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Jérôme Garin, Head of the Interdisciplinary 
Research Institute of  Grenoble

Editorial

Dear Colleagues, 
The IRIG's scientific newsletter allows us to end the year 2020 by putting Science in the spotlight, which is very 
fortunate. The results described in it come to show us, if needed, that the Institute's teams held the lead during 
the "COVID storm". As we have become accustomed to, we discover through this letter the advances in such 
varied fields that we have the opportunity to surf with ease from skyrmions to viruses through plants and ultra-
low temperatures. Delight yourself!!! 

COVID will have marked the year 2020 by sustainably transforming our professional and family lives. In order to 
avoid an even more serious health crisis, our laboratories and equipment have been forced to operate in slow 
motion or even to close. While waiting for the benefit of a massive vaccination to be felt, we remain deprived of 
the spontaneous and daily gestures that were so many expressions of attention or affection. Our social life 
obviously suffers from such a situation. Even if everyone has been able to adapt, this turmoil is anything but 
insignificant for our personal lives and for the life of our research structures. The impact has been significant 
for the IRIG which is a young institute. The strengthening of the institute requires increased exchanges, both 
spontaneous and initiated, in order to allow each UMR to go beyond its own strategy by seizing opportunities 
that arise to develop interdisciplinary projects for which IRIG is particularly well equipped. Initiatives will be 
rapidly proposed in 2021 by the Institute's management in order to create such opportunities, notably within 
the framework of the adjustments that have been put in place by the CEA in 2019 in the fields of quantum, the 
circular carbon economy, batteries, organ-on-chip and health innovations in the fields of diagnostics and 
therapeutic approaches. 

The beginning of the year 2021 will be marked by the arbitrations which will be rendered within the framework 
of the CPER and the EQUIPEX+. The expected funding should support innovation and the further development 
of leading-edge instrumental platforms in Spintronics, Structural Biology, Proteomics, NMR and in the fields of 
materials characterization and data management and analysis. It is therefore an important opportunity for the 
IRIG given the place occupied by these platforms in our research programs. The renovation of the buildings will 
also be a strong priority in 2021. Although the amount of investment required is considerable, new projects will 
be launched. These are long-term projects for which the management of the DRF and the CEA's Heritage 
Department are working with us; I would like to thank them for their support. 

The year 2021 is almost here; it will allow us to gradually see the fading away of everything that may have made 
the period we have gone through difficult. I hope that this new year will be synonymous with hope and envy for 
all of us, that it will bring new promises and success in the work that you will carry out. 

I wish you a Merry Christmas and a Happy New Year! 
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Design of crystalline artificial enzymes

Contact: Caroline Marchi-Delapierre    
CBM 

Chemistry and Biology of Metals 
Laboratory

REFERENCE
Lopez S, Marchi-Delapierre C, Cavazza C and Ménage S. A 
selective sulfide oxidation catalyzed by heterogeneous 
artificial metalloenzymes Iron@NikA. Hot Paper, Chemistry. A 
European Journal, 2020

An artificial metalloenzyme (ArM) is 
a hybrid construction resulting of 
the combination of a synthetic 
inorganic complex and a biological 
macromolecule (DNA or protein). 
To g e t h e r t h e y f o r m a n e c o -
compatible catalyst that works 
under mild conditions in accordance 
w i t h t h e p r i n c i p l e s o f g r e e n 
chemistry. However, it would be 
i n t e r e s t i n g t o i m p r o v e t h e 
properties of these ArMs in order to 
widen their range of substrates 
( l i m i t e d i n p a r t i c u l a r by t h e 
solubility in aqueous phase), to 
increase the number of catalytic 
cycles (limited by the stability of the 
proteins in the oxidizing medium) 
and to widen the diversity of the 
catalyzed reactions (access to 
c o m b i n a t i o n s o f c a t a l y t i c 
processes). An important step in this 
d i r e c t i o n h a s b e e n t a ke n by 
proposing these catalysts in solid 
f o r m i n o r d e r t o a c h i e v e 
heterogeneous catalysis (liquid-
solid).

It is in this context that IRIG researchers are designing 
ArMs in order to propose new methods of sustainable 
catalysis for oxidation reactions. They have thus 
developed several remarkable systems based in 
particular on the NikA protein to which various synthetic 
inorganic complexes of iron, manganese or ruthenium 
have been anchored. This enzyme, responsible for the 
transport of nickel in bacteria, can be used as a support 
for the inorganic catalysts designed by the researchers. 
The researchers have thus developed an original version 
of an ArM in which NikA crystals have been stabilized by 
cross-linking using the Cross-Linked Enzyme Crystals or 
CLEC technique. This technology improves the stability 
and the number of catalyst recycles while making it 
possible to extend the reaction conditions used 
(solvents, pH, temperatures). 

After defining the cross-linking conditions of the ArM 
crystals and ensuring that they were stable in water-
organic solvent mixtures (from 4 to 70°C and in the 
presence of oxidants), their catalytic properties could be 
evaluated. The researchers thus showed that these 
heterogeneous catalysts are more efficient than their 
soluble counterparts for the sulfoxidation of 
thioglycolamide derivatives. Indeed, the products of this 
oxidation reaction could be obtained with an efficiency 
multiplied by 8 and in the presence of very small 
quantities of catalyst (0.1%). Moreover, even if limited to 
four, the number of recycles shows that these systems 
are effective under harsh conditions since the oxidant 
used, sodium hypochlorite, is very aggressive. 

The great originality of this solid hybrid catalyst is to 
allow the stabilization of the artificial catalytic site 
within the protein crystal, this by working in an aqueous 
medium, in the presence of small quantities of catalyst, 
itself being recycled. The design of artificial crystalline 
enzymes thus represents a promising alternative to 
soluble enzymes or supported enzymes for the future of 
synthetic biology.

A CLEC-ArM crystal consists of NikA-FeL3 hybrids (FeL3 being a 
complex of iron with a ligand coordinating the iron by two amine 
atoms and two pyridines) cross-linked with glutaraldehyde. The 
stability of the crystals in a water-acetonitrile-1-1 solvent solution 
makes it possible to use many lipophilic substrates and to test 
different oxidation reactions, in this case sulfoxidation.

This work combines synthesis, catalysis and crystallographic 
study of proteins. It is the result of a collaboration between two 

teams of the Chemistry and Biology of Metals laboratory: the 
Bioinspired Chemistry and Environment team and the 

BioCatalysis team. 

