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Who are we ?

Team MOBI: Modelling Biological Macromolecules

Team leader

\

Luca Monticelli Richard Lavery Guillaume Launay Juliette Martin Mélanie Garnier
CR INSERM DR CNRS MdC Lyon 1 CR CNRS IE CDD



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
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Loic Etheve

Dynamics of protein-DNA recognition Richard Lavery

Juliette Martin
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v Time-dependent recognition

v’ Essential features for stability and recognition

Etheve et al NAR 2015

Simplified rigid models Etheve et al NAR 2016
Etheve et al NAR 2017



Elisa Frezza

Dynamics of protein-protein complexes Juliette Martin
Richard Lavery

Allosteric regulation of an

adenyly-cyclase by binding of
regulatory G-protein

G

Human Bramn l’r('{i(‘('l

mobile ATP

G-protein binding

Frezza et al submitted

ATP locked into active conformation



Structural Bioinformatics

e Protein interface prediction,

e Structural study of non-interacting proteins,

e Tails in protein complexes,

* Protein-protein docking,

e Tools for structural bioinformatics,

* |[nference of protein-protein interaction networks



Guillaume Launay
Meélanie Garnier

Protein interface prediction yiectte Martin
Richard Lavery

* Highly localized regions

 Enrichmentin
experimental interfaces

« Computationally tractable

 Original signal in
prediction

» Correct prediction for
/0% of the interfaces

25 probes

Martin J, Lavery R: Arbitrary protein-protein docking targets biologically relevant
interfaces. BMC Biophysics 2012, 5:7.

Martin J: Benchmarking protein—protein interface predictions: Why you should care
about protein size. Proteins 2014, 82:1444-1452.



Guillaume Launay

Protein interface prediction Mélanie Garnier

Juliette Martin

ARBITRARY DOCKING

Use this key to restore current session in the future.

Reille et al submitted




Guillaume Launay

Non-interacting Proteins  Nicoletta Ceres
Juliette Martin

Interacting v A very common situation
proteins v Predicted as stable by coarse-
grain model
v Major shortcuts in the native
network
Non-interacting ] .
proteins ° OOOO ? E
oo o Oooo 0o

Launay, Ceres and Martin,
Scientific Reports 2017



A new picture of protein-protein interactions

Negative regulation

9% pairs with compatible
structures

0.2% Functional
interactions

99.8% Negative
interactions




Olivier Martin

Talls In protein-protein complexes Guillaume Launay

Juliette Martin

v Terminal residues are
strongly rejected at the
periphery of interfaces

v Terminal residues do not
act as charged side chains

Martin et al, PLoS ONE 2016
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Protein-protein docking
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Ongoing work....




Tools for structural bioinformatics

DESIGNING
EXPERIMENT

»Data sets

»parameters

Guillaume Launay
Mélanie Garnier

ANALYSIS PIPELINE(S) ANALYZING
DATA

»Statistical treatment

PN »Figures

\ & -

Methodology&research
Transferable from prototype

to

production
scientific collaborations



Tools for structural bioinformatics

SUBMITTING
USER INPUTS

»Set of tools
»parameters
»data set

ANALYSIS PIPELINE(S)

ACCESSING
RESULTS

»visual feedback
of critical points

> interactive

» restart/update



Tools for structural bioinformatics

TASK TYPE » Speciied shel scripts and programs TASK INSTANCE Defined by essential properties
» Set of I/0 channels » input and parameters
eg : (blas!, clustal, docking script) eg: docking two specific proteins
Deployed as libraries m > Bhariance Persistant on the file system
Task as JS Class _
> encapsulalion (lask of lask) parameters JSON file and data folders
Code published as packages

GOAL: avoid to run tasks which have already been performed

1) FIND TASK INSTANCES OF THE SAME TYPE 2) RE-INSTANCE THE IDENTICAL ONE
Task cache oot date
submitted (’ \ + settings
task task
submitted .

lask input data

7 + settings
— ' * inputdata * input data
—_— task
k J » sattings + settings




Inference of protein-protein interactions

Guillaume Launay
Juliette Martin

Main goal : Identification of molecular targets to block the
cellular division of the pathogen.

Strategy: In Silico construction of the complete bacterial
interactome.

Pin-point the set of subnetworks responsible of the

division process o
> Divisome

Streptoccocus pneumoniae

Pneumococcus, human pathogenic Pneumococcus 0
bacterium, major cause of pneumonia. 2030 proteins '

> Work in collaboration with
microbiologists of the MMSB lab

PPIs reference set

— 25 000 interactions from various organisms
348 806 interactions obtained by two-hybrid screenings

http.//www.ebi.ac.ukiintact/



Inference of protein-protein interactions

FC = PneumoCoccus proteins

INTEROLOG VECTOR Hi

INTACT
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Inference of protein-protein interactions

Filtering the network for seed nodes

Fealuring the GO lerm “cell division”
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Take-home message

The MOBI team at IBCP is
iInterested in:

4 Simulation of biological
Macromolecules
v"  Structural bioinformatics of
Protein-Protein Interactions
under various aspects
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