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Cellular architectures at the heart of a competition

Inside cells, dynomic actin networks coexist, while competing for a limited amount of
resources. Using a biomimetic system, researchers from IRIG/LPCV have highlighted the
importance of protein recycling for the coexistence of these different networks within the cell.

© CEA/A. Colin

Actin is a constitutive protein of the
cytoskeleton, regulating cell shape, movement
and division. Actin polymerizes into filaments
that form dynamic networks in the presence
of specific proteins. Within the cell, as access
to resources is limited, there is competition for
their use: networks have to share the same
resources in order to coexist and perform

their respective functions. Some of these sub-
networks are located at the periphery, others
more towards the center of the cell. Some are
very dense and homogeneous, while in others
filaments forming the sub-networks create
architectures that are more heterogeneous.
They are also more or less extensive and more
or less rigid. How do these networks coexist

in this competitive, resource-constrained
environment?

Authors of this study analyzed how resources

are shared between different cell architectures.

To do this, they reconstituted the competition
between several actin networks using purified
proteins, in order to grow these networks in
micro-wells from small beads. This biomimetic
system made it possible to control the number
of competing networks, as well as the available
quantity of resources (actin and associated
proteins).

As expected, they observed that if one network
consumed more resources than the others, it
prevented its neighbors from growing. On the
other hand, if these networks are dynamic and
renew themselves by constantly disassembling
and reassembling their filaments, they release
the resources they have used and allow the
other networks to use them in turn.

The constant renewal of structures is an
essential signature of living systems, and it is
this fundamental mechanism that enables the
coexistence of different networks, with different
sizes and levels of consumption.

This study shows how the renewal of a dynamic
system enables the sharing of resources and
thus the coexistence of the strongest elements
with the weakest. More generally, this study
echoes the competition for available resources
that exists at all levels of life, between different
species in nature, between different organs

in an organism or between different cells in a
tissue.
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Left: schematic diagram of experimental system (red ar-
row indicates actin assembly site, green arrow indicates
disassembly site).

Top: use of available proteins without actin flament
polymerization/depolymerization as a function of the
number of beads with their respective actin comets.
Bottom: use of available proteins with actin filament
polymerization/depolymerization (actin recycling phe-
nomenon), based on the same number of beads with
their respective actin comets.

When resources are recycled, the size of the comets is
independent of the number of beads present, enabling
the coexistence of several dynamic networks, whereas in
the absence of recycling the size of the comets is func-
tion of the available amount of actin monomers.

Resurrection of heat-stable, gamma-resistant

prehistoric proteins

Dominique Madern - Institut de Biologie Structurale

Researchers at Irig/IBS have been able to resurrect 500 million-year-old proteins and show
that they can survive high temperatures and very high doses of radioactivity.

Enzymes are responsible for the chemical
reactions that provide energy and transform
various constituents during cellular
metabolism. How they acquired their specific
functions during evolution is a fundamental
question. Indeed, the way they function

today has evolved over very long periods

of time. As part of a collaborative project,
researchers at Irig/IBS have characterized
very ancient enzymes, from extremophiles
(micro-organisms capable of living in extreme
conditions of temperature, pressure, etc.),
using a paleo-enzymological approach to
understand how some of today’s enzymes have
evolved.

Some micro-organisms, such as methanogenic
archaea (unicellular prokaryotic micro-
organisms that produce methane), have
colonized a wide range of environments with
very different temperature conditions. For
example, growth temperatures approach 100°C
for species isolated in deep hydrothermal
vents. Their enzymes are therefore adapted to
operate in these conditions.

Using malate dehydrogenase, an enzyme
involved in metabolism, and using an
evolutionary biochemistry approach coupled to
a previously described biophysical approach,

it has been possible to identify mutations
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responsible for the adaptation to various
modern enzyme lineages from an ancestral
form capable of withstanding conditions of
radioactivity and temperature considered
extremely deleterious. Until now, the ability to
resist radioactivity had only been shown for
some cells, in particular via DNA protection/
repair mechanisms.

For the first time, researchers at Irig/IBS have
demonstrated the existence of a favorable
capacity to resist a strong radioactive dose,
which seems to be quite ancient.