This work was financed by the ANR CrystalBall (financing of a 
fixed-term contract and a post-doc) and by the Labex ARCANE 

which financed the thesis of Dr. Sarah Lopez.

mailto:Caroline.Marchi-Delapierre@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
https://www.CBM-lab.fr/en
https://chemistry-europe.onlinelibrary.wiley.com/doi/full/10.1002/chem.202003746
https://chemistry-europe.onlinelibrary.wiley.com/doi/full/10.1002/chem.202003746
mailto:Caroline.Marchi-Delapierre@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
https://www.CBM-lab.fr/en
https://chemistry-europe.onlinelibrary.wiley.com/doi/full/10.1002/chem.202003746
https://chemistry-europe.onlinelibrary.wiley.com/doi/full/10.1002/chem.202003746
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Contact: Olivier Boulle    
Spintec 

Spintronics and Component Technology

In 2016, researchers at the Irig's Spintec laboratory 
made an important discovery by demonstrating the 
existence of magnetic skyrmions at room temperature in 
a very thin layer of Co (a few atoms thick) in sandwich 
between a layer of Pt and magnesium oxide. 
 
In a new study, the researchers made a further step 
towards applications by demonstrating that skyrmions 
can be stabilized in the absence of any applied magnetic 
field, a crucial advantage for devices. The icing on the 
cake, the skyrmions are 5 times smaller than before (up 
to 30 nm), which increases the density of information in 
memories. To achieve this result, the researchers used a 
so-called "exchange bias" stack, which combines the 
ultra-thin ferromagnetic layer hosting the skyrmions 
with an antiferromagnetic layer. This type of stack is 
already used in the MRAM magnetic memories 
developed at the Spintec laboratory. To observe these 
very small skyrmions, Spintec used an innovative 
technique, NV (Nitrogen-vacancy) magnetic microscopy, 
mastered by the University of Montpellier. These results 
are promising for the realization of memory and logic 
devices based on magnetic skyrmions.

Magnetic skyrmions are currently 
fascinating many research groups in 
the world, as they could offer a new 
w a y t o s t o r e a n d p r o c e s s 
information in our computers. These 
nanoscale magnetic textures are 
c o m p o s e d o f e l e m e n t a r y 
nanomagnets that wind to form a 
stable spiral structure, like a well 
tighten node. Although predicted in 
the 80’s, it has only been observed 
for the first time in 2009. Three 
years later, two research teams 
demonstrated that skyrmions can be 
manipulated by very low electrical 
currents, which opens a path for 
their use as information carriers in 
c o m p u t i n g d e v i c e s . S e v e r a l 
groundbreaking memory and logic 
devices based on the manipulation 
of skyrmion in nanotracks have thus 
been proposed, that promise very 
large information density and low 
power consumption. However, these 
applications still remained distant as 
skyrmions had been observed only 
at low temperature or in the 
presence of large magnetic fields 
and in exotic materials far from any 
applications.

Nanometer scale magnetic skyrmions at zero field: A step closer to the 
applications

A NV center magnetic microscopy image of magnetic 
skyrmions stabilized at zero external magnetic field on top of a 
sketch of the ultrathin film stack. The stack is composed of a 
Pt/Co/NiFe magnetic layer (FM) exchange coupled to an IrMn 
antiferromagnet (AFM). The exchange coupling with the IrMn 
layer leads to an effective Bint on the FM which allows the 
stabilization of the small skyrmions at zero field.

REFERENCE
Rana KG, Finco A, Fabre F, Chouaieb S, Haykal A, Buda-
Prejbeanu LD, Fruchart O, Le Denmat S, David P, 
Belmeguenai M, Denneulin T, Dunin-Borkowski RE, Gaudin 
G, Jacques V and Boulle O. Room-temperature skyrmions at 
zero field in exchange-biased ultrathin films. Physical Review 
Applied, 2020

mailto:Olivier.Boulle@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
http://www.Spintec.fr
https://journals.aps.org/prapplied/abstract/10.1103/PhysRevApplied.13.044079
https://journals.aps.org/prapplied/abstract/10.1103/PhysRevApplied.13.044079
https://journals.aps.org/prapplied/abstract/10.1103/PhysRevApplied.13.044079
https://journals.aps.org/prapplied/abstract/10.1103/PhysRevApplied.13.044079
mailto:Olivier.Boulle@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
http://www.Spintec.fr
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Contact: Laëtitia Kurzawa  
LPCV 

Cell & Plant Physiology Laboratory

Mechanical forces exerted by cells 
play a crucial role on the proper 
functioning of organs by controlling 
n o t a b l y t h e i r s h a p e a n d 
development. At the microscopic 
level, each cell has an internal 
framework, the cytoskeleton, made 
up of specialized proteins that 
e n s u r e t h e g e n e r a t i o n a n d 
transmission of cellular forces to 
their environment. Among these 
proteins, actin forms filaments that 
are reorganized by the action of 
molecular motors called myosins, 
generating contractile cables called 
stress fibers that resemble elastic 
springs stretched between two 
anchoring points. Although these 
structures are widely recognized as 
being involved in force generation at 
the molecular level, the mechanism 
by which forces are generated and 
distributed at the entire cell-level 
remains unknown.

A new model of cell mechanics
In order to characterize the production of forces in these 
contractile cables, Irig researchers cut them by making a 
precise incision using a laser beam (Figure 1). This 
manoeuvre led to an unexpected result: the total cell 
force was barely affected, showing that other structures 
in the cytoskeleton were at work to generate and 
transmit force at the cell level. The same technique was 
then used to produce a cut in the actin network found 
along the cell membrane, a network previously 
considered as passive. By subsequently modeling the 
contribution of the entire actin network through physical 
parameters, the researchers understood that the entire 
sub-membrane actin network was also contributing to 
force production and not only the stress fibers. Using 
several complementary techniques to improve the 
resolution of the cytoskeleton images, the researchers 
also discovered that the stress fibers, far from being 
isolated structures, were in fact completely entangled in 
the surrounding actin network lining the membrane. 
Finally, the researchers investigated the formation of 
stress fibers by making videos and thus revealed that 
they had an unexpected origin: the contraction and 
alignment of the fibers along the membrane, thus 
explaining their embedding in this network. 

These results offered the researchers the opportunity to 
propose a new model for the assembly of stress fibers, 
according to which the points where the cells are 
anchored to their external environment direct the 
tension in the actin network lining the membrane, which 
aligns and concentrates the filaments and induces the 
formation of stress fibers (Figure 2). This study also 
revealed the existence of mechanical integrity within the 
cell which, although composed of multitudes of small 
filaments, behaves as a fully connected object.

REFERENCE
Vignaud T, Copos C, Leterrier C, Toro-Nahuelpan M, Tseng Q, 
Mahamid J, Blanchoin L, Mogilner A, Théry M and Kurzawa 
L. Stress fibres are embedded in a contractile cortical 
network. Nature Materials, 2020

Figure 2: Illustration of stress fibers embedded in an actin membrane 
network. 
 Super-resolution image of the actin network of a glial cell (nervous 
system cell) showing the entanglement of large stress fibers with the 
surrounding membrane actin network (right image = zoom of the left 
image).

