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Résumé: 
In this work we study, by molecular modeling and simulation, the effects of a photo-induced 

molecular switch based on a cyclocurcumin derivative on model lipid bilayers of different composition. 
Two systems consisting of 1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine (DPPC) as well as a 
mixture of three different lipids (DPPC, DOPC, cholesterol) were used to mimic cell membranes. The 
cyclocurcumin derivative can be used in light-activated chemotherapy to selectively induce cell death 
by perturbing cellular membranes due to its structural perturbation brought by the E/Z 
photoisomerization1. This approach is an appealing alternative to conventional photodynamic therapy 
(PDT) because it is operative also in absence of oxygen, and hence could be efficient for hypoxic 
tumors.  

Classical molecular dynamics simulations were used to investigate the interaction of the 
chromophore with the lipid bilayers. We also used enhanced sampling simulations via the coupling of 
ABF and Metadynamics (meta-eABF) to determining free energy profiles for the penetration of the 
switch in the membranes.  

Additionally, the effects of different concentrations of chromophore, as well as the 
photoswitching, i.e. E/Z photoisomerization, on the membranes structural parameters were 
investigated and compared. We show that the interaction with the DPPC-only membrane is highly 
dependent on the concentration, furthermore we also evidenced a transition in the arrangement of 
the photoswitches from ordered to disordered state2. In the more complex membrane, we showed 
that the cyclocurcumin derivative interacted differently, causing less profound damages and changes 
in the lipid bilayer3. However, for both membrane models we confirmed that the structural parameters 
of the bilayer are differently affected by the two isomers, and hence can be modulated through 
photoswitching, offering interesting perspectives for future applications.  
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In the United States, in 2011, among the top 200 drugs sold, 21 have at least one quaternary center 
derived from a natural product and none of these stereocenters have been created by chemical 
synthesis.[1] It should be noted that the construction of two adjacent stereocenters is a major issue in 
organic synthesis. Therefore, the development of new strategies based on catalytic methods for the 
synthesis of enantiopure molecules with contiguous "all carbon" centers remains a very active area of 
research. In this context, α -cyanocarbanion complexes have emerged as valuable intermediates due 
to their excellent reactivity as nucleophiles and the possible transformation of the nitrile group into a 
wide variety of other functions. In this field, methodologies based on N-silylated (SKI) or N-metalated 
(N-MKI) ketene imines IV (scheme 1) have attracted particular attention as potent α-cyano carbanion 
equivalents, as they offer unique synthetic opportunities in asymmetric catalysis. 

 

Regarding the enantioselective elaboration of vicinal stereocenters, significant works have been 

published on the application of N-silyl ketene imines (SKIs)[2,3] in aldol and Mannich reactions. 

However, these reactions possess a limited field of application due to the need for a strong base in 

stoichiometric amounts to generate the SKI species. On the contrary, N-metallated ketene imines can 

be easily formed in the presence of a mild base thanks to the coordination of the nitrile to the metallic 

center. However, such intermediate species remain scarcely reported. Nakamura [2] and very recently 

Shibasaki[4] have postulated their existence in asymmetric Mannich-type reactions catalyzed by, 

respectively, a NCN-Pd Pincer (Phebim-type) and a CCC-Ni pincer (bis-triazolylidene-type). Regarding 

the actual problematic associated with endangered noble metal such as Pd, we propose to widen the 

scope of more abundant and less expensive Ni derivatives by using tridentate NNN-Ni pincers in alpha-

cyanoalkylation reactions involving imines or aldehydes. 
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of 2011. Pharm. Times 2012, 48. 
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DOI: 10.1021/jacs.8b08648. 
 

Keywords: N-silylated (SKI), N-metalated (N-MKI), stereocenters. 



