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Biology department Presentation

The Département de Biologie involves two Units:

« LOB: Laboratoire d'Optique & Biosciences
CNRS (INP) & Inserm

« BIOC: Laboratoire de Biologie Structurale de la Cellule
CNRS (INSB)

(One slide for each lab provided at the end of the presentation)

Total staff (incl. students, post-docs, Tech staff)

- LOB 73%* (also affiliated to Physics Department)
« BIOC 40

*incl. people in the Physics department

One of the smallest departements within IP Paris
26/929 = 2.8 9% of total Researchers
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Department composition

Primary affiliation: 26

Biology as a secondary affiliation: 22
(Researchers only — 4 IR not listed here)

* Physique (LOB) 10

. Informatique (LIX) 5 (source: liste électorale Juillet 2021)
* Chimie (LSO) 4

« Mécanique (LadHyX) 3
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Small... But beautiful ?

Chosen articles in prestigious journals and awards from LOB / BIOC

Alexis Gautreau, chercheur au BIOC

Recent Publications in prestigious journals:
RESEARCH ARTICLE THE
PHOTOENZYMES

Mechanism and dynamics of fatty ' EMBO

acid photodecarboxylase ~ JOURNAL

D. Sorigué’, K. Hadjidemetriou?®, S. Blangy’, G. Gotthard®, A. Bonvalet®, N. Coquelle®, P. Samire™®,

A. Aleksandrov®, L. Antonucci®, A. Benachir®, S. Boutet’, M. Byrdin?, M. Cammarata®, S. Carbajo’,

S. Cuiné’, R. B. Doak?, L. Foucar®, A. Gorel®, M. Griinbein®, E. Hartmann®, R. Hienerwadel', M. Hilpert®,
M. Kloos®1, T. J. Lane’, B. Légeret’, P. Legrand™, Y. Li-Belsson’, S. L. Y. Moulin’, D. Nurizzo®,

G. Peltier’, G. Schird?, R. L. Shoeman®, M. Sliwa™, X. Solinas*, B. Zhuang"®, T. R. M. Barends®, HSBP1 is the first assembly factor identified for the WASH
J.-P. Colletier®, M. Joffre*, A. Royant™?, C. Berthomieu™, M. Weik®*, T. Domratcheva™'2*, K. Brettel®, complex
M. H. Vos**, I. Schiichting”*, P. Arnoux™*, P. Milller®*, F. Beisson™*

Success at competitive grants:
- ERC Synergy (E. Beaurepaire)

- Recent (2020 & 2021) ANR grants « HOPE aims to shed new light on the function of the hippocampus and
_ ; the role of its neuronal circuits through the design of a new, non-
CNRS 80 Prime (2021 x 2) invasive and universal method to monitor the growth and construction
- HFSP of brain circuits located deep in the brain, from their neurogenesis to
adulthood, under normal and pathological conditions. »

Eurcpean Bessarch Counci
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Fighting Covid-19

Implication of LOB and BIOC in research and outreach on Covid-19

Marc Graille, chercheur au BIOC
—_—
A ,‘J¢

https://www.polytechnique.edu/fr/content/vers-
une-nouvelle-strategie-antivirale-contre-la-covid-19

Fubdiched onlise T July 2000 Nwcleir Ackds Rezearch, M2, Fol 49, No |3 76987712

Atrpa Naloiarg! 10 TOW inanlphkah 71
SARS-CoV-2 Nsp3 unique domain SUD interacts with
guanine quadruplexes and G4-ligands inhibit this
interaction

Mare Lavigne ", Olivier Helynek?, Pasecal Rigolet®, Rofla Boudria-Soullah’,
Mirellle Nowakowskl®, Bruno Baron®, Sébastien Briilé®, Sylviane Hoos®, Bertrand Raynal®,

’
/

CINS ET © /

VldéO Youtube CO”SU/tée > 75 000 fois Ligmel Guinat®”, Claire Beauvinesu®, Stéphane Petres®, Anton Granzhan 2, Jean Gulllan®,
’ Geneviéve Pratviel®, Marie-Paule Teulade-Fichou®, Patrick England®’,
Fanny MOUSSEAU*, Chao YU, Antigoni ALEXANDROU, Cedric BOUZIGUES Jean-Louls Mergny ~ ™" and Héléne Munler-Lehmann®

Laboratoire d"Optique et Biosciences, Ecole Polytechnique, Institut Polytechaique de Paris,
INSERM, CNRS, 91128 Palaiseau, France

* fanny.moussean@polytechnique.edu

Pour détecter des biomolécules et pathogénes
(protéines, virus, bactéries, ...) avec des sensibilités
satisfaisantes, il est actuellement nécessaire d'utiliser
des appareils de laboratoires coliteux. En combinant les
remarquables propriétés optiques des ions lanthanides
aun lecteur simple couplé a un smartphone,

nous démontrons comment développer un systéme
de détection portable, rapide et ultrasensible.