Figure 1: Illustration showing the cleavage of a 
stress fiber in a retinal epithelial cell (in white in 
the top image) using a laser (shown in orange 
above the fiber). The lower image represents the 
forces developed by this cell on its support.
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https://www.LPCV.fr/en
https://www.nature.com/articles/s41563-020-00825-z
https://www.nature.com/articles/s41563-020-00825-z
mailto:Laetitia.Kurzawa@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
https://www.LPCV.fr/en
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Contact: Hélène Malet  
IBS 

Institut de Biologie Structurale

Structure of a key enzyme in action gives insights into the replication of 
a human pathogenic virus

Researchers at IRIG, in collaboration with Dr. Cusack’s 
group at EMBL Grenoble, describes here the structure of 
the complete RNA-polymerase of the La Crosse virus 
obtained at 3 Å resolution by cryo-electron microscopy, 
using data collected on the Glacios cryo-microscopes 
from IBS and Krios from ESRF. This structure reveals the 
position and organization of the C-terminal part of the 
RNA polymerase which includes a cap-binding domain 
necessary for transcription initiation. Two states could 
be visualized, pre-initiation and elongation. In particular, 
this allows to highlight the conformational changes 
necessary for the formation of a double-stranded 10-
base pair RNA in the active site cavity during elongation. 

The structural details and dynamics of the functional 
elements identified provide a mechanistic overview of 
the transcription of bunyaviruses that allows us to 
understand the functioning of this enzyme. This work 
provides a solid basis for the future design of inhibitors 
targeting RNA polymerase.

Bunyavirales is an order of segmented 
negative-strand RNA viruses (sNSV) 
comprising several life-threatening 
human pathogens for which there is 
currently no treatment (La Crosse 
virus, Hantaan virus, Crimean Congo 
virus, Lassa virus). The replication 
and transcription of their genome 
are essential steps of their viral 
cycle and are catalyzed by a key viral 
enzyme: the RNA-dependent RNA 
polymerase. Although the overall 
mechanism of transcriptional 
initiation is likely to be retained 
between sNSVs, several elements 
suggest some divergence between 
viral families. To understand the 
detailed mechanisms of replication 
a n d t r a n s c r i p t i o n , t h e f u l l 
polymerase structures captured at 
different stages of these processes 
are essential.

REFERENCE
Arragain B, Effantin G, Gerlach P, Reguera J, Schoehn G, Cusack S 
and Malet H. Pre-initiation and elongation structures of full-
length La Crosse virus polymerase reveal functionally important 
conformational change. Nature Communications, 2020

Three-dimensional structure of La Crosse virus RNA polymerase.

Segmented negative-strand RNA viruses (sNSV): virus with a 
genome divided into several segments. Unlike the human genome, 
which is made up of double-stranded DNA, the genome segments 

of these viruses are made up of single-stranded RNAs. These 
RNAs have negative polarity which means that they can be used 
directly as templates by the RNA polymerase for the synthesis of 

positive polarity messenger RNAs during transcription. 

La Crosse encephalitis is a viral disease transmitted to humans 
through the bite of a mosquito. Although many infected people 

have no apparent symptoms, some develop severe neuro-invasive 
disease. Severe illness often involves encephalitis and can include 

seizures, coma and paralysis. Severe illness occurs most often in 
children under 16 years of age.
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mailto:Helene.Malet@ibs.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
https://www.ibs.fr/spip.php?lang=en
https://www.nature.com/articles/s41467-020-17349-4
https://www.nature.com/articles/s41467-020-17349-4
mailto:Helene.Malet@ibs.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
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Contacts: Éric Bouleau  
DSBT 

Low Temperature Systems Department 
and 

Gaël de Paëpe 
MEM 

Modeling and Exploration of Materials

High-resolution DNP-NMR accesses ultra-low temperatures
Having an instrument to work at 
very low temperatures (< 100 K) is 
the wish of many researchers in the 
f i e l d o f N u c l e a r M a g n e t i c 
Resonance (NMR). The interest 
becomes obvious for Dynamic 
Nuclear Polarization (DNP), a 
hyperpolarization technique that 
allows increasing the sensitivity of 
an NMR experiment by several 
orders of magnitude. This NMR 
approach makes it possible to study 
with unprecedented precision the 
structure and defects of amorphous 
or crystalline systems, to explore the 
surface or interface of complex 
systems, either biological / organic / 
inorganic or even hybrid. The fields 
of application are very varied, from 
the development of innovative 
functional materials (catalysis, 
storage, biomaterials, etc.) to the 
u n d e r s t a n d i n g o f c o m p l e x 
biomolecular systems (fibrillar 
protein, membrane protein, etc.) in 
vitro today and in cellulo in the 
future.

Figure 1: NUMOC N2

By combining IRIG's skills in cryogenics and DNP, the 
researchers of our institute have just reached a decisive 
milestone in this quest for low temperatures for high-
resolution and high-sensitivity NMR. The teams 
developed an innovative experimental system consisting 
of two cryostats in tandem. The first one, SACRYPAN, 
generates the cryogenic feed streams of the second one, 
PAVLOT, which allows NMR/DNP experiments at low 
temperatures. This "cryogen-free" device imagined at the 
origin of the project, and the ultimate objective of the 
R&D efforts undertaken, makes it possible to work 
without liquid helium for a minimal operating cost (a few 
dozen euros per day). In terms of performance, it is the 
most advanced machine in this field, capable of reaching 
a minimum stabilized temperature of 35 K at the sample 
holder, regardless of the flow rates used to rotate it. A 
new milestone is expected shortly with the arrival of 
SACRYPAN II, which will push back the low temperature 
limits (< 25  K) never reached with an autonomous 
cryogenic fluid instrument. 
These developments began with the development by 
IRIG researchers of the NUMOC N2 cryostat, which 
demonstrated its ability to rotate a sample holder with 
gaseous nitrogen tempered by liquid nitrogen (Figure 1). 
Fol lowing major evolutions, NUMOC became 
NUMOC  He. In its first version, called "lost fluids", 
NUMOC He was used to take a further step by 
demonstrating that it was possible to run a helium gas 
sample in a temperature range of 70  K-25  K (Figure 2). 
Since then, this first milestone has given IRIG 
researchers a real visibility in the field of instrumental 
research for NMR. Subsequently, the NUMOC He 
cryostat evolved into a version II that made it possible to 
prove for the first time that the rotation of a millimeter-
size sample holder at several kilohertz down to 
temperatures below 10 K was possible. Scientific world 
firsts were thus achieved and published 
In parallel with the scientific exploitation of this cryostat, 
the IRIG teams designed and finalized SACRYPAN, the 
latest version of the system, this time completely 
autonomous in cryogenic fluid (Figure 3). To complement 