Type de communication : communication orale X affiche ☐

Shear flow induced aggregation of Aβ amyloid and diffusion in
the interstitial brain space 

Iorio Antonio,a Melchionna Simone,b Derremaux Philippe,a,c Sterpone Fabioa,*

a. Laboratoire de Biochimie Théorique (UPR9080), CNRS, Université de Paris, Paris 
75005, France.

b. IAC−CNR, 00185 Rome, Italy; Lexma Technology, Arlington, Massachusetts 02476,
United States.

c. Institut Universitaire de France, 75005 Paris, France.

* Correspondance : sterpone@ibpc.fr 

Résumé :   

Fluid  flows  play  a  key  role  in  many  biological  processes :  from  increase  of
reaction  rates  to  protein  partial  unfolding,  from  transport  phenomena  to
enhancement of proteins aggregation or reshaping and breakage of olygomeric
aggregates. A precise characterization of the microscopic mechanisms underlying
all  these  phenomena  may  play  a  crucial role  in  understanding  physiological
processes,  like  the formation of  functional  or  phatological  states  of  biological
matter. This  knowledge  can  also  have  several  technological  outcomes  when
applied to the design of biomimetic devices or pharmaceutical applications.  An
example of such process is the aggregation of Aβ  peptides in  the  extracellular
brain space  [1], known to be one of the main causes of Alzheimer’s disease, a
highly impairing neurodegenerative pathology responsible for most of dementia
cases.  Despite  having  a  central  role  in  the  progression  of  the  pathology,  a
complete understanding of the microscopic processes of the formation of amyloid
fibrils in vivo is still lacking. The formation of Aβ fibrils takes place in the brain
interstitial space (ISS), a complex, dynamic environment containing neural cells,
blood vessels and filled with the interstitial  fluid [2].  Advancement in imaging
techniques made it possible to have a three-dimensional representation of the
brain’s intricate structure with a high level of details [3]. In this work we used a
multi-physics  approach  [4]  to simulate  amyloid aggregation under shear  flow,
showing that a key ingredient  responsible for the speed up of the aggregation
process  is  the  balance  between  diffusive  and  advective  components  of  the
proteins' motion. We were also able to recover annular conformations of amyloid
fibrils, as recently experimentally reported [5]. Finally, by simulating the fluid and
the diffusion of particles subject to a velocity field in a realistically reconstructed
portion of the ISS, we were able to rule out the hypotesis that the fluid flows drive
the  day-night  clearance  mechanism  of  biological  waste  such  as  amyloid
aggregates.

1. Trumbore C.N. J. Alzheimers Dis. 2016 (2), 457-470.
3. Kinney J.P., et al. Comp. Neurol. 2013 (2), 448-464.
2. Shetty A.K., Zanirati G. Aging Dis. 2020 (1), 200-211.
4. Sterpone F., Derreumaux P., Melchionna S. J. Chem. Theory Comput.. 2015 (11), 1843-
1853.
5. Miller, A., et al. PNAS. 2023 (120), e2216234120
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Résumé :

Small photoswitchable compounds have recently received a significant attraction because of their

broad spectrum of applications from materials sciences to biology, including supramolecular

chemistry and catalysis, to only name those. The capacity of these molecules to undergo reversible

changes by simple irradiation with light makes them very attractive. To stand out from structures very

explored such as azobenzenes,1 Hemithioindigos (HTIs) retained our attention. Hemithioindigos, as

indicated by the name, belongs to the class of indigoid photoswitches. In addition to being

well-known for their properties as chromophores, they are an exceptional class of photoswitches2

because of their combination of advantageous properties such as a strong absorption in the

visible-light region, a fast photoisomerization or high bistability. Developing efficient HTIs as

visible-light-responsive photoswitches for photo-controlled biological applications remains

challenging and to respond to this, the redshifting by playing on the aromatic substrate of the

stilbene part became a motivation for researchers working on photoswitchable scaffold3.

This work presents the development of an efficient synthesis pathway of heterocycle-containing

Hemithioindigos (Het-HTIs) with electron-rich and electron-poor heterocycles, the different structural

modifications on the thioindigo moiety and the scrutinization of their photoswitching performances4.

