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Editorial

BY PHILIPPE VERNIER, DIRECTOR OF CNRS’S 

INSTITUT DE NEUROBIOLOGIE ALFRED FESSARD 

AND PRESIDENT OF THE FRENCH SOCIETY FOR 

NEUROSCIENCES

There is probably no better illustra-
tion of how body and mind work as 
one than addiction, the subject of this 
CNRS International Magazine report.

When the mind craves a drug, the 
body feels it and acts to satisfy this 
 craving. The mind triggers the body into 
seeking specific sensations, and in return, 
the body forces the mind to succumb to 
dependence.

Research into addiction and into the 
cerebral mechanisms of dependence have 
long interested neurobiologists, who seek 
out, in the brain and other organs, the 
molecules, cells, and pathways that un-
derlie such compulsive behavior. 
Although all addictions share common 
characteristics that rely on the neural 
pathways of decision-making and plea-
sure, there are also differences between 
them that need to be elucidated. 

This is not about drugs, but about 
drug users. Every individual who is  
dependent on a substance or a pattern  
of behavior has their own history, and 
their own difficulty in living with the 
imbalance that opposes sensation- 
seeking to self-destructive behavior. 
Doctors and psychologists study drug 
addicts to decipher not only intrinsic 
vulnerability—some would say genetic 
susceptibility—but also the role played 
by families, schools, or social and cul-
tural environments. There are as many 
responses as there are causes, and profes-
sionals need to combine medical, psy-
chotherapeutic, behavioral, and societal 
care. It is therefore essential to take a 
multidisciplinary approach to promote 
the exchange of information between 
researchers, clinicians, society, and  
public authorities. There is room for hope 
in this matter, as well as potential solu-
tions and obstacles to overcome. 
Addiction is a story of our times.  
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Curiosity Rover

Up and Running on Mars
T

he Curiosity Rover success-
fully landed on Mars on 
August 6, after a 570 million 

kilometer journey that lasted  
8 months. The Rover, developed by 
NASA, has two years to explore 
Mars’s soil and atmosphere in the 
vicinity of its landing site in the 
Gale crater. Its mission is to deter-
mine whether conditions were ever 
favorable for the emergence of life 
on the Red Planet. To do so, 
Curiosity has around ten instru-
ments, two of which were designed 
in CNRS laboratories in partner-
ship with CNES. One of them, 
ChemCam, analyzes rocks in the 
Rover’s vicinity by bombarding 
them with a powerful laser. The 

other, called SAM, is a complete 
portable laboratory designed to 
study the soil and subsoil. Tests 
have shown that Curiosity is in 
perfect condition: ChemCam 
performed its first laser shot   
on August 20, and two days 
later, the Rover moved around 
for the first time. Yet the explo-
ration of Mars has only just  
begun. In 2016, a new NASA 
lander, dubbed InSight, will be 
sent to the planet to study its 
internal structure. CNES and 
CNRS laboratories, in associa-
tion with European and 
American organizations, will 
provide its main instrument, the 
SEIS seismometer.  

q Martian 
landscape 
photographed by 
one of the Curiosity 
Rover’s cameras.   
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Euclid
w� Mission  Euclid, which involves CNES, 

CNRS, and CEA , has been given the 

go-ahead by the European Space 

Agency. Originally a French initiative, 

the Euclid satellite will sound the sky 

for dark energy, the mysterious  

component thought to make up most  

of the universe.  The scientific data 

collected will constitute a catalog  

of several billion stars and galaxies, 

representing a unique and almost 

inexhaustible source of information  

for astronomers.  

q Designed by 
Michel Paysant, this 
nanometer-scale 
Maori tattoo was 
made out of gold on 
the silicon wafer 
shown on the right.  
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Exhibition: The Art of 
Nanotechnology

w� On October 12, 2012, an international 
exhibition will open its doors in Mudam 
(Luxembourg) for three months.

Two years after exhibiting their micro-and 
nanometer scale artwork at the Louvre Museum 
(Paris), French artist Michel Paysant, together with 
two CNRS scientists from LPN,1 physicist Giancarlo 
Faini and engineer Christian Ulysse, present their 
new “OnLab” exhibition. This is an enlarged 
collection with 48 works created using electron-
beam lithography and inspired by architecture, 
masterpieces from the Louvre, famous modern art 
works, and original pieces. This updated exhibition is 
produced by the Institut Français, and is intended to 
travel abroad with the support of the worldwide 
network of French cultural institutes.  

01. Laboratoire de photonique et nanostructures (CNRS / LPN).

 ONLINE.
> www.mudam.lu
> www.michelpaysant.fr 
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A Great Summer for French Mathematics 
w� French mathematics was 
in the spotlight this summer.  
For the first time, the Henri 
Poincaré prize rewarded two 
French mathematicians,  
Nalini Anantharaman,  
from the Orsay Mathematics 
Laboratory,1 and Sylvia 
Serfaty, from the Jacques-
Louis Lions Laboratory.2 

This distinction is awarded 
every three years to scientists 
for their contribution to 
mathematical physics. 

Four other French 
mathematicians, Emmanuel 
Breuillard, Mathieu Lewin, 
Grégory Miermont, and Sophie 
Morel, are among the ten 
laureates of European 

Mathematical Society prizes. 
Finally, Emmanuel Trélat,  
also from the Jacques-Louis 
Lions Laboratory, collected 
the Félix Klein prize, which 
distinguishes young scientists 
who find solutions to current  
industrial problems.  

01. CNRS / Université Paris-Sud.
02. CNRS / UPMC.

01 Nalini Anantharaman. 
02 Sylvia Serfaty.

2012 CNRS Gold Medal

w� The anthropologist and Americanist Philippe Descola has been 
awarded the 2012 CNRS gold medal, France’s most prestigious scientific 
distinction. Since 2000, Descola has been a professor at the Collège de France, 
where he is chair of Anthropology of Nature, while simultaneously serving as 
director of the social anthropology laboratory founded in 1960 by Claude 
Lévi-Strauss. He previously taught at the EHESS,1 where he was hired as a 
lecturer in 1984 and named senior researcher in 1989.

Born in Paris in 1949, Philippe Descola studied philosophy before 
undertaking a post-graduate thesis with Lévi-Strauss. In September 1976, he 
embarked on a three-year field mission among the Achuar Jivaro people of 
Ecuador, an ethnographic experience that provided the basis for his 1983 
PhD thesis. Entitled La Nature Domestique, Symbolisme et Praxis dans 
l’Écologie des Achuar (“Domestic Nature, Symbolism and Praxis in Achuar 
Ecology”), it examines how the Achuar attribute human characteristics to 
nature, thereby forming a continuum between human and non-human life.

In his research, Descola seeks to transcend the dualism that pits nature 
against culture and to redefine the dialectic that structures humankind’s 
relationship with the world and with other beings. He proposes a non-
dualistic form of anthropology, one that does not make a categorical 
distinction between humans and non-humans. As the cornerstone of his 
approach, he distinguishes four modes for the identification of beings in all 
human societies—different ways of defining the frontiers between the 
human and non-human that make up what he calls the system of four 
ontologies: totemism, animism, analogism, and naturalism.

Over the course of his career, Descola has published many works that 
have become references in the field, several of which have been translated 
into English.2 He is a foreign member of both the British Academy and the 
American Academy of Arts and Sciences.

01.  Ecole des hautes études en sciences sociales.
02.  In the Society of Nature: A Native Ecology in Amazonia (1993); Nature and Society: Anthropological 

Perspectives (1996); Spears of Twilight: Life and Death in the Amazon Jungle (1998); The Ecology of 
Others: Anthropology and the Question of Nature (2012); Beyond Nature and Culture (in press).

 Anthropologist Gets Top 
Recognition
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A photo gallery is 
available on the online 

version of the magazine. 
> www.cnrs.fr/
cnrsmagazine
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BY FABRICE DEMARTHON

P
hysicists the world over have 
been hunting it for 50 years.  
 First hypothesized in 1964 by 
 several theorists—including 

Peter Higgs—to explain how particles get 
their mass, the Higgs boson may well 
have been detected at CERN in Geneva. 
“There has been a crucial breakthrough 
at the LHC,” says an enthusiastic Laurent 
Serin, deputy scientific director at CNRS’s 
IN2P3.2 “A new particle has definitely 
been discovered, and some of its charac-
teristics are compatible with what theory 
predicts for the Higgs boson.” Although 
they remain cautious, since their analyses 
are still at an early stage, the scientists 
make no attempt to conceal their excite-
ment. “Finding a new particle is already 
an exceptional event, something that 
hardly ever happens in a researcher’s 
lifetime,” says a delighted Sandrine 
Laplace, a researcher at the LPNHE3 who 
took part in the discovery, “so if it really 
is the Higgs boson...”

THE MISSING PIECE 
The reason for this enthusiasm is that the 
stakes are high: the Higgs boson is the last 
particle in  the Standard Model  that 
remains to be discovered (see box). And 
its role is fundamental. Back in the 20th 
century, when the foundations of particle 
physics were being laid, researchers were 
rapidly confronted with several obstacles. 
On the one hand, the theory predicted 
that all the particles that mediate interac-
tions—bosons—have zero mass. 
Although this is true of the photon (the 
particle of light, the boson of electromag-

netic interaction), the 1983 CERN discov-
ery of the W and Z bosons, which mediate 
what is known as the weak interaction, 
was something of a puzzle, since they had 
mass. And on the other hand, no one 
could really explain why particles of 
 matter, such as electrons, also have mass.  

To get around this problem, Peter 
Higgs, Robert Brout, and François 
Englert  put forward a remarkable hy-
pothesis: what if particles got their mass 

by interacting with a field, produced by a 
new kind of boson, in which they were 
permanently immersed? The Higgs 
boson was born. Rather like a viscous 
medium, its field “slows down” particles, 
making them “heavier,” depending on 
the extent to which they interact with it. 
Some particles interact strongly, like the 
top quark, which has a mass of 170 billion 
electronvolts (170 GeV),4 while others, 
like the photon, do not interact at all. This 

Physics On July 4, 2012, scientists carrying out two separate experiments at the 
Large Hadron Collider (LHC) at CERN1  announced that they had detected a new particle. 

 THE STANDARD.
 MODEL.

The theory that 
describes all 

the elementary 
particles and how 

they interact. They 
can be classified 

into fermions, 
which make up 

matter, and bosons, 
which mediate 

interactions. 

The Higgs Boson  

at Last ?
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CNRS teams. With its 27-kilometer-long 
ring buried 100 meters below ground, 
this gigantic machine is the most power-
ful particle accelerator in the world. Two 
independent beams of protons or ions 
travel around the ring at near-light speed 
and in opposite directions, meeting at 
four different points and producing the 
phenomenal collisions required to find 
particles like the Higgs boson. Four 
 detectors, called ATLAS, CMS, LHCb, 
and ALICE, are installed at the four 
 collision points. They involve more than 
20 CNRS laboratories. 

ID TO BE CONFIRMED
The new particle was observed by ATLAS 
and CMS, the two detectors specially 
designed to find it. The fact that the teams 
work independently makes the discovery 
all the more indisputable: CERN, which 
operates the LHC, bans scientists from 
exchanging information about their 
 respective experiments. Both detectors 
revealed the existence of a particle with a 
mass between 125 and 126 GeV. “The 
chance of this being background events  
is less than one in a million,” Laplace 
points out.  “That’s small enough to infer 
that this is well and truly a new particle.” 
But is it the Higgs boson? “It’s too soon to 
be sure,” says Serin. “Some of its charac-
teristics are actually compatible with the 

Standard Model’s Higgs boson, but the 
data needs to be refined. We must study 
other properties, such as its  spin, or other 
decay modes.”  This is no small feat, given 
the rarity of the particle’s appearances 
and the mass of data to be  processed. “If 
this data were music, the LHC would 
produce 600 million years’ worth of lis-
tening,” Laplace explains by way of 
comparison. “Yet instruments like 
ATLAS are only able to record 40 years’ 
worth. And of those 40 years, only a few 
minutes may reveal the presence of the 
Higgs boson.”

The discovery of a particle is an im-
portant step in the quest for the elusive 
boson. But it will take several months, or 
even years, to prove that this new particle 
really is the Higgs boson. And even then, 
the LHC’s work will not be over. The 
 collider can help elucidate dark matter, 
antimatter, or potential physics beyond 
the Standard Model, to name but a few. 
Physicists  already know that the Higgs 
boson is just another piece in the puzzle 
that may eventually help unlock the 
universe’s many secrets.   

01.  European Organization for Nuclear Research.
02.  Institut national de physique nucléaire et de 

physique des particules.
03.  Laboratoire physique nucléaire et hautes énergies 

(CNRS / Universités Paris-VI and VII). 
04.  In physics, energy and mass are equivalent. The 

mass of particles can therefore be expressed in 
electronvolts, a unit of energy. 

CONTACT INFORMATION:
LPNHE, Paris. 
 Sandrine Laplace
 > laplace@lpnhe.in2p3.fr

IN2P3, Paris. 
 Laurent Serin
 > lserin@admin.in2p3.fr

 SPIN. 
A quantum 

property that can 
take integer values 

for bosons (0,1,2, 
etc.) and half-

integer values for 
fermions (1/2, 3/2, 

etc.).

elegant solution had the virtue of reconciling theory with ob-
servation. The snag was that, at the time, nobody had ever seen 
such a particle. The hunt for the Higgs boson was on. 

GIANT COLLIDER REQUIRED
But how to find it? The hope was that making high-energy 
particles collide with one another would eventually produce this 
new elusive particle (see box).  Hence the installation, in a num-
ber of countries, of increasingly powerful particle accelerators 
culminating in 2009 with the launch of the LHC, the result of 
an international collaboration involving a large number of 

Of the LHC’s four detectors, 
ATLAS and CMS are the most 
impressive. ATLAS is 46 meters 
long and 25 meters wide, and 
weighs 7000 tons, while CMS, 
although smaller, weighs an 
astonishing 12,500 tons. They 
are made up of various devices, 

such as calorimeters and track-
ing detectors that measure the 
energy and paths of particles 
produced by colliding protons. 
On rare occasions, two colliding 
protons can produce a Higgs bo-
son, whose lifetime is so short 
that it is impossible to detect 

directly. Yet the boson decays 
into particles that can be spot-
ted. While there are many decay 
modes, those that allowed the 
particle to be detected show 
the Higgs boson decaying into 
two photons or four leptons 
(electrons and muons).  

DETECTING THE HIGGS BOSON

01 Collision of two 
protons detected by 
CMS. A Higgs boson 
might have been 
produced, as 
revealed by the 
presence of two 
characteristic 
photons (green 
lines).  
02 Peter Higgs in 
front of the CMS 
detector.
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Créteil

BY TOM RIDGWAY

W
hen the PROCESS2 experiment left the Earth 
aboard the space shuttle Atlantis in 2008, headed 
for the International Space Station (ISS), it had a dual 

objective: deciphering how amino acids react both to solar UV 
radiation and to UV conditions similar to those on Mars.

The amino acids on board were chosen because they “had 
been detected on meteorites, and could have played a role in  
the appearance of life on Earth,” explains Hervé Cottin from 
the LISA,3 one of the laboratories involved in the project.4 Placed 
behind magnesium-fluoride filters, some of the amino acids 
were exposed in their pure form, while others were embedded 
in meteorite powder. The “Mars” samples used quartz filters to 
simulate UV light on the planet’s surface. Upon arrival in 
February 2008, the sample set was placed in the ESA EXPOSE-E 
facility located outside the ISS, and left in place for 18 months, 
before being returned to Earth for analysis.

