
The interest of High-Performance Computing in 
Molecular Modelling and Structural Bioinformatics: 

How molecular simulations and IA have become a key player 
in biology and chemistry: Some success stories. 
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A revolution in Biology: Omics technologies 
• Genomics: Genome* sequencing, quantification of expression of genes, identification of variants

• Proteomics : Identification, quantification of proteins* within a cell, tissue, organ etc

• Metabolomics: Identification and quantification of metabolites
 etc… 

A HUGE AMOUNT OF DATA  ORGANIZED or NOT in DATABASES
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* Genome : All the genetic material of an organism, composed of DNA. A gene codes for a specific protein.
* Protein: Amino acid polymers folded in a 3D structure that supports the function*
* Protein Functions: Catalyze biochemical reactions, transport molecules, synthesize and repair DNA, receive and 
send chemical signals, respond to stimuli, provide structural support   



What to do with this data? 
• Machine Learning- Deep Learning Approaches to:
• Predict the 3D structure of proteins from amino acid sequence (<=> Fonction)
• Understand and Predict the impact of mutations in relation with a disease
➱ DeepMind Successes (Nobel Prize in Chemistry (2024)), Fair Meta AI
• Design new proteins ( D. Baker, Nobel Prize in Chemistry (2024), 
To name a few…. :::
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Nature, 596, 583-589-(2021) Science, 381, 1303 (2023)



Successes but … High Computational Cost and High 
Memory Ressources 
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“We present an evolutionary-scale structural characterization of 
metagenomic proteins that folds practically all sequences in 
MGnify90 (32), >617 million proteins. We were able to 
complete this characterization in 2 weeks on a heterogeneous 
cluster of 2000 graphics processing units (GPUs), which 
demonstrates scalability to far larger databases” 



Successes and Limits:

• AlphaFold’s Family: can predict the 3D structures of proteins and complexes 

(Protein-Protein, Protein-DNA and Protein-ligands) harbouring known folds but 

also novel protein folds

• AlphaFold’s Family: can’t predict neither the impact of mutation on the 3D 

structure nor alternative conformations resulting from the dynamics of the 

proteins, which is EXTREMELY IMPORTANT FOR THE BIOLOGICAL FUNCTION

(ACTUALLY, it is possible with AlphaFold by manipulating and guiding the search but with very 

limited success)
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Limits: Case of Conformational Changes
Example : The Major Facilitator Family (MFS) Transporters 
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E. coli D-galactonate:proton symporter

➱ALTERNATIVE APPROACHES TO ACCESS THIS CONFORMATIONAL LANDSCAPE: 
MOLECULAR DYNAMICS SIMULATIONS 



EXPLORING THE CONFORMATIONAL LANDSCAPE OF A 
BIOLOGICAL MACROMOLECULE
• “Ingredients” of Molecular Dynamics Simulations: 
• Based on the solution of the Newton’s Equations (Second Law)

• The force acting on a particle* is equal to the mass*acceleration : 

• The force is the equal to the opposite of the gradient of the energy V of 
this particle interacting with the other particles:  

➥An algorithm able to integrate efficiently motion equations: 
➥A model to describe the physical interactions. 

* Particle: atom, residue, group of residues => different resolution scales
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A few examples of applications: 
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“PRACE support to mitigate impact of COVID-19 pandemic”

• Biomolecular research to understand the mechanisms of the virus infection

• Bioinformatics research to understand mutations, evolution, etc.

• Bio-simulations to develop therapeutics and/or vaccines
• Epidemiologic analysis to understand and forecast the spread of the disease

• Other analyses to understand and mitigate the impact of the pandemic
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Covid19 Spike2 Protein & Theoretical approaches
Accelerating COVID-19 Research Using Molecular Dynamics Simulation, Aditya K. Padhi, Soumya Lipsa Rath, 
and Timir Tripathi, The Journal of Physical Chemistry B 2021 125 (32), 9078-9091 
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An Emblematic Case: Covid19 Spike2 Protein 
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Cryo–electron tomography of SARS-CoV-2 virions.
In situ structural analysis of SARS-
CoV-2 spike reveals flexibility 
mediated by three hinges



Molecular dynamics simulations coupled to experiments.

