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REMERCIEMENTS

2021 le retour...

I'LINBAa 8 NBLRNI RS HnunI fQSldzALS RQ2NHIFYAAlLGAZ2Y Sai
y2dz@StfS SRAGMEBodENRE. RS f QS02¢ S

Comme pour les précédentes éditions depuis 2004, cette formation est portée par le GDR (imaBerie et

microscopie pour la biologie) dans le cadre des actionsEdetesThématiques de la Formation Permanente

Rdz / bw{ Sy O2fttl62NIidAz2y @3S0 tSa F2NNI{iA2yad LISNXYIyYy
technologique de microscopide fluoresence multidimentionell§RTmfm). Cette écol#iFoBio2021 est

organisée sous le patronage de la société de biologie cellulaire francaise (SBCF) et de la société de microscopie
6{C>0® b2dza NBYSNOA2y&d O0S& RSIHEES YaRyOh SHIzSdl( S y2dd8NI LEI-SNEND ¢
./ 590 Sié CNIyOS . A2LYIF3AYy3 o6C. L0 RSLJzAa L) dzAA Sdz2NE |
soutien de différentes structures et laboratoires : College de France (Paris), Institut Fresnel (Marseille), CllI
(Lille), IBDM (Marseille),-@e/PSL, MRI (Montpellier), BiCel (Lille) et CEMIPAI (Montpellier), Ecole doctorale
.alL/ o6[é&2yo0o 5QI dziNBa&a DRw &a2yid +Fdzaaa LI NLGSYylIANBa a
GdR ADN&G (INP) et GDR AQW({ . 0 ® b2dza NBYSNODA2ya OS&a RAFFSNBya
financiére et organisationnelle précieuse apportée a MiFOBIo 2021.

Nous souhaitons remercier les personnels des formations permanentes et des services administratifs du CNRS

DR 18 Claire Dfos, Fabienne LebleWNathalie VialettePierre Silveira, Delphine Alexandre, Justine Thirion,

Nathalie Dugautier, Alexandre Masure et Sonia Duval pour leur aide dans la mise en place de cette école. Nos
remerciements vont pluparticulieremen & Claire Dfoss, Annabelle Vandermoere, Joellie Om&@asson,

L2 dzNJ £ QF ARS AYLRNIFYyGS | LILRNISS O0SGdsS FyyssS + tF 13
Hammadi pouson aide et le CIIL gaicceptéde libérerdu temps de gestionJ2 dzNJe MiB@B2Nous avons

dzy S LISy &aSS FYAOIES LI2dzNJ { 6SLIKFYAS /2a80SdzNJ ljdzA  y QI dzl
donnonsrende¥2 dzd& Sy HNnHOXU0U® b2dzd NBYSNDAZ2ya fF F2NYIFGAZ2Y
52NRGKSS ¢S NimBnyidte et l2sdzién bpportéd 4 Projet MiFoBio.

Que Jean Marc Blondy et son équipe qui assurent la gestion au niveau national des écoles thématiques du
CNRStrouvent ici I'expressiomle nos remerciements pour leur travail a long terme pour rendresids de

tels événements hors normes. Nous remercions également-Qémmde Pommier, Chargé de mission pour la
F2NXYFGAZ2Y LISNXIEYySyidS £ fQLb{L{Z LIdzNJ a2y &az2dziASy LIS
dela.

Nous exprimons nos sincéres remeroents aux intervenants pour leur participation, la qualité de leurs cours

Si O2yFSNByOSas S LI2dzNJ f SdzNJ Sy(iK2dzaAllaYSed 5SS YsYS>
modules, les modules avancés les tablesrondes. Que les responsables dedules qui ont largement
O2yGNRO6dzS £ OSiGiGS sO2tS8 LI NJ £SdzNJ Sy3al3asSySyia Sia t Sdz
collective.

[ QSyaSyoftS RS tQSldAaLS (GASydG £ NBYSNODASNI (2dze2 t£Sa O
chaque atelier, tabliNR Yy RSS O2dzNB 6 YLt ANB dzyS FyySS wnun INRASOH?
mais aussi ceux qui ont assuré la mise a disposition des modéles cellulaires et animaux. Nous remercions aussi
chaleureusement les organisates et organisateurs des deux symposium satellites. Le but de ces symposiums

est depermettre d'aller plus loin sur deux thématiques pltrsinsversales.
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pour les développements instrumentaux a venir et de formidables supports pour la transmission de savoir
pratique. Un grand merci a celles et gequi les portent.

Nous remercions chaleureusement les partenaires industriels de cette école pour leur engagement dans cette

F Sy G dzNB> £ SdzNJ F2NI &a2dziaSy Sié tF YAasS £ RAALRAAGAZ
réaliserlesatetB NB LINI (i AljdzS48 RI'ya RQSEOSttSyisSa O2yRAGAZYya®
ans etquelquesconfinements. Cette collaboration académiginelustriel est une fierté de notre communauté

i2dzi I dziit yid 1 dzQdzyS T2 NMa RombvtiorSet @@DOppéniert ges iRBnolbgey d@2 v (i NB
f QAYF3ISNAS Sy o0A2f23ASd b2dza NBYSNDA2y&a +ANHAYAS DS
GNJ G At 1jdzQSt S SG pdutgéragdub pagendirddi SdRRGR&IMNdre joSille Y2 A &

f QS02tS aAC2. A2 HAHMOD

Lt yQé |Fdz2NFAG LIl a RS aAcC2. A2 alya dzy F2NXYARIOES 2
AYLIX AljdzSSa t RAFTFSNByida yA@dShHdze Si RSINBA Riteya OS |
RO2NBI yA&l GAazy SiG LY dzAa 3ISYSNIfSYSyil (i @epos 2dBmets SG O
GNR dzdSy i AOA f QSELINBaaArAz2zy RS y2a arAyOsNBa NBYSNDASY
Nous tenons a remercier les auteurs de ce fascicule et en particulier Sandrine L-&eg&tpeursontravail en

FY2yGd RS O22NRAYylFGA2Yy RS&a Y2RdzZ Sa Si RS tQ8SyasSvyof$s
pour tout boucler. Merci ® dzA f f | dzY$S . F FF¥2dz LI2dzNJ f QF FFAOKST NBLINA &S
I SNRA GASNSE R edegnfure 8an1eG¢R ImaBiodmbus remercions Hana Valenta pour son implication
RFEya tQFYAYFGA2Y Rdz 3NE2OLIS NR &4 4 @2 O BMIGY (ks ad\iC2LIA R0 H
(ImaBio Young scientist Network)@dz £ S 22 dzNJ & 2 dza ofbrkek &f Ladzh Gakagini (&esa I NR S
deux alors doctorantes). Le but de cette initiative est de permettre aux jeunes scientifiques de notre
communauté de se connaitre et organiser tous les ans des rencontres scientifiques en toute autonomie et ainsi
créer n réseawsocio professionneolide.

Nous remercions le comité scientifique de MiFoBio qui a rendu possible ce projet, ainsi que les comités des
sections scientifiques du CNRS qui nous ont fortement soutenus lors de leur évaluation du projet.

Nous remercias également le personnel du centre de vacances Belambra, pour son accueil et son aide, la mise

b RAALIRAAGAZY RS t20FdzE SiG €S &a2dz2iASy GSOKyAldzS | dzQ
Merci a toutes et tous pour avoir rendu possible cette exceptionnelle aventure humateetetologique.

Sandrine Lévéqui€ort, Serge Monneret, Tristan Piolot, Laurent Héliot
Pour le comité de pilotage

Director of phyg
Curie Ingtinge Chemisty deputmeny o

Associated Professe,
Poechvique " Phtcs Dertmen, e

Head of * Lght-based obsenation
‘ﬂhhruwm'mmu: o

1972018,
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[ Q9{twL¢ aLCh. Lh

[ QSO02tS aAC2. A2 @GA&aS t FlI@2NRAASNI RSa NYzW
LISNYSGGFyd RS LINRPINBaaSNI RIya 1 O2YLINBKSyaa?z
GADGlLyiz RS tF OStftdzZ S 2dzaljdzil dzE 2NHIyAavYSao ¢
sur la microscopie fonctionnelle de maniére intégrative et interdisciplinaire et plus
largement sur l'ingénierie biologique associée en amont et les méthodes d'analyse
développées en aval.

[ USO2tS aAC2. A2 l&daadaNB tF F2N¥YIGAZ2Yy t f Qdz
microscopie, d'analyse des images et de modélisation au travers d'une pédagogie
participative organisée en modules thématiques comprenant le triptyque : cours, tables
rondeset ateliers. Ce triptyque recouvre une autre dimension : nous sommes tous acteurs
de la formation en apportant nos savoirs et questionnements.

[ QSyaSyotS RS&a adGNIGS3aIASa RS F2N¥YIFGA2Yy YAa
partage des savoirs et savda@ire entre tous les acteurs de cette formation (intervenants,
participants, organisateurs, industriels). La grande interdisciplinarité du domzong)ée
a sa forte dynamique,ofit que chacuna des choses a transmettre et des choses a
apprendre.

MIFOBIO 2021 : 98vE EDITION ET TOURSJDU NOUVEAU

t 2dzNJ OSGGS SRAGAZ2Y HanumMXI fUSO2fS aAc2. A2 OKIy3
f QL yONB S ljdzadGGS tSa @ 3dzSa RS f QI GfFyaAaldzsS LI
Giensrevenant ainsi sur des rivages déja fréquentés en 2008.

alAa tQsO02tS aAcCc2.A2 yS FFLAG LI & 1jdzS 062dzaASNWD
presque 20 ans par la formidable dynamique interdisciplinaire de la biophotonique et des percées
dans lacompréhension du vivant.

MiFoBio2021 propose une formation de haut niveau couplant les approches théoriques et
expérimentales, en rassemblant académiques et industriels, chercheurs, ingénieurs et étudiants de
différentes disciplines. Elle constitue un@ plliS RQSYy G NBS Ay (iSNRAA&OA LI
fonctionnelle pour ces scientifiques de différentes disciplines, de maniére intégrative et sur un mode

de coLINP RdzOl A2y RSa al @2ANBR® 9ffS | LJ2 dzNJ @2 OF G A
disciplires un socle commun de connaissances et sdaoie, de leur permettre de se former aux
nouvelles technologies du domaine et de partager leurs compétences.

MiFoBio est un véritable laboratoire interdisciplinaire temporaire qui offre aux participants une
VAaAA2Y O2YLIX 80GS GKS2NAIdzS Sd LN} dAljdzS fftlFyd RS
fUAYaluNHzySyd t fF Y2RStAaltAazy SiG tQlylrteasSo a
dzy tf ASdz RQSOKI y3IS RSan apprad@ et dlieigre Cear QdUs OmizgeS toulB G O F
RSGSY(SdNE RQdzy LISdz RS &l $2AN) 84 RS 068t dzO2dzld R
Les participants sont donc appelés a devenir des acteurs de la formation sur un modéle participatif.

En complément des cours qui permettent d'accéder aorcepts, et des ateliers formels qui
apportent les savoifaire fondamentaux, I'ensemble des participants est activement mobilisé lors

des modules avancés, tablesndes et ateliers innovants. L'organisation pratique de MiFoBio incite

a un partage permagnt entre les participants.
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L'école MiFoBio permet a ses acteurs de différentes origines disciplinaires de se rapprocher pour
AYAGASNI RS y2dzSI dzE GNI @l dzE 2NARIAYlFdzE S RQS
transdisciplinaires de demain. La formatipar la pratique telle que portée par exemple au travers

Rdz CFro[l o SG RS tQhLWGAO[II 06X LI NIAOALIS GNB& RAN
dynamique.

[ LISNA2RS RS O2yFAYSYSyd ljdzh y2dza | Q@ytRdzA (0
nombre de doctorants a soutenir en comité réduit. Nous avons fortement encouragé les doctorants

et postdoctorants a participer a cette édition pesbnfinement. Dans ce but le groupe IYSN propose

I dzE 2SdzySa a0OASydATAIl dechairfve)mahipystemdcdiredréntoStazNE G S
table-ronde, soirée, ... ).

MiFoBio 2021 marque aussi une prise de conscience renforcée dans la prise en compte des
changements climatiques et de nos responsabilités de scientifiques et citoyeitagsnsdans la

conversion de nos pratiques vers un développement plus durable. Ainsi nhous vous proposons
guelques petits gestedasicule en numérique, pas debelets jetables pour le café et utdison de

vos Mugs (offerts par la société Olympus) et vos Gesi@Nikon), réutiliser des porigadges, ...

mais aussi contribuer financierement a une action de reboisement de la forét voisine des Maures
jdzA | SGS @GAOGAYS RWdzy GSNNRo6fS AyOSyRAS fQSisS
Avec MiFoBio 2021 nous marquons aussi un changement..ridéisoMiFoBio aura lieu les années

impaires tous les deux ans. En 2023 nous féterons®®$ORA G A2y RS f QSO2f S b2d
occasion pour inviter les jeunes permanents ou non a prendre des responsabilités dans

Bon MiFobio 2021 a toutes et a tous !

M Fo

GdrR Imalio

TeaseMiFoBio:.www.youtube.com/watch?reload=9&v=Bnpx5JGUIyA
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AVEC MIFOBIOREBOMBD 9 { a! ! w9 { Xd

Avect QOhFFAOS bl GA2ytf RS& CsNBi “r~_ AGIR
:f@,mun‘m

l 3Aaa2ya SyaSvyof Sxo Al

[ QSGS RSNYASNI S FaaA¥ RS& al dz2NBa 6xFNDL | SiS

LY dza RS T1tnnn KSOGIFNBA LI NIAa Sy TFdzysSS inéedad2 dzNA

G§2NJdz§ RUI SNXIyysS dzyS S&aLI80OS LINRGES3ISS:E yQlF LI a

l dz22 dZNRQKdzA = f Sa &adzNFIlF O0Sa oNHf SSa 2yid flFAaas R
durablement la biodiversité. Parmi les écosystémes touchés, on peut citenksegide pin parasol,

RSa LISdzLX SySyita RS OKsyS fA83S SiG RS OKNGlFA3y
abritant une faune remarquable, telle que le Iézard ocellé, les rapaces, ou bien encore la tortue
RQI SNX¥YIFYyyYyX 'y oAt yicenifaududs a fai® reHaitr€ de@G& cendres HedzineH S
forestier emblématique !

Un massif a réhabiliter suite a l'incendie

[ S4 LINBYASNBA AYyiUSNBSyilAzy a tQFdzi2YYS HAH
des arbres dangereux dn)S N& LJK S N& S Sa A RS O2YYdzy A O (A
INNOS t fQA)/aqutIu)\zy RS FraoOAySa @s3asaltsSa N
RQFIANI I @Iy RS LI2&a&aA06f Sa LI dzh Sa lardedraklatichasl y SSy
milieux et handicaper la reprise végétale. Dans un second temps, des replantations localisées seront
envisagées.

>
52

U X«
Q¢ u»

®m<

Le fonds de dotation ONF 3 A NJ LJ2dzNJ £ F2Nk G Sdi €S F2yRa wo{t
de récolter des dons, quiermettront de financer les travaux de réhabilitation poshcendie sur
ce massif.

Avec MiBio Participons ensemble& la restauration du Massif delslaures!

Faire un don Indiqgue MiFOBIQlans votreadressepour le suivi de notre action.
https://www.helloasso.com/associations/ow#gir-pour-la-foret/formulaires/2
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Dw! b5{ 9 b VWABERIEESN BIDIOGIE

La compréhension des mécanismes moléculairesjaoents aux grandes fonctions du

vivant et leurs régulations est un enjeu majeur en biologie. Une premiére approche

consiste a réaliser des mesures des activités, forces et cinétiques au niveau moléculaire

RFya fSa OStftdzZ Sa OAQBFyiSa SG RS ljdzZ yiGAFASNI ¢
physique et de la chimie. Cette approche réductionniste prise isolément, ne suffit pas a
NEYRNBE O2YLIWGS RS fF O02YLX SEAGS Wwé&htiDe2 0 &8 SNIBI G A
approches plus intégratives et systémiques couplant des mesures, analyses et

Y2RStf A&l GA2ya £t RAFFSNBYy(IiSa SOKSttSa aLlF GALf ¢
a2yl |l dz22dz2NRQKdzA ySOSaal ANBaod

L'étude des grandes fonctions cellulaires au niveau d'organismes en conditions physiologiques ou

LI GK2f 23AljdzSazx |Ayair jdzS ftQlylrfteasS RSa Reyl Y
RQ2NBIyAalGA2Yy Rdz @ADL yGI &2 ydéveloprhendsNdalisésdrh LI2 &
microscopie notamment depuis le début des années 2000. Ce champ de recherche interdisciplinaire

est extrémement dynamique grace a des progrés conceptuels et technologiques successifs.
L'attribution du prix Nobel de chimie 20pbur la supesrésolution en microscopie photonique et

ses applications au vivant attribué a E. Betzig (qui a donné un séminaire & MiFoBio la veille de
l'attribution de ce prix), S. Hell et W. Moerner est un des signes forts de ce dynarmlisme
microscopie €8 SYGNBS RS fQ20aSNBI A2y o6az2y aSya Si
SEGNI 2NRAYI ANBE S@2fdziazy &aQl 002YLI 3yS Rdz RSLI
(interaction photon/matiere, dynamique moléculaire, mécanique cellulaire, physique des,tissus
problémes inverses, modélisation) et technologiques (sondes, ciblage, instrumentation, détection,
photo-i 2EAOAGSE FylféasS RQAYIF3ASavd /S -p@luidesidda SYSy i
maniére interdisciplinaire entre chimistes, physicien(n@&rmaticien(ne)s, mathématicien(ne)s

et biologistes, mais aussi le renforcement des travaux croisés entre expérimentateurs et théoriciens.

Au niveau national, le GDR "Imagerie pour la biolegjeaBio" regroupe cette large et dynamique
communauté interdsciplinaire et inteiorganismes (120 laboratoires, 1400 scientifiques).
[USELX 2A0GFGA2y RS fF NAOKSaasS RS 0O0S8Sa Yz2RIfAG
compréhension de l'organisation du vivant, et de lier les mesures faites a I'échelle muokauvkc

les autres échelles fonctionnelles du vivant. Cette progression nécessite un véritable travail en
équipe interdisciplinaire qui impose une complémentarité et une forte compréhension mutuelle, un
dialogue permanent entre les disciplines et donc base de connaissances partagées aux niveaux
théorique et pratique. On arrive ainsi a la notion de -techerche" : l'imagerie fait avancer le
guestionnement biologique et les biologistes stimulent de nouveaux axes de développement et de
recherche dans deBRA A OA L Ay Sa y2y o0A2f23AljdzSad /SGGS Re@
récurrente le transfert de nouveau savoir entre disciplines, mais aussi de former les jeunes
ASYSNI A2ya t dzyS o6l asS 02YYdzyS Ay i SNRdutedA LI Ayl
LINEY2dz@l yi € QAYGESAINI GAZ2Y RS y2dz0StftSa 0O2YLISGSY
verrous conceptuels et technologiques.

Maintenant au travaig
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informatics
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IMABIO YOUNG SCIESNTINETWORK (IYSN)

http://imabio -cnrs.fr/presentationiysn/

Current committee:
Hana Valenty Valério Laghj Samer Alhadd&gdClément Cabrigl Nathan Quibliet, Maciej Kerli,
Mohamad Jamal WaWi

ILaboratory for Nanobiology, Department of ChemistryLi€Uven, Belgium

2Institut Pasteur, Paris, France

3Institut Langevin, ESPCI, Paris, France

“Laboratoire d'InfoRmatique en Image et Systéemes d'information, UMR 5205 CNRS/INSA Lyon
S Institut Curie, Paris, France

8Université de Perpignan, Perpignan, France

In 2018, the GDR ImaBio created an associated network of young researchers (I'YSN for ImaBio Young
Scientists Network). [YSN aims to bring together PhD students andipcstrom the biémaging
community in France and connect them around key topics.goalt is to offer specific opportunities

to young researchers in terms of knowledgansfer, training, as well as interacting with the
industrial partners and other laboratories of ImaBio. The network welcomes all young researchers
whose interests fall whin the topics of GDR ImaBio (microscopy for biology from the n&mo
macroscale).

To increase the communication within the community, the IYSN organizes an interactive conference
every year.

We are recruiting new members to the team!

Contact us or Gue to see our poster and discuss with us at MiFoBio!

Contact:

hana.valenta@icloud.com
valerio.laghi@pasteur.fr
ignacio.izeddin@espci.(GDR ImaBio contact)
pierre.bon@cnrs.f(GDR ImaBio contact)
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¢ Lh

Responsables
Scientifiques

Responsables
formations permanentes

Resporsables
administratives

Laurent Héliot
PhLAM UMR 852@NRS
laurent.heliot@univillel.fr
Sandrine Lévéquéort
ISMGOrsayCNRS
sandrine.levequdort@universite
parissaclay.fr.

Serge Monneret
Institut FresnelUMR7249CNRS
serge.monneret@fresnel.fr
Tristan Piolot
Collége de Frane€NRS

Pierre Silveira
FormationPermanente

CNRS Haute de France DR 1
pierre.silveira@drl18.cnrs.fr

DorothéeTerryn
Formation Inserm
DR NoreOuest, Lille

dorothee.terryn@inserm.fr

Annabelle Vandermoere
Joellie OmaraBesson
CNRS Haut de France DR18
Annabelle.andermoere@dri18.cnrs.fr

Joellie.OmaraBesson@drl8.cnrs.fr

Fatima Hammadi

CllL Lille

Fatima Hammadi@cnrs.fr

tristan.piolot@collegede-france.fr

/2YAGS ROQhNNBFYA&FIGAZ2Y

H/THM

Modules et séminaires
Gabriel Bidaux
Pierre Bon
DominiqueBourgeois
Sophie Brasselet
Antoine Coulon
Lydia Danglot
Marie Erard
Cyril Favard
Ignacio Izeddin
Olivier Haeberlé

Laurent Héliot
Andry Klymchenko
Laetitia Kurzawa
Christophe Leterrier

Sandrine LévéquEort*
Perrine Paul Gilloteau
Cédric Matthews
Gaelle Reher
David Rousseau
Marie-Emilie Terret
JeanBaptiste Sibarita
Thomas Walter

Prémodules
Gabriel Bidaux
Dominiaue Bourgeois
Olivier Haeberlé
Delphine Muriaux
David Rousseau
Bertrand Simon

Parcours thématique

Gabriel Bidaux
Lydia Danglot
ariasS Sy d;
technologique
Simone Bovio

Aurélien Dauphin
Julien Dumont
Romain Le Bars
Tristan Piolot
Astou Tangra

FabLab
Brice Detailleur
Jérbme Mutterer
Christian Rouviere
Thierry Legou
Brice Roncin

OpticLab
Sophie Brustlein
Pierre Bon
Amaury Badon
Perrine Frere
Laurent Gelman
Damien Schapman

Posters
Clement GabridlYSN
Samer Alhaddad IYSN

Ignacio Izeddin
Nathan Quiblier IYSN

Partenariatsindustriels
et Sponsors
Frédéric Brau

Didier Decimo
Viginie Georget
Olivier Renaud

Informatique
Pierre Leclerc

Salle de Culture
cellulaire
Sophie Abélanet
Elodie Charte
David Cluet
Didier Décimo
Marilyne Duffraisse
Marion Ferren
Alessandro Furlan
Yves Gouriou
Corinne Lebreton
Cyrille Mathieu
XuanNhi Nguyen
Rodolphe Pelissier
Raoul Torero
Gaelle Recheér

Captation vidéo
Julien Cau
Romain Le Bars
Sébastien Mailfert
Audrey Salles

Gestion intervenants
Frédéric Bolze
Laurent Héliot

Elisabeth Werkmeister

Gestion participants
Sophie Salom®esnoulez
Claire Guéné
Serge Monneret
Elisabeth Werkmeister

Fascicule Mifobio
Frédéric Bolze
Sandrine LévéquEort
Laurent Héliot

Coordination des
enseignements
Sandrine LévéquEort

Gestion des inscrits
Claire Dufossé
Serge Monneret
Sophie Salom®esnoulez
ElisabethWerkmeister

Budget et Gestion
Laurent Héliot
Joellie OmardBesson
Annabelle Vandermoere
Fatima Hammadi
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Tables rondes
Ludivine HoueRenault
Perrine PaulGilloteaux

Coordination Ateliers

Fabrice Cordelierés
Sandrine &cart*
Christine Terryn
Romain Le Bars

Partenaires académiques
Laurent Héliot*
Audrey Salles

Valerio Laghi IYSN
Bertrand Simon
Hanna Valenta IYSN

Bar a Image
Arnold Fertin
Sébastien Marais
Daniel Sage
Yves Usson
Bertrand Simon

Navettes / taxis
Julien Savatier

Zone viecafé-loisir
Anne Cantereau
SimonLachambre
Lhorane Lobjois

Site Web
Fabrice Cordelierés
Julien Dumont

Affiche / couverture
Guillaume Baffou

Groupe développement
durable
Anne Cantereau
Alessandro Furlan
Gaelle Recher

Accueil public et scolaire
Frédéric Bolze
Marie Noélle Soler

IYNSImaBio Young
Scientists Network
* Membres du comité de
pilotage

MIFOBIO

2018
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PLANNING DES COURS

[ ]
Lectures 6

Vendredi 5 novembre

9h00-12h00Pré-modules
Les salles seront communiquées sur place.

15h-18h Module Fondamentaux et concepts
Salle Méditerranée

15h00-15h30

Basics of photochemistry for fluorescent microscoppminique Bourgeois
15h30-16h00

Concepts fondamentaux sodacents aux techniques de microscopie de
fluorescence avancée&uillaume Dupuis

16h00-16h30

La biologie par les nombreGabrielBidaux

16h30-17h00

Notions de base en apprentissage machiDavid Rousseau

Pause libre (17h0Q8h)
18h-20h SEMINAIRES
Salle Méditerranédretransmission live en Salle Porquerolles)
18h00-18h50
S1.Cytoplasmic forces functionally reorganize nucleamdensates in oocytes
Marie-Hélene Verlhac

18h50:19h40
S2.How do dyes get into cells?
Luke D. Lavis

20h00-21h00
Diner

21h300h00Posters & Beer sessions o
(organized byimabio Young Scientist Netwojk
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Samedi thovembre Matin

Salle Méditerranée Salle Porquerolles
Module 3: Intelligence atrtificielle Module 1: Sondes fluorescentes

L2 dzNJ £ QAYFISNAS o0A2f 23Al dzS
8h30-:9h15M1-1.

8h309h15 M31. Fluorescentprotein based biosensors to
Microscopy Image Analysis: The Shift to monit-or. biochemical activities and protein
Deep Learning? protein interactions by FREFLIM

Daniel Sage Marie Erard

9t C[ T [Fo2N} G2ANB RQAYPHWERNR Saigaclayy ERRSH Ingtitgtpde
Chimie Physique.

9h20-10h05 M32.

Multiscale and multimodal registration: an 9h2010_h05 MLZ-_ ) )
overview of methods Systemic  imaging with light sheet
Perrine PaulGilloteaux fluorescence microscopy

Institut du thorax, SFR Santé Frangois <@spar Podgorsky
Bonamy, Université de Nantes, CNRS, HHMIJanelia Research Campus.
INSERM, Nantes, France.

10h10-10h40Coffe Break gonsored by TreeFrog Tree F re’

Iheropthlcs

Salle Méditerranégretransmission live en Salle Porquerolles)

Module3Y Ly GStfA3ISYOS FINIAFAOASEES LI dz

10h4011h25M3-3

SeltSupervised Deep Learning for Fluorescence Imaging and nD Image Viewing with Napari
Loic Alain Royer

Chan Zuckerberg BiohuBan Francisco, USA.

11h3012h15 M34.

Microscopy image analysis with machine learning
Martin Weigert

EPFL, Lausanne, Switzerland.
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Samedi 6 novembre Apreshidi

Salle Méditerranée

Module 2 Le défi de Ia
guantification en nanoscopie

16h1016h55 M21.

Structured illumination microscopy (SIM) for
high-speed supeiresolution fluorescence
imaging of living cells

Alexandra Fragola

Laboratoire Physique et Etude de Matériaux
UMR 8213, ESPCI P#SL, CNRS, Sorbonne
Universite

17h17h45M2-2.

3D single molecule localization microscopy
Sandrine LévéquEort
LyadAaddzi RSa
CNRS, Université Paris Saclay, 91405 Orsay.

18h0018h15 pause

{ OASyO0Sa

Salle Porquerolles
Module 3 : Intelligence atrtificielle
LJ2 dzNJ £ QA Y ISNA S

16h1016h55 M35.

Deep Learning with Medical Images:
learning with small datasets and few
annotations

Diana Mateus

Centrale Nantes/LS2N.

17h0017h45 M36.

Extracting the invisible from
microscopy

Assaf Zaritsky

Department of Software and Information

live cell

Syaténts EOgitzéekink, NE&ririon RIQivelsty | & T

of the Negev, Israel.

Salle Méditerranégretransmission live en Salle Porquerolles)
Module 2: Le défi de la quantification en nanoscopie

18h1519h00M2-3.

Superresolution microscopy for structural cell biology

Jonas Ries

Cell Biology and Biophysics unit, European Molecular Biology Laboratory (EMBL).

19h0519h50 M24.

Quantification of filament structures in superresolution and expansion microscopy

E.A. Katrukha

Cell Biology, Department of Biology, Faculty of Science, Utrecht University, Netherlands.
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Dimanche 7 novembre Matin

Salle Méditerranée
Module 1 : Sondes fluorescentes

8h30-9h15 M13.

Fluorescent dyes and nanoparticles as
bright probes for advanced bioimaging.
Andrey Klymchenko
Laboratory of
Pathologies.

Bioimaging and

9h20-10h05 MH4.

Labeling strategies to visualize the inner
life of microbes by singlenolecule
localization microscopy ¢ a practical
guide

Ulrike Endesfelder

Institut fur Mikrobiologie und Biotechnologie,
Universitat Bonn.

10h1010h40Coffe Breaksponsored byTelight

Salle Méditerranégretransmission live en Salle Porquerolles)

Module 1 : Sondes fluorescentes

10h4011h25M1-5.

Salle Porquerolles
Module 2 : Nanoscopies

8h309h15 M25.

From images to information: enhancing
resolution and improving accuracy in SMLM
VISIO
Susan Cox
YAy3Qa

/
P

’ “‘@Q
< &
e e

N

02t f S3SE

9h20-10h05 M26.
Computational

PSF
engineering- or ¢ how and why to ruin a
perfectly good microscope

Yoav Shechtman
Department of
Techniory, Israel Institute of Technology.

microscopy by

Biomedical Engineering,

o
telight

Switchable Organic Dyes: the Photophysics of STORM

Mark Bates

Department of NanoBiophotonics, Max Planck Institute for Biophysical Chemistry.

11h2512h10

Force transmission at cell adhesions and the nucleus

Nicolas Borghi,

Institut Jacques Monod, CNRS, Université de Paris, Paris, France

19h1020h05S.3VISIO

Building the next generation of genetically encoded probes and actuators

Nathan C. Shaner

Department of Neurosciences, University of California San Diego School of Medicine.

18h15

3D supefresolution imaging of living systems using Multifocus Microscopy and Structured

lllumination Microscopy
Sara Abrahamson,

University of Califoia Santa Cruz, , USA; National Microscopy Infrastructure, KTH, Stockholm,

Sweden
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Lundi 8 novembre Matin
Salle Méditerranée

Module 5: Ondes sur le vivant
(avec GDR Ondes)

8h30-:9h15 M51.

Measuring and shaping the phase of
light: key applications in biology

Pascal Berto

Institut de la vision, Sorbonne Université,
INSERM, CNRS.

9h20-10h05 M52,

X-ray coherent diffraction imaging: 3D
exploration of biologically relevant hard and
soft tissues

Virginie Chamard

AixMarseille Université, CNRS, Centrale
Marseille, Institut FresneMarseille

10h1010h40Coffe breaksporsored by

Salle Porquerolles

Module 6: Dynamique et
interactions  moléculaires en
cellules vivantes

expérimentation et modélisation

8h30:9h15 M61.
Revealing spatial and kinetic details of life
processes by analyzing live cell single
molecule tracking data
J. Christof M. Gebhardt
Institute of Biophysics,

Ulm  University,
Germany. /

9h20-10h05 M66. VISIO
E. colichromosome dynamics and tne cell
cyck

Marco Cosentino Lagomarsino

Department of Physics, University of Milan,
Italy

Salle Méditerranée(retransmission live en Salle Porquerolles)

Module 5 : Ondes sur le vivant (avé&DR Ondes)

10h4011h25M5-3.

Imaging the brain at high spatiotemporal resolution with wavefront shaping

Na Ji

Department of Physics, Department of Molecular & Cell Biology, University of California, Berkeley.