The results were very different from those obtained with 
simulated solar radiation on Earth, which came as a surprise to 
Cottin and his team. “We have differences in the order of 10 
between the speed of degradation in the laboratory and in  
orbit,” he says. “This indicates that the UV solar simulators  
used in our labs need to be significantly improved, something 

we’re already working on.” Analysis also 
showed that the stability of the amino 
acids depends on their chemical structure 
(with or without alkyl substituent, 
whether this substituent is branched  
or not, etc.), a result the team is now 
building on to “try and derive systematic 
laws governing the photostability  
of amino acids according to their struc-
ture.” The acids embedded in meteorite 
powder proved far more resistant to 
degradation. However, the fact that this 
photostability varied from molecule to 
molecule suggests that interplanetary 
dust particles can act as a selective filter 
in the delivery of amino acids to the 
Earth. This theory about a photolytic 

 selection of prebiotic ingredients 
 imported to Earth is still “a recent  
hypothesis, but an interesting one to 
 investigate,” says Cottin. 

Concerning the “Martian” experi-
ments, on the other hand, results were 
clear-cut: the amino acids were com-
pletely destroyed, a finding that should 
prove useful to NASA’s Curiosity Mars 
mission. 

“We are now considering experi-
ments in higher orbits that would com-
bine both UV radiation and large doses 
of energy particles, a combination that 
cannot be reproduced in the laboratory,” 
Cottin says. “We’d also like to expose 
frozen samples, because on comets and 
on the frozen surface of giant planets’ 
moons, chemical evolution takes place at 
extremely low temperatures.” 

01.  H. Cottin et al., “The PROCESS experiment: An 
Astrochemistry Laboratory for Solid and Gaseous 
Organic Samples in Low-Earth Orbit;” M. Bertrand et 
al., “The PROCESS Experiment: Exposure of Amino 
Acids in the EXPOSE-E Experiment on the 
International Space Station and in Laboratory 
Simulations;” A. Noblet et al., “The PROCESS 
experiment: Amino and Carboxylic Acids under 
Mars-Like Surface UV-Radiation Conditions in 
Low-Earth Orbit;” Astrobiology, 2012. 12: 412-44.

02.   Prebiotic Organic Chemistry on Space Station.
03.   Laboratoire inter-universitaire des systèmes 

atmosphériques (Universités Paris Est Créteil and 
Paris Diderot / CNRS).

04.  Centre de biophysique moléculaire (CNRS -Orléans), 
LATMOS (UPMC / UVSQ / CNRS), with support from 
the Centre national d’études spatiales (CNES), and 
the Institut national des sciences de l’univers (INSU). 

Chemistry How do amino acids survive in space? The first findings of the PROCESS 
project are out, based on experiments performed at the International Space Station.1

Chemistry
in Low-Earth Orbit

CONTACT INFORMATION: 
LISA, Créteil. 
 Hervé Cottin
> herve.cottin@lisa.u-pec.fr

01 Located 350 km 
above the Earth's 
surface, the EXPOSE 
platform (circled in 
red) outside the ISS, 
can analyze unfiltered 
solar UV rays. 02 The 
sample exposure 
plate of the PROCESS 
experiment.
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BY FUI LEE LUK

w� The very first global mapping of 
wetlands and their dynamics over 
time1 was unveiled by scientists from the 
LERMA,2 the LEGOS,3 and Estellus.4 This 
mapping is a key tool, since areas like 
marshes, lagoons, and bogs—while 
 covering less than 5% of the Earth’s sur-
face—impact both biodiversity and 
 climate. The study shows a 6% decline in 
wetlands from 1993 to 2007, peaking 
in tropical and subtropical areas marked 
by rapid population increases.

The massive task of tracking world-
wide wetlands from the Tropics to the 
Arctic had never been undertaken. 
Meeting the challenge, the team com-
piled and analyzed satellite data to map 
wetland distribution over 15 years. 
Findings show that wetland expanses 
shift seasonally, naturally increasing in 
the wet season. Also, their spread varies 

Tracking Wetlands from Above
from year to year, reflecting for instance 
El Niño’s periodic warming of the Pacific. 
Yet overall, wetlands are shrinking. “This 
decline is most pronounced near the 
coastal regions where population 
growth has been the strongest in the last 
two decades, namely South American 
and South Asian areas—no doubt due to 
sustained urban development and  
water pumping,” notes Catherine Prigent 
from LERMA.

Mapping wetlands is vital as their 
evolution shapes the future of our planet. 
As a mix of land and water, they host di-
verse flora and fauna. In terms of climate, 
they alter weather locally by boosting 
evaporation, and contribute to global 
warming by producing a third of the 
world’s methane, a well-known green-
house gas. They also affect the water 
cycle, for example by modifying flows of 
freshwater to the sea. Providing useful 
data for biodiversity and climate model-

ing as well as water management policies, 
the wetland-mapping project is still ongo-
ing. “The team is now also studying how 
changes in global continental water vol-
umes affect sea levels,” concludes Prigent.

01.  C. Prigent et al., “Changes in land surface water 
dynamics since the 1990s and relation to population 
pressure,” Geophys. Res. Lett., 2012. 39: L08403, 
doi:10.1029/2012GL051276.

02.  Laboratoire d’étude du rayonnement et de la 
matière en astrophysique (CNRS / Observatoire de 
Paris / UPMC / Université de Cergy-Pontoise / ENS).

03.  Laboratoire d’études en géophysique et 
océanographie spatiales (CNRS / IRD / CNES / 
Université Toulouse-III).

04.  Estellus is a French start-up specialized in 
processing satellite data.

Ecology

CONTACT INFORMATION: 
LERMA, Paris. 
 Catherine Prigent
 > catherine.prigent@obspm.fr

7500 YEARS OF UNTARNISHED LUSTER BY VALERIE HERCZEG

w� Who has never dreamed of finding a pearl, nestled 
in a shell?  Researchers at the ArScAn laboratory1 got more 
than they bargained for: while examining a tomb at the 
Neolithic necropolis of Umm al-Quwain (United Arab 
Emirates), they came across what has since been 
established as the oldest natural pearl ever discovered.2 

Dated at approximately 5500 BC by carbon-14 dating, 
the gem predates Japan’s Jomon pearl—previously 
considered as the world’s oldest specimen—by 2500 years. 

This finding is important as it provides evidence 
that Neolithic populations, who were 

essentially nomadic breeders, started 
collecting natural pearls as early as 

7500 years ago, not only in the 
Persian Gulf but also in the Indian 
Ocean, points out CNRS 
researcher and mission head 
Sophie Méry. “Marine resources 
were optimized, with the 

manufacturing of mother-of-pearl 
objects such as fish hooks, and 

pearls remained the region’s main source of revenue until 
oil was discovered.” Used for ornamental purposes and 
funeral rites, the 110 pearls unearthed so far in the Arabian 
Peninsula come from the large pearl oyster Pinctada 
margaritifera, or Black-lip oyster, and from the smaller 
species, Pinctada radiata, also known as Gulf pearl 
oyster. Often white and dull due to alteration, some 
specimens have kept their luster, displaying white,  
orange, or pink shades. 

Further investigation of Neolithic societies in the  
region, made possible by funding from French and foreign 
institutions,3 will no doubt unearth more figurative and 
literal treasures.

01.  Archéologies et sciences de l’antiquité (CNRS / Université Paris Ouest Nan-
terre La Défense / Université Paris-I / Ministère de la Communication / Inrap).

02.  V. Charpentier et al., "Pearl fishing in the ancient world: 7500 BP," Arabian 
Archaeology and Epigraphy, 2012. 23: 1-6. 

03.  These include CNRS, the French Ministry of Foreign Affairs, the Department 
of Antiquities and Museums of the Emirate of Umm-al-Quawain (UAE), and 
the Ministry of Heritage and Culture of the Sultanate of Oman.

CONTACT INFORMATION:
ArScAn, Nanterre. 
 Sophie Méry
 >  sophie.mery@mae.u-paris10.fr
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between 1993 and 
2007, showing a 
decrease in wet 
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q The quality of the 
7500-year-old pearl 
from Umm 
al-Quwain (UAE) 
suggests it comes 
from the oyster 
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BY KATIA YEZLI

w� W  i  d  e     l  e  t  t  e  r     s  p  a  c  i  n  g 
could  considerably help your reading if you  
were suffering from dyslexia. Indeed, one of the 
main problems posed by dyslexia is the difficulty  
for the reader to clearly identify letters, syllables,  
and words. This is amplified by what scientists  
call “visual crowding,” which consists in the  
“lateral masking” of letters and words by those 
 surrounding them. 

In the last five years, studies have shown that 
children with dyslexia suffer more acutely from 
 visual crowding than normally-developing children. 
A French-Italian research team, headed by Johannes 
Ziegler of the LPC1 and Marco Zorzi from the 
University of Padova (Italy), is now providing experi-
mental evidence that the detrimental effect of 
crowding on dyslexic children’s reading ability  
can be reduced by simply widening the space  
between letters and words.2  “Normal readers also 
experience visual crowding, but the brain learns to 
deal with it through practice, which is not the case 
for dyslexics,” explains Ziegler. The researchers  
tested 94 dyslexic children in France and Italy, all 

aged between 8 and 14. A speech therapist assessed 
their performance as they read a text of 24 short 
sentences, one with standard spacing and the other 
with wider letter spacing. 

The study reveals that wider spacing, as it  
reduces visual crowding, markedly improves most 
 dyslexic children’s reading ability, both in terms of 
speed and precision. On average, the reading speed 
increased by 20% and the percentage of error was 
halved. “This is only an average for the entire group, 
though, as some children were able to double their  
reading speed while others wouldn’t improve at 
all,” adds Ziegler.

An iPad/iPhone application was developed in 
parallel by Stéphane Dufau, a CNRS research  
engineer from the LPC. It enables both parents  
and children to adjust spacing between letters  
while testing their reading performance. The 
 researchers are using it to collect data on a much 
larger scale, and hope to get at least 5000 cases by 
the end of summer. 

01.  Laboratoire de psychologie cognitive (CNRS / Université 
d’Aix-Marseille).

02.  M. Zorzi et al., “Extra-large letter spacing improves reading in 
dyslexia,” PNAS, 2012. 109: 11455-9.

Wide Letter Spacing Helps Dyslexics
Neurobiology

CONTACT INFORMATION: 
LPC, Marseille. 
 Johannes Ziegler
 > johannes.ziegler@univ-amu.fr

BY CLÉMENTINE WALLACE

w�A recent study on the evolution of 
fungi sheds new light on how, roughly 
300 million years ago, the geologic era 
known as  the Carboniferous period  
came to an end.

Researchers sequenced and com-
pared the genomes of 31 forest fungi.1 
From these sequences, they were able to 
create a phylogenetic tree and trace back 
the evolution of different enzymes en-
coded by these fungi. More specifically, 
they tracked the enzymes capable of 
 decomposing lignin—the substance  
that glues cellulose fibers together  
inside plant stalks and wood, providing 
their strength and rigidity. Such enzymes 
are found in “white rot” fungi—the  
only organisms known to efficiently 
 decompose wood.

The phylogenetic analysis revealed 
that white rots acquired the ability to 
break down lignin about 290 million years 
ago, when the number of gene copies 
coding for lignin-decomposing enzymes, 
called peroxydases, suddenly surged. 
According to the researchers, this 
 phenomenon coincides with the end of 
the 60-million-year Carboniferous era—
the period during which the Earth’s coal 
was laid down.

“Our results suggest that once white 
rot fungi acquired the ability to break 
down lignin, they started feeding off 
wood debris, releasing carbon that 
would have otherwise been fossilized as 
coal,” explains AFMB2 researcher Bernard 
Henrissat. “This drastically slowed down 
coal accumulation on Earth and probably 
contributed to bringing the coal-deposi-
tion era to an end.”

How the Earth Stopped Producing Coal
Plant Biology

q The Red-belted 
Polymore (Fomitopsis 
pinicola), grows on 
coniferous trees.

q An iPad 
application that 
modifies spacing 
was developped for 
dyslexic readers.
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BY MARK REYNOLDS

I
f you have ever watched a child try-
ing to catch a bubble mid-air, you 
know how the story ends. Measuring 

the elasticity of such fragile objects 
 requires a device that can measure  
rigidity without direct contact. A new 
non-invasive technique that allows to  
approach surfaces down to nanoscales 
and takes advantage of fluid mechanics 
may provide the solution.1

According to study co-author 
Frédéric Restagno from the LPS,2 the 

device was designed to investigate the 
long-held assumption that as a liquid 
moves over a surface, the velocity of the 
water closest to the substrate nears zero: 
this is known as the “sticky boundary 
condition.”

Restagno’s former PhD supervisor, 
Élisabeth Charlaix,3 had performed ex-
periments to determine the nature of this 
boundary condition, using a super-hy-
drophobic surface. Her hypothesis was 
that as water f lows over the surface, 
 micro-bubbles of air become trapped on 
any rough patches it encounters on the 
surface. As these accumulate, they form 
a sort of mat that can shift and compress 
as the rest of the water flows over it. To 
test the theory without destroying the 
bubbles, the researchers used a device 
called the surface forces apparatus. In this 
apparatus, Audrey Steinberger,  another 
PhD student of Charlaix, lowered a mil-
limetric pyrex sphere suspended  
to a thin rod into a liquid, within nano-
meters of the underlying bubble layer.  
The flow resulting from the  approach of 
the sphere exerted pressure on the bub-
bles, distorting their shape. 

Because the force of the disruption 

was predictable and measurable, the 
 researchers were able to calculate the 
 rigidity of the bubbles based on how  
much they reacted to the flow disruption.

Restagno and his colleagues subse-
quently applied the same technique to 
elastic thin films of varying thicknesses 
and rigidities, using them as a substrate 
with a liquid flowing over them. By mea-
suring how much the film was distorted 
under the altered liquid flow, the scien-
tists were able to calculate its rigidity.

Restagno believes that this viable, 
non-invasive technique, could be used in 
a variety of contexts, including for deter-
mining the characteristics of living cells, 
or those of polymer coatings used in 
nanotechnology.

01.  S. Leroy et al., “Hydrodynamic interaction between a 
spherical particle and an elastic surface: A gentle 
probe for soft thin films,” Phys. Rev. Lett., 2012. 108: 
264501-5.

02.  Laboratoire de physique des solides (CNRS / 
Université Paris-Sud). 

03.  Laboratoire de physique de la matière condensée et 
nanostructures (CNRS / Université Lyon-I).

Physics  Using a new dynamic surface forces apparatus, researchers were able 
to measure the elasticity of a thin film without touching it.

Hands-Off
Measurements

CONTACT INFORMATION: 
LPS, Orsay. 
 Frédéric Restagno
 > frederic.restagno@u-psud.fr

q Close-up of the 
pyrex sphere and 
sheet on which the 
elastic nanometric 
film is deposited. The 
liquid drop at the 
end acts as a probe.

These findings could prove especially 
useful for researchers working on next-
generation biofuels based on plant  
residue fermentation.

So far, developing enzymes capable 
of specifically degrading lignin has 
proved difficult, thus stalling advances in 
this field. “With this study, we now have a 
battery of new enzymes to experiment 
with. Our objective is to combine them 
effectively to degrade organic matter in a 
natural way, only much faster.”