• Fig 
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Fig. 3. MD simulations of SARS-CoV-2 S protein. (A) Model of the S protein.
The three individual chains of S are shown in shades of red, N-glycosylation in blue,
lipids of the endoplasmic reticulum–like membrane in gray, and phosphates in
green. “Hip,” “knee,” and “ankle” mark positions of the three flexible hinges.
(B) Examples of the hinges as seen in the deconvoluted tomograms. Blue and

orange arrowheads indicate the upper and lower legs, respectively, with their typical
lengths indicated. Scale bar, 10 nm. (C) Hinge flexibility in the MD simulation
illustrated through backbone traces (gray) at 75-ns intervals with different parts
of the S protein fixed (red). (D) Probability density functions (pdf) for hinge bending
angles at the hip, knee, and ankle.
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Fig. 4. Fitting of molecular simulations into cryo–electron tomograms.
(A) Slices through tomograms (left) and isosurface-rendered tomograms with
snapshots of the respective MD simulations superimposed without flexible
fitting (right). The hinges of the stalk domain predicted by structural modeling
(orange arrowheads) are consistent with the tomographic data. Scale bar, 5 nm.

(B) Fit of snapshots of MD simulations into the classes obtained for different
distances of the head from the membrane (1 to 4), as presented in Fig. 2F. Shorter
distances are concomitant with a stronger bending of the hinges and a lateral
displacement of the stalk. Average MD density filtered to a resolution comparable
to the subtomogram averages is shown as an isosurface rendering (right).
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Fit of snapshots of MD simulations into the classes obtained for 
different distances of the head from the membrane (1 to 4), calculated 
from different tomograms. Shorter distances are concomitant with a 
stronger bending of the hinges and a lateral displacement of the stalk. 
(Fig. 4 from Science 2020, 370(6513): 203–208. )
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snapshots of the respective MD simulations superimposed without flexible
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(B) Fit of snapshots of MD simulations into the classes obtained for different
distances of the head from the membrane (1 to 4), as presented in Fig. 2F. Shorter
distances are concomitant with a stronger bending of the hinges and a lateral
displacement of the stalk. Average MD density filtered to a resolution comparable
to the subtomogram averages is shown as an isosurface rendering (right).
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2.5-µs-long all-atom MD simulation of a 4.1 million atom system containing four 
glycosylated S proteins anchored into a patch of viral membrane and embedded 
in aqueous solvent  (Fig. 3 from Science 2020, 370(6513): 203–208. 27/03/2025 12



Fully Glycosylated Full-Length SARS-CoV-2 Spike Protein in a Viral 
Membrane

All-atom MD simulations of the fully glycosylated full-length S 
protein in a viral bilayer, multiple μs-long trajectories: RBD in 
open and closed states, Different models of S stalk (16 models), 
Glycosylated and non-glycosylated S head-only systems.

Three monomers composed of 2 subunits S1 (Responsible of 
Receptor Binding)  & S2 (membrane fusion) separated by a 

cleavage site. 

S1: Signal Peptide, two models (Up & Down) for Receptor 
Binding Domain( RBD)/Nter Domain (NTD) , 
S2: Fusion Peptide, HR2 (Heptad repeat) linker, HR2-TM 
(Transmembrane Region) , and Cytoplasmic (CP) 
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spectrometry data.27,28 The detailed model generation is
described in ref 29. The model name follows the model
numbers used for HR2 linker, HR2-TM, and CP structures.
For example, “6VSB_1_2_1” represents a model based on
6VSB with HR2 linker model 1 (M1), HR2-TM model 2
(M2), and CP model 1 (M1). All 16 S protein simulation
systems and trajectories are available in CHARMM-GUI
COVID-19 archive (http://www.charmm-gui.org/docs/
archive/covid19).
2.2. Simulation Details. In this study, the CHARMM36-

