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Functional analyses of molecular & cellular dynamics "J
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Tissue/organism Cellular Molecular
Bedside Bench
< >
Host Organ Tissue Molecule

Molecular technologies (-omics)
allow to quantify genomic, proteomic,
transcriptome information that requires
functional annotation...

Imaging technologies allow to qualify (describe) complex
functional phenotypes in situ, inside intact cells and tissues...

Imaging describes an emergent set of tools for gathering data to leverage

knowledge on the mechanism and charateristics of biological functions
across manifold dimensions in space and time...

Biology is a scale problem...
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Integrative Experimental Biology
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Imaging functional & molecular dynamics Institut Pasteur
Tissue/organism Cellular Molecular
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Intravital imaging-2Pi/SHG Multi-D fluorescence
Cryo-Electron-Microscopy
In situ cell imaging/trackin i i
¥ g Bioluminescence CLEM- Correlatoive EM
Exvive asus Imaging Imaging Flow Cytometry FRET/FLIM/FCS/FRAP/FLIP
Histopathology/QWBA/MALDI Tomo-Electron microscopy STORM/PALM/STED/+?77...
In Vivo BL/FL/FMT/Spectral imaging Hyper-Spectral AFM/FL

Relative Sizes and Detection Devices
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Imaging Cytometry

diamid treated erythrocytes

Cytometry

ell population Analysis [l
by Scatter Plots :

Integrative Experimental Biology

High Content Screening (HCS)

Multi-well Plates

Columbus: data management software
(Perkin Elmer)
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In Vivo Optical Analysis

Whole Animal

Correlative Analysis

T SET

Electronic microscopy

Ultra

Quantification

Analysis by readout model

Validation & Statistics

b Normalisation

b Multivariate Analysis
b Cluster analysis of readouts (Classification)
b Hit/Event selection Procedure

b Correlation analysis (Realtionship between HCA readouts)

Data Storage & Management
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Imaging functional & molecular dynamics Institut Pasteur

Imagerie
_ Dynamique

—" (PFID)

Centre immunologie
humaine (PFCIH)

Microscopie
ultrastructurale

(PFMU)
Cytométrie (PFCF)

Imagopole mission: Develop and apply scientific imaging technologies, in the context of
experimental frameworks aimed at understanding of biological processes, and their
usurpation by infectious disease

www.imagopole.org
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Defining a technical platform group o ctibt PostSrJ

Technology Platform philosophy:

platforms have a different focus to research units

PFID
Core Facility
Open Access
Teaching Service  Training
Expertise Research Development

Academic/Industrial/Collaboration
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Imagopole ‘ ')
Imaging functional & molecular dynamics Institut Pasteur

*Ultrastructural Microscopies

Imagerie

Dynamique
‘Imaging & Flow Cytometry (PFID)
.Dynamic Optical imag’ng Centre immunologie ®

humaine (PFCIH)
*Intravital & in vivo imaging

-Image processing & analysis

*Bio-informatics, & statistics
Microscopie
ultrastructurale

*Molecular imaging (PFMU)
Cytométrie (PFCF)

Translational research

*Reagents, Contrast Agents
35 Permanent scientific, engineering, technical staff including 7 temporary staff (post-docs, students etc); 40 major equipment installations
(imaging microscopes, scanning & flow cytometry, cryoEM etc); Informatics comprising 100 active clients, numerous file-, web-, and calculation
servers, 10TB local RAID storage; 120TB FAS 6070 NetApp SAN storage a variety of “imaging” softwares: Huygens-SVI, Metamorph, Imaris, Osirix,
imageJ, Definiens, 3i etc

A IMAGOPOLE : |
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Key facts & figures Institut Pasteur

