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What do we do ?

• Simulation of biological macromolecules : 
biomembranes, protein-DNA complexes, protein-protein 
complexes 

• Developments in Structural Bioinformatics : protein 
interface prediction, structural study of non-interacting 
proteins, tails in protein complexes, protein-protein 
docking, tools for structural bioinformatics,  inference of 
protein-protein interaction networks



Molecular	simula-ons	of	
biomembranes

MARTINI	coarse-grained	
force	field	development

Biomembranes:	interac=on	
with	synthe=c	materials

Lipid	droplet	biogenesis

Luca Monticelli 



Dynamics of protein-DNA recognition

6 Nucleic Acids Research, 2015

Table 1. SKN-1 salt bridges with the DNA backbone (columns 1–3) and hydrogen bonds with the DNA bases (columns 4–6) are highly dynamic

chain flips gives rise to three conformational sub-states that
distinguish the clusters CL1, CL2/4 and CL3.

The dynamical behavior of R507 and R519 are illustrated
by the time series of side chain-DNA backbone/base dis-
tances in Supplementary Figure S2, which, for reference,
also shows the distance fluctuations for the R506 salt bridge
with the phosphate of G14’. While the significant perturba-
tions of the R506 interaction occur only occasionally, R507
and R519 show complex fluctuations whether they are in-
teracting with DNA bases or DNA phosphates. Analyzing
snapshots every picosecond along the MD trajectory, with
distance and angle cutoffs of 3.5 Å and 135◦, respectively,
leads to lifetimes of less than 30 ps for either base or phos-
phate interactions. However, ignoring breaks that last no
longer than 1 ps typically increases the lifetimes to 100–
400 ps. By comparison, the R506 salt bridge has lifetimes
of roughly 100 ps or 1800 ps, depending on whether 1 ps
breaks are taken into account or ignored.

By applying our sequence-threading approach ADAPT
to multiple snapshots belonging to each cluster (7, 12, 10
and 2 for CL1, CL2, CL3 and CL4, respectively), we were
able test whether the very localized changes in the two key
arginines have any significant impact on how SKN-1 is rec-
ognizing the DNA base sequence. The results are shown in
Figure 7, where CL2 and CL4 have again been grouped to-
gether since they yield identical PWMs. If we concentrate
on the bases at positions 8, 12 and 13, the results are rela-

Figure 7. SKN-1 PWMs resulting from the analysis of snapshots belong-
ing to each of the three distinct clusters and also a consensus PWM using
the snapshots from the entire MD trajectory. These results can be com-
pared to the experimental results from the JASPAR (63) and TRANSFAC
databases (64) (W ≡A/T, R ≡ A/G).

tively easy to interpret. When R519 interacts with position 8
in CL1, a ‘G’ appears strongly at this position in the PWM.
Similarly when R507 interacts with positions 12 and 13 in
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Experimental	

Classical MD simulation

Simplified rigid models

✓ Essential features for stability and recognition

Ethève et al NAR 2015

Ethève et al NAR 2016

Ethève et al NAR 2017

Loic Ethève  
Richard Lavery 
Juliette Martin

✓ Time-dependent recognition



Dynamics of protein-protein complexes
Elisa Frezza 

Juliette Martin 
Richard Lavery

Allosteric regulation of an 
adenyly-cyclase by binding of 

regulatory G-protein

Frezza et al submitted

G-protein binding

ATP locked into active conformation

mobile ATP



Structural Bioinformatics

• Protein interface prediction, 

• Structural study of non-interacting proteins, 

• Tails in protein complexes, 

• Protein-protein docking, 

• Tools for structural bioinformatics,  

• Inference of protein-protein interaction networks



0  N 
[...] 

•  Highly	localized	interac1on	
regions	on	the	surface	of	
most	of	the	proteins	

•  These	regions	are	enriched	
in	experimental	interfaces	

•  The	number	of	probes	can	
be	reduced,	without	signal	
loss	(AUC=0.64)	

Mar1n	J,	Lavery	R:	Arbitrary	protein-protein	docking	targets	biologically	relevant	
interfaces.	BMC	Biophysics	2012,	5:7.	
Mar1n	J:	Benchmarking	protein–protein	interface	predic1ons:	Why	you	should	care	
about	protein	size.	Proteins	2014,	82:1444–1452.	
	

25	probes	

HEX	
GPU	

Protein interface prediction
Guillaume Launay 
Mélanie Garnier 
Juliette Martin 
Richard Lavery

•  Highly localized regions 
•  Enrichment in 

experimental interfaces 
•  Computationally tractable 
•  Original signal in 

prediction 
•  Correct prediction for 

70% of the interfaces 



Protein interface prediction
Guillaume Launay 
Mélanie Garnier 
Juliette Martin

Reille et al submitted



Non-interacting Proteins

Interac(ng	
proteins	

Non-interac(ng	
proteins	

Guillaume Launay 
Nicoletta Ceres 
Juliette Martin

✓ A very common situation

✓ Predicted as stable by coarse-

grain model

✓ Major shortcuts in the native 

network

Launay, Ceres and Martin, 

Scientific Reports 2017



A	new	picture	of	protein-protein	interactions

0.2%	Functional	
interactions

99.8%	Negative		
interactions

9%	pairs	with	compatible	
structures

Negative	regulation



Tails in protein-protein complexes

Martin et al, PLoS ONE 2016

Olivier Martin 
Guillaume Launay 

Juliette Martin
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✓ Terminal residues are 
strongly rejected at the 
periphery of interfaces

✓ Terminal residues do not 

act as charged side chains



Protein-protein docking
Guillaume Launay 
Mélanie Garnier 
Juliette Martin

Masahito	Ohue,	
Tokyo	Ins2tute	
of	Technology	

MEGADOCK docking engine

Ongoing work….



Tools for structural bioinformatics
Guillaume Launay 
Mélanie Garnier



Tools for structural bioinformatics



Tools for structural bioinformatics



Inference of protein-protein interactions
Guillaume Launay 

Juliette Martin



Inference of protein-protein interactionsInference of protein-protein interactions



Inference of protein-protein interactions



Take-home message

The MOBI team at IBCP is 
interested in: 

✓ Simulation of biological 
Macromolecules 

✓  Structural bioinformatics of 
Protein-Protein Interactions 

under various aspects
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