(m) force field was used for proteins,31 lipids,32,33 and
carbohydrates.34−36 The TIP3P water model37 was utilized
along with a 0.15 M KCl solution. The total number of atoms
is 2 343 394 (6VSB_1_1_1: 668 899 water molecules, 2128
K+, and 1857 Cl−); see CHARMM-GUI COVID-19 archive
for other system information. The van der Waals interactions
were smoothly switched off over 10−12 Å by a force-based
switching function38 and the long-range electrostatic inter-
actions were calculated by the particle-mesh Ewald method39

with a mesh size of ∼1 Å.
All simulations were performed using the inputs generated

by CHARMM-GUI40 and GROMACS 2018.641 for both
equilibration and production with the LINCS algorithm.42 The
temperature was maintained using a Nose−́Hoover temper-
ature coupling method43,44 with a τt of 1 ps; for pressure
coupling (1 bar), semi-isotropic Parrinello−Rahman meth-
od45,46 with a τp of 5 ps and a compressibility of 4.5 ×10−5

bar−1 was used. During the equilibration run, NVT (constant
particle number, volume, and temperature) dynamics was first
applied with a 1 fs time step for 250 ps. Subsequently, the NPT
(constant particle number, pressure, and temperature)
ensemble was applied with a 1 fs time step (for 2 ns) and
with a 2 fs time step (for 18 ns). During the equilibration,
positional and dihedral restraint potentials were applied, and
their force constants were gradually reduced. The production
run was performed with a 4 fs time step using the hydrogen
mass repartitioning technique47 without any restraint potential.
Each system ran about 20 ns/day with 1024 CPU cores on
NURION in the Korea Institute of Science and Technology
Information.

3. RESULTS AND DISCUSSION
3.1. Stalk of the S Protein Consists of Two Highly

Flexible Linkers. We have performed 1.25 μs all-atom MD
simulations of each of 16 models (i.e., a total of 20 μs) each
containing about 2.3 million atoms (see Methods). Conforma-
tional analysis tools (CAT, http://www.md-simulations.de/
CAT/) were used for high-throughput analysis of all
simulation trajectories. The root-mean-square deviation
(RMSD) time series in Figure S1 shows that the head region
of the S protein (residue 1-1140) remains stable during the
simulations with RMSD values of 4−5 Å in most systems. The
stalk region, however, exhibits highly flexible motions at the
HR2 linker and HR2-TM (see Movies S1−S2), which is
consistent with S protein structures observed in cryo-ET.13 To
further understand the flexible stalk motion, the bending
characteristics of the two linker regions, defined as θ1 and θ2
(Figure 2A), were quantified. Figure 2B shows the
distributions of θ1 and θ2 for each model. Both M1 and M2
of θ1 show similar angle distributions centered at 150° (±15°)
and 155° (±12°), respectively. The HR2-TM region, however,
exhibited different bending motions. The M1 of HR2-TM
shows a narrow distribution centered at 172° (±4°), whereas
the M2 of HR2-TM shows a wide distribution centered at
155° (±14°). Twisting motions were also dependent on the
HR2-TM model (Figure S5A). While both M1 and M2 of the
HR2 linker show similar twist angle distributions (ϕ) centered
at 66° (±46°) and 68° (±49°), respectively, the M1 of HR2-
TM shows a narrow distribution centered at 99° (±18°) and
the M2 of HR2-TM shows a wide distribution centered at 98°
(±71°).
These bending and twisting characteristics are consistent

with the secondary structure analysis. The secondary structures
of HR2 linker M1 and M2 models are mostly in coil
conformations during the simulation although local folding and
unfolding occur in both models (Figure S2). The secondary
structure of the initial HR2-TM M1 model mainly consists of
helical structures that are mostly retained during the simulation
time. On the other hand, the secondary structure of M2
initially modeled with turns and bends shows low helicity in
the range of L1200−K1215 (Figure S3). This indicates that
the flexible motions of the HR2-TM linker are strongly
influenced by the secondary structure and initial model (within

Figure 2. Bending motions of the S protein in a viral membrane. (A) Illustrative snapshot of the S protein and definition of angles/dihedrals
measured to characterize the stalk motion. (B) Probability distribution of the bending angle for each HR2 linker and HR2-TM linker model. (C)
Probability distributions of tilt angles for the resampled S protein structures compared to the experimental observation.13 The tilting angle is
defined by the principal axis of the S protein head and the membrane normal.
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systems and trajectories are available in CHARMM-GUI
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unfolding occur in both models (Figure S2). The secondary
structure of the initial HR2-TM M1 model mainly consists of
helical structures that are mostly retained during the simulation
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Figure 2. Bending motions of the S protein in a viral membrane. (A) Illustrative snapshot of the S protein and definition of angles/dihedrals
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A putative model of Spike with ACE2 receptor