01.  D. Floudas et al., “The Paleozoic origin of enzymatic 
lignin decomposition reconstructed from 31 fungal 
genomes,” Science, 2012. 336(6089):1715-9.

02.  Architecture et fonction des macromolécules 
biologiques (CNRS / Université d’Aix-Marseille).

CONTACT INFORMATION: 
AFMB, Marseille. 
 Bernard Henrissat
 > bernard.henrissat@afmb.univ-mrs.fr

A photo gallery of the 
experiment is available 

on the online version  
of the magazine.
>  www.cnrs.fr/
cnrsmagazine

Orsay
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BY GAËLLE LAHOREAU

w� In a last-ditch effort to offset global 
warming, many solutions have been en-
visaged. These include injecting  reflecting 
particles (sea salts, sulfate aerosols, etc.) 
into the atmosphere to reflect sunlight.

These methods, known as geoengi-
neering or climate engineering, have 
 garnered increasing support since the 
publication in 2006 of an article by Nobel 
chemistry laureate Paul Crutzen. But 
 recently-published simulations1 show 
that the use of reflecting particles would 
also disrupt rain patterns, in particular by 
reducing rainfall in Northern Europe, 
Southeast Asia, and the Americas.

The simulations were based on two 
extreme climate scenarios, one of which 
involved human intervention through 
geoengineering. Both proceeded from 
the same hypothesis, namely an instan-
taneous quadrupling of atmospheric CO2 
due to human activity, from the estimat-
ed pre-Industrial Revolution level of 280 
parts per million (in 1750) to 1120 ppm.2 

According to the first scenario, i.e., with-
out human intervention, global tempera-
tures would rise by an average 8°C. In 
the second scenario, which foresees a  
5%  reduction in sunlight induced by 
geoengineering, the average tempera-
tures would be comparable to those of 
1750. In this respect, the desired results 
would therefore be achieved. But there  
is a  significant downside: rainfall would 
be reduced across the world. “We see 
 precipitation decreasing by as much as 
20% in Northern Europe,” reports study 

co-author Olivier Boucher of the LMD,3 
“whereas global warming alone, with no 
geoengineering, would increase it.”  
And obviously, less rain means higher 
risks of drought.

What are the reasons behind this un-
desirable phenomenon? “By reducing  
the amount of sunlight, we also limit the 
amount of energy that warms the oceans 
and land masses. Less energy means  
less evaporation, and thus fewer rain 
clouds,” Boucher explains. “It would be 
premature to conduct any experiments 
in the atmosphere at this stage. Many as-
pects of geoengineering can be studied 
with the models currently available.”

01.  H. Schmidt et al., “Solar irradiance reduction to 
counteract radiative forcing from a quadrupling of 
CO2: climate responses simulated by four Earth 
system models,” Earth Syst. Dynam., 2012. 3: 63-78.

02.  The current CO2 level is approximately 392 ppm.
03.  Laboratoire de météorologie dynamique (CNRS / 

ENS / UPMC / Ecole Polytechnique).

The Side Effects of Geoengineering 

CONTACT INFORMATION: 
LMD, Paris. 
 Olivier Boucher
 > olivier.boucher@lmd.jussieu.fr

Improving Vision through  
BY EVA ZADEH 

w�Using transcranial magnetic stimu-
lation (TMS), a non-invasive technique 
which delivers a magnetic pulse to a spe-
cific region of the brain, an international 
team1 managed to improve the visual 
abilities of healthy human subjects. They 
showed that the functions and behaviors 
controlled by the TMS-treated area were 
modified, which suggests that the corre-
sponding neurons might have been  
“artificially” activated by TMS.

Antoni Valero-Cabré from CRICM2 

and his team conducted two different 
experiments during which they stimulat-
ed a specific region of the brain’s right 

Neuroscience

Injecting reflecting 
particles in the 
atmosphere would 
increase droughts 
(01). Modeling 
precipitation 
differences (blue, 
increases; red, 
decreases) with (02) 
or without (03) 
sunlight reduction 
shows that 
geoengineering 
could decrease 
precipitation.

q The FEF area 
targeted by TMS was 
first located by MRI.

Environment
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BY CLÉMENTINE WALLACE

w�The peopling of the Americas has been the subject of ex-
tensive genetic, archeological, and linguistic research. For 
years, experts have debated on whether the initial settlements 
resulted from one or several migration waves from Siberia.

Recently, 64 researchers from around the world combined 
the genetic samples they had collected from 52 Native American 
and 17 Siberian populations over the last decade.1  “The diffi-
culty in studying Native American genetic history stems from 
the fact that these populations started mixing with European 
and African immigrants in the 1490s,” explains CNRS researcher 
Stéphane Mazières,2 who participated in the study, together 
with Jean-Michel Dugoujon.3 “However, we made a point of fo-
cusing on non-urban groups that showed no evidence of recent 
genetic admixture based on genealogical pedigrees.”

 The researchers used state-of-the-art DNA chips to analyze 
more than 360,000 chromosomal locations. They avoided DNA 
regions where patterns matched those found in European and 
African populations, to focus on the chromosomal regions de-
void of genetic admixture. Computer algorithms then captured 
patterns of genetic similarities and differences between groups.

These patterns fit with the hypothesis of a three-wave set-
tlement. “It appears that most Native Americans descend from 
a first wave from Siberia, dating back more than 15,000 years, 
when Asia and America were connected,” says Mazières. “Two 
subsequent Asian waves made genetic contributions, once 
again in North America, yet much more locally: They were re-
stricted to specific Arctic and Canadian populations.”

The First Americans
The scientists’ analysis reveals that the greatest genetic 

 diversity is found among North American populations, while 
those in the South appear more homogenous. Since North 
America was the point of entry for the two Asian immigration 
waves, the team hypothesizes that explorers then travelled 
southwards along the Pacific coastline, with small groups  
splitting off along the way, giving rise to more homogenous 
populations. The researchers now plan to use this data to study 
the interactions between native populations and their respec-
tive environments, i.e., how they adapted to varying altitudes, or 
to cold or tropical climates.

01.  D. Reich et al., “Reconstructing Native American population history,” Nature, 2012. 
488: 370-4.

02.   Laboratoire anthropologie bio-culturelle, droit, 
éthique et santé (CNRS / Université d'Aix-Marseille / 
EFS).

03.  Laboratoire d’Anthropologie moléculaire et 
imagerie de synthèse (CNRS / Université Paul 
Sabatier / Université de Strasbourg).

Genetics

CONTACT INFORMATION: 
ADES, Marseille. 
Stéphane Mazières  
 > stephane.mazieres@univ-amu.fr

  Magnetic Stimulation
hemisphere called the Frontal Eye Field 
(FEF). Though not a primary visual area, 
the FEF is involved in spatial attention for 
specific regions of our visual field. 

In the first experiment, subjects were 
asked to keep their gaze in a central visual 
field while being tested for their ability to 
localize a very low-contrast spot dis-
played for 30 ms in a more peripheral 
location. When the FEF was submitted  
to a magnetic pulse lasting between  
80 and 140 ms prior to the appearance of 
the  peripheral spot, the subjects were 
able to see the target more often than in 
the absence of TMS treatment. Visual 
sensitivity was momentarily enhanced 
by up to 12%.

In a second experiment, in addition to 
the TMS treatment, the participants re-
ceived a short visual cue indicating where 
the low-contrast spot would appear. In 
this case, improvement only occurred 
when the cue was on the same side as the 
spot. This means that a lateralized visual 
stimulus given prior to showing the target 
can influence the facilitative effects of 
stimulation.  

Although conscious vision is highly 
optimized in healthy adults, these find-
ings show that it can still be improved 
using TMS. Researchers believe their 
study3 could lead to new treatments for 
certain visual conditions caused by brain 
damage, like strokes or retinal neurode-

generative disorders. “The goal is not to 
replace existing therapies based on visu-
al exercises, but to supplement them and 
improve their outcome,” concludes 
Valero-Cabré. In the near  future, the team 
envisions a clinical trial with patients af-
flicted by stroke-induced visual defects.

01.  Involving researchers from France, Spain, and the 
US.

02.   Centre de recherche de l’institut du cerveau et de la 
moelle épinière (CNRS / INSERM / UPMC).

03.  L. Chanes et al., “Manipulation of Pre-Target Activity 
on the Right Frontal Eye Field Enhances Conscious 
Visual Perception in Humans,” Plos ONE, 2012. 
7: e36232.

CONTACT INFORMATION: 
CRICM, Paris. 
 Antoni Valero-Cabré
 > avalerocabre@gmail.com

q Portraits of Native 
American Indians 
from French Guiana. 
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INTERVIEW BY CLÉMENTINE WALLACE

Last June, several experts including 
yourself published a review article2 
about the consequences of 
biodiversity loss. What was the 
purpose of this collaboration?
Michel Loreau: Research on the effects 
of biodiversity loss is a relatively young 
field—it started only 20 years ago, after 
the UN’s first Earth Summit. Two  decades 
later, for this year’s Earth Summit in June, 
17 experts including myself decided to 
publish a review of existing knowledge on 
the subject. We looked at the findings of 
over 1700 studies to highlight where  
there was consensus and where research 
 remains insufficient. Interestingly 
enough, although the authors have often 
taken different stances in the scientific 
literature, there are certain points on 
which we all agree. 

First of all, what are the main causes 
of biodiversity loss?
M. L.: The five principal causes are habitat 
destruction, invasive species, overhar-
vesting, pollution, and climate change. 

Although the latter has had limited  
effects on biodiversity so far, it is expected 
to become the most pressing issue facing 
diversity in the future.

What is the consensus regarding the 
impact of biodiversity loss?
M. L.: There is now overwhelming evi-
dence that it is changing basic ecosystem 
processes. By ecosystem processes,  
I mean the ability of ecosystems to pro-
duce biomass, and to capture and recycle 
essential elements such as nitrogen, 
 phosphorous, and carbon. By and large, 
we all agree that as biodiversity is lost,  
the ecosystems’ ability to be productive  
is hampered, and ecological processes  
become more variable. 
In the second part of our work, we looked 
more closely at how biodiversity loss  
affects the “goods and services” that 
 nature provides, like food, wood, or  fertile 
soils. Of the 34 services that we investi-
gated, at least 11 are affected by this loss. 

Could you name a few? 
M. L.: For instance, biodiversity loss is 
affecting forests’ ability to produce wood, 

which captures and stores the atmo-
sphere’s carbon and thereby helps reduce 
the  accumulation of greenhouse gases. 
But reduced biodiversity also hampers 
the ability of natural ecosystems to con-
trol invasive species that damage forests 
and crops. In fact, it also affects our  
ability to produce the fodder we use to 
feed livestock.

How can this problem be overcome?
M. L.: Biodiversity loss must be taken far 
more seriously, not only by individuals but 
also by international governing bodies 
that can promote large-scale initiatives to 
prevent further species, genes, and ecosys-
tems from being lost. In areas where di-
versity has already been severely affected, 
actions must be undertaken to restore it, 
and thus recover some of nature’s ability 
to sustain human well-being.

Are there less evident consequences?
M. L.: Yes indeed. For the remaining 60% 
of the services we evaluated, available data 
is either insufficient to support different 
claims, or it provides mixed results. For 
instance, individual studies have shown 
that the more diverse the fauna and flora, 
the better the chance of cleaning up pol-
lutants in streams and lakes, while other 
surveys have led to opposite conclusions. 
To our knowledge, only eight studies have 
looked at how diversity affects water 
 pollution; further research is therefore 
necessary to elucidate this issue. 

01. Station d’écologie expérimentale du CNRS à Moulis.
02.  B.J. Cardinale et al., “Biodiversity loss and its impact 

on humanity,” Nature, 2012. 486: 59-67.

Biodiversity According to the latest reports, curbing the loss of Earth’s biodiversity 
should be an international priority. CNRS researcher Michel Loreau1 explains.

Biodiversity Loss: 
Urgent Action Needed

CONTACT INFORMATION: 
SEEM, Moulis. 
 Michel Loreau
> michel.loreau@ecoex-moulis.cnrs.fr

qOn Lepredour 
island (New 
Caledonia), the 
eradication of Rusa 
deers and rabbits,  
which destroyed the 
original vegetation 
of the island, has 
allowed hair grass to 
spread.
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q Michel Loreau, of 
the SEEM Laboratory.
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BY DENIS DELBECQ

C
onventional wisdom has it that 
water swirls down a drain in op-
posite directions in the Northern 

and Southern Hemispheres. In theory, 
this is a good illustration of the  Coriolis 
force  exerted by the rotation of the Earth 
on fluids in motion. Only in theory, 
though—in practice, the direction of  
water is unpredictable, because the force 
involved is so weak that it is subdued by 
other movements. A new experiment by 
French researchers at the FAST Laboratory1 
now makes it possible to observe this min-
ute force with faultless precision. Although 
they are not the first to achieve this, their 
process, described in an article recently 
published in EPL2 is the simplest analog of 
the famous  Foucault pendulum  for fluids.

Initially, the experiment was designed 
to study the motion of fluids in the core, 
oceans, and atmospheres of planets. With 
this goal in mind, the team of researchers 
attached a water-filled sphere to the 
“Gyroflow,” a rotating platform that can 
spin as much as one ton of equipment and 
measuring instruments, at speeds up to  

30 rpm. “We added microscopic beads to 
the water so as to measure the liquid’s 
movements using a technique called 
particle image velocimetry,” explains 
Pierre-Philippe Cortet, CNRS researcher 
and co-author of the study.

Viewed from onboard the platform, the 
water should appear motionless, as both 
sphere and platform rotate at the same 
speed. But Cortet and his team detected 
that the water moved, albeit very slightly. 

“It’s a very slow movement, at a speed 
of around 10 to 400 thousandths of a 
millimeter per second,” Cortet reports. 
“We realized that it was caused by the 
Coriolis force exerted by the Earth’s rota-
tion on the liquid, which is itself rotating 
with the platform.” More interestingly, 
the researchers noticed that these unex-
pected movements reproduced a flow 
pattern found in the liquid core of planets 
like the Earth, whose rotational axis un-
dergoes a “ precession ,” which shapes a 
cone over a cycle of 26,000 years. 
“According to certain models,” the 
 researcher adds, “this precession could 
play a role in generating terrestrial  
magnetism by triggering an analogous 

flow in the Earth’s conductive liquid  
core, thus producing a dynamo effect.” 
This hypothesis is being tested at the 
University of Maryland (US), where re-
searchers have set up a three-meter sphere 
filled with liquid sodium on a rotating  
platform to mimic the flow patterns in 
the Earth’s core. Meanwhile, FAST’s 
Gyroflow experiment should shed light 
on how the Coriolis force helps generate 
the winds and currents that characterize 
our planet’s atmosphere and oceans.

01.  Laboratoire Fluides, automatique et systèmes 
thermiques (CNRS / Université Paris Sud / Université 
Pierre et Marie Curie).

02.  J. Boisson et al., “Earth rotation prevents exact 
solid- body rotation of fluids in the laboratory,” EPL, 
2012.  98 (59002).

Physics     A new 
laboratory experiment 
has made it possible to 
observe the effect of the 
Earth’s rotation on 
fluids in movement,  
a very difficult 
phenomenon to isolate.