this saga, another cryostat PAVLOT, the ultra-low 
temperature NMR-DNP probe, was designed and 
assembled thanks to the DSBT's know-how in 
cryogenics. The PAVLOT ultra-low temperature probe is 
currently being developed in partnership with Bruker, 
the world leader manufacturer in NMR (Figure 4). Within 
the framework of this collaboration, the IRIG 
researchers aimed to design the entire cryo-mechanical 
vacuum part of the instrument while the Bruker team 
was in charge of developing the radio-frequency system 
for sample analysis. The researchers' task was complex 
since it involved integrating the Bruker partner's 
subassembly into an ultra-compact cryostat limited by 
the size of the NMR magnet bore. A major challenge has 
been to develop miniature mechanical activators that 
allow the tuning of the probe resonance frequencies. 
These activators provide the transitions from the 
cryogenic box containing the radio frequency device / 
rotation module to the vacuum chamber isolating the 
assembly, and then from the vacuum chamber to the 
outside of the cryostat. The same work had to be done to 
pass optical and electrical signals through. The very high 
level of thermal performance demanded required a high 
vacuum with zero leakage tolerance. These obstacles 
were overcome and the nominal operation of the 
equipment as initially defined in the specifications was 
demonstrated. The integration phase of the Bruker radio 
frequency system that is now beginning will allow the 
first DNP spectrum to be realized with this instrument. 

A decade, 7 cryostats and no less than 7 national and 
European grants (ANR, ERC, AGIR-PEPS, PTC, Bottom-
up) have been necessary to progress on this project. At 
the end of this long-distance race, it is a "cryogen-free" 
instrument protected by 7 international patents that will 
allow the routine and autonomous use of cryogenic fluids 
in DNP.

DNP at high magnetic fields relies on the use of a high-power high-frequency microwave source. Such irradiation triggers the 
transfer of the electron spin polarization of paramagnetic dopants to the surrounding nuclear spins and thus strongly increases the 
signal detected by NMR. By combining microwave irradiation with a fast pneumatic rotation of the sample (> 10 kHz) at cryogenic 

temperature, one can thus record high-resolution spectra with a sensitivity increased by several orders of magnitude. No 
commercial offer allows access to sample temperature below 100 K today.

The IRIG teams involved are those of the Department of Low 
Temperature Systems (DSBT) and those of the Modelling and 

Exploration of Materials (MEM) laboratory concerning the 
developments dedicated to the DNP.

Figure 2: NUMOC HeII @ PFNC

Figure 3: SACRYPAN @ PNFC

Figure 4: The PAVLOT probe under the NMR magnet

Schematic diagram of the device

mailto:Eric.Bouleau@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
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mailto:gael.depaepe@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
https://www.MEM-lab.fr/en


During the early stages of their 
development, flowering plants, or 
Angiosperms, turn green only in the 
presence of light following a 
program called photomorpho-
genesis. The cells of the leaf then 
a c c u m u l a t e a l l t h e p r o t e i n s 
necessary for photosynthesis during 
t h e f o r m a t i o n o f m a t u r e 
c h l o r o p l a s t s , w h i c h a r e 
characterized by their green color. 
This development of the functional 
c h l o r o p l a s t r e q u i r e s t h e 
orchestrated expression of genes 
encoded in the nuclear DNA as well 
as in the chloroplast DNA. Many 
mysteries remain vivid around the 
molecular and genetic mechanisms 
t h a t a l l o w t h e c o o r d i n a t e d 
expression of these two genomes. 
These mechanisms however are 
essential for the optimal use of the 
resources stored in the seed while 
the young seedling searching for 
light is more or less deeply buried in 
the soil.

PAP8, a double agent of greening in Angiosperms

In most Angiosperms, the chloroplast PEP RNA 
polymerase is a protein complex whose catalytic core is 
encoded by the plastid itself. The PEP associates with 12 
proteins encoded by nuclear genes called PAP (PEP-
Associated Proteins) whose expression is regulated by 
light. In the presence of these PAPs, the photosynthesis-
associated plastid genes are activated. PAP8 is an 
essential subunit of the RNA polymerase because loss of 
its function leads to plastids that fail to develop, resulting 
in a complete loss of green pigmentation within a lethal 
albinism syndrome. 

In this study, IRIG researchers examined the regulation 
and function of the PAP8 gene in vivo. They showed that 
the PAP8 protein, through unknown mechanisms, is 
localized in the nucleus and in the chloroplast with a 
distinct role in the two compartments. Its absence 
disrupts the nuclear signalling pathway of the PhyB 
photoreceptor. The seedling is less reactive to light, the 
photomorphogenesis program is suspended while the 
antagonistic dark development program is maintained. 
Based on the PAP8 signaling sequences, the researchers 
generated artificial proteins, variants "mono-localized" 
either in the nucleus or in the chloroplast, showing that 
the functions of PAP8 cannot be uncoupled (no variant 
protein can completely correct the defects of the 
mutant). While in the chloroplast, PAP8 is associated 
with PEP and remains essential for greening, its nuclear 
function seems to be strongly involved in the mere 
coordination of nuclear genes expression with that of 
chloroplast genes. 

The data obtained indicate that a retrograde movement 
(with reference to the signals sent by the organelles 
towards the nucleus) of the PAP8 protein towards the 
nucleus could, together with other proteins of the 
complex, regulate the expression of nuclear genes 
depending on the state of the plastids and their ability to 
produce the proteins of the photosynthetic apparatus, a 
mechanism described since the end of the 1990s under 
the term genetic coupling. Because of its dual 
localization, PAP8 represents a new regulatory 
component that links photomorphogenesis and 
biogenesis of chloroplasts. PAP8 is thus a new member 
of the family of nucleo-plastidic proteins involved in 
chloroplast biogenesis. 

Contact: Robert Blanvillain  
LPCV 

Cell & Plant Physiology Laboratory
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REFERENCE
Liebers M, Gillet FX, Abir I, Pounot K, Chambon L, Chieb M, 
Chevalier F, Ruedas R, Favier A, Gans P, Boeri Erba E, Cobessi 
D, Pfannschmidt T and Blanvillain R. Nucleo-plastidic PAP8/
p T A C 6 c o u p l e s c h l o r o p l a s t f o r m a t i o n w i t h 
photomorphogenesis. EMBO Journal, 2020

Artwork by Robert Blanvillain illustrating some key results related to the localization of PAP8, the 
phenotypic analysis of the mutant, the promoter analysis as well as the structural analysis of PAP8 
and its interaction with HMR/PAP5.