1. Bandara, H. M. D.; Burdette, S. C. Chem. Soc. Rev. 2012, 41 (5), 1809–1825. DOI: 10.1039/C1CS15179G.
2. Wiedbrauk, S.; Dube, H. Tet. Lett. 2015, 56 (29), 4266–4274. DOI: 10.1016/j.tetlet.2015.05.022.
3. a) Kink, F.; Collado, M. P.; Wiedbrauk, S.; Mayer, P.; Dube, H. Chem. Eur. J. 2017, 23 (26), 6237–6243.

DOI: 10.1002/chem.201700826; b) Zweig, J. E.; Ko, T. A.; Huang, J.; Newhouse, T. R. Tetrahedron 2019,
75 (34), 130466. DOI: 10.1016/j.tet.2019.130466; c) Josef, V.; Hampel, F.; Dube, H. Ang. Chem. Int. Ed.
2022, 61, e202210855. DOI: 10.1002/ANIE.202210855.

4. Gernet, A.; El Rhaz, A.; Jean, L. Chem. Eur. J. 2023, e202301160. DOI : 10.1002/chem.202301160.
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Résumé :    

As all spectroscopic properties, the vibrational response of a molecule is altered by the 
environment. The solvent molecular distribution around the solute strongly affects its vibrational 
motion and results in a modification of its spectroscopic signature. It becomes thus crucial to explicitly 
take into account the environment with a hybrid QM/MM approach while targeting the accurate 
modeling of such a property.  
 

In this talk, we show that by performing a time-series analysis of the dipole moment and 
polarizability tensor along a QM/MM molecular dynamics trajectory, we successfully model the 
vibrational InfraRed and Raman spectra of an organic chromophore such as 
azadioxatriangulenium1 (ADOTA+) in water solution.2 By comparing them with InfraRed and Raman 
spectra derived from the gas phase or at static level, we especially measure which vibrational modes 
are prone to solvent effects and anharmonicity. Furthermore, we explore the potential of machine 
learning to enhance and accelerate the QM/MM simulation of vibrational spectra. 

1. I. Barsuk, P.P. Lainé, F. Maurel, É. Brémond Physical Chemistry and Chemical Physics 22 (2020) 20673-
20684. 

2. M. Thomas, M. Brehm, R. Fligg, P. Vöhringerb and B. Kirchner Physical Chemistry Chemical Physics 15 
(2013) 6608-6622. 
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Résumé :Hydrogen is a promising energy source toward clean energy transition, however the use of 
hydrogen gas as an energy carrier, requires optimizing its storage routes. Hydrogen can be stored, by 
electrochemical means, in the form of metal hydride in various solids at ambient temperature and 
pressure, without risk for explosions, and it becomes even more efficient if the material is 
nanostructured1. However, we have not yet identified materials that combine all the requirements for 
efficient electrochemical hydrogen storage applications in terms of high storage capacity, good 
hydrogen sorption thermodynamics and kinetics, and reversibility/cycling. It is therefore important to 
observe, understand and quantify kinetics and thermodynamics of hydrogen sorption process through 
in situ and dynamic observations at the nanoscale2.  
It can be achieved using local electrochemical probes such as nanoelectrodes or nanopipettes and the 
analyses of current fluctuation over time that revealed the highly complex nature of the processes 
(solution supersaturation, mass transport, reaction kinetic, etc.) at the nanomaterials3. 
A second approach to probe operando the electrochemical formation of nanobubbles relies on the 
coupling of electrochemistry to imaging techniques. Among them, optical microscopy offers several 
advantages such as simplicity, high throughput imaging and high sensitivity3. In this work, we 
demonstrate how label-free optical microscopy Interferometric scattering microscope (iSCAT) allows 
the dynamic observation and quantification of the kinetics of hydrogen insertion in Pd nanoparticles 
(Figure 1). This technique provides high temporal resolution imaging, revealing the degradation 
process of nanoparticles throughout the cycles of hydrogen storage and release. Insights gained from 
these observations are pivotal for engineering nanomaterials with enhanced electrochemical 
hydrogen storage capacities and optimized performance in storage/release cycles. 