A Liquid 
Foucault Pendulum

CONTACT INFORMATION: 
FAST Laboratory, Orsay. 
Pierre-Philippe Cortet
> ppcortet@fast.u-psud.fr

q Scientists 
observed the Coriolis 
force using the 
Giroflow rotating 
platform, at the 
center of which lies a 
water-filled sphere.
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 CORIOLIS FORCE.
The force exerted 

on moving objects 
within a rotating 

system.

 PRECESSION. 
Periodic change in 
the orientation of 

the rotational axis 
of a rotating body.

 FOUCAULT PENDULUM.
Conceived by the 
French physicist 

Léon Foucault in the 
19th century, this 

mechanism consists 
of a heavy sphere 
suspended from a 
metal wire several 

meters in length. The 
gradual deviation 
of the pendulum’s 

oscillation plane 
demonstrates the 

rotation of the Earth. 
Orsay
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BY MICHELLE DOBROVOLNY

W     
hen it comes to greenhouse gases, the usual sus-
pect is carbon dioxide. But water vapor accounts for 
roughly 55% of the greenhouse effect worldwide. In 

the form of stratospheric clouds in the polar regions, it also 
contributes to ozone-damaging chemical reactions. Despite the 
crucial role of water vapor in determining global climate trends, 
scientists can only rely on murky satellite observations of its 
small-scale movements to predict future climate. 

Most of the water vapor enters the stratosphere (15-50 km 
above surface) at tropical latitudes, where deep convection—the 
high-altitude, fast vertical air movement caused by the Sun’s 
heat—is most intense. On the one hand, deep convection can 
directly reach the stratosphere (a so-
called “overshoot”) and hydrate it. On the 
other hand, it also dehydrates the strato-
sphere: at altitudes of about 14 km, air 
masses above tropical storms ascend 
slowly into the cold environment of the 
upper troposphere (8-15 km above sur-
face) where water vapor crystallizes into 
ice particles. The denser particles fall be-
fore reaching the stratosphere, leaving the 
air predominantly dry. 

The TRO-pico1 project, which was 
launched in 2012 and involves three 
weather balloon missions in Bauru 
(Brazil), is funded by the French National 
Research Agency (ANR). Its objective is 
to study deep convection in the Tropics to 
evaluate the contribution of each of the 
processes underlying the abundance of 
water vapor in the tropical lower strato-
sphere, “a highly-debated issue,” accord-
ing to project coordinator Emmanuel 
Rivière, from GSMA.2

The first campaign was completed 
last March. Data was collected from 13 
f lights during a two-week mission. 
Spectrometers attached to small strato-
spheric balloons that can reach altitudes 
of up to 24 km—not attainable by air-
craft—measured the amount of water 
vapor present in the stratosphere. Other 
instruments quantified atmospheric spe-
cies, particles, and electric fields, which 
indirectly influence H2O levels. 

The next campaign is planned from 
January to March 2013, at the height of 

Brazil’s rainy season. Following research 
in the field, the team will run their  
observations through atmospheric com-
puter models.

Some scientists hypothesize that a 
warming planet will lead to more fre-
quent and violent tropical storms. This 
could increase the amount of overshoots, 
and potentially that of stratospheric H2O, 
causing further damage to the ozone and 
temperature fluctuation in a cycle that 
would then feed itself. Researchers believe 
the new observations gathered by TRO-
pico will help anticipate and thus face this 
putative climate evolution. 

01.  The project involves laboratories from CNRS 
(LATMOS / LMD / CNRM / LA / DT-INSU),  
Météo-France, and Université Paul Sabatier in 
France, and the Instituto de Pesquisas 
Meteorológicas (IPMet) in Brazil.

02.  Groupe de spectrométrie moléculaire et 
atmosphérique (CNRS / Université de Reims 
Champagne-Ardenne).

Environment A weather balloon mission in Brazil investigates the rapid entry of water 
vapor into the stratosphere to evaluate its impact on climate and ozone.

Highflying Research

CONTACT INFORMATION: 
GSMA, Reims. 
 Emmanuel Rivière 
 > emmanuel.riviere@univ-reims.fr

01 Researchers 
inflate a balloon for 
the mission. 02 The 
pico-SDLA H2O 
instrument in flight 
above Bauru (Brazil).

01 02
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INTERVIEW BY JEAN-PHILIPPE BRALY

CNRS and STMicroelectronics 
recently renewed their cooperation 
for another five years. What exactly 
does this involve?
Jean-Marc Chéry: The renewal extends 
and strengthens the agreement that we 
originally signed in 2001. It allows our 
French technological research and devel-
opment sites to initiate collaborations 
directly with CNRS labs at the local level. 
This partnership strategy has been key to 
our success in R&D. Since 2001, we have 
entered into nearly 500 collaborations 
with 93 CNRS laboratories, ranging from 
specific short-term projects to the super-
vision of doctoral theses, and even the 
launch of joint laboratories. Research 
covers a wide range of disciplines, which 
is why so many CNRS institutes are 
 involved, including the INSIS1 for engi-
neering, the INC2 for chemistry, and the 
INP3 for physics.

Have these joint research projects 
already led to industrial 
applications?
J.-M. C.: They have played a role in many 
applications that require sophisticated 

Partnership Jean-Marc Chéry, industrial and technological R&D director of STMicroelec-
tronics, evokes the recently renewed partnership between his company and CNRS.

CONTACT INFORMATION:
STMicroelectronics, Crolles. 
 Jean-Marc Chéry
 >  mariama.ronfard@st.com

electronics. In astronomy, for example, 
our cooperation with CNRS made it pos-
sible to develop integrated circuits for the 
ALMA radio telescope array, which is 
probing the edges of the universe from 
the Atacama Desert in Chile. Our coop-
eration with CNRS also promotes the 
development of innovative electronic 
systems for everyday devices like mobile 
phones, anti-collision radar systems in 
cars, medical imaging equipment, and a 
host of others.

Are there companies already using 
applications based on research 
conducted by CNRS and 
STMicroelectronics?
J.-M. C.: Several start-ups have been 
 created to apply the results of these joint 
research projects. One of them is 
Menapic, a Lille-based CNRS spin-off 
launched in 2010 to design applications 
based on colored picosecond acoustics. 
This laser technology can measure 
 certain mechanical properties of micro-
electronic components with nanometric 
precision. Another start-up, Xmod 
Technologies, is a service provider that 
focuses on  modeling and characterizing 
semiconductor systems.

q Clean room at the 
STMicroelectronics 
production facility in 
Crolles (France).

Booming Cooperation  
with STMicroelectronics

�q Jean-Marc Chéry of 
STMicroelectronics.
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What other advantages do you see in 
this public-private partnership?
J.-M. C.: A key pillar to our ongoing in-
novation strategy is to maintain strong 
ties with public sector research. For us, 
this partnership is essential as it helps us 
reduce risk, make the right decisions, and 
conduct R&D over a broad scientific and 
technological spectrum. Furthermore, 
the joint supervision of PhD theses helps 
us identify and recruit the most talented 
students—which is essential to preserve 
our technological lead over the long  
term. So far, and within the framework  
of this agreement, some 500 students 
have earned degrees based on projects 
co-supervised by researchers from 
STMicroelectronics and CNRS, and an-
other 200 theses are in progress. The 
general perception is that there is a gap 
between public research and the corpo-
rate world in France, but our successful 
cooperation with CNRS says otherwise.

01. Institut des sciences de l’ingénierie et des systèmes.
02. Institut de chimie.
03. Institut de physique.

Crolles
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BY ANDREA DAVOUST

W
hen asked to describe her 
research in computer 
 science at CNRS’s LIG,1 
Sihem Amer-Yahia shows 

unparalleled enthusiasm. And her inter-
ests are far and wide, from data manage-
ment to social networks, innovative 
business, and even “smart cities,” her  
upcoming project.  

After spending 10 years with 
American giants at&t and Yahoo!, this 
renowned scientist joined CNRS in 
December 2011. Amer-Yahia reckons  
that this new position offers a perfect 
balance between pure science and the 
“real world:” CNRS offers the “luxury of 
time to think and experiment,” while  
her  research addresses the very  
practical problems of consumers and 
businesses, a throwback to her work in 
the private sector. 

DATA MANAGEMENT
Before the days of emerging Internet 
 applications, Amer-Yahia focused on 
traditional forms of data management. 
For her PhD, completed at the University 
of Paris-Orsay and INRIA2 in 1999, 
the researcher worked on devising  
tools to migrate databases from one  
format to another. 

These were years of intense learning, 
but not just from an academic perspec-
tive. Having left Algeria, a country 
plagued by terrorism during the 1990s, 
the young student found solace in a new-
found freedom. “I had the feeling that 
everything was possible,” she recalls. “At 

INRIA, I met people from all over the 
world and practiced my English. This 
experience changed who I was.”

But France was not far enough, and 
in 1999 she accepted a post-doctoral posi-
tion at telecommunications giant at&t in 
New Jersey (US), and stayed on. “I felt at 
home living in New York,” recalls Amer-
Yahia. Meanwhile, during what she calls 
“the golden years” at at&t Labs, before 
business imperatives took over, she was 
free to conduct pure research on the XML 
data model, the language that computers 
use to exchange data. Collaborating with 
institutions as wide-ranging as the US 
Library of Congress, she worked on algo-
rithms to search XML documents. 

“Designing a language for such queries is 
more complicated than for traditional 
relational tables, where results  are deter-
ministic,” she explains. “XML data can be 
unstructured and heterogenous, so 
 assumptions about results need to be 
defined, assessed, and validated.” 
Partnering with colleagues from Cornell 
University and with companies like IBM 
and Microsoft, she developed a tool that 
became a W3C3 recommendation (and 
was unimaginatively renamed XML Full-
Text Query). 

THE YAHOO! YEARS
Headhunted by Yahoo!, Amer-Yahia 
joined its East Coast lab in 2006. Those 
were the early years of user-generated 
content: Yahoo! had just acquired image-
hosting service Flickr and social book-

marking service Delicious. Amer-Yahia’s 
job focused on finding new ways of 
 connecting the vast amounts of data they 
were producing. “We started looking at 
recommendations, defined  similarities 
between content and users, explored  
user clustering for efficient storage of 
 social data, and developed new ways  
of recommending content,” she says. 

One of her favorite projects was to 
create city itineraries based on metadata 
extracted from tourist pictures posted on 
Flickr. For the first time, success had to be 
measured subjectively, something she 
found highly motivating. “With rela-
tional tables or even XML, success is 
measured by parameters such as response 

time,” she says. “There, you needed to set 
your own goals of user satisfaction, and 
engage people to click more, or post  
more reviews.”

On the flip side, it meant working 
with product groups and shifting from 
one short-term project to another, from 
Yahoo! Travel to Personals (a now- 
defunct dating site), then to Flickr, and  
so on. Furthermore, the main objective 
was not scientific exploration, but  
return on investment—click-through 
rates that translate into ad revenue. So  
the  researcher decided to move back to 
academia. From May 2011 to July 2012, 
she worked at the Qatar Computing 
Research Institute in Doha. With col-
leagues at MIT and the Al Jazeera 
Network, she developed a new analytic 
tool to help  editors and journalists better 

Information Technology  After an early career with at&t Labs and Yahoo!, 
Sihem Amer-Yahia joined CNRS in 2011 to work on Social Web data management. 

 Sihem Amer-Yahia 
Connecting Data

“I believe in the wisdom of the crowd,  
it just needs guidance, and its data needs cleaning” 



N°27 I QUARTERLY I OCTOBER 2012 19Profile    |

understand their audience. But feeling 
drawn back to Europe, she applied for a 
position at CNRS and joined Grenoble’s 
LIG in December 2011. 

NEW CHALLENGES
In her current research, she wants to 
 explore data to extract value from the 
Web, and go beyond the paradigm of 
ranked lists when connecting informa-
tion. She is particularly interested in 
crowdsourcing. “I believe in the wisdom 
of the crowd, it just needs guidance, and 
its data needs cleaning,” she says, going 
back to the problem of “big data.” The 
“Holy Grail of big data” is developing 
methods to clean it in a principled way, to 
cut it into pieces and extract knowledge 
from it. “The goal is to create a large hub 
of virtual connections, because the real 
value lies in how we aggregate this data 
which is far more than the sum of its 
parts. For example, with online reviews 
of books or restaurants, you go beyond 
traditional recommendations to create a 
chain of experiences: having breakfast in 
this diner, reading this novel, then having 
this lunch.”   

Amer-Yahia’s next challenge is to 
build “a science of the Social Web.” She 
sees it as an interdisciplinary field, bring-
ing together statisticians, sociologists, 
data miners, and computer scientists.

01.  Laboratoire d’informatique de Grenoble (CNRS / 
Universités Grenoble-I, -II, and –III / INPG).

02.  Institut national de recherche en informatique et en 
automatique. 

03.  W3C: the World Wide Web Consortium is the main 
international standards organization for the Web.

CONTACT INFORMATION:
LIG, Grenoble. 
 Sihem Amer-Yahia
 > sihem.amer-yahia@imag.fr
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FIVE KEY DATES

1972   Born in Algiers, Algeria

1996-1999   PhD in Computer Science, 
University of Paris-Orsay and 
INRIA

1999    Joins  at&t Labs, New Jersey, 
for post-doc then Senior 
Technical Specialist 
positions

2006   Senior Research Scientist at 
Yahoo! Labs, New York City

2011   Joins CNRS as Senior 
Researcher at the Grenoble 
Informatics Laboratory (LIG)
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A Difficult Diagnosis  21 i Five Approaches to Understanding Addiction  22 i 
Interview with neurobiologist Catherine Le Moine   26 i

When the Brain
Gets Hooked

Addiction to drugs, tobacco, and alcohol is a major public health 
issue affecting the entire world. Far from being a vice or lack 
of willpower, it is now known that drug dependence is a brain 
disease. The neurobiologists tracking it down are on the verge 
of deciphering its mechanisms. CNRS International Magazine 
reveals the latest advances in understanding this disorder.  
  A REPORT BY  CHARLINE ZEITOUN
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O
ver two million people in 
France smoke their first ciga-
rette of the day within five 
minutes of waking up.1 Can 

this be a measurable sign of addiction? 
“Such a brief time interval is indeed a 
tobacco-dependence indicator,” says 
François Beck, a sociologist at Cermes3,2 

in Villejuif, near Paris. But knowing 
whether these early morning smokers are 
really addicted remains a difficult 
 question to answer. “It’s important to 
understand that today there are no objec-
tive criteria, biological or otherwise, that 
can be used to diagnose addiction,” 
 explains Serge Ahmed, a neurobiologist 
at IMN3 in Bordeaux. For now, all we 
have to go on are behavioral criteria 
linked to the notion of loss of control  
with regard to a  psychoactive substance. 
Moreover, addicts are often the only ones 
able to describe such criteria.  