The Plastid-Encoded RNA Polymerase (PEP) of the plastid 
transcription complex is composed of 4 subunits constituting the 

catalytic core of the enzyme which resembles the RNA 
polymerase of bacteria. 

The higher plants contain several photoreceptors that allow 
them to adapt to variations in light quality as well as changes in 

intensity and periodicity. 

A signaling sequence is a short protein sequence that 
determine whether the synthesized protein should be secreted 

to the outside or addressed into one of the intracellular 
compartments.

When the PAP8 gene is not expressed, the seedlings have 
an albino phenotype (left seedling).

mailto:Robert.Blanvillain@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
https://www.LPCV.fr/en
https://www.embopress.org/doi/full/10.15252/embj.2020104941
mailto:Robert.Blanvillain@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
https://www.LPCV.fr/en
https://www.embopress.org/doi/full/10.15252/embj.2020104941
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Contact: François Cretin   
BCI 

Cancer Biology and Infection 
 Laboratory

A new resistance strategy in pathogenic bacteria
By studying the survival of a set of six strains of Pa in 
human whole blood, Irig researchers have shown that 
resistance to the microbicidal activity of complement is 
the main driver of bacterial survival. The researchers 
also discovered that complement sensitive bacteria were 
able to avoid total eradication, thanks to the formation of 
a subpopulation called "evaders" resistant to the lytic 
action of complement. According to the studied strain, 
these "evaders" represent between 0,0001 and 0,01 % of 
the initial population. These rare cells have also been 
observed in other opportunistic pathogenic bacteria 
such as Acinetobacter baumannii , Burkholderia 
multivorans, Escherichia coli, Klebsiella pneumoniae and 
Yersinia enterocolitica. Although genetically identical to 
the rest of the complement-sensitive population, these 
"evaders" are developing a new strategy enabling them 
to persist in the bloodstream and thus spread 
throughout the body, particularly in the absence of 
effective antibiotic treatments. 
The researchers were also able to identify new bacterial 
factors involved in the interaction between Pa and the 
complement system. They observed that bacteria unable 
to synthesize certain essential molecules such as biotin 
(a vitamin) and purines (the basic component of nucleic 
acids) survive better in plasma than the parental strain. 
They also identified a contiguous set of three genes (an 
operon) whose products are predicted to be localized to 
the Pa membrane. The overexpression of the proteins of 
this operon confers to the bacterium an increased 

survival in plasma by a factor of 1,000 compared to the 
wild strain, and induces an overproduction of alginates in 
the latter, suggesting the existence of a complex 
interaction between the bacterial membrane, the 
secretion of exopolysacharides and the lytic action of 
complement.

Pseudomonas aeruginosa (Pa) is a 
G r a m - n e g a t i v e b a c t e r i u m 
considered as an opportunistic 
p a t h o g e n , m a i n l y f o u n d i n 
immunocompromised patients or 
patients with cystic fibrosis. Pa is a 
m a j o r c a u s e o f n o s o c o m i a l 
infections leading to pulmonary and 
urinary pathologies, but is also 
frequently isolated from the blood 
of patients with bacteremia. Blood 
infections caused by this pathogen 
are particularly lethal compared to 
s e p s i s a s s o c i a t e d w i t h o t h e r 
bacterial species. Once it enters the 
circulation, Pa must deal with the 
blood's innate immune system. 
However, the strategies employed 
by this pathogen to resist the 
complement system and phagocytic 
cells have never been studied in 
whole blood.

The complement system is a defense mechanism composed 
of about 35 proteins and is part of innate immunity. It acts either 

by direct bacterial lysis or by opsonophagocytosis 
(phagocytosis increased by the deposition of osponin C3b on 
the surface of the pathogen and then taken up by specialized 

receptors on the phagocytic cells). The action of the 
complement also contributes to stimulate the inflammation by 

production of proteins C3a and C5a. 

Alginates are polysaccharides and are an important 
component of biofilms produced by certain bacteria to protect 

themselves; biofilms that are highly resistant to antibiotics and 
white blood cells. 

Collaboration with the Université Libre de Bruxelles, 
Department of Molecular Biology, Cellular & Molecular 

Microbiology, with the Centre Hospitalier Universitaire Grenoble 
Alpes, Laboratoire de bactériologie-Hygiène hospitalière, and 

with the TIMC-Imag laboratory, Grenoble INP.

Two mechanisms can explain the appearance of "evaders": 
- random mechanism: randomly, the bacteria undergo epigenetic/phenotypic modifications, some of which 
predispose them to an increased resistance to stress induced by the complement system (red bacteria). When 
stress is applied, all bacteria except those having acquired this particular phenotype are eliminated. When the 
stress is removed, these phenotypic variants divide and generate a population identical to the starting population 
composed mainly of sensitive bacteria and a small proportion of "evaders". 
- stress-triggered mechanism: the application of stress by the complement system induces the appearance of 
phenotypic modifications leading to an increased resistance to this stress. All bacteria, except those having 
acquired this particular phenotype, are eliminated when the stress is applied. When the stress is removed, these 
phenotypic variants divide and generate a population identical to the starting population, i.e. free of "evaders".

REFERENCE
Pont S, Fraikin N, Caspar Y, Van Melderen L, Attrée I and 
Cretin F. Bacterial behavior in human blood reveals 
complement evaders with persister-like features. PLOS 
Pathogens, 2020
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https://pubmed.ncbi.nlm.nih.gov/33326490/
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Contact: Xavier Waintal 
Pheliqs 

Quantum Photonics, Electronics and 
Engineering

Last year, Google claimed that its quantum computer 
device had achieved "quantum supremacy", completing 
in a matter of minutes a task that would take the largest 
classical supercomputer about 10,000 years to 
complete. Researchers at our institute have challenged 
this claim. Instead of trying to simulate a perfect 
quantum computer, the researchers focused on 
simulating a real quantum device, a device that suffers 
from decoherence and imprecision. They developed 
algorithms that use quantum state compression. 
Quantum state compression, similar to image 
compression, allows to accelerate the simulation 
exponentially in exchange for a loss of information 
similar to that generated by decoherence. Researchers 
show that simulating a quantum computer on a 
traditional laptop gives results similar to those of the 
Google experiment, at least for certain tasks. Their 
algorithm is a few billion times faster than Google's 
reference algorithm. 

These results suggest that today's quantum computers 
have only a tiny fraction of the computing power that the 
perfect quantum computer would have. The authors 
conclude that, to increase this power, it is irrelevant to 
increase the number of qubits. On the contrary, it is 
necessary to improve their fidelity, an extremely difficult 
task for which there is no systematic method.