the current simulation time). Although the secondary
structures of CP domains are different in the two models,
they have no significant effect on the motions of the stalk
(Figure S4). To further characterize the bending motions, the
Pearson correlation coefficient (r) was calculated for all
combinations of the HR2 linker and HR2-TM models (Figure
S5B). The r values of all cases range from −0.16 to 0.13,
indicating that there is no correlation between the bending
motions of the HR2 linker and HR2-TM; thus, each linker acts
as an independent hinge.
Although 16 × 1.25 μs MD simulations were performed,

they do not cover all possible configurations of the S protein,
especially with such flexible two linkers. To increase sampling,
utilizing the independent θ1 and θ2 characteristics, S protein
orientation was resampled based on three regions: head-HR1,
HR1-HR2, and HR2-TM. First, 30 HR2-TM conformations
were randomly extracted from each trajectory (excluding HR2-
TM M1 models), and their TM domain was superimposed to
the TM domain of the initial model to resample HR2 domain
motions. Second, 30 HR1-HR2 conformations were randomly
extracted and superimposed to each of the resampled HR2
domains. Finally, 30 head-HR1 conformations were randomly
extracted and superimposed to the resampled HR1 domains.
In summary, 27 000 configurations of the S protein on a viral
membrane were generated. Figure 2C shows the tilt angle of
the resampled configurations of the S protein using M1 and
M2 for the HR2 linker and only M2 for HR-TM. The S
protein can tilt by up to 90° toward the membrane and tilt
angles around 48° are most probable. This tilt angle
distribution agrees well with the experimental observation.11,13

However, if M1 was used for HR2-TM, the tilt angle
distribution of the S protein becomes narrow (Figure S6).
This indicates that both M1 and M2 of the HR2 linker are
reliable models, but for HR2-TM, M2 is more appropriate to
represent S protein configurations. To further understand the
contribution of each independent hinge motion on the tilt
angle, the S protein was resampled separately with HR2-TM
only and with HR1-HR2 only. In both cases, the resampled S
protein shows a narrow-angle distribution compared to the
experimental observation (Figure 2C), indicating that both

linkers are necessary for the full tilting motions of the S protein
observed in the experiment.

3.2. Flexibility of the Stalk May Facilitate S Protein
Binding to ACE2. To explore the effect of flexible stalk
motion on ACE2 binding, we performed the structural
alignment of the S protein to ACE2. The RBD in the complex
with full-length human ACE2 in the presence of the neutral
amino acid transporter B0AT1 (PDB: 6M1710) was used for
alignment. Fully independent bending and twisting motions of
two stalk linkers allow us to increase the number of S protein
samples. 125 head-HR1, HR1-HR2, and HR2-TM-CP
conformations were separately extracted from each trajectory
with a 10 ns interval. Each RBD of head-HR1 conformations
was first superimposed to the RBD-ACE2-B0AT1 complex.
Then, the HR1-HR2 conformations were superimposed to
each of HR1 from the previous step. Finally, the HR2-TM-CP
conformations were superimposed to each of HR2 from the
previous step. Figure 3A shows one of the most probable
configurations of the S protein−ACE2 complex. The tilting
angle (θ) is defined in Figure 2, and the distance (d) is defined
by an arc length between the centers of mass (COMs) of two
TM domains. As shown in Figure 3B, d ranges from 240 to 350
Å and θ ranges from 30 to 60°. At the most probable
configuration, d and θ are about 290 Å and 46°, respectively.
Note that there is approximately one S protein per 1000 nm2

(316 Å × 316 Å) on the viral surface.14 This sparse distribution
of the S protein suggests that receptor binding can be
promoted by enough space to have orientational degrees of
freedom for the RBD. Moreover, it is reported that the most
probable tilting angle of the prefusion state is about 40−
50°11,13 (also see Figure 2). This tilting angle appears to
maximize the accessibility of the receptor-binding motif to
ACE2 (when the RBD is in an open conformation), which
could account for the high infection rate of SARS-CoV-2.