SEVEN KEY CRITERIA 
The fourth edition of the  DSM  
(Diagnostic and Statistical Manual of 
Mental Disorders) describes seven crite-
ria for addiction. These include difficulty 
in abstaining from or limiting consump-
tion, withdrawal symptoms when com-
ing off drugs, substances taken in larger 
amounts or over a longer period than 
intended, continued use despite aware-
ness of severely damaging effects on 
health or social activities. “The expres-
sion of at least three of these criteria is the 
only way of distinguishing clinically non-
pathological consumption from addic-
tion as a psychiatric disorder, on a case-
by-case basis,” adds Ahmed. When it 
comes to statistics, France’s national drug 
addiction monitoring center (OFDT)4 

uses the only sources available: the num-

ber of individuals undergoing treatment 
for addiction, and data provided by law 
enforcement authorities on illegal sub-
stance consumption and trafficking. This 
information is then extrapolated to take 
account of the hidden aspects of certain 
cases, like those involving people who 
have absolutely no intention of giving up. 
France has between 200,000 and 
250,000  problem users  of illegal drugs, 
namely intravenous drug users and regu-
lar consumers of opiates (morphine, 
heroin, etc.), cocaine, and amphetamines. 
This category therefore only includes 
users of drugs described as “hard.”  
“Detecting problem situations goes  
far beyond the notion of dependence,” 
Beck points out. “It is also about social 
exclusion, high episodic risk use, regular 
use with medium- or long-term risk  
of onset of chronic disease, and so on. 
Furthermore, problem use of illegal 
drugs mainly involves young people,  
and about four times as many men as 
women.” As for tobacco and alcohol, 
which are legal drugs, they are the most 
widely used. “In France there are around 
13.4 million daily smokers, a level of use 
that some tobacco experts consider as 
addiction,” Beck says. Asia, especially 
China and Southeast Asia, has the highest 
consumption in the world. Africa, where 
smoking is less common, is nonetheless a 

growing market that is highly attractive 
for the tobacco industry. Europe is split in 
two when it comes to tobacco use, with 
higher consumption in the former 
Eastern Bloc and in Greece. It is worth 
noting that countries with extremely ac-
tive anti-smoking policies, such as 
Australia and Canada, have achieved 
very low levels of consumption of around 
13-15% of the population compared to 
30% in France. As for alcohol, “there are 
five million daily consumers in France, 
but we cannot accurately say how many 
are dependent,” adds Beck. Alcohol 
 consumption is responsible for 2.5 mil-
lion deaths each year, which represents 
4% of deaths worldwide (WHO figures). 
These last two substances, tobacco and 
alcohol, have the greatest impact on 
health, with heightened risks of cancer 
and cardiovascular diseases. 

A PUBLIC HEALTH PROBLEM  
In all, psychoactive substance abuse 
causes over eight million deaths a year 
worldwide due to accidents and disease, 
particularly cancer, according to the lat-
est WHO figures. In the developed world, 
it is estimated that 40% of so-called pre-
mature mortality (i.e., occurring before 
the age of 65) is probably connected to 
individual behavior, especially smoking, 
drinking, nutrition, and lack of exercise.5 

A Difficult Diagnosis

 DSM.
 The international 
reference manual 

published by 
the American 

Psychiatric 
Association. 

 PSYCHOACTIVE. 
 SUBSTANCE. 

A substance that 
acts on the brain, 

such as alcohol, 
tobacco, cannabis, 

heroin, cocaine, etc.  

 PROBLEM USER. 
Problem drug use is 

defined as  
“injection or long-
duration / regular 

use of opioids, 
cocaine and / or 

amphetamines.”

TOBACCO
 32 %

HEROIN
 23 %

COCAINE
 17 % ALCOHOL

 15 % STIMULANTS OTHER 
THAN COCAINE 
(AMPHETAMINES, ETC.)
 11 %

CANNABIS
 9 %

PSYCHOTROPIC 
AND ANALGESIC 
MEDICATION 
 9 %

HALLUCINOGENIC 
SUBSTANCES
 5 % POPPERS, 

GLUES, 
SOLVENTS, 
ETC.
 4 %

HIGH-RISK 
SUBSTANCES 

The likelihood of 
becoming addicted varies 
considerably with the 
substances consumed. 
“By far the most addictive 
substances, both 
physically—resulting  
in a withdrawal 
phenomenon—and 
psychologically—
involving an irrepressible 
desire—are tobacco and 
heroin,” explains 
sociologist François Beck. 
As illustrated here, 
around one smoker in 
three becomes addicted 
to tobacco. 

qPercentage of users who become addicted to the substance consumed.
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Addictive behavior (alcohol, tobacco, and 
various drugs) is  involved in approxi-
mately 30% of all premature deaths. 
Addiction therefore poses a significant 
threat to public health. 

And what about new types of addic-
tion, often linked to sex, gambling, exer-
cise, or the Internet? “We do observe 
clinical cases of behavior resembling ad-
diction, even though no psychoactive 
substance is involved. But more research 
needs to be conducted to describe them 
well,” Beck says. “Moreover, though these 
behaviors can have serious social conse-
quences, they are not associated with 
excess mortality rates.” Only compulsive 
gambling, which has been studied using 
functional brain MRI, appears to cause 
the same biological alterations as drug 
dependence, which means that “it will 
probably feature in the next revised ver-
sion of the DSM,” adds Ahmed. “We 
could also look at sugar as many consum-
ers claim they are addicted. It may indeed 
be the most common  addictive substance 

in the world,” he continues. “In fact, we’ve 
shown that, in rats, chronic excess sugar 
intake can bring about a state comparable 
to drug dependence. It is a bit like tobacco: 
while addiction existed well before the 
substance’s harmful effects were 
 discovered, society only became aware  
of its dangers very late, when millions of 
smokers found it so difficult to give up.” 

 01.  “Les niveaux d’usage des drogues en France en 
2010,” Tendances, n° 76, OFDT, June 2011. 

02.  Centre de recherche, médecine, sciences, santé, 
santé mentale, société (CNRS / Inserm / Université 
Paris-Descartes / EHESS). 

03.  Institut des maladies neurodégénératives (CNRS /
Université Bordeaux-II). 

04.  Observatoire français des drogues et des 
toxicomanies.

05.  S.A. Schroeder, “We can do better—Improving the 
health of the American people,” New England 
Journal of Medicine, 2007. 357: 1221-8.

A
ddiction should not be discard-
ed as a shortcoming or simple 
lack of willpower. It is clearly a 

brain-affecting disease recognized as 
such by the World Health Organization, 
and much more than a mere behavioral 
problem. But many questions remain. 
Why do some individuals who take 
drugs become addicts while others do 
not? What effects does addiction have on 
the network of neurons in our brains? 
This disease, whose psychological and 
social aspects are equally fundamental, 
 provides a vast field for neurobiologists 
to explore. Their research, especially in 
imaging, has long shown that a number 
of regions in the brain of an addicted 
subject—whether human or animal—
undergo a series of changes. Yet this did 
not lead to any satisfactory theories or 

 SENSITIZED.
State evaluated 

by measuring 
psychomotor 

symptoms 
(increased activity, 

etc.) linked to 
consumption of 

a psychoactive 
substance. 

Five  

Astonishingly, around 80% of rats prefer 
artificially-sweetened water to cocaine, even 
after weeks of exposure to the drug, self-
administered using a lever or button. This 
remarkable discovery,1 which was made in 2007 
by Serge Ahmed’s team at Bordeaux’s 
neurodegenerative disease institute (IMN),2 
called into question some of the models used for 
the study of addiction. The scientists were able 
to refine their experiments and published3 last 
summer a compendium of animal models that 
mimic addiction. In one of the experiments, the 
artificial sweetener was replaced by real sugar, 
in other words, by a genuinely nutritious 
substance. The aim was to find out whether the 
15 to 20% of rats that were hooked on cocaine 
would stick to their choice. “This was indeed 
the case, even when the rats were denied access 
to any other food than sugar and were forced to 
go to ever greater lengths to obtain the drug, 
a behavior that typifies the loss of control 
quoted in the DSM,” says the researcher. 
Hence the currently-held hypothesis that 
among a  sensitized  rat population, only a minor 
proportion, the above-mentioned 15 to 20%, 
becomes addicted, while the largest number 
does not. This is similar to the proportion of 
humans considered to be addicted after 
exposure to cocaine.

1. UPDATING RESEARCH MODELS

01 Is sugar addictive? 
This question has 
been raised by 
neurobiologist  
Serge Ahmed.  
02 Compulsive 
gambling could soon 
be recognized as an 
addiction. 

01

02

CONTACT INFORMATION:
 François Beck
 > francois.beck@gmail.com
 Serge Ahmed
 > sahmed@u-bordeaux2.fr
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pharmacological treatment, apart from 
substitution treatment, which is rather 
intended to control drug usage. Worse 
still, it now seems that some of these 
observations were not carried out with 
genuinely dependent subjects, since 
some of the animal models used in 
fundamental research were not adapted 
to dependence studies. 

Experts trying to unlock the 
 mechanisms of this disease reveal five  
key avenues for research.

 Approaches to 
Understanding Addiction

The latest research is now focusing 
on the subthalamic nucleus (STN), 
an area of the brain generally 
associated with motor skills, and 
more recently with motivation. 
A forthcoming study by Christelle 
Baunez’s team at the INT1 in 
Marseille shows that a lesion of 
the STN in rats prevents escalating 
cocaine consumption. In other 
words, the scientists were able 
to stop the craving for cocaine in 
rodents that tended to make 
ever-increasing efforts to 
self-administer the drug, and were 
considered addicted according to 
Serge Ahmed’s models (see below). 
The researchers had previously 
shown that STN inactivation 
reduced the rats’ craving for 
cocaine without altering their 

motivation for food.2 “This is 
essential,” Baunez says, “since 
drug addicts suffer from a 
pathological motivation for the 
drug. This turns them away from 
so-called natural rewards, such as 
food and sex, which are preferred 
by the brain under normal 
circumstances.” The STN, a region 
that had hitherto been neglected 
in the reward circuit (see diagram 
p. 24) and in addiction biology, 
is now a key subject of ongoing 
research. “The STN seems able 
to bypass all the other cerebral 
networks classically involved in 
motivational processes,” Baunez 
explains. To inactivate it, she and 
her team used high-frequency 
stimulation. Could such a method 
help treat human addiction?  

“It’s already used to treat 
Parkinson’s disease, obsessive-
compulsive disorders, and 
epilepsy,” she adds. The procedure 
is reversible, since it inactivates 
the region without destroying it, 
but nonetheless requires surgery. 
However, as a recent report of the 
Society for Neuroscience (see 
p. 26-27) points out, the invasive 
aspect should be weighed against 
the serious repercussions of certain 
addictions.  

01.  Institut des neurosciences de la Timone 
(CNRS / Université Aix-Marseille). 

02.  T. Rouaud et al., “Reducing the desire for 
cocaine with subthalamic nucleus deep 
brain stimulation,” PNAS, 2010. 107: 
1196-1200. 

CONTACT INFORMATION:
 Christelle Baunez
 > christelle.baunez@univ-amu.fr

2. INACTIVATING AN ADDICTION-RELATED AREA OF THE BRAIN

 It suggests that “sensitization alone, still 
widely used in scientific studies, is not enough 
to induce addictive behavior,” adds Ahmed. In 
the absence of any other possible choice, this is 
just default behavior, a stopgap solution to 
obtain a little satisfaction in what is basically 
an impoverished and stressful situation. 
This is reminiscent of the many US soldiers who 
became addicted to heroin during the Vietnam 
war and of whom only 10% continued to take 
the drug when they returned. “Besides, since 
all our rats, which were healthy at the outset of 

the experiment, were extensively exposed to 
cocaine (something that cannot be reproduced 
for humans), we have proved that the 
population that continues to prefer cocaine  
is genuinely vulnerable to the drug, while the 
remaining majority would be resilient.”   
Ahmed believes that this choice-based 
screening system, which helps identify 
subjects prone to addiction, should make it 
possible to develop a more valid animal model, 
better suited to the search for addiction-
related biological changes. 

As for the rats that prefer sugar, “some of them 
may be addicted to it, although this remains to 
be proved,” he concludes.  

01.  M. Lenoir et al., “Intense Sweetness Surpasses Co-
caine Reward,” PloS ONE, 2007. 2(8): e698. doi:10.1371/
journal.pone.0000698

02.  Institut des maladies neurodégénératives (CNRS / 
Université Bordeaux-II). 

03.  S.H. Ahmed, “The science of making drug-addicted 
animals” Neuroscience, 2012. 211: 107-25.

CONTACT INFORMATION: 
 Serge Ahmed
 > sahmed@u-bordeaux2.fr

0403

03 04 By pushing the 
button, the rat 
injects itself with 
cocaine via a 
catheter placed on 
its back. A computer 
program is used to 
monitor the various 
stages of this 
self-administration.  

A report 
on neurodegenerative 
diseases can be viewed 

on the online version  
of the magazine:    
> www.cnrs.fr/
cnrsmagazine
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“We long believed that addiction 
was the result of chronic drug use,” 
explains the Italian researcher Pierre 
Vincenzo Piazza, head of the 
Neurocentre Magendie in Bordeaux .1 
But this is not the case. “There is an 
initial vulnerability that is intrinsic to 
certain individuals,” says Piazza, who 
has been exploring this avenue of 
research for over 20 years.  His team 
has already demonstrated the 
existence of two typical profiles, 
or rather, two  phenotypes. The first, 
an interaction between stress and a 
“cocktail” of a large number of genes, 
solely predisposes people to 
sustained chronic drug use. 

The second profile, on the other hand, 
induces true drug dependence 
(addiction) characterized by loss 
of control on drug intake. In other 
words, separate mechanisms underlie 
vulnerability to sustained drug use 
and vulnerability to addiction. It is 
the latter that the team is on the 
verge of elucidating. The researchers 
used DSM-inspired criteria: rats that 
were unable to stop seeking drugs 
even when these were not available, 
that were willing to make a lot of 
effort to obtain one drug injection,  
or that continued seeking drugs even 
when delivery was associated with  
a punishment, were considered as 

REWARD CIRCUIT
MADE UP OF VARIOUS BRAIN 
STRUCTURES (A, B, C) AND INTERACTING 
WITH MANY OTHERS, THE REWARD 
CIRCUIT REINFORCES ANY BEHAVIOR 
THAT LEADS TO GRATIFICATION.   
IT THEREFORE ENCOURAGES 
REPETITION OF PLEASURABLE 
EXPERIENCES. ALL ADDICTIVE 
SUBSTANCES ACT ON IT. 

�THALAMUS �SUBTHALAMIC 
NUCLEUS

�HYPOTHALAMUS�HIPPOCAMPUS

�CORTEX

HHHHHHHHUUUUUUUUUMMMMMMMMMAAAAANNNN BBBBBBRRRRRRRAAAAAAAAAIINNNN

3. DETECTING PREDISPOSITION TO ADDICTION

  PHENOTYPE.
All the observable 

characteristics 
of an individual 

resulting not 
only from gene 

expression 
but also from 

environmental 
effects.  

 SYNAPTIC. 
 PLASTICITY.

The ability of 
neurons to 

modify their 
synaptic contacts 

according to 
environmental 

stimulation.  
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�A  VENTRAL TEGMENTAL 
AREA (VTA)
�It receives information 
from other regions 
(hippocampus, 
hypothalamus, etc.) 
about the level of 
satisfaction of 
fundamental needs 
(food, rest, social 
contact, sex, etc.). 

�C  PREFRONTAL CORTEX
Connected, among other 
things, to the VTA, the 
striatum and the nucleus 
accumbens, it plays a role in 
action planning, controlling 
impulses, choices, 
decision-making, etc.—
functions considered to be 
altered during addiction.

