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Sustainable production

PERSPECTIVES
Our work opens up new perspectives for 
agricultural pathogen detection, which 
we intend to develop in the framework 
of a start-up. The use of nanobodies to 
confer resistance to grapevine viruses 
is a longer-term perspective that fits 
perfectly into a LabCom-type industrial 
partnership.
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Grapevine is a genuine reservoir for viruses! 
With more than 70 known viruses, grapevine 
harbors the largest number of viruses of any 
cultivated plant. This viral burden threatens 
the sustainability of our vineyards. The 
objective of VinoBodies was to develop 
diagnostic reagents derived from camelid 
antibodies (nanobodies) for use in disease 
control and to evaluate their potential 
as antiviral molecules. This work made it 
possible to demonstrate the effectiveness of 
nanobodies in controlling grapevine diseases.

VinoBodies 
Nanobodies:  
the swiss army knife 
of grapevine virology
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Plot in the Chablis vineyards with fanleaf diseased grapevines

VinoBodies
Nanobodies: camel cures for ailing grapevines

iseases such as fanleaf dege-
neration, rugose wood complex 
and leafroll disease are the most 
widespread and most damaging 

viral diseases in grapevine. Their extreme 
prevalence is a serious threat to the via-
bility of many vineyards, especially those 
assigned high value for their continuous 
cultivation and local heritage. Without 
effective resistance genes or antiviral 
molecules, the only means of combating 
these diseases are sanitary control mea-
sures. Although necessary, these methods 
remain largely insufficient to keep these 
diseases under control.
The goal of VinoBodies was to evaluate 
both the potential of nanobodies as mole-
cular probes for virus immunodetection 
but also as antiviral molecules. Discove-
red in the 1990s, nanobodies are derived 
from immunoglobulins unique to camelid 
species (e.g., camel, llama, or alpaca). They 
are the smallest antibody-like molecules 
known, attracting much interest in biome-
dical research, but their use in agricultural 
biotechnology remains limited.

In collaboration with our partners at 
INRA Colmar and Vrije Universiteit Brus-
sel, we isolated nanobodies against a 
broad spectrum of grapevine viruses. We 
demonstrated the superiority of nanobo-
dies compared to conventional antibodies 
for immunoenzymatic detection of diffe-
rent viruses. We also discovered that the 
expression of some nanobodies in plan-
ta conferred resistance to viruses in both 
herbaceous hosts and grapevine. In par-
ticular, we generated plants resistant to 
both grapevine fanleaf virus (GFLV) and 
Arabis mosaic virus (ArMV), the two prin-
cipal agents of the fanleaf degeneration 
disease of grapevine.
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DEMOCRITE is a geographic-based software 
platform created from scratch during the 
project in order to answer operational needs. 
It allows first responders from the Paris 
firefighters brigade (BSPP) to compute in a few 
seconds the effects of an urban explosion or 
the consequences of a fire. Interactive maps 
show the intrinsic vulnerabilities of the territory 
as well as the risk coverage and remaining 
risks. Beyond the software, important legal 
issues concerning the rights of victims and the 
organization of rescue have also been studied.  

DEMOCRITE 
Demonstration of  
a risk-analysis and  
risk-coverage engine  
on a territory
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Main publication or 
contribution:  
20 communications,  
2 publications, 2 workshops,  
1 special journal RISEO, 1 software, 
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Partners:  
CEA – French Atomic Energy and 
Alternative Energies Commission 
(coordinator), Paris Fire Brigade, 
Institut P’, Société IT Link, Société 
Systel, IMT-Alès, CERDACC, 
Maxplus Team INRIA/X

Danger zones from an explosion in a city (fast-running code FLASH)  
compared to «free-field» circular zones

DEMOCRITE 
Demonstration of a risk-analysis and risk-coverage engine 
on a territory