3.3. Glycans Influence RBD and NTD Motions and
Contribute to S Trimer Stability. To explore RBD and
NTD motions, we measured two structural features (Figure
4A): the RBD−NTD distance (d) defined by the minimum
distance between RBD and NTD, and the RBD orientation
angle (θ) defined by two points at each end of the RBD and

Figure 3. S protein configurations competent for ACE2 binding. (A) Illustrative snapshot of the S protein−ACE2-B0AT1 complex. Three
individual chains of the S protein are colored in yellow, gray, and white, and ACE2 and B0AT1 are represented as red and pink, respectively. (B)
Distribution of the tilting angle (θ) as a function of the arc length (d) between the centers of mass (COMs) of TM domains.

Journal of Chemical Theory and Computation pubs.acs.org/JCTC Article

https://dx.doi.org/10.1021/acs.jctc.0c01144
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Important Results

- Glycan Impact:
- (some) on RBD and NTD Motions => S Trimer 

Stability
- Shields for immune evasion 
- Contribution to antibody binding.
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Main features: 

• The use of a polarizable force field, which is supposed 

to overcome current force field limitations

• A density-driven unsupervised adaptive sampling 

method that exploits pre–exascale machine and 100  GPUs

Computer Resources: HPE Jean Zay Supercomputer 

(IDRIS, GENCI, France): 15.14 µs in two weeks. 

A Granted PRACE Project: 
“Conformational spaces of SARS-CoV-2 drug targets”

J.P Piquemal, Sorbonne University

Main Results

• Efficient Sampling

• Role of water molecules 
• Validation of some results with experimental data

• Identification of a new druggable pocket.
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300 Classical MD. : High performance 
computing services



Beyond Covid : 

ATLAS: A database collecting protein MD 
dynamics simulations:

~2000 proteins, 100 ns x 3 replicates  
10 M Hours-Cpu GENCI Juliot-Curie's Irene Rome 
supercomputer (TGCC/CEA), utilising dual-processor 
compute nodes running at 2.6 GHz with 64 cores 
per processor. 
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A few other important biological questions: 
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Identification of the ion pathway throug the Glycine Receptor 

Identification of a central vestibular cavity in the 
ECD of GlyR that concentrates chloride at the 
entrance of the ion-transmembrane pore

. Lateral fenestrations connect the 
extracellular milieu with the central 
vestibule for chloride translocation in GlyR

Identification of the ion pathway throug the Glycine Receptor 



An hemolotic disease and the role of KCNN4: a potassium 
channel involved in Hereditary Xerocytosis
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Question: What is the dynamics of the channel in the 
different states? 
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System State membrane Time rep.

I. Pre-
activate 
closed

POPC 2µs 2
I.RBC RBC 2µs 1
I.PIP2 POPC + PIP2 

(bound)
2µs 2

II. Activate-
closed

POPC 2µs 2
II.RBC RBC 2µs 1
II.PIP2 POPC + PIP2 

(bound)
2µs 2

III. Activate-
open

POPC 2µs 2
III.RBC RBC 2µs 1

> 7.  Millions CPU core Genci + 10 000 GPU



Main results
• Opening of the channel in the presence of PIP2
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• Identification of Lateral Fenestrations



Cancer & Antibody Design
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RB49 is an antibody targeting the endothelin B 
receptor, a GPCR molecule that plays a role in 
tumour cancel progression. Modificatiion 
(chimerization) is required to become a human 
therapeutic agent but this may alter the efficiency. 

By combining experiments, molecular modelling 
and molecular dynamics simulations (µs 
simulations), the authors identified the key role of 
a Proline residue in the loss of recognition. 
Mutation to Thr restores the function.