�B  STRIATUM and 
 NUCLEUS ACCUMBENS
They process information 
transmitted by the VTA. Actions 
considered to be beneficial  
for the individual are then 
reinforced—by releasing in 
particular dopamine at the 
neural connections—to induce 
their reproduction.
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dependent at the end of the 
experiment. At various stages  
of the study, the  synaptic plasticity  
in the nucleus accumbens, a key site 
in the reward circuit, was recorded 
in these rats as well as in  
the ones that did not become 
dependent. The researchers 
discovered that this plasticity during 
cocaine use is initially lost in all the 
individuals. However, “the largest 
part of the population that does not 
become dependent recovers a normal 
plasticity, whilst this important  
brain function is permanently lost  
in the rats that become addicted,” 
Piazza explains. Following the 

publication of this spectacular  
result,2 Piazza and his team now 
seek to identify the molecular 
mechanisms that cause one 
individual to become addicted, 
but not another. “We already have a 
promising lead which could result in 
the development of new treatments,” 
Piazza reveals. 

01.  Neurocentre Magendie (CNRS / Inserm / 
Université de Bordeaux). 

02.  PV. Piazza et al., “Transition to Addiction Is 
Associated with a Persistent Impairment in 
Synaptic Plasticity,” Science, 2010. 328: 
1709-1712. 

CONTACT INFORMATION :
 Pierre Vincenzo Piazza
 >  pier-vincenzo.piazza@inserm.fr

“Epidemiological studies show that 
individuals neglected by their 
mothers at birth run a greater risk 
of becoming drug addicts,” explains 
Valérie Daugé, from the PMSNC 
laboratory1 in Paris. Seven years ago, 
a study by her team already 
highlighted changes in the brain 
linked to a potential vulnerability 
to drugs acquired in childhood. The 
subjects were adult male rats that 
had been separated from their 
mother three hours a day during 
the first two weeks of their lives. 
“There were four times more animals 
displaying morphine-dependent 
behavior among those than among 
the animal population that had not 
been separated from their mothers,” 
Daugé says. Observations also 
revealed that the production of 
enkephalins in the striatum of the 
brain of dependent animals was too 

low. This  neurotransmitter, whose 
function is to inhibit the propagation 
of pain messages, is also part of our 
main reward systems, rather like a 
home-made morphine manufactured 
by the body when necessary. More 
recently, while testing age-related 
vulnerability to cannabis, Daugé 
made another surprising discovery. 
Adolescent rats separated from their 
mothers according to the protocol 
previously described were 
administered THC2 (the active 
substance in cannabis). They 
developed no addiction to morphine, 
and their production of enkephalins 
was at normal level. On the contrary, 
just as in the experiments on adult 
rats, adolescent rats that had been 
separated from their mothers but 
were not given THC became addicts. 
“It’s as if THC repairs an imbalance 
solely in subjects made more 

vulnerable during childhood,” 
explains the researcher. This has led 
to the somewhat unorthodox idea of 
treating heroin addicts traumatized 
in childhood with cannabis. But 
failure to produce enkephalins has 
yet to be fully understood. Daugé 
and her team’s latest research 
has uncovered the root cause: 
low production is associated to 
alteration—hypermethylation to 
be precise—of the gene that encodes 
enkephalin.  “We are in the process 
of testing compounds that counter 
this  epigenetic  alteration,” 
concludes Daugé.  

01.  Physiopathologie des maladies du 
système nerveux central (CNRS / Inserm / 
Université Pierre et Marie Curie). 

02. Delta-9-tetrahydrocannabinol.

CONTACT INFORMATION: 
Valérie Daugé 
 > valerie.dauge@jouy.inra.fr

“For the last 30 years, we thought 
that only one neurotransmitter 
played a role in addiction: dopamine. 
We were wrong,” says Jean-Pol Tassin, 
a researcher at the PMSNC.1 
Admittedly, this chemical messenger 
involved in the reward system is 
released by the brain in greater 
quantities when addictive substances 
are taken. “But that isn’t sufficient to 
explain the onset of addiction,” 
he continues. “Indeed, none of 
the drugs that block the release of 
dopamine, like antipsychotics, have 
any effect on addiction.”  Tassin  
and his team point to two other 
neurotransmitters: noradrenaline 
and serotonin. The first alerts the 
body to danger and relays 
information to the brain about 
external change (variations in light, 
noise, etc.). The second regulates 
noradrenaline and protects against 
an overly violent reaction to such 
change. “We have shown that during 
drug use, both neurotransmitter 
pathways are activated 
simultaneously,” Tassin explains. 
“Now, if two pathways are aligned 
repeatedly and artificially, the 
natural, physiological link that keeps 
them synchronized disappears.  
A drug addict undergoing withdrawal 
is suffering from this uncoupling, 
which causes a feeling of discomfort, 
together with an altered perception 
of the environment. The addicted 

individual takes the drug to realign 
the systems and thus find relief.” 
The team has also discovered that 
nicotine causes this uncoupling only 
if it is associated with other products 
contained in tobacco. This could 
explain the results of a recent 
American study2 which questions 
the efficacy of nicotine patches: since 
they contain nicotine and nothing 
else, they cannot act as effective drug 
replacements. Most importantly, 
Tassin and his colleagues are about 
to identify the mechanisms of this 
uncoupling at the molecular 
scale—at the level of serotonin and 
noradrenaline receptors, which are 
located on the neurons themselves. 
“We measure the amounts of 
neurotransmitters by using probes 
inserted into the brains of mice that 
have been sensitized by several 
injections of a drug,” Tassin explains. 
However, using an invasive technique 
of this kind in humans is of course 
impossible. “We are therefore 
pinning our hopes on future progress 
in medical imaging,” he concludes.  

01.  Physiopathologie des maladies du 
système nerveux central (CNRS / Inserm / 
Université Pierre et Marie Curie).

02.  H.R. Alpert et al., “A prospective cohort 
study challenging the effectiveness of 
population-based medical intervention 
for smoking cessation,” Tob Control, 2012. 
doi:10.1136/tobaccocontrol-2011-050129

CONTACT INFORMATION:  
 Jean-Pol Tassin
 > jean-pol.tassin@snv.jussieu.fr

4. TAKING THE ENVIRONMENT INTO ACCOUNT

5. ESTABLISHING THE ROLE OF NEUROTRANSMITTERS

 NEUROTRANSMITTER.
A chemical message 
released by neurons 

to communicate with 
one another.

 EPIGENETIC.
Which modifies 

gene expression 
without modifying 

the gene sequences 
themselves. 

SYNAPSE 
“CONNECTION BUTTON” BETWEEN NEURONS

�NEUROTRANSMITTER
(dopamine, serotonin,  
or noradrenaline,  
etc., depending on  
the type of synapse) 

�RECEPTORS

©
 IN

FO
G

R
A

PH
IE

 : 
S.

 JA
CO

PI
N

 P
O

U
R 

C
N

R
S 

LE
 JO

U
R

N
A

L



|    Focus CNRS I INTERNATIONAL MAGAZINE26w

Interview CNRS researcher Catherine Le Moine recently coordinated a report on 
drug addiction for the French government.1 We asked her about the proposals put 
forward to improve research in the field of addiction. 

INTERVIEW BY CHARLINE ZEITOUN

This report, carried out by the French Society for 
Neuroscience, identifies the major research areas that 
should be explored to better understand addiction, and 
improve prevention and treatment. Which results are the 
most prominent in fundamental research?
Catherine Le Moine: Without a doubt the progress made in the 
past few years on animal models, especially rodents, which 
 reproduce human symptoms increasingly well—particularly  
with regard to loss of control and vulnerability to relapse. We 
should of course continue to work with all the available models 
(from Drosophila to primates), some of which don’t mimic 
 addiction itself but can be used to analyze elementary cell 
 processes related to the effects of drugs. The goal is to identify 
the factors that make individuals vulnerable to addiction and 
understand the changes brought about by drugs in the brain,  
in order to improve treatment of this disease.  

Certain genes have in fact already been identified… 
C. L. M.: Yes, a number of factors linked to genetic susceptibility 
have been identified for certain addictions, including depen-
dence on alcohol. But addiction is a multifactorial disease, and 
psychosocial aspects in particular play an essential role. It can-
not be boiled down to a specific genetic dysfunction. To study 
vulnerability to drugs, another important element is the exis-
tence in an individual’s lifetime of certain critical periods such 
as adolescence. There are also differences depending on gender. 
These factors should therefore be tackled more systematically 
in animal models.  

At the neuronal level, the existence of synaptic plasticity, 
neurotransmitter-related changes and epigenetic 
changes, among others, has recently been demonstrated. 
What other approaches should be developed?  
C. L. M.: Our report stresses that functional imaging research 
on drug addicts is not sufficiently developed in France, unlike 
the US and other European countries. We also note that the 
results obtained in the research areas you mention are often 
based on a single substance. And yet we know that neurobiologi-
cal changes depend not only on the type of drug consumed but 
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“Research Has Made
Considerable Progress”
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also on the ways it is administered and on how often it is taken. 
We therefore need studies that compare different substances 
more systematically.  

Still on the subject of fundamental research, how much 
progress has been made regarding therapeutic leads?  
C. L. M.: At the moment, the aim is above all to prevent relapse. 
Among the factors involved in triggering relapse, we know the 
importance of conditioned stimuli (such as, for instance, revisit-
ing the place where drugs were bought or taken), of stress, and 
of psychological problems. A better understanding of such en-
vironmental factors, as well as of the genetic factors mentioned 
earlier, could eventually lead to individually-tailored treat-
ments. Combining behavioral and pharmacological therapies 
might give interesting results. As for new medicines, they should 
be tested using chronic administration, to better mimic dosage 
in humans and tackle the possibility of negative side-effects.  

A word on the need for more clinical research, which is 
still underdeveloped in France?
C. L. M.: Clinicians suggest different approaches in various 
areas. On the one hand, we need to better describe addiction, 
since it is still relatively difficult to clearly distinguish it from 
simple overconsumption. 
In France, greater use should also be made of cognitive- 
behavioral therapies. These include the Implicit Association 
Test, developed at Harvard University (US), which refers to 
conscious and unconscious preferences based on the reaction 
times of people faced with simple choices. Other methods 
 analyze subjects’ ability to refocus attention and emotions when 
exposed to environmental stimuli. Such approaches could make 
it easier to assess the extent of individuals’ drug cravings and 
reduce relapses. In addition, safeguarding the brains of deceased 
drug users in banks would facilitate a more thorough analysis 
of addiction-related brain alterations. This would help effectively 
combine fundamental research in animals and applied research 
in humans, given the limited usage of invasive measurements 
in the latter.  

Epidemiology also suffers from a glaring lack of 
resources…
C. L. M.: This is indeed the case. Our epidemiologists do not have 
access to enough cohorts of patients monitored over the long 
term and in their daily life outside the hospital environment. 
This is essential to accurately identify the factors that encourage 
an individual to take drugs. In France, we also need to find a 
way of collecting outpatient data using new mobile technologies, 
as is widely done in the US. Setting up cohorts for adolescents, 
a population at risk, is also vital, as is a more accurate descrip-
tion of other risk factors (like gender, education, or financial 

 resources) at every stage of the addiction process, from initial 
exposure to dependence.  

Your conclusion?
C. L. M.:  In the past few years, much progress has been made in 
drug addiction research. But we also need to develop research 
on non-drug related addictions like gambling, the Internet, or 
prescription drugs. Above all, neurobiologists must continue to 
exchange with psychiatrists and epidemiologists, who are  
familiar with the human side of the disease. This will help 
 implement translational research projects and promote the 
transfer of knowledge to develop more efficient therapies  
against addiction. 

01. Mission interministérielle de lutte contre la drogue et la toxicomanie.

CONTACT INFORMATION:
INCIA, Bordeaux. 
 Catherine Le Moine
 > catherine.lemoine@u-bordeaux2.fr

Developing new 
animal models and 
functional imaging is 
essential to better 
understand drug 
addiction. At the 
University of Sidney 
(Australia), honey 
bees are used to 
study cocaine 
addiction (05). 
Positron emission 
tomography (Pet 
scan) shows the 
effects of cocaine (06) 
or alcohol (07) on the 
human brain.

�NORMAL SUBJECT

�COCAINE ABUSER

�NORMAL SUBJECT

�ALCOHOLIC
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 Coexisting 
with Wildlife 

BOTSWANA

NAMIBIA

ANGOLA ZAMBIA

MOZAMBIQUE

ZIMBBAABWEE

SOUTH AFRICA
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Hwange 
National Park 

01

 Environment In the Hwange National Park in Zimbabwe, 
scientists are trying to understand and improve 
coexistence between humans and wildlife, especially to 
alleviate the damage caused by wild animals to human 
settlements.
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Elephants, however, are not the only nuisance. 
Lions and hyenas attack the villagers’ cattle, and 
wildlife can transmit diseases to domestic livestock. 
Assisted by sociologists, veterinarians, and agrono-
mists, ecology experts have started to  investigate 
cattle foraging pasture and study the parasites and 
diseases carried by both livestock and wildlife. 

But when they first arrived in Hwange in 1999, 
the French scientists’ objective was primarily to help 
the park managers, not the farmers. At the time, as 
a result of the 1986 culling ban and sustained water 
pumping effort, the elephant population was grow-
ing rapidly. “In some 15 years, it rose from 15,000  
to 35,000 individuals,” adds Fritz. “Today, Hwange 
has one of the highest elephant population  
densities in the world.” During that time, other 
herbivore species like impalas and kudus were 
 declining,  although there is no evidence that this was 

BY GAËLLE LAHOREAU

A
single five-ton elephant feeding in a 
field of sorghum can cause a great deal 
of damage, and most travel in groups. 
In the Hwange National Park in Zimbabwe, 

designated as a Long-Term Socio-Ecological 
Research site (LTER) by CNRS in 2011, researchers 
have become aware of the extent of the problem 
through surveys and the continuous GPS tracking  
of 20 elephants. “Such damage by animals can  
leave up to 80% of the fields devastated. And yet  
the local population lives on agriculture,” explains 
Hervé Fritz, director of the Hwange LTER and ecol-
ogy researcher at the LBBE,1 who has been working 
at Hwange for over a decade.   

To keep the pachyderms away from the crops, 
scientists have enlisted bees, which are known to 
frighten elephants. Since 2009, beehives have been 
set up in the fields. “This participative experiment is 
still ongoing,” Fritz says. “But farmers already 
 observe that the system works, and enjoy the added 
benefit of honey.”

04 Nearly a hundred 
beehives have been 
placed at the periphery 
of the park to try and 
keep elephants away 
from villagers’ fields.    

05 Farmers are key allies 
when learning about 
cattle foraging and 
threats from wildlife.

06 Some 30 lions 
fitted with GPS collars 
are being tracked by a  
team from Oxford 
University (UK).   

04

03

05 06
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01 The Hwange National 
Park has one of the 
highest densities of 
elephants in the world.  

02 The park is also home 
to an amazing diversity 
of birds and mammals, 
such as this kudu 
antelope.  

03 Fitting an 
anaesthetized elephant 
with a GPS collar 
requires good 
organization and  
careful supervision. For 
example, the elephant 
must be continuously 
sprinkled with water so 
as to keep its body 
temperature constant.  
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due to the pachyderms. With the help of the 
 researchers, assisted by National Park personnel, 
wildlife population monitoring and database 
 management gradually resumed.

In the field, the team has expanded from three 
researchers in 1999 to over 15 today, with a total of 
more than 40 scientists and students from France, 
the UK, Zimbabwe, and elsewhere, involved in a 
variety of projects.