© Ecole polytechnique - J Barande
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https://www.polytechnique.edu/fr/content/vers-une-nouvelle-strategie-antivirale-contre-la-covid-19

Revolutions in Structural biology

The biology department is directly involved in, or benefits from, two recent major innovations in structural biology

Cryomicroscopy (« Cryo EM » )

FEI Titan Themis (300kV)

Xooc

COMMUNICATIONS

BIOLOGY

Cryo-EM study of an archaeal 305 initiation
complex gives insights into evolution of
translation initiation

Faperp-Owmsen Courean +, et Lasernes - Schordeen’, Sophes Bourcer?, Yees Mechuama ' &

Erragrigadie Sttt

AlphaFold (Prediction of protein structure)
Artificial intelligence
Le Figaro, 30 Juillet 2021

*¥ Pouvoir prédire la 0 SCIENCES

prmpigeoy o i Rt du pliage des protéines dévoilé
c e gam de temps Une Intelligence artificielle de Google arrive & prédire la structure 30 ¢ peu pris nimporte quelle mobéoule
Eﬂl‘lsid.él‘a]}]e L L] codée par le gimome humain. Une svancée majeare qui ouvre un champ des possibiles considérable

THOMATS SIMONS0ON,
BECLE e

DIRECTELIR
DE E SPE( S

\. ECOLE -'--.'-?!f's .:..p.u;‘_\; L:-'-'-. AISEA) \) > C"\_ (& q:w\“ > .f&‘:{é
SCIENTIFIC
REPORTS

nare research

| =y ep——

A physics-based energy function
allows the computational redesign
of a PDZ domain

Vaitea Opuu'', Young Joo Sun®!, Titus How®, Nicolas Panel’, Emesto J. Fuentes™ &
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Common themes / Keywords

Relevant for LOB and/or BIOC

Structural Biology

Cryo-EM

Crystallography

Structural modeling

Dynamics of biomolecules Bacteria /chaea Eukarya
Unusual nucleic acid structures

(G-quadruplexes)

Biochemistry Carl Woese's three domain tree

Assembly of multiprotein complexes
Nucleic Acids — Protein complexes
Initiation of translation

Microbial adaptation: Archaea & Bacteria g,y L
Bacteria

Eukarya

haum.
PritegifiChaeota

Archaea

two domain tree
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Optics and spectroscopy
« Non linear optics

« Microscopy of tissues

« Nanoparticle imaging

« Protein relaxation

Cell Biology

« Cytoskeleton

« Cell migration

« Cell transformation

Developmental Biology
« Cell migration
« Zebrafish embryo



Facilities / Equipment
Of interest for the Biology Department

« Structural biology:
« Cryo EM (Titan Themis, CIMEX facility)
« X-ray Crystallography facilities
« Optical imaging facility (Equipex Morphoscope)
- Biophysical platform (CD, Abs, Fluo, Calorimetry...)
* Protein expression & purification
« Zebrafish facility
« Cell culture rooms (for prokaryotes & eukaryotes)

i JRPHOSCOPE

Microbiologie Biochimie, Biophysique Cristallographie aux rayons X
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Strengths / Weaknesses / Opportunities / Threats

(Evaluation in progress)
Assets Weakness & Threats

Facilitated coordination:
+ 2 labs located nearby
* Nearly the same perimeter for X and IP Paris Biology

« Small size / critical size barely reached
Need for a strong core in biology

Publications & Citations (>3,000 in 2020) * Single « Chaire » (with Servier)
Interdisciplinarity * Heavy teaching load
Attractivity for scientists (Visitors; CNRS / Inserm researchers) < Visibility to students

(some) Facilities: Imaging, CryoEM « Not covering all usual facilities
International character (collaborations, members) - Growing administrative burden

Implication in societal issues (Covid, Cancer, Environment) . Limited means for the department

Opportunities

Students’ general interest in Biology (of special interest to us : attract Bachelors / Propose a Phys-Chem-Bio track?)
iIGEM (synthetic biology)

Build strategic partnerships in France and abroad (e.g., Pasteur, Russia, China, Pharmas...)

PIA4: STEP,: Science and Technology at Polytechnique Paris

Bioengineering (BME, & not only medical)

Biocluster in Oncology « Paris Saclay Cancer Cluster » / local environment
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Interdisciplinary center(s)
(BME; STEPZ2; Cluster Oncology Paris-Saclay)

The Biology departement welcomes interdisciplinary initiatives, e.g. Biomedical engineering
(BME); IP Paris Interdisciplinary Center for Quantitative and Engineering Science for Biology and Health

« Is implicated and benefits from BME (e.g., EUR BERTIP; Fondation Leduc: equipment; Bettencourt: Post docs)
* ... And ready to take a major role in STEP2 / WP1.1:

An excellent match (STEP2 — WP1: BOOSTING IP PARIS RESEARCH & INNOVATION CENTERS):

« Probe, engineer, and heal living systems (...) Multiscale characterization of living systems (...) Advanced optical
imaging new molecular probes (...) basic mechanical principles in cell and developmental biology (...) ‘omic’
approaches, bioinformatics, machine learning, and predictive modelling (...) »

Assets

* Links with Inserm and CNRS INSB

* National partnerships & collaborations (Pasteur, Curie...)