Towards quantum supremacy on a laptop
For it to be useful, a quantum 
computer must be very difficult to 
simulate on traditional computers; 
otherwise it would be enough to use 
them. A perfect quantum computer, 
like any system with an exponential 
number of degrees of freedom, is 
unquestionably difficult to simulate 
since the classical resources 
required increase exponentially with 
the number of qubits or the depth of 
the circuit. However, the small 
“quantum computers” that exist 
today are far from perfect; they are 
characterized by a " fidelity " that 
decreases exponentially with the 
computing time.

REFERENCES
Zhou Y, Stoudenmire EM and Waintal X. What limits the 
simulation of quantum computers? Physical Review X, 2020 
ViewPoint in Physics by Jordi Tura. Imperfections lower the 
simulation cost of quantum computers.

https://journals.aps.org/prx/abstract/10.1103/PhysRevX.10.041038
https://physics.aps.org/articles/v13/183
mailto:Xavier.Waintal@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Hiver%202020
https://www.Pheliqs.fr/en
mailto:Xavier.Waintal@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Hiver%202020
https://www.Pheliqs.fr/en
https://journals.aps.org/prx/abstract/10.1103/PhysRevX.10.041038
https://physics.aps.org/articles/v13/183
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Contact: Lamya Ghenim   
BGE 

Large Scale Biology laboratory

4 hour ultradian 
rhythm

Time(n)th  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Discovery of a new biological rhythm

Using lensless imaging to make measurements of dry 
mass (constituted principally of proteins), IRIG 
researchers uncovered a new biological rhythm in a 
variety of human cells. This rhythm is ultradian (its 
period is less than 24 hours) and appears between two 
successive cell divisions. It was observed on "native" cell 
populations, i.e. non-fluorescent and non-synchronized. 
Independent of the circadian rhythm, it has a periodicity 
of 4 hours and is insensitive to temperature, which is a 
characteristic of biological clocks. The researchers 
showed that this rhythm was suppressed by proteasome 
inhibitors and was only observed in proliferating cells, 
indicating that it reflects the periodic dynamics of the 
protein mass in the growing cells. 

These results suggest new interesting hypotheses: 
i) Besides the de novo synthesis of proteins necessary for 
cell growth, this massive protein recycling, occurring 
every 4 hours, may enable adaptation to acute 
microenvironmental changes at a low cost in energy. 
ii) It could be a way to erase and “reboot”, every 4 hours, 
post-translational modifications of proteins. 
iii) It may be part of a defense system against pathogens 
(massive pathogens degradation and antigen generation 
every 4 hours. 

These results contribute to the current understanding of 
ultradian biological clocks, the Ubiquitin-Proteasome 
system, and cell cycle regulation. This may have 
significant implications in the field of health.

The synthesis of proteins and their 
degradation play a major role in the 
way our cells function, in particular 
b y h e l p i n g t o m a i n t a i n t h e 
abundance of proteins. They do this 
by a l l o w i n g t h e r e c yc l i n g o f 
elementary components (amino 
acids), favouring normal biological 
f u n c t i o n s . T h e a b u n d a n c e o f 
proteins in the cell is regulated in a 
complex way at the transcriptional, 
translational and post-translational 
l eve l s . O n e o f t h e d o m i n a n t 
regulatory pathways of protein 
d e g r a d a t i o n o c c u r s v i a t h e 
U b i q u i t i n - P ro t e a s o m e s y s t e m , 
perturbation of which can lead to 
pathologies as diverse and varied as 
cancers, neuronal disorders It is, 
however, still not well understood 
how the protein ubiquitination and 
degradation kinetics affect the 
dynamics of the protein network 
and maintain their homeostasis 
(equilibrium).

REFERENCE
Ghenim L, Allier C, Obeid P, Hervé L, Fortin JY, Balakirev M 
and Gidrol X. A new ultradian rhythm in mammalian cell dry 
mass observed by holography. Scientific Reports, in press, 2021

Pulsatile dynamics of the dry mass between two 
successive div is ions of an indiv idual cel l , 
superimposed on its average growth. This was 
revealed by a spectral analysis allowing the signal to 
be extracted from the noise. 
Quantitative study of the cycle of an individual cell 
(cell growth and proliferation) by lensless microscopy, 
deduced from the kinetics of thousands of cells 
followed in real time over a wide field of view (29.4 
mm2), over periods of up to several days, and with a 
rapid acquisition rate (5 minutes).

The Ubiquitin-Proteasome system is a protein degradation 
pathway characterized by two successive events: first, 
labelling, via an ubiquitin ligase, of the substrates to be 

degraded by a polymer of ubiquitin molecules; and second, 
recognition, and then degradation of these poly-ubiquitinated 

substrates by a multi-protein enzymatic complex, the 
proteasome. 

Lensless imaging allows the dynamic observation of cell life, 
simply and without labels, at both microscopic and 

mesoscopic scales, over a wide field of view and over a range 
of times from days to weeks. 

https://www.biorxiv.org/content/10.1101/2019.12.20.882811v1
https://www.biorxiv.org/content/10.1101/2019.12.20.882811v1
mailto:lamya.ghenim@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
https://www.bge-lab.fr/en
mailto:lamya.ghenim@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
https://www.bge-lab.fr/en
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The key element of a spectrum analyzer is a local 
oscillator whose frequency can be swept linearly within a 
time T via a control signal. In order to analyze a signal 
whose spectral content can change rapidly over time, it is 
necessary that the sweep time T, to sweep the frequency 
of this oscillator in a certain range, is as short as possible. 
Typically voltage-controlled oscillators (VCOs) are 
employed which have limited sweep rates (with T  >  1 
microsecond) due to the macroscopic dimensions of the 
components used. Irig researchers are working on Spin-
Torque Nano-Oscillators or STNOs (Figure) whose 
frequency can be swept on time scales below 100 ns, 
thus much faster than VCOs. 
It is due to their nanometric dimensions and their non-
linear properties of the magnetization dynamics, that 
one can drastically reduce this sweep time. 

This is the first time that researchers have demonstrated 
experimentally (see inset for more information) that the 
use of such STNOs in spectrum analyzers can push the 
usual limits of scanning speeds. Researchers have also 
shown that it is possible to resolve multiple frequency 
components simultaneously or to track rapid changes in 
the frequency of a signal. This makes ultra-fast spectrum 
analyzers based on STNOs a very promising technology 
that opens up a new field of applications.

Figure: Schematic diagram of a Spin-
Torque Nano-Oscillator (STNO). The 
injection of a current, polarized by the fixed 
layer (blue), puts in self-oscillation the 
magnetization of the free layer (yellow). 
STNOs are stacks of ferromagnetic layers 
a few nanometers thick and a few tens of 
nanometers in diameter.