The latest research shows that populations of 
elephants, impalas, and kudus have now stabilized. 
The 2011 designation of the park and its periphery as 
an LTER has given the ongoing projects new   
impetus. “LTERs are socio-ecological systems that 
can only be studied through long-term research.  
At Hwange, this is typically the case,” says Yvan 
Lagadeuc, deputy scientific director of CNRS’s 
Institute of Ecology and Environment (INEE),2 and 
head of the CNRS LTER network (“Zones ateliers”). 
“Designating Hwange as an LTER is also a way of 
supporting the management of our world’s biodiver-
sity.” The park is already facing another challenge: 
could the increasing frequency of droughts exacer-

bate human-wildlife conflicts by limiting the amount 
of available resources, like water and  forage? To  
answer this question, the researchers have launched 
the SAVARID project, supported by the French 
National Research Agency (ANR). “Our objective  
is to predict how vegetation, animals, and humans 
will react to different climate scenarios. We hope this 
will help us anticipate drastic environmental change 
and help decision-makers respond accordingly,” 
Fritz concludes.    

01.  Laboratoire biométrie et biologie évolutive (CNRS / UCBL / Inria / 
VetAgro Sup).

02. Institut écologie et environnement.

CONTACT INFORMATION:
LBBE, Villeurbanne. 
 Hervé Fritz
> herve.fritz@univ-lyon1.fr

INEE, Paris.  
 Yvan Lagadeuc
 > yvan.lagadeuc@cnrs-dir.fr

07 A team of researchers 
from CIRAD studying the 
health and movements 
of cattle in order to 
evaluate the extent  
of disease transmission 
between cattle and 
wildlife.    

08 An area protected 
from herbivores was 
created left of the fence. 
Two years later, the 
effect on grass length  
is already visible.    

09 Zimbabwean 
students examining  
the park’s vegetation 
(species diversity, sward 
height, etc.).    

 ONLINE.
> www.za-hwange.org

07

08 09
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A photo gallery can be viewed on
the online version of the magazine.
> www.cnrs.fr/cnrsmagazine

LONG-TERM SOCIO-ECOLOGICAL 
RESEARCH SITES (LTER)

 These refer to research sites located on 
natural systems like drainage basins, 
agro-ecosystems, or mountain massifs 
that are shaped by humans and faced 
with societal challenges. Ten sites are 
currently classified as LTERs and backed 
by CNRS; some were designated over 20 
years ago. They bring together more than 
500 researchers and engineers from 88 
laboratories. 
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BY GAËLLE LAHOREAU

C
ould human tissues and organs 
be used after death as a source 
of  stem cells  to cure patients 

 suffering from muscular dystrophy, dia-
betes, or neurodegenerative disorders? 
This is one of the potential applications of 
new research recently published in 
Nature Communications.1 Yet the initial 
objective was quite different: namely to 
identify the cause of death of a patient 
who had died four days earlier. The well-
preserved appearance of muscle stem 
cells observed under a microscope 
 surprised the researchers, who then 
 managed to cultivate them: the cells 
multiplied and differentiated into  
muscle fibers.  

AN UNEXPECTED DISCOVERY
“Although tissues have successfully  
been stored outside the body for short 
periods, we had no idea that cells could 
survive in a corpse longer than two  
days,” explains biologist Shahragim 
Tajbakhsh, who heads a specialized  
stem cell unit2 at the Institut Pasteur and 
co-authored the study. 

The new findings show that muscle 
stem cells could survive for 17 days post 
mortem. The study was in fact carried out 
on 16 subjects (aged 57 to 95 years old) 
who died between 6 and 17 days earlier. 
How can this longevity be explained in 
the absence of blood circulation,  
oxygen, and nutrients? “When faced with 
unfavorable conditions, stem cells are 
capable of going into ‘crisis’ mode,” adds 
the researcher. “In this mode, cellular 
activity is reduced, as well as the number 
of mitochondria, the ‘factories’ that pro-
duce energy from oxygen.” Deprived of 
this raw  material, stem cells enter a type 
of  “hibernation state.”

LASTING IMPACT
The first beneficial outcome of this study 
is to improve the current methods of stem 
cell preservation. “We now know that to 
be preserved, stem cells need to be kept in 
a highly oxygen-deficient environment so 
that they remain dormant,” indicates 
Tajbakhsh. “So far, tissues were kept in 
ambient air. By simply placing them in 
bags especially designed for the culture of 
anaerobic bacteria—that do not need oxy-
gen—we have succeeded in preserving 
muscle stem cells for 2 to 3 weeks,” i.e., 
well beyond the generally accepted 2 to 3 
days. An international patent on this 
method has already been filed. 

STEMS FROM RESEARCH
The scientists may thus have found a pre-
cious source of stem cells, which will first 
be used for research. “This discovery of-
fers a myriad of possibilities for scientists, 
who will be able to remove stem cells once 
the various organ donation formalities 
have been completed. For example, in 
persons suffering from rare diseases, with 
the aim of elucidating their pathology, or 
for drug testing,” explains the researcher. 

Another prospect, which this time targets 
patients directly, is cellular therapy. This 
method is already practiced, for example, 
in the treatment of leukemia by using 
stem cells extracted from the bone mar-
row of living donors. Will such cells soon 
be taken from deceased donors? From an 
ethical viewpoint, the use of stem cells 
post mortem does not seem to raise any 
specific issues other than those regarding 
the donation of organs and tissues. “It is 
therefore a source to consider and vali-
date with regard to potential clinical use,” 
underlines Tajbakhsh. “While it would 
not solve the problem of transplanted cell 
rejection, it would make it possible to 
have more potential donors and better 
compatibility between donors and recipi-
ents. This would help reduce long waiting 
lists for stem cells from bone marrow 
and, in the future, from other organs. 
These cells can also be used for research 
purposes, for example, for screening 
drugs with therapeutic properties.”

01. .  M. Latil et al., “Skeletal muscle stem cells adopt a 
dormant cell state post mortem and retain 
regenerative capacity,” Nature Communications, 
2012. doi 10.1038/ncomms1890.

02.  Unité Cellules souches et développement (CNRS / 
Institut Pasteur).

Biology      New findings reveal that muscle stem cells can survive up to 17 days post 
mortem. Researcher Shahragim Tajbakhsh discusses the outcomes of this discovery.

Post Mortem
Stem Cells

CONTACT INFORMATION: 
Institut Pasteur, Paris. 
 Shahragim Tajbakhsh
> shahragim.tajbakhsh@pasteur.fr

 STEM CELLS.
Undifferentiated 

cells that can self-
renew extensively 

and differentiate 
into specialized 

cells, for example 
liver cells, pancreas 
cells, skin cells, etc. 

They are found in 
the embryo, cord 

blood, and different 
tissues after birth. 

q Myotube 
obtained in vitro 
from human 
muscular tissue 
collected 17 days 
post mortem. 

SHAHRAGIM TAJBAKHSH

 A specialist in embryo and muscle organ 
formation, Tajbakhsh heads the Stem Cells 
and Development Unit (CNRS / Institut 
Pasteur) and the Department of 
Developmental and Stem Cell Biology  
at the Institut Pasteur in Paris.
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BY  SÉVERINE LEMAIRE-DUPARCQ

J
apan's decision to actively pro-
mote innovation in sustainable 
development and healthcare 
comes as very good news to world-

wide research players in the field.
Indeed, the country’s exceptional 

R&D resources can significantly boost 
progress in these areas. In terms of re-
search infrastructures, the universities of 
Tokyo, Kyoto, Osaka, and Tohoku, as well 
as the Tokyo Institute of Technology, are 
among the world’s top 100 research orga-
nizations.1 To this must be added another 
two dozen universities ranked in the in-
ternational top 500, as well as prestigious 
organizations like the National Institute 
of Advanced Industrial Science and 
Technology (AIST)—the Japanese 
equivalent of CNRS—the Riken research 
institute, and the National Institute for 
Materials Science (NIMS). As for equip-
ment, Japan is home to advanced instal-
lations including SPring-8, the world’s 
largest synchrotron, and the K computer, 
the second most powerful in the world.

Japan can also draw on exceptional 
human and financial resources. The 
number of Japanese researchers has seen 
a steady increase since 2002, reaching a 
record of more than 10 researchers per  

1000 professionals, mostly in the private 
sector. In an unparalleled national effort 
to back R&D, Toyota, Panasonic, Honda, 
and Sony injected a total of nearly €20 
billion into research in 2010. In total, 
3.6% of Japan’s GDP was allocated to 
R&D in 2011. As a result of this two-
pronged public/private support, the 
country is among the world’s top five 
producers of knowledge in terms of 
publications.

Japan The Fukushima disaster will have lasting and far-reaching consequences 
on Japanese research, as the country shifts its focus to man and his environment. 

A Future Leader 
in Ecology?

01 A microfluidic chip 
for electrochemical 
monitoring of cell 
activity, developed at 
the LIMMS, a joint 
unit between CNRS 
and the University of 
Tokyo. 02 The 
National Institute of 
Advanced Industrial 
Science and 
Technology in Tokyo. 
03 Japan's SPring-8, 
the world's largest 
synchrotron. 02

01

03
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A CLOSE ALLY
Despite intense competition from emerging countries, France 
has been able to keep pace and is currently Japan’s sixth most 
important partner in terms of co-publications, behind the US, 
China, Germany, the UK, and South Korea. The first scientific 
cooperation agreements between CNRS and Japan were initiated 
in the 1970s, in particular with the AIST and JSPS (Japan Society 
for the Promotion of Science), under the auspices of the Japanese 
Ministry of Education (MEXT). Over the years, France has  
become one of Japan’s closest allies in scientific research.  
The “Frontiers of Science” (FoS) and “Frontiers of Engineering” 

(FoE) programs, two discussion plat-
forms launched in 2007 and 2010 respec-
tively, are another example of close  
cooperation between the two countries. 
Designed to foster scientific exchange 
and innovation, they promote interdisci-
plinary interaction among young talents 
in various fields.

The decision by the University of 
Tokyo to hold its biennial “cross-border” 
symposium, the Todai Forum, in Paris 
and Lyon in October 2011 testifies to the 
vitality of scientific cooperation between 
France and Japan. This also tightened 
links with CNRS. Examples of this 
 privileged relationship include the 
 creation of the JFLI,2 a new International 
Joint Unit (UMI) in computer science, 
and the signing of the EUJO-LIMMS 
project,3 which granted entry into the 
UMI LIMMS—already established in the 
field of micro- and nanotechnology—to 
countries like Switzerland, Germany,  
and Finland. CNRS and the University  
of Tokyo have also signed a letter of  
intent for the  development of  
new  collaborations in health and 
 environmental research. 

A BRIGHT FUTURE
These initiatives have already borne  
fruit. In collaboration with INSERM and 
three other Japanese partners, CNRS and 
the University of Tokyo have founded the 
first Franco-Japanese International 
Research Network (GDRI) for biomedical 
research on cancer. In the field of renew-
able energy and chemistry, an Inter- 
national Associated Laboratory (LIA) for 
the study of photovoltaics has been set up 
with the University of Tokyo, and a second 
is underway with Hokkaido University. In 
green chemistry, an agreement for a GDRI 

dedicated to air and water purification 
was signed with the AIST in 2011, while 
another for the study and protection of 
coral reefs is under discussion.

Still healing from the Fukushima 
disaster, Japan has made mankind the 
focus of the country’s future research. 
CNRS and its Japanese partners have thus 
signed new cooperation agreements in 
the humanities and social sciences, bring-
ing to five the number of structural initia-
tives in this field. In addition, a research 
unit called “Maison-franco-japonaise,”4 
jointly run by CNRS and the French 
Ministry of Foreign Affairs, is open to 
collaborations with Japanese universities, 
which could lead to the creation of a 
multidisciplinary LIA on human health 
and safety in the post-Fukushima era.

01.  According to the 2011 rankings of Shanghai 
University, Times Higher Education, and the QS 
World University Rankings.

02.  Japanese-French Laboratory for Informatics. 
03.  Europe-Japan Opening of LIMMS (Laboratory for 

Integrated Micro Mechatronic Systems).
04.  UMIFRE 19: Unités Mixtes des Instituts Français de 

Recherche à l'Etranger. 

CONTACT INFORMATION: 
DERCI, Paris. 
Chantal Khan-Malek
 > chantal.khan-malek@cnrs-dir.fr

CNRS Office, Tokyo. 
Guy Faure
 > guy.faure@cnrs.jp

Terrorism, infectious 
diseases, bioethics… For 
the ninth consecutive 
year, the city of Kyoto will 
host the Science and 
Technology in Society 
(STS) forum. On October 
7-9, 2012, representatives 
from large public and 
private research 
organizations as well as 
top-level political and 
industrial decision-
makers will gather in 
Japan to discuss the key 

challenges facing society 
today. What are the 
short-, medium- and 
long-term issues raised by 
increased scientific and 
technological activity 
with regard to ethics, 
safety and the 
environment? How 
should these issues be 
addressed? What tools 
need to be developed? 
How can we retain 
control over them? Every 
year, no fewer than 800 

leading figures in their 
respective fields take 
part in this unique, 
wide-ranging symposium 
held by Kyoto University 
and backed by CNRS. The 
guest list this year 
includes Geneviève 
Fioraso, France’s Minister 
of Higher Education and 
Research, and CNRS 
President Alain Fuchs, 
who is expected to chair 
the session on research 
organizations.

 KYOTO EVENT ON RESPONSIBLE SCIENCE04 CNRS President 
Alain Fuchs and 
Tokyo University 
President Junichi 
Hamada during the  
Todai Forum in Paris.
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 127.5  MILLION INHABITANTS 
(2010)

 843,000  RESEARCHERS IN 2011

 3.6%  OF GDP ALLOCATED TO R&D 
IN 2011

 71,149 PUBLICATIONS IN 2010 
 MAKING JAPAN THE 

 WORLD’S FIFTH BIGGEST 
PRODUCER OF KNOWLEDGE (6.6% OF THE WORLD’S 
TOTAL PUBLICATIONS) 

Tokyo

Tohoku

Sapporo

Kyoto
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BY SÉVERINE LEMAIRE-DUPARCQ

A 
virtual laboratory is an excellent means of promot-
ing collaboration between two young international 
research teams. Chemists from the Molecular Materials 

and Catalysis (MMC) International Associated Laboratory 
(LIA) are reaping the benefits from just such an initiative, un-
dertaken a few years ago by researchers 
from CNRS, the University of Rennes-I 
(France), and Durham University (UK).

Their collaboration started a decade 
ago, when the French and British teams 
met at an international conference. They 
soon began to share information and in-
crease their cooperation, which led to the 
creation of a series of perennial, synergis-
tic partnerships. Véronique Guerchais of 
ISCR1 and her British colleague J. A. 
Gareth Williams of Durham University, 
who started working together in 2005, 
provide an excellent example. “At the 

time, I wanted to investigate phosphores-
cent compounds,” Guerchais recalls.  
“I had expertise in organometallic molecu-
lar synthesis, but no experience in the field 
of luminescence. I decided to submit my 
project to Williams at Durham University.” 
He liked the idea and contributed his 
know-how in photophysics. As a result, 
Rennes set up a program on phosphores-
cent molecules that recently led to the 
 development of the first synthesis method 
based on “direct C-H bond activation,”  
a far more environmentally-friendly  
alternative than current techniques.