11h2512h10M5-4.
Volumetric imaging at higlspeeds
Jérome Mertz

Biomedical Engineering Department, Boston MA.

18h15Seminar S

Superresolution microscopy: Challenges and Potentials in biomedical research

Christian Eggeling,

LYyadAadadziS F2NJ

I LILJ A SR

hLliaAda yR . A2LKearolda:z

Photonic Technology e.V., Jena, Germany; MRC Human Immunology Unit, Weatherall Institute of
Molecular Medicine, University of Oxford, Oxford, United #Gny
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Mardi 9 novembre Apresnidi
Salle Méditerranée

Module 6: Dynamique et
interactions  moléculaires en
cellules vivantes

expérimentation et modélisation

14h0014h45 M63.

Imaging DNA repair at the single rfexule
level

Judith MinéHattab

Inst Curie, PSL UniversiyMR3664, France.

14h5015h35 M64.

Investigating reactiondiffusion dynamics of
proteins in the nucleus of living cells using
fluorescencebased methods

Sébastien Huet

Institut de Génétiqgue eDéveloppement de
Rennes, France.

15h4016h10 pause

Salle Porquerolles

Module 5: Mécanobiologie
cellulaire et tissulaire
expérimentation et modélisation

14h0014h45M5-5.

Gouy and Brown to the rescue: Labkte
virus  detection and virusantibody
interaction monitoring by commonpath
interferometry

Ignacio Izeddi

Institut Langevin, ESPCI Paris, PSL University,
CNRS.

14h5015h35 M56.
t2fFNAT SR
organization in cells
Sophie Brasselet
Aix Marseille Université, CNRS, Centrale
Marseille, Institut Fresnel.

YAONR&O2 L

Salle Méditerranégretransmission live en Salle Porquerolles)
Module 6: Dynamique et interactions moléculaires en cellules vivantes :

expérimentation et modélisation

16h1016h55 M65.

Understanding the molecular assembly of the cell contractile machinery

Francois Robin

CNRS UMR7622 and Inserm ERL 1156, Institut de Biologi8étaei{IBPS), Paris, France.

16h5517h40 M66.

Lighting up the central dogma in living emyos to uncover how genomic sequence encodes cell

fate decisions
Jacques Bothma

Hubrecht Institute for Developmental Biology and Stem Cell Research, Utrecht, The Netherlands

18h15Seminar S6

Metal- and Graphendnduced Energy Transfer Imaging
JorgEnderlein)nstitute of Physicg Biophysics, Géttingen, Germany

19h15Sminar 7
Towards quantitative correlative microscopy

Lucy Collinsorkrancis Crick Institute, 1 Midland Road, London NW1 1AT, UK
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Mercredi 10 novembre Matin

Salle Méditerranée
Module 4:
multicellulaire
tissus, embryons

Imagerie
organoides,

8h309h15 M41.VISIO -
Sometimes, there IS a free lunch: How to
get twice the resolution from your
microscope, without (serious) drawbacks
Andrew York

Calico Life Sciences LLC, South San Francisco,

CA, USA.

9h20-10h05 M42.

3D printing and bioprinting for the
development of microenvironment and
tissue modelsvISIO 4
Laurent Malaquin :

ELIA team, LAASCNRS UPR 8001, 'lsu.woe
France.

10h1010h40coffe break sponsored by:

Salle Prquerolles

Module 7: Signalisation cellulaire,
mécanobiologie,
mécanotransduction

8h30-:9h15M7-1.
Spatial regulation of exocytosis
Stéphanie Miserey.enkei

Institut Curie, PSL Research University,
Sorbonne Université, CNRS, UMR 144,
Molecular Mechanisms of Intracellular

Transport laboratory.

9h20-10h05M7-2.

Clathrin plaques from mechano

transducting platforms.

Stéphane Vassilopoulos

INSERM UMRS 974, Sorbonne Universités,
UPMC Univ Paris 06, Institute bfyology,
Paris, France.

Salle Méditerranégretransmission live en Salle Porquerolles)

Module 4

10h4011h25M4-3.

Organ on chip, a new generation of in vitroodels.

Descroix Stéphanie,

: Imagerie multicellulaire : organoides, tissus, embryons

Institut Curie UMR 168nstitut Pierre Gille de Gennes.

11h25Siminar S8
Synaptic vesicle pools under the nanoscope

Frédéric A. Meunier,Clem Jones Centre for Ageing Dementia Research (CJCADR), Queensland Brain

Institute @QBI), University of Queensland, St Lucia Campus, Brisbane, QLD, 4072, Australia.

18h1519h10 M44.VISIO
SCAPE microscopy for higpeed 3D imaging.
Elizabeth M. C. Hillman,

Mortimer B. Zuckerman Mind Brain Behavior Institute, Profess@iahedical Engineering and
Radiology, Columbia University, Jerome L. Greene Science Center

19h15Seminar S9

The Mechanobiology of Cell Growth and Shape control
Nicolas Minc, Institut Jacques Monod, CNRS UMR 7592, Universjiérie
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Jeudi 11 novembre Matin
Salle Méditerranée

Module 7: Signalisation cellulaire,
mécanobiologie,
mécanotransduction

8h30-9h15 M7-3.
Impact of physical forces of the gut on
pathogen infection using organ on ship

(O0C).
NathalieSauvonnet,
Intracellular  trafficking and tissue

homeostasis, department Cell Biology and
Infection, Institut Pasteur.

9h20-10h05 M66.

Mechanisms and mechanics
composite morphogenesis.
Matteo Rauzi,

' YAOSNBRAUS
Nice France.

driving

/08

10h1010h40 coffe breakmonsored by:

RQ! 1 dzNBancesdo Wdmpalori, y 8 SNY = A .

Salle Porquerolles
Module 4.
multicellulaire
tissus, embryons

Imagerie
organoides,

8h309h15 M45.

Quantifying transport and efficacy of
therapeutics in spheroids.

Charlotte Riviere,

Université Claude Bernard Lyon 1, CNRS,
Institut Lumiére Matiére Institut
Convergence Plascan, CRCLInstitut
Universitaire de France (IUF).

9h20-10h05 M46. VISIO &=
3D-printed minimally assembled
interchangeable LSFM chamber for serial
imaging of organoids and spheroids.

2
Buchmann Institute for Molecular Life
Sciences (BMLS) Germany; Institute for
Research in Biomedicine, IRB Barcelona

TreeFre

therapeutics

Salle Méditerranégretransmission live en Salleorquerolles)

Module 7: Signalisation cellulaire, mécanobiologie, mécanotransduction

10h4011h25M7-5.

Correlated supeiresolution light and electron microscopy reveals a novel aetinven mechanism

of nuclear envelope rupture in starfish oocytes.

Peter Lenart,

Cell Biology and Biophysics Unit, European Molecular Biology Laboratory (EMBL), Max Planck
Institute for Biophysical Chemistry, 37077 Gottingen, Germany.

11h2512h10M7-6.

Dissecting the link between signaling and cell mechanics using optetgics and AFM.
Guillaume Charras,

University College London, UK.

18h15Seminar 10

Médiation technique et conception : une création orientée ?

Claude Paraponaris,

DR CNRS, Professeur des universités Aix Marseille, Anthropologue et philosophe de la technique,
organologie de la création industrielle
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Blology Published by the French Societies
of Cell Biology and of Microscopies,
Biology of the Cellpublishes
original research articles and
reviews on all aspects of cellular,
molecular and structural biology;
developmental biology; cell
physiology and evolution.

of the

Edited By: René-Marc Mege

Submit your next paper at www.biolcell.net
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[ ]
Lectures 6
8h30-12h00 Prémodules

Lessalles seront communiquées sur place

Bases en Biologie Cellulaire
Delphine Muriaux

[ Q2NBFyAaYS 1jdzQAf az2Ad @s3asiart 2dz FyAYrE Sai
fonctions différentes dont la différenciation apparait au cours du développg suite a la
FSO2yRIGA2Yy® 51ya OS O2dz2NEX y2dza | ff2ya LI2NLST
cellule, en définissant de maniére générale ses aspects moléculaires. Nous décrirons les différences
entre cellules eucaryotes et procaryotdsurs compartiments intracellulaires (Noyau, Reticulum,

D2f 3AY aAli20K2yRNASAY 9yR2a2YSa Xu Si fSa y2i0A4;:
en nombres et en couleur. Puis, pour finir nous aborderons les notions de transfection, transduction,

St AyFSOilAzys O2YYS 2dziAfad | FAY RQSELINAYSNI S
visualiser par microscopies.

Gabriel Bidaux

L'organisation des organismes vivants est contrainte par les lois de la chimie et de la physique et son
étude requert des outils dont les gammes dynamiques et les limites doivent étre ajustées aux
bonnes dimensions. Ce cours introduit les notions d'espace et de temps des processus de |'échelle
moléculaire a I'échelle de I'organisme.

Bases en analyse d'image

BertrandSimon & David Rousseau

/'S LINBY2RdzZ S NBLINBYRNI I y20iA2y RQdzyS AYI3S vy
les techniques de base de prétraitement et segmentation des images (seuillage, filtres, frontiéres,
binarisation & analyses morphologiqyes

Optique pour les nuls
Olivier Haeberlé

Ce pBmodule propose de reprendre des notions de base de la formation des images dans un
microscope optique et de les replacer dans le contelde difrentes technologies qui seront
abordSes plus en profonelur lors des modules.

(Optique géométrique élémentaire, la diffraction, la phase et la PSF, les techniques de
superrésolution et de microtomographie)

Bases de la fluorescence (public ciblbiologistes, mathématiciens, informaticiens)Dominique
Boumgeois
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Beaucoup de participants a I'écola@RdBio utilisent la microscopie de fluorescence. Cependant, les
propriétés des marqueurs fluorescents sont parfois méconnues. Ce prémodule propose de faire un
point sur les différents processus liés a la fluorescence et sur les propriétés des fluorophores
(spectes, conversions radiatiget nonradiative, fluorescence, phosphorescence, états singulets,
triplets, réactions avec l'environnement, bleaching, blinking, coefficient d'absorption molaire,
section croisée, rendement quantique, brillance, FRET, notidluxiele photon en microscopies de
fluorescence, durée de vie). Nous donnerons aussi une ouverture sur les processus non fluorescents
63ASYSNIiA2Yy RQKINN2YALdzS LI NI SESYLX S0 o
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MODULES FONDAMENTAUX

L'objectif de ce module est de mettre en place les concepts et connaissances fondamentales
nécessaires pour l'intégration du contenu des différents modules. En particulier I'objectif est de
replacer correctement les vocabulaires propres a chaque disciplim®maine. Ce module assurera

a chacun les bases interdisciplinaires nécessaires. Pour faciliter la compréhension des concepts entre
discipline ces cours fondamentaux seront en francais (avec traduction du vocabulaire spécifique
Anglais).

The objectie of this module is to put in place the fundamental concepts and knowledge necessary
for the integration of the content of the different modules. In particular, the objective is to correctly
place the vocabulary specific to each discipline or field. Tdikila will provide each student with

the necessary interdisciplinary foundation. To facilitate the understanding of concepts between
disciplines, these fundamental courses will be in French (with translation of specific English
vocabulary).

L ]
Lectures 6

Basics of phatchemistry for fluorescent microscopy

Dominique Bourgeois , Institut de Biologie structurale, Grenoble
dominique.bourgeois@ibs.fr

Fluorescence microscopy always starts with the choice of a suitableficent marker. Beyond live

cell compatibility, labeling specificity, preservation of target biological function, minimization of
cyto- and photactoxicity, suitable emission color and maximization of fluorescence brightness, the
performance of all fluorscence microscopy techniques, and notably advanced methods such as
super resolution or FREb&sed imaging strongly depends on the highly complex photochemical
properties of the chosen markers or sensors. In this lecture, after reviewing the essentialilargab

I will recapitulate the main photochemical and photophysical parameters to consider when selecting
fluorophores and | will introduce the different families of fluorescent markers, from fluorescent
proteins to organic dyes and nanopatrticles, listingir main advantages and drawbacks.

Concepts fondamentaux sotjacents aux techniques de microscopie de fluorescence avancées

DdzA £ € | dzYS 5dzlddzA 4> Ly adAddzi RSa {OASyOSa az2f sOdz
guillaume.dupuis@universitparissaclay.fr

[ QAYF 38NAS RS Ftd2NBaOSyOS Sal dzy 2dzirAf RS NBF
j dzQSt S 2FFNB aAYdz GFySYSyd 1 L2aairAoAfAdS RS
spatiale et la spécificité moléculaire de la fluorescence. Galar y iz &aSa OKIF YLA RQA
longtemps été restreints par une limite fondamentale de tout systéeme optique : la limite de
RAFTFNI OGA2yd 58LJdzia dzyS RATIFAYS RQFIyysSSaz RSa
I LILINE OK S & 2 Lliiévig deS &ansfidns rhof@dulsis ¢ges fluorophores ont réussi a
O2YLX 8GSYSyild RSLIaaSNIfl ftAYAGS RS RAFTFNIOGAZY
RSa aeaitsySa oA2ft23AldzSad [ QARSS RS OS epf Rdzf S
fondamentaux sougacents a ces techniques de microscopie de suipsolution, dans le but de

mieux appréhender les principes des méthodes et des instruments qui seront présentés et utilisés

au cours de cette école thématique. Cette présentation osale faite en Francais avec un support
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Sy l'y3attrAaad [ QAYGSNBSYlyld &aQSTXNGESNEQdIES I LI
concepts.

La biologie par les nombres

Gabriel Bidaux , Laboratoire Carmen, INSERM, Université Lyon 1

gabriel.bidaux@uniyon1.fr

« Je dis souvent que lorsque vous pouvez mesurer ce dont vous parlez et I'exprimer en chiffres, vous
en savez quelque chose(William Thomson, alias Lord Kelvin, 1883). De nos jourgi¢ggiiques
seraient majoritairement d'accord avec cette formule tant laiglogie quantitative " est utilisée

pour mesurer et comparer les réactions chimiques a toutes les échelles dans les organismes vivants.
Les nombres sont non seulement utiles ainidigistes pour mieux comprendre les mécanismes du
vivant mais aussi aux chimistes, physiciens et mathématiciens pour caractériser et modéliser ces
mécanismes, ainsi qu'aux ingénieurs pour calibrer leurs outils et ainsi améliorer la précision de la
mesure.Regardons donc ces nombres de I'échelle atomistique a celle du vivant.

Notions de base en apprentissage machine

5 AR w2dzaadSldz = [F02NXG2ANB [FNAaAX ! YABSNRAGS
david.rousseau@unigngers.fr

aLCh. Lh LINRLRAS dzy LI NO2dzZNE L! O2dz0Ndoyles f Sa |
débutants et les initiés ou encore des focus plus méthodologiques sur les outils les plus récents, et
enfin des tables rondes sur des sujets spécifiques qui appelgibat. Dans ce cours fondamental,

pour permettre a chacun de suivre tout ou partie de ce parcours IA, nous passerons en revue les
principales notions de base en apprentissage machine. Nous montrerons comment les méthodes de
vision artificielle les plus ewue (deep learning) peuvent étre comprises dans une continuité des
méthodes plus traditionnelles et nous discuterons enfin les raisons du succes de ces méthodes mais
aussi leurs limites
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MODULH : SONDES FLUORESCENTES Lectures é

Coordination : Marie Erard, Andrey Klymchenko et Dominique Bourgeois

Introduction

Any fluorescence microscopy techniquéuadamentally based on the use of adapted and
efficient fluorescent markers. Whether they are localization or functional markers, whether the
target is a protein, a nucleic acid, a carbohydrate or a lipid, whether the biological object of study is
fixed or living, a single cell or a multicellular organism, each project requires an elabprate
optimization of the labeling process, which can be based on the use of genetically encoded
fluorescent proteins, organic fluorophores, or nanoparticles. This module sinéghlight the
crucial importance of fluorescence labeling, present the diversity of sihthe-art fluorescent
probes, and make the audience aware of the complexity of the biochemical, biophysical and
photophysical mechanisms that must be consideveten deciding on a fluorescent marker and
labeling strategy.

Samedi 6 novembre 8h30

Fluorescentprotein based biosensors to monitor biochemical activities and protgirotein
interactions by FREFLIM

Marie Erard

Université PariSaclay, CNRS, Institle Chimie Physique, UMR CNRS 8000, 91405, Orsay, France.
marie.erard@universitparis-saclay.fr

Salle Porguerolles Cours paralléle

Forster resonance energy transfer (FRET) between splgcadapted fluorescent proteins
gave rise to a large variety of biosensing modalities to elucidate cellular events at the molecular level
with unprecedented spatial and temporal resolutiom FREDased biosensors, the two FPs
sandwich a sensing protemodule, whose conformation changes upon a biological stimulus such
as a postranslational modification consecutive to a signaling event or the variation of a metabolite
concentration. This conformational change modulates the FRET efficiency betweehdtRs t
indeed the optical readout of the biosensor. The combination of the right FPs with a detection by
Fluorescence Lifetime Imagéing (FLIM) allows the detection of one to multiple biological parameters
at the same time. It is also possible to fuse tve ~Ps to different proteins to probe their interaction
and the FRET efficiency being its readout. The combination of FRET detected by FLIM with other
imaging modalities such as Fluorescence Cross Correlation Spectroscopy (FCCS) allows a quantitative
analysis of the interaction. Furthermore, if structural data obtairieditroare available on the same
proteins of interest, FRET become a powerful tool to propose topological models valid in live cells.

The lecture will contain the following points:
0 The fundamentals- including the choice of the probeto design a FRET strategy for
biosensing compatible with a FLIM detection
0 Intramolecular FRET biosensors and FLIM, from design to multiplexing
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0 Intermolecular FRET probed by FLIM and quantitative analysipratein-protein
interactions

*k%

A third-generation glutamate indicator optimized for synapses

Abhi Aggarwal, Rui Liu?, Yang Chen?, The GENIE Project Team?!, Amelia Ralowicz*, Samuel J
Bergerson?, Filip Tomaska!, Tim Hanson!, Ronak Patel!, Paul Tilberg!, Boaz Mohar!, Loren
Looger?!, Jonathan Marvin?!, Michael Hoppa*, Arthur Konnerth3, David Kleinfeld?, Eric Schreiter?,
Kaspar Podgorskil-®

IHHMI Janelia Research Campus, Ashburn, VA, USA
2University of California, San Diego, CA, USA
STechnical University dflunich, Munich, Germany
4Dartmouth University, Hanover, NH, USA

podgorskik@janelia.hhmi.org
Salle Porguerolles Cours paralléle

The glutamate indicator iGIuSnFR enables égolution imaging of newtransmission
gAGK 3ISYSGAO FYyR Y2t S0dzf  NJ aLISOAFAOAGED® | LINA
application has been to monitor synaptic communication between neurons. However, we found that
existing iGIuSnFR variants poorly distinguish synéutio extrasynaptic glutamate transients due
to kinetic saturation. Using a muktissay screen, we generated novel variants with improved kinetic
properties and display vectors that improve surface trafficking and nanoscopic localization to
postsynapses. e resulting indicator, iGIuSNnFR3, exhibits rapid -saturating kinetics, higher
signalto-noise ratios in vitro anéh vivg and readily reports singieesicle release. Manipulations in
cultured neurons show that iGluSnFR3 quantitatively reports glutamate release at synapses and that
the relative contribution of extrasynaptic signals is strongly redudecthe visual cortexf mice,
we mapped the tuning of dendritic spines and demonstrated reliable detection of glutamate release
at individual boutons triggered by single electrophysiologiealigerved action potentials. In Layer
4 of barrel cortex, we used iGIuSnFR3 to char&e the distinct activity patterns of thalamic axons
and dendritic spines evoked by whisker stimulation, demonstrating the sensitivity and synaptic
specificity of iGIluSnFR3 vivo.

*kk

Dimanche 7 novembre 8h30

Fluorescent dyes and nanopatrticles Beght probes for advanced bioimaging.

Andrey Klymchenko

Nanochemistry and Bioimaging group, Laboratory of Bioimaging and Pathologies, CNRS UMR 7021,
University of Strasbourg, llikirebtrasbourg, France.

andrey.klymchenko@unistra.fr

Salle Méditerranée Cours paralléle.

Advanced fluorescence imaging relies on the performance of fluorescent ¢qmigbes,
which light up biomolecular processes and cellular structures. Of particular intereBtuarescent
molecular probes that change their color (solvatochromic dyes) or intensity (fluorogenic dyes) in
response to cellular targefsProbes based on solvatochromic dyes enable sugsolution imaging
of plasma membrane organizatiband polarity mapping of a cell and its organelles in response
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stress conditions.On the other hand, specially designed fluorogenic probes allow background free
imaging of target G protein coupled receptband intracellular RNA.

To go beyond the limit of brightness of organic dyes, luminescent nanoparticles are an
attractive alternative® In particular, it concerns dyaded fluorescent polymeric nanoparticlés.
Their size can be tuned from 7 till 100 hamd their brightness can be 186ld higher ompared to
semiconductor quantum dots of similar si¥&mall size of nanoparticles below 23 nm is found
essential for their free diffusion inside live céllBheir high brightness enable singlarticle tracking
in mice brain’® Moreover, using nanopaxles of different color, a technique for losigrm
barcoding of living cells (chemical analogue of Brainbow) is introduced, which allows tracking
multiple cell populationsn vitro and in viva'! Finally, based on these ultrabright nanoobjects as
light-harvesting nanoantenna®,FRE®ased color switching nanoprobes are designed for detection
and imaging target nucleic acids with singielecule sensitivii?and compatibility with RGB camera
of a smartphonée?

ERC consolidator grant BrightSens 648528ka@wledged for the financial support.

Klymchenko, A.SAcc. Chem. Re80, 366375 (2017).

Danylchuk, D.l., Moon, S., Xu, K. & Klymchenko, A.8ngew. Chem. Int. E&8, 1492014924 (2019).
Danylchuk, D.l., Jouard, P.H. & Klymchenko, A.5.Am.Chem. Socl43 912924 (2021).

Esteoulle, L. et alChemical Sciencél, 68246829 (2020).

Bouhedda, F. et aNature ChemBiol. 16, 69 (2020).

Wolfbeis, O.SChemical Society Reviewd, 47434768 (2015).

Reisch, A. & Klymchenko, A.SSmall12, 19681992 (2016).

Reisch, A. et alAdv. Funct. Mater28(2018).

Melnychuk, N. & Klymchenko, A.SJ. Am.Chem. Socl40, 1085610865 (2018).

10. Khalin, I. et alACS Nandl4, 97559770 (2020).

11. Andreiuk, B. et alSmall13, 1701582 (2017).

12. Trofymchuk, K. et alNature Photonic41, 657663 (2017).

13. Melnychuk, N., Egloff, S., Runser, A., Reisch, A. & Klymchenko, AABgew. Chem. Int. E&9, 68116818 (2020).
14. Severi, C., Melnychuk, N. & Klymchenko, A.Biosensors & Bioelectronick68 112515 (2020).

*kk
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Labeling strategies to visualize the inner life of microbes by singlelecule localization
microscopyc a practical guide

Ulrike Endesfelder

Institute for Micobiology & Biotechnology, Bonn University.

endesfelder@unbonn.de

Salle Méditerranée Cours parallele.

Microbes, as singteelled organisms, are important model systems for the study of cellular
mechanisms and functions. In recent years, immense progress has been made using advanced
fluorescence microscopy techniques to characterize and quantify the behaf/gingle bacterial
cells based on molecular interactions and assemblies in the complex environment of living cultures.
Importantly, singlemolecule imaging enableg vivo determination of the stoichiometry and
molecular architecture of subcellular stwres, providing detailed, quantitative, spatially and
temporally resolved molecular maps and deciphering dynamic heterogeneities and subpopulations
at the subcellular level.

However, there are still many open challenges. Choosing an experimental stifateg
particular microbial organism and biological question in mind is not routine work and one usually
encounters several (unexpected) obstadfed. Here | briefly review the past and current state of
the field and discuss examples of probe and latfgeapplications from our worke.g., establishing
SMLM imaging for archaéd? - all of which can serve as practical examples for designing your own
study.
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WVojnovic, I., Winkelmeier, J. and Endesfelder, U., Biochemical Society Transactions 2042/B8T20180399

[ Endesfelder, U., Essays in Biochemistry 2019, 10.1042/EBC20190002

B Turkowyd, B., Schreiber, S., Wortz, J., Segal, E.S., Mevarech, M., Duggin, I.G., Marchfelder, A. and Endesfelder, U., 2020.
Frontiers in microbiology, 10.3389/fnic2020.583010

Protein numbers & clustering Molecular organisation Single-molecule dynamics
E. coli RNA polymerase RNA polymerase

%

FtsZ

RNA polymerase
membrane
RNA polymerase clusters

56 78 55 g9
; 5 e 1 S
A i" )

01 192

DNA

Quantitative singlemolecule microscopy in microbiolog{i) Clustering of RNA polymeraseHn coli
(Endesfelder BIOspektrum 2016, 22(2)); (i) correlative roaltr imaging of DNA, membrane, RNA
polymerase and FtsZ iB. coli(Virantet a. Int J Mol Sci 2017, 18(7)); (iii) Dynamic maps of RNA
polymerase inE. coli YscQ (T3SS protein) ¥h enterocoliticaand ParC inv. parahaemolyticus
¢CNIF2SOG2NARSa INB OflFaaATASR Ayd2 7T @is)ddsiongSo I+ yR
proteins (RNAP (Viraet al. Int J Mol Sci 2017, 18(7)), YscQ and ParC unpublished).

*k*k

Switchable Organic Dyes: the Photophysics of STORM.

Mark Bates,

Department of NanoBiophotonics, Max Planck Institute for Biophysical Chemistiingén,
Germany.

mark.bates@mpibpc.mpg.de

Salle Méditerranéec Cours plénier

Superresolution fluorescence methods such as PALM, STORM, and MINFLUX-have re
defined the boundaries of possibility for biological imaging with optitaloscopes. Intrinsically, all
of these concepts rely on a highly nbnear property possessed by certain fluorescent molecules:
optically controlled OMDFF switching. In this lecture | will review the discovery and characterization
of synthetic fluoresent probes bearing this property, and how they are used to create images of
biological samples with spatial resolution reaching skmglaometer length scales. By
understanding the physical mechanisms underlying optical switching, we can consider wtich fac
limit the performance of these dyes in imaging applications, and how they could be improved. As
important as the fluorophore itself, we will further discuss how the choice of labeling method
influences the result. Finally, we examine state of theeaetmples of what is presently possible with
STORM microscopy and look to future directions for this class of imaging methods.

*kk
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Building the next generation of genetically encoded probes and actuators.
Nathan C. Shaner,

Department of Neurosciences, University of California San Diego School of Medicine, La Jolla, CA USA
ncshaner@health.ucsd.edu

Salle Méditerranée Cours plénieMISIO 19h15

Genetically encoded optical pioes are the cornerstone of modern biological imaging. For
nearly three decades, mutants of the green fluorescent protein (GFP) from the jeldigiorea
victoriahave been the most commonly used genetically encoded probes for imaging. The remaining
FPsregularly used in laboratories come from just a handful of species, despite the near ubiquity of
cta Ay Ylye OflFraasSa 2F YINAYS Ay@BSNISONIGSd ae
ocean for new FP genes with improved or novel optical and ggtotsical properties and
engineering the most promising clones to produce rngameration tools for fluorescence
microscopy in living cells. Bioluminescence, the production of biological light from the oxidation of a
luciferin substrate by a luciferase photoprotein enzyme, is emerging as a promising new tool for
imaging living systems. However, the ability to generate photons inside a living organism also lends
itself to the development of tools for many nemaging applications. Another major focus afro
research group is to engineer tools to probe and manipulate cells inside intact organisms by adapting
bioluminescence as both an imaging and chemogenetic platform. For example, linking
bioluminescent proteins to optogenetic actuators allows us to Hmvasively activate or silence
specified subpopulations of neurons in a behaving animal simply by injecting luciferin. Another
Y2RAFAOIGA2Yy (G2 GKAA | LIINRIFOK Ffft2ga GKS ISYSNI
when luciferin is present. Biminescence generates light selectively and forasively in deep
tissues, a property we are currently exploiting to engineer a chemogenetic p#pteirin
interaction probe (a signal integrator) based on FRET between bioluminescent donors and a highly
unusual fluorescent protein we discovered in a reef invertebrate. Here, | present the story of
genetically encoded optical probe engineering, from the ocean to the microscope, and discuss the
yS6Sal RS@OSt2LI¥Syidia Ay Yeé 3INBdzZIQa NBaASIF NOK Al

Dans la méme thématique

Tables rondes

TR1.03 -Emerging chemical tools, techniques, and methods for the realization of
competitive biological projects

Ateliers:

A023Realtime mitochondrial Ca2+ and ATP measurements in mammalian cells using
single excitation wavelength dual colour FLIM

A0343D FRET biosensor measurements using light sheet microscopy.

AO39L Y I EISNJ\AS 05 RS f I A I éf)dzg I [\IJ\ al a A 23/, LJI NJ fé
LI K2t 23AS Sukz2zdz t QSTFFAOFOAUS RQdzy UNIF AUSY
All7Fluorescent imaging and techniques to study lignocellulosic biomass at the nanoscale
A12 SYGNhH Y LyFtdzSyO0S RS I O2yOSyiN» GAZ2Y
couleur du cil primaire

A136Biosensing the cell: FRET by FLIM using AurkA kinagstiaatbiosensor
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MODULR : LE DEFI DE LA QUANTHKTION EN NANOSCBPI

Coordination : Sandrine Lévégiert, Christophe Leterrier, JeBatiste Sibarita

Introduction

In less than 20 years after their discovery, sugmolution microscopy (SRMgchniques have
reached the required maturity for biologists to produce images in routine, contributing to major

discoveries in cell biology, neuroscience and developmental biology. They are however still |imited
in speed, penetration depth, and in theiagability to provide reliable quantitative information at
the nanoscale. This module aims at presenting how the combination of optics and computgrized
methods allows pushing forward the limits of 3D quantitative sugsolution microscopy.

Samedi Ghovembre 16h10

Structured illumination microscopy (SIM) for higpeed supetresolution fluorescence imaging of
living cells.

Alexandra Fragola,

Laboratoire Physique et Etude de Matériaux UMR 8213, ESP@®ari€NRS, Sorbonne Université
(Paris).

alexandra.fragola@espci.fr

Salle Méditerranée Cours parallele

The observation of living cells at the molecular level is now possible thanks to the
development of superesolved microscopy techniques overethast twenty years. Structured
illumination microscopy is a technique of choice for high spatial and temporal resolution 3D
fluorescence imaging of living cells, as it allows a gain in spatial resolution of a factor of 2 (in its linear
version) from a snlh number of image acquisitions, compatible with the study of dynamic
phenomena. This course will detail the principles of structured illumination microscopy and its
implementation, from the point of view of the instrument but also of the image reconsimactas
well as the characterization of its performances and the preparation of samples. Applications to
dynamic cell imaging will be presented. Finally, we will see howlinear structured illumination
microscopy allows to obtain a gain higher than 2ldhus to observe living cells with a spatial
resolution of a few tens of nanometers.

*k%
3D single molecule localization microscopy.
Sandrine LévéquEort,
Ly adAaddz RS&d {OASyOSa az2fsOdzZtANBAE RQ hNal &
sandrinelevequefort@universiteparissaclay.fr
Salle Méditerrané& Cours paralléle
Single molecule localization microscopy (SMLM) is now a widely used tool for various biological
applications. Although SMLM initially allowed the localization of moleculeswitA[ precision of
a few nanometers, the inherent 3D organization of the samples triggers the development of
complementary strategies to retrieve the axial information with ultimate precision. There are
several challenges in achieving nésotropic accuacy but also in accessing deep imaging. This not
only has an impact on the detection strategy but may also require an alternative excitation
configuration.
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In this lecture we will review the different optical methods to retrieve the axial position ofesing
molecule with their optical implementations and performances[1]. Commonly used PSF engineering
I LILINE I OK S a 6LadAaYrGAayYzZ R2dzntS KSEAEZ X0 (KU
We will also see that by exploiting interferometry-32 or intrinsic fluorescence emission property
(supercritical angle fluorescence)[4], axial information can also be retrieved. In addition to all these
approaches which are based on a spatial analysis of the PSF which is sensible to defocus or
aberrations, we il discuss the introduction of a temporal parameter in the localization process. In
particular by replacing the uniform excitation by a shifting structured excitation over the entire field
of view, this induces a time modulated emission of the fluoropkosmhiose phase directly encodes

its position. This modulated excitation improves the lateral precision by a factor 2, but provides
unigue advantages when applied along the axial direction. This technique called ModLoc [5] thus
offers an axial precision b®v 7 nm, uniform over several micrometres, and images up to 40 pm in
depth can be retrieved.