(occupancy >70%) H-bond between D188 and either S96 (in 2 
out of the 3 simulations) or R45 (in the third simulation), 
a stable (occupancy >40%) H-bond between A128 and T131, 
and a poorly stable (occupancy ~20%) H-bond between S127 
and A129 or K130 (Figure 7a, in orange). In addition, for this 
Fab we observed in 2 out of 3 simulations a stable H-bond 
(occupancy ~60%) between H-CDR3 E107 and light chain 
E40, which is immediately after the L-CDR1, and an additional 
interaction between H-CDR3 D109 and L-CDR2 K56, whose 
stability depends on the simulation (in cyan in Figure 7a). 
This, together with globally stabilizing the relative conforma-
tion of these regions, might allow proper orientation of 
H-CDR3, which involves residues C104-W118, ultimately 
allowing recognition of ETB. Conversely, this same analysis 
performed on the simulations with Fab-xiRB49 (Table S2) 
showed that the H-bond network surrounding P125 is signifi-
cantly reduced as compared to Fab-RB49, except for two 
highly unstable (occupancy ~20%) H-bonds between the 
heavy chain variable region V13 and the heavy chain constant 
region S208, only present in one out of the three simulations, 
and between the heavy chain variable region S127 and the 
heavy chain constant region A129 (Figure 7b, in orange). 
Moreover, unlike this latter, for Fab-xiRB49 we observed the 
presence of a stable H-bond (occupancy >50%, in cyan in 
Figure 7b) between H-CDR3 (E107) and L-CDR3 (W116), 
further confirming the proximity of these two regions and 
the alteration of their relative conformation. Conversely, the 
P125T mutation in Fab-xiRB49 allows the recovery of some 
stable interactions in the region structurally close to the muta-
tion (Table S3): a highly stable interaction (occupancy of ~  
70%) between S127 and A129, and an extremely stable inter-
action (occupancy >90%) involving T125 and A11 and, in one 
simulation, an additional one between T125 and V13, respec-
tively (Figure 7c, in orange). Moreover, for Fab-xiRB49- 
P125T, although in two out of the three simulations the 
H-bond between H-CDR3 E107 and L-CDR3 W116 is still 

observable, we noticed H-bonds between H-CDR3 and 
L-CDR2 or L-CDR1 similar to those observed for Fab-RB49, 
e.g. the interaction between H-CDR3 D109 and L-CDR2 Y55 
or K56 and between H-CDR3 E107 and L-CDR1 Y38 (E40 in 
Fab-RB49) in one simulation (Figure 7c, in cyan), or that 
between H-CDR3 R106 (E107 in Fab-RB49) and the light 
chain E40 in the other two simulations. Altogether, this affects 
the orientation of xiRB49-P125T H-CDR3 and might influ-
ence the recovery of the binding affinity for ETB.

Discussion

As widely described in the literature, the processes of chi-
merization and humanization of an antibody can alter its 
solubility and functional properties.16 Antibodies can be 
engineered by site-directed mutagenesis to provide proper-
ties optimized for theranostic applications, a tedious and 
antibody-dependent process.16–18 MAb chimerization is not 
always an obvious process. Indeed, chimerization of xiRA63 
with the same human IgG1 constant regions, kappa, retained 
full functionality.12 Conversely, xiRB49 completely lost its 
capacity to bind ETB. Interestingly, Fab-xiRB49 presented 
residual activity with an apparent affinity of 85.69 nM and 
a reduced Bmax of 26.19% MFI, suggesting that the activity 
loss of xiRB49 partially comes from the CH2 and CH3 
constant domains. However, the amino acid composition 
analysis of the variable regions revealed an unusual P125 in 
the heavy chain variable region. It is well known that proline 
has a strong effect on the secondary structures of proteins,19– 

21 because of proline cis-trans isomerization and because 
proline cannot form hydrogen bonds with its backbone 
nitrogen. We checked whether this proline could be encoded 
in the mouse germlines IGHJ1, IGHJ2, IGHJ3, and IGHJ4, 
which encode framework 4, but no proline was detected. Our 
reliable cloning strategy for RB49 cDNAs confirms the pre-
sence of this P125.22 The identical functionality of the 

Figure 7. Representative structures of the most populated cluster of (a) Fab-RB49, (b) Fab-xiRB49, and (c) Fab-xiRB49-P125T. The heavy chain and the light chain are 
represented in dark and light gray, respectively. CDR1, CDR2, and CDR3 are colored red, yellow, and purple, respectively. The residue in position 125 (either proline or 
threonine) is represented as ball and sticks and colored magenta. The hydrogen bond network within the region between the heavy chain variable and constant 
regions is indicated as dotted orange lines, while the interactions involving the H- and L-CDRs mentioned in the manuscript are indicated as dotted cyan lines. The 
indicated hydrogen bonds come from the analysis of the 3 simulations for each system.
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Representative structures of the most populated cluster of (a) Fab-RB49, (b) Fab-
xiRB49, and (c) Fab-xiRB49-P125T. The heavy chain and the light chain are
represented in dark and light gray, respectively. CDR1, CDR2, and CDR3 are 
colored red, yellow, and purple, respectively. The residue in position 125 (either 
proline or threonine) is represented as ball and sticks and colored magenta. The 
hydrogen bond network within the region between the heavy chain variable and 
constant regions is indicated as dotted orange lines, while the interactions 
involving the H- and L-CDRs mentioned in the manuscript are indicated as dotted 
cyan lines. The indicated hydrogen bonds come from the analysis of the 3 
simulations for each system.