Figure1 Schematics of the iSCAT and the schematics of the and hydrogen insertion inside Pd nanoparticles. 
 
1. E. Boateng and A. Chen. Recent advances in nanomaterial-based solid-state hydrogen storage. Materials 

Today Advances 6, 100022 (2020) 
2. X. Xu, D. Valavanis, P. Ciocci, S. Confederat, F. Marcuccio, J.-F. Lemineur, P. Actis, F. Kanoufi and P. R. 

Unwin. The New Era of High-Throughput Nanoelectrochemistry. Analytical Chemistry 95, 319-356 (2023). 
3. J.-F. Lemineur, H. Wang, W. Wang and F. Kanoufi, Emerging Optical Microscopy Techniques for 

Electrochemistry. Annual Review of Analytical Chemistry 15, 57–82, (2022) 
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Abstract :    

RNAs undergo numerous post-transcriptional modifications regulating their fate and function at the 

cellular level. Among these modifications, methylation at the N6 position of adenosine (m6A) in mRNA 

is crucial for RNA metabolism, stability, and various important biological events. m6A RNA 

methyltransferases (RNA MTases) are a family of enzymes that catalyze RNA methylation using the S-

adenosyl-L-methionine cofactor at the N6 position of adenosine. While MTase RNAs are promising 

therapeutic targets, particularly for cancers, neurological and metabolic diseases, new molecules are 

needed to fully understand their roles in these diseases. In particular, the RNA recognition process and 

the molecular mechanism involved in methyl transfer need to be elucidated.  

We report the synthesis of bisubstrates to study m6A RNA methyltransferases. These bisubstrates are 

molecules containing an analogue unit of S-adenosyl-L-methionine (SAM) covalently bonded by a 

triazole unit at the N6 position of a adenosine.1 Recently, we report a new strategy for the synthesis 

of a new family of bisubstrate MTases analogues.2 A procedure using two transition metal catalyzed 

reactions was used to introduce the α-amino acid motif mimicking the methionine chain of the SAM 

cofactor: a copper(I)-catalyzed iodo-cycloaddition reaction resulted in 5-iodo-1,2,3-triazole which was 

functionalized by pallado-catalyzed coupling to introduce the α-amino acid substituent.  

Docking studies of these molecules in the active site of the ribosomal m6A MTase RlmJ and inhibition 

tests on human m6A MTase METTL5 have been performed, showing that the use of the triazole with 

an α-amino acid chain is an interesting motif to studies these methyltransferases. The synthetic 

method developed here improves the structural diversity of bisubstrate analogues to explore the 

active site of RNA methylation enzymes and develop potential novel inhibitors. 

 

 

1. Atdjian, C.; Coelho, D.; Iannazzo, L.; Ethève-Quelquejeu, M.; Braud, E. Molecules 2020, 25, 3241. 
2. Coelho, D. ; Le Corre, L.; Bartosik, K.; Iannazzo, L.; Braud, E.; Ethève-Quelquejeu, M.  Chem. Eur. J.  2023,  

29, e202301134. 
 
Keywords: RNA methyltranferases; bisubstrates analogues; Nucleosides; RNA; iCuAAC; palladium cross-coupling. 
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Abstract :   

Allostery is a mechanism where the enzyme catalytic efficiency depends of
an effector binding in a region distal from the catalytic site. This enables
the  enzymatic  regulation  according  to  the  environment.  However,  its
fundamental is still not completely understood. It is well accepted that the
allosteric effect emerges by the change of the conformational landscape
caused by the ligand on allosteric binding site, leading to the change in
the  relative  free  energy  of  the  active  (relaxed  states)  and  non-active
(tense states) conformations. 