¢ I1SO 9001 Certification for quality in service standards (Dec 2007)
e IBiSA national scientific platform label (Nov 2009)

e >700 registered users, >45,000 hours/year “burn-time”

e 10% External users

e 4 Patents, 1 Software copyright (1 spin-out Stratocore.com)

e >25 peer reviewed high-impact scientific articles a year

¢ Global annual budget millions euros (salaries, consumables,
equipment)
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Upon request...
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Models
! * In Vivo effect 5 E Intravital
J§ analysis
Sample : 8 imaging
» Body fluids - - 8
ey —»| Cell sorting » Cell cloning 2
* Cell lines and expansion S
*Primary cell enrichment and/or > Cytological
ISA0|6}teS| harvest « Single cell level £ analysis
* Anima © q -
= imaging
H Analyze
5 S A A R 8 e S R SR TR e R R S S R S A R R A A e P> Biol
................................................................ »| biology
Dynamic
Cellular &
Modeling and simulations Molecular
§> analysis

*Primary cell screening
*Sub-clone isolation for screening
Cellular and others __ "Animais\ B iumans W= «Q;a/ity control
Experiments */solation of transgenically modified pathogens

with imaging and biomarker readout *Animal models for in vivo & intravital imaging
Mats Bergstrom et al., (2008), Journal Nuclear Medicine 49, 1204-1210.
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Milieu Inteneur

An integrative project

A systems approach to understandmg the Immune System

Genetic & Environmental Determinants o \' Immune Phenotype Ve

] ,llv»"_ n l‘ 1'

/\\’j\\ ~ Adc iy . . .
[ A e * How variable is the « immune response » across a

= Thoracic duct

/e i it population of healthy individuals?

* How can we account for this variation — genetic,
epigenetic versus environmental control?

* How have genetically-controlled immune
mechanisms contributed to our survival?

* How do perturbation of these mechanisms
contribute TODAY to immune-related pathologic
conditions?

= Tissue lymphasics

A path towards personalized medicine

e Host response to infectious agents
e Response to adjuvants and vaccines
e Relationship between commensals and immunity



1000 healthy donors included: 3 visits (VO, V1, V2)

Clnical Serol Whole blood Whole blood Nasal/Faeces Skin biopsy
at fo o8Y 20m| 50ml swabs 1st visit

Y

x40 stimulations
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. 2 plasma stabilized o :l
a2 RNA in TruC O
o35 ~ 2
S go)
BioTrial er = .%
weekly transport <<
4 e -80C -
CIH Pasteur B
Flow cytometry DNA magPix RNA profile

Cellular Genome
phenotyping = Sequencing

. Transcriptome Microbiota Pluripotent
Proteomics - "
Profiling Profiling stem cells

Epidemiology
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Imagopole: role for functional molecular dynamics ‘J
§op Jor J d Institut Pasteur

Imagopole mission:
Apply cutting edge “imaging” science & technologies to
studies on the dynamics of biological processes and their
usurpation by infectious disease

“Imaging” describes an emergent set of experimental tools...
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Plateforme d’imagerie dynamique
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BSL2+ Equipment for live cell imaging in relevant models "J
Institut Pasteur
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Small Animal Imaging 2 Towards relevant biology , ‘J
Institut Pasteur

New animal facility: BIME level -2
(BSL3)

2x IVIS Spectrum
* Filters 20nm band pass from 400nm to 800 nm
for fluorescence and bioluminescence
* 5 mice at a time
* second system equipped with a CT scanner

1 FMT (PerkinElmer)
* 3D NIR fluorescence
e 1 animal at a time

Possible under development system (longer term)
e Combined Fluorescence and bioluminescence




HCS of Klebsiella pneumoniae mutants library

Joelle Mounier & Régis Tournebize (P. Sansonnetti, Molecular microbial pathogenecity)

Institut Pasteur
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Development of a high throughput siRNA screening for deciphering shigella's infection behaviour
Nora Mellouk (J. Enninga, Host-Pathogen Interactions Dynamism)
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Assembly and sig?al
CD4+ T-cell homeostasis and its alteration in HIV-infected patients

