 
time they heard the sound that had 
previously been accompanied by 
the fear-inducing stimuli. Finally, to 
clarify how this line of communica-
tion contributes to the formation and 
stability of memory, the scientists 
developed an innovative optogenetic 
technique for weakening the con-
nection between the amygdala and 
the cortex, using a series of repeated 
light pulses. Indeed, once the con-
nection was weakened, the mice no 
longer displayed fear upon hearing 
the sound. Evidently, “tuning down” 

the input from the amygdala to the 
cortex had destabilized or perhaps 
even destroyed their memory of fear.

Says Yizhar: “Our research has 
focused on a fundamental question 
in neuroscience: How does the brain 
integrate emotion into memory? 
But one day our findings may help 
develop better therapies targeting the 
connections between the amygdala 
and the prefrontal cortex, in order to 
alleviate the symptoms of fear and 
anxiety disorders.”  ❙
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Turning Down the Brain to Erase Fearful Memories 

An entire mouse brain viewed from 
above: Neuronal extensions connect the 
two amygdalas (brightest green spots  
on both sides of the brain) with the  
prefrontal cortex (top)

http://www.nature.com/neuro/journal/vaop/ncurrent/full/nn.4523.html
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One way to understand how ocean 
acidity can change, for example, 

in response to rising carbon dioxide 
(CO2) levels, is to look to the history 
of seawater acidity. Dr. Itay Halevy of 
the Weizmann Institute of Science has 
looked to the distant past – all the way 
back to Earth’s earliest oceans. The 
model he developed, together with Dr. 
Aviv Bachan of Stanford University, 
suggests that the early oceans, right 
around the time that life originated, 
were somewhat acidic, and that they 
gradually became alkaline. The study, 
published in Science, sheds light on 
how past ocean acid levels were con-
trolled by CO2 in the atmosphere, an 
important process for understanding 
the effects of climate change.

Acidity and alkalinity are mea-
sured on the pH scale of 0-14. On this 
scale, 7 is neutral, higher is alkaline, 
lower is acidic. At around 8.2, today’s 
oceans are mildly alkaline, and we 
know that rising CO2 levels are cur-
rently increasing the oceans’ acidity 
(decreasing pH). 

Halevy, of the Weizmann Insti-
tute’s Earth and Planetary Sciences 
Department, explains that billions of 
years ago “the early Sun was dimmer, 
even though we don’t have evidence 
for a much colder climate. We think 
that this is because the early atmo-
sphere had more of the greenhouse 
gas CO2 than at present, and that as 
the Sun got brighter, CO2 levels de-
creased,” says Halevy. 

CO2 and water produce carbonic 
acid, so it stands to reason that the 
early oceans would have been more 
acidic. But higher early CO2 levels 
would also have resulted in acidic 
rainwater and this, in turn, could have 
led to higher rates of chemical weath-
ering of Earth’s rocky crust, washing 
down ions that would partly neutralize 
the acidity of CO2. Which effect is 
the stronger? This has been unclear; 
thus previous models of the history 
of seawater pH have come up with 

everything from high values to low.
The model that Halevy and Bachan 

developed accounts for these pro-
cesses and the way in which they 
influence the fluxes of ions into and 
out of ocean water. According to their 
model, the acidifying effect of higher 
CO2 levels dominated, and the early 
oceans had a lower-than-present pH.

“On a very fundamental level,” 
says Bachan, “we show that the pH of 
the ocean has been controlled by a few 
simple processes for all of geologic 
time.”

Putting numbers to the proposed 
pH, Halevy says that three to four bil-
lion years ago, the pH of ocean water 
was somewhere between 6.0 and 7.5 
– between that of milk and human 
blood. Halevy: “This gives us some 
clues as to the conditions under which 
life emerged in the early oceans.”