Lactate/malate dehydrogenase (LDH/MalDH) superfamily is a good model
to  study  the  emergency  of  allosteric  effect,  because  allosteric  LDHs
evolved  from non-allosteric  MalDH, and  there  are  many  intermediaries
enzymes.  Previous  studies  indicated  that  a  catalytic  residue  Arg  can
sample  relaxed  and  tense states.  Recently,  our  collaborators  produced
three LDHs enzymes by specific mutations of a non-allosteric intermediary
MalDH. Mutant 1 remains non-allosteric and mutants 2 and 3 presented
homo-allosteric effects, and the crystal structure of mutant 3 has a tense
conformation.  Here,  we  applied  molecular  dynamics  simulations  with
enhanced  sampling  to  investigate  the  roles  of  the  mutations  in  the
conformational free energy landscape.

The simulations indicate that the MalDH and mutant 1 sample only the
relaxed state and the free energy profile of MalDH shows that the relaxed
state is much more stable than the tense state. Mutants 2 and 3 sample
both  states  and tense state is  even more stable  than relaxed state in
mutant 3. So, the simulations suggest that one of the mutations enables
the allosteric regulation by the stabilization of the tense state (non-active
conformation) of the catalytic residue Arg. 

Keywords: Allosterism, Malate dehydrogenase, Free energy calculation. 
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Résumé : 

Oxidation reactions are widely used in industry such as pharmaceutic for the incorporation of a 

functional group onto an organic backbone. However, they generally require harsh conditions 

(temperature, pressure, strong and/or polluting oxidant), and are often stoichiometric and poorly 

selective. Taking into account the economic and environmental challenges, it is primordial to find 

greener and economically viable pathway to generate those products and synthetic intermediates.[1] 

Dioxygen is an abundant and easy accessible oxidant source. However, its triple state makes it 

unreactive and its activation barrier requires huge energy. Nature is able to easily activate O2 in mild 

conditions. Metalloenzymes such as indoleamine 2,3-dioxygenase can perform highly efficient and 

selective oxidation of indole derivatives under physiological conditions through the reductive 

activation of O2.[2] Getting inspiration from nature, we used iron-porphyrin in presence of dioxygen 

and electrochemistry to generate in-situ highly reactive O2-intermediate and to finally induce di-

oxygenation and mono-oxygenation of 3-methylindole. 

Previously,[3] we have reported thanks to spectroelectrochemistry the O2 activation mechanism by 

Fe-Porphyrin complexes revealing that different O2-intermediate can be generated depending on the 

value of the applied potential and the reaction medium (presence or absence of proton).[4] 

According to the pertinent potential and reaction conditions applied, the reactivity toward 3-methylindole 

can be tuned, promoting -superoxo, or –oxo intermediates.[5] The reactivity will be emphasized on the 

superoxo intermediate as it is the first one to be reach, thus requiring lower potential to be generated. 

1. a) Teles, J. H.; Partenheimer, W.; Jira, R.; Cavani, F.; Strukul, G.; Hage, R.; Boer, J. W.; Gooßen, L.; Mamone, 
P.; Kholdeeva, O. A.; Oxidation in Applied Homogeneous Catalysis with Organometallic Compounds: A 
Comprehensive Handbook in Four Volumes, 3rd ed, Wiley, 2017; b) Timmins, A.; de Visser, S. P. Catalysts 
2018, 8, 314-339. DOI: 10.3390/catal8080314. 