The discovery of a link between the thermal
stability of an enzyme and its ability to

survive intense radioactive stress opens up
new prospects for studying the conditions of
emergence of ancient cells under radioactive
environmental conditions previously prevalent
on Earth or found on other planets. This study
also contributes to a better understanding of
the process of rational engineering of enzymes
useful for cleaning up radioactive sites.


https://www.ibs.fr/spip.php?lang=en
https://academic.oup.com/mbe/article/38/9/3754/6273671?login=true

Additional information

The resurrection of ancient proteins is based
on a bioinformatic method for reconstructing
ancestral sequences. The calculated

coding sequences are then fully chemically
synthesized. The genes thus obtained

are introduced into bacteria, which then
“manufacture” the corresponding proteins.
These proteins are then characterized in the
laboratory using a variety of techniques.
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Ancient methanogenic Archaea living in hot and/or radioactive environment. © CEA / D. Mardern)
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Magnetism and biology join forces against cancer

Bernard Diény - Spintronics and Technology of Components laboratory

Magnetism offers extremely interesting prospects

in biology, particularly in mechanobiology and for
various biomedical applications, including cancer.
In vitro studies on three-dimensional cell assemblies
have shown that the death of different types of
cancer cells (poncreotic, brain, kidney, melanomas)
can be triggered by magnetic stimulation of the
cells. The effect is mechanically induced by exerting
mechanical stress on the cells through magnetic
particles dispersed among them.

Researchers from our Institute have conducted initial
research on glioma cells (brain cancer) cultured in
2D at the bottom of culture dishes. However, these
results vary significantly depending on the cellular
microenvironment, which differs between 2D cultures
and actual biological tissues.

Today, the researchers have taken a new step

by reproducing these effects on tumoroids, 3D
assembilies of cancer cells that are much closer to
biological tissues. To maximize efficacy, it is crucial
to readjust the magnetic field conditions to lower
frequencies (2 to 5Hz instead of 20Hz) to adapt to the
different texture of 3D environments. A very strong
impact of magneto-mechanical stimulation on

the cellular cytoskeleton has been demonstrated,
leading to cell death.

This study paves the way for in vivo testing of
innovative cancer treatments using magneto-
mechanical stimulation of cells. This approach could
be used alone or in synergy with chemotherapy.

Thanks to magnetism, it is possible to exert
controlled mechanical forces on cells and
selectively generate physiological reactions
such as the death of cancer cells.

Fundings
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Impact of magneto-mechanical stimulation on the cytos-
keleton of glioma cancer cells (left=control, right=after
magnetic stimulation). The actin fibers constituting the
cytoskeleton are clearly visible in the control. These fibers
are destroyed after magnetic stimulation, leading to cell
death.© CEA
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A hopping point defect in silicon
Jean-Michel Gérard - Quantum Photonics. Electronics and Engineering laboratory

In a semiconductor material fluorescent defects atoms are quantum systems that behave
like optically addressable artificial atoms. Researchers at IRIG are shedding new light on a
silicon defect, known since the 1970s as the G centre, in which one of the constituent atoms can

explore several crystalline sites.

Fluorescent point defects in semiconductors
are fascinating quantum systems as they
behave as optically-addressable embedded
artificial atoms. Usually, these defects have a
static microscopic structure where atoms are
only allowed to vibrate around well-defined
equilibrium positions. Here, researchers shed
new light on an old defect in silicon, known
since the 70’s as the G center, for which

one of the constituent atoms can explore
several crystal sites. Using low-temperature
microspectroscopy at single-defect scale, they
detected a fine structure in the emission line,
signature of the motion of that atom inside the
silicon crystal.

By analyzing the emission properties of
individual G centers, they showed that their
motion dynamics is strongly sensitive to
perturbations in the crystal environment.
Especially, the silicon-on-insulator structure
commonly used in microelectronics and
nanophotonics induces a strain acting on the
defects. As a consequence, the mobile atom

of the G center, which is perfectly delocalized
between 6 sites in the unperturbed case, jumps
randomly between the different positions under
optical excitation, like a ball in a 6-slot roulette
wheel. By combining spectral and polarization
analysis, we can link the G center emission lines
to specific crystal sites.

The next challenge will be to control the
reconfiguration dynamics of single G centers

in silicon. Exploration paths include strain
engineering and the development of resonant
excitation protocols to lock the mobile atom

at a specific crystal site. Another promising
research direction will be to investigate how
the atomic reconfiguration of the G center
influences its spin quantum degree of freedom.

Artist view of a hopping G center. Blue balls represent
Si atoms and black balls carbon atoms in substitutio-
nal position. The violet ball is a Si interstitial atom that
jumps between six different lattice sites. © CEA
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Potential new therapeutic target for moon children

Xavier Gidrol - Biosciences and bioengineering for health Laboratory

Xeroderma pigmentosum (XP) is a rare
genetic disease that affects young
children. These young sufferers, known as
moon children, are extremely sensitive to
ultraviolet (va rays and have an increased
risk of skin cancer. Forced to avoid sunlight,
they can only go out at night. Their disease
is due to a «loss of function» mutation

in the gene encoding the XPC protein, a
key protein in the repair of DNA damage
induced by the UV rays of natural light.