Blanche Tamarit, Florence Bugault, Marie-Christine Cumant, Pascal Bochet, lacques Théze and Thierry Rose
- Unité d"Immumgénétiaue Eeluliv, Dépariement nfection o Epidmitgie:
Audrey Salles, loseph Dragavon, Jean-Yves Tinevez, Spencer Shorte -#5in-
Gaél Moneran, David DiGregoria - imagerie bymamiaue da Nearone

1- Biological project 2- Super resolution microscopy
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High content analysis of primary macrophages hosting Leishmania
amastigotes: application to leishmanicidal agents identification

Nathalie Aulner, Anne Danckaert, Eline Rouault-Hardain, Julie Desrivot, Olivier Helynck, Pierre-Henri Cam mere, Héléne Munier-Leh mann,
Gerald F. Spath, Spencer L. Shorte, Geneviéve Milan and Eric Prina
o it a8 i o RO 10 vl peopalel i i ke i g VS e e
Mycologe . . Unitd < hie, *CHRS UMIR 3523, > Institut Pasteur, Untd
Mycologie, ® CHRS URA 2581 4 present ackdiess: Galpages 535 Parc Bioctech- 102 Svenus
Gaston Roussel 93230 Romaiiwille, F ance
2. validation
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1. Pipeline overview
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4. Conclusion
10 the presant study, we developed 3 sealable thioughput high cortent apprasch to select chemicaks scning exclusively on L amazanensis amastgotes which are
fmary

Thes navel assay recuires few steps dunrg which highly pure populations of amastgates, compaunds and fluorescent ieporters are saquentally added to sdheent
mazophages without any washing o adkiion of frcative (aagent. Applying thase prozecures allows @produt ibly benafiting from high numbar of amastgotes-hosting
mazophage cultures, in absence of any extracellular amashgotes. We also demonstiated that the presence/atsance of Py was a valid indicator for antleshmanial
sty bycorrelanig the P and fumbes pe well
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Fluorescence by Unbound Excitation from Luminescence

Joe Di 5 Rekiki®, Holland', loanna Theodorou®,
Régis Tournebize??, Spencer L. Shorte!
(13 Imagapale, PFID, Institut Pasteur, Paris
(2} Unité de Pathagénie Micrabienne Malécu aire, Institut Pasteur, Paris
(3} Unite INSERM U786, Institut Pasteur, Paris
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FUEL takes advantage of an epifluorescent interaction betwsen a living luminescent light source (i.e.
bioluminescent bacteria) and a fluorophore (Figure 1} as a means to significantly increase the production of red
photons (Figure 2}. When applied to in vivo conditions, an overall increase in both the total and red photons is
observed (Figure 3}, Increasing the efficacity and the contrast of bioluminescence imaging.

Dragavon, 1. Blaxquez, 5. Rekiki &; Samson, € Theadorou, 0. Rogers K.iTournebue, R Sharte, 5. 1n wva Excitation of Nanoparticles Ling Luminescant Bactaria. PRAS.
2012, 209, 8508895,

Dragavon, 1. Blaazquez, 5.:5amson, € ; Rogers, K.; Tournabie, R.; Sharte, 5. Validation of a Methodfor Enhanced Produiction of Red-shited Bialuminescent Photars.n o,
Proc.of SPIE. 2011, 7902, 7502101750210,

‘Specialthanks to the Pasteur Foundation, the Institute Canot-Pasteur MIPogiam 11, the Conri-Maeva Chantable Foundation, fle de France

jatages over assays that have ben descibed recently 1n the Inerature by allowing real-time montonng and kinene stuhes on Ining
acdbarent primary maciophages. & kinase Inhibtars ey aton dcicated study bas been recertly launched under the auspices of the LaishDig project sporcared
bythe 7 Framewiok Progiam

Fluorescence Tom ography Imaging of bacterial infection
Blazquez®, Marie-A Nicola®, Joe Dragavon’,
Spencer L. Shorte!, Philippe Sansonett?, Régis Tournebize??
(1} Imagapale, PFID, Institut Pasteur, Paris
(2 Unité de Pathagénie Micrabienne Maléculaire, Institut Pasteur, Paris
(3} Unite INSERM U736, Institut Pasteur, Paris