EMOCRITE maps two types of 
interventions for rescue services: 
high-probability ones (accident, 
health problems…) and major ones 

such as explosions or fires (either accidental 
or intentional). Considering fire modelling, 
the tradeoff between precision and speed 
has been solved by coupling local and glo-
bal models. The local scale results came 
from preliminary 3D numerical simulations 
used to derive parameter for the large-
scale fast-running code based on cellular 
automata AI. Previous empirical methods 
to deal with explosions were not sufficient 
to compute effects in urban configurations, 
so a new approach beyond the internatio-
nal state-of-the-art has been developed 
for DEMOCRITE and validated on numeri-
cal simulations, experiments and bombing 
forensics. Rescue services also want to 
know the human and functional vulnerabi-
lities on their territory, for instance in order 
to optimize the location of their vehicles. It 
has been done through a spatio-temporal 
analysis for both results: using activity and 
transport fluxes to map human vulnerabi-
lity, and through a multi-criteria study of 

the hierarchy of stakes for functional vulne-
rability. During the project a new need has 
been expressed by rescue services: analy-
sis of the risk coverage of their territory at 
any moment, and assessing remaining risks. 
Through the study of several years of inter-
ventions history, such coverage maps have 
been generated. Due to the operational 
importance of this last requirement, it has 
been added to the project with no additio-
nal costs.

D

PERSPECTIVES
Several organisms, even beyond rescue 
services, have already expressed 
their interest in DEMOCRITE. Urban 
explosion modelling, innovative and of 
great significance considering current 
threats, will be developped as a specific 
project. Several other development axis 
have been identified and prioritized 
by DEMOCRITE partners and external 
experts. The main objective is to turn 
DEMOCRITE into  a multi-purpose and 
operational risk management tool, also 
relying on reliable data.
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Do changes in connectivity 
in the brain in depressed 
patients, as measured by 
diffusion tensor imaging 
(DTI), reflect changes in 
white matter maturation?

Pre-clinical depression in adolescents: reduction in volumes of grey matter (red)  
and white matter (green)

WM2NA
White matter imaging, microstructure, and negative 
affects: translational study in humans and mice

he affective disorders have been 
related to deviations of brain 
white matter connectivity as 
evidenced by diffusion tensor 

imaging (DTI) studies in patients. 
It is not clear what the changes seen 
through DTI refer to at the tissue and 
molecular levels. This limits the potential 
value of monitoring white matter altera-
tions with DTI as a clinical tool. To which 
extent DTI alterations in adolescents with 
negative affects reflect changes in white 
matter maturation in adolescence,  and 
what are the molecular factors related 
with these changes cannot be tested in 
humans by non-invasive techniques. 
This multidisciplinary project combined 
DTI imaging in adolescent humans and 
mice, as well as ex-vivo studies in rodents 
and post-mortem analyses in humans. 
Results: Partner 1 analyzed brain morpho-
metry and white matter microstructure 
throughout adolescence. The findings 
highlight a restricted brain network that 
indicates high vulnerability to develop 
anxiety and depression symptoms in ado-
lescence, and ultimately major depression 
disorder. Regional variations involved 
in resilience capacity, anhedonia, and 

sleep habits were delineated. Partner 
2 provided convergent morphological, 
transcriptional, and epigenetic evidence 
that a history of child abuse and subse-
quent suicide in adulthood associates 
with impaired myelination in the anterior 
cingulate cortex. Partner 3 validated a 
robust mouse model of depression at ado-
lescence, encompassing dimensions of the 
disorder. Mice subjected to early life stress 
and showing signs of adolescent depres-
sion showed magnetic resonance imaging 
changes in cortical areas and white matter 
fiber tracts as detected by partner 4, sug-
gesting altered myelin integrity. Partner 3 
reported a molecular transcription factor 
that might be relevant for antidepressant 
response. Using cellular imaging and his-
tochemistry methods, Partner 5 further 
showed that white matter cells and mye-
lin compaction quality are affected in the 
cortex and white matter tracts.

T

WM2NA 
White matter imaging, 
microstructure, and 
negative affects: 
translational study in 
humans and mice
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PERSPECTIVES
Histological and molecular markers of 
myelin alteration related to stress during 
brain development have been validated. 
This suggest that the variations detected 
in the brains of adolescents with depres-
sive symptoms, as well as in patients with 
early childhood abuse, are related with 
these histological and molecular changes 
in white matter development.  
Present findings support the rationale 
for prevention in adolescents with nega-
tive affect symptoms, as well as in child-
ren with a history of childhood abuse. 
In addition, a transcription factor was 
identified as a promising basis for drug 
research on negative affect reversibility. 
The information gathered in the present 
project on white matter development re-
lation to negative affect was presented to 
an ad hoc committee in a French Ministry 
(spring 2018) in order to foster targeted 
prevention; this information fueled the 
rationale to stratify the age of protection 
in adolescence in a project of law pre-
sented to the French parliament. 

