
A-01 : A practical review of several 3D-culture methods for the
generation of spheroids

Andrique; Aznar

Other (explain)

In this workshop, we will illustrate how using several methods for generating spheroids
influences the result. The workshop will be performed with two immortalized cell lines: HEK293T
and Caco2, as well as mouse intestinal organoids using the STEADY-STEM technology.
Participants will gain practical experience in handling mouse organoids

The attendees will implement different methods used to generate 3D aggregates of cells in the
cell culture room. The different methods differ in many ways, both in the generation process and
the final cellular topology. Special focus will be given to handling and culturing mouse intestinal
organoids, demonstrating the nuances of working with Matrigel-based cultures and the
STEADY-STEM approach.

At the end of this workshop, participants will be able to produce 3D cell aggregates (spheroids,
tumoroids, epithelium, cysts, and mouse intestinal organoids) using several easy and basic
protocols. They will gain an overview of these techniques with practical tips and learn how to
easily mount them for imaging. Participants will also receive specific training on handling Matrigel
and performing organoid splitting and passaging using the STEADY-STEM technology.

For those who already know some of these methods to generate organoids, this workshop will
allow them to compare with other protocols and provide an opportunity to share their expertise
with other participants. For beginners, this workshop will offer valuable insights and foundational
skills to start in 3D culture, including the specific challenges of working with organoids.



A-02 : Advanced 3D Lattice Light-sheet image quantification of living
brain slice

Allart; Marais

Image Processing

Lattice light-sheet microscopy is a recent imaging technique enabling for around a decade to set
up new imaging protocols. It allows the possibility 1/to image very large cleared samples like big
tissues or entire organs, 2/ to perform 3D images at very high frame rate. The microscope based
on a lattice light-sheet generate very large multidimensional datasets with several fluorescent
channels, in 3D and over time. New methods of representation and processing have to be used
to enable management of those images and extract usable (and useful) statistics.

This workshop will be focused on the analysis of 2 specific “3D over time” datasets obtained with
a lattice light sheet microscope on living mouse brain slices:

1) The 3D analysis of the migration of microglia in physiological or pathological conditions

2) The 3D analysis of the remodelling of the spines on the neurons over time

These 2 huge datasets have to be analysed by keeping all their dimensions to keep the precision
given by this beautiful imaging technique.

Using Imaris (Oxford instrument), participants will learn two different workflows to manage these
5D data from the conversion and processing to the detection of objects and the extraction of
measurements (3D tracks / distances / speed, dendritic tree reconstruction, spine morphology
over time…).

This software, although commercial, is widely spread in the imaging core facilities. And for few
years, it has been upgraded to be more efficient to manage and process the biggest files. The
goal of workshop is to discover with attendants how Imaris can be an efficient and user-friendly
solution to process and analyse huge datas from light-sheet microscope, but also all the 3D or
more datas coming from other microscopy approaches. Other open source softwares will be
presented and discussed as alternative to Imaris commercial software.



A-03 : Advanced Arduino Programming

Haeberlé

Other (explain)

Arduino boards provide a quick introduction to embedded system programming. In particular,
there are now

many boards that have multiple built-in sensors. Among these, the Adafruit Playground family is
interesting,

because it is inexpensive, and equipped with many sensors (push buttons and slide switch, light,
temperature

and sound sensor, accelerometer) but also with actuators (speaker, NeoPixel LEDs), as well as
analog/digital,

PWM, UART and I2C inputs/outputs.

We have developed a modular system based on Adafruit Playground allowing the rapid
prototyping of systems such as CANSATs, mobile robots, or the study of their subsystems.

The workshop will allow the users to discover the interest of using a true real-time multitasking
kernel,

compared to classical Arduino programmation



A-04 : Advanced human organoid/lymphocytes co-culture and imaging
workflow for the pre-clinical research on immunotherapies.

Vignes; Klein

Commercial Setup

Organoids derived from patient samples are an innovative model for the development of new
therapeutics. These models offer an alternative to animal testing and better replicate human
physiology than animal models or 2D cells culture. Human organoid models are increasingly
being used for preclinical research in the field of immunotherapy, particularly to design
personalized therapies.

For this purpose, the regular microscopic image acquisition of organoids is essential. However,
the imaging of organoids present several challenges as it requires, firstly, the use of equipment
that is compatible with both multi-channel 3D imaging and the maintenance of live 3D culture
models, and secondly the implementation of a fast acquisition/processing/analysis workflow
suitable for high-throughput experimentation.

The 3D screening workflow we will present allows to parallelize both the culture and the imaging
and analysis of 3D cellular models. The samples analyzed will be paraformaldehyde-fixed
intestinal epithelial organoids, prepared from patient biopsies, and co-cultured with autologous T
lymphocytes under various conditions, particularly inflammatory context. The associated
readouts will be: i) the migration of lymphocytes within the organoids, ii) markers associated with
close interaction between lymphocytes and epithelial cells, iii) markers of organoid behavior
(tissue integrity and apoptosis).

We will first demonstrate the co-culture of intestinal organoids and T lymphocytes. Then the 3D
and multi-color screening of organoids will be performed by confocal microscopy thanks to a
‘smart microscopy’ workflow. Finally, we will present an analysis pipeline dedicated to the
imaged samples, integrating both deep learning based 3D segmentation and conventional image
analysis using the commercial software and the open source software Morphonet.



A-05 : Advanced Multiplexed biosensor Imaging for Decoding Cell-Cell
Communication in 2D and 3D cellular models

Girard; Sipieter

Commercial Setup

Cell-cell communication is fundamental to biological processes across tissues and organs,
involving dynamic interactions between biochemical signals and mechanical forces essential for
tissue organization, development, and function. Understanding these processes with high
spatiotemporal resolution remains a challenge in cell biology. This workshop provides
participants with advanced tools and methodologies to study these complex dynamics.

The workshop focuses on multiplexed functional live-cell imaging using genetically encoded
Kinase Translocation Reporters and custom-designed FRET biosensors. These cutting-edge
tools enable simultaneous visualization of multiple signaling pathways, providing deep insights
into their temporal and spatial coordination. Participants will begin with 2D tissue models, where
cell signaling and mechanical responses can be analyzed in a controlled environment, and then
transition to 3D systems (organoids and spheroids). These advanced models closely mimic
native in vivo microenvironments, offering invaluable opportunities to study processes like
morphogenesis and explore applications in drug discovery.

By the end of the workshop, participants will master techniques to generate and analyze rich,
multiparametric images of key biological processes. They will gain hands-on experience in
designing and executing experiments using advanced imaging platforms, optimizing the use of
spectrally compatible biosensors for multiplexed imaging. In addition, the workshop will provide
participants with practical expertise in automated quantitative image analysis, leveraging custom
scripts in Fiji to segment cells, track biosensor outputs over time, and extract meaningful metrics
from complex imaging datasets. This comprehensive training will empower participants to
address contemporary challenges in cell biology and tissue dynamics, equipping them with the
skills to adapt these approaches to their unique scientific questions and imaging facilities.



A-06 : Alternative structured illumination implementation and oblique
detection: new building blocks for in depth SMLM but also SIM
microscopy.

Meghnagi; PINCET

Homemade Setup

We propose a workshop introducing alternative building blocks to simplify structured illumination
and oblique detection for a wide range of microscopy applications. These approaches will be
demonstrated through ModLoc, which enhances SMLM localization using time-modulated
sinusoidal excitation along a tilted XZ axis. Combined for the first time with Oblique Plane
Microscopy (OPM) detection, this method achieves isotropic localization precision of 10 nm
across several microns of depth, independent of PSF shape. While ModLoc serves as a key
example, the workshop will explore how these techniques can benefit various microscopy
modalities beyond this specific application.

At excitation, we will present the implementation of an engraved nanochip developed as part of a
European project involving CNRS, CNR, Politecnico di Milano and Abbelight. This compact 2 × 2
cm² nanochip splits the laser into two beams while allowing fine adjustment of their balance and
relative phase. We will discuss its performance in generating structured illumination, suitable for
applications such as SIM and ModLoc.

For detection, we will present an OPM implementation using a SNOUTY objective, originally
proposed by Andrew York’s group at Calico Labs. This setup enables re-imaging of the sample
in an intermediate plane, for tilted detection. While typically used for light-sheet microscopy, we
will explore its adaptation for our demodulated detection.

The workshop will detail the methodologies for using these components, including an overview of
their principles and calibration procedures. Attendees will be introduced to these devices within
the framework of an advanced SMLM technique, offering hands-on opportunities to test their
own samples—especially complex ones such as organoids and tissue. They will gain a
fundamental understanding of generating high-contrast structured illumination and performing
oblique plane observation, both essential in various imaging techniques.