[1] A von Diezmann, Y Shechtman, WE Moerner, Ftireensional localization of single molecules for super
resolution imaging and singfearticle tracking, Chemitaeviews 117 (11), 7244275

[2] G. Shtengelet al. , Interferometric fluorescent supeaesolution microscopy resolves 3D cellular
ultrastructure, PNAS March 3, 2009 106 (9) 33280

[3] P. Bonet al, Selfinterference 3D superesolution microscopy fodeep tissue investigations, Nature
Methods volume 15, pages 44854 (2018)

[4] N. Bourget al. Direct optical nanoscopy with axially localized detection, Nature Photonics, &%872015)

[5] Jouchekt al. Nanometric axial localization of single frescent molecules with modulated excitation. Nat.
Photonics 15, 29804 (2021).

*k*k

Superresolution microscopy for structural cell biology.

Jonas Ries,

Cell Biology and Biophysics unit, European Molecular Biology Laboratory (EMBL), Heidelberg,
Germany.

jonas.ries@embl.de

Salle Méditerranée Cours plénier

Superresolution microscopy, such as sirglelecule localization microscopy (SMLM), is
becoming a key technique for structural cell biology, ideatijnplementing electron microscopy.

I will discuss projects in my group in which we contributed to this aim to develop
technologies to image the structure and dynamics of molecular machines in cells. We a) pushed
the 3D resolution in mulicolor towards thenanometer scale, b) increased throughput and imaging
speed of the notoriously slow SMLM, c) developed reference standards for quality control and for
counting of protein copy numbers in complexes and d) developed software to extract specific and
guantitative information from SMLM data for biological interpretation. | will then show, how these
new technologies enabled us to gain mechanistic insights into the structural organization of a
complex protein machine, namely the machinery involved in clathmidiated endocytosis. We
developed a highthroughput superresolution microscope to reconstruct the nanoscale structural
organization of 23 endocytic proteins from over 100,000 endocytic sites in yeast. This allowed us
to visualize where individual proteins dizalized within the machinery throughout the endocytic
process and resulted in a model of how the force is produced to pull in the membrane and form a
vesicle. In mammalian cells, we could address a-ttagding question how the clathrin coat is

formedand the membranes are deformed during vesicle formation.
*kk
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Quantification of filament structures in superresolution and expansion microscopy.
E.A. Katrukha,
Cell Biology, Department of Biology, Faculty of Science, Utrecht University, Padualaan ®H3584
Utrecht, the Netherlands.
y.katrukha@uu.nl
Salle Méditerranée Cours plénier

A wide variety of microscopy images in cell biology contain dense networks of curvilinear
structures. Examples include images of oskeleton filaments (microtubules, intermediate
filaments), filopodia, neurites, as well as kymographs of timelapse videos of intracellular transport.
Precise quantitative measurement of parameters of these networks is an important step for
understanding he architecture and structure of cells and the underlying dynamic processes.
However, frequent intersections of lines represent the most challenging part in tracing these dense
networks. A typical approach for resolving intersections consists in an dplicd a sophisticated
linking algorithm, connecting free ends of line based on a set of rules and penalty functions. Here,
we apply Fourier transform decomposition based on curvelets for filtering of an original image and
extracting its directional compwnts. It removes intersection problem and substantially simplifies
the linking algorithm. We apply the developed approach for tracing microtubules in superresolution
and expansion microscopy images and for tracking movements of neuronal cargedellivevies.
Our results show that this approach outperforms current tracing methods and has a variety of
applications for microscopy image analysis.

*kk

Dimanche 7 novembre 8h30

From images to information: enhancing resolution and improving accuracghLM.
Susan Cox,

YAy3dQa O02ttS3S [2YR2y®

susan.cox@kcl.ac.uk

Salle Porguerolles Cours parallélg VISIO

SMLM microscopy can provide huge amounts of high resolution information about a
sample. Deducing whethéhat information is accurate, and making best use of the information, is
a major challenge. Here we discuss two major challenges. First, assessing the quality of information,
and in particular the potential presence of sharpening artifacts. We have des@ld AWKMAN, an
image assessment tool which allows the lengthscale of sharpening artifacts to be identified. Second,
it is possible to synthesise information from multiple images to improve the quality of reconstructed
structures. We will discuss the potital of deep learning to accelerate modete fitting.

*kk

Computational microscopy by PSF engineeriqgr ¢ how and why to ruin a perfectly good
microscope.

Yoav Shechtman,

Department of Biomedical Engineering, Techrgdsrael Institute offechnology.
yoavshe@gmail.com
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Salle Porquerolles Cours paralléle

In localization microscopy, the positions of individual nanoscale point emitters (e.g.
fluorescent molecules) are determined at high precisimnf their pointspread functions (PSFs).
This enables highly precise single/multiplarticle-tracking, as well as supeesolution microscopy,
namely single molecule localization microscopy (SMLM). To obtain 3D localization, we employ PSF
engineering; namely, we physically modify the standard PSF of the microscope, to encode the depth
position of the emitter. In this talk | will describe how this method enables unprecedented
capabilities in localization microscopy; specific applications include densteefitting for super
resolution microscopy?, multicolor imaging from grayscale datavolumetric multiparticle
tracking/imaging, dynamic surface profilifg and highthroughput inflow colocalization in live
cells5. We often combine the optical enéod method with neural nets (deejgarning) for
decoding, i.e. image reconstruction; however, our use of neural nets is not limited to image
processing we use nets to design the optimal optical acquisition system in agpskific manners.

1. NehmeE., Weiss, L. E., Michaeli, T. & Shechtman, Y .-SE&RM: supeesolution singlemolecule microscopy by deep
learning. Optica 5, 458 (2018).

2. Nehme, Eet al. DeepSTORM3D: dense 3D localization microscopy and PSF design by deep learning. Nat. R&tugds 1
740 (2020).

3. Hershko, E., Weiss, L. E., Michaeli, T. & Shechtman, Y. Multicolor localization microscopy esputgaaifitnction
engineering by deep learning. Opt. Express (2019). doi:10.1364/0e.27.006158

4. GordonSoffer, R.et al. Microscopic sanfree surface profiling over extended axial ranges by pspreadfunction
engineering. Sci. Adv. 6, eabc0332 (2020).

5. Weiss, L. et al. Threedimensional localization microscopy in live flowing célist. Nanotechnol. 15, 5@806 (2020).

Dans laméme thématique
Tables rondes

TR2.02 Bilan du module 2 Nanoscopie avec les intervenants
TR2.12SMLMaB Sf £t RS f QSA0GKSGAIldzS K

Ateliers :

A0023D STED microscopy for nanoscopic imaging of-kivescell interactions.

A003Multicolor and 3D STORM tously localization of proteins adressed to apical membrane of
polarized epithelial cells

AO06AFM on microbial surfaces : from imaging to sirggé force measurements

A013Comparing multicolor Singldolecule Localization Microscopy strategies: Applaratio the

neuronal cytoskeletonAO2Bxpansion microscopy imaging with a lattice lighéet microscope
A028Imagerie ultrastructurale 3D par ultramicrotomiesitu (technique SBEEM)

AO045Ultrastructure cellulaire par microscopie d'expansion

A046Commaent adapter son microscope TIRF pour faire du STORM!

AO56Microscopy on thin resin sections: multimodal and correlative approaches using scanning
electron microscopy.

AO57Introduction to single molecule localization supesolution microscopy (SMLM)

A062Contrdle qualité des données brutes de SMLM en temps réel

AO7ta A ONR 402 LA S RQSELI yarzy Y &GN}IGS3IASa SG |add
Odzf G dzZNBz RS fF fS@dzNBE {® OSNBGAaAALFLS S LJ2dzNJ f I
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A0743D High Resolution imaging by PSF engineering usingZLA

AQ76Alternative strategies to image multiple proteins in single molecule localization microscopy
A094Modulated excitation for enhanced localization : ModLoc

AO097Nuclear Pores Complexe : a toot metrology in Single Molecule Localization microscopy
All8Relative localization of dendritic spine proteins in mouse brain tissue using§T&ED
microscopy and deconvolution.

Al123Atomic Force Microscopy analysis of SARY2 viruslike particles and mducing cells:
nanoscale imaging to mechanical characterization

Al28Mechanical characterisation by AFM of murine oocytes to predict their fitness

A129AFM on microbial surfaces: basics of force spectroscopy measurements
A132Structured IllluminatiorMicroscopy : SIM on cells !

Al135Imaging multiprotein complexes in the cytosol by supsolution fluorescence.
Introduction to lattice and dual iterative SIM

A138Colocalisation de complexes macromoléculaires en stgmaiution PALM/STORM
A1339Confronting Lattice SIM imaging to various scattering samples of different thickness

Deep imaging and
whole animal microscopy

Benjamin Judkewitz, Bioimaging and Neurophotonics Lab \

Exzellenzcluster NeuroCure, Charité Berlin

£ 10}
benju@charite de - http://jlab berlin (E HARITE @ \N_gx_gqggnz
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MODULRB : INTELLIGENCE ARTHICE POUBMAGERIE BIOLOGIQUE

Coordination Thomas Walter, Perrine PaBilloteaux et David Rousseau

c_ D Groupement
de recherche

ISIS Information Signal

Introduction Image viSion

Artificial intelligence, and in particular deep learning, is becoming an important part of our anglysis
methods. Its applications cover the tasks of image restoration, segmentation and analysis of
extracted data. During this module we will try to have anreisv of the developments in this
direction, the efforts of the community to make these methods more accessible, but also the current
limitations and points of attention. We will also compare these methods with analytical methods, for
a reasoned and contlied use of artificial intelligence in our community. Numerous workshops will
also be proposed during an associated thematic course

Samedi 6 novembre 8h30

Microscopy Image Analysis: The Shift to Deep Learning?
Daniel Sage,

9t C[ [ I 02 NI (iRométiBaleR @usariheISWirzri&nd.
daniel.sage@epfl.ch

Salle Méditerranéeg Cours paralléle

The quantification of microscopy images requires automatic tools to extract relevant
information from complex dataro tackle this task, numerous image analysis algorithms have been
designed, commonly based on prior knowledge and on physical modeling. However, the recent
success of the deep learning (DL) in computer science have drastically changed the bioimage analysis
workflows to a datacentric paradigm. While this DL technology remains relatively inaccessible to
end-users, recent efforts has been proposed to facilitate the deployment of DL for some biocimage
applications through new opesource software packages.

Here we present a set of usdriendly tools that allows to test DL models and to gain
proficiency in DL technology: the centralized repository of bioimage model (Bioimage Model Zoo),
the readyto-use notebooks for the training, and the plugin deeplmageJ ¢hatrun a DL model in
ImageJ.

We provide also good practice tips to avoid the risk of misuses. We address some practical
issues such as the availability of massive amount of images, the understanding of generalizability
concept, or the selection of the eitrained models. The shift to deep learning also questions the
community about the trust, the reliability and the validity of such trained deep learning models.

*kk

Multiscale and multimodal registration: an overview of methods.

Perrine PaulGilloteaux,

Université de Nantes, CHU Nantes, Inserm, CNRS, SFR Santé, Inserm UMS 016, CNRS UMS3556
blryidSas CNIyOSs ! yAGSNBEAGS RS blyidiSas /bw{Z Lb
perrine.pau-gilloteaux@uniwantes.fr

Salle Méditerranée Cours paralléle
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Registration in image analysis and computer vision is the process of finding and applying
the transformation linking two images/volumes, by optimizing the matching between either
intensity, éther known matching structures. It has a large panel of application in microscopy (time
RNAFO O2YLISyaldAzys (2Y23aNILIKAO NBO2yaldNHzOGA2Y
on its usage in correlated multimodal imagig Two main appaches can be considered. First,
considering the full content of the images and trying to find a common representation intensity
space, by known filters or deep learning, to be able to use monomodal approaches and metrics, or
to define a metric that wouldake into account the possible discrepariyThe second approach is
considering elements of interest extracted from both modalities, for example anatomical landmarks
(points or shape of interest) or multimodal markers visible in both modalftieEhese approaches,
generally called featurbased registration, are of particular interest when the relation between
content is unknown or cannot be taken as an assumption (for example for the validation of a new
probe or a new imaging modality). Some approegimixed both featurdbased and full registration
by restraining the learning data set to registered featufesAdditional questions that will be tackle
in this talk are the way to estimate errors in registratinbut also how to exploit the inforntmn
brought by the fusion of two or more modalities at very different scales.

W A. Walteret al,, « Correlated Multimodal Imaging in Life Sciences: Expanding the Biomedical Horizon », Front. Phys., vol. 8,
p. 47, avr202Q doi: 10.3389/fphy.2020.00047.

PIX. Cao, J. Yang, L. Wang, Z. Xue, Q. Wang, et D. Shen, « Deep Learning Bawethlintdmage Registration Supervised

by Intramodality Similarity », in Machine Learning in Medical Imaging, vol. 11046, Y.-8huK, etM. Liu, Ed. Cham:
Springer International Publishing, 2018, p£8& doi: 10.1007/978-030-009199_7.

Bl P, PaulGilloteauxet al., « eGCLEM: flexible multidimensional registration software for correlative microscopies », Nat.
Methods, vol. 14, no 2,.4022.03, 31 2017, doi: 10.1038/nmeth.4170.

M R. Seiferet al., « DeepCLEM: automated registration for correlative light and electron microscopy using deep learning »,
F1000Research, vol. 9, p. 1275, oct. 2020, doi: 10.12688/f1000research.27158.1.

Bl G. Potier, F. Lavancier, S. Kunne, et P-B#loteaux, « A Registration Error Estimation Framework for Correlative Imaging
», in 2021 IEEE International Conference on Image Processing (ICIP), Anchorage, AK, USA, sept. 2035, ploil31
10.1109/1C1R2928.2021.9506474.

*kk

SelfSupervised Deep Learning for Fluorescence Imaging and nD Image Viewing with Napari.
Loic Alain Royer,

Chan Zuckerberg Biohub, 499 lllinois St, 4th Floor, CA 94158, San Francisco.

Twitter: https://twitter.com/loicaroyer

Website: https://royerlab.org

loic.royer@czbiohub.org

Salle Méditerranée Cours plénier

Deep learning has ushered a revolution in the way that we process and analyse images.
However, this novel techniguleas an Achillebeel: it typically requires grounttuth and yet this
ground truth is often difficult to obtain in the bioimage domain. In our team we have
developedtechniques to avoid the need for ground truth: Noise2Self for blind image denoising, SSI
for selfsupervised deconvolution, and Cytoself new approach to discover and classify the rich
landscape of protein subcelluldbcalisation. In addition, | will present Napari, an nD image viewer
in Python that that | carreated with Juan Nunez Iglasi and currently further developed by
Nick Sofroniew at CZI. Napari aims to become the platform of choice for image visualisation,
processingand analysis for Python with a standalone aplogin infrastructure and a large
inclusiveopen source community.
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Microscopy image analysis with machine learning.
Martin Weigert,

EPFL, Lausanne, Switzerland.
martin.weigert@epfl.ch

Salle Méditerranée&_Cours plénier

Modern microscopy modalities produce increaginlarge volumetric image datasets which
are difficult to interpret without the help of computational methods. In the last years machine
learning (deep learning) based methods have seen widespread use in image analysis applications for
microscopy and fathe automatic detection and segmentation of cells, nuclei, and organelles in light
and electron microscopy images. In my lecture | will give an overview of modern machine learning
approaches to these common problems such as image restoration and nudlségghentation.
Furthermore, | will give an introduction to different software frameworks that we develop to make
these methods available to the microscopy research community and which we demonstrate on
examples ranging from nuclei detection in fluoresoenmicroscopy, tissue classification in
histopathology to the comprehensive organelle reconstruction of whole cells in 3D electron

microscopy.
*k%k

Samedi 6 novembre 16h10

Deep Learning with Medical Images: learning with small datasets and few annotations.
Diana Mateus,

Centrale Nantes/LS2N.

mateusd@univnantes.fr

Salle Porguerolles Cours parallele

This talk will describe some of today's bottlenecks when designing deep learning
approaches for medical image analysis and review recent alternativegetcome them. The main
focus will be on image classification and segmentation problems confronted with small datasets and
few or noisy annotations. In the past years, our team has proposed different advances towards
addressing the above issues. The fastrnative incorporates prior domain knowledge, which helps
design a curriculum to guide the optimizati&®l, or allows simulating data for sedfipervised pre
training Bl. We also explore spatial and temporal dependencies in sequential@atar rely on
anatomical consistencies across image modalities through domain adaptdfionThese
methodological contributions will be illustrated in the context of biomedical applications. The talk
will close with remarks about current open challenges andadmg works.

[ A JiménezSanchez, D Mateus, S Kirchhoff, C Kirchhoff, P Biberthaler, Nassir Navab, Miguel A Gonzalez Ballester,
Gemma Piella. Medicdlased Deep Curriculum Learning for Improved Fracture Classification. Int. Conference on Medical
ImageComputing and Computékssisted Interventions (MICCAI ). Springer, Cham, 2021.

2 Amelia JiménezSanchez, Diana Mateus, Sonja Kirchhoff, Chlodwig Kirchhoff, Peter Biberthaler, Nassir Navab, Miguel A.
Gonzélez Ballester, Gemma Piella. Curriculum learnamghnotatiorefficient medical image analysis: scheduling data with
prior knowledge and uncertainty. arXiv:2007.16102 (under revision)

Bl Tardy M, Mateus D. Looking for abnormalities in mammograms withaedf weakly supervised reconstruction. IEEE
Trars Med Imaging. 2021 Jan 8

[ Duque, Vanessa Gonzalez, et al. "Sp#imporal consistency and negative label transfer for 3d freehand us segmentation.”
International Conference on Medical Image Computing and Compstested Intervention. Springer, Cha020.
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Bl Al Chanti, Dawood, et al. "IFSSlet: Interactive FewBhot Siamese Network for Faster Muscle Segmentation and
Propagation in Volumetric Ultrasound." IEEE Transactions on Medical Imaging (2021).

61 Chanti, Dawood Al, and Diana Mateus. "OLVA: @pal Latent Vector Alignment for Unsupervised Domain Adaptation
in Medical Image Segmentation.” International Conference on Medical Image Computing and Gésgisted Intervention
(MICCAI). Springer, Cham, 2021

*kk

Extracting the invisible from liveall microscopy.

Assaf Zaritsky,

Department of Software and Information Systems Engineering@eion University of the Negev,
Israel.

assafza@bgu.ac.il

Salle Porguerolles Cours paralléle

CellimaginghaSy 4t SNBER (KS aoA3a RIFEGEFEE SNI gAGK KA
sets encapsulating complex and dynamic patterns that are inaccessible by human visual observation
FYR GKIFIG FNB FoazfdziSte ySOSaal NB FandJuiction A y3 2
to the next leveH. Motivated by fundamental questions in cell biology my lab produces biological
insights along with specialized analytic tools that reveal hidden patterns in dynamic cell imaging
data. | will demonstrate these concepts wiieveral specific projects on interpretable Artificial
Intelligence in the context of cancer metastéiand multicellular information processiig.

M Driscoll, M.K. & Zaritsky, A. Data science in cell imaginCell Scil134(2021).

@ zaritsky, A., Jamieson, A.R., Welf, E.S., Nevarez, A,, Cillay, J., Eskiocak, U., Cantarel, B.L. & Danuser, G. Interpretable
deep learning uncovers cellular properties in ldies live cell images that are predictive of highly metastatic melan@eia.

Syst (2021).

Bl Riegman, M., Sagie, L., Galed, C., Levin, T., Steinberg, N., Dixon, S.J., Wiesner, U., Bradbury, M.S., Niethammer, P.,
Zaritsky, A. & Overholtzer, M. Ferroptosis occurs through an osmotic mechanism and propagates independently ofecell ruptu
Nature cell biology22, 10421048 (2020).

@ Zamir, A., Li, G., Chase, K., Moskovitch, R., Sun, B. & Zaritsky, A. Emergence of synchronized multicellular
mechanosensing from spatiotemporal integration of heterogeneouscetighformation transferBioRxiv(2020).

BI'Nahum, A., Koren, Y., Natan, S., Goren, S., Lesman, A. & Zaritsky, A. Quantifyingelelinechanical communication
through fibrous environmentBioRxiv(2020).

Dans la méme thématique
Tables rondes

TR3-01-w S (i 2 dzNJ dudRMIIFM QDebp@arning pour les microscopies
TR3-10/ 2 YYSy (i f Qelldnbtre kravdiP O G S
TR313/ £ § 1 dzZNB Rdz LI ND2dzNBE GKSYIlF GAldzS Y 5SSLI £ S Ny

Symposiunt

S0203- Organisation et dynamique moléculairg dzQl LILI2Z NIIS £ S RSSLI € S NYAY
Ateliers:

A005Deep learning avec les doigts dans le moteur (2/2)

A0123D quantitative analysis of colocalisation or spatial coupling in conventional and super
resolution microscopy.

A014Deconvolution 3D
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A015Deep learning sans se salir les doigts (1/2)

A016Deep bar a images

AO1IBh 6 GSYANI fI t{C RQdzy &da2aisyS RS YAONRaO2LAS
AO05CMultiplexed FRET biosensor imaging to quantify the dynamic coordination between cell
signaling and mechanics duringlective cell migration (part I1).

AO052Quantitative 3D Spatial Analysis of multicellular specimens (Organoids w/o clearing)
AO054Le machine learning au service la déconvolution

AO055Image Analysis Flash Tutorials

A058Probabilistic pipeline to extract lieble information from single molecule microscopy data.
A0539Coordinatebased quantification of multidimensional and multicolor singlelecule
localization microscopy data.

AO061Acquisitions intelligentes sous micromanager

AO077BIAFlows

A078BiolmagelT:Implement image processing workflows with tools from multiple software
A102Publishing FAHY with OMERO

All2Virtual reality for multidimensional data visualization and analysis

A113An example of feedback microscopy: Developing a High Content ScréldiSy Optogenetics
experiments.

All14Deep learning made easy for microscopy: an introduction to ZeroCostDL4Mic and DeeplmageJ
All6Bioimage Analysis: Practice Deep Learning Without Coding

A124QuPath: pyramid image analysis for everyone. Case study:-lBagpng cell counting and
quantification of histological slides.

Al125Specklebased computational microscopy : harnessing scattering for enhanced imaging of
tissues

A133A practical review of several 3fulture methods for the generation of hollow or &bl
organoids/spheroids with a unique cé&jipe, how environment matters

FT13D Reconstruction, visualisation and movie creation

FT2Cell count and cell spatial arrangement

FT3Cell volumetric and morphology

FT4Colocalisation

FT5Neuron tracing and SpindaSsification

FT6Tracking biology over time

FT7Object classification with Machine Learning

MA-3-01-Strengths and Limits of Deep Learning for Image Restoration in Microscopy
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MODULH : IMAGERIE MULTICELLIREA ORGANOIDESISSUEMBRYONS

Coordinationt Gaelle Recher et Lydia Danglot

Introduction

Whether natural (embryos of model species, tissue explant, live animal) or synthetic
(engineered cell assemblies as spheroids, eayachip or bioprinted tissues), imaging multicellular
cellassemblies is especially cumbersome. Approaches require to take into account light penetration
in depth, suitable staining or contrast generation methods as well as robust 3D optical sectioning
with low cytotoxicity.

The question of scale is as well atk&aA holistic approach has to be implemented, because
no matter the structure of interest being at the scale of the molecule, the cell or a cell population:
the entire tissue structure has to be considered as a whole. Conciliation of irreconcilabldatisiens
is a permanent challenge: spatial resolution, field of view, multimodalities, temporal resolution,
observation length and possibly highroughput. And this is also even more complex when |live
imaging has to be considered since matilor imaging andmulti-dimensional illumination is a
source of cytotoxic free radicals.

In this module, speakers will present how they tackle the question of imaging multicellular
samples. They will focus on the design of the samples themselves, with microfluidiosd dissae
fabrication, 3Dprinting and hydrogel customisation as well as on the development of lnew
microscopy concepts from the use of structured illumination and computational approaches|to the
implementation of ultrafast and low toxicity imaging.

Mercredi 10 novembre 8h30

Sometimes, there IS a free lunch: How to get twice the resolution from your microscope, without
(serious) drawbacks.

Andrew G. York,

Principal Investigator, Calico Labs

Calico Life Sciences LLC, South San Francisco, CA 94080, USA
http://andrewgyork.github.io/

andrew.g.york@gmail.com

Salle Méditerranée Cours parallel®/ISIO

Structured lllumination Microscopy (SIM) with strigegl or spotst® 4 gives a modest but
useful impovement in resolution: about 2x. Unlike other "superresolution” techniques, SIM doesn't
rely on unusual photophysics, so it works for a wide range of samples, and doesn't substantially
degrade speed, penetration depth, gentleness, or sigoaloise ratio. Originally, SIM was a
computational technique, fusing multiple raw camera exposures into a single resctigigvied
image. However, in ~2013, several grolp3 realized that this image fusion algorithm could also
be implemented by optics insteadf @omputers! This albptical processing allows "instant"
structured illumination microscopy in a single camera exposure (or even viewed by the human eye
through eyepieces), yielding the first superresolution technique with no drawbacks. Many modern
microxopes now include this idea, including the Yokogawa SoRa, the VisiTech iSIM, and the
Confocal.nl RCM.
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W https://doi.org/10.1046/j.13652818.2000.00710.x
@ https://doi.org/10.1117/12.336833

B8 Optik 80.2 (1988): 534.

4l https://doi.org/10.1103/PhysRevLett.104.198101
B! https://doi.org/10.1038/nmeth.2687

8] https://doi.org/10.1364/BOE.4.002644

[ https://doi.org/10.1186/219228532-5

*k%

3D printing and bioprinting for the development of microenvironment and tissue nedsl
Laurent Malaquin,

ELIiA team, LAASCNRS UPR 8001, Toulouse, France
laurent.malaquin@laas.fr

Salle Méditerranée Cours paralléle VISIO

A major challenge in the field of biology and medicine is the developmeattiicial
matrices and in vitro models allowing the growth of cells and tissues in controlled
microenvironments. The systems most currently used in research are far from the level of
heterogeneity of the natural microenvironments of cells, which are owghin heterogeneous
three-dimensional architectures. Novel strategies based orpinting technologies (also referred
to as additive manufacturing) appear as a new paradigm in this field. Current strategies are devoted
either to the fabrication of arficial scaffolds acting as a mechanical support for soft tissues or either
to the direct printing of cells seeded within an extracellular matrix. This latter approach is intriguing
as it can be used to mimic the topography of the natural cell microenviesrtogether with its
cellular heterogeneity (i.e. controlling the position of cells in the 3D structure). The targeted goal
consists in organizing directly differentiated cells and ultimately undifferentiated stem cells on a 3D
biodegradable scaffold thawill direct their fate: the scaffold should induce cell spreading and
differentiation while promoting the formation of a functional tissue. As a major advantage of such
bio printing approach, tissues can be directly fabricated using numerical data e@tdirectly from
real tissue samples through advanced imagery techniques (e.g. CT scans, histopathology or confocal
images of tissues, etc). After introducing the basic concepts of bioprinting, this presentation will give
an overview of the latest technodes and developments performed in the field of 3D printing and
bioprinting for the creation of tissue models. Strategies based on the creation ofrésghution
scaffolds, porous bioreactors will first be addressed through several examples of applinatien
field of cancer study and regenerative medicine. Then the presentation will be focused on the use
of bioprinting for the construction of tissue models with a special focus on the reconstruction of
heterogenous and seHvolving tissues using varisubuilding blocks including stem cells, cell

aggregates, spheroids and organoids.
*%k%

SCAPE microscopy for higpeed 3D imaging.
Elizabeth M. C. Hillman,

Herbert and Florence Irving Professor, Mortimer B. Zuckerman Mind Brain Behavior Institute,
Professr of Biomedical Engineering and Radiology, Columbia University, Jerome L. Greene Science
Center, New York, NY 10027.
elizabeth.hillman@columbia.edu

Salle Méditerranée Cours plenieNISIO

In growing numbers of model organisms, fluorescent indicators of cellular activity can enable
optical monitoring of large populations of neurons. However, capturing this activitwo, in 3D
and in reaitime has remained a significant challenge for conventiggmant-scanning microscopes.
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SCAPE microscopy is a higleed lightsheet imaging method that permits cellulivel 3D imaging

at over 100 volumes per secobd Combining low phototoxicity with a simple, single stationary
objective lens, SCAPE permiighispeed microscopy that is wedlited to the study of behaving
small model organisms such @s elegansvorms, zebrafish larvae and adult and larval Drosophila.
The method can also be applied to higeed, 3D functional imaging of the intact, livingleat

brain, achieving 400 micron penetration depth when using-photon excitation. By capturing real

time activity across large volumes of the brain during natural behaviors, without needing averaging
over multiple repeated trials or tasks, SCAPE miomspermits the application of modelling and
analysis techniques to understand netweskde neural representations of complex and
aLR2yGlryS2dza 0SKF@AZ2ZNERI YR O2dzZ R LRGSYdGAlFffe L
of internal state. This appach also enables highroughput structural imaging of fresh, fixed,
cleared of expanded tissues of unlimited lateral extent.

1. Bouchard, M.Bet al. Swept confocallyaligned planar excitation (SCAPE) microscopy for high speed volumetric
imaging of behaving organismsature photonic®, 113119 (2015).

2. Voleti, V. et al. Reattime volumetric microscopy of in vivo dynamics and lasgale samples witSCAPE 2.0.
Nature method46, 10541062 (2019).

*k*k

Organ on chip, a new generation of in vitro models
Stephanie Descroix

Institut Curie UMR 168nstitut Pierre Gille de Gennes
Stephanie.Descroix@curie.fr

Salle Méditerranée&_Cours plenier

The development of a new generationinfvittomodels is of interest in different fields such
as basic research in life science to decipher physiological and-patrsiological mechanisms or
industry to drastically improve drug screening process. Organ on chips aim at recapitulating on chip
the main features of an organ. Microfluidics thanks to its remarkable properties and versatility is
now considered as key technology for the developimefisuch miniaturized microphysiological
systems. In this presentation, we will demonstrate how microfluidics and microfabrication can be
used to develop new relevarih vitro models and how imaging is pivotal to characterize such
devices. We will in paidular focus on a gut on chip model that integrates both the epithelial and
stromal compartments.

*kk

Jeudi 11 novembre 8h30

Quantifying transport and efficacy of therapeutics in spheroids.

Charlotte Riviere,

University of Lyon, Université Claude Bernaydn 1, CNRS, Institut Lumiére Matier&9622,
Villeurbanne, France. Institut Convergence Plascan, CRCL, Lyon, France. Institut Universitaire de
France (IUF), France.

charlotte.riviere@unidMyonl.fr

Salle PorguerollesCours paralléle

Despite a growing number of innovative therapeutic strategies and a better understanding
of cancer cell biology, the vast majority of drug candidates fail in clinical trials. Thie faipartially
due to the fact that it remains difficult to model and predict the transport and accumulation of
therapeuticsin vivg within the tumour. To move beyond the classical 2D plastic dishes, different 3D
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in vitromodels have been developed to tiy better replicatein vivothe complexity of the tumour
microenvironment. Among them, multicellular tumour spheroids recapitulate many tumour
features. However, the classical approaches to produce spheroids suffer from low yield, slow
process, difficulés in spheroids manipulation and compatibility with higlagnification
fluorescence optical microscopy. On the other hand, spheooid¢hip setups developed so far
require a practical knowledge of microfluidics difficult to transfer to a cell biologyrdabry. We
have developed a simple yet highly flexible 3D model microsystem consisting of abasesk
microwells. Fully compatible with the mutivell plate format conventionally used in cell biology,
our simple process enables the formation of hundremfsreproducible spheroids in a single
pipetting. Immunostaining and fluorescence imaging including live -f@gblution optical
microscopy can be performead situ, with no manipulation of spheroids.

As a proof of principle of the relevance of suchravitro platform, | will first present results
where the kinetics of transport and localisation of nanopatrticles were investigated within colorectal
cancer spheroids Our approach is also fully compatible with primary cells from patients, and was
recently sed to screen patientlerived Gonadotroph Tumours (GoTs). | will then introduce a new
collaborative work where we have integrated our agarbsesed microsystems in a microfluidic
platform enabling the electroporation of a large number of spheroids in f&ral

Combined with optical and digital clearfp@ur approach opens up the possibility to resolve
tumour heterogeneity, at the single cell level, in a physiological context.

1. C. Riviere et al, Plaques de micropuits en hydrogel biocompatibl®atent FR3079524A1
https://patents.google.com/patent/FR3079524B1/e(2018)

2. Goodarziet al, Quantifying nanotherapeutic penetration using a hydreggsed microsystem as a new 3Din
vitroplatform. Labon-chip,21 (13) 24952510 (2021).