Paediatric Psychiatry, Neuroscience
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Neuroscience

PERSPECTIVES
fUS imaging opens access to previously 
unexplored aspects of mouse brain 
function, and in particular creates new 
perspectives for understanding brain 
diseases. The project results have led to 
create a start-up, Iconeus, and to a first 
product planned to be commercially 
released at the end of 2019. Additionally, 
fUS starts to be used in clinical 
applications, in situations where the 
skull does not prevent ultrasound 
imaging, namely during neurosurgery or 
through the fontanel window for babies.
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Classical brain imaging techniques, 
namely magnetic resonance imaging 
(MRI) and positron-emission 
tomography (PET), involve contraints 
and are expensive. A new functional 
ultrasound (fUS) imaging technique, 
invented in 2009 at ESPCI in an 
INSERM research unit, yields images 
of equivalent or higher quality 
with a much simpler device, and is 
particularly suitable to study the 
brain activity of awake mice.

FUSIMICE 
Ultrafast Functional 
Ultrasound (fUS) Imaging 
for Highly-Resolved 
Targeted Mapping of 
Functional Connectivity in 
the Awake Mouse Brain

ANR programme:   
FLAG-ERA

Edition, Project duration: 
2015, 36 months

ANR grant:  
€380,000

Coordinator:  
Zsolt Lenkei 
zsolt.lenkei@espci.fr

Publication or main 
contribution: E. Tiran et 
al., « Transcranial functional 
ultrasound imaging in freely 
moving awake mice and 
anesthetized young rats without 
contrast agent », Ultrasound in 
medicine & biology, 43.8 (2017): 
1679-1689

Partners:
École Supérieure de Physique et de 
Chimie Industrielles (Coordinator, 
France);
Institut National de la Santé et de 
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Sciences, Hungary;
University of Antwerp, Belgium

(a,b) Ultrasound probe and support, (c1) chronically fixed frame,  
(c2) protective cover (in green), (d) probe on the mouse

FUSIMICE 
New miniaturized ultrasound probe shows the brain activity 
of mice in action

unctional Ultrasound (fUS) ima-
ging uses an innovative ultrafast 
ultrasound sweeping and exploits 
the high-performance computing 

capabilities of graphics processing units to 
perform a computer reconstruction of the 
image of blood circulation and thus of brain 
activity. Knowing that ultrasounds are atte-
nuated by the skull thickness, the technique 
is particularly suitable for studying the 
brain activity in mice, where this thickness 
is negligible, but it required to miniaturise 
the ultrasound probe. This was achieved 
by manufacturing a probe of only 4 grams, 
instead of 12 for the previous version. 
This probe has first been tested on anes-
thetised mice to avoid any issue related to 
the movements of the animals. The expe-
riment was then extended to awake and 
freely-moving mice. As illustrated above, 
this was achieved by fixing on the mouse 
skull a frame on which the probe can be 
placed with magnets and adjusted. Ano-
ther setup whereby the head is restrained 
and only the environment moves is also 
being developed, and enables more varied 

experiments. Furthermore, by optimising 
the ultrasonic acquisition sequence to limit 
movement-related artifacts, a continuous 
monitoring of brain activity in the form of 
videos has been made possible. Besides, 
experiments with controlled stimulations 
of the mouse whiskers have confirmed that 
the technique shows the specific brain acti-
vity in response to these stimuli.  Finally, a 
comparison with functional magnetic reso-
nance has confirmed the benefits of fUS.  
In summary, the FUSIMICE project has 
developed and validated the fUS technique 
to image the brain activity of freely-mo-
ving mice in real time with few constraints, 
achieving a high sensitivity and spatiotem-
poral resolution with a portable and cheap 
equipment.
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