A-07 : Analyzing FLIM data for metabolic imaging applications with
Phasor Analysis

Stringari; Yuan

Image Processing

Cellular metabolism is fundamental to health and disease, making its study critical to the
advancement of diagnostics and therapeutics. Label-free optical metabolic imaging using
Fluorescence Lifetime Microscopy (FLIM) of the endogenous fluorophore NAD(P)H provides
non-destructive, high-resolution insights into metabolic function and heterogeneity and is gaining
popularity in life sciences. Standardized approaches are essential to ensure reproducibility and
comparability between studies (1).

In this workshop, we define a framework for the acquisition, calibration and analysis of metabolic
function assessments based on fluorescence lifetime measurements of NAD(P)H. We present
best practices for calibration, image acquisition and analysis of FLIM data using phasor analysis.
We will demonstrate the importance of calibration procedures, signal-to-noise ratio
considerations on output images and possible bias in the FLIM analysis with phasors. We will
demonstrate how metabolic imaging data acquired with commercial FLIM cards can be analyzed
and interpreted with open source software FLUTE (2). We will demonstrate phasor analysis of
FLIM microscopy data using a variety of FLIM data containing autofluorescence from zebrafish
embryos and NAD(P)H from cells with different metabolic treatments. Participants will learn the
basics of FLIM calibration, phasor plotting, interactive visualization and exploration of FLIM data,
data interpretation and advanced phasor analysis.

1. Consensus Guidelines for Label-Free Optical Metabolic Imaging: Ensuring Accuracy and
Reproducibility in Metabolic Profiling, submitted

2. Gottlieb D, Asadipour B, Kostina P, Ung TPL, Stringari C. FLUTE: A Python GUI for interactive
phasor analysis of FLIM data. Biol Imaging. 2023 Nov 6;3:e21. doi:
10.1017/S2633903X23000211.



A-08 : Atomic force microscopy (AFM) automation, from microbes to
mammalian cells

DAGUE; SEVERAC

Commercial Setup

AFM is a powerful technology for imaging and probing the nanomechanical properties of living
cells. However, its application remains limited by the time-intensive nature of data
acquisition—measuring just 10 cells can take an entire day. This bottleneck restricts AFM’s use
to academic research, where small sample sizes contribute to variability and inconsistencies in
the literature.

We have developed an automated AFM force measurement strategy based on:

- the directed immobilization of living cells and

- an automation script enabling cell-to-cell movement and data acquisition on a commercial AFM
system.

This approach significantly enhances throughput, allowing force measurements on 500–1000
microbes within 2–4 hours or on 50 mammalian cells in just 2 hours.

During this workshop, participants will 1st prepare cell matrices. For microbial samples, they will
use microstructured Poly-Di-Methyl-Siloxane (PDMS) stamps with microbe-sized cavities to
guide cell immobilization. The method, described in previous studies (provided), ensures
reproducible sample preparation. Participants will then execute the automation script to observe
AFM data acquisition in real-time, as the probe systematically moves from cell to cell.

Next, participants will explore microcontact printing to create fibronectin micropatterns for
mammalian cell immobilization. Using PDMS stamps, they will transfer fibronectin onto glass
slides, facilitating cell adhesion in predefined patterns. Pre-prepared cell samples will allow
participants to compare AFM automation strategies: here, larger displacements require stage
movement via the optical microscope rather than the AFM’s piezoelectric scanner. Once set up,
participants will again witness fully automated AFM force measurements.

We will provide hands-on experience in high-throughput AFM automation, demonstrating its
potential to accelerate data acquisition and enhance reproducibility in cellular nanomechanics
research.



A-09 : Automatized Microscope Calibration and Image Restoration
with DeepInv

weiss; Sarron

Image Processing

All microscopy images are the result of photons passing through the sample and optical device.
This creates diffraction effects, which cannot be avoided and change the nature of the signal
perceived. To correct these effects, various deconvolution tools exists. They can be commercial
(e.g. Huygens) or open-source (e.g. DeconvolutionLab). Yet, most of the existing tools require a
careful calibration to describe the microscope (e.g. NA, lambda, a Point Spread Function PSF
model,...). This gets extremely tedious when the PSF varies spatially.

In this workshop, we aim at showing that recent advances in AI enable an estimate of the PSF
field efficiently and reliably with convolutional neural networks. This estimate can then be used to
feed a second restoration network (e.g. deconvolution, super-resolution or finer computational
imaging tools). This yields algorithms where the parameters of the optical system are optional.
They can therefore be used easily under the only requirement that a proper Napari environment
with a GPU has been setup.

This workshop will be an excellent opportunity to present these tools, which we think can replace
efficiently commercial software. The material associated to this workshop is:

- https://deepinv.github.io/deepinv/

- https://www.cambridge.org/core/services/aop-cambridge-core/content/view/34430C58046C7E
CC1D28B3683B84ED89/S2633903X24000096a.pdf/deepblur_blind_identification_and_deblurri
ng_with_convolutional_neural_networks.pdf



A-10 : Cell Biology for beginners

Muriaux; Decimo

Other (explain)

Bases en Biologie Cellulaire

Delphine Muriaux & Didier Décimo

Dans ce cours, nous allons porter une attention particulière à cette unité qu’est la cellule, en
définissant de manière générale ses aspects moléculaires. Nous décrirons les différences entre
cellules eucaryotes et procaryotes, leurs compartiments intracellulaires (Noyau, Reticulum,
Golgi, Mitochondries, Endosomes …) et les notions de Membranes, Protéines, ARN et ADN, en
taille, en nombres et en couleur. Puis, pour finir nous aborderons les notions de transfection,
transduction, et infection, comme outils afin d’exprimer les protéines fluorescentes dans ces
cellules et les visualiser par microscopies.

Le materiel utilisé et les microscopes seront ceux de la salle de culture.

CE workshop apporte aux chimistes, physiciens, informaticiens, ingénieurs de plateforme,
industriels, un cours de base sur le B.A.BA de la culture cellulaire et de la préparation
d'échantillons cellulaires avant la mise en place sous un microscope!



A-100 : Wavefront sensing and adaptive optics for beginners

Fragola; Fekih-Hassen

Homemade Setup

In recent years, adaptive optics (AO), originally developed for astronomy, has demonstrated its
ability to significantly increase signal and resolution for in-depth imaging of biological tissues by
correcting for optical aberrations induced by the sample itself. This is achieved by 1) wavefront
sensing and 2) correction using optical wavefront modulators such as deformable mirrors. Two
main adaptive optics approaches have been proposed in microscopy, based on two methods of
wavefront estimation before correction. This workshop is aimed at beginners and could be
integrated into the "optics lab". It will present in detail the physical concepts underlying adaptive
optics with simple experiments. It will first focus on wavefront sensing and then explain how to
correct aberrations using an adaptive optics loop. The workshop will conclude with a
presentation/discussion of existing strategies for implementing AO in microscopy for bioimaging,
with their advantages and limitations.



A-101 : Fluctuation Correlation Spectroscopy methods for protein
Dynamics

Digman

Commercial Setup

In this module we will go over the basics of fluctuation correlation spectroscopy to determine
protein concentration, aggregation, and diffusion of fluorescently tagged proteins in living
organisms using confocal imaging. Diffusion is the mechanism by which molecules move without
energy other than thermal energy, known as Brownian motion. Here we will consider
translational diffusion. By measuring the photons “bursts” emitted as a molecule passes through
the observation volume over time, the duration of the photon burst are correlated using time
lagged autocorrelations. To extract the distribution of the duration of the fluctuations, we use the
correlation function that will give rise to the diffusion of the molecule. To extract the distribution of
the amplitude of the fluctuations, we use photon counting histogram distribution. If the fluctuation
amplitudes are large, they are due to the increased brightness of the molecules meaning those
molecules have formed higher order aggregates. The training will also explore image correlation
analysis termed raster image correlation spectroscopy or RICS). RICS will enable the
visualization of real time dynamics in the cellular system to map diffusion rates. From this
analysis, we can determine the concentration, diffusion time and molecular brightness of proteins
in living systems using standard laser scanning confocal imaging.



A-11 : Combined AFM and STED microscopy : a high-resolution
marriage for multi-dimensional analysis of biological samples

Lyonnais; Blanco

Commercial Setup

Life sciences increasingly require multi-component analysis of biological samples at the highest
resolution. This calls for the development of new imaging techniques, combining optical methods
for specificity, and non-optical methods to address simultaneously the physicochemical
properties of the sample. In this context, the combination of atomic force microscopy (AFM) with
super-resolution microscopy has recently made great strides, enabling both to specifically
monitor biochemical processes inside the cell, while AFM manipulates and probes physical and
chemical properties at the surface. The topographical and mechanical information obtained by
AFM in correlation with the color-coded molecular fluorescence map provides an entirely new
nanoscopic Swiss army knife for the multiparametric study of living samples at a sub-diffraction
level. Among the various combinations, AFM-STED (Stimulation Depletion Emission
microscopy) combos appear to be a perfect match, addressing similar and complementary
nanometric resolutions, while being able to be assembled from commercial instruments.