Lung infection : i ice | Sul
« IFP14 s a near-infrared fluorescent protsin
« IFPL4 is expressed by K. pneumoniae under
the control of a Lac promoter
* Balb/C mice were infected via the intranasal
route with IFP-KP
+ Mice are imaged 1and 2 days post-infection
on the FMT2500

infection : Staphyfococcus aureus

+ Balb Cfemale mice (7-8 weeks}

* Injected IM with 1*107 CFU/mouse

+ 3 and 24h post Infection, mice were injected with 5 nmoles
of Bacterisense

+ 1h after agentinjection, mice were imaged on the FMT2500

+ BLE: mice were imaged at 0, 3 and 24h PI

. Kiebsiefio prevmanioe
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Imaging permits 3D imaging of bacteria infection in vivo
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Pilus structure in Strepfococcus agalactiae : Inmuno-labeling in SEM and TEM
AMdler', Y Komto-Oliogghi®, B Meiey’, O Demdedl, E Oxlic®, P Trieo-Cucf, 8 Downs?®

Tt P s Dt o O By o o Pl s —r

UMRSSTO, Paria, France
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Tokuyasu method applied to label an autophagy receptor and Chikungunya

NCuyet!, D Judith ¥ T Conderc™ , M Lecwi®™* mnd MC Prévest®
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¥ Inmemes, wrecic US4, Pusia,
Uriwersiné Paria Deacartes, 2 Pratees, Servis

Tropicdos, Puis-F
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Cryo-CLSEM: Cryo-correlative Light & Scanning Electron Microsopy:
Application to T ing Nanotubes
AMaBet!, 8 Quadesigai', P Bossne’, C Scheritt!, K Goumeet®, C Zueaolo?, A Serted’

-mhmwuwummm

lratit Prates, Urité o recherche Teafi

Recestly Tunselling Nanotubes (TNT) have emerged &3 & sew way of ister-celleler commeusication for the trasafer of varions profeins, organelles &
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By inmsuno EM we showed co-losalisation of the suephagy recsptor p62 and the eapsid of Chiusgueys viess.

Virus Associated Pyramids in Sulfolobus islandicus: A TEM study for their

formation
M Sachue, T Qued, § Loces’, P Fosterse®, D Prasgishnili®
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Thraritat Prsterr, Bic u Paria

The Ascheal virus Slfedobus ildandicss rod shaped virus 2 (SIRV2) induces lysis of the host cell o release their virioss. In the case of STRV2 @e virion
n—bunummmwmmmrmmm-maum‘m-mmm.wmmnum
Parallel o virios sasembly the foemation of Vires Associsted Pyrumids (VAPY) askes place al the membeane of the infosted cells [1]. We uwsed Cryo-Elestron
Miceescopy OF Vitresus Sections (CEMOVIS) o visualise e meephalegies! changes during thisinfosticn peosess. CEMOVIS osasists o eryo-

it and low dose eryo-el and offees & higher resolution than chessical prepured semples.

SIRVE  chasters  in  the

y

ploplm
§. trdendicur 10 pi. with SIRV

Werkflow scheme of CEMOVIS

(A) Dol of the plvme Sagrass of wider with (he misisss] melting teesperstere (Tm) sd
e surawd suclesion (Te) ks the wrew wader o exist.
Mmmhmd*:ﬁmw:‘nhm

The pictere shows m cverview of the boundary betwoss two sectiome. The dfflrert oy
Nevel botwaem the two sectices reflects (he Sucknes of (heen. IC = oo cryptal.

Reserescer:
7] T A, Koomon KA, Fnfiod K. Qrans TR, Porm M, Prwvost MC, Fostiemn P Teawfon O, Barsmntar %, Prangiebari D. Poc. Nl Acad St (0097 p11336-11.
s )
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