In this study, the researchers inhibited

646 different genes, one by one, in patient
cells where the XPC protein no longer
functions. They showed that inhibition

of the gene encoding PIK3C3 partially
restored the cellular damage caused by
UV rays and enabled XP-C cells to survive
better. These results suggest that the use
of PIK3C3 inhibitors could be a promising
therapeutic avenue for reducing symptoms
and slowing the progression of the disease.
Although further validation is required
before clinical trials can be envisaged, this
discovery offers a potential treatment for
these patients.

More generally, this study shows that
the genetic context in which a mutation
is expressed should be systematically
considered, particularly in oncology.
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Spintronics nano-oscillators for cryptography

Ursula Ebels - Spintronics and Technology of Components laborato

The generation of unbiased, true random numbers is essential for data encryption, secure
communication and unconventional computing. IRIG/SPINTEC and collaborators have
demonstrated a simple physical implementation based on spintronic nano-oscillators.

Encryption of data and communication
protocols requires unbiased, true random
numbers. However, in most cases, they are
actually pseudo-random because they are
generated from deterministic and therefore
predictable digital hardware.

Active research is underway to explore
intrinsically random and non-deterministic
processes in physical devices. Among these,
thermal fluctuations provide an efficient and
virtually cost-free means to generate a random
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bit stream (0 and 1) from a physical system
characterized by two energy minima.

However, these hardware implementations
often suffer from an intrinsic bias, leading to
unequal energy minima and energy barriers.
This leads to significant deviations from a fully
balanced distribution of the binary levels 0 and
1. In order to make the two levels equivalent,
additional signal processing is heeded.


https://www.bge-lab.fr/en
https://www.nature.com/articles/s41419-024-07186-4
http://www.spintec.fr/

Researchers at CEA-IRIG/SPINTEC have
validated a concept for generating true
random and intrinsically unbiased bit streams,
based on the stochastic phase dynamics of
spintronic nano-oscillators. When the oscillator
is synchronized to an external signal, whose
frequency is twice its own frequency, then its
phase stabilizes on one out of two discrete
values with equal probability, in multiples of .
(cf. figure a). Thus, a TT-periodic potential for
the phase appears whose minima and maxima
are intrinsically identical. In the presence of
thermal noise, stochastic transitions of the
phase between the minima, such as from a
state 0 to T and from T to 27, have exactly
equal probability, allowing the generation of an
unbiased bit stream (cf. figure b). Validation
using the National Institute of Standards and
Technology statistical test suite confirmed

the suitability of the generated bit stream for
secure encryption applications.

Compared to other concepts, the spintronic
nano-oscillator-based implementation does
not require additional signal processing to
make the bit stream unbiased. The researchers
are currently exploring an innovative magnetic
tunnel junction configuration to reach a bit-
stream-fluctuation-rate in the GHz range.
These results are exploited in collaboration with
CEA-LETI to implement an Ising machine based
on the stochastic phase dynamics of spintronic
nano-oscillators.
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(a) lllustration of phase binarization by synchronization to
an external source signal (Drive). The phase of the oscillator
locks to that of the external signal.

(b) The two values of the binarized phase are converted
into a binary voltage signal, using an electronic circuit spe-
cifically developed for this purpose. The generation of an
unbiased bit stream is confirmed by the perfectly balanced
histogram.
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Vitamin C: To be, or not to be areducing agent ?

Florence Duclairoir - Molecular Systems and nanoMaterials for Energy and Health laboratory

Vitamine C

Quantité:  Pou
Temps réaction:  Court

Therefore, many other reducers are tested in
the literature. Vitamin C (or L-ascorbic acid)

is among the less hazardous and more eco-
friendly reducers. Numerous examples of its
use exist, and we aimed to rationalize the
operating conditions to compare the reduction
degrees of different rGO samples.

In this study, we were surprised to find that
longer reaction times led to a less reduced
graphene oxide than that obtained from
shorter reaction times (see chart). This
phenomenon is even more pronounced

when the vitamin C concentration is higher.
This observation suggests that, under these
reaction conditions, both the reduction

of the initial graphene oxide and its re-
oxidation occur simultaneously. The proposed
explanation is that, at high temperatures and
vitamin C concentrations, vitamin C undergoes
auto-oxidation, leading to graphene re-
oxidation. Mechanistic studies could confirm
the involvement of reactive species, such as
H,O, or radicals from its degradation, in this
process.

By rationalizing the reduction conditions with
vitamin C, we identified those leading to the
production of highly reduced rGO, an important
result for the design of efficient supercapacitor
electrodes.
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Vitamin C is used to reduce graphene oxide. But unexpectedly,
it has two faces: a bright side leading to GO efficient reduction,
and a dark side, under certain conditions, leading to
concomitant reoxidation.