In this workshop, we will introduce such a hybrid system assembled especially for MiFoBio from
two commercial systems, that couples the latest generation of a tip-scanner Bio-AFM with a
STEDYCON microscope in a single instrument. During the workshop, the participants will
decipher the whole hardware and software to software pipeline allowing a true correlation of AFM
images on STED images in real time. We will use as biological examples bacteria samples
(E.Coli) and DNA origami nanorulers, both of them multi-labeled with fluorescent dyes to
produce SR and AFM images. At the end of the workshop, the participants will carry out a
correlative experiment and will associate multi-channel AFM image (topography, adhesion and
stiffness) with fluorescence of bacterial structures (membrane, Z-Ring) or to precisely allocate
fluorophores on a 2D DNA origami.



A-12 : Comment faire un stitching 3D sans aucun mouvement du
microscope ou de l’échantillon ? Le remote scanning et son
application pour l’imagerie de phase quantitative

WEHBI; Bon

Homemade Setup

De nombreuses techniques d’imagerie présentent des limitations en termes de champ de vue,
notamment car la caméra ne couvre pas le champ de vue (ex. l’imagerie de phase quantitative).
De plus la reconstruction 3D repose en général sur une modification de la position de l’objectif
de microscope (z-scan).

Dans ce TP, nous expliquerons comment la modification de la phase de la lumière (composante
de tilt et de défocus) peut être exploiter expérimentalement pour obtenir un scan de l’image de
l’échantillon sur une caméra fixe. L’intérêt du setup présenté est de pouvoir acquérir des images
3D de phase quantitative et de fluorescence à la fois en effectuant un scan rapide suivant les
axes x, y et z (jusqu’à 20 µm de profondeur) sur la voie de sortie du microscope sans déplacer
l’échantillon. Nous montrerons que cela est réalisé par l’introduction d’une lentille à une focale
variable électriquement (suivant l’axe z) et par un miroir de scan (suivant les axes x et y).

L’objectif pédagogique de ce TP est de :

1) Montrer la notion de mise au point 3D, de la notion de phase dans la pupille du microscope.

2) Montrer le lien entre cette phase et des éléments optomécaniques classiques (lentilles,
miroirs standards, miroirs galvo) permettant de modifier cette phase dans la pupille.

3) Présenter une imagerie de phase et montrer le stitching possible d’images acquises avec la
caméra en 3D pour acquérir toute l’information produite par le microscope.

Cet atelier est une extension pratique de l'OpticsLab sur des notions de front d'onde en imagerie.



A-13 : Compréhension de la micro-architecture des synapses
immunes par une approche corrélative couplant la microscopie
d’expansion et le STED-3D

lesieur; judith

Commercial Setup

Les cellules communiquent naturellement en échangeant des informations par le biais de
contacts étroits que l’on nomme synapses. Les synapses immunes sont des jonctions entre un
Lymphocyte et une cellule présentatrice d’antigène. Leur architecture moléculaire constitue la
base de leurs fonctions. Et un remodelage membranaire est essentiel pour concentrer au niveau
de la zone de contact les protéines nécessaires à son bon fonctionnement et ainsi induire des
voies de signalisation spécifiques. Une synapse altérée induit un défaut de signalisation et
entraine des réponses immunitaires déficientes. Il est donc crucial de saisir en détail et de
comprendre l'architecture moléculaire de ces synapses afin de comprendre leur fonctionnement.

Dans ce contexte biologique, nous associons deux techniques pour améliorer la résolution
spatiale : la microscopie d'expansion (ExM) et le STED (STimulated Emission Depletion). L'ExM
sera d'abord utilisé pour accroître la résolution sur l’ensemble de l’échantillon, permettant ainsi
d’obtenir une vision détaillée de l’organisation structurelle de la synapse et des cellules
impliquées. Ensuite, en ciblant spécifiquement la zone de contact, le STED apportera un gain de
résolution significatif sur un champ plus restreint, offrant ainsi une analyse plus fine des
interactions cellulaires.

Cette approche nous permettra de visualiser l’organisation protéiques des synapses immunes
de façon très fine, en utilisant les avantages combinés de ces 2 techniques et permettre aux
participant de mieux appréhender les limites de chacune.

La mise en place de ces deux techniques sera éventuellement complétée par ajout du temps de
vie de fluorescence (FLIM) sur notre échantillon et limiter alors la perte de fluorescence associée
à ces deux techniques.



A-14 : Compression Force Microscopy

Razouk; Zidane

Commercial Setup

Les cellules sont soumises à des forces mécaniques et les appliquent à leur

environnement. Différentes approches ont été proposées pour étudier les forces de

traction générées par les cellules, principalement dans des contextes de migration

cellulaire, en deux comme en trois dimensions. Certaines cellules sont également

capables de générer des forces de compression sur leur environnement dans différents

contextes comme les macrophages lors de la phagocytose.

Comment mesurer de telles forces ? L'objectif de cet atelier est de réfléchir ensemble au

développement d'une approche innovante pour l'évaluation des forces de compression

générées par les cellules. Conçu pour être interactif, il engagera tout d’abord les

participants dans un court processus de réflexion à travers un brainstorming collectif et

guidé, qui permettra de déterminer les différentes étapes de la méthode (conception,

production et fonctionnalisation de micro-objets, imagerie et quantification des

déformations, évaluation des forces). Une fois la stratégie expérimentale définie, les

participants passeront à une phase pratique, qui consistera à préparer des micro-objets

déformables, définir les conditions d’acquisition par microscopie de fluorescence,

réaliser une série d’acquisition et discuter de l’analyse et l’interprétation des images.

Toutes ces étapes pratiques seront l’occasion de discuter et débattre des choix

expérimentaux. Cet atelier original intéressera particulièrement les participants de

MiFoBio car il présentera une nouvelle méthode de mécanobiologie basée sur la

microscopie de fluorescence (publication en cours de préparation). En l’abordant sous

un angle interactif, il permettra d’impliquer les participants, il permettra d’impliquer les

participants dans le processus de réflexion et les amènera à potentiellement adopter

cette méthode pour leurs propres sujets de recherche.



Microscope confocal de type Spinning Disc (lumière blanche ou DIC + laser 488)



A-15 : Contrôle qualité en imagerie photonique : comment le réaliser et
l’exploiter pour améliorer nos images au quotidien

Schapman

Commercial Setup

La reproductibilité et la répétabilité des acquisitions en recherche sont des éléments
indispensables pour obtenir des résultats fiables et cohérents en adéquation avec la réalité de la
recherche. Elles permettent également d’accéder à une quantification absolue et non relative
des résultats. En imagerie photonique, elles ne peuvent être obtenues qu’en effectuant des
mesures de caractérisation et de contrôle qualité, autrement appelé la métrologie. C’est le travail
que mène la communauté du RTmfm et du GT-3M depuis près de 20 ans.

Ainsi l’atelier proposé s’attachera à des phénomènes de dysfonctionnement plus ou moins
récurrents sur nos systèmes d’imagerie photonique. Qui n’a jamais fait face à un problème
d’alignement, de résolution, etc..sur son microscope ? Le(s) problème(s) ainsi rencontré
vien(nent)t-il(s) plutôt de la chaîne d’illumination(source de lumière, élément optique
source-microscope, les miroirs de renvoi, etc), de l’objectif (nettoyage, endommagé, mauvais
alignement des lentilles interne à l’objectif, etc), de la chaîne de filtration de fluorescence
(vieillissement des filtres excitation-émission dichroïque, mauvais montage
excitation-dichroïque-émission, etc), de la chaîne de détection (propreté optique, caractéristique
détecteur, etc), le support échantillon (positionnement platine XY, surplatine Z, objectif piezo,
etc….) ou les conditions environnementales ou est installé votre microscope. Tant de questions
et de situations rocambolesques, qui peuvent rapidement conduire un doctorant, un chercheur,
un ingénieur de PF ou de laboratoire a déclenché des interventions SAV couteuse, alors qu’en
réalité une analyse fine et une connaissance accrue de nos systèmes d’imagerie photonique
nous permettent aujourd’hui de palier ce genre de problème.

L’objectif de l’atelier sera de présenter les outils d’acquisition et d’analyse (MetroloJ_QC plugin)
mais également d’échanger sur les différents cas concrets pour améliorer nos processus de
contrôle qualité.



A-151 : Impact of Tumor-Associated Macrophages on
Chemoresistance in a 3D Bioprinted Breast Tumor Model

Ba; Sophie

Commercial Setup

Background:

The tumor microenvironment (TME) plays an essential role in cancer progression, influencing
cell proliferation, immune evasion and resistance to therapies . Among its key components,
tumor-associated macrophages (TAMs) exhibit chemoresistance through both
immunosuppressive and pro-tumor mechanisms, making their study crucial for the development
of new therapeutic strategies.

While organoid cultures have improved in vitro tumor modeling by preserving tissue architecture
and cellular heterogeneity, they remain limited by their lack of spatial control and reproducibility.
In contrast, 3D bioprinting enables precise deposition of multiple cell types and extracellular
matrix components, providing a controlled and reproducible recreation of the TME .