Summary : Methods and Systems studied in the 
community

• Methods:
• Molecular Dynamics Simulations (Classical and Enhanced Sampling), 
• Docking  
• now Large Scale 3D structure Prediction with AlphaFold, (AlphaFold)

• Systems : 
• Complexes and assemblies (protein/protein, peptide/protein, nucleic acid/protein) 
• Soluble   & Membrane Proteins, Lipids, carbohydrates
• Protein/Drug interaction (Drug Design)

• Force Fields: Classical or Polarizable, All-atom or Coarse Grained, QM/MM 
• Free Energy calculations & now evaluation of  Kinetics Constants;
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Summary: Example of High Computational Needs

A summary of GENCI Committee “Dynamique moléculaire appliquée à la biologie »
• 49 applications assessed (calls A15 and A16) by 17 experts
• 160 Mh CPU allocated
• 9 Mh GPU allocated
• mainly academic laboratories but also start-ups (subject to publication)
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Example of High Computational Needs in constant evolution
• A summary of GENCI Committee “Dynamique moléculaire appliquée à la biologie »
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A17 JZV100 JZCSL JZA100 JZH100
0.72Mh 3.7Mh 0.50Mh 0.31Mh
AdGenoa AdMI250x AdMi300
17.8Mh 0.39Mh 0.063Mh
JCSKL JCRome JCV100
8.1Mh 14.3Mh 0.18Mh

A16 JZV100 JZCSL JZA100 JZH100
0.65Mh 0.85Mh 0.34Mh 0.05Mh
AdGenoa AdMI250x
29.3Mh 1.75Mh
JCSKL JCRome JCV100
rien 46.5Mh 0.41Mh

A15 JZV100 JZCSL JZA100
2.1Mh 16.6Mh 0.41Mh
AdGenoa AdMI250x
2.6Mh 0.327Mh
JCSKL JCRome JCV100
4.9Mh 36.6Mh 0.65Mh

A14 JZV100 JZCSL JZA100
1.8Mh 11.1Mh 0.88Mh
AdGenoa AdMI200
2.3Mh 0.31Mh
JCSKL JCV100 JCRome
rien 0.25Mh 67.0Mh

A13 JZV100 JZCSL JZA100
3.24Mh 21.0Mh 1.21Mh

AdMI200
0.07Mh

JCSKL JCKNL JCRome JCV100
6.05Mh 3.0Mh 49.3Mh 0.35Mh



Deep Learning, Structural Bioinformatics and Medical 
Applications:

• Example 1: 
• Aim: to speed up current applications in structural bioinformatics, i.e. 

homologous protein searches, secondary structure prediction, cell localisation 
prediction, prediction of different levels of protein structure (fold, 
superfamily, family), etc. 
• Strategy: Development of an auto-encoder to reduce the dimensionality of internal protein 

representations (embeddings) derived from the best protein language models (PLMs) The 
reduction in dimensionality must be achieved while maintaining the maximum possible 
information from the original embeddings. 

• => 25 000 GPU hours type A100 with 80 Gb Memory (ÒParallelized)   
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Deep Learning, Structural Bioinformatics and Medical 
Applications:
• Example 2: 
• Aim: to predict pathogenicity of mutations

• Challenge: Protein of ~ 500 residues => 19x500 => For 10 000 proteins ~ 100 million variants
• Strategy : Use three Protein Language Models (PLM), to generate the variant embeddings

 => 100 million embeddings per PLM.   
• A100 GPU: [ 3000-7000] hours depending on the PLM => ~13 000 hours GPU
• H100 GPUs: 7 000 H
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THANK YOU
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