In our digital world and with the 
rapid development of the Internet of 
Things and portable electronics, the 
a m o u n t o f d a t a t r a n s m i t t e d 
wirelessly is constantly increasing. 
T h i s i m p o s e s c o n t i n u o u s l y 
i n c r e a s i n g d a t a r a t e s . 
C o m m u n i c a t i o n t e c h n o l o g i e s 
therefore require the development 
of high-performance measurement 
tools capable of rapid spectral 
analysis in order to develop the 
basic elements of high-speed 
communication between connected 
objects.

From spin-torque nano-oscillators, to ultrafast frequency swept 
spectrum analyzers

REFERENCE
Litvinenko A, Iurchuk V, Sethi P, Louis S, Tyberkevych V, Li J, 
Jenkins A, Ferreira R, Dieny B, Slavin A and Ebels U. Ultrafast 
sweep-tuned spectrum analyzer with temporal resolution 
based on a spin-torque nano-oscillator. Nano Letters, 2020

To learn more: A DC current IDC induces self-sustained magnetization oscillations in one layer of the STNO, and generates a 
microwave voltage signal at the STNO terminals. Due to the non-linear properties of the magnetization, the frequency of the 
STNO fSTNO can be swept over a certain range using a sawtooth signal VSW of period T. The modulated microwave signal is 
then mixed with the external signal Vin of unknown frequency. The mixed signal passes through a matched filter, inducing a 
narrow Vspec peak whose position in time to 0<to<T indicates the frequency of the signal Vin. The two graphs show an example 
where the STNO frequency is swept between 8.8 and 9.4 GHz and the frequency of the signal Vin varies in a sawtooth shape. 
Upper graph: Vspec peaks for 14 consecutive scan periods at T=50 ns. Bottom graph: representation, in the form of a frequency-
time spectrogram, of the temporal evolution of the frequency for the 14 consecutive periods, showing that the spectrum 
analyzer based on a STNO can resolve and detect, on a 50 ns time-scale, the frequency variation of the external signal Vin.

Collaboration: Oakland University, Rochester, USA; INL, 
Braga, Portugal.
Funding: ERC Magical.

mailto:Ursula.Ebels@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
http://www.Spintec.fr
https://pubs.acs.org/doi/10.1021/acs.nanolett.0c02195
https://pubs.acs.org/doi/10.1021/acs.nanolett.0c02195
mailto:Ursula.Ebels@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
http://www.Spintec.fr
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Legende

Towards new mustard gas biomarkers
"Mustard gas": an expression that 
immediately brings apocalyptic 
images of the First World War. This 
compound, also known as sulfur 
mustard, however, has not ceased to 
be used in various conflicts, for 
example the Iran-Iraq war or more 
recently in Syria. It is also a threat to 
the population, which may be in 
contact with old munitions or could 
be the target of terrorist attacks, 
since mustard is relatively easy to 
synthesize. In such scenarios, it is 
important to be able to assess the 
dose received by victims to facilitate 
medical diagnosis and prognosis, or 
to establish evidence of exposure. 
This requires biomarkers, i .e. 
p h y s i o l o g i c a l r e s p o n s e s o r 
quantifiable molecules in humans. 
Biomarkers of exposure to sulfur 
mustard  are already available but 
they are either detectable for a 
short period of time or require 
tedious protocols.

Researchers from the IRIG have undertaken the task of 
validating novel biomarkers of exposure to sulfur 
mustard in a project associating the NRBC program of 
the CEA, a thesis co-financing from the Agence 
d'Innovation de Défense and the Institut de Recherches 
Biomédicales des Armées. Since the handling of sulfur 
mustard is authorized in only two laboratories in France, 
the first experiments were carried out with CEES (2-
chloroethyl ethyl sulfide), an analog of sulfur mustard. 
Glutathione is a tripeptide (see formula) that is present in 
high concentrations in cells where it binds to many 
chemicals (thereby forming conjugates) to facilitate their 
elimination. Under the action of various enzymes, these 
conjugates evolve in the body into different derivatives. 
In a recent study, IRIG researchers aimed to detect in a 
targeted manner the conjugates of CEES with 
glutathione and some of its metabolites. 

The biofluids targeted in this study were urine and blood 
plasma, which are easily accessible in patients. Samples 
were purified and concentrated by solid phase extraction 
before three glutathione derivatives were measured by 
liquid chromatography coupled with mass spectrometry. 

After a long period of development and analytical 
validation, first biological experiments were performed 
on cultured cells and skin explants. The researchers were 
thus able to show that the conjugate and its metabolites 
are indeed produced and excreted by the cells, and that 
they can be detected in the cell culture medium. 

The real biological validation of these exposure markers 
was provided by their unambiguous detection in blood 
plasma samples from mice exposed to CEES, this 
detection remaining possible for a period of several days. 
Based on these results, the team is now working on 
extending this technique to sulfur mustard metabolites.

REFERENCE
Roser M, Béal D, Eldin C, Gudimard L, Caffin F, Gros-
Désormeaux F, Léonço D, Fenaille F, Junot C, Piérard C and 
Douki T. Glutathione conjugates of the mercapturic acid 
pathway and guanine adduct as biomarkers of exposure to 
CEES, a sulfur mustard analog. Analytical and Bioanalytical 
Chemistry, in press, 2020

mailto:Thierry.Douki@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
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Contact: Éric Ressouche   
MEM 

Modeling and Exploration of Materials

In order to be able to observe, characterize and 
understand these ground states, the model materials are 
usually chosen with a particular geometric pattern, 
characterized by an odd number of bonds between 
magnetic atoms, which does not allow all interactions to 
be satisfied. The most studied compounds actually 
consist of networks based on triangles (Figure 1). To go 
beyond triangles, the polygon with the smallest odd 
number of bonds is the pentagon. It was therefore very 
tempting to probe such frustration phenomena in 
crystals whose atomic order is formed by networks of 
pentagons, in order to see what the similarities and 
differences with triangles are. 
IRIG researchers have been able to characterize more 
precisely the magnetism resulting from frustration in the 
compound Bi2Fe4O9, in which they identified for the first 
time a model of a pentagonal lattice of magnetic atoms. 
To do this, they used neutron diffraction below the 
ordering temperature (240 K). This way, they were able 
to observe the original ordered ground state of this 
compound exhibiting an orthogonal arrangement of 
magnetic moments  (Figure 2). 
By inelastic neutron scattering, they were in addition 
able to gain access to the microscopic ingredients at the 
origin of this orthogonal order, and to better understand 
it. By quantifying the different magnetic interactions by 
comparing the measured excitation spectrum with that 
from different models, IRIG researchers have evidenced 
the mechanisms of frustration in Bi2Fe4O9 resulting from 
the three competing interactions within the pentagons. 
They showed that there is a hierarchy in the strength of 
these interactions leading to a dominant network of 

pairs of antiferromagnetically coupled magnetic 
moments. The two magnetic moments of these pairs 
have a much weaker response to a magnetic field or to 
temperature than the other magnetic atoms in the unit 
cell because of their very intense mutual interaction. 
Even above the ordering temperature, in the 
paramagnetic state, where thermal fluctuations are 
supposed to suppress the magnetic order, these 
moments form an original magnetic state, neither totally 
disordered, nor totally ordered, consisting of spin dimers 
still very strongly coupled in an ocean of fluctuating 
spins. 