3D Bioprinting process is based on several key steps:

• Biomaterial selection , ensuring optimal mechanical and biological properties for cell viability.

• Preparation of the bioink, integrating tumor cells, stromal components and immune cells in a
suitable matrix.

• Layer-by-layer deposition, enabling controlled spatial organization of the various cellular
elements.

• Post-print maturation, where printed structures are grown under physiological conditions to
promote cell development and interaction.

Despite its advantages, 3D bioprinting still faces a number of challenges, including the
optimization of bioink formulations to ensure both printability and biological relevance, as well as
the integration of vascularization, essential for reproducing a functional and viable tumor
environment over the long term.



A-16 : Coordinate-based quantification of multidimensional and
multicolor single-molecule localization microscopy data

Levet; Neuhaus

Image Processing

Single-Molecule Localization Microscopy (SMLM) achieves high spatial resolution, typically
~20–50 nm or better, by localizing individual molecules activated stochastically and relying on
their accumulation over time. In doing so SMLM has proven to be critical for monitoring
molecular organization and dynamics with nanometric precision. Importantly, SMLM required the
development of new dedicated computational toolboxes since it produces lists of molecule
coordinates, i.e. point clouds, instead of images.

In this workshop we will present various analytical methods designed to quantify single-molecule
localization microscopy (SMLM) data directly from the localization coordinates. In particular, we
will review clustering, segmentation and colocalization methods, for both 2D and 3D SMLM data.

This workshop will focus on various state of the art methods that use localization coordinates for
quantification. In particular, we will present clustering (K-Ripley function), segmentation
(DBSCAN, SR-Tesseler) and colocalization (Coordinate-Based Colocalization, Coloc-Tesseler,
object colocalization) methods.

The participants will apply those techniques on custom simulations, experimental data as well as
datasets acquired during MiFoBio when possible. We will also discuss how experimental
parameters, such as blinking, photoactivation, labelling efficiency, drift and chromatic aberration,
can affect the quantifications and how they can be considered.

All the exercises will be performed on our software platform Point Cloud Analyst (PoCA).
Tailored to the needs of life scientists, PoCA is an intuitive software platform designed to
facilitate the manipulation, visualization and quantification of multicolour and multidimensional
SMLM point cloud data.



A-17 : CRIM after RIM

Mangeat; Frison

Commercial Setup

Fluorescence microscopy is essential in fields like biology, medicine, pharmacology, and
neuroscience. While super-resolution techniques are available, their complexity often limits
widespread adoption. One major challenge is achieving super-resolved imaging in living samples
at depth, where issues such as aberrations and strong auto-fluorescence generate out-of-focus
light. Differences between confocal and widefield microscopes will be explained and an
explanation on the physical rejection of the out of focus light in confocal microscopy will be given.
A line scan, camera-based version of a confocal microscope will be presented, to illustrate the
confocal effect while preserving a fast microscope. This workshop will contain an explanation of
the confocal effect and its underlying principles.

Additionally, a new method of super resolution called Random Illumination Microscopy (RIM) will
be introduced. The numerical optical sectioning introduced by RIM will be explained and
observed experimentally. RIM uses the particularity of the fluctuation induced by random
illuminations to discriminate the signal coming from focal plane compared to out of focus signal.

Finally, both techniques will be combined with a structured line scan microscope to see the effect
of a physical confocal combined with the numerical confocal effect of RIM. The ne new principal
is called CRIM.

This workshop will be led by Thomas Mangeat and Jessica Frison, a doctoral student in biology
who uses RIM on a daily basis.



A-18 : Deciphering the 3D architecture of invadopodia through STORM
super-resolution microscopy and improved version of the Picasso
software

Rondé; CARL

Commercial Setup

Cancer cells acquire the ability to breach basement membrane using supramolecular complexes
called invadopodia. Invadopodia are sub-cortical protrusions that localise matrix degrading
activity to cell-substrate contact points and represent major hubs where many signalling
pathways converge. Invadopodia are composed of an actin-rich core which include actin
activators, nucleators and regulators that is surrounded by adhesion, scaffolding and signalling
proteins. These structures are enriched in proteolytic enzymes such as matrix
metalloproteinases (MMPs), which mediate extracellular matrix (ECM) degradation. Determining
the spatial organisation of invadopodia at the ultrastructural level is essential for a realistic
understanding of the mechanisms of invadopodia formation, activation and disassembly. We
propose to use 3D super-resolution microscopy to map the protein organisation at the
nanometric scale of invadopodia. To identify active invadopodia cancer cells will be plated on
glass-bottom dishes coated with fluorescent-labelled-Alexa647-gelatin. Active invadopodia will
be characterized as actin-rich punctate structures that colocalize with area of degradation
identified as “black holes” within the fluorescent gelatin layer. Cells are heterogeneous media
that affect the propagation of light and cause diffraction phenomena that introduce aberrations
when investigated in depth. These effects considerably reduce the contrast in conventional
optical techniques and prevent high-quality deep imaging. To get around this problem, we will be
using adaptive optics that can detect aberrations in the Z axis using iterative algorithms and then
correct them with exceptional accuracy. Our proposal for this workshop is to describe the 3D
architecture of invadopodia and the concomitant localization of invadopodia markers actin, Pyk2,
Tks5 and cortactin at high resolution using 3D-STORM microscopy.



A-19 : Découverte de la Bioimpression 3D

Soulard; Melis

Commercial Setup

La majorité des modèles cellulaires actuels reposent sur des monocouches 2D ou des
organoïdes 3D. Bien que ces modèles présentent certains avantages, ils ont des limites en
termes d’organisation, de taille, de densité cellulaire et de reproductibilité. Par ailleurs, les
restrictions sur l’expérimentation animale, liées notamment à la règle des 3R, accentuent la
nécessité de développer des modèles alternatifs, faisant de la création de cultures 3D
complexes un enjeu majeur.

La bioimpression 3D est une technologie récente qui, en utilisant des procédés industriels de
dépôt de matière, permet de générer des objets reproductibles aux géométries sur mesure.
L’utilisation de bio-encre — des hydrogels biocompatibles et biodégradables, constitués de
composants de la matrice extracellulaire — recrée un environnement favorable à la culture
cellulaire en 3D. Cette approche offre de nombreuses possibilités, telles que le contrôle de la
densité cellulaire, de la rigidité de l’environnement, la création d’interfaces, ou encore
l’incorporation de différents types cellulaires dans une même structure.

Ces cultures 3D peuvent être maintenues de manière similaire aux cultures 2D et être analysées
avec les mêmes méthodes classiques. Cependant, l’imagerie de ces structures demeure un défi,
d’autant plus complexe que la profondeur d’observation s’accroit. Cela entraine un recours à des
approches fixées diverses (IF sur coupes, microscopie à feuillet de lumière…), incompatibles
avec des procédés dynamiques qui requièrent d’autres approches comme la microscopie
multiphoton. Par conséquent, la réflexion sur l’analyse d’une culture 3D par bioimpression doit
être soigneusement préparée en amont.

Nous proposons ici un atelier de découverte de la bioimpression, avec une démonstration en
direct, suivie d’une discussion sur les avantages et inconvénients de cette technologie. L’objectif
est de faire réfléchir les participants sur la manière d’intégrer cette technologie dans leurs
recherches.



A-20 : Designing an automated workflow for medium-throughput
screening of optically-cleared 3D complex samples

PICHON; Mariot

Commercial Setup

Melanoma remains one of the most aggressive cancers, with high metastatic potential and
limited therapeutic options in advanced stages. To better understand its complex
physiopathology and identify new treatments, 3D spheroid models have emerged as valuable
tools. These models replicate the in vivo tumor microenvironment, capturing critical features
such as cell-cell interactions, hypoxia, and extracellular matrix dynamics that are absent in
traditional 2D cultures. Within this context, the BioMAP team (UMR1282) has developed an
innovative therapeutic approach using genetically modified microorganism, Neospora caninum,
non-pathogenic parasites with anti-tumoral activity. These promising therapeutic strategies
necessitate advanced screening methods to evaluate their efficacy in physiologically models.

This workshop presents an automated and reproducible workflow developed by the IMI team
(the imaging platform of the UMR 1282) for medium-throughput 3D screening of fluorescently
labeled and optically cleared melanoma spheroids. We will begin with an overview of the
optimized protocols used to generate uniform spheroids. Fluorescent labeling methodologies,
ensuring deep penetration and signal preservation, will be discussed, along with advancements
in optical clearing protocols for improved light penetration and reduced scattering in these
compact structures.

The workshop will also demonstrate the automated imaging script developed, enabling precise
and consistent multi-channel acquisition of 3D datasets. Leveraging the capabilities of
microscope equipped with a high-resolution resonant scanner, this script enables the
identification of individual wells in a multi-well plate, screens each well to detect spheroids, and
records their positions for high-resolution 3D acquisition. A live demonstration on fixed samples
will showcase the imaging pipeline in action, followed by a detailed explanation of 3D spheroid
analysis.