« Bio-engineering (not exclusively biomedical engineering)

« Already familiar with interdisciplinarity (ex: LOB at the Physics - Biology interface)

Ready to host new (junior?) team(s)
* Necessity to reinforce Biology / maintain critical size and expertise
« Space potentially sufficient to host one new team / tenure track
* JLM is used to handle recruiting Group Leaders (international calls, SAB interviews...)
10
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What the Biology department brings to IP Paris

International character
«  Foreign staff, Foreign students:
7 # nationalities present in LOB
« International collaborations:
bilateral partnerships (Russia, China, E.U.)

Gender balance
e Staff and PhD students
for ex, Students in LOB:
(2021-2022)

Academic reputation / Publication track
- Citations (> 3,000 / yr)
« ERC synergy

Implications in societal issues

« Pathologies (Cancer & transmittable diseases incl. Covid)
« Origin of life (e.g., discussion around the « tree of life » Archaea & eukaryotes,

To build a MIT / EPFL « a la Francaise »
« Home brew » Biology needs to be strong MIT

Connections with NRO: not only CNRS

« Inserm: Health / Medical research

* « Free » supply of external researchers:
20/26: 77%

Ability to handle massive amounts of data
» Biology is a (massively) quantitative science
(ex: genomics - transcriptomics)

Interdisciplinarity
« Cross fertilization with other disciplines;
implication in several initiatives

Polytechnigue

11

Conseil d’administration du 29 septembre 2021 - Présentation du département de Biologie



Thank you for ypur attention |

] ‘ \ v ‘
“\‘;‘ !Mll\\ T
\ ] et .\! (i
By —— ,"“;.—» . .”AA_; AL LLLLLU I
\_-‘«"11(‘ \ ! | \\“ L — "z.f. B s . = > .
X | ] ‘ — - -~ —d i
| ~ e 3 _——e 2 e - % | e -
t- (e L T e



Bureau du Département de Biologie d'IP Paris

Membres de droit :

» Le responsable du département

* Le directeur du BIOC

* Le directeur du LOB

» Le responsable du domaine de I'ED IP Paris qui releve du département :

« Le responsable du Master Biologie Santé :

Membres désignés :

1ére réunion du bureau:
28 Septembre 2021
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BIOC:

- Batiment 84, R+2
LOB:

- Batiment 84, R+1
+ Batiments 2/5 R+1
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Short presentation of the BIOC

Joint research unit n°7654: CNRS (INSB), Ecole Polytechnique

Expertise in:

«  Structural biology

« Molecular and cell biology
« Simulations

Aim: Understand and engineer the cellular machinery.

Research programs:

« BIOC originally pioneered studies of the translation apparatus, which produces proteins from messenger
RNA, applying biochemical and biophysical techniques like X-ray crystallography. Two groups continue this
line of research, with cutting-edge tools such as high-resolution cryo-electron microscopy. They have
revealed important details of the initiation and termination steps of translation and the functioning of the
ribosome.

« Development of new imaging approaches to probe cellular activity within intact tissues (multiphoton muilti-
modal microscopy, in vivo imaging of animal models).

« Computer modeling and simulation to understand and engineer biomolecules. A significant effort is directed
at developing new methods. Thus, the Proteus software package for protein design was developed and
used to completely redesign a PDZ protein, solving the inverse folding problem.

« The Gautreau cell biology team focusses on the roles and regulations of branched actin networks in the cell.

Several aspects are relevant for cancer biology, such as elucidating the effect of Arp2/3 inhibition in tumor
cells with Racl mutations
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Short presentation of the LOB

Joint research unit n°7645: CNRS (INP), Ecole Polytechnique, Inserm U1182

Expertise in:
« Molecular and cell biology
« Optics and femtosecond dynamics

Aims: Develop new concepts and tools to understand the functioning of biomolecules and their organization
within cells and tissues.

Examples:

* Functional and structural dynamics of proteins and DNA (time-resolved spectroscopy, MD)

« Development of new imaging approaches to probe cellular activity within intact tissues (multiphoton multi-
modal microscopy, in vivo imaging of animal models)

« Development of nano-particles for monitoring individual molecules

4 Teams (« poles »)

« Molecular mechanisms of microbial adaptation

« Internal dynamics of biomolecules

« Nanoimaging for cell dynamics and quantitative biology
« Advanced microscopies and tissue physiology
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