“We had an early ocean more 
acidic than today in which primitive 

life thrived and chemical cycles were 
balanced; but if we want to apply this 
insight to today, we have to remember 
that this balance of acids and bases 
was maintained over geological  
timescales – millions of years,” he 
adds. “Today’s acidification from CO2 
is much more rapid, so this model 
does not apply to the short-term  
problem. Hundreds of thousands of 
years from now, the oceans will have 
found a new balance, but between 
now and then, marine organisms and 
environments may suffer.”    ❙

  
Dr. Itay Halevy’s reseach is supported 
by the Helen Kimmel Center for 
Planetary Science; the Deloro Insti-
tute for Advanced Research in Space 
and Optics; and the Wolfson Family 
Charitable Trust. Dr. Halevy is the 
incumbent of the Anna and Maurice 
Boukstein Career Development Chair 
in Perpetuity. 

>>>
>>>

First Oceans May Have Been Acidic

http://science.sciencemag.org/content/355/6329/1069.full

Explosive Material: The Making of a Supernova 

In the most common type of super-
nova, the iron core of a massive 

star suddenly collapses in on itself 
and the outer layers are thrown out 
into space in a spectacular explo-

sion. New research led by Weiz-
mann Institute of Science research-
ers shows that the stars that become 
so-called core-collapse supernovae 
might already exhibit instability for 

several months before the big event, 
spewing material into space and 
creating a dense gas shell around 
themselves. They think that many 
massive stars, including the red 

Pre-supernova stars may show signs of instability for months before the big explosion

http://science.sciencemag.org/content/355/6329/1069.full


The instability they  
revealed may be a regular  

warm up act to the  
immanent explosion
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http://www.nature.com/nphys/journal/vaop/ncurrent/full/nphys4025.html

super-giants that are the most com-
mon progenitors of these supernovae, 
may begin the process this way. 

This insight into the conditions 
leading up to core collapse arose 
from a unique collaboration called 
the Palomar Transient Factory, a 
fully automated sky survey using the 
telescopes of the Palomar observa-
tory in southern California. Astro-
physicists halfway around the globe, 
in Israel, are on call for the tele-
scope, which scans the California 
night sky for the sudden appearance 
of new astronomical “transients” 
that were not visible before – which 
can indicate new supernovae. In  
October, 2013, Dr. Ofer Yaron, in 
the Weizmann Institute’s Particle 
Physics and Astrophysics Depart-
ment, got the message that a po-
tential supernova had been sighted, 
and he immediately alerted Dr. Dan 
Perley who was observing that night 
with the Keck telescope in Hawaii, 
and NASA’s Swift Satellite. At 
Keck, the researchers soon began 
to record the spectra of the event. 
Because they had started observing 
only three hours into the blast, the 
picture the team managed to as-
semble was the most detailed ever 
of the core collapse process. “We 
had x-rays, ultraviolet, four spectro-
scopic measurements from between 
six and ten hours post-explosion to 
work with,” says Yaron.  

In a study recently published in 
Nature Physics, Yaron, Weizmann 
Institute researchers Profs. Avishay 
Gal-Yam and Eran Ofek, and their 
teams, together with researchers 
from the California Institute of 
Technology and other institutes in 
the United States, Denmark, Swe-
den, Ireland, Israel and the UK, 
analyzed the unique dataset they had 
collected from the very first days of 
the supernova. 

The time window was crucial: 

It enabled the team to detect  
material that had surrounded the star 
pre-explosion, as it heated up and 
became ionized and was eventually 
overtaken by the expanding cloud 
of stellar matter. Comparing the ob-
served early spectra and light-curve 
data with existing models, accompa-
nied by later radio observations, led 
the researchers to conclude that the 
explosion was preceded by a period 
of instability lasting for around a 
year. This instability caused material 
to be expelled from the surface lay-
ers of the star, forming the circum-
stellar shell of gas that was observed 
in the data. Because this was found 
to be a relatively standard type II 
supernova, the researchers believe 
that the instability they revealed 
may be a regular warm up act to the 
immanent explosion. 

 “We still don’t really understand 
the process by which a star explodes 
as a supernova,” says Yaron, “These 
findings are raising new questions, 
for example, about the final trig-
ger that tips the star from merely 

unstable to explosive. With our 
globe-spanning collaboration that 
enables us to alert various telescopes 
to train their sights on the event, 
we are getting closer and closer to 
understanding what happens in that 
instant, how massive stars end their 
life and what leads up to the final 
explosion.” ❙ 
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