A-21 : Detailed comparison of several passive clearing solutions in the
case of 3D spheroid imaging

Andrique; Boyreau

Commercial Setup

Tissue engineering generates small tissues, that are limited to micrometric size because they are
not vascularized. These tissues, smaller than a tissue such as a mouse organ, do not require the
use of an “active” clearing solution that is aggressive to the tissues, and which is also chemically
dangerous for users.

The histological characterization of these innovative artificial tissues (100-800 µm) is mainly
based on 3D fluorescent imaging.

There are now more and more alternatives to the so-called “active” clearing solutions. The aim is
to balance these 3D objects in a solution that will drive water out of the tissues in order to
homogenize the refractive index inside the cells and facilitate the passage of light during
microscopy.

We propose during this workshop, to test several “passive” clearing solutions (RapiClear,
glycerol 80%, Histodenz and Fungi) and compare them with control spheroid that is not cleared.

We want to compare the results with a spinning disk, on controlled-size spheroids, in order to
show the effectiveness of deep imaging in spheroids.

Before clearing, we will use all types of commonly used staining methods: dyes (phalloidine,
hoechst), endogenous cell expression of fluorescence (GFP/tomato) and immunostaining
through the use of primary and secondary antibodies. This last point will allow us to show the
stability of each staining, which can differs according to the type of clearing solution.

This workshop is interesting in the context of MiFobio, because it provides concrete answers to
the users of microscopy facilities who prepare 3D samples. The workshop will also highlight the
spinning-disk imaging system, use in 3D, because better is the preparation and better will be the
resulting images. It will highlight this system, as well as the objectives that are more and more
adapted for this type of imaging and which may completely change the results.



A-22 : Development of microstructured cell culture substrates from 3D
models using grayscale lithography

Pieuchot; Borghi

Other (explain)

Recent advances have shown that the geometry of the microenvironment has dramatic effects
on cell behavior (differentiation of stem cells, curvature-guided migration and morphogenesis,
etc.). This field requires flexible methods to explore the many shapes that can be observed in
vivo.

The democratization of maskless grayscale lithography for microfabrication is a promising
method to explore this field. However, the design of suitable templates remains a key challenge.
This workshop presents a simplified method for encoding 3D objects into grayscale image files
optimized for grayscale lithography.

We propose to teach how to design and convert 3D models into grayscale images via top-view
rendering and then produce the model using a grayscale lithography setup, with a special focus
on curve structures. We will also learn how to characterize the surfaces, replicate the structure in
PDMS mold and functionalize the surface for cell culture assay.

The workflow consists of the following steps

- Design 3D structures using Blender

- Convert the 3D design into a grayscale image

- Adjust the grayscale profile to achieve linear conversion during fabrication

- Prepare the photoresist on the substrate

- Transfer the image into the lithography software

- Expose the photoresist

- Develop the objects

- Characterize the resulting structure

- Compare the fabricated structures to the original 3D model

- Replicate structures in PDMS

- Functionalize the PDMS replicates with fibronectin

- Perform cell culture and imaging on the substrates (this final part will be performed on another
workshop submitted by Tatiana Petithory and Caterina Tomba, if accepted).



A-23 : Disco_Scope – Part 1 - Contrôle des périphériques par gestes

Ronsin; Cordelières

Other (explain)

L'intelligence artificielle et les réseaux de neurones, nous permettent aujourd'hui de pouvoir
reconnaître certains types de cellules ou structures sur nos images. Certaines applications
comme Cellpose ou Stardist permettent une segmentation facile de nos cellules ou zones
d'intérêts à partir de modèles pré entraîné. Cependant, si le résultat n'est pas satisfaisant, nous
pouvons réentraîner le réseau de neurones existant sur notre propre jeu de données. Mais, les
réseaux de neurones ne servent pas qu'à faire de la segmentation, ils peuvent également sous
certaines conditions interpreter certaines actions dans le monde physique (reconnaissance
faciale, d’objets, ou de voix etc…).

Nous proposons donc aux participants de réentraîner un réseau de neurones déjà existant sous
TensorFlow à partir de données (images acquises par leur webcam) pour reconnaître leur main
droite de leur main gauche. Une fois notre modèle établis, nous le transformerons en modèle
exploitable sous Raspberry PI pour piloter deux servomoteurs. L'un sera piloté par la main
gauche et l'autre par la main droite en fonction de la position de chaque main sur l'image
renvoyée par la webcam.

Dans la réalité, les servomoteurs pourraient être remplacés par des moteurs pas à pas qui
pilotent nos platines de microscope (mais trop onéreux pour l’atelier). Cet atelier est une preuve
de concept et nous voulons montrer la diversité des usages de l’IA dans nos plateformes (par
exemple de pouvoir stocker des coordonnées de platine après avoir identifié un objet d’intérêt
sur nos échantillons et de pouvoir par la suite imager uniquement les coordonnées
sauvegardées).

Notre atelier s’inscrit sur une thématique inter disciplinaire (programmation, prototypage, et IA), il
montrera comment utiliser la programmation d’un réseau de neurones sous TensorFlow, et de
pouvoir exploiter le modèle dans un monde physique. Sa place si situe donc plus dans l'espace
FABLAB



A-24 : Disco_Scope – Part 2 - Contrôle des périphériques par gestes

Ronsin; Cordelières

Other (explain)

L'intelligence artificielle et les réseaux de neurones, nous permettent aujourd'hui de pouvoir
reconnaître certains types de cellules ou structures sur nos images. Certaines applications
comme Cellpose ou Stardist permettent une segmentation facile de nos cellules ou zones
d'intérêts à partir de modèles pré entraîné. Cependant, si le résultat n'est pas satisfaisant, nous
pouvons réentraîner le réseau de neurones existant sur notre propre jeu de données. Mais, les
réseaux de neurones ne servent pas qu'à faire de la segmentation, ils peuvent également sous
certaines conditions interpreter certaines actions dans le monde physique (reconnaissance
faciale, d’objets, ou de voix etc…).

Nous proposons donc aux participants de réentraîner un réseau de neurones déjà existant sous
TensorFlow à partir de données (images acquises par leur webcam) pour reconnaître leur main
droite de leur main gauche. Une fois notre modèle établis, nous le transformerons en modèle
exploitable sous Raspberry PI pour piloter deux servomoteurs. L'un sera piloté par la main
gauche et l'autre par la main droite en fonction de la position de chaque main sur l'image
renvoyée par la webcam.

Dans la réalité, les servomoteurs pourraient être remplacés par des moteurs pas à pas qui
pilotent nos platines de microscope (mais trop onéreux pour l’atelier). Cet atelier est une preuve
de concept et nous voulons montrer la diversité des usages de l’IA dans nos plateformes (par
exemple de pouvoir stocker des coordonnées de platine après avoir identifié un objet d’intérêt
sur nos échantillons et de pouvoir par la suite imager uniquement les coordonnées
sauvegardées).

Notre atelier s’inscrit sur une thématique inter disciplinaire (programmation, prototypage, et IA), il
montrera comment utiliser la programmation d’un réseau de neurones sous TensorFlow, et de
pouvoir exploiter le modèle dans un monde physique. Sa place si situe donc plus dans l'espace
FABLAB



A-25 : Discover smart microscopy with the enderscope

Grandgirard; LE GUENNO

Other (explain)

In recent years, imaging tools have become more specialized, but also more expensive, putting
these technologies beyond the reach of many interested parties, including researchers in
low-income countries or teachers. Parallel to these technological developments, recent years
have seen the considerable growth of a community of imaging scientists committed to open,
accessible microscopy, enabling simple, low-cost solutions. Here we present an open source
imaging tool: the Enderscope, originally developed by Niamh Burke to analyze microplastics in
the oceans (https://royalsocietypublishing.org/doi/10.1098/rsta.2023.0214).

Since then, we've been working on optimizing this system for laboratory use, notably by adapting
an optical system and making it easy to control thanks to an easy-to-use Python library. This
work was presented at the Solutions Ouvertes pour le Science day 2024, at the GDR IASIS for
their first webinar 2024, soon at a workshop organized at Trends In Microscopy, as well as at the
Ecole Thématique de Microbiologie Moléculaire later this year.

We also presented this instrument at the Fête de la science 2024, and we are convinced that it is
important to promote this system to students, thanks to its ease of use for carrying out practical
work in biology, but also for discovering the Python programming language in interaction with the
system.



A-26 : Dive in the immune system development with lightsheet
microscopy

Siret; Castellani

Commercial Setup

Lightsheet microscopy, with its capacity for rapid imaging and improved depth penetration,
allows to capture three-dimensional images of whole tissues with high resolution. This capability
is particularly valuable in studies where spatial relationships among different cell types are
critical, such as in developmental biology, cancer research, and immunology. Various clearing
methods are used to enhance the specificity and sensitivity of antibody binding while making
samples transparent.