2. Sugimoto, H.; Oda, S.-i.; Otsuki, T.; Hino, T.; Yoshida, T.; Shiro, Y. Proc. Natl. Acad. Sci. U. S. A. 2006, 103, 
2611-2616. DOI: 10.1073/pnas.0508996103 

3. Noël, J.-M.; Kostopoulos, N.; Achaibou, C.; Fave, C.; Anxolabéhère-Mallart, E.; Kanoufi, F. Angew. Chem. Int. 
Ed. 2020, 59, 16376–16380. DOI: 10.1002/anie.202004977 

4. Kostopoulos,N.; Banse, F.; Fave, C.; Anxolabéhère-Mallart, E. Chem. Commun, 2021, 57, 1198-1201. DOI: 
10.1039/d0cc07531k 

5. a) Mondal, P.; Rajapakse, S.; Wijeratne, G. B. J. Am. Chem. Soc. 2022, 144, 3843-3854. DOI: 10.1021/jacs.1c11068; 
b) Sacramento, J. J. D.; Goldberg, D. P. Chem. Commun. 2020, 56, 3089-3092. DOI: 10.1039/C9CC10019A; c) 
Mondal, P.; Wijeratne, G. B. J. Am. Chem. Soc. 2020, 142, 1846-1856. DOI: 10.1021/jacs.9b10498 

Keywords: O2 reductive activation; Fe(porphyrin); electrolysis, 3-methylindole, oxidation 
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Résumé :    
The utilization of biomolecular templates has enabled the preparation of hybrid materials with 
complex structures. The nanotechnology field finds plant viruses fascinating due to their symmetrical 
properties, polyvalent nature, consistent size distribution, and capacity for self-assembly. A promising 
approach in recent years has been to utilize plant virus capsids as templates for organizing 3D nano-
objects, leading to the creation of novel functional nanomaterials. In recent times the use of these bio-
templates (hybrid nanostructures) has increased significantly due to their possible applications in 
biomedical imagining, drug delivery systems, biochemical sensing and catalysis etc. Tobacco mosaic 
virus (TMV) is able to withstand exposure to both thermal and chemical treatments due to its 
robustness. It is completely harmless for humans, and it can be modified with different functional 
materials 1-3.  
In this study, we investigate the use of mutated TMV with Cysteine on the outer surface (TMV-Cys) as 
a template for the synthesis of nanohybrid of AuNPs with controlled size and morphology. 
Biomineralization and direct grafting were the two methods to implant AuNPs over TMV-Cys (Scheme 
1). We studied the growth mechanism of NPs over TMV-Cys by in-situ TEM experiments accompanied 
with the fluorescence quenching experiment. Additionally, the surface functionalization of the nano-
hybrid (TMV-C + AuNPs) was examined with Raman reporter molecules (BPE). We showed here that 
the resulting AuNP-TMV-C nano-hybrid has the potential to serve as an efficient and versatile tool for 
in-solution SERS applications, including the detection of biomolecules.  

    

(a)                                                                    (b) 

Fig 1: (a) Schematic representation of the two chemical strategies used to bind AuNP to TMV (b) TEM image of 
the AuNPS grafted onto TMV-C 

1. Nguyen, H. A., et al. (2019). RSC Advances, 9(55), 3229632307 
2. Alonso, J. M., et al. Trends in Biotechnology, 31(9), 530–538. 
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Résumé :    

Stainless steel and other metals have been vital to human progress, forming a protective film on their 

surfaces that lowers corrosion rates. However, localized corrosion remains a risk, particularly when 

aggressive species like chloride ions attack the surface film. Recent advances in optical microscopy 

have enabled in-situ investigation of localized corrosion, generating vast amounts of data that 

require new data analysis and computer vision techniques. This study discusses such techniques and 

their application in analyzing the generated data. 

We conducted a study on the electrochemical corrosion of stainless steel 316L in a NaCl solution 

using an opto-electrochemical method. To promote pitting formation, the samples were polarized. 

Optical images of high resolution were captured reaching a frame rate of 15 Hz. Our results shed light 

on the kinetics of pitting corrosion, variations in the surface film based on potential, the local phase 

composition, interactions between neighboring pits, and the spatial patterns of pitting formation. For 

data interpretation, we used machine vision algorithms and applied statistical methods to assess the 

spatial and temporal randomness of pitting formation and growth dynamics. This study emphasizes 

the potential of modern data analysis techniques in providing deeper insights into corrosion 

mechanisms. 
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