This Franco-British collaboration is a 
real symbiosis. The French team provides 
cutting-edge expertise in organometallic 
catalysis and synthesis as well as theoreti-
cal studies, while the British scientists are 
at the forefront in opto-electronic 
 research and have access to the latest-

generation equipment. It was natural 
then for the researchers from both coun-
tries to pool their resources. The first 
International Program for Scientific 
Cooperation (PICS) was launched in 
January 2010, resulting a year later in a 
“laboratory without walls,” the LIA 
MMC, between France and the UK.

The association has proved highly 
productive, judging by the number of 
articles published since its creation: 31 
between 1998 and 2010, i.e., slightly more 
than two per year, followed by 7  articles 
in 2011 alone. Breakthroughs were 
achieved in the design and development 
of multifunctional molecules, with green 
chemistry applications in fields like opto-
electronic devices and lighting, as well as 
cellular imaging and healthcare—espe-
cially oncology. “Our goal is to create in-
creasingly eco-friendly molecules that 
emit light for long periods of time  
without releasing heat,” says Guerchais. 
The MMC has already identified about 
100 compounds that meet these criteria, 
with promising potential  applications, 
like the development of new-generation 
 tracers. The researchers are not the sole 
beneficiaries of this  cooperation. In 
 addition to the 16 chemists involved,  
the laboratory also accommodates  
more than a dozen students, some of 
whom will  ultimately earn a PhD 
 recognized in both countries.

01.  Institut des sciences chimiques de Rennes (CNRS / 
Université Rennes-I / ENSCR / INSA Rennes).

Chemistry French and British researchers have launched a “laboratory without 
walls” to create new phosphorescent multifunctional molecular compounds.

Joining Forces in
Molecular Design

CONTACT INFORMATION: 
ISCR, Rennes. 
 Véronique Guerchais
 > veronique.guerchais@univ-rennes1.fr
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Example of a 
chemical interruptor 
where phospho-
rescence is set off 
(01) or on (02) by a 
chemical 
modification. 
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ITALYUKRAINE

w� On July 11, 2012, CNRS and the 
Italian Istituto Nazionale di 
Astrofisica (INAF) signed an 
agreement for scientific cooperation. 
 The two institutions, which are long-
standing partners, hope that this 
agreement will further enhance 
cooperation between the scientific 
communities of both countries in the 
fields of astronomy and astrophysics.  
It involves in particular the creation of a 
scientific committee and the co-financing 
of international cooperative projects. A 
first International Program for Scientific 
Cooperation (PICS) was launched in July.

w� On July 2, 2012, the Ukraine and 
CNRS strengthened their ties through 
the creation and renewal of two 
International Research Networks (GDRI): 
 one in the humanities and social sciences, 
the other in chemistry.  
This new GDRI aims to set up a network of 
geographers from post-soviet countries, 
Central Europe, and France, to study social 
mutation in urban and peri-urban areas.  

The renewed GDRI in chemistry will focus on three themes: 
chemistry and health, chemistry and nanotechnology, and 
chemistry and sustainable development. The GDRIs involve 
CNRS, the Ukraine’s National Academy of Sciences, and the 
Ukraine's Foundation for Basic Research.

BY JEAN-PHILIPPE BRALY

w� The computing center of CNRS’s IN2P31 in 
Villeurbanne (France), known as the CC-IN2P3, is an 
international reference used by prestigious scientific 
teams, including researchers from the LHC particle 
accelerator, to process their data. It can perform up 
to 16,000 computing tasks simultaneously, has a 
15-petabyte2 hard disk storage capacity, several 10 
gigabit/s dedicated connections, and now more 
than 2500 users.

At present, 95% of the center’s computing 
 resources are shared between particle physics, 
 nuclear physics, and astrophysics. “But we would 
like to extend this to other disciplines,” explains 
 director Dominique Boutigny. “Life sciences and 
human and social sciences already use 5% of our 
 resources, and this proportion could reach between 
10 to 15% by 2020.” 

The CC-IN2P3 has for example been used to pro-
cess magnetoencephalography data obtained on 
patients suffering from epilepsy.3 Processing this 
data makes it possible to map the areas of the brain 
involved in triggering seizures. “Our center has cut 
the average processing time of a patient’s data  
from 200 hours to just three on average,” Boutigny 
adds. Other medical teams have also been able to 
speed up their work in research areas as diverse as 
rheumatoid polyarthritis, multiple sclerosis, mam-
mography, and phylogeny. 

The CC-IN2P3 also provides a solution for storing 
the increasing amount of digital data (such as texts, 
soundtracks, or videos) associated with social 

 sciences and the humanities. “We are contributing 
to the development of Adonis, a very large-scale 
CNRS research facility,” says Boutigny. “It’s a digital 
infrastructure dedicated to the long-term, safe 
 storage of data and to its archiving, processing, and 
dissemination.” Barely a year after its launch, Adonis 
is already considered to be one of the most innova-
tive scientific open data resources in France. 
Moreover, the CC-IN2P3 is opening up to industry, 
and has initiated contacts with two of France’s com-
petiveness clusters: Lyonbiopôle and Imaginove. 

01.  Institut national de physique nucléaire et de physique des 
particules.

02.  One petabyte = 1015 bytes. By 2020, this disk storage capacity should 
reach 100 petabytes. 

03.  Work carried out in Bron (France) by Cermep, the in vivo imaging 
center dedicated to fundamental and clinical research, of which 
CNRS is a member. 

An Open Computing Center 
CC-IN2P3

CONTACT INFORMATION: 
CC-IN2P3, Villeurbanne. 
 Dominique Boutigny
 > boutigny@in2p3.fr

 ONLINE.
> http://cc.in2p3.fr/

q Systems 
administrator 
checking the servers 
of the CC-IN2P3.

�

q Agreements with the Ukraine were 
signed at CNRS in Paris, in the presence 
of Serguy Myakuschko, from the 
Ukraine Academy of Sciences (left), 
Valerii Khukar, President of the Ukraine 
Foundation for Basic Research (4th 
from left), and Joël Bertrand, CNRS 
Chief Research Officer (3rd from left).
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BY DENIS DELBECQ

O
ptogenetics, the art of using light to control cellular 
genes, was voted “method of the year” in 2010 by the 
 scientific journal Nature Methods. Eight years after its 

emergence, the discipline has taken residence in biology labo-
ratories around the world, and is already finding its first applica-
tions. It was in the 1980s, while studying organisms in a pond, 
that German biophysicist Peter Hegemann together with Ernst 
Bamberg first discovered that light could trigger movements of 
the microscopic alga Chlamydomonas reinhardtii. He hypoth-
esized that a light-sensitive protein could act as a switch to 
 activate the movement of flagella, the appendices that algae use 
for locomotion. But it would take another 20 years to fully  
understand the phenomenon. 

FIRST-CLASS INSTRUMENT 
In 2003, the light-sensitive protein 
 involved in this process, channelrhodop-
sin-2, was discovered. In the presence of 
blue light, this protein opens a channel in 
the cell wall of the alga. This channel 
transports ions, and thus conveys electric 
current, which activates the flagella. In 
the absence of light, the channel closes. 
Once the underlying mechanism eluci-
dated, optogenetics rapidly became an 
essential tool in molecular biology, 
 providing researchers with a handy 
switch to control cellular activity. 

“Previously, to study neurons, scien-
tists had to create lesions in the brain and 
observe the result ing change. 
Optogenetics now enables them to con-
trol groups of neurons that have previ-
ously been modified to express a light-
sensitive protein, and to activate and de-
activate these neurons without causing 
any collateral damage,” explains Claire 
Wyart, group leader at Inserm, who set 
up her team at the CRICM1 in Paris. For 
the past five years, the biophysicist has 
been using optogenetics to study neurons 
of zebrafish. This fish is transparent, an 
invaluable property that makes it an ideal 
model to investigate the development of 
vertebrates. Lighting the aquarium is all 
it takes to activate or deactivate its neu-
rons. “For example, we use it to study the 
neurons that control primitive behavior, 
such as fear or sleep,” explains Wyart. 

In addition to the advances antici-
pated in fundamental neurosciences, 
optogenetics also provides a glimpse of 
new therapeutic perspectives. In a survey 
published in Science2 in 2011, a French-
Swiss team managed to induce insulin 
expression in diabetic mice exposed to 
blue light after implanting them with an 
engineered gene sensitive to light. This 

technique is now envisaged to treat 
Parkinson’s disease. 

APPLICATIONS UNDER STUDY 
But Wyart remains cautious: “In deep 
areas of the brain, optogenetics is still 
only a fundamental research tool, since 
conveying light at such depths becomes 
necessarily invasive.” This is not the case 
for the retina, however, which is an ideal 
target structure for these techniques. At 
the French Vision Institute,3 researchers 
are already working on the use of optoge-
netics to treat certain retinal disorders. 
Wyart’s team, on the other hand, hopes 
that its fundamental work on zebrafish, 
particularly on bone marrow and volun-
tary movements, will open therapeutic  

Emerging Science A new and exciting field that could revolutionize genomics 
research uses light to control the expression of genes.

Shedding Light on

Optogenetics

02

01
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avenues for the treatment of patients with 
spinal cord injury in the long term.  
“We know that a large number of bone 
marrow neurons remain intact after a 
lesion,” points out the researcher. “We 
can therefore contemplate reactivating 
the marrow locally, by developing a 
 microchip-like interface.” 

01.  Centre de recherche de l’Institut du cerveau et de la 
moelle épinière (CNRS / ICM / Inserm / Université 
Paris-IV). 

02.  Y. Haifeng et al., “A Synthetic Optogenetic 
Transcription Device Enhances Blood-Glucose 
Homeostasis in Mice,” Science, 2011. 332: 1565-8. 

03. Institut de la vision (CNRS / UPMC / Inserm).

CONTACT INFORMATION: 
ICM, Paris. 
Claire Wyart
 > claire.wyart@inserm.fr

01 The Zebrafish is an 
important vertebrate 
model organism in 
scientific research.  
02 Optogenetics 
allowed identifica-
tion of the neurons 
responsible for 
spontaneous 
movements of 
zebrafish larvae tails 
(a) by stimulating 
specific neurons 
with light (b, pink 
circles).

And more news...

CNRS Plays an Active Role 
in Rio+20 
w� In late June 2012, several tens of thousands of people from 

200 countries attended the UN Conference on Sustainable 

Development in Rio de Janeiro (Brazil). CNRS scientists were  

there to make their voices heard at this major world event.  

Led by Françoise Gaill, director of the Institute of Ecology and 

Environment (INEE), the CNRS delegation took part in a wide range 

of events, including round tables and televised debates organized 

at the French Pavilion by CNRS, together with other members of 

the French National Research Alliance for the Environment 

(ALLENVI). Some 20 CNRS researchers also took the floor during  

the People's Summit and the official UN summit.  

What assessment can be made of the Rio+20 summit? "The 

declaration signed by the Heads of State does not live up to the 

environmental challenges we face," says Agathe Euzen, project 

manager at INEE and member of the CNRS delegation. "However, 

on the positive side, the role of civil society is acknowledged  

and that of scientists is clearly asserted, both with regard to 

diagnosing problems and to finding solutions. We should definitely 

seize this opportunity to act."  

Lindau Nobel Laureate 
Meetings 
w� Two French physicists from CNRS were among the 592 young 

scientists who, along with 27 Nobel Prize recipients, attended the 

Lindau Nobel Laureate Meetings in July this year. They were selected 

from a list of PhD students and postdoctoral fellows, submitted for the 

first time by the French research institution as part of an agreement 

signed in 2010 with the Meetings’ organizing committee. The annual  

3-4 day event is organized around one of four themes: physics, chemistry, 

medicine/physiology, and economics. Created in 1951 by two Lindau 

physicists and a local patron,1 

it is meant to examine the state 

of current scientific knowledge, 

through the accounts of its 

most distinguished 

representatives.

01.  Franz Karl Hein, Gustav Parade, and 
Count Lennart Bernadotte.

 ONLINE.
> www.lindau-nobel.org/

q 2007 Physics 
Nobel Laureate 
Albert Fert at the 
62nd Lindau Nobel 
Laureate Meeting 
(2012).
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�Founded in 1939 by governmental 
decree, CNRS is the largest 
fundamental research organization 
in Europe. 

CNRS is involved in all scientific 
fields through ten specialized institutes 
dedicated to: 
q Life sciences
q Physics
q Nuclear and Particle Physics
q Chemistry 
q Mathematics 
q Information technologies
q Earth sciences and Astronomy
q Humanities and Social sciences
q  Environmental sciences and 

Sustainable development
q Engineering

CNRS research units are either fully funded  
and managed by CNRS, or run in partnership with 
universities, other research organizations, or 
industry. They are spread across France, and employ 
a large number of permanent researchers, 
engineers, technicians, and administrative staff. 

The CNRS annual budget represents one-
quarter of French public spending on civilian 
research. This budget is co-funded by the public 
sector and by CNRS, whose revenue streams include 
EU research contracts and royalties on patents, 
licenses, and services provided. CNRS’s 2012 budget 
is €3.3 billion.  

CNRS employs some 34,000 staff, including 
11,400 researchers and 14,200 engineers and 
technicians. Nearly 1100 research units (90%) are 
joint research laboratories with universities  
and industry.

�DERCI, an office dedicated to 
European and international 
collaborations.

CNRS carries out research activities 
throughout the world, in collaboration 
with local partners, thus pursuing an 
active international policy.

The European Research and 
International Cooperation Department 
(Direction Europe de la recherche et 
coopération internationale (DERCI)) 
coordinates and implements CNRS 
policies in Europe and worldwide,  
and maintains direct relations with its 
institutional partners abroad.

To carry out its mission, the DERCI 
relies on a network of 11 representative 
offices abroad, as well as on science and 
technology offices in French embassies 
around the world.

CONTACT INFORMATION: 
> derci@cnrs-dir.fr

WEBSITE: 
> www.cnrs.fr/derci
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KEY FIGURES

CNRS SUPPORTS 600 SCIENTIFIC 

COLLABORATIVE STRUCTURED PROJECTS 

ACROSS THE WORLD

     331   International Programs for 
Scientific Cooperation (PICS)

     127   International Associated 
Laboratories (LIA)

    112   International Research 
Networks (GDRI)

       30    International Joint Units 
(UMI)
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Mosaic Vision
BY ISABELLE TRATNER

w�This amazing geometrical struc-
ture of balls and rods is actually the 
compound eye of drosophila  as 
seen, with the exception of the added 
colors, by scanning electron micros-
copy (SEM). A complete eye is made of 
about 800 facets or ommatidia, and as 
many bristles, tiny sensitive hairs 
whose function is to protect the eye 
from dust or shocks. Each ommatidi-
um is a simple eye that acts as a sepa-
rate visual receptor. The quality of the 
resulting image—a mosaic of all the 

signals sent by each eye unit—is 
 directly proportional to the number of 
ommatidia, which may vary from just 
a few in the wingless silverfish, to as 
many as 30,000 in the dragonfly. This 
image was obtained in Paris at the 
LISE,1 whose scanning electron 
 microscope is made available to the 
scientific community for a wide range 
of applications.

01.  Laboratoire interfaces et systèmes 
électrochimiques (CNRS).

 
CONTACT INFORMATION: 
LISE, Paris.  
Stephan Borensztajn
> stephan.borensztajn@upmc.fr
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