Despite the challenges associated with certain clearing methods, including potential loss of
endogenous fluorescence, ongoing innovations continue to enhance the reliability and
effectiveness of tissue-clearing protocols.

We will present:

Samples and protocols introduction :

We will discuss the practical consideration for the clearing of entire mouse embryos. We will also
expose protocols used for mouse embryos and compare different protocols of clearing and see
which is a best suitable for embryos. We will use a protocol based on BABB and cubic protocol.

Microscope description :

After, we will do a technical presentation of the microscope (objectives, sheet alignment, how to
mount a sample, brief description of the sofware…). We will present the microscope capacities in
term of mosaic and batch acquisition or in « light speed mode » acquisition.

Sample acquisitions :

We will then present their fast imaging by ultramicroscopy to study the primordial lymph nodes
constitution at the early embryonic stages. We will acquire mouse embryos at E13.5/E14.5
stained with differents antibodies coupled with different fluorophores to visualize lymph nodes
anlagen, neurons and blood/lymphatic vessels.



A-27 : dSTORM super-resolution imaging in 3D spheroids – From slide
preparation to image analysis

FAVIER; Monier

Commercial Setup

The field of 3D cell models (-oids, spheroids, tumoroids, organoids) has witnessed tremendous
developments in the recent years since they are very valuable intermediate models between 2D
cell culture and in vivo experiments. They are notably very relevant to evaluate the performance
of various nanomedecines and nanoprobes. Combined with fluorescence microscopy techniques
(confocal, multiphoton, lightsheet…), they offer the opportunity to study their biodistribution and
interactions in a more complex biological environment, better mimicking the in vivo situation.

Considering the advantages of super-resolution nanoscopy techniques, especially dSTORM, it is
thus highly desirable to implement such a technique for the imaging in 3D cell models. For
instance, it has the potential to provide critical information about the organization of the cells
within the multicellular environment or a very high precision localization of various fluorescently
labelled entities of interest.

However, there are significant challenges regarding the implementation of dSTORM nanoscopy
for the imaging of spheroids. The first major one is related to sample preparation because
dSTORM imaging involves the use of a specific de-oxygenated reducing buffer and requires the
immobilization of the spheroid at the surface of the microscopy slide. The second major
challenge is related to the thickness of the 3D model samples.

In this workshop, we will introduce an innovative approach to tackle these challenges and
acquire super-resolved dSTORM images inside spheroids. The spheroids are produced in an
agarose-based microsystem developed at ILM and labeled with dedicated fluorescent polymer
probes designed at IMP. 3D multicolor dSTORM images are obtained thanks to a specific
long-lasting buffer that we recently developed, associated with the bi-plane technology and
high-power laser lines (1-2 W nominal), coupled to a silicon objective lens, which is well-suited
for this kind of in-depth 3D observations.



A-28 : Dynamics of Caveolae Mechano-Sensing Under Mechanical
Stress

FRAISIER; Breton

Commercial Setup

Caveolae, dynamic 80–100 nm invaginations of the plasma membrane, play a key role as
mechanosensors. Primarily composed of cavins and caveolins, they respond to mechanical
stresses, such as osmotic shocks (iso-, hypo-, and hypertonic), by immediately flattening to
preserve cellular integrity. This process leads to the disassembly of caveolins (which then diffuse
into the plasma membrane) and cavins (released into the cytosol).

This workshop explores the mechanics of caveolae dynamics through a combination of
advanced microscopy (widefield or confocal) and AI-assisted image analysis. Participants will
track fluorescence variations of caveolin (Cav1-GFP), reflecting caveolae flattening in response
to different osmotic stresses.

Ambition:

1. Observe real-time caveolae flattening via microscopy.

2. Apply real-time image analysis protocol to quantify fluorescence variations.

3. Identify caveolae responses to different membrane stress conditions.

4. Discuss the combined contributions of AI and microscopy in studying live sample dynamics.

Workshop Structure:

1. Introduction – Presentation of tools (microscope, AI) and biological concepts.

2. Sample Preparation – Setting up samples and iso-, hypo-, and hypertonic media, along with
controls (stable Cav1-KO cell line).

3. Dynamic Image Acquisition – Real-time 2D recording of fluorescence variations (Cav1-RFP or
GFP, or Cavin-1 RFP/GFP), with control of parameters (T°, CO■).

4. AI Analysis – Real-time processing data via AI to quantify fluorescence intensity, track
caveolae flattening, and interpret results.

5. Discussion – Exploring applications and limitations of AI and microscopy tools.

Required Equipment:

Advanced microscope with thermal regulation, AI-equipped computer, cell culture materials, and
membrane probes.

This workshop highlights the intersection of cell biology, microscopy, and AI technologies, paving
the way for new approaches in analyzing cellular dynamic processes.



A-29 : Efficient Segmentation and Classification with Minimal
Annotations Using Napari Plugins (Sketchpose & Svetlana)

Cazorla; weiss

Image Processing

Quantitative image analysis is a cornerstone of modern biological research, yet accurate and
efficient segmentation and classification remain challenging, especially for complex biological
structures. This workshop introduces Sketchpose and Svetlana, two Napari plugins used
sequentially: Sketchpose segments cells using partial annotations, while Svetlana classifies the
segmented ROIs.

During this workshop, participants will first learn to use both plugins on test images. They will
then have the opportunity to work with their own images to address their specific image
processing challenges.

The goal of this workshop is to challenge the common belief that training a neural network
requires large datasets. We will demonstrate that, with a well-designed interface, complex image
processing tasks—often considered inaccessible to biologists due to a lack of user-friendly
tools—can be effectively tackled. By combining Sketchpose for segmentation and Svetlana for
classification, participants will see how interactive annotation and classification can provide
powerful solutions to problems that remain unsolved with traditional methods. We will introduce
the new version of Sketchpose to be released which shows significantly better results than the
previous one.



A-30 : Engineered microcavity arrays for tumoroid development and
high-content screening with label-free holotomography and correlative
microscopy

Ouni

Commercial Setup

I-Background

Despite remarkable advances in reproducing ever more sophisticated ex-vivo models,
foundational challenges remain in standardizing and scaling up organoid culture. In this
workshop, we introduce a novel technology for rapid high-throughput derivation and high-content
analysis of tumoroids. This technology relies on microengineered tumoroid niches fabricated
from polyethylene glycol acrylate polymers by Primo maskless photolithography to create a
mechanically tunable microenvironment, which is scalable and compatible with standard
automated lab pipelines. We validated this platform on patient-derived urothelial tumoroids and
evaluated its use in high-content imaging approaches, namely holotomography.

II-The tackled questions

- How to observe, monitor and study physical interactions between tumoroids and their synthetic
microniches in real time?

- How to produce controllable and reproducible environments for tumoroids

- How to image thick and dense samples at high resolution under non-phototoxic long-term
conditions?

- How to analyze big data acquired with a seamlessly integrated workflow?

III-Content of the workshop

This workshop will demonstrate the complete workflow, from fabricating microcavity arrays with
Primo to live-imaging tumoroids with Tomocube, enabling the extraction of sub-cellular
information and revealing the dynamic interaction of tumoroids with their engineered niche.

The workshop will be interactive thanks to live demonstration and real-condition reproduction of
the workflow. +Q&A; session.

IV- Why is it interesting for MiFoBio ?

This workshop is constituted by three main bricks, where each presents a cutting-edge approach
empowering attendees in tackling contemporary challenges in 3D-model mechanobiology:

o Sample preparation

o Imaging

o Analysis



This innovative integrated approach empowers attendees to develop a new way of observing
and understanding the functional organization of tumoroids within microcavity arrays.



A-31 : Epithelium monolayers deformed by curved substrates:
advantages and drawbacks of light-sheet and confocal microscopy

TOMBA; Petithory

Commercial Setup

Epithelia represent essential barriers to build the majority of organs, to protect them from
external pathogens and to serve for absorption, secretion and filtration. They are often highly
folded to increase the surface to volume ratio according to the different functions of these
tissues. Curvature is also dynamically changing during developmental processes and due to
organ activity. The current challenge is to provide cell-compatible approaches to reproduce these
static or dynamic curvatures in vitro to better reproduce physiological cell environments.

Firstly, we propose a method to induce curvature on a polydimethylsiloxane (PDMS)-based
substrate on which epithelial cells adhere (Tomba et al, Dev Cell 2022). The principle is based
on the generation of differential stress in the PDMS film, which is manifested through its rolling,
leading to an out-of-plane deformation (Egunov et al, Soft Matter 2016). We will functionalize the
surface for epithelial cell culture assay, leading to an epithelial tube obtained from an initially flat
monolayer, of radius of the order of one hundred microns.

More generally, structured substrates with curved topography on the scale of cells or tissues are
increasingly being developed but observing cellular processes on such curved objects is highly
challenging.

We then propose to observed these substrates with a recent and a more standard fluorescence
microscopy technique. We will compare the advantages and the drawbacks of a lattice
light-sheet and a confocal microscopy in the specific case of substrates with different scales of
curvature.

Finally, we will mention and open the discussion on some tools to analyze the 3D obtained
images and quantify cell behaviors on such substrates (e.g., cellular and nuclear volume and
orientation).

This workshop is linked to the European Curvature and Biology Network (EuroCurvoBioNet)
https://www.cost.eu/actions/CA22153/



A-32 : Expanding the Limits of 3D Histology: MesoSPIM Imaging of
Expanded Tissues

Marquier; Mehraz

Homemade Setup

3D molecular phenotyping of complex tissues up to entire organisms can promote significant
progress in health diagnostics. However, relying solely on species-specific antibodies presents
significant limitations. To overcome this challenge, we leverage non-specific staining techniques
in combination with expansion microscopy (ExM), initially developed for cellular and thin tissue
sections. before being successfully applied to large tissues. In this workshop, we will
demonstrate the "whole-ExM" protocol for expanding large tissues and its application for 3D
histology in fish samples. This protocol combines tissue expansion with double-color non-specific
staining, providing valuable insights into tissue composition. To efficiently image the significantly
expanded samples, we integrate ExM with light sheet imaging using the mesoSPIM microscope,
an open-source, cost-effective system, offering exceptional performance in large-scale
light-sheet microscopy and completing many commercial systems.

We will present the functioning and specificities of the mesoSPIM, focusing on the optical and
electronic/computational innovations that enable its performance. The system achieves cellular
and even sub-cellular resolution, with lateral resolution of 1.5 microns and axial resolution of 3.3
microns, uniformly maintained across a large field of view, made possible by using a
cutting-edge camera with a large sensor synchronized with the excitation beams. Additionally,
the system supports imaging of large samples mounted in easy-to-handle observation cuvettes
making it highly versatile for a wide range of clearing solutions and sample preparation. We will
demonstrate how mesoscale imaging of expanded tissues is revolutionizing histopathology
illustrated by the analysis of fish intestinal health. This workshop will showcase the capabilities of
the mesoSPIM system through live demonstrations opened to MiFoBio participants to image
expanded samples ranging from 1 to 5 cm.



A-33 : Expansionlab - Part 1/3

Dompierre; Hener

Commercial Setup

La microscopie d’expansion (ExM) est une technique de préparation d’échantillons qui consiste
à ancrer les biomolécules d’intérêt à un hydrogel capable de se dilater dans l’eau. Avec un
microscope conventionnel, il est ainsi possible d’imager des structures à une résolution proche
de celle obtenue aux moyens de microscopes de super-résolution, mais à un moindre coût.
Cette technique publiée en 2015, connaît un engouement croissant dans tous les laboratoires et
sur tout type d’échantillon biologique.

Le but de l’EXPANSIONLAB est de faire découvrir l'ExM aux non-initiés et de leur permettre de
réaliser la microscopie d’expansion sur leurs propres échantillons ! Nous proposons de réaliser
la technique pro-Exm, la plus courte, réalisable sur la semaine de MiFoBio. 

EXPANSIONLAB se déroulera sur 3 ateliers consécutifs qu’il sera nécessaire de suivre pour
mener à bien vos expériences et vous permettre de repartir avec vos échantillons biologiques
expansés et prêts à être imagés. Grâce à l’expertise des membres du GT-ExM qui animeront
l’ExpansionLab nous pourrons vous accompagner dans l’expansion de vos échantillons quelque
soit leur nature : cellules en culture, coupes de tissus, levures, racine d’Arabidopsis, parasites...

Lors du premier créneau, après une introduction sur l'ExM, les grandes étapes à suivre et les
erreurs à ne pas commettre, vous procéderez à l’étape d’activation/ancrage des molécules au
gel d’expansion. Lors du second atelier, vous serez amenés à réaliser la polymérisation du gel
puis l’homogénéisation de l’échantillon. Nous laisserons ensuite l’expansion du gel se réaliser
sur la nuit. Enfin, le dernier atelier sera consacré à la manipulation des gels, au montage et à
l’imagerie de vos échantillons expansés sur un système dédié.

A la suite de ces ateliers, vous serez capables de réaliser la microscopie d’expansion chez vous
et vous repartirez avec vos échantillons expansés que vous aurez tout loisir d’imager sur les
systèmes présents à MiFoBio.



A-34 : Expansionlab - Part 2/3

Dompierre; Hener

Commercial Setup

La microscopie d’expansion (ExM) est une technique de préparation d’échantillons qui consiste
à ancrer les biomolécules d’intérêt à un hydrogel capable de se dilater dans l’eau. Avec un
microscope conventionnel, il est ainsi possible d’imager des structures à une résolution proche
de celle obtenue aux moyens de microscopes de super-résolution, mais à un moindre coût.
Cette technique publiée en 2015, connaît un engouement croissant dans tous les laboratoires et
sur tout type d’échantillon biologique.

Le but de l’EXPANSIONLAB est de faire découvrir l'ExM aux non-initiés et de leur permettre de
réaliser la microscopie d’expansion sur leurs propres échantillons ! Nous proposons de réaliser
la technique pro-Exm, la plus courte, réalisable sur la semaine de MiFoBio. 

EXPANSIONLAB se déroulera sur 3 ateliers consécutifs qu’il sera nécessaire de suivre pour
mener à bien vos expériences et vous permettre de repartir avec vos échantillons biologiques
expansés et prêts à être imagés. Grâce à l’expertise des membres du GT-ExM qui animeront
l’ExpansionLab nous pourrons vous accompagner dans l’expansion de vos échantillons quelque
soit leur nature : cellules en culture, coupes de tissus, levures, racine d’Arabidopsis, parasites...

Lors du premier créneau, après une introduction sur l'ExM, les grandes étapes à suivre et les
erreurs à ne pas commettre, vous procéderez à l’étape d’activation/ancrage des molécules au
gel d’expansion. Lors du second atelier, vous serez amenés à réaliser la polymérisation du gel
puis l’homogénéisation de l’échantillon. Nous laisserons ensuite l’expansion du gel se réaliser
sur la nuit. Enfin, le dernier atelier sera consacré à la manipulation des gels, au montage et à
l’imagerie de vos échantillons expansés sur un système dédié.

A la suite de ces ateliers, vous serez capables de réaliser la microscopie d’expansion chez vous
et vous repartirez avec vos échantillons expansés que vous aurez tout loisir d’imager sur les
systèmes présents à MiFoBio.



A-35 : Expansionlab - Part 3/3

Dompierre; Hener

Commercial Setup

La microscopie d’expansion (ExM) est une technique de préparation d’échantillons qui consiste
à ancrer les biomolécules d’intérêt à un hydrogel capable de se dilater dans l’eau. Avec un
microscope conventionnel, il est ainsi possible d’imager des structures à une résolution proche
de celle obtenue aux moyens de microscopes de super-résolution, mais à un moindre coût.
Cette technique publiée en 2015, connaît un engouement croissant dans tous les laboratoires et
sur tout type d’échantillon biologique.

Le but de l’EXPANSIONLAB est de faire découvrir l'ExM aux non-initiés et de leur permettre de
réaliser la microscopie d’expansion sur leurs propres échantillons ! Nous proposons de réaliser
la technique pro-Exm, la plus courte, réalisable sur la semaine de MiFoBio. 

EXPANSIONLAB se déroulera sur 3 ateliers consécutifs qu’il sera nécessaire de suivre pour
mener à bien vos expériences et vous permettre de repartir avec vos échantillons biologiques
expansés et prêts à être imagés. Grâce à l’expertise des membres du GT-ExM qui animeront
l’ExpansionLab nous pourrons vous accompagner dans l’expansion de vos échantillons quelque
soit leur nature : cellules en culture, coupes de tissus, levures, racine d’Arabidopsis, parasites...

Lors du premier créneau, après une introduction sur l'ExM, les grandes étapes à suivre et les
erreurs à ne pas commettre, vous procéderez à l’étape d’activation/ancrage des molécules au
gel d’expansion. Lors du second atelier, vous serez amenés à réaliser la polymérisation du gel
puis l’homogénéisation de l’échantillon. Nous laisserons ensuite l’expansion du gel se réaliser
sur la nuit. Enfin, le dernier atelier sera consacré à la manipulation des gels, au montage et à
l’imagerie de vos échantillons expansés sur un système dédié.

A la suite de ces ateliers, vous serez capables de réaliser la microscopie d’expansion chez vous
et vous repartirez avec vos échantillons expansés que vous aurez tout loisir d’imager sur les
systèmes présents à MiFoBio.



A-36 : Exploring the Impact of Laser Power and Pulse Duration on
Two-Photon Microscopy

Esposito; Fernandes

Commercial Setup

Despite being available for more than two decades, Multiphoton microscopy could appear
intimidating to unexperienced users. Besides, scientists have a large span of supplier
implemented settings available that were inspired by academic advancement in the field.