At CEA-Irig we synthesize graphene using a chemical

exfoliation method of graphite. Graphene oxide (GO) is

Eroduced during the first oxidation/exfoliation step, and jt must
e reduced to obtain ﬁortiolly reduced graphene oxide (rGO).

Hydrazine hydrate is t

agent, but it is toxic and explosive.

e most commonly used GO reducing
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Scanning electron microscopy SEM
image of rGO sample. © CEA
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Chart: evolution of rGO reduction de-
gree (C/O ratio determined by X-ray
photoelectron spectroscopy XPS)
depending on Vitamin C concentra-
tion (26 mM or 260 mM) and reaction
time (30 min, 1h or 24h).
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New therapeutic approach for preeclampsia

Nadia Alfaidy - Biology and Biotechnolo

for Health Laborato

Preeclampsia
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these symptoms or cure the condition, with the

exception of termination of pregnancy, which

can

lead to premature delivery. Among the causes of
preeclampsia, the genetic mutation of the STOX1

transcription factor has been identified.

In this context, our research team used a gravid

mouse model carrying this mutation to study

the mechanisms of the pathology and explore

new therapeutic avenues based on inhibition

of

the PROKR2 receptor for prokineticins, a family
of proteins involved in the development of the

placenta.

The STOX1 heterozygous pregnant mouse

model was used to generate two distinct forms

of preeclampsia. The first, representative
of preeclampsia of placenta origin (STOX1
heterozygous fetus), and the second
representative of preeclampsia of maternal

origin (normal fetus growing in a preeclamptic

environment). The researchers tested the
effects of PKRA, a PROKR2 antagonist, on
the alleviation of symptoms in both forms of

preeclampsia. They observed that this treatment

reduced hypertension and proteinuria in both

forms. Moreover, its efficacy was more marked

when preeclampsia was of maternal origin.

Finally, they demonstrated in vitro that treatment
with PKRA attenuated the damage to vascular
integrity induced by overexpression of the STOX1

gene.

This study proposes a new treatment for
preeclampsia based on inhibition of the

PROKR2 receptor, offering prospects for treating

the vascular alterations associated with this
pathology.

Preeclampsia affects 2% to 8%
of pregnancies. It manifests
itself through the appearance
of symptoms in the mother as
early as 20 weeks’ amenorrheq,
including hypertension,
proteinuria (F|c)>resence of protein
in the urine) and damage to
the maternal vascular system
affecting various organs,
including the heart and brain.
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Lanthanides illuminate cells observed under the

microscope

Olivier Sénéque - Chemistry and Biology of Metals Laboratory

In the context of cell microscopy, researchers at CEA-IRIG have succeeded in introducin%
lanthanide complexes into the cytosol of living cells so that they can be better detected by

fluorescence microscopy.

Lanthanides are chemical elements in the
rare earth family that have formidable
luminescence properties. For this reason,
they are essential components in many of
today’s technologies (lasers, lighting devices,
screens, anti-counterfeiting inks for banknotes,
etc). Their luminescence properties are very
specific compared with those of fluorescent
organic molecules and could be of interest
for applications in biological or medical
microscopy imaging.

In this article, researchers at LCBM
[Collaboration] describe a new step towards
this goal. Lanthanide emission is distinguished
from that of fluorescent organic molecules by
very fine emission lines, at fixed wavelengths
characteristic of each lanthanide, and by

very long light emission, of the order of
microseconds to milliseconds instead of
nanoseconds for natural luminescence

from cells or biological fluids. Their emission
can therefore be easily distinguished from
endogenous biological luminescence during
microscopy experiments, which is of major
interest. Lanthanides, in the form of cations, are
toxic and must be encapsulated in a molecule
— this is referred to as a metal complex or
lanthanide complex - if they are to be used in
living organisms. Until now, the difficulty with
lanthanide complexes has been the lack of
control over their penetration into cells and
their distribution within them, with most of the
lanthanide complexes described in the scientific
literature as capable of penetrating cells ending
up in the lysosomes, which is the cells’ dustbin.

Microscopic images: cells containing terbium emitting green
light ; cells containing europium emitting red light. © CEA
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Researchers at LCBM have grafted lanthanide
complexes onto peptides that are capable of
entering living cells and reaching the cytosol
to distribute themselves uniformly throughout
them. Microscopic images were thus obtained,
showing the distribution of the lanthanide
throughout the cell.

This study is a first step towards the creation
and use by biologists of intelligent probes for
microscopy, based on lanthanides and capable
of detecting and locating molecules of interest
present in cells and better understanding their
metabolism.
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Microscope study of cells and identi-
fication of the characteristic emission
of terbium, one of the 15 lanthanides.
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