This study reveals new static and dynamic behaviors of 
certain materials exhibiting magnetic frustration 
connected to pentagonal geometry and hierarchical 
interactions. This work is part of the effort to gain a 
general understanding of the mechanisms of ordering in 
complex matter and has spread to other fields beyond 
magnetism.

Fundamental research is concerned 
with the interactions at the origin of 
the magnetic states of a material, at 
t h e a t o m i c s c a l e . W h e n t h e 
temperature is lowered enough, 
m a n y c o m p o u n d s ex h i b i t a n 
antiferromagnetic order where the 
magnetic moments on the atoms 
couple in antiparallel pairs. But 
when the magnetic interactions are 
antagonistic and cannot all be 
satisfied at the same time, matter is 
subject to what is called magnetic 
frustration, which results in the 
creation of fundamental states 
d i f f e r e n t f r o m t h e s i m p l e 
antiferromagnetic order described 
above. In order to be able to observe 
this phenomenon, materials are 
usually chosen with a particular 
geometrical pattern, characterized 
by an odd number of bonds between 
magnetic atoms, which does not 
allow to satisfy all antiferromagnetic 
interactions.

REFERENCE
Beauvois K, Simonet V, Petit S, Robert J, Bourdarot F, 
Gospodinov M, Mukhin AA, Ballou R, Skumryev V and 
Ressouche E. Dimer physics in the frustrated Cairo 
pentagonal antiferromagnet Bi2Fe4O9. Physical Review Letters, 
2020

Figure 2: Magnetic arrangement of iron atoms (in blue and 
orange) on the pentagonal lattice of Bi2Fe4O9. Blue ellipses 
highlight pairs of strongly coupled antiferromagnetic 
magnetic moments (dimers).

Figure 1: Illustration of geometric frustration in 
materials where magnetic atoms occupy the 
vertices of a triangle. When the magnetic moments 
interact antiferromagnetically (they tend to point in a 
direction opposite to their nearest neighbor), then, 
in the case where two spins are antiparallel, the 
third spin cannot simultaneously satisfy the 
interactions with the other two. Frustration thus 
prevents magnetic moments from ordering 
antiparallel when subjected to a very low 
temperature.

?

Magnetic frustration in a pentagonal network

mailto:Eric.Ressouche@cea.fr?subject=IRIG's%20Scientific%20Newsletter%20-%20Winter%202020
https://www.MEM-lab.fr/en
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https://www.MEM-lab.fr/en
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.127202
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Nature-inspired solutions to 
sustainably increase crop yield

Maria Spies - C'Nano 2020 Thesis 
Award

ICMRBS Founders’ Medal awarded 
to Paul Schanda

Jacques Joyard winner of the 
Georges Morel Prize of the French 
Academy of Sciences

READ MORE READ MORE

READ MORE READ MORE

Solène Besson - Silab Corporate 
Foundation Award

Paul Schanda receives the Varian 
Young Investigator Award

READ MORE

READ MORE

Other scientific news of the IRIG laboratories

Is photosynthesis viable outside 
the solar system?

From ionic surfactants to Nafion 
through convolutional neural 
networks

Si nanowires on graphite for 
high-energy lithium batteries 
anode

Movie: Microtubule Mechano-
Sensation

Unveiling the heart of magnetic 
memory cells thanks to electron 
holography

SARS-CoV-2: discovery of a novel 
transmission mechanism

DSBT to assist with 
commissioning Japan’s Tokamak 
reactor

READ MORE READ MORE

READ MORE READ MORE

READ MORE READ MORE

READ MORE

https://www.cea.fr/drf/irig/english/Pages/News/Awards/2020_Paul-Schanda.aspx
https://www.cea.fr/drf/irig/english/Pages/News/Awards/2020_Paul_Schanda.aspx
https://www.symmes.fr/en/Pages/News/FM_2020_Pascale-Chenevier.aspx
https://www.d-sbt.fr/en/Pages/News/2020_Tokamak.aspx
https://www.lpcv.fr/en/Pages/PR/2020_GAIN4CROPS.aspx
http://www.spintec.fr/unveiling-the-heart-of-magnetic-memory-cells-thanks-to-electron-holography/
https://www.cea.fr/drf/irig/english/Pages/News/Awards/2020_Jacques-Joyard.aspx
https://www.cea.fr/drf/irig/english/Pages/News/Awards/2020_Paul-Schanda.aspx
http://www.spintec.fr/unveiling-the-heart-of-magnetic-memory-cells-thanks-to-electron-holography/
https://www.cea.fr/drf/irig/english/Pages/News/Awards/2020_Solene-Besson.aspx
https://www.mem-lab.fr/en/Pages/News/2020_J-Physical-Chemistry.aspx
https://www.ibs.fr/research/highlights/2020/article/sars-cov-2-discovery-of-a-new-mode-of-transmission?lang=en
https://www.lpcv.fr/en/Pages/News/2020/Microtubule-mechano-sensation.aspx
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Cancer Biology 
and Infection 

UMR_S 1036 
CEA/Inserm/UGA 
www.BCI-lab.fr/en

Large Scale  
Biology 

UMR_S 1038 
CEA/Inserm/UGA 
www.BGE-lab.fr/en

Chemistry and 
Biology of Metals 

UMR 5249 
CEA/CNRS/UGA 

www.CBM-lab.fr/en

Institut de  
Biologie Structurale 

UMR 5075  
CEA/CNRS/UGA 

www.ibs.fr/spip.php?
lang=en

Modeling and 
Exploration of 

Materials 

UMR CEA/UGA 
www.MEM-lab.fr/en

Quantum Photonics, 
Electronics and 

Engineering 

UMR CEA/UGA 
www.Pheliqs.fr/en

Cell & Plant  
Physiology 

UMR 
CEA/CNRS/UGA/Inra 

www.LPCV.fr/en

Low Temperature 
Systems Department 

UMR 
CEA/UGA 

www.d-SBT.fr/en

Spintronics and 
Component Technology 

UMR 8191  
CEA/CNRS/UGA/G-INP 

www.Spintec.fr

Molecular  
Systems and 

nanoMaterials for 
Energy and Health 

UMR 5819 
CEA/CNRS/UGA 

www.Symmes.fr/en
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