For instance, it is commonly possible to tailor the pulse duration at the sample by inducing a
group delay dispersion (GDD) on the laser pulse at its source. However, optimized parameters
are seldomly used due to the lack of knowledge and education towards non-expert users. This
workshop aims to address the basic use of a multiphoton microscope but also reveal common
features and tricks available on modern systems. This would allow users to grasp the
multiphoton modality’s full potential.

Starting with a typical 3D acquisition on a thick sample, we will investigate the effect of GDD
compensation at various depths and its impact on collected fluorescent signal, photobleaching
and phototoxicity. We will then compare it with more conventional compensation using laser
power. We will further investigate this method’s relevance on second harmonic generation
signal. To this end, we will propose multi-labeled cleared mouse tissue samples as well as
organoids.



A-37 : Extending the depth of focus with Phase mask and Machine
Learning for enhanced volumetric imaging

Zhou; Lefevre

Homemade Setup

The depth of focus of a microscope is directly linked to the numerical aperture (NA) of the
objective, which limits the observable volume within the sample in a single shot. While high NA
objectives are typically used to benefit of optimal lateral resolution, it also implies a very short
depth of focus (~700 nm for 1.49 NA).

This either implies to acquire at multiple z positions, decreasing the global volumetric acquisition
rate, but also for some applications like single particle tracking where events can only be partially
tracked in a reduce volume. Within the workshop, we propose to introduce the use of a phase
mask, placed at the detection, which permits to extend the depth focus while preserving the
lateral resolution, and to solve various issues for volumetric imaging.

We will show experimentally how these masks can be introduced in the detection path of the
microscope, and what are the typical extension of focus obtained depending on the mask
conception. Acquisition on beads and on biological samples in single molecule
(STORM/DNA-PAINT) will be presented to demonstrate the extended depth of focus.

In a second part, we will present how to also introduce a 3D information associated to this
extended capture range and in particular in the context of single molecule detection, with the
introduction of a cylindrical lens or of modulated excitation. By applying a modulated excitation,
the combination with an extended focus leads to the presence of multiple fringes of excitation
within a single detection volume, and leads to an ambiguity between the phase of the modulated
emission and the z position. This phase wrapping can be solved by teaching to a neural network
a knowledge of the point spread function (PSF). We will in particular discuss how to build and
train a network to analyze the PSF, and allow the participants to see how this kind of approach is
typically implemented.



A-38 : Fast acquisition of FLIM: to fit or not to fit, that is the question...

Tramier; Dos santos

Commercial Setup

FLIM is a powerful method for quantitative fluorescence microscopy by unmixing concentration
and fluorescence quantum yield of the probe in imaging mode. In particular, FRET by FLIM
permits the direct quantification of transfer efficiency measuring the fluorescence lifetime of the
donor in living cells independent of the donor and acceptor quantity. FLIM is also widely used to
monitor metabolic state of live cells using the change of NADH or FADH auto-fluorescence
lifetime.

But the main limitation of FLIM is generally the speed of acquisition which is not adequate to
follow localized transient and dynamic molecular events. Photon budget is a key limitation, and
the limit depends on the different data analysis. There is two main class of methods: fitting
analysis (using exponential models to fit the decay) for which around 1000 photons/pixel is
necessary and non-fitting methods (mean arrival time calculation or phasor approach) for which
around100 photons/pixel is sufficient.

In this workshop, we will present the different analysis methods using TCSPC FLIM acquisition
on a confocal microscope. We will use live cell experiment expressing either GFP or mTFP1
donor alone or GFP-mCherry or mTFP1-YFP FRET tandem as FRET positive experiment. And
we will show the strengths and the weaknesses of the different analysis methods in order to
acquire and quantify as fast as possible FLIM data. In few words, to fit or not to fit, that is the
question…



A-39 : Fast and multicolor Single Molecule Localization Microscopy
(SMLM) in neurons membrane periodic skeleton (MPS) using spectral
demixing

Dudon; Mehidi

Commercial Setup

Single Molecule Localization Microscopy (SMLM) has revolutionized our ability to explore the
nanoscale organization of target molecules within subcellular structures. Since its introduction,
SMLM has become a state-of-the-art methodology in molecular and cellular biology.

However, classical implementations such as Stochastic Optical Reconstruction Microscopy
STORM and DNA-Point Accumulation for Imaging in Nanoscale Topography PAINT are known
to be time-consuming, particularly in multicolor experiments.

Our workshop proposes SMLM (STORM or DNA-PAINT) combined with spectral demixing
strategy in rat hippocampal neurons. Our goal is to demonstrate to participants the technical
prowess of SMLM in the visualization of molecular details invisibles through conventional
fluorescence microscopy. Furthermore, we also aim to introduce spectral demixing to the
audience as an approach for robust and fast multicolor SMLM investigation with minimal
chromatic aberration.

To these ends, we will perform imaging on molecular components from the membrane periodic
skeleton (MPS) in neurons, a unique actin-spectrin lattice revealed only through super-resolution
microscopy. With its characteristic ~190 nm periodic distribution along neurites, the MPS
provides both a biologically relevant target and an intrinsic nanoscale ruler for validating imaging
performance. By demonstrating optimized SMLM imaging and analysis of visually attractive
structures, we want our session to spark an interest in super-resolution microscopy to a broad
audience from diverse fields.



A-40 : FastScan: Optical stabilization for very fast stage scanning in
microscopy

Verheyen

Homemade Setup

Authors: Jon Verheyen, Robin Van den Eynde, Peter Dedecker, Wim Vandenberg

Biological samples are complex and so often necessitate the imaging of large sample areas or
volumes. This is typically done via the sequential imaging of many small fields of view, followed
by computational reconstruction. While highly successful, this approach does severely limit the
sample throughput, of which a crucial limiting factor is the need to physically move the sample
across the microscope optics. This is typically much slower than the image acquisition itself. We
reasoned that this limitation could be eliminated by keeping the sample in continuous motion
while optically compensating for the resulting image displacement. Here, we present the
‘FastScan’ concept that eliminates motion blur in light microscopy without sacrificing
signal-to-noise or image fidelity, by using a galvanometer mirror and a real-time control loop to
compensate for the physical movement of the sample. We demonstrate the concept using a
simple optical module that can be easily added to existing microscopes, showing
diffraction-limited performance while achieving an eightfold improvement in sample throughput.
By strongly increasing sample throughput using a modular add-on, the FastScan concept
enables much more ground to be covered in imaging applications such as spatial omics, medical
diagnostics, and manufacturing quality control.



A-41 : FLIM/FRET-based analysis of CAR- T cells (Chimeric antigen
receptor) conformational changes upon perturbations of membrane
organisation

HAMON; DESSARD

Commercial Setup

The aim of the workshop is to present two methods based on fluorescence lifetime analysis,
making it possible to measure conformational changes in membrane proteins using FLIM/FRET,
and to assess the impact of activation signals on the lateral organisation of the plasma
membrane of T lymphocytes using FLIM timelapse. We propose to use mouse T lymphocyte cell
lines expressing a chimeric antigen receptor (CAR-T cell, used in immunotherapy) coupled to a
GFP protein. The cells will be loaded with a Rhodamine b R18 membrane dye. We will study the
existence of energy transfer upon decrease of the fluorescence lifetime (FLIM-FRET) of GFP (as
the donor) in the presence of R18 (acceptor), indicative of the proximity of the cytoplasmic
domain of the CAR-T receptor to the inner leaflet of the plasma membrane.

In parallel, we propose to study variations in the fluorescence lifetime of different membrane
probes sensitive to plasma membrane potential (Fluovolt) or membrane lipid packing (NR12S).
The idea here is to measure in real time variations in fluorescence lifetime as a function of
activating signals (antigen-presenting cells, calcium ionophore, activating antibody) in WT T cells
and mutated for cholesterol exporters.

We anticipates this workshop will be of interest for biologists/microscopists seeking to measure
dynamics of molecular interactions on living cells with minimum perturbations of the physiological
conditions



A-42 : Flying taggers — data and metadata management at MiFoBio

Maucort; Gay

Image Processing

France BioImaging developed a microscopy data management solution that should allow
research teams to adopt a FAIR and federated data management workflow.

In this workshop, we will provide a setup for MiFoBio attendees to import and archive the data
they have acquired along the school, with an emphasis on correct metadata management. We
will go through the whole data life cycle, from planning and Data Management Plan (PGD in
French) to acquisition, analysis, publication and storage within open repositories following FAIR
principles and the use of Recommended Metadata for Biolocial Images (REMBI). The hands-on
part will be dedicated to helping the participants in picking correct metadata terms for their
annotations, and introduce notions of Ontologies and control vocabularies.

The use of the OMERO tool will be introduced but not thoroughly explored, the focus being on
the good practices for storage, annotations, information filling