3. A. Ahmeckt al,, Clearing spheroids for 3D fluorescent microscopy: combining safe and soft chemicals with deep

convolutional neural networkbioRxiy (2021)
*k%k

3Dprinted minimally assembled interchangeable LSF¥Mamber for serial imaging of organoids

and spheroids.

Francesco Pampaloni,

1 Buchmann Institute for Molecular Life Sciences (BMLS), GUeikersitat Frankfurt am Main,
Frankfurt am Main, Germany

2nstitute for Research in Biomedicine, IRB Barcelona, Barcelona Institute of Science and Technology,
BIST, Barcelona, Spain
fpampalo@bio.unfrankfurt.de

Salle Porguerolles Cours parallel&/1SIO

Light sheet fluorescence microscopy (LSFM) is the technology of choice for imaging large
organs and threelimensional cell cultures. However, the geometry of conventional LSFMpset
does not allow operations that are common in microscopy, such as excttatice objective lens,
or quickly remove a substrate plate and serially replacing with other ones. Although Oblique Plane
Microscopy (OPM) solves many of these issues by integrating light sheet illumination in an inverted
microscope, it requires a veryewise alignment to not compromise the overall NA. Moreover, OPM
does not allow for a straightforward multiangle imaging, which is quite important for the analysis of
large specimensn toto. Thus, finding a way to easily change chamber or objective lems in
conventional LSFM seip for the serial imaging of multiple specimens is a highly desirable feature
for biologists. We present a new LSFM chamber that is easily detached from the séthout
removing neither the immersion water nor the specimen imsiflhe chamber with its specimen can
be placed back in the incubator and replaced in the microscope with another one. This allows serial
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imaging of different specimens during the same experiment. The construction of the chamber itself
exploits several in@ | G A @S | LILINBF OKS&aY TFdzffé o5 LINARYGSR | &
that no screws, NA Y33 2NJ 20 KSNJ LJ NI a NS dzaSR G2 laaSy
observation window. We demonstrate the application of the new chamber for the imgagf

organoids and spheroids.

Dans la méme thématique
Modules avancés /Tables rondes
TRA4-04-Which lightsheet microscope for gentle live imaging ?

TR411-L Y 3SNRAS Ydzf GAOSt tdzAf F ANB Y 2NHIy20RS&az (A
des tissus épais

ax
Q¢

Ateliers:

A0129 1 dzRS RS ft+ @l &a0dzZ N AalGA2y &l y3dzaiyS Si teavyl
microscopie a feuille de lumiére et quantification en trois dimensions

AD259 ELJ 2A G GA2Y O2Y0AYSS rMardageSWIR) porrdmadetile rBs@adry S O
@ a0dzf F ANB RQdzy YdzaOfS SyGASNI RS az2dz2NRa RIEya f
A032Immunomarquage et transparisation de tissus entiers, acquisition avec systémerhade

vs commercial

A035Studying organogenesis of the proreps of Xenopus tadpole early stages using light sheet

and confocal microscopy

A037Imaging transcription at a high temporal resolution in a living organism.

AO63aTransparisation, acquisition au microscope a feuillet de lumiére et post traitement de
sphé&oides

A063bTransparisation, acquisition au microscope a feuillet de lumiére et post traitement de
sphéroides

A065Getting the most out of 3D pheroids by combining microfabricated wells, clarification
techniques, standard confocal imaging and deep lg&yimage processing

AQ72Evolution of brain morphology from invertebrates to mammals. Everything we can learn from

in toto 3D imaging of autofluorescence signals ?

AO073Microscopie plein champ kaute résolution» et traitement numérique sur échantillorpéis
A075Adaptive optics fluorescence microscopy for biological imaging

AO079Bioprinting as a solution for recreating a physiological environment on a slide

A100t NB LI NI GA2y RQSOKFIYydGAtt2yz FOljdZAaradAiazy Sa |
cellulaire 3D

A106Serial Block Face Imaging: imagerie 3D sans marquage de gros échantillons
AlO07Standardization of organoids culture allowing high throughpDtlive imaging using sospim
technology

A119] QI dzii2 Ft d2 NBSaOSyO0S OKSiI tS8Sa LXIlIyidiSay I ROSNAI
Al120Imagerie sur petit organoides 3D, Troubleshooting

Al127Microscopie large champ sur mésoscope homemade

A13LEL YI 3SNA S 05 RQ2 NIicrgsSapie aifélille/da ludhididh & S& LI NJ
Al37almagerie de fluorescence par microscopie confocale spindislg : une exploration des
avantages et limitations techniques sur 4 systémes (en 2 parties)
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Al37bklmagerie de fluorescence par microscopie confocale spgadisk : une exploration des
avantages et limitations techniques sur 4 systémes (en 2 parties)

A1405 dz LJ dz& LISGAG SOKIFIydAftt2y Fdz LX dza 3INRAx fI
multi-échelle

Al41Medium throughput imaging of thick samplea practical comparison of different samples
(Drosophila tissues and encapsulated spheroids) in native opaque state and aftgreliggttation
facilitation

Al42a A ONR &aO2LIAS t 7
Al43Imagerie a feuillet de lurgi NS

G RS fdzYAS8NB LJ2dzNJ f QAY
KFrytiAratftz2ya o5 Y2yisSSa R

TeaseMiFoBio:.www.youtube.com/watch?reload=9&v=Bnpx5JGUIyA
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MODULE : ONDES SUR LE VIVARVEGGDRONDE$

Coordination Sophie Brasselet, Pierre BoDletier Haeberle
INSTITUT
FRESNEL
o] »

Within this module coupled with the GDR "Waves", we will explore the interest of measuring and
controlling the physical properties of light for imaging in biology, as well as the methogds to
manipulate them. This approadh indeed one of the key research and development avenues to
design the imaging systems of tomorrow. In particular: accessing quantitative, deep| fast
information, detecting ever smaller events/objects, doing without labeling, adapting to situations
wherethe amount of information is reduced or the signal is weak... are some of the paths that will
be described during this module.

Introduction

Lundi 8 novembre 8h30

Measuring and shaping the phase of light: key applications in biology.

Pascal Berto,

Institut de lavision, Sorbonne Université, INSERM, CNRS, 17 rue Moreau, 75012 Paris, Université de
Paris.

pascal.berto@parisdescartes.fr

Salle Méditerranée Cours paralléle

In recent decades, the advent of spdiifaresolved techniques to control and image the
phase of light waves has deeply transformed microscopy. In this talk, | will first demystify the notions
of optical phase or wavefront, and present several important examples of phase shaping in
microscopy l(ightsheet, STED, ...), with a focus on the use of holograms for neurons stimulation
(optogenetics) and temperature control at the microsc8leAfter discussing some limits of the
standard phase shaping techniques, | will introduce a novel concept vheriansmitted light is
shaped using thermaoptics!? | will explain how this simple concept can provide arrays of electrically
tunable lenses, but also complement the existing optical shaping toolbox by offerirghimmatic
aberration, polarizatiorinsensitive micracomponents. We will finally discuss the potential of this
technique for multiplane Céaor Voltage Imaging.

The second part of this talk will be dedicated to phase imaging, and particularly Quantitative
Phase Imaging (QPI). Phasmtrast microscopies are well known for their ability to reveal rich
images related to refractive index inhomogeneities, and thus improve contrast in cells, which are
essentially transparent and barely visible in brightfield microscopy. | will describe thet recen
research field of Quantitative Phase Imaging, which has proposed valuabldrisddiomedical
methods to measure biophysical cell parameters, including its dry mass. In particular, | will describe
how a broadband and cosfffective quantitative phaseamera can be simply implemented by
placing a thin diffuser in front of a standard camé&#d.will discuss the potential of the technique
for quantitative phase imaging of biological samples and for 3D nanoparticlessapdization and
tracking.
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W Liu, C., Tessier, G., Flores Esparza, S. I., Guillon, M. & B&&zpRfigurable Temperature Control at the Microscale by
Light ShapingACS Photonics 6, (2019).

[ Berto, P., Philippet, L., Osmond, J., Liu, C. F., Afridi, A., Montagut Marques l&Wlo, Mypudo, B., Tessier, G. & Quidant, R.
Tunable and fredorm planar opticsNature Photonics 13, 64856 (2019).

Bl Berto, P., Rigneault, H. & Guillon, Wavefront sensing with a thin diffusedpt. Lett. 42, 5117 (2017).

K%k

X-ray coherent diffracton imaging: 3D exploration of biologically relevant hard and soft tissues.
Virginie Chamard,

AixMarseille Université, CNRS, Centrale Marseille, Institut Fresnel UMR 7249, 13013 Marseille,
France.

virginie.chamard@fresnel.fr

Salle Méditerranée Cours paralléle

Imaging tridimensional complex materials at the nanoscale is a major challenge of
nanoscience, which calls for a microscopy method combining sensitivity to density distribution, in
situ compatibility and high spatial resolution. In this context, the recent adventsraj xensless
imaging methods, based on coherent diffraction, have opened promising perspéétassthey fill
the gap between direct microscopies (AFM, SEM, TEM) aipgtoealspace based-ray scattering
or Bragg diffraction analysis. This family of modalities have been proposed to circumvent the lack of
efficient focusing optics in thepay regime. They are based on the acquisition offifeld coherent
intensity paterns, from which the phase of the diffracted field is retrieved with inversion iterative
algorithms, providing access to truly quantitative information in the object plane, such as the density
distribution inside the sample or the lattice distortions igrgstalline material.

In this presentation, | will review two major modalities of coherent diffraction imaging (CDI)
methods: finitesized sample CBI? and ptychograph§ 4. Their principles will be introduced,
together with their implementations adynchrotron sources. Finally, a series of recent examples will

be described to illustrate the interest in life science related problems.

W D. Shapiret al. Biological imaging by sofiray diffraction microscopyProc. Natl Acad. Sci. USA. 102, 1588346 (2005).

@I M. M. Seiberet al. Single mimivirus particles intercepted and imaged with aay<laser. Nature 470, €81 (2011).

Bl H. Tri Traret al, Alterations inSub E2 y I f | NOKAGSOGdNE . Si6SSy b2N¥Ifs ! 3Ay3 |
Using LabeFree Cryogenic-day Nanotomography. Front. Neurosci. 14, 570019 (2020)

' F. Mastropietro et al., Revealing crystalline domains in a mollusc shell-siggtelline prism. Nat. Mater. 16, 94&2

(2017).

*kk

Imaging the brain ahigh spatiotemporal resolution with wavefront shaping.

Na Ji,

Department of Physics, Department of Molecular & Cell Biology, University of California, Berkeley,
California 94720, United States.

jina@berkeley.edu

Salle Méditerranée Cours plénier

To understand computation in the brain, one needs to understand the Hoptput
relationships for neural circuits and the anatomical and functional properties of individual neurons
therein. Optical microscopy has emetyas an ideal tool in this quest, as it is capable of recording
the activity of neurons distributed over millimeter dimensions with soicron spatial resolution. |
will describe how we use concepts in astronomy and optics to developgedration microsopy
methods for imaging the brain at higher resolution, greater depth, and faster speed. By shaping the
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wavefront of the light, we have achieved synageeel spatial resolution through the entire depth

of the primary visual cortex, optimized microendopes for imaging deeply buried nuclei, and
developed videeate volumetric and kilohertz functional imaging methods. We apply these methods
to understanding neural circuits, using the mouse brain as our model system.

1. Rodriguez C, Chen A, Rivera JA, MighrLiang Y, Sun W, Milkie DE, Bifano TG, Chen X, Ji N. An adaptive optics module for
deep tissue multiphoton imaging in vivo.Nature Methods in press. (Also seeBioRxiv (2020)
https://doi.org/10.1101/2020.11.25.397968

2. Meng G, Liang Y, Sarsfield S, Jiang WC, Lu R, Dudman JT, Aponte Y ;thirdudHjglt synapseesolving twephoton
fluorescence microendoscopy for deépain volumetric imaging in vivélife(2019) e40805.

3. LuR, SunW, Liang Y, Kerlin A, Bierfeld J, Seelig J, Wilson DE, Scholl B, Mohar B, Tanimoto M, Koyama M, Figgpatrick D, O
MB, Ji N. Videsate volumetric functional imaging of the brain at synaptic resolutature Neurosciencg017)20, 626

628,

4. Lu R, Liang Y, Meng G, Zhou P, Svoboda K, Paninski L, Ji N. Rapid mesoscale volumetric imaging of neural activity with
synaptic resolutionNature Methodg2020)17, 291¢294.

5. Wu J, Liang Y, Chen S, Hdy Chavarha M, Evans SW, Shi D, Lin MZ, Tsia KK, Ji N. Kilohehtztdwdluorescence
microscopy imaging of neural activity in vildature Methodg2020)17, 287290.

*k*k

Volumetric imaging at high speeds.

Jerome Mertz,

Biomedical Engineering Department, Boston MA, 02215 USA
jmertz@bu.edu

Salle Méditerranée& Cours plénier

Obtaining higkresolution images from extended 3D volumes has been a longstanding
challenge in the microscopy community. This challenge is particularly acute whesspsgt
imaging is required, such as when performing voltage imaging in brain tisslleldseribe different
techniques we have developed to address this challenge, for both scanning and daeserh
microscopes.

*kk

Mardi 9 novembre 14h00

Gouy and Brown to the rescue: Labike virus detection and virusntibody interaction
monitoring by common-path interferometry.

Ignacio Izeddin,

lInstitut Langevin, ESPCI Paris, PSL University, CNRS, 1 rue Jussieu, 75005 Paris, France.
2LyadAaddzi RS . A2t23AS8S RS tQ9b{ oO6L.9b{0Z 9b{= t
RQ!fYXZ Tpmoep tIFNARAZI CNI

ignacio.izeddin@espci.fr

Salle Porquerolles Cours paralléle

In this talk, we will present a new, sensitive, interferometric, and-destructive optical
approach to detect, count and sort differenypes of labeffree, biotic and norbiotic single
nanoparticles (NPs) in aqueous media [1]. In short, we measure the light scattered by the
nanoparticles and obtain an interferometric signal arising due to the Gouy phase shift and related to
the NP size red refractive index; this measurement is complemented with single particle tracking
analysis of their Brownian motion in order to determine the NP size and nature, allowing to
discriminate objects of the same size like for example viruses and membragiesesi

Thanks to the commepath and transmission configuration of our microscope, the
detection of small virus and NPs is robust and insensitive to spherical aberrations produced by the
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index mismatch of the environment. This opens important perspectivestudy virus infection and
target-search strategies without the need of fluorescence labelling. With this approach, we have
developed an assay based on antibody recognition of targeted virus in which we associate changes
in diffusion to antibody recognith and possibly aggregation. We have applied this approach to
different bacteriophages and mammalian virus, with antibodies targeting different surface proteins,
using only primary antibodies or a combination of primary and secondary antibodies. Ireall was

have observed a significant change in diffusion and an increase in signal strength and number of
detected particles at the time mark of around one minute, and a decrease of number of detected
particles at longer time scales indication aggregati@mgtof minutes), validating thus our assay as

a labelfree tool for rapid virus identification or to study antibodytigen interactions.
1. Boccaret al, Biomed Opt. Exp. 2016

*%k%
t2fF NAT SR YAONR&O2LlR NBaz2f@dSa LINRPGISAYyQa 2NHFYA
Sophie Brasselet,

Aix Marseille Univ, CNRS, Centrale Marseille, Institut FresrE801B Marseille, France.
sophie.brasselet@fresnel.fr
Salle Porguerolles Cours paralléle

Fluorescence and nonlineanicroscopy imaging reveal important biological processes
occurring in cells and tissues from fixed situations to in vivo dynamics. Optical imaging cannot
however directly access the way molecules are organized in specific structures occurring at the
molecuar scale. This property, which is important in many fields in cell biology, embryogenesis or
biomechanics, is today most often studied using electron microscopy (EM) or X ray diffraction, which
are not compatible with real time imaging. We will show tiheporting molecular orientation and
LINPGSAYQa 2NEHFYATFGA2Yy AY LINRGSAY TFTAtl v&¥iaz |
is made possible using polarization resolved optical microscopy, which takes advantage of the
orientation-sensitive couplig between optical excitation fields and molecules.

We will show an overview of polarization sensitive approaches in fluorescent microscopy,
with a particular focus on super resolved methods. We will discuss the advantages of transposing
polarized methodtogies to scanning nonlinear optical microscopy, as well as the challenges still to
overcome with respect to real time polarized live imaging.

Dans la méme thématique
Ateliers:

A042Remember your wavefront: adaptive optics and memory effect in different regimes
A090Labelfree virus detection and sorting with fifileld interferometric microscopy

A093a S| AdzNAyYy 3 LINPGSAYQa 2NASYllFGA2Yy | ydlarizeNBI y Al
super resolution imaging

A096Multimode fiber baseeendoscope for fluorescence imaging using wavefront shaping
A1450penUCZa 2 Rdzf I NJ hLJiAO0a 6AGK | &/t AO]¢
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MODULE : DYNAMIQUE ET INTERAONS MOLECULAIRES@NLLULES VIVANTES
: EXPERIMENTAON ET MODELISATION

Coordination Cyril Favard, Ignacio 1zeddin et Antoine Coulon Q
=

Introduction

This module covers the latest developments in the field of quantification, by optical microscopies,
of the dynamics and interactions of biological molecules in their cellular context. In the mqdule,
these experimental approaches are paralleled by theoattapproaches that aim to model the
hypotheses and/or observations.

Beyond new technologies, this module is therefore at the interface between theoretical
(bio)physics, instrumentation and experimental biology (biophysics) and aims to have an integrated
approach to a biological problem.

Lundi 8 octobre 8h30

Revealing spatial and kinetic details of life processes by analyzing live cell single molecule tracking
data.

J. Christof M. Gebhardt,

Institute of Biophysics, Ulm University, Germany.

christof.gebhardt@unulm.de

Salle PorquerollesCours parallele

In a living organism, numerous inanimate biomolecules and their inherently stochastic
interactions are precisely orchestrated and orgaxizn space and time, together enabling the
enigma of life. By using single molecule fluorescence microscopy, we are able to monitor single
molecules in their natural environment of a live cell or organism and thus obtain an exceptionally
detailed view onlife processes including transcription. Tracking individual molecules reveals
subpopulations with distinct behaviour and yields quantitative information such as reaction rates,
bound fractions, diffusion coefficients and concentrations and the spatialrildision and
stoichiometry of molecules and cellular structures. Thus, we obtain information necessary for a deep
understanding and modelling of life processes.

In the presentation, | will give an overview over stafethe-art methodologies to image
singke molecules in live cells and organisms, i.e. zebrafish embryos, and discuss the spatial and kinetic
information that can be extracted from such data. In addition to basic concepts, | will highlight some
insights we obtained on the kinetic regulation ofmiscription and the activation of transcription in
zebrafish development. For example, perturbing the interaction kinetics between a transcription
factor (TF) and DNA enabled us to expand the commonstate model of gene transcription, in
which the actie gene releases a burst of transcripts before turning inactive again, to a model in
which TF binding triggers multiple successive steps before the gene transits to the active state. Using
single molecule methods, we comprehensively quantified the transitimes of the TF and the
gene, including the TF target search and residence times and the delay between TF binding and the
onset of transcription.
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E. colichromosome dynamics and the cell cycle.
Marco Cosentino Lagomarsino,

Department of Physicklniversity of Milan, Italy.
marco.cosentindagomarsino@ifom.eu

Salle PorguerollesCours parallel&/1SIO

*k%

Mardi 9 octobre 14h00

Imaging DNA repair at the single molecule level.

JudithMiné-Hattab', Mathias Heltber§®, Marie Villemeut, Chloé Gued)j Thierry Mora, Aleksandra

Walczak, Maxime Dahat) Angela Taddé&i Fabiola Garcia Fernande®ébastien Huét

1 Institut Curie, PSL University, Sorbonne Université, CNRS, Nuclear Dyfranies,

2l 02NF G62ANB RS tKeéeaAaljdzS§ RS tQ902tS b2NXIfS {dz
, Université de Paris, France;

3Institut Curie, PSL University, Sorbonne Université, CNRS, Physico Chimie Curie, France;

4CNRS, UMR 6290stitut Génétique et Développement de Rennes, 35043 Rennes, France.
judith.mine@curie.fr

Salle Méditerranée Cours paralléle

Our genome is constantly damaged by a variety of exogenous and endogenous. agents
Among the various forms of DNA damage, dotditand breaks (DSBs) are the most cytotoxic and
genotoxic for the cell. Eukaryotic organisms use several mechanisms to repair DSBs among them
non-homologous engoining (NHEJ) and homologous recombination)(HR

Here,we investigate the molecular mechanisms of HR proteins inside cells at the single
molecule level In response to DSB, repair proteins colocalize from a diffuse distribution to repair
foci located at the damaged DNA site. An enduring questicthénDNA damage field is how do
repair proteins find their correct target, accumulate within repair foci and disassemble with the
proper timewindow? Despite their functional importance, the physical nature of repair- sub
compartments remains unclear. To aver these questions, we us&ngle particle trackingSPT)
and PALM(Photo Activable Localization Microscopy) to assess the physical properties underlying
repair foci formation and the internal dynamics of these membre®s sukcompartments. Using
this goproach inSaccharomyces cerevisigeast, we found thatRad52 share many properties
characterizing Liquid Liquid Phase Separatinoluding: sharp change in diffusion coefficient while
entering or escaping foci, fusion of multiple foci, existence of aptidl attracting molecules to the
center of foci. Furthermore, | will present a recently developedugetcombining laser micro
irradiation and single molecule microscopy. Using thisugein living human cells, we visualize the
changes in proteins dynauos just after damage in living human cells

1. Heltberg Mathias, Minddattab Judith, Taddei Angela , Walczak Aleksandra M. , Mora Thiénysical
observables to determine the nature of memblesecellular stzompartmentsBioRxiv (2021).

2. Judith MinéHattab*, Mathias Heltberg, Marie Villemeur, Chloé Guedj, Aleksandra M. Walczak, Thierry Mora,
Maxime Dahan, Angela Taddei*, * corresponding auth&isgle molecule microscopy reveals key physical
features of repair foci in living celksLife, 10: e60577,4021)

3. Judith MinéHattal¥ & Iréne Chiolo, * corresponding author€omplex Chromatin Motions for DNA Repair.
Frontiers in Genetics11: 800, 2020)

4. Camille Clément, Guillermo Orsi, Alberto Gatto, Ekaterina Boyarchuk, Audrey Forest, Bassaduti#jjMiné
Hattahh Mickaél Garnier, Zachary Guratcvin, JearPierre Quivy, and Genevieve Almouziigh-resolution
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visualization of H3 variants during regéition reveals their controlled recyclingNature Communication
9;9(1):3181,2018).

k%%

Investigating reactiordiffusion dynamics of proteins in the nucleus of living cells using
fluorescencebased methods.

Sébastien Huet,

Univ. Rennes, CNRStructure Fédérative de Recherche Biosit, IGDR (Institut de Génétique et
Développement de Rennes)UMR 6290, Rennes, France. Institut Universitaire de France, Paris,
France.

sebastien.huet@univennesl.fr

Salle Méditerranée Cours paralléle

In contrast to the cytoplasm, which is subdivided into mutiple compartments due to the
presence of membransurrounded organelles, nearly all the nuclear volume is readily accessible to
proteins by diffusion proesses. Nevertheless, this nuclear environment is extremely dense,
containing complex multiscale structures such as the chromatin. Yet, proteins involved in essential
physiological functions such as transcription or DNA repair need to efficiently nathgategh this
environment to find their target on the DNA within a reasonable time frame. Improving our
characterization of the diffusicreaction dynamics displayed by the nuclear proteins is therefore
essential to better understand how these proteins redbeir targets to fulfill their functions. In this
course, | will describe how methods such as fluorescence recovery after photoperturbation (FRAP)
or fluorescence correlation spectroscopy (FCS), can be used to assess the mode of déaction
displayed by a given nuclear protein and estimate guantitatively the parameters that describe its
dynamics.

*kk

Understanding the molecular assembly of the cell contractile machinery.

Shashi Kumar SumgrSerena PrigehtVlad CostacHePierre Mahog, Camille PlanckeEmmanuel
Beaurepairé, Francois Robin

1CNRS UMR7622 and Inserm ERL 1156, Institut de Biologi€é&taegIBPS), Sorbonne Université,
Paris, France.

2 INSERM U1182 and CNRS UMR7645, Laboratoire d'Optique et Biosciences, Ecoleiaytechn
Paris, France.

francois.robin@sorbonneniversite.fr

Salle Méditerranée Cours plénier

Cell morphogenesis relies on a tight spatial and temporal control of cell mechanics by the
actomyosin machinery. Understanding how these mechanical properties are controlled by a
combinatorics of biochemical properties and tuning of concentration and activity remains a major
guestion in modern cell biology. Looking at the assembly of the actomyosiakejeton in the C.
elegans, | will show how we can explore the dynamics of these molecular assemblies in live cells,
revealing the complex architecture of this force generating machinery.

*kk
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Lighting up the central dogma in living embryos to uncovesw genomic sequence encodes cell
fate decisions.

Jacques Bothma,

Hubrecht Institute for Developmental Biology and Stem Cell Research, Utrecht, The Netherlands.
j.bothma@hubrecht.eu

Salle Méditerranée _Coursplénier

Unraveling the mystery of how a single embryonic cell gives rise to the menagerie of
differentiated cell types that build an animal will not only reveal the organizing principles of life, but
will yield new insights into disorders of developmentiacancer. Even though classic genetic screens
and functional genomic approaches have uncovered essentially all the transcription factors and
SYKFcryOSNE Ay@2ft SR Ay &aLISOAFeAy3d OStt ARSyGAde.
work togethe to choreograph development. Thanks to a recent suite of innovations in live imaging
and computational analysis methods the time is ripe for the introduction of a new quantitative
paradigm in the study of development based on how cell fates are estatilishiéving animals as
development is actually taking place. Indeed, we can now visualize transcription, translation, and
even the binding of a single TF molecule to DNA in living Drosophila embryos. | will discuss the
technologies we developed to enablei$ and what we learned by applying them, focusing on a new
protein tag, LlamaTag, which makes it possible to visualize transcription factor concentration
dynamics in live embryos. Using LlamaTags we discovered stochastic bursts in the concentration of
transcription factors that are correlated with bursts in transcription. We further used LlamaTags to
show that the concentration of protein in a given nucleus depends heavily on transcription of that
gene in neighboring nuclei and show that this short rangerinuclear coupling is an important
mechanism for coordinating gene expression across many nuclei to delineate straight and sharp
boundaries of gene expression.

Dans la méme thématique

Tables rondes
TR6-08-Table ronde de cl6ture du module 6 Dynamiaaiéntéraction moléculaires

TRT-06{ dzA A RS ljdzZl £t AGS RQdzy YA GNPgueaecIss chdktrdidiedry” A Ij dzS

Ateliers:
0 A004Molecular dynamics, the challenges of live cytoskeletal microscopy in vivo.
0 AO036Lattice lightsheet microscopyor fast 3D time lapse of live samples
0 AO048Mécanobiologie de cellules tumorales circulantes
0 Al26Microscopie quantitative : dynamique moléculaire par Spectroscopie de Corrélation
de FluorescenceMise en oeuvre, calibration et analyse
0 Al44Use of detended Fluorescence Lifetime Correlation Spectroscopy (dFLCS) to assess

protein dynamics in the cell nucleus
0 MA-5-01- Phase and index imaging for biology
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MODULE 7. SGNALISATION CELLIRRA MECANOBIOLOGIE
MECANOTRANSDUCTION

Coordination Marie-Emilie Terret et Laetitia Kurzawa

approches
uantitatives
du vivant

sbof.fr

J sbcf @&

Introduction

Mechanobiology studies how biological materials respond to mechanical forces exerted on them. This
biological material includes a great diversity of scales that can go from the microscopi¢ scale
(cytoskeleton, nucleus, organelles) to the macroscopic $oedans, whole organisms) through
intermediate scales (cells, tissues). A great heterogeneity is also encountered at the level of the
mechanical forces exerted by their different intensities, their nature (shear forces, viscqelastic,
osmotic pressure, ridity, stretching, compression, gravity...), or their origin (extra or intracellular
environment...). Finally, the response of the biological material is also complex and involves|a large
number of interconnected phenomena that may involve mechanisms bamo¢@nsduction,
reorganization of the cytoskeleton, biochemical reactions, collective migration, change of polarity...
In view of this great diversity, measuring these mechanical forces, understanding their integration at
different scales and analyzirige response of biological material is often a challenge, relying in
particular on the development of new technologies and on a strong interaction between biolpgy and
physics. Mechanobiology is therefore of major importance in many fields of researchgsstieh
study of embryonic development, the fight against cancer and tissue engineering. The invited $speakers
of the mechanobiology session reflect this diversity of scales, models and applications.
Guillaume Charras will focus on cell mechanotransdudiipshowing how signaling proteins control
cell mechanics at the cortical level. Peter Lenart will present the mechanical response of the starfish
oocyte nucleus leading to the rupture of the nuclear envelope under the effect of an original [ntrinsic
pierdng mechanism resulting from the forces exerted by the actin cytoskeleton. Stephane
Vassilopoulos will explain how clathrin patches at the cell plasma membrane constitute a
mechanotransduction crossroads, relaying mechanical stimuli by remodeling thieeleytos to
modulate gene expression. Stéphanie Mistemkei will show how Golgdependent protein
secretion is controlled by mechanical forces, potentially via microtubules that interrogate the
extracellular environment through focal adhesions. MatteoziRwill present his work on the
mechanics and mechanisms governing tissue folding and extension during embryonic gastrulation
and neurulation in Drosophila and sea urchin. Finally, Nathalie Sauvonnet will talk about how
pathogens adapt their virulencen®@chanical forces encountered in host tissues, particularly in the
gut.
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Mercredi 10 novembre 8h30

Spatial regulation of exocytosis.

MisereyLenkei S.,

Institut Curie, PSL Research University, Sorbonne Université, CNRS, UMR 144, Molecular Mechanisms
2F LYGNI OStftdzf F NJ CNFyaLR2NI fF02NFi2NEX wc NMzS
Stephanie.Miserey enkei@curie.fr

Salle PorguerollesCours parallele

To reach the cell surface, secreted proteins are transported along intracellular routes from
the endoplasmic reticulum through the Golgi complex, which acts as the main sorting station. Cargos
exit the Golgi complex in transport carriers that use microteBuo be addressed to the plasma
membrane before exocytosis. Using a synchronized secretion assay in 2D, we have recently
highlighted that exocytosis is hot random and occurs at hotspots juxtaposed to focal adhesions (FAS).
The Golgassociated small GTéa RAB6 acts as a general regulator of j68algi secretion,
irrespectively of the cargo. The RA8&pendent machinery plays an essential role in the restricted
exocytosigFourriere, Kasri, JCB, 2019pwever, several questions remain unanswered, esfigcia
regarding the mechanical influence from the cell environment on protein secretion. To address this
point, we aim actually at understanding how microtubules sense extracellular environment through
FAs and how Golgiependent protein secretion is contitetl by mechanical forces.

*kk

Clathrin plaques form mechanotransducing platforms.

Stéphane Vassilopoulos,

1INSERM UMRS_974, Sorbonne Universités, UPMC Univ Paris 06, Institute of Myology, Paris, France;
s.vassilopoulos@institeinyologie.org

Salle Porquerolles Cours paralléle

Large flat clathrin plaques are stable features of the plasma membrane associated with sites
of strong adhesion suggesting that they could also play a role in foapsduction. Here, we
analyzed their response to mechanical cues and their association with the cytoskeleton. Flat clathrin
plaques and surrounding branched actin filaments sequestered YAP/TAZ mechanotransducers at the
plasma membrane and were requiredrfefficient nuclear translocation in response to cyclic
stretching. Branched actin filaments surrounding clathrin plaques also formed anchoring points for
intermediate filaments and were required for organization of the intermediate filament subcortical
web. Thus, clathrin plagues act as molecular platforms conveying mechanical cues which integrate
cell signaling with cytoskeletal regulation.

Moulay G, Lainé J, Lemaitre M, Nakamori M, Nishino I, Caillol G, Mamchaoui K, Julien L, Dingli F, LoewID|_8orier

C, Furling D, Vassilopoulos S. Alternative splicing of clathrin heavy chain contributes to the switch from coated gitsgo pla
J Cell Biol. 2020 Sep 7;219(9):€201912061. doi: 10.1083/jch.201912061.

Vassilopoulos S. Unconventional rolesrf@mbrane traffic proteins in response to muscle membrane stress. Curr Opin Cell
Biol. 2020 Mar 19;65:429. doi: 10.1016/j.ceb.2020.02.007.

Vassilopoulos S, Gibaud S, Jimenez A, Caillol G, Leterrier C. Ultrastructure of the axonal periodic scafaidoraidike
organization of actin rings. Nat Commun. 2019 Dec 20;10(1):5803. doi: 10.1038/M1A#638356.
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Franck A, Lainé J, Moulay G, Lemerle E, Trichet M, Gentil C, BerikigghfaS, Lacéne E, Bui MT, Brochier G, Guicheney P,
Romero N, BitouiM, Vassilopoulos S. Clathrin plagues and associated actin anchor intermediate filaments in skeletal muscle.
Mol Biol Cell. 2019 Mar 1;30(5):5890. doi: 10.1091/mbc.E181-0718. Epub 2019 Jan 2.

Vassilopoulos S, Gentil C, Lainé J, Buclez PO, Francky A, Fécigout G, Roth R, Heuser JE, Brodsky FM, Garcia L, Bonne
G, Voit T, PiétiRouxel F, Bitoun M. Actin scaffolding by clathrin heavy chain is required for skeletal muscle sarcomere
organization. J Cell Biol. 2014 May 12;205(3):83.7doi: 10.1083(b.201309096

*%k%k

Jeudi 11 novembre 8h30

Impact of physical forces of the gut on pathogen infection using orgamchip (OOC).

Nathalie Sauvonnet,

Intracellular trafficking and tissue homeostasis, department Cell Biology and Infection, Institut
Pasteur28 rue du Dr Roux 75015 Paris.

nathalie.sauvonnet@pasteur.fr

Salle Méditerranée paralléle

Mechanical forces trigger many cellular functions and change the geometry and physical
properties of atissue. Very few studies address the role of physical inputs during infectious
processes, and an important field of investigation remains on how pathogens have adapted their
virulence to the mechanical forces encountered in the host tissud®e intestineand in particular
the colon, comprising a mucus blanket, an epithelial monolayer and the lamina propria rich in
immune cells, is constantly subjected to two main forces induced by theffavid(shear stress) and
the peristaltic motion (cyclic stretchip), both forces being important for the tissue organization and
renewal. These cells layers cooperate to form a protective barrier facing the external side that
LNEGARSE | gSHEGK 2F aS02t23A0Ft yAOKSa¢ LISNY
beneficial (microbiota) or damageable (pathogens). Recently, we have shown ushog-gwthip
technology recapitulating the 3D tissue architecture of the intestine and its physical forces, that this
gut surrogate allows the highly efficient invasion of therfan restricted pathogeShigella directly
from the apical side of the epithelial monolayer, thereby shifting the paradigm on the early stages
of invasior. Furthermore, by modulating the flow rate and stretching conditions, and implementing
a framework toreconstructing dynamic OOC imaging in 4D live, we observed that both the 3D
topology of the monolayer and the peristaltic motion greatly enhance the colonization rate, the
bacterial virulence, its invasion and e&llcell spreading throughout the barrie®ur results reveal
that Shigellatakes advantage of the gut morphology and physical forces to disrupt the intestinal
barrier’. More recently, we also used OOC to investigate enteric infections by two other pathogens,
the parasiteEntamoeba histolyticand the virus SARSoV2. Once again, the 3D topology and
mechanical stimulation of the gut enhance the infection, but each pathogen adapted differently to
gut physical cues, highlighting the essential role of mechanical forces wpatigigen interactions.

1. Feaugas T and N Sauvonnet. Orgasthip to investigate hospathogens interactionsCell Microbial 23(7)
(2021).

2. Grassart A, Malardé V, Gobaa S, SaRaipp A, Kerns J, Karalis K, Marteyn B, Sansonetti PJ and N Sauvonnet.
Bioengineered Human Orgam-Chip Reveals Intestinal Microenvironment and Mechanical Forces Impacting
Shigella InfectionCell Host and Microb@6(3):435444 (2019)

*kk
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Mechanisms and mechanics driving composite morphogenesis.

Matteo Rauzi,

' YAGSNBAGS /5 0S iBYCNice, &zhkdEe. / bw{ = LyaSN¥z
Matteo.Rauzi@unkcotedazur.fr

Salle Méditerranée Cours paralléle

Tissue shape changes drive morphogenesis. During embryo development, a tissue can
undergo multiple simultaneous changes in shape resulting in a composite morphogenetic process.
While much work has been undertaken to unravel the mechanisms responsibleinfiptes
morphogenetic processes, haw@mposite morphogenesis controlled and driven is poorly studied.

We focus on the process of concomitant tissue folding and extension that is vital since it can initiate
embryo gastrulation or neurulation. To tackleghive use two complementary model systems: the
Drosophilaand the sea urchifParacentrotus lividuembryos. While the former provides cutting
edge genetic tools, the latter is ideal fiortoto imaging and direct tissue mechanical measurements.
Finally, byusing advanced muttiiew light sheet microscopy coupled to infrared femtosecond laser
manipulation, optogenetics, pipette aspiration, Hndentation, and quantitative big data analysis,

we aim to unravel the signaling pathways, the mechanisms and méehaantrolling and driving
composite morphogenetic transformations.

*k*k

Correlated supeiresolution light and electron microscopy reveals a novel aetinven mechanism

of nuclear envelope rupture in starfish oocytes.

Péter Lénart,

Cell Biology andiophysics Unit and Max Planck Institute for Biophysical Chemistry, 37077
Gottingen, Germany.

peter.lenart@mpibpc.mpg.de

Salle Méditerranée Cours plénier

The nucleus of oocytes (germinal vesicle)rigawally large and its nuclear envelope (NE) is
densely packed with nuclear pore complexes (NPCs) stockpiled for embryonic development. We
used correlated superesolution light microscopy (AiryScan imaging in live samples and STED
microscopy in fixed prads) and electron microscopy to address how this exceptionally large nucleus
is ruptured upon entry to meiotic divisions.

We found in starfish oocytes that breakdown of this specialized NE is mediated by an-Arp2/3
nucleated - OG Ay WaKSt ficoibuleyrived gafitighd-filrablasis2We¥how that actin
is nucleated within the lamina sprouting filopodike spikes towards the nuclear membranes. These
Factin spikes protrude porree nuclear membranes, whereas the adjoining membrane stretches
accumulate packed NPCs associated with the-igtéict lamina. NPC conglomerates sort into a
distinct membrane network, while breaks appear in pénee regions.

Together, we reveal a novel function for Arpat&ediated membrane shaping in NE rupture
that is likely to have broad relevance in diverse other contexts such as nuclear rupture frequently
observed in cancer cells.

1 Wesolowska, N., Avilov, I., Machado, P., Geiss, C., Kondo, H., Mori, M., & Lenart, P., Actin assembly ruptures the nuclear
envelope by prying the lamina away from nuclear pores and nuclear membranes in starfish oelcijge8, e49774.
https://doi.org/10.7554/eLife.49774
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Dissecting the link between signalling and cell mechanics using optogenetics and AFM.
Guillaume Charras,

tUniversity College London, UK;

g.charras@ucl.ac.uk

Salle Méditerranéec Coursplénier

The submembranous actin cortex is the main determinant of cell shape. During mitosis,
spatiotemporal changes in cortex mechanics give rise to a series of marked shape changes: rounding
at metaphase, elongation in anaphase, and finally furrovitngytokinesis. Mitotic morphogenesis
results from tightly orchestrated global and local changes in RhoGTPase activity regulated by
recruitment of RhoGEFs and RhoGAPs to the cortex. Despite its importance, little is known about
how signalling controls cethechanics.

| will present two studies examining the link between signalling and cell mechanics. First, we
characterise the mechanical changes that accompany the onset of cytokinetic furrowing using AFM
and determine how RhoGEFs and RhoGAPs contributelltonechanics and the rate of furrowing.
Next, we use optogenetics to control the activity of RhoGTPases by relocalising a RhoGEF to the
cortex and investigate the resulting temporal changes in surface tension.

Dans la méme thématique
SO07ZSYMPOSIUM- module 7 Mécanobiologie
Ateliers :

AO026Multiplexed FRET biosensor imaging to visualize the dynamic coordination between cell
signaling and mechanics during collective cell migration (part I).

A040aCoupling High Resolution Traction Force Microscoply pribtein dynamics measurements
A040bkCoupling High Resolution Traction Force Microscopy with protein dynamics measurements
A041LSoft cell confiner development to decipher the impact of mechanical stimuli on cell

A044S (1 dzRS RS f Q2NBI YARdIzIAR Y2 RISdS (02 a$ Y RS QI c
infectieux sur des cellules & géométrie contrblée

A099Practical considerations for reporting change in cell membrane tension using FLIM
A111Optogenetic control and measurement of cell contraction 1/2

Al22Mapping elasticity of micrpatterned living cells by AFM

A1300ptogenetic control of 3D micrdissue 2/2

Al34Measuring turgor pressure of living plant cells with an Atomic Force Microscope
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Cytoplasmic forces functionally reorganize nuclear condensates in oocytes
Marie-Héléne Verlhac,
(1) Center for Interdisciplinary Research in Biology, College de France; UMR7241/U1050; PSL Research
University, Paris 75005, France
marie-helene.verlhac@collegde-france.fr
Salle Méditerranée Séminaire

Cells remodel their cytoplasm with forggenerating cytoskeletal motors. Their activity
generates random forces that stir the cytoplasmagitating and displacing membrait®und
organelles like the nucleus in somatic and germ cells. These forces are transmitted inside the
nucleus, yet their consequences on membraneless organelles with Jigaighroperties such as
intranuclear biomoleculacondensates remain unexplored. Here, we probe experimentally and
computationally diverse nuclear condensates, that include splicing speckles, Cajal bodies, and
nucleoli, during cytoplasmic remodeling of female germ cells named oocytes. We discover that
growing mammalian oocytes deploy cytoplasmic forces to timely impose multiscale reorganization
of condensates inside the nucleus. We determine that cytoplasmic forces accelerate nuclear
condensate collisioiwoalescence and molecular kinetics within condensataversely, disrupting
the forces decelerates nuclear condensate reorganization on both scales. We link the molecular
deceleration found in mRNprocessing splicing speckles to reduced and altered splicing of MRNA,
which in oocytes impedes fertility. Westablish that different sources of cytoplasmic forces can
reorganize nuclear condensates and that this cytoplasmic aptitude for subnuclear reorganization is
evolutionary conserved in insects. This study implies that cells evolved a mechanism, based on
cytoplasmic force tuning, to functionally regulate a broad range of nuclear condensates across
scales.

S2¢ 19h15

How do dyes get into cells?

Luke D. Lavis,

Janelia Research Campus, Howard Hughes Medical Institute,19700 Helix Drive, Ashburn, Virginia
20147,USA

lavisl@janelia.hhmi.org

Salle Méditerranée Séminaire

Specific labelling of biomolecules with bright, photostable fluorophores is the keystone of
fluorescence microscopy. An expanding method to laie#lular components utilizes genetically
encoded seHabelling tags, which enable the attachment of chemical fluorophores to specific
proteins inside living cells. This strategy combines the genetic specificity of fluorescent proteins with
the favourablephotophysics of synthetic dyes. In addition to brightness and photostability, a key
factor in this labelling scheme is the bioavailability of the fluorophore ligands. We discovered that
incorporation of fourmembered azetidine rings into many fluorophori@sproves brightness and
photostability while also allowing firining of chemical properties.1,2 This work led to a general
rubric to explain dye bioavailability,3 yielding a collection of dyes for advanced imaging experiments
in increasingly complex Himgical samples.
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1. Grimm, J. B.; English, B. P.; Chen, J.; Slaughter, J. P.; Zhang, Z.; Revyakin, A.; Patel, R.; Macklin, J. J.; Normanno, D.;
Singer, R. H.; Lionnet, T.; Lavis, L. D. A general method to improve fluorophoresdelt &wel singlenolecule microscopy.
Nat. Methods, 12, 242250 (2015).

2. Grimm, J. B.; Muthusamy, A. K.; Liang, Y.; Brown, T. A.; Lemon, W. C.; Patel, R.; Lu, R.; Macklin, J. J.; Keller, P. J.; Ji,
N.; Lavis, L. D. A general method to finee fluorophores for livecell andin vivo imaging. Nat. Methods, 14, 38P4 (2017).
3. Grimm, J. B.; Tkachuk, A. N.; Xie, L.; Choi, H.; Mohar, B.; Falco, N.; Schaefer, K.; Patel, R.; Zheng, Q.; Liu, Z.;

LippincottSchwartz, J.; Brown, T. A.; Lavis, L. D. A general method to optimizemetiohalize reeshifted rhodamine dyes.
Nat. Methods, 17, 81¢B21 (2020).

Dimanche 7 novembre

S3¢ 11h2512h10

Force transmission at cell adhesions and the nucleus

Nicolas Borghi,

Institut Jacques Monod, CNRS, Université de Paris, Paris, France
nicolas.borghi@ijm.fr

Salle Méditerrané& Séminaire

In multicellular organisms, cells generate and undergo mechanical forces that may shape
cells, tissuesand organs, but also regulate genetic programs. The recent advent of genetically
encoded sensors of molecular tension has allowed to provide quantitative, molesedér and
molecularspecific information on these forces. We have leveraged these togisoteins of cell
adhesion and of the nuclear envelope to address how forces transmit across scales and regulate
signaling pathways during model morphogenetic processes in cell culture. Our results reveal non
trivial relationships between moleculscale ad tissuescale forces, and show how signaling
pathways targeting gene transcription involve mechanotransduction events at multiple levels.

1. Déjardin T, Carollo PS, Sipieter F, Davidson PM, Seiler C, Cuvelier D, Cadot B, Sykes C, Gomes E&sBorghi N.
are mechanotransducers that discriminate epithetiésenchymal transition programs. The Journal of Cell Biology, (2020)
219:€201908036.

2. Audugé, S. Padiaarra, M. Tramier, N. Borghi, M. Copgdgisan. Chromatin condensation fluctuations rath
than steadystate predict chromatin accessibility. N. Nucleic Acids Research, (2019) 4818184
3. C. De Pascalis, C. Pé@&anzalez, S. Seetharaman, B. Boéda, B. Vianay, M. Burute M, C. Leduc, N. Borghi, X. Trepat,

S. EtiennéManneville. Intermediatdilaments control collective migration by restricting traction forces and sustaining cell
cell contacts. The Journal of Cell Biology, (2018) 217:3034.

4. C. Gayrard, C. Bernaudin, T. Déjardin, C. Seiler, N. Borghnd&oonfinemeridependent FAKactivation causes
E-cadherin relaxation and beteatenin activity. The Journal of Cell Biology, (2018) 217:1083.
5. Sarangi BR, Gupta M, Doss BL, Tissot N, Lam F, Mége RM, Borghi N, Ladoux B. Coordination betaeén Intra

Extracellular Forces Regtés Focal Adhesion Dynamics. Nano Lett. (2017) 1-/4369
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3D supefresolution imaging of living systems using Multifocus Microscopy and Structured
lllumination Microscopy

Sara Abrahamson,

University of California Santa Crd4,56 High Street, Santa Cruz, California 95064, USA; National
Microscopy Infrastructure, Science for Life Laboratory, KTH, Stockholm, Sweden
sara.abrahamsson@gmail.com

Salle Méditerranéec Séminaire

Forming a 3D image is a classical problem in Optics. Classical image formation yields a 2D
image of the world with a depth of field/focus determined by the aperture of the optical systems.

aAONR&aO2LISa Oly 06S dzaSR (2 N& &2DNiRages WithQerytsho&t G I O1

depth of field recorded while scanning through focus through the depth of a specimen. Using the
diffractive Fourier optics method Multifocus Microscapit is possible to record entire focal stacks
simultaneously, withouheed for focus scanning or sequential recording of images. This allows us
to image living specimens in 3D without the classical conflict between spatial (3D) and temporal
(time) resolution. Structured Illumination Microscdman extend the resolution dhe microscope
image to visualize structures smaller than the classical ~200nm limit of resolution, down to ~100 nm
and below. Combining Multifocus and Structured Illumination Microscopy, we can increase the
acquisition speed of 3D SIM data by an ordemmagnitude. We are currently employing this
technique to study sister chromatids and their associated biomolecules during nieiosis
(unpublished).

1. Abrahamsson, 8t al, Fast multicolor 3D imaging using aberratmrected multifocus microscopy. Natethods, (2013).

2. Gustafsson, M.G.kt al. Threedimensional resolution doubling in widld fluorescence microscopy by structured
illumination, Biophys J. (2008) doi: 10.1529/biophysj.107.120345

3. MacQueen, A.J. Phillips, C.M., Bhalla, N., Weiséfilleneuve, A.M., Dernburg, A.F., Chromosome sites play dual roles to
establish  homologous  synapsis during meiosis in C. elegans, Cell, 12805037 2005,
https://doi.org/10.1016/j.cell.2005.09.034.

Lundi 8 novembre

S5¢ 18h15

Superresolution micoscopy: Challenges and Potentials in biomedical research

Christian Eggeling,

LyadAadgdziS F2NJ ! LILIJX ASR hLAOa FyR . A2LKearxoda:z
Photonic Technology e.V., Jena, Germany; MRC Human Immunology Unit, Weatherall Institute of
Molecular Medicine, University of Oxford, Oxford, United ¢ony

christian.eggeling@rdm.ox.ac.uk

Salle Méditerranée Séminaire

Understanding the complex interactions of molecular processes underlying the efficient
functioning of the human body is one dfe main objectives of biomedical research. Scientifically, it
is important that the applied observation methods do not influence the biological system during
observation. A suitable tool that can cover all of this is opticafiédd fluorescence microsgy. Yet,
biomedical applications often demand coverage of a large range of spatial and temporal scales,
and/or long acquisition times, which can so far not all be covered by a single microscope and puts
some challenges on microscope infrastructure. Takimgune cell responses, virus infection, and
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plasma membrane organization as examples, we outline these challenges but also give new insights
into possible solutions and the potentials of these advanced microscopy techniques, e.g. for solving
long-standingquestions such as of lipid membrane organization and dynamics (e.g. lipid rafts).

Mardi 9 novembre

S6¢ 18h15

Metal- and Graphenenduced Energy Transfer Imaging

Jorg Enderlein,

Institute of Physicg Biophysics, Georg August University, 37@ottingen, Germany; Cluster of
9EOSttSy0OS dadzZ GAadOFES . A2AYFIAYy3IY FNRY az2fS$O0
(MBEXC), Georg August University, 37077 Goéttingen, Germany.

jenderl@gwdg.de

Salle Méditerranée Séminaire

Metal-induced Energy Transfer (MIET) Imaging is a recently developed method [1] that
allows for nanometre resolution along the optical axis. It is based on the fact that, when placing a
fluorescent molecule close to a metal, its fluorescencepprties change dramatically, due to
electromagnetic coupling of its excited state to surface plasmons in the metal. This is very similar to
Forster Resonance Energy Transfer (FRET) where the fluorescence properties of a donor are changed
by the proximity & an acceptor that can resonantly absorb energy emitted by the donor. In
particular, one observes a strongly modified lifetime of its excited state. This coupling between an
SEOAGSR SYAGOSNIFYR | YSGlIf FAfY rodathénletdPWedf & R
have used this effect for mapping the basal membrane of live cells with an axial accuracy of ~3 nm.
The method is easy to implement and does not require any change to a conventional fluorescence
lifetime microscope; it can be applied taabiological system of interest, and is compatible with
most other supetresolution microscopy techniques that enhance the lateral resolution of imaging
[2-3]. Moreover, it is even applicable to localizing individual molecules [4], thus offering theggtosp
of three-dimensional singlenolecule localization microscopy with nanometre isotropic resolution
for structural biology. | will also present latest developments of MIET where we use a single layer of
graphene instead of a metal film that allows for rieasing the spatial resolution down to few
Angstréoms (Graphenmduced Energy Transfer or GIET) [5,6]. In combination with simgjlecule
localization microscopy methods such as dSTORM or PAINT, MIET/GIET imaging offers nanometric
isotropic resolution fobioimaging of molecular complexes and cellular structures.

1. I KATKA1Z ' & Lo w2iKSNE WO DNkidged\shergy wadsferVitr yiva kel F ¥ |
y6IEy2a02Lk¢ bl idNB -22K2{i2yA0a y OoHAMNO MHN
2. Chizhik, A. M., Ruhlands, ®> t ¥ FFX W®X YI NBRfIl I b®dr / K-Dimdhgichal ! & Lo

Reconstruction of Nuclear Envelope Architecture Using-Dotir MetalL Yy RdzOSR 9y SNH& ¢ NI yaTFSNI LY
(2017) 1183911846.

3. Chizhik, A. M., WollhiZ / @3 wdzKf |l yRGGZ 5®T YI NBRfl X b deolor/métall KA1 Z !

AYRdzOSR IyYyR CINBGSNI NBaz2ylyOS SySNHe& G(NBSaTSNI F2NJ OStt  yI
4. Isbaner, S., Karedla, N., Kaminska, |., Ruhlandg DL 6 X a®X . 2Kf Sys WodI oddd 3 ¢ &dz |
Single Molecules with Nanometer Accuracy Using Metfl RdzOS R 9y SNHE& ¢NI yaT&eR bl y2 [ Siidc
5. Ghosh, A., Sharma, A., Chizhik, A. I., Isbaner, S., Ruhlandt, D., Tsuk&@®@gdR |., Karedla, N., & Enderlein, J.

o DNJ Ldasey rBetainduced energy transferforsuff y 2 YSGNB 2 LIGAOLE f20Ft AT dA2YE bl
6. DK2aKz ! &3 [/ KATKA]lZ ! @ L ®I-andmsBimiticed enegydransfer fordsiideS NI SA y X

molecule imaging and liveell nanoscopy with (subf I Y2 YSGSNJ | EAL f NB&2f dzikd 2y é bl (dzNB t

Ecole thématique du CNRS : Microscopie Fonctionnelle en BMIBgRio, Giens,-52 nov 2021

http://imabio-cnrs.fr/mifobio/programme/ mifobio-info@services.cnrs.fr 66
mabio
e


http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
about:blank

M Fo

Gdr ImaBio

)"

SEMINAIRES

S7¢ 19h15

Towards quantitative correlative microscopy

Lucy Collinson

Francis Crick Institute, 1 Midland Road, LonddWINLAT, UK
Lucy.Collinson@crick.ac.uk

Salle Méditerrané& SéminaireVISIO

Correlative light and electron microscopy (CLEM) combines the benefits of fluorescence
and electron imaging, allowing researchers to track rai@ogical events in the context of cell
structure. Depending on the biological question, correlative workflows can be tailored to
incorporate almost any imaging modality. For example, in collaboration with Dr Eva Frickel and Dr
Serge Mostowy, we imaged Xaplasma parasites in zebrafish brain, using fluorescence microscopy,
microCT, transmission EM, Serial Block Face SEM and Focused lon Beam SEM to locate and image
GKS WySSRtSLaAy GKS KlFeaidl O01Q

| 26 SOSNE O2NNBt I G§ABS YA ONEZRueahelomplelity e G 2 ¢ I N
experimental workflows and the lack of automated image analysis algorithms. To overcome this
bottleneck, our technology development work has focused on improving the speed, accuracy, and
accessibility of CLEM. In this talk, ll discuss the benefits of preserving fluorescent proteins in cells
and tissues prepared for electron microscépy ¢ KA OK Syl of Sa wavYl NI
workflows!, and our collaboration with astrophysicists, citizen scientists and machine learning
specialistdto automate segmentation and visualisation of cell organelles at the nanoscale for large
scale downstream quantitative analysis of cells in health and disease.

1. Yoshida N, Domart MC, Peddie CJ, Yakimovich A, Méaga MJ, Hawkins TA, Cadlon L, Mercer J, Frickel EM,
Mostowy S. The zebrafish as a novel model for the in vivo study of Toxoplasma gondii replication and interaction with
macrophages. Dis. Model Mech. 13(7): dmm043091 (2020).

2. Brama E, Peddie CJ, Jones M, Domart MC, SnetktMayxM, Larijani B, Collinson LM. Standard fluorescent
proteins as duaimodality probes for correlative experiments in and integrated light and electron microscope. JoCB.
DOI:10.1007/s12158150147-3 (2015).

3. t SRRAS / WX 52YI NI aariani B, W&yiM, oS, CdllinsbnQ M 2Cartelative-s@ipelution
fluorescence and electron microscopy using standard fluorescent proteins in an integrated microscope. J Struct. Biol.
199:12031 (2017).

4. Brama E, Peddie CJ, Wilkes G, Gu Y, ColliNgalohes ML. ultraLM and miniLM: Locator tools for smart tracking
of fluorescent cells for correlative light and electron microscopy. Wellcome Open Research. 1:26 (2017).
5. Spiers H, Songhurst H, Nightingale L, de Folter J, Hutchings R, Peddie CJAWHstoAooniverse Volunteers,

Strange A, Hindmarsh S, Lintott C, Collinson LM, Jones ML. Citizen science, cells and CNNs: deep learning for automatic
segmentation of the nuclear envelope in electron microscopy data, trained with volunteer segmentatiaffis. 22:240
253 (2021).
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Mercredi 10 novembre

S8¢ 11h25

Synaptic vesicle pools under the nanoscope
Frédéric A. Meunier,

Clem Jones Centre for Ageing Dementia Research (CJCADR), Queensland Brain Institute (QBI),
University of Queensland, St Lucia Campus, Brisbane, QLD, 4072, Australia.

Salle Méditerranée SéminaireVISIO

Synaptic vesicles (SVs) are highly enriched irptheynapse of neurons and contain the
neurotransmitter which can be released by exocytic fusion to mediate neuronal communication.
These vesicles are 45 nm in diameter and organised into distinct functional pools based on their
availability to release neotransmitters. SVs are highly clustered facing their release sites at the
active zone. Their exclusive concentration at the presynapse suggests an anchoring mechanism
preventing them from spreading throughout the neuron. To undergo fast recycling fotidwsion,

SVs can also move although it is currently unknown how presumably mobile SVs can remain
clustered.

In this talk, I will discuss our attempts to image SVs using various-giageule imaging
techniques15 specifically designed to unravel thgrmdmic nanoscale organisation of distinct pools
of SVs in live hippocampal neurons.

1 Joensuu, Met al. Visualizing endocytic recycling and trafficking in live neurons by subdiffractional tracking of
internalized molecules. Nat Protoc 12, 25262, (2017).

2 Joensuu, Met al. Subdiffractional tracking of internalized molecules reveals heterogeneous mstites of
synaptic vesicles. J Cell Biol 215,-292, (2016).

3 Padmanabhan, Ret al. Need for speed: Supeesolving the dynamic nanoclustering of syntakimt exocytic
fusion sites. Neuropharmacology, (2019).

4 Vanhauwaert, Ret al. The SAC1 domain in synaptojanin is required for autophagosome maturation at presynaptic
terminals. EMBO J 36, 139211, (2017).

5 Wallis, T. Pet al. Molecular videogaming: Supegsolved trajectorsbased nanoclustering analysis using spatio

temporal irdexing. bioRxiv, 2021.2009.2008.459552, (2021).

S9¢ 19h15

The Mechanobiology of Cell Growth and Shape control
Nicolas Minc,

Institut Jacques Monod, CNRS UMR 7592, Université de paris
15 rue Héléne Brion, 75013 paris

nicolas.minc@ijm.fr

Salle Méditerranée Séminaire

Walled cell exhibit a remarkable range of size and growth properties, which are largely
determined by the mechanics of their cell wall. The cell wall is a thin and rigid layer which provides
mechanical intedgty by opposing large turgor pressure derived stresses. By developing- super
resolution imaging methods to map Cell Wall thickness all around live and growing yeast and fungal
cells, we deciphered the mechanisms controlling CW dynamics during growtthapd shanges.

We uncovered a mechanical feedback system controlling wall thickness at growing cell tips, which
impinge on cell viability and growth regulation, and relies on mechanosensing activities in the cell
wall. Mechanosensation is mediated by a sla§surface sensors which can detect local mechanical
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stresses on the cell wall surface and adapt wall synthesis and mechanics. Finally, using a combination
of wall thickness measurement and laser ablation, we also screened libraries of yeast mutants, and
fungal cells with large range of sizes, shapes and growth modes, and establishedchlege
correlations between mechanical properties of the cell wall, growth and morphologies in these cells.
These data impact our current understanding of the mecharlolip of the cell wall and its impact

on cell growth and shape control.

Jeudi 11 novembre

S10c 18h15

Médiation technique et conception : une création orientée ?

Claude Paraponaris,

DR CNRS, Professeur des universités Aix Marseille, Anthropologue et philosophe de la technique,
organologie de la création industrielle

claude.paraponaris@urigmu.fr

Salle Méditerranée Séminaire
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Module Avancé ouTable Ronde-/-Numéro module associé olransversal-NuméroMA ou TR

Round tables M

ITimeslot [Sat 06 Nov un 07 Nov [Mon 08 Nov ed 10 Nov IThu 11 NOV
14:00- - . . . SYMPOSIUM (13:45-16:00)

: [SYMPOSIUM Organisation et dynamique moléculaire; ; A . L .
15:45 quoapporte | e deep | éAmphi Mécanobiologie (Amphi Méditerranée)
16:15- Méditerranée)

18:00
- MA-3-01 Strengths and Limits of Deep| MA-5-02 Imagerie de phase ef]
00;00' Learning for Image Restoration in| do6i ndice pour

Microscopy (Amphi Porquerolles) Porquerolles)
ITimeslot [Sat 06 Nov Sun 07 ov Mon 08 Nov ‘ed 10 Nov IThu 11 Nov

TR-T-06 Suivi de qualité d'un|

ITR-3-01 Retour sur I'ANF du| ) h
h4:00- |RT-MFM Deep Leaming pourTR2-02 TR  du  modulg]lCToSCOPE photonique dans e TR39 Comment ipg.qy Imagerie

) . - | ) ltemps (Amphi Porquerolles) impacte-t-elle notre travailly,ticellulaire id

15:45 lles  microscopies  (Amphi[Nanoscopie (Haut-Lounge) TR-T-07 De la dé S > (Amphi P f muiticellulaire : organoides,
Porquerolles) -T-07 De la découverte a ? (Amphi Porquerolles)  fissus, embryons (Amphi
\valorisation (Haut-Lounge) Porquerolles)
TR-1-03  Emerging chemicall TR-2-12 SMLM au dela del
ools, techniques, and methods TablesRondes R-2-10 Microscopies dul 6est h®t i que
16:15- or the realization of competitive - ivant sur virus  etlPorquerolles)

: iologi - Aditionnelles " q .

18:00 biological projects - > bactéries en BSL3 (Haut{TR-3-13  Cléture  du
(Amphi Porquerolles) Propogesdurantld ® ¢ Lounge) parcours thématique deep
TR-4-04 Which Light Sheet for learning (Haut-Lounge)
gentle imaging (Haut-Lounge)
TR-T-05 IYSN Caree R-6-08 TR du Module 6

21:30- development perspectives fol Dynamique et intéraction

00:00 oung scientist (Amphi moléculaires (Haut-

Lounge)

Porquerolles)
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MA-3-01 - Strengths and Limits of Deep Learning for Image ‘Roundtablesm
Microscopy

Samedi 6 novembre21h3G00h0G Amphi Porquerolles

Proposer/Coanimator @ c_ D R Groupement

LOIC A Royer ISIS Information Signal
Mal’tll’l Welgert Image viSion

Abstract

In this advanced module we will discuss the strengths and weakne§sieep learning for image
restoration in Microscopy. We will first review the classical methods for image restoration and
review some of the most popular algorithms for deconvolution and denoising.

We will then review recent deep learning methods in that context to highlight their advantages.
Importantly, we will discuss their limits and remind ourselves of what can go wrong and why. Finally,
if there is time we will discuss more generally the pisfalf deep learning beyond image restoration.

*kk

MA-5-02 - Phase and index imaging for biologie
Mercredi 10 novembre21h3300h00 Amphi Porquerolles
Proposer/Coanimator

Pierre Bon

Olivier Haeberlé

Abstract

The objectives of this advanced module are: presenting the basics of image formation in the least
invasive unlabeled microscopy modalities (i.e. not involving-livear techniques like Raman,
d4S02yR KINXY2YAOX0® 2SS gAft phasa Oidedséopyrayd optigah a Y 2
SOK23INYLKe 06l GSTFNRY(l aSyaiy3dar K2f 23N} LIKeX h/ ¢,
applications and on the remaining challenges to extend these methodologies to instrumental
solutionfree biological questions. Mnly, we will insist on 3D imaging (tomography), thick sample
imaging, resolution enhancement, and also on specific and/or functional information retrieval.

Part 1: Quantitative phase imaging: Principle, interest and applications on biological specimens,
coupling to other imaging modalities.

Part 2: Current limit, identified technological issues, work in progress and potential applications
unlocked.

Discussion time will then be devoted to identify the expectations of users (mainly biologists) who

O y <@ or amzwilling to avoid fluorescence labeling.
*k%
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TR-3-01 - Retour sur I'ANF du RT -MFM "Deep-learning pour les microscopies"
Samedi 6 novembre 14h@lbh45 Amphi Porquerolles

Proposer/Coanimator RoundtablesM
Fabrice Cordelieres :
Christian Rouviére )A F

Abstract

L'idée est avant tout de faire un retour d'expérience suite a formation et de partager les pratiques
gui en ont émergé.

Vous avez entendu parler de la révolution du machine learning, mais ne savez pas par ol commencer
pourvousy mettre ? Vous & G Sy ('S R Qdzi A-enimais iNdis Redhaz afcamprendre S &
O2YYSyild Ata F2yO0lAaz2yySyid K +2dza &adza ST | 9SO YA
pas réussi a installer cette *** de bibliotheque qui débloquerait votre problématicie
segmentation ? C'est a ces défis que se sont heurtés les 15 participants de 'ANfedDeizy pour

les microscopies”. Des spécialistes du DL les ont guidés dans l'acquisition des bonnes pratiques, et
dans l'utilisation d'outils opessource. Nos pdicipants sont a présent a méme de diffuser la
connaissance auprés d'un public plus large, et préts a échanger avec vous sur leurs déboires mais
surtout sur leurs success stories.

*kk

TR-2-02 - Table ronde de cléture du module 2 Nanoscopie
Dimanche /hovembre 14h0a15h45 Hawd_ounge

Proposer/Coanimator

Jeanbaptiste Sibarita

Sandrine Lévéquiort

Christophe Leterrier

Abstract

The objective of this round table is to close the nanoscopy module, by gathering the workshop
leaders, the speakers of the mo@udnd the participants particularly interested in this topic, and to
offer the opportunity of informal exchanges around the challenges to come for the field.

*kk
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TR-1-03- Emerging chemical tools, techniques, and methods for the realization
of competitive biological projects
Dimanche 7 novembre 16hiBh00 Amphi Porquerolles

Proposer/Coanimator
Dominique Bourgeois
Andrey Klymchenko
Marie Erard

Ludovic Jullien

Abstract

The objective of this round table is twsided, to close the module 1 "Probeby bringing together

workshop leaders, module speakers and participants particularly interested in this theme, and to
RSFAYS GKS LWty 2F |OGA2y 2F GKS 62NJ] LI O :
hLli2z23aSySiaada FNRY ( knée Bib kmiagding gperito new cbritdbuioisNHzO (i dzNB
This round table will be the occasion to discuss current challenges in the field of fluorescent labelling

in biology:

(i) at different levels from single molecules to cells, tissue and small animals;

(if) multiple targets to be labelled (proteins, nucleic acids, lipids, etc);

(ii) fluorescent probes for advanced microscopy techniques, including sapelution imaging.

It will be the occasion to discuss emerging approaches in the field, which éncled/ chemistry,

new molecular biology methods and combination of chemistry with molecular biology. It will also

try to define the current needs in the new probes from biology and advanced microscopy.

FBI WP 3 (Probe development, Optomanipulation & Optetjes) takes advantage of MiFoBi02021

to lead a discussion in which representatives of the WP will interact with the event participants to
define a plan of action for the next two years. The goal of this discussion is to discuss how to provide
access antraining to emerging chemical techniques and methods for the realization of competitive
biological projects.

2L} FRANCE-BIOIMAGING
()

*kk

TR-4-04 Which light -sheet microscope for gentle live imaging ?
Dimanche 7 novembre 16h18h00 Hawi_ounge

Proposer/Coanimator
Alexandra Fragel
Mathieu Ducros

Rémi Galland

Abstract

[ Q262SO00GAF RS O0SGGS dGlrotS NRYRS Sai R2dwmfS Y

L2 dzNJ £ S& dziAfAal §SdzNBR Y Af aQlF3Ad RS OK2AaANI f
f A@S RS fSdzNE SOKFIYyGAff2iién) RQAYGSNsG o03aINNOS t
L2 dzNJ £ S& RSOStE2LIISdzZNE Y f Q202SO0GAT Sald RQARSYy

lumiere.

Pendant cette table ronde, nous présenterons rapidement les différents systémes optiques et les
méthodes de préparation des échantilloes microscopie a feuille de lumiére du vivant, et ferons

un focus sur trois modalités avancées de microscopie a feuille de lumiére: imagerie dynamique

N} LARS t KIFdziS NBaz2tdziazy Sy tFGGAOST AYF3ISNRS
ahazi RSO0AG RQAYIF3ISaod

Les échanges entre les participants seront tournés autour de leurs problématiques.
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*k%

TR-T-05 IYSN Career development perspectives for young scientist
Dimanche 7 novembre 21h@@h00 Amphi Porquerolles

Proposer/Coanimator <
ClémentCabiriel o
Hana Valenta

Abstract

This round table is organized by the Imabio Young Scientists Network (IYSN), who will chair the
discussion. Academic researchers as well as industry and startup scientists will be invited to present
their professional experiere. The informal discussion will allow young scientists to interact with the
invited people to provide them with their personal points of view.

The objectives are to:

- Assess the needs of the Imabio young scientists in terms of career development

- Makethem aware of possible career pathways in academic research, companies and others

- Give them the opportunity to discuss this with more senior members of the community, as well as
with other young scientists

- Help them build and use their professional werk efficiently

*k*k

TR-T-06- Suivi de qualité d'un microscope photonique dans le temps -
dialogue avec les constructeurs

Lundi 8 novembre 14h@05h45 Amphi Porquerolles ﬂm
Proposer/Coanimator \

Thomas Guilbert
Aurélien Dauphin

Abstract

[ YAONRAO2LIAS Said t y20NB O2yylAraalyOS dzy RS
aeailisyS @OASyid &alya Y2RS RQSYLX 2A RUSYGUNBOASYy:
YSadaNBSaxr R20dzySyid RQIFARS t 3MduRWimisgubiaefehtsh@S & [ S
un dialogue avec les différents constructeurs de microscopes pour échanger sur les méthodes, les
2dziAta Si tSa LINRPG202tSa RS YSadaNBa RS fQsSil i
O02YYdzy RQI YSt A 2duiank de Sos dyddnm@s, enRaBmohidantJEs procédures entre

SAV et utilisateurs. Une conséquence directe pourrait étre une meilleure communication entre ingés

de PF et SAV pour, par exemple, faciliter la validation du bon fonctionnement du systéme aprés

IQF OKI G® [ S 3INPR dzLIBfmR&haileNiédserigie dans le ¢ade dest discussions
SyilrysSa 9SO tSa 02yaiNHzOGSdzNES f QdziAt AalF A2y
» fera en réalité référence au suivi de qualité de fonctionSeyhi R Qdzy YA ONR A O2 LIS |
9y adzA GSsT y2dza a2dzKlFAG2ya S3AFESYSyd LINBOAASNI | dz
effectuées sur différents microscopes en termes de performance, mais bien de suivi dans le temps

RS f QSil i R®@meiphryésInesRresdaign piaédises, issues du protocole établi par le
GT3M.

*kk

Ecole thématique du CNRS : Microscopie Fonctionnelle en BMIBgRio, Giens,-52 nov 2021

http://imabio-cnrs.fr/mifobio/programme/ mifobio-info@services.cnrs.fr 74
maBio
S


http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr

M Fo

i Gdr ImaBio
@M@ TABLES RONDES

TRT-07- De la découverte a la valorisation

Lundi 8 novembre 14h005h45 Haut_ounge

Proposer/Coanimator

Marc Tramier

Abstract

[ Q2628S0GAT RS OSditag® RO SE I9S WNR §HRES db sfiodtdSOwek a a I y i
les questions quées participants pourraient spose sur la valorisation sans jamais avoir 0sé le
demander.

b2dza LINBASYyiSNRya RSa SESYLX S&a RQKAalmapbBa RS
histoire) et donnerons des informations et astuces aux chercheurs désirant se lancer dans

f QI Sy dz2NB @

*kk

TR-6-08 - Table ronde de cléture du module 6 Dynamique et intéraction
moléculaires
Mardi 9 novembre 21h000h00 Haut_ounge

Proposer/Coanimator

Cyril Favard

Ignacio Izeddin

Antoine Coulon

Abstract

The objective of this round table is to close Module 6, by bringing together the workshop leaders,
the speakers of the module and the participants particularly interested in this ¢hemd to offer

the opportunity for informal exchanges around the challenges to come for the field.

*kk

TR-2-09 - Microscopies du Vivant sur virus et bactéries en BSL3
Mercredi 10 novembre 16h158h00 Hawlounge

. 4 ™
Proposer/Coanimator N . .
Delphine Muriaux b_ ensupar
Sébastlen Ly()r]r]alS Microscopie de super-r%ini:;! wvirus et bactéries en BSL3
Abstract ~ -/

La table ronde permettra la discussion sur le théme de l'installation de microscope en P3, de la
formation des individus en P3 et des questions pratiques soulevées.

Les virus et bactéries sont des petits pathogenes, parfodessous de 100 nm en taille, et souvent

de risque de niveau 3. Ceci implique de les étudier en laboratoire de confinement de niveau 3 (BSL3)
qui nécessite des instruments et manipulations particulieres. Nous présenterons ici comment
manipuler ces pathogéss dans un BSL3 afin de les imager vivant ou en infectant la cellule hote.
Nous présenterons comment nous avons introduit ces microscopesAfBW Spinninglisk ou

encore en TIRPALM) dans le BSL3 afin de les étudier par imagerie du vivant infectieux.

*% %
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TR3-10 - Comment I'lAimpacte -elle notre travail ?
Jeudi 11 novembre 14h@06h45 Haut_ounge

Proposer/Coanimator
Cédric Matthews
Guillaume Gay

Claude Paraponaris

Abstract

Depuis ces 5 derniéres années, nous vivons une évolution du métier en plateforme par I'apport de
lintelligence artificielle. Nous devons repenser tant l'organisation des données que les
méthodologies d'acquisition d'images pour répondre au mieux a deel@msvcontraintes que nous
imposent les thématiques scientifiques complexes, les images massives et le big data. Nous
découvrons aussi afil de I'eau que le cadre reéglementaire nous contraint dans la gestion de ces
données, nous amenant a repenser nos laggiions dans le monde de I'open data. Le métier
d'ingénieur en plateforme, poussé par I'évolution des techniques, doit a nouveau se projeter dans
un monde technique qui a évolué, ici avec une rupture qui touche tant tous les domaines
scientifiqgues que laie de chacun dans notre société.

*kk

TR-4-11 - Imagerie multicellulaire : organoides, tissus, embryons, quelles
nouveautés pour l'imagerie des tissus épais
Jeudi 11 novembre 14h@06h45 Amphi Porquerolles

Proposer/Coanimator
Gaélle Recher & Lydia Daog{Module 4)
Morgane Belle et Pierre BON (Parcours Milieux épais)

Abstract

Chacun des obijectifs citésaessous sera abordé au cours de la table ronde. Nous pensons lancer

la discussion en abordant chacun des sujets par une courte présentation d'pardegpants (parmi

les ateliers associés) afin de lancer un probléme bio ou un verrou technologique non résolu. Les
participants a la table ronde pourront ainsi rebondir sur le sujet afin de partager leur expérience et
de proposer d'éventuelles solutions

- Aborder les contraintes techniques et difficultés rencontrées lors du marquage et du montage des
échantillons épais fixés ou vivants (stratégie de marquage, chambre imprimée, fraisage de verre ou
de plastique, moule 3D).

- Aborder les contraintes tectiques et difficultés rencontrées lors clearing des tissus clarifiés ou
préparés pour l'expansion microscopie.

- Aborder et discuter les avantages et inconvénients des techniques actuelles (optique adaptative,
feuille de lumiere, confocal, spinning, )

-102NRSNJ £ Sa O2yiNrAyidSa G§SOKyAljdzSa SiG RAFTFAO
données de larges volumes issues de limagerie des tissus, organoides ou tissus "expansés" (
expansion microscopie).

-t SNYSGGNB t RSa O2dépaibtozieSdes sRAEGI€S fots edStakle ronde
(nouvelles sondes, préparation d'échantillons, nouvelles méthodes pour suivre rapidement les
déformations, technologies 3D, imagerie multi couleur).
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TR2-12-SMLMauRSf +t RS f QSadKSGAldzS K
Jeudi 11 nvembre 16h1518h00 Amphi Porquerolles
Proposer/Coanimator

Céline Malleval

Karine Monier

Abstract
[ S o6dzi RS OSGidGS GroftS NRYRS Said RS NBJSYy AN adz
RUSELISNASYOS Si RQSt I 62 NB Néctpjx st I'uilisatian 8es RANINESO2 Y Y I
de SMLMen abordant les points suivants
-1 00SaaAoAtAlS RS fQ2dziAt
- Leviers techniques
2 tNBLINIGA2Y RQSOKIYyidGAtt2y OFAEFGAZ2YS OK2A
des données obtenues
oParans i NB RQI OljdzA aA A2y
2 ¢NIAGSYSyYyd RQAYF3ISa Y {2Fd6F NBax LI NI YSQGN
o Quantification : Softwares
- Forces et limites des techniques de SMLM
2 /2YLINIFrA&a2y | @SSO RQIdziNBa (GSOKyAl dzSa

*kk

TR3-13 - Cl6ture du Parcours thématique : Deep learning pour l'analyse
d'images de microscopie

Jeudi 11 novembre 16h1B3h00 Haut_ounge

ProposefCoanimator

Daniel Sage

Fabrice Cordelieres

Abstract

Cette table ronde est le récapitulatif du parcours thémati¢iDeep learning pour I'analyse d'images

RS YAONRAO2LIAShH [ F2NXIGA2Y LX dza | @ yOSS RQdzy
LISNYSGUNB dzyS RAFTTFdzaAz2y NBFf SOKAS RS O0Sa G(SOKy)
bagage pour app@ SY RSNJ £ S LR GSyGASt Rdz 5[ Sid L}RdzNJ Sy O
une intégration valide de ces techniques dans un protocole scientifique.

[ Qdzy A OSNE Rdz 5[ NBadsS SyO2NB tFNBSYSY( NB&SNDS
des @mpétences bien spécifiques (Python) et des calculateurs puissants (GPU). Le DL est donc
relativement inaccessible a la plupart des chercheur-euse-s en biologie, contrairement aux
méthodes algorithmiques pour lesquelles on trouve des softwares facilentdigables (par ex.
ImageJ/Fiji).

Ce nouveau paradigme entierement centré sur les données souléve des questions plus «
philosophiques ». Quelles quantités de donnéaemples, quelle variabilité de données, quelles
annotations ? peubn vraiment faireuné y I f @84S AO0ASYyUGATAIldzS Sy &asS ol
FdziiF yiG RS ljdzSaidAaz2ya ljdzA R2AOGSyld siGNB | RNBaasSa
ofl O162E n Si fQAYGSNIINBGlIOAfAGS RS& NBatdzZ G b4
pas étre ignorées dans un contexte scientifique. Ce parcours thématique, avec ses ateliers,
ASYAYFANBaTX NByO2y(iNBaxr aSNI dzyS 200l airz2y RQ
spécialistes et utilisateurs.
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PARCOURS THEMATIQUES

° @ ®
Round tablesM Lectures &2 k Workshops

Les pacours thématiques ont pour objectif de rassembler des ateliers, tatnedes et séminaires
ddzNJ RSa G(GKsYSa astSOlA2yySa LINtQ2NHIYAAlLGAZ2Y
RS tQlyySSo

Pour MIFOBIO 2021, nous avons donc sélectiorpar@urs:
- al OKAYS [SIENYyAYy3 LI22dz2N ftQlylrfeasS RQAYI3ISa R
- Imagerie en milieux épais
- Imagerie en molécule uniqgue (SMLM/STORM)

Vous trouverez dans les pages suivantes, le synopsis des parcours ainsi que les ateliers, tables
rondes et séminaireassociés.

The objective of the thematic tracks is to gather workshops, round tables and seminars on themes
selected by the organization on the basis of workshop proposals received during the year.

For MIFOBIO 2021, we have selected 3 tracks:

- Machine Learning for microscopy image analysis
- Imaging in thick media

- Single Molecule Imaging (SMLM/STORM)

You will find in the following pages, the synopsis of the tracks as well as the associated workshops,
round tables and seminars
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Parcourghématiquel:al OKAY S [ S NYy Ay 3 L2 dzNJ f
microscopie

Responsable Daniel SAGHlaniel.sage@epfl.ch

Abstract

Deep learning techniques (deep learning DL), resulting from work in artificial intelligence, are
changing the practices of many disciplines based on data sciences. Microscopy image analysis, which
tries to understand biological processes by quantifyingges is directly concerned by this
evolution. Many (but not all) bioimaging applications can thus benefit from artificial neural networks
to solve complex or difficult to model tasks. DL networks are progressively imposing themselves in
the scientific commnity, which does not go without raising a large number of questions that mix
hope and skepticism, belief and reasoning.

The more advanced training of more scientists is the key to allowing a thoughtful diffusion of these
techniques. The scientific commityn must be equipped to understand the potential of DL and to
know its limitations. This is essential for a valid integration of these techniques in a scientific
protocol.

This thematic track "deep learning for microscopy image analysis" proposes axsgkshops that

will allow beginners to get to grips with relatively accessible tools and more advanced users to
implement neural networks on simple examples. Workshops are also proposed on concrete
applications of deep learning.

The world of DL is stilligely reserved for computer scientists, as its implementation requires very
specific skills (Python) and powerful computers (GPU). DL is therefore relatively inaccessible to most
biology researchers, unlike algorithmic methods for which there are easilyl@ software packages

(e.g. ImageJ/Fiji).

This new paradigm entirely centered on data raises more "philosophical” questions. What quantities
of example data, what variability of data, what annotations? Can we really do a scientific analysis
based on theexample? these are all questions that must be addressed in a rigorous way. The
explicability of the "blackbox" system and the interpretability of the results are other more delicate
guestions that should not be ignored in a scientific context. This thiensatirse, with its workshops,
seminars, meetings, will be an opportunity to address all these current issues between specialists
and users.

Pedagogical objectives of the course

- Understand the potential and limitations of DL techniques for microsamgging

- Implement a DL image analysis with simple tools or be able to design a DL image analysis

- Acquire the methodology to determine the relevance of DL and evaluate the risks of using a DL
system

- Enable users to exchange DL developers and remookdnyes

Identification sheet

Related modulest, 4 and 5

Course:

Assaf Zaritsky, Be@Gurion University of the Negev, Israel
Extracting the invisible from live cells microscopy
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Loic Royer, Chan Zuckerberg Biohub, San Francisco, USA
Seltsupervised deepearning for fluorescence imaging and nD image viewing with Napari

Martin Weigert, EPFL Lausanne, Switzerland
Microscopy image analysis with machine learning

Perrine PaulGilloteaux, Université de Nantes, France
Multiscale and multimodal registrationnaoverview of methods

Diana Mateus, Université de Nantes, France
Deep learning with medical images: learning with small datasets and few annotations

Daniel Sage, EPFL Lausanne, Switzerland
Microscopy image analysi§ he shift to deep learning?

Workshop:

A015

David Rousseadavid.rousseau@unigngers.fiPejman Rasti pejman.rasti@urangers.fr
Deep learning sans se salir les doigts (1/2)

AO005
David Rousseatiavid.rousseau@unigngers.fiPejman Rasti pejman.rasti@urangers.fr
Deep learning avec les doigts dans le moteur (2/2)

A016
David Rousseadavid.rousseau@unigngers.fiPejman Rasti pejman.rasti@urangers.fr
Deep Bar a images

Al14
Guillaume Mougeot guillaume.mougeot@uca.fr
Deep learning made easy for microscopy: an introduction to ZeroCostDL4Mic and DeeplmageJ

A116

Anais Badoual anais.badoual@inria.fr

Daniel Sage désl.sage@epfl.ch

Bioimage analysis: practice deep learning without coding

A065

Charlotte Riviere charlotte.riviere@unliyonl.fr

Ali Ahmad ali.ahmad@inggon.fr

Getting the most out of 3D pheroids by combining microfabricated wells, clarificemiques,
standard confocal imaging and deep learning image processing

Al24

Estelle Anceaume estelle.anceaume@colidgdrance.fr

Philippe Malilly philippe.mailly@collegke-france.fr

QuPath: pyramid image analysis for everyone. Case study:-lBaapng cell counting and
guantification of histological slides
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Parcours thématique 2 Imagerie en molécule unique
SMLM (Single Molecule Localization Microscopy) et STQRM
(STOchastic Reconstruction Microscopy)

ResponsablesBéatrice Durellfeatrice.durel@inserm.fj
et Lydia Danglotlfydia.danglot@inserm.fy

Abstract

Single molecule imaging has experienced a considerable growth in recent years and ishen& of
main techniques of "Supeesolution” microscopy with SIM (Structured lllumination Microscopy)
and STED (STimulated Emission Depletion Microscopy).

As the number of publications concerning single molecule imaging and the installation of systems
within platforms is increasing, we decided to establish a SMLM/STORM pathway within Mifobio in
order to help newcomers to orient themselves in all the activities associated with Mifobio. This path
has been established jointly with the Pointillism workimgup of the RTmfm Technology Network
(Magalin Mondin and Karine Monier).

You will find here all the courses, seminars, symposiums, roundtables and workshops dealing with
SMLM techniques.

Pedagogical objectives of the course

- To address the technicalonstraints and difficulties encountered during sample preparation
(fluorophores, blinking buffer, mounting in chamber or on slides).

- To expose the different techniques that can be used on fixed (STORM or PAINT) or live samples
(PALM) and the feasibiligf their implementation on home made or commercial systems.

- To expose the different 2D or 3D techniques that can be used for multicolor imaging (sequences of
images at different excitation wavelengths or mixing of wavelengths after a single excitation).

-To address the technical constraints and difficulties encountered in the quantitative analysis of
SMLM data (particle density, fluorescence intensity per blink, imaging frequency).

- To open perspectives on new tools developed and to be developed ifigliis

- To allow communities to exchange protocols and strategies during the round table (new probes,
sample preparation, new methods to rapidly follow deformations, 3D technologies, multicolor
imaging).

Seminars and courses related to the thematic pathy :

Superresolution microscopy: Challenges and Potentials in biomedical research.

Christian Eggeling,

LYadAdGdziS F2NJ ! LI ASR hLiAda FyR . A2LKearlda:z
Photonic Technology e.V., Jena, Germany; MB@ad Immunology Unit, Weatherall Institute of
Molecular Medicine, University of Oxford, Oxford, United Kingdom.

Synaptic vesicle pools under the nanoscope

Frédéric A. Meuniér

IClem Jones Centre for Ageing Dementia Research (CJCADR), QueenslandtBusin(QBI),
University of Queensland, St Lucia Campus, Brisbane, QLD, 4072, Australia.
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Labeling strategies to visualize the inner life of microbes by singlelecule localization
microscopyc a practical guide

Ulrike Endesfelder,

Institut fir Mikrobiologie und Biotechnologie, Universitat Bonn.

Module 1: sondes fluorescentes

Switchable Organic Dyes: the Photophysics of STORM
Mark Bates,
Department of NanoBiophotonics, Max Planck Institute for Biophysical Chemistry.

Module 2: Le défi de Iayuantification en nanoscopie

3D single molecule localization microscopy.
Sandrine LévéquEort,
LyadGAatdzi RSa {OASyOSa az2f SOdzZ | BINGBDs&Qh NEI 8% / b

Superresolution microscopy for structural cell biology.
Jonas Ries,
Cell Biology and Biophysics unit, European Molecular Biology Laboratory (EMBL).

Quantification of filament structures in superresolution and expansion microscopy.
E.A. Katrukha, L.C. Kapitein,
Cell Biology, Department of Biology, Faculty of Science, hittémiversity, Netherlands.

From images to information: enhancing resolution and improving accuracy in SMLM.
Susan Cox,
YAy3Qa O02ttS3Sx [2yR2Yy®

Computational microscopy by PSF engineeringr ¢ how and why to ruin a perfectly good
microscope.

Yoav Shedman,

Department of Biomedical Engineering, Technidarael Institute of Technology.

Module 5: Ondes sur le vivant (avec GDR Ondes)

t2fF NAT SR YAONR&O2LlR NBaz2ftdSa LINRPGISAYyQa 2NHFYA
Sophie Brasselet,
Aix Marseille Univ, CNRS, Centrale Marseille, Institut Fresh80) 1 Marseille, France.

Module 6: Dynamique et interactions moleculaires en cellules vivantes : expérimentation et
modélisation avec GDR DNA

Revealing spatial and kinetic details bife processes by analyzing live cell single molecule tracking
data.

J. Christof M. Gebhardt,

Institute of Biophysics, Ulm University, Germany.

E. colichromosome dynamics and the cell cycle.
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Marco Cosentino Lagomarsino,

Department of Physics, University Milan, Italy.

Imaging DNA repair at the single molecule level.
Judith MinéHattab,
Institut Curie, PSL University, Sorbonne Université, CNRS UMR3664, Nuclear Dynamics, France.

Attached workshops:

A003Multicolor and 3D STORM to study localizatiorpidteins adressed to apical membrane of

polarized epithelial cells anne.cantereau@unipoitiers.fr

A0123D quantitative analysis of colocalisation or spatial coupling in conventional and super

resolution microscopy. lydia.danglot@inserm.frthibault.lacache@pasteur.fr

A013Comparing multicolor SingMolecule Localization Microscopy strategies: Application to the

neuronal cytoskeleton christophe.leterrier@unihamu.fr ; karoline.friedl@etu.unkamu.fr

A046Comment adapter son microscope TIRF pour fair8dORM! beatrice.durel@inserm.fr ;

audrey.salles@pasteur.fr

AO57Introduction to single molecule localization sugesolution microscopy (SMLM)
magali.mondin@tbordeaux.fr

A058Probabilistic pipeline to extract reliable information from single moleculerosicopy data.
alhassan.casse@sanofi.com; jezaptiste.masson@pasteur.fr

A059Coordinatebased quantification of multidimensional and multicolor singlelecule

localization microscopy data.  florian.levet@inserm.fr

AO62Realtime single molecule localizah-based raw data acquisition, analysis and quality control
mailfert@ciml.univmrs.fr ;nicolas.bertaux@fresnel.fr

A0743D High Resolution imaging by PSF engineering using-ZLNKuclear Pore complexes

imagingmickael.lelek@pasteur.fr

AO76Alternative $rategies to image multiple proteins in single molecule localization microscopy
sandrine.levequdort@u-psud.fr

A094Modulated excitation for enhanced localization : ModLoc

abigail.illand@tpsud.fr; max.lengauer@gmx.net

AO097Nuclear pores complexe : a tool for for metrology in single molecule
lancelot.pincet@free.fr

A12t/ SYiGNhuH Y LYyTtdzSyO0S RS tI 02y OSy (i Ndodeurzsly Sy

cil primaire karine.monier@unisyon1fr

Al38Colocalisation de complexes macromoléculaires en stfmolution PALM/STORM
xavier.marques@sorbonneniversite.fr

Table ronde
A066SMLM atR St £ RS f QS &diire Sdllavhl @iSseri. fr
TR2.02 Bilan du module nanoscopie

Mini-symposium rattachéd_undi 8 novembre de 14h a 18h:
Organisation et dynamique moléculaire : qu'apporte le deep learning aux analyses ?
juliette.griffie@epfl.ch& hverdier@pasteur.fr
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Parcours thématiqgue 3Imagerie des échantillons épais

Coordination: Morgane BELLEnprgane.belle@insermret Pierre BONgierre.bon@cnrs.jr

Abstract:

Today we are interested in the single molecule but also in the whole network! A network is by
definition in 3 dimensions and therefore relatively large and of millimetric or even centimetric size.
Thethickness of the sample and its intrinsic opacity often prevestapth analysis. Physicists and
biologists are working to counteract the phenomena of light diffraction in thick tissues through
histological techniques, optical development, microscopy rodth or postacquisition image
processing. In this course "Imaging in thick media" we would like to introduce you to the advances
in allowing light to pass through a thick sample by revealing 3D gratings thanks to :

1) clarification techniques to homogenittee refractive indices

2) microscopy techniques optimized for this type of sample such as light sheet microscopy, OPT,
holographic, wide field and confocal imaging

3) image corrections through adaptive optics and wavefront

4) expansion techniques thatiaw the visualization of fine and confined structures rendered up to
20x larger: a tissue "become" thick!

Pedagogical objectives of the course

- how to visualize in 3D a thick tissue (multiple specimens are to be discovered in the workshops:
mice, fish amphibians, insects, plants, reptiles, chickens, isolated organs, tumors, organoids...) with
or without fluorescent labeling, transparent or not with a consequent spatial resolution by different
imaging approaches: holographic imaging, OPT, confocas, fied, HCS, light sheet imaging

- approach of different types of microscopy for the acquisition of "transparent” tissues and the
problem of mounting these samples to observe them

- how to visualize in depth living tissues

- preparation of tissues foclarification (aqueous, organic, commercial solution or RIMS protocols)
and intoto immunostaining

- to become familiar with 3D observation of samples and the different image treatments possible
via dedicated software or machine learning

- understand thernteraction between light and the medium through which it passes and learn how
to correct it using adaptive optics and wavefront analysis

- learn the expansion technique to visualize biological phenomena in super resolution using classical
fluorescence miascopy: from preparation to 3D reconstruction of samples and their analysis

Module 1: sondes fluorescentes

A third-generation glutamate indicator optimized for synapses.
Kaspar Podgorsky,
HHMI Janelia Research Campus.
Building the next generation ofjenetically encoded probes and actuators.
Nathan C. Shaner,
Department of Neurosciences, University of California San Diego School of Medicine, La Jolla, CA
USA ncshaner@health.ucsd.edu
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Module 2: Le défi de la quantification en nanoscopie

Structuredillumination microscopy (SIM) for higlspeed supetresolution fluorescence imaging of
living cells.

Alexandra Fragola,

Laboratoire Physique et Etude de Matériaux UMR 8213, ESP@8h[iIENRS, Sorbonne Université.

Quantification of filament structuresrn superresolution and expansion microscopy.
E.A. Katrukha, L.C. Kapitein,
Cell Biology, Department of Biology, Faculty of Science, Utrecht University, Netherlands.

Module3: Ly G St t A3SYyOS I NIUAFAOASEES LI2dzNJ £ QAYF IASNRS

Microscopy Image Analysidhe Shift to Deep Learning?

Daniel Sage,

9t C[Z [F02NIG2ANB RQAYFISNAS 0A2YSRAOIf So

Multiscale and multimodal registration: an overview of methods.

Perrine Paulilloteaux,

Université de Nantes, CHU Nantes, Inserm, CNRS, SFR Santé, Inserm UMS 0U#|S3855

Nantes, FrancE ! YA @OSNARAGS RS blyidSas /bw{X Lb{9waI fQ

SeltSupervised Deep Learning for Fluorescence Imaging and nD Image Viewing with Napari.
Loic Alain Royer, Chan Zuckerberg Biohub.

Module 4: Imagerie mulicellulaire : organoides, tissus, embryons

Organ on chip, a new generation of in vitro models.

Descroix Stéphanie, Institut Curie UMR 11@88titut Pierre Gille de Gennes.

3D printing and bioprinting for the development of microenvironment and tissue maslel

Laurent Malaquin, ELIiA team, LAASNRS UPR 8001, Toulouse, France.

SCAPE microscopy for higpeed 3D imaging.

Elizabeth M. C. Hillman,

Herbert and Florence Irving Professor, Mortimer B. Zuckerman Mind Brain Behavior Institute,
Professor of Biomedid Engineering and Radiology, Columbia University, Jerome L. Greene Science
Center.

Sometimes, there IS a free lunch: How to get twice the resolution from your microscope, without
(serious) drawbacks.

Andrew York,

Calico Life Sciences LLC, South Saniscan€A, USA.

Quantifying transport and efficacy of therapeutics in spheroids.

Charlotte Riviere,

Université Claude Bernard Lyon 1, CNRS, Institut Lumiére Matigsdtut Convergence Plascan,
CRCL Institut Universitaire de France (IUF).

3Dprinted minimally assembled interchangeable LSFM chamber for serial imaging of organoids
and spheroids.

Francesco Pampaloni,
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Buchmann Institute for Molecular Life Sciences (BMLS) Germany; Institute for Research in

Biomedicine, IRB Barcelona, Barcelona Institut8aénce and Technology, BIST.

Module 5: Ondes sur le vivant (avec GDR Ondes)

Measuring and shaping the phase of light: key applications in biology.
Pascal Berto,
Institut de la vision, Sorbonne Université, INSERM, CNRS.

X-ray coherent diffractionimaging: 3D exploration of biologically relevant hard and soft tissues.
Virginie Chamard,
AixMarseille Université, CNRS, Centrale Marseille, Institut Fresnel UMR 7249.

Imaging the brain at high spatiotemporal resolution with wavefront shaping.

Na JI, Deartment of Physics, Department of Molecular & Cell Biology, University of California,

Berkeley.

Volumetric imaging at high speeds.
Jérome Mertz,
Biomedical Engineering Department, Boston MA.

Module 7: Signalisation cellulaire, mécanobiologie, mécanotsduction

Impact of physical forces of the gut on pathogen infection using organ on ship (OOC).
Nathalie Sauvonnet,

Intracellular trafficking and tissue homeostasis, department Cell Biology and Infection, Institut

Pasteur.

Mechanisms and mechanics drigrcomposite morphogenesis.
Matteo Rauzi,
P'YAGBSNBEAGS /80S RQITdzNE /bw{X LY&A&SNX¥I A.z+3X

Ateliers rattachés

A0119 1dzRS RS f I @I &a0dz F NRal A2y &l y3dzaayS Si
microscopie a feuille de lumiéere et quantification en trois dimensions

Porteurs: Meryem Meryem tardivel nferyem.tardivel@uniille.fr), Antonino Bongiovanni
(antonino.bongiovanni@unilile.fr)

A019Trucs et Astuces ExM

Porteurs: Sophie Abélanetibelanet@ipmc.cnrs.frBruno Mesminnjesmin@ipmc.cnrs)r
A02GExpansion microscopy imaging with a lattice lighéet microscope

Porteurs: Monica Fernandez monreahfnicafernandezmonreal@ubordeaux.fj, Mathieu Ducros
(mathieu.ducros@bordeaux.fy

AO021Expansion Microscopy From theory to practice

Porteur :Tudor Manoliutiudor.manoliu@gustaverousdy)

A022Bring your sample to experiment a very fast and universal clearing technique
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Porteurs: Jennifer Coridon  jdnnifer.coridon@hotmail.jr Brigitte Delhomme
(jennifer.coridon@parisdescartes.fr

AO259 ELJ 2A 01 A2y O2Y0AYSS RQdzyS a2yRS Si RQdzyS

@ a0dzt F ANS RQdzy YdzaOf S SyGiASNI RS az2dz2NAa RIya
Porteurs: Laurence Dubreil |lgurence.dubreil@onirisantes.f), Xavier Le guevelxdvier.le
guevel@unixgrenoblealpes.f)

A0283D holography imaging of algae populations

Porteurs: Audrey Audrey beaussartaydrey.beaussart@unierraine.fr), Isabelle Bihannic
(isabelle.bihannic@unilorraine.fn

A032Immunomarquage et transparisation de tissus entiers, acquisition avec systemerhade

vs commercial

Porteurs: Chloé Dominici  chloe.dominici@unieotedazur.f}, Sophie Abélanet
(abelanet@ipmc.cnrs)r

A035Studyng organogenesis of the pronephros of Xenopus tadpole early stages using light sheet
and confocal microscopy

Porteurs: Chloé Chaumeton cliloe.chaumeton@sorbonamiversite.fi, Thomas Panier
(thomas.panier@sorbonnreniversite.f)

O

t

A03%Imagerie 3D de la vascularisation par feuille de NS LJ2 dzZNJ S @I £ dzZSNJ f QS

LI G6K2t 23AS Sidk2dz t QSFFAOFOAGS RQdzy GNIAGSYSyd

Porteurs: Francois Michelfancois.michel@inserm)frLaurence Dubreilaurence.dubreil@oniris
nantes.f)

A042Remember your wavefront: adaptive optics and memory effect in different regitnesurs:
Claudio Moretticlaudio.moretti@lkb.ens.fr Bernhard Rauebérnhard.auer@Ilkb.ens.jr
AO45Ultrastructure cellulaire par microscopie d'expansion

Porteurs: Virginie GeorgetMirginie.georget@mri.cnrs)r Mariepierre Blanchard njarie-
pierre.blanchard@igh.cnrs)fr

A05:5S f I Reyl YAldzS OStftdzZ FANB Fdz aSAYy RQ2NHI )
tissus/aganes transparisés : approche m@tiO K St £ S & dzNJ dzy &d@adGsYS dzyald
lumiere.

Porteurs: Jacques Rouquette jatques.rouquette@itav.fr Laetitia Pieruccioni

(laetitia.pieruccioni@itav.jr

AO052Quantitative 3D Spatial Analysis of multicellular specimens (Organoids w/o clearite)rs:
Sébastien Maraisébastien.marais@bordeaux.fj, Sophie Allartsophie.allart@inserm.fr
AO63aTransparisation, acquisition au microscope a feuillet de lumiére et post traitement de
sphéroides

Porteurs: Chloé Dominici  chloe.dominici@unizotedazur.f}, Cédric Gaggioli
(Cedric. GAGGIOLI@unice.fr

AO063bTransparisation, acquisition au microscope a feuillet de lumiére et post traitement de
sphéroides

Porteurs: Chloé Dominici  chloe.dominici@uni¢otedazur.f, Cédric Gaggioli
(Cedric. GAGGIOLI@unice.fr

A065Getting the most out of 3D pheroids by combining microfabricated wells, clarification
technigues, standard confocal imaging and deep learning image processing

Porteurs: Charlotte Rivierecharlotte.riviere@unityon1.f), Ali Ahmaddli.ahmad@insdyon.fr)

A07ta A ONR a0O2LIAS RQSELI yarazy Y &GN GS3aasa Sa +ad
culture, de la levure S. cerevisiae etpourdad/dz f A al GA2y RS f Q2NHI yAal

Porteurs: Jim Dompierrejim.dompierre@ibgc.cnrs)irManuel Rojorhanuel.rojo@ibgc.cnrfs)
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AQ72Evolution of brain morphology from invertebrates to mammals. Everything we can learn from
in toto 3D imaging of autofluorescence signals?

Porteurs: Christelle Langevin clristelle.langevin@inra )r Morgane Belle
(morgane.belle@inserm)fr

AQ073Microscopie plein champ "haute résolution” et traitemterumérique sur échantillon épais
Porteur: Vicky Diakotverdin gicky.diakou@unimontp2fr)

AQ75Adaptive optics fluorescence microscopy for biological imaging

Porteur :Alexandra Fragolaa{exandra.fragola@espci)fr

AO08T-HCS sur sphéroides solides, transparisés ou non, avantages et inconvénients

Porteurs: Laetitia Ligat laetitia.ligat@inserm.fy, Romina Dangelo fomina.dangelo@inserm)fr
A095Multimodal imaging ofbiological tissues with the help of a miniature flexible endoscope
Porteur: Vasyl Mytskaniukvasyl.mytskaniuk@fresnelfr

A096Multimode fiber baseeendoscope for fluorescence imaging using wavefront shapinggur:

Irene Wangitene.wang@unigrenoblealpes.f)

A0980PenT- Bring your sample & learn how to build and use an OPT optical tomography
mesoscope

Porteur: Gabriel G. martinggaby@igc.qulbenkian.pt

A100t NBLJ NI} GA2Y RQSOKIyYyGAftt2ys | OljdAaArdAiazy SiG
cellulaire 3D

Porteurs: David Akbar david.akbar@icrinstitute.org), Claire Lovac(aire.lovo@icminstitute.org
Al120GImagerie sur petit organoides 3D, Troubleshooting

Porteurs: Adeline Boyreau afeline.boyreau@ordeaux.fy, Laetitia Andrique
(laetitiaandrique @hotmail.coin

Al125Specklebased computational microscopy : harnessing scattering for enhanced imaging of
tissues

Porteur : Alexandra D'arcoafexandra.darco@Ilkb.ens)fr

A13:L YF 3SNA S o5 RQ2NHIyYyS& GNFyaLlk NRaSa LI N YAONR
Porteurs: Sébastien Dupichaud sdbastien.dupichaud@serm.f), Louison Lallemant
(louison.lallemant@gmail.cojn

A1405 dz LJ dz& LISGAG SOKFYyGAft2y Fdz L)X dza 3INRAx fI
multi-échelle

Porteurs: Julien Dumont  jdlien.dumont@collegele-france.fi), Astou Tangara
(tangara@biologie.ens.Jr

Al4X:Medium throughput imaging of thick samples: a praaiticomparison of different samples
(Drosophila tissues and encapsulated spheroids) in native opaque state and aftgreiggtation
facilitation

Porteurs: Gaelle Recher géelle.recher@institutoptique)r  Marilyne Duffraisse
(Marilyne.Duffraisse @eHAgon.fr)

Al42Microscopie a feuilletde lums NB LJ2 dzNJ f QAYF ISNRA S @2f dzY A |j dzS
Porteur: Basile Gurchenkobdsile.gurchenkov@inserm).fr

A143L Y ISNRS t FSdzAffSi RS fdzYASNB RSa SOKIyGAff
Porteur: Basile Gurchenkobdsile.gurchenkov@inserm).fr

Table ronde

Imagerie multicellulaire : organoides, tissus, embryons. Quelles difficultés/nouveautés pour
l'imagerie des tissus épatsGaélle Reche& Lydia Danglo{pour le Module4)Morgane Belleet
Pierre BONpour le Parcours Milieux épais)
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Throughout the school, some experts will also be available for impromptu meetings to answer your
image visualization and analysis questions outside of the scheduled sessions! A registration board
will be availabe on site to put you in contact with these experts.
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FABLAB

o 2
RuundtablesM Lectures a Workshops
Coordination: Christian Rouviére (christian.rouviere @utlge3.fr)

'y S&LJ OS bCloflob ©@2dza Sad LINRPLRAS OSGGS |yy
réalisation depetits montages optiques, mécaniques et électroniques. Des ateliers pratiques
encadrés ou libre (fiche TP) vous sont proposés. Le principe est que vous puissiez vous y rendre a
tous moment hors des plages horaires occupées par des ateliers, et de patiliger les outils mis

bt @20NB RA&ALIRAAGAZ2Y o6n 2NRAYIFIGSdNRE b a2Fi3z RSd:
O2YLR &l yiar FSNI L &a2dzZRSNE LISGAdGa 2dziAttl 3Sad b:
la pour vous guider, vous reaeigner.

Des fiches préparées pour vous aider dans différents montages vous seront proposées, mais vous
pouvez aussi profiter de cet espace pour développer un projet personnel et si besoin nous consulter,
prendre un rdv et discuter avec les différents spéstes.

*k*k

A "FabLab" space is a space of learning and realization of small optical and electronic assembly. Practical
workshops supervised or free (worksheet) are offered. The principle is that you can go there at any time outside
the time slots occupd by workshops, and can use the tools at your disposal (4 computers + soft, a 3D printer,
components, soldering iron, small Workheets prepared to help you in different settings will be proposed, but
you can also take advantage of this space to develperaonal project and need to consult us, take a meeting

and discuss with the various specialists.

Cours/Courses :

A080Conception de prototypes connectés sous rapsberryrdt{inp (3VsessionB]dépAer]\dantes: A
niveau débutant, intermédiaire et confirmé). @S A f t I YOS RQdzy S SELISNRYSY al
de parametres «onnectén 0 LJ2dzNJ Y2Aya RS mMnne o

Certains microprocesseurs (Rapsberry, Arduino...) permettent aujourd'hui de développer des
prototypes peu colteux. Cependant leur mise en place demanderéatipsage du langage de
LINEINF YYFGA2Yy S fF O2YLINBKSyairzy RS fSdzNJ YA&S
barriére lors d'un atelier en trois modules (débutant a avancés). Nous assisterons les participants au
cours de trois modules pour la fabation d'un prototype fonctionnel et connecté, permettant
d'envoyer sur un site web, les parameétres environnementaux et la distance entre deux capteurs en
temps réel. Ces modules peuvent étre réalisés comme un parcours ou se faire de maniéere
indépendante slon trois axes

module 1 (débutant): connexion et programmation de deux capteurs (température et capteur de
proximité) pilotés par un"Arduino".

module 2 (intermédiaire) pré requis: avoir déja programmeé afin de s'adapter a la compréhension du
code que nos écrirons en Python) : génération d'une série de chiffres aléatoires et envois de ceux

ci sur un site web (Rapsberry PI)

module 3 (avance) : pré requis: avoir déja programmé et connaitre un microcontréleur "Arduino”

ou avoir assisté au premier atelierAVe Sy dzdz&NBE RS I O2YYdzyAOF A2y
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(Arduino: plateforme de réception des mesures) et un Rapsberry Pl par communication I12C ou série
envoyant les informations recueillies vers le site web

A l'issue de ces modules les participantosagicapables selon I'atelier suivi

Module 1: Mise en place d'un environnement de programmation Arduino : brancher et piloter deux

OF LJGSdzNAR o6+ Oljdzia 3ISYSNIf LIdzNJfF YAaS Sy dzdzoNB
az2RdzZ S H Y aAh a SordbhsteurdRegBieds: indrgfler Miisysiéme d'exploitation de

type Linux, programmer un script sous python pour générer un chiffre aléatoire et I'envoyer sur un

site web

Module 3: Programmer en python un script de communication entre Arduino et Rapsberry pour le
transfert de données et I'envoie sur un site web.

A084Dessiner, paramétrez et Imprimer en 3D
Ludovic Leconte et Brice Detaille(®.représentations)

AO061-Acquisitions intelligentes sous micromanager

Jérébme Mutterer, Christian Rouvief2 représentations).

'yS T OljdZAaAGA2yY aAy(diSttAaSyaSe Sad dzy LINRG2 0z
peuvent évoluer en cours d'exécution sur la base de critéres propres au développement du
aLISOAYSYy 2dz RS &2y SYy@ANRYyySYSy@aot/SS Dt RNBt SE N
acquisition de microscopie de fluorescence multidimensionnelle, mais nécessite de pouvoir évaluer
RS& LI N}YYSGNBa RS ftQSOKIyGAft2y LI N +ylLfeasS |
(mesures externes issues de capteurs).

Nousdzi A f AASNRyYya dzyS SEGSyarzy Rdz fFy3F3S YIONRB R
RQL Olj dzA & -Managery (httasv/githNdd.com/mutterer/MM2MacroExtensions)

Cette solution combine les avantages de Mibtanager (richesse des pilotes de dsmtet de
périphériques, solution de choix pour le développement de périphériques F6theR S0 S RQL Y|
L2dzNJ £ S GNIAGSYSyld Sia tQlylrteasS RSa AyvYl3sSa | Oj
LIAf23GF3S RS LISNA LK SN ljageS, sdR¢ dpuie leflaBgadelds/m@ograngnation O NB
le plus accessible et le plus largement adopté dans la communauté des biologistes investis dans

f QAYFISNAS Rdz GADIYy G

! ftQA&&adzS RS OSG FGSEASNI fSa LI NIAOALNyaged &SNE
RSa &aONALIia RS LAf2GF3S RS adlriarzya RS YAONRAC
RQAYI 3S L}2dzNJ NBIFfA&ASN) RSa 062dz0ft Sa RS NBUGNRIF OG )
acquises.

Mails des intervenants :

- jerome.mutterer@bmp-cnrs.unistra.fr,
- brice.ronsin@uniitlse3.fr,

- brice.detailleur@unixamu.fr,

- christianrouviere @univtlse3.fr

- hleguenno@imm.cnrs.fr

- thierry.legou@univamu.fr

- Ludovic.Leconte@curie.fr
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Planning des Atelierdle pratique dirigéePlanningof practical workshops supervised
Mon Tues Thur
Sat 06 Sun 07 08 09 Wed 10 11

FabLabHall

14:00 21:30 14:.00 | 16:15 | 14:.00 | 16:15 | 21:30 | 14:.00 | 21:30 | 14:00

16:00 00:00 15:45 | 18:00 | 16:00 [ 18:00 | 00:00 | 15:45 | 00:00 | 15:45
A80 X X X X
A061 X X
A084 X X
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OPTICLAB

RuundtablesM Lectures é k Workshops

dzi RS f QhLIWGAO[ I} ©
[ § o6dzi RS fQhLIAO[I 6 S&ad RS LISNXYSGGNB | dzE LI
SELISNAYSY(iSaz RQI Liledtids/de Nefornhancel&ut dest sysimés Riigues et
surtout de comprendre les principes physiques s@meents a travers des travaux pratiques
NBFtAalofSa RS YIYASNS Fdzizy2YS oalya 2dz | gSO
[ Qh LIGA O] | 6 LIaBAAGMpipnaht GhildBn dés stations avec bancs optiques, pour
RSY2YGNBNJ £ S& LINARYOALISa RQ2LIGIAINdzZS o0LI NIAS T hL
stations avec microscopes, pour apprendre les applications pratiques au quotidien, notamment
entreienS i NX 3t 3IS Rdz YAONRaAO2LISE RAIFIIy2aiGdid RSa
applications pratiques renvoient systématiquement a des éléments de la Valise Métrologie, que les
participants pourront ainsi utiliser de maniére autonome aprés letmfdion au MIFOBIO.
Our goal is to help participants, from beginners to more experienced microscopists, to learn how to
make different performance measurements on microscopes and more importantly to understand the
underlying optical principles, thanks temall hand=son sessions, which can be followed
independently, with no or very little supervision.
¢KS hLIWGAO[I® 2FFSNBE n atl NO2dzNRé O62NJ d¢INRdzLI 2 7
benches on the one hand, to demonstrate some princifl€ptics, and of exercises on microscopes
on the other hand, to learn some basics of microscope performance assessment. All measurements
NBFSNI G2 (G22fa G2 0SS F2dzyR Ay {(KS a@lFtArasS YSi
independently after thie training at MIFOBIO.

*kkkk

The goal of the OpticLab is to allow participants, whether beginners or more experienced
microscopists, to learn how to perform performance measurements on optical systems and, above
all, to understand the underlying physicarinciples through practical work that can be done
independently (with little or no supervision).

The OpticLab offers four "Courses", each including stations with optical benches, to demonstrate the
principles of optics (part "Optics in practice & Imagaking"), and stations with microscopes, to
learn practical applications in everyday life, including maintenance and adjustment of the
microscope, diagnosis of problems, etc. (part "Applications"). ("Applications" section). The practical
applications sysimatically refer to elements of the Metrology Suitcase, which the participants will
be able to use independently after their training at MIFOBIO.

Our goal is to help participants, from beginners to more experienced microscopists, to learn how to
make diferent performance measurements on microscopes and more importantly to understand the
underlying optical principles, thanks to small hawds sessions, which can be followed
independently, with no or very little supervision.

The OpticLab offers 4 "Parcougl "group of activities"), consisting each in exercises on optical
benches on the one hand, to demonstrate some principles of Optics, and of exercises on microscopes
on the other hand, to learn some basics of microscope performance assessment. Alemeassir
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refer to tools to be found in the "valise métrologique”, which participants will be able to use
independently after their training at MIFOBIO.

Parcours

Parcours 1 Plans conjugués / Alignements Kohler et contraste de phase

Parcours 2 lllumination et chemin optique / Mesures d'uniformité de champ

Parcours 3 : Diffraction et résolution / Mesures de PSF et préparation de lames de billes
Parcours 4 : Aberrations et chromatisme en imagerie / Alignements et corrections

Coordination
LaurentGelman laurent.gelman@fmi.ch

Organisation et supervision

Amaury BadonAmaury.Badon@cnrs)fr

Pierre Bongierre.bon@cnrs.f}

Sophie BRUSTLERgghie. BRUSTLEIN @uaimu.fr)
Aurelien Dauphingurelien.dauphin@-curie.fr
Laurent Gelmanldurent.gelman@fmi.ch

Damien Schapmamémien.schapman@uniwuen.fr)
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PLANNING ATELIERS

PLANNING ATELIERS

Workshop Sat 06 Nov Sun 07 Nov Mon 08 Nov Tue 09 Nov | Wed 10 Nov Thu 11 Nov
14:0015:45 | 21:3000:00 | 14:0015:45 | 16:1518:00 | 21:3000:00 | 14:0015:45 16:1518:00 | 21:3000:00 | 14:0015:45 | 16:1518:00 | 21:3000:00 | 14:0015:45 | 16:1518:00

AOO% 3D STED-mlcroscopy for nanoscopic imaging of vitast cell interactions. BASSALLE 4 BASSALLE 4
(Muriaux D.. & Dibsy R
A003 Multicolor and 3D STORM to study localization of proteins adressed to apii BASPORT BASPORT
membrane ofpolarized epithelial cells (Cantereau) CROS CROS
A004 Molecular dynamics, the challenges of live cytoskeletal microscopy in vi BASPORT BASPORT
(Robin & Reymann) CROS CROS
A005 Deep learning avec les doigtians le moteur (2/2) (Rousseau & Rasti) BAS BAS

MADRAGUE MADRAGUE
A006 AFM on microbial surfaces : from imaging to singlell force measurements BASLES BASLES
(Audrey beaussart & Eirat-chatel) SALINS SALINS

. . BAS BAS BAS BAS BAS BAS BAS BAS
A007- OpticLab(OpticLab) AYGUADE AYGUADE AYGUADE AYGUADE AYGUADE AYGUADE AYGUADE AYGUADE
A01L- 9 (1dzRS RS f1 @ &0dzZ  NAaF A2y &I y]
Ot FNAFAOIGAZ2Y RQ2NEFYSI Y huahiiaidnzenids BASSALLE 5 BASSALLE 5
dimensions (Meryem tardivel & Bongiovanni)
A012 3D quanmqtlve a}nalysvs of colocalisation or spatial coupling in convention BASSALLE 4 BASSALLE 4
and super resolution microscopy. (Danglot & Lagache)
A013 Comparing multicolor SingkMolecule Localization Microscopy strategies| BASPORT BASPORT
Application to the neuronal cytoskeleton (Leterrier & Friedl) CROS CROS
BAS BAS
A014 Deconvolution 3D (Soulez & Sage) ALMANARR ALMANARR
E E
. . . . BAS BAS
A015 Deep learning sans se salir les doigts (1/2) (Rousseau & Rasti) MADRAGUE MADRAGUE
HAUT HAUT
A016 Deep bar a images (Rousseau & Rasti) RESTAURAI RESTAURAI
T ESTRADE T ESTRADE

BAS BAS
018hoGiSYANI £ t{C RQdzy aeaisyS RS YAO ALMANARR ALMANARR

E E
A021- Expansion microscopy imaging with a lattice lighlteet microscope (Fernande3 BASLE BASLE
monreal & Ducros) LEVANT LEVANT
A023 Reattime mitochondrial Ca2+ and ATP measurements in mammalian cq
using single excitation wavelength dual colour FLIM (Gouriou & Bidaux) BASRIBAUD BASRIBAUD
AO59EL) 2AGFGA2ZY O2Y0AYSS RQdzyS &2 peus
AYF3ISNI €S NBaSIdz @l 80dzA I ANB RQdzy Ydf BASSALLE 2 BASSALLE 2
(Dubreil & Le guevel)
A026 Multiplexed FRET biosensor imaging to visualize (part 1) and quantify (par{
the dynamiccoordination between cell signaling and mechanics during collective ¢ BASLE BASLE

X . s N LEVANT LEVANT

migration. (Sipieter & Moisan)
A029 Imagerie ultrastructurale 3D par ultramicrotomie isitu (technique SBISEM) BASLE BASLE BASLE BASLE
(Erhardt & Genoud) LEVANT LEVANT LEVANT LEVANT
AOS?— Immunomarquage et transparlsauo_n_ (_je t|$§us entiers, acquisition avi BASSALLE 5 BASSALLE 5
systeme homemade vs commercial (Dominici & Abélanet)
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Workshop SEEEDY Sun 07 Nov Mon 08 Nov Tue 09 Nov | Wed 10 Nov Thu 11 Nov
14:0015:45 | 21:3000:00 | 14:0015:45 | 16:1518:00 | 21:3000:00 | 14:0015:45 16:1518:00 | 21:3000:00 | 14:0015:45 | 16:1518:00 | 21:3000:00 | 14:0015:45 | 16:1518:00

A035Studying organogenesisf the pronephros of Xenopus tadpole early stage] BASPORT BASPORT
using light sheet and confocal microscopy (Chaumeton & Panier) CROS CROS
AO036 Lattice lightsheet microscopy for fast 3D time lapse of live samples (Ducrog BASLE BASLE
Fernandezmonreal) LEVANT LEVANT
A037-Imaging transcription at a high temporal resolution in a living organism. (Bell BASLE BASLE
& Dufourt) LEVANT LEVANT
A039 Imagerie 3D de la vascularisation par feuille de lumiére pgu& I £ dzS NJ £ BASTOUR
RQdzyS LI GK2f23AS Sik2dz ft QSFFAOILOAGS FONDUE
A040a Coupling High Resolution Traction Force Microscopy with protein dynam| BASSALLE 3 BASSALLE 3
measurements (Ronde & Carl)
A040b Coupling High Resolution Traction Force Microscopy with protein dynam, BASTOUR
measurements (Ronde & Carl) FONDUE
A041- Sqft cell conflner development to decipher the impact of mechanical stimuli BASRIBAUD BASRIBAUD
cell (Riviere & Mouelhi)
A042 Remember your wavefront: adaptive optics and memory effect in differef HAUTSALLE HAUTSALLE HAUTSALLE
regimes (Moretti & Rauer) 10 10 10
A0449 (1dzRS RS f Q2NHIyAdl A2y RSAS G200Lde
dans un cadre infectieux sur des cellules a géométrie contrélée (Saldeshoulez & BASLE BASLE

. LEVANT LEVANT
Werkmeister)
AO45Ultrastructure cellulaire par microscopie d'expansion (Georget & Blanchard) BASSALLE 4 BASSALLE 4

: ; BASLE BASLE
A046 Comment adapter son microscope TIRF pour faire du STORM! (Durel & Sa| LEVANT LEVANT
A048 Mécanobiologie de cellules tumorales circulantes (Cinquin & Gasser) BASSALLE 3 BASSALLE 3
AO50 Multiplexed FRET biosensor imaging to visualize (part 1) and quantify (pari
the dynamic coordination between cell signaling and mechanics during collective BAS BAS
X . . . BERGERIE BERGERIE

migration. (Girard & Borghi)
A052 Quantitative 3D Spatial Analysis of multicellular specimens (Organoids wi BAS BAS
clearing) (Marais & Allart) BERGERIE BERGERIE
A055 Image Analysis Flash Tutorials (Marais & Goudin)
A056 Microscopy on thin resin sections: multimodal andorrelative approaches BASLE BASLE BASLE
using scanning electron microscopy. (Canette & Boulogne) LEVANT LEVANT LEVANT
AO57- Introduction to single molecule localization supeesolution microscopy BASLES BASLES BASLES
(SMLM) (Mondin) SALINS SALINS SALINS
A058 Probabilistic pipeline to extract reliable information from single molecul BASPORT BASPORT
microscopy data. (Cassé & Masson) CROS CROS
A059 Coordinatebased quantification of multidimensional and multicolosingle: BAS BAS
molecule localization microscopy data. (Levet) BERGERIE BERGERIE
A061 Acquisitions intelligentes sous micromanager (Mutterer & Rouviere) BASRIBAUD BASRIBAUD
A062 Controle qualité des données brutes de SMLM &mps réel (Mailfert & BASLE BASLE
Bertaux) LEVANT LEVANT
A063a Transparisation, acquisition au microscope & feuillet de lumiére et po BASLES BASLES
traitement de sphéroides (Dominici & Gaggioli) SALINS SALINS
A063b Transparisation, acquisition au microscope a feuillet de lumiére et po BASLE
traitement de sphéroides (Dominici & Gaggioli) LEVANT
A065 Getting the most out of 3D pheroids by combining microfabricated well
clarification techniques, stadard confocal imaging and deep learning imag| BASLE BASLE

N o LEVANT LEVANT
processing (Riviere & Ahmad)
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A07:-a AONRaO2LIAS RQSELIYyarzy Y &GN} GS3
mammiféres en culture, de la levure S. cerevisiae gour la visualisation de BASRIBAUD BASSALLE 3
fQ2NBI YA&FGA2Y YAG2O0K2YRNAI S 652 YLK
Workshop Sat 06 Nov Sun 07 Nov Mon 08 Nov Tue 09 Nov [ Wed 10 Nov Thu 11 Nov

14:00 X | 14:00 X § : ' . . X X : ' . . 16:15 21:30 14:00 X X

1545 21:3000:00 1545 16:1518:00 | 21:3000:00 | 14:0015:45 | 16:1518:00 | 21:30:00:00 | 14:0015:45 18:00 00:00 15:45 16:1518:00
A072 Evolutlon_ of brain m_orph_ology from invertebrates t_o mammals._ Everything BASSALLE § BASSALLE §
can learn from in toto 3D imaging of autofluorescence signa(é&ngevin & Belle)
/}073 M|cro:sco_p|e ;_)Ieln cha_mp haute résolution" etraitement numérique sur BASRIBAUD BASRIBAUD
échantillon épais (Diakowerdin)
A074 3D High Resolution imaging by PSF engineering using ZDLAelek) :AUTSALLE gAUTSALLE gAUTSALLE :AUTSALLE
AQ75 Adaptive opticsfluorescence microscopy for biological imaging (Fragola)
AQ76 Alternatlyeftrategles to image multiple proteins in single molecule localizatid BASSALLE 1 BASSALLE 1
microscopy (Lévéquéort & K-sreenivas)

BAS BAS
AO077- BIAFlowgBacker) ALMANARR | ALMANARR
E E
. . . . . . BAS BAS
AQ78 BiolmagelT: Implement image processing workflows with tools from multiply BAS ALMANARR | ALMANARR
software (Prigent & Ludovic.leconte) BERGERIE E E
AQ79 Bioprinting as a solution forecreating a physiological environment on a slid BASPORT BASPORT
(Furlan & Terrassoux) CROS CROS
A080Conception de prototypes connectés sous rapsberry et arduino Surveillar BAS BAS
d'une expérimentation a distance (relevé de paramétrésonnecté") pour moins de BUSINESS BUSINESS
MAne® Ow2YAEAAY 9 [S32dw CENTER 1 CENTER 1
. . - ] . BASBUSINESS BASBUSINESS
A084 Dessiner, paramétrez et Imprimer en 3D (Detailleur & Ludovic.leconte) CENTER 1 CENTER 1
A090 Labekree virus detection and sorting with fulfield interferometric microscopy | HAUTSALLE HAUTSALLE
(Alhaddad & Bey) 7 7
A093 a St adz2NAYy3 LINRBGSAYQ&a 2NASydlrdAzy |+ HAUTSALLE HAUTSALLE HAUTSALLE HAUTSALLE
and polarized super resolution imaging (MungerSison) 7 7 7 7
A094 Modulated excitation for enhanced localization : ModLoc (llland & Lengauer| BASSALLE 1 BASSALLE 1
A096 Multimode fiber basedendoscope for fluorescence imaging usimgvefront HAUTSALLE HAUTSALLE
shaping (Wang) 6 6
A097- Nuclear Pores Complexe : a tool for metrology in Single Molecule Localizai BASPORT BASPORT
Microscopy (Pincet) CROS CROS
A099 Practical considerations for reportinghange in cell membrane tension usin BASRIBAUD BASRIBAUD
FLIM (Bun & Breton)
A100t NBLJI NI A2y RQSOKFyGAft2ys | OljdzA & BASTOUR BASTOUR
de culture cellulaire 3D (Akbar & Lovo) FONDUE FONDUE
BAS BAS BAS
A102 Publishing FAIRy with OMERO (Mateos langerak & Abélanet) ALMANARR ALMANARR
E BERGERIE E

A106 Serial BIock_Face Imaging: imagerie 3D sans marquage de gros échanti BASSALLE 2 BASSALLE 2
(Nedellec & Malloci)
A107- Standardization of organoids culture allowing high throughput 3D live imagi HAUTSALLE HAUTSALLE HAUTSALLE
using sospim technology (Galland) 6 6 6
Al11l- Optogenetic control and measurement of cell contraction 1/2 (Arty BASTOUR BASTOUR
Ruppel/Martial Balland) (Balland & Ruppel) FONDUE FONDUE

HAUT HAUT HAUT HAUF HAUT HAUT
A112 Virtual reality for multidimensional data visualization and analysis (Blanc) RESTAURANT RESTAURANT RESTAURANT RESTAURANT RESTAURANT RESTAURANT

ESTRADE ESTRADE ESTRADE ESTRADE ESTRADE ESTRADE
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° 4 PLANNING ATELIERS
A113 An example of feedback microscopy: Developing a High Content Screel BASLE BASLE BASLE
(HCS) Optogenetics experiments. (Flofeges & Sarthou) LEVANT LEVANT LEVANT
. ) o ) BAS BAS
Al114 Deep learning made easy for microscopy: an introduction to ZeroCostDLA4| ALMANARR ALMANARR
and DeeplmageJ (Mougeot) £ £
. . . . " . BAS BAS BAS BAS
Al16 Bioimage Analysis: Practice Deep Learning Without Coding (Badoual & Sag BERGERIE BERGERIE BERGERIE BERGERIE
Workshop Sat 06 Nov Sun 07 Nov Mon 08 Nov Tue 09 Nov Wed 10 Nov Thu 11 Nov
14:00 X . 14:00 X § : . . . : ' : ' § X 16:15 21:30 14:00 X '
1545 21:3000:00 1545 16:1518:00 | 21:3000:00 | 14:0015:45 | 16:1518:00 | 21:3000:00 | 14:0015:45 18:00 00:00 15:45 16:1518:00
A117 Fluorescent imaging and techniques to study lignocellulosic biomass at { BASTOUR BASTOUR
nanoscale (Habrant) FONDUE FONDUE
Al118 Re_latlve localization of dendrmc spine proteins in moubeain tissue using 3b BASSALLE 4 BASSALLE 4
STED microscopy and deconvolution. (Mazaud)
. - BASTOUR BASTOUR BASLE
. . o)
A119 L'autofluorescence chez les plantes: adversaire ou alliée? (Conéjéro & Jubl FONDUE FONDUE LEVANT
. . 5 . . BASTOUR BASTOUR
A120 Imagerie sur petit organoides 3D, Troubleshooting (Boyreau & Andrique) BASSALLE 3 FONDUE FONDUE
A2/ SYyGNhw Y LyFfdzSyOS RS fI 0O2yO0Syi BASLES BASLE BASLE
multi-couleur du cil primaire (Monier & Rousset) SALINS LEVANT LEVANT
. - . . BASLES BASLES
A122 Mapping elasticity of micrepatterned living cells by AFM (Janel) SALINS SALINS
A123 Atomic Force Microscopy analysis of SAB®/2 viruslike particles and BASLES BASLES BASLES
producingcells: nanoscale imaging to mechanical characterization (Lyonnais & Aro| SALINS SALINS SALINS
A124_QuPath: pyra_n_wld image gnaly5|_s for everyone. Case stud_y: Bleaming cell BASSALLE 2 BASSALLE 2
counting and quantification of histological slidegAnceaume & Mailly)
A125 Specklebased computational microscopy : harnessisgattering for enhanced HAUTSALLE HAUTSALLE
AYF3Ay3 2F (AaadS&8 65QF ND2O 10 10
A12§ Mlcroscople quanmatn(e : dynamique _mole_culalre par Spectroscopie BASRIBAUD BASRIBAUD
Corrélation de FluorescenceMise en oeuvre, calibration et analyse (Leclerc)
A127- Microscopie large champ sur mésoscope homemade (Rogez) ;'AUTSALLE SAUTSALLE
A128 Mechanical characterisation by AFM of murine oocytes to predict their fitney BASLES BASLES
(Bulteau & Barbier) SALINS SALINS
Al129 AFM on microbial surfaces: basics of force spectroscopy measuremsg BASLES BASLES
(Audrey beaussart & Htirat-chatel) SALINS SALINS
. —_— . BASTOUR BASTOUR
A130 Optogenetic control of 3D micratissue 2/2 (Boudou & Méry) FONDUE FONDUE
A13:- LYl 3SNAS 05 RQ2NHFIYySa GNIyaLl NA& BASLES BASLE BASLE
(Dupichaud & Lallemant) SALINS LEVANT LEVANT
- ) ] ) BASLE BASLE
A132 Structured lllumination Microscopy : SIM on cell§Dauphin &Salles) LEVANT LEVANT
A133 A practical review of several 3Bulture methods for the generation of hollow
. X 5 R X . BASLA BASLA
or solid organoids/spheroids with a unique celype, how environment matters
CAPTE CAPTE
(Recher & Furlan)
A134 Measuring turgor pressure of living plant cells with an Atomic Force Microsco| BASLES BASLES
(Bovio) SALINS SALINS
A135 Imaging multiprotein complexes in the cytosol by supeesolution BASLE BASLE
fluorescence. Introduction to latticeand dual iterative SIM (Valeva & Chatre) LEVANT LEVANT
Al136 _Blosensmg the cell: FRET by FLIM using AurkA kinase activation biose BASRIBAUD BASRIBAUD
(Tramier)
Al137a Imagerie de fluorescence par microscopnfocale spinningdisk : une
exploration des avantages et limitations techniques sur 4 systéemes (en 2 parti BASSALLE 3 BASSALLE 3
(Guilbert & Monterroso)
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° 4 PLANNING ATELIERS
A137b Imagerie de fluorescence par microscopie confocale spinriigk : une BASPORT BASPORT
exploration des avantages et limitations techniques sur 4 systemes (en 2 parti CROS & BAS CROS & BAS
(Guilbert & Monterroso) TOUR TOUR
FONDUE FONDUE
A138 Colocalisation de complexes macromoléculaires en supEolution BASLES BASLES
PALM/STORM (Marques) SALINS SALINS
A139 Confronting Lattice SIM imaging to various scattering samples of differq BASLE BASLE
thickness (Bun & Danglot) LEVANT LEVANT
A140 Du plus petit échantillon au plus grofa microscopie a feuille de lumiéere face BASPORT BASPORT
t f QSy 2 SédhelR dDuiMatx &irangara) CROS CROS
Workshop Sat 06 Nov Sun 07 Nov Mon 08 Nov Tue 09 Nov | Wed 10 Nov Thu 11 Nov
14:00 21:30 14:00 16:15 21:30 14:00 16:15 21:30 14:00 16:15 21:30 14:00 16:15
15:45 00:00 15:45 18:00 00:00 15:45 18:00 00:00 15:45 18:00 00:00 15:45 18:00
Al141 Medium throughput imaging of thick samples: a practical comparison of different sampl BASLES BASLES
(Drosophila tissues anéncapsulated spheroids) in native opaque state and after ligignetration
S X SALINS SALINS
facilitation (Recher & Duffraisse)
= x = a a - = a ~ A BASLES BASLES
Al42a AONRBaO2LIAS t FSdzAft S0 RS f dzZYASNB LI2dzNJ f ¢ SALINS SALINS
Al43 LYl A3SNRAS t FSdAtfSGE RS fdzYAsNB RS& S$SOKI y| BASLES BASLES
(Gurchenkov) SALINS SALINS
Al44 Use of detrended Fluorescence Lifetime Correlation Spectroscopy (dFLC&sé&ss protein BAS BAS
dynamics in the cell nucleus (Leray & Huet) RIBAUD RIBAUD
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@M@ HCHES DESCRIPTIVES BTELIERS

FICHES HERIPTIVES DES AHKESI

k Workshops

Le concept original développé lors de la création de MiFoBio était de permettre aux participants
de ne pas se limiter a des échanges théoriques, mais de se confronter avec linstrument en
conditions réelles de fonctionnement, sdes échantillons d'intérét biologique. Ce concept, a priori
risqué, s'est avéré extrémement attractif et forme un des principaux attraits de I'Ecole. Il s'inscrit
L SAYySYSyd RIEya 1 LISRFI2IAAS LI NIAOALN GABS | dzA

*kk

The orginal concept developed at the time of the creation of MiFoBio was to allow the participants
not to limit themselves to theoretical exchanges, but to confront themselves with the instrument in
real operating conditions, on samples of biological interdsit doncept, a priori risky, proved to be
extremely attractive and forms one of the main attractions of the School. It is fully in line with the
participatory pedagogy that is at the heart of the school's project.

*kk
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Keywords 3D STED, Multolor STED, viruses, host cellscin
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MINI SYMPOSIUM

| ] | ] .
RoundtablesM Lectures G

New in 2021, two mini symposiums are proposed in order to prolong the exchanges and also to give
the floor to the participants, in particular to the young researchers.

Symposium SMLMSet intelligence artificielle
Organisation Juliette Griffie et Hippolyte Verdier

G t
cofn @ CDR
Monday 14h18h maBlO ISIS Information Signal
|- Image viSion

Salle Méditerranée

«Molecular organisation and dynamics: is deep learning bringing somethinthe table?»

This mini symposium focuses atuster/structure analysis methods of fixed single molecule
localisation microscopy data sets, as well as analysis tools dedicated to quantifying live cell
molecular diffusion. The analysis tools will be presented by their devel@petdhe track will be
concluded with a round tablé

Program :

Florian LevetA tale of tiles: multidimensional analysis of SMLM data with tessellations

Hippolyte Verdier:Model-free analysis of biomolecule dynamics with simulati@sed inference

Cyril FavardHI\A1 assemblat T-cell membranes: a crossroad between physics, molecular modeling
andsingle molecule dynamic microscopy

David WilliamsonCluster analysis of localization microscopy data with machine learning

Arnauld Sergé:Analyzing and disrupting leukemic stem eslhesion to bonenarrow stromal cells

by single molecule tracking nanoscopy
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symposium: Cell signalling, mecanobiology, mecanotransduction
Organization Marie-Emilie Terret and Laétitia Kurzawa

° .
Thursday November 11.13h45-17h .J Sbc

Salle Méditerranée '

The mechandiology session of Mifobio 2021 will be held on thé& a0d 11" November, withPeter
Lenart MPI for biophysical chemistry, Gottingétathalie  Sauvonnet Institut
PasteurGuillaumeCharras Cambridge  Universitgtéphanie  MisereyLenkej  Institut
Curie,Stéphane Vassilopoulgdnstitut de MyologieMatteo Rauzj IBV, Nice. We are extending it
by organizing a mirsymposium withLaurent Blanchoin(CEA, Grenoble) artdervé Turlier(CIRB,
College de France) as invited speakers. The rest afytmposium will be led by young researchers,
who will present their research.

Thursday November 11.13h45
Introduction
Invited speakers

Directed Actin Cytoskeleton Self Organization and Contractility.
Laurent Blanchoin,
Cytomorpholab, IRIG, CE3gnoble, France

Mini symposia:

Magnetic muscular multicellular aggregates: focusing on fhlike properties of tissue models and
driving macroscopic organization

Iréne Naglé Florence Deloft Sylvie Hénoh Sabrina BatonneRichorf, Claire Wilhelrh®, Myriam
Reffay

(1) Laboratoire Matiere et Systemes Complexes, UMR 7057, CNRS and University of Paris, 75205 Paris
cedex 13, France (2) Laboratoire Biologie Fonctionnelle et Adaptative, UMR 8251, CNRS and
University of Paris,75013 Paris, France (3) tatbive Physico Chimie Curie, UMR 168, CNRS, Curie
Institute, PSL University, Sorbonne University, 75005 Paris, France

Mechanics of tissues drives growing interest in mechanobiology but it implies to develop new
approaches to control and deform them. Wedxess these two challenges on muscle tissue models

by using magnetic muscle cells via the incorporation of biocompatible superparamagnetic
nanoparticles(-Fe203). This magnetic labelling enables both the manipulation of cells at distance

to create purelycellular aggregates of controlled shapes and the application of forces to measure

their mechanical properties. Using mouse muscle precursor cells C2C12, we obtained multicellular
aggregates without support matrix of unprecedented size (1 mm). The aggrdgéirmations with

- YFr3ySGAO FTASER SylofS (G2 YSIadaNBE Ada YI ONRaO:
modulus). We looked at the interplay between the individual cell

Ecole thématique du CNRS : Microscopie Fonctionnelle en BiolbtjieoBio, Giens,-52 nov 2021
http://imabio-cnrs.fr/mifobio/programme/ mifobio-info@services.cnrs.fr 155

O, .
maBio
S~



http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr

M Fo

Gdr ImaBio
@@ MINISYMPOSIUM

properties (ceHcell adhesions, actin structure and tension) and thechamical properties at the
tissue scale revealing the importance of desmin disorganization in macroscopic rigidity and surface
tension. By studying desmimutated muscle precursor cells (point mutations involved in
desminopathies), we enhanced the fundant@nrole of the intermediate filament network
architecture in this 3D tissue model. Moreover, magnetic forces can be used to drive muscle cell
differentiation by first reproducing their alignment and secondly stimulating them. We develop a
magnetic stretclr to stretch multicellular aggregates of muscle precursor cells trapped between
two mobile magnets and induce their differentiation into fused aligned muscular cells. This approach
will enable to study force generation in purely cellular 3D tissue models.

Integrated microfluidic and microscopy setp to measure oocytes mechanical properties and
predict their fitness

Lucie Barbidr Rose Bulteay Enzo Lescute Marie-Héléne Verlhas Clément Campilfp Marie-

Emilie Terret

(1) CIRB, College de FrarehlRS, INSERM, Université PSL, Paris, France (2) LAMBE, Université Evry
£ f RQO&az2yySs !aw ypyT3 tINR&aZS CNIyOS

Oocyte production during meiosis in human females is eprone and generates a basal rate of

bad quality oocytes. They are associated with arigages and congenital diseases such as Down
syndrome. Moreover, their rate increases with maternal age and leads to the need for medically
assisted reproduction procedures such as in vitro fertilization (IVF). Therefore, it is crucial to move
from qualitative to quantitative approaches and find new technologies to assess oocyte quality and
increase the rate of successful IVF.

Recent works have shown that oocytes mechanical properties could be used as a biomarker of their
development potentiat?2 Indeed, oocytes with too high or too low cortical tension are not able to
develop after fertilizatioh Moreover, low cortical tension leads to chromosomes rsisgregation

and aneuploidy. However, current methods used in research laboratories to measoyte
cortical tension are low throughput, require expensive equipment and manipulation skills, limiting
their application in medical environment. Thus, we aim to develop a simple minimally invasive
microfluidic device able to sort oocytes depending oaitttortical tension to implement its use as

a predictive biomarker in clinical practice.

We based our approach on mienoetric constriction as cells mechanical properties can be linked to
different transit score parametefsWe are implementing an integied environment to control

both the flow in the microfluidic device and image recording of oocyte deformation to allow their
measurement by no#trained users on a standard video microscope. By recovering oocyte after
measurement, we have shown that oocytensit in the microfluidic device did not alter their
development. Moreover, we found significant variability in passage time within atyykl oocyte
population reflecting the diversity in cortical tension in murine oocytes. These values are currently
being coupled with tension measurements to confirm that the microfluidic device can discriminate
oocytes by their mechanical properties. These preliminary experiments show the potential use of
our comprehensive saip to assess oocytes mechanical propertiesa user friendly and noen
invasive manner.

[1] Yanez LZ, Han J, Behr BB, Pera RA, Camarillo DB. Human oocyte developmental potential is predicted by
mechanical properties within hours after fertilization. Nat Commun. 7:10809 (2016).

[2] Chaigne A, Canlla C, Gov NS, Voituriez R, Sykes C, Verlhac MH and Terret ME. A narrow window of cortical
tension guides asymmetric spindle positioning in the mouse oocyte. Nat Commun. 6:6027 (2015).
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[3] Bennabhi |, Crozet F, Nikalayevich E, Chaigne A, Letort G;3¢aiédn M, Campillo C, Cadart C, Othmani A,
Attia R, Genovesio A, Verlhac MH, Terret ME. Increase in cytoplasmic #yainity impairs chromosome
capture in mammalian oocytes generating Aneuploidy. Nature Commun. 11: 1649 (2020)

[4] Luo Z, Guven S, GozerChen P, Tasoglu S, Anchan RM, Bai B, Demirci U. Deformation of a single mouse
oocyte in a constricted microfluidic channel. Microfluid Nanofluidics. 19(4)8388 (2015).

Mechanisms of IRSp53 driven filopodia initiation

FengChing Tsaf'l, MichaelHenderson?, Zack Jarir?, Elena KremneV& Yosuke Senjd, Julien
Pernief, Oleg Mikhajlo John ManZj Christophe Le Clainche Gregory Votf®% Pekka
Lappalainef?, Patricia Bassere&t

(1) Institut Curie, Université PSL, Sorbonne Unive@&WRS UMR168, Laboratoire Physico Chimie Curie, 75005
Paris, France (2) Pritzker School for Molecular Engineering, The University of Chicago, Chicago, lllinois (3) HiLIFE
Institute of Biotechnology, University of Helsinki, Viikinkaari 5B, PO Box 56,Hé8iki, Finland (4) Institute

for Integrative Biology of the Cell (12BC), Universite fSaitay, CEA, CNRS,-9BifYvette, France (5)
Department of Chemistry, Chicago Center for Theoretical Chemistry, Institute for Biophysical Dynamics, The
James Frack Institute, The University of Chicago, Chicago, lllinois + equal contribution * equal contribution #
corresponding authors

Filopodia are actinich membrane protrusions essential for cell morphogenesis, motility, and cancer
invasion. It remains elusiveow cells control filopodia initiation on the plasma membrane. To
address this fundamental question in cell biology, we performed experimemslliulqg in vitroand

in silico We showed that IRSp53, a membrane curvature sensor critical for filopodieegjeneself
assembles into clusters on P{B@ntaining membranes in the absence of signalling regulators as
those found in cells. Our simulation work revealed that PIP2 is key for IRSp53 clustering. We further
showed that IRSp53 is required for the retmgnt of actin polymerases such as VASP to assemble
actin filaments locally, leading to the generation of membrane protrusions filled with fascin
mediated actin bundles. By following filopodia growth in live cells, we revealed that fascin enhances
filopodia elongation rate and stability. Overall, our noirelitro reconstitution system was able to
faithfully mimic the generation of actirich filopodia. Moreover, our results indicate that once
IRSp53 is active and able to bind to membranes and recruit stwgam partners, it readily induces
protrusion formation. However, by pulling membrane tethers from live cells, we observed, for the
first time, that IRSp53 can only be enriched and trigger actin assembly in tethers at highly dynamic
membrane regions wheré is membranebound and presumed active. Our work thus supports a
cellular regulation mechanism of IRSp53 in its attributes of curvature sensation and partner
recruitment to ensure a precise spatiemporal control of filopodia initiation.

Discussion
With speakers of Module 7 and allspeakers of Symposium cession

Caffee Break

Invited speaker.

Unifying microscopy data and physical models.
Hervé Turlier,

CIRB, College de France, Paris, France

Mini-symposia:
Longterm nuclear regulation of cancer ceallunder confinement

Ecole thématique du CNRS : Microscopie Fonctionnelle en BiolMjfoBio, Giens,-52 nov 2021
http://imabio-cnrs.fr/mifobio/programme/ mifobio-info@services.cnrs.fr 157

O, .
maBio
|~



http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr

M Fo

Gdr ImaBio
@@ MINISYMPOSIUM

Maléke Mouelht, Charlotte Rivieéreand Sylvain Monniér

(1) Institute of Light and Matter (ILM), UMR5306 Uhixon, Univ. Claude Bernard Lyon 1, France

The physical properties of the tumor microenvironment are strongly modified during tumor growth
and participate in the development and invasion of cancer cells [1], including not only stiffness, but
also compression [2].

In particular, the nucleus is ddtlly affected during compression [3] and is appearing as an
important mechanosensor of deformations [4,5]. Nevertheless, most studies focus nowadays on
shortterm cell response (from minutes to few hours). New questions are open on thetdéomg
adaptaton to deformations and the mecharmsensing mechanism involved. We have recently
developed a new agarodeased microsystem copping with media renewal impediment to
investigate cell response to prolonged confinement [6].

We used this device to apply a tudatand controlled 1D confinement on the colorectal cancer cell

line HF29 up to several days. We evidenced a decrease of the nuclear volume after 24 hours under
confinement. The overall nuclear shape is also dynamically regulated with the apparitionsétra
nuclear blebs. We are currently analyzing the mechanisms and consequences of such adaptation on
cell division, transcription activity and protein expression. Such -lenmged adaptation to
mechanical constrains may be of importance for cancer deBtigity and play a role in their
resistance to treatments.

[1] D. T. Butcher, T. Alliston, and V. M. Weaver, A Tense Situation: Forcing Tumour Progression, Nat. Rev. Cancer
9, 108 (2009).

[2] Kalli, M.; Stylianopoulos, T. Defining the Role of SoleSand Matrix Stiffness in Cancer Cell Proliferation

and Metastasis. Front. Oncol. 2018, 8 (March), 55

[3] P. Shah, C. M. Hobson, S. Cheng, M. J. Colville, M. J. Paszek, R. Superfine, and J. Lammerding, Nuclear
Deformation Causes DNA Damage by Incredéemication Stress, Curr. Biol. 1 (2020).

[4] A.J. Lomakin, C. J. Cattin, J. M. Génaias, |. Y. Zhitnyak, M. K. Driscoll, E. S. Welf, R. J. Petrie, A. M-Lennon
Duménil, and D. J. Miller, The Nucleus Acts as a Ruler Tailoring Cell Responseal tG@itaints, 2894,

(2020).

[5] V. Venturini, F. Pezzano, F. C. Castro, H. M. Hakkinen, S. Jbefgedo, M. ColomeRosell, M. Marro, Q.
TolosaRamon, S. Pdzpez, M. A. Valverde, J. Weghuber, P.{Avarez, M. Krieg, S. Wieser, and V. Ruprecht,

The Nucleus Measures Shape Changes for Cellular Proprioception to Control Dynamic Cell Behavior, Science
(80-.). 370, (2020).

[6] A. Prunet, S. Lefort, H. Delanrégari, B. Laperrousaz, G. Simon, C. Barentin, S. Saci, F. Argoul, B. Guyot, J. P.
Rieu, S. @bert, V. MagueiSatta, and C. Riviere, A New AgarBssed Microsystem to Investigate Cell
Response to Prolonged Confinement, Lab Chip 20, 4016 (2020).

Focal adhesion assembly and force sensing in artificial cells

Marcelina Cardoso Dos Sanfoéudrey Ntadambanyg Julien Perniet, Kimihiro Susumg Igor L.
Medintz?, Niko Hildebrand®“ Christophe Le Clainche

(1) Institute for Integrative Biology of the Cell (12BC), CEA, CNRS UMR9198, UniverSiéeIBgris
91198, GHsur-Yvette, Frace. (2) Center for Bio/Molecular Science and Engineering Code 6900 U.S.
Naval Research Laboratory Washington, D.C. 20375, USA. 3nanofret.com, Laboratoire COBRA,
Université de Rouen Normandie, CNRS, INSA, 768219dmtAignan Cedex, France. 4Department

of Chemistry, Seoul National University, Seoul 08826, South Korea

The formation of focal adhesions (FAs) involves the recruitment of various types of proteins and it
is extremely challenging to reconstitute the dynamics of this process. Although sewstiasshave
partially revealed the architecture of FAs 1,2, the cartography and chronology of protein interactions
leading to the assembly of FAs, and actomyosin cytoskeleton mecanosensing are poorly understood.
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In this work we try to unravel the spattemporal dynamics of adhesion assembly in an artificial cell
model. To this end, we have developed an unprecedented strategy of microinjecting proteins of the
cell adhesiorcontraction machinery (talin, vinculin, actin, myosin) into Giant Unilamellar Vssicle
(GUVs) containing transmembrane integrins, mimicking the cell membrane, Fig.1TAe
microinjection of purified proteins one by one in this simplified system allows to measure the impact
of each of them while avoiding undesired interactions with vasiather signaling pathways, a
recurrent problem when working with living cells. To date, there appears to be no model that can
accurately reconstruct full cell adhesion while specifically controlling its composition from inside as
well as outside. Nanos@linteractions will be solved using FRET (Forster Resonance Energy
Transfer) nanosensors. These versatile probes allow multiplexing (detection of several events
simultaneously) and their role as inteand intramolecular biosensors arise a lot of interest.
Previously, we have shown the potential of FRET nanosensors for a multiplexing imaging in live cells
(Fig 1F) and lonlived fluorescence in zebrafish3.

INTEGRIN TNTEGRIN Figure 1. (A) Principle of setting up the
synthetic cell: microinjection to adhered
GUV. (B) GUV caihing integringlba3
-Alexab46 imaged in epifluorescence at
its maximum radius and (C) at the
adhesion surface coated with RGD
peptides. (D) GUV microinjected with G
actin-Alexa488 or (E) tali@D recruited
on the membrane. (F) Example of
multiplexed deg¢ction that we plan to
implement in the invitro assay presented
in (A). Terbium (TBQuantum Dot
nanosensors composed of turquoise
(tQD), orange (0QD), red (rQD) QDs as
acceptors and Tb as donor are

microinjected into live CO5cells.

[1] P. Kanchana@ng, G. Shtengel, A. M. Pasapera, E. B. Ramko, M. W. Davidson, H. F. Hess, C. M.
Waterman,Nature201Q 468, 580.

[2] I. Patla, T. Volberg, N. Elad, V. Hirschiglatneken, C. Grashoff, R. Fassler, J. P. Spatz, B. Geiger,

O. MedaliaNat. Cell Biol201Q 12, 909.

[3] M. Cardoso Dos Santos, I. Colin, G. Ribeiro Dos Santos, K. Susumu, M. Demarque, I. L. Medintz,
N. HildebrandtAdv. Mater.2020, 32, 2003912.

Inverse blebs in blastocoel formation

Markus Frederik Schliffkd Julien Dumortiey;, JeanLéonMaitre*

(1) Institut Curie, PSL Research University, CNRS UMR3215, INSERM U934, Paris, France, (2) Carl Zeis
SAS, MarNe-Roi, France

Mammalian preimplantation development culminates in the formation of the blastocyst with the
appearance of the first mamalian lumen. Pressurized fluid fractures @&l contacts and
accumulates into a multitude of microlumens, which eventually coarsen by emptying their content

into a single lumen. While the mechanics underlying hydraulic fracturing and microlumen dogrsen

were investigated, the cellular processes controlling these phenomena are unknown. Using
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multiscale spinning disk and light sheet microscopy, we uncover shortlived membrane protrusions
bulging into cells at their contacts. These protrusions are charsetd by extension of the cell
membrane into the cytosol, followed by rapid recruitment of actin and myosin and subsequent
retraction of the protrusion within 1 minute. Due to their similarity with wellaracterised
membrane blebs, we call these protraes « inverse blebs ». Like forward blebs, inhibition of
actomyosin contractility results in impaired inverse bleb retraction. As for their nucleation, fluid
accumulation is required, suggesting that fluid pumping would generate the hydrostatic pressure
driving bleb expansion into the cells. To prevent pressure from building up locally while leaving the
fluid pumping machinery intact, we use Cdh1l mutants, which show weakecatelidhesion and
fracture faster than wildype embryos. We observe that adhesideficient embryos form a lumen
without inverse blebs. Therefore, the confinement provided by strongoeilladhesion seems
necessary to build up the local pressure nucleating inverse blebs. Since inverse blebs will always
extend into only one of twoantacting cells, future research will address whether differences in cell
contractility, cell pressure or local cortical weaknesses can determine the directionality of inverse
blebs. Altogether, inverse blebs provide new insights into the interplay betweeular
contractility, adhesion and extracellular fluid pressure during the formation of the first mammalian
lumen.

Dynamics of early stages of cell adhesion on fluid substrate

Oleg Mikhajlo¥, Fahima Di Federi¢aJohn Manzj Fanny Tabarin Guy Trarvan Nhied, Patricia M.
Bassereati

(1) PhysiceChimie Curie, Institut Curie, Paris, Fraf2gnserm U1282 UMR9198, Institute for
Integrative Biology of the Cell, GifirYvette, France

Adhesion is a ubiquitous process for virtually all cells frons¢htinat form together tissues and
organs of multicellular organisms to single immune cells that migrate adhering to the extracellular
matrix in search of pathogenic cells. Cells adhere to substrates or other cells not only to maintain
physical cohesion, litalso to receive information on their microenvironment. Adhesion is thus a
platform for mechanechemical communication between a cell and a substrate or another cell.

In this work, we focus on integramediated adhesion. Integrins are the main playerstlug
mechanechemical communication that assemble in clusters in a mechanosensitive manner.
Mechanical stimuli that act on these clusters are converted into biochemical signals and transmitted
inside the cell. Although cell adhesion on rigid substratesiig well studied, much about adhesion

on soft fluid substrates like membranes remains unknown.

Here we study the evolution of integrin clusters in cells on fluid supported lipid bilayers (SLBs)
functionalized with cell ligands of different affinities (R@ptide, bacterial proteirinvasir). Ligand
affinity to integrins is very important in integrin activation and consequent formation of adhesion
clusters. We have used advanced confocal microscopy, fluorescence calibration and-mestiem
image analysis idines to quantify integrin densities in adhesion clusters. We have found that
integrin densities in clusters dnvasinare significantly higher than the ones on RGD reaching the
densities reported for focal adhesions on glass. Additionally, we have@abéne recruitment of

the proteins that are associated with mature adhesions to integrin clusters like zyxin and VASP.
Finally, we have shown cells are able to deform SLBs by pulling membrane tethers from them. These
results suggest the presence of mecb&mansduction in integrin clusters on fluid substrates and
that ligand affinity is a critical parameter in integrin cluster growth.

Final Discussion

Ecole thématique du CNRS : Microscopie Fonctionnelle en BiolMjfoBio, Giens,-52 nov 2021
http://imabio -cnrs.fr/mifobio/programme/ mifobio-info@services.cnrs.fr 160

O, .
maBio
|~



http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr

M Fo

/ O,
Gdr ImaBio
@@ MINI SYMPOSIUM

With speakers of Module 7 and allspeakers of Symposium

Symposium scientific committee :

Lucie Barbierucie.barbier@collegele-france.fr
Laurent Blanchoinaurent.blanchoin@cea.fr
Marcelina Cardoso Dos Santagrcelina.cardos@ossantos@i2bc.parisaclay.fr
Laétitia KurzawalLaetitia. KURZAWA@cea.fr
Iréne Naglelrene.Nagle@uniparisdiderot.fr
Oleg Mikhajlovoleg.mikhajlov@curie.fr
Maleke Mouelhi maleke.mouelhi@unilyon1.fr
Markus Schliffkamarkus.schliffka@curie.fr
Feng Chingsai:feng-ching.tsai@curie.fr
Hervé Turlierherve.turlier@collegale-france.fr
Marie-Emilie Terret terretm@gmail.com

Ecole thématique du CNRS : Microscopie Fonctionnelle en BiolbtjieoBio, Giens,-52 nov 2021
http://imabio-cnrs.fr/mifobio/programme/ mifobio-info@services.cnrs.fr 161

O, .
ImaBio
o~



http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
mailto:lucie.barbier@college-de-france.fr
mailto:laurent.blanchoin@cea.fr
mailto:marcelina.cardoso-dos-santos@i2bc.paris-saclay.fr
mailto:Laetitia.KURZAWA@cea.fr
mailto:Irene.Nagle@univ-paris-diderot.fr
mailto:oleg.mikhajlov@curie.fr
mailto:maleke.mouelhi@univ-lyon1.fr
mailto:markus.schliffka@curie.fr
mailto:feng-ching.tsai@curie.fr
mailto:herve.turlier@college-de-france.fr
mailto:terretm@gmail.com

M Fo

jo

Gdr ImaBio
@v@

MINISYMPOSIUM

PARTENAIRES ACADEMESU

Centre National de Recherch
Scientifique

Formation Permanante

3, rue Michel-Ange, Paris

https://www.cnrs.fr/fr/page-daccueil

GdR Imagerie et Microscopie e
BiologiecimaBio (CNRSINSIS)
http://imabio-cnrs.fr/

Organisateur Principal

ImaBio

Réseau Technologique de microscof
de fluorescence multidimensionnelle
RTmfm (MITFCNRS)

https://rtmfm.cnrs.fr/
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Ziad KAAKOUR

Directeur Commercial Microscopie LS
ziad.kaakour@olympus.com

Hervé GAUTIER

Spécialiste Systémes Avancés
herve.gautier@olympus.com
Olympus France

Division Systémes Scientifiques
MpZ NIzS D4393RUNGES A €
www.olynpus.fr

OLYMPUS

Oxxius

Florestan Roume

Ingénieur Techniceomemrcial
froume@oxxius.com

02 96 48 70 28

David Assous

Directeur commercial
dassou@oxxius.com
WWW.0XXius.com

OXXIUS
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PHASICS

Béatiment Explorer

Espace Technologique
w2dzi S RS f Qh NXS
91190 SainfAubin, France
Téléphone +33 (0)1 80 75 06 33
Email: contact@phasics.fr

Site web www.phasics.com
Benoit Wattellier bw@phasics.fr
Marie-Begofia Lebrun mbl@phasics.fr
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PHASICS

the phase control company

Phaseview

Irina Rakotoson
irina.rakotoson@phaseview.com
http://phaseview.com/

Phasevicw

SANOFI AVENTR&D

Al Hassan CASSE

Molecular and Digital Histopathology

Centre de Recherche de Vitry/Alfortville

TEL. #33 (0)1.58.93.81.13.

TEL +33(0)7.86.79.83.75

1, impasse des Ateliers 94400 VITRY SUR SE
www.sanoftaventis.com
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SANOFI

Carl Zeiss SAivision RMS

Service marketing
marketing.microscopy.fr@zeiss.com

15, avenue Edouard Belin

92500 RueiMalmaison.
https://www.zeiss.fr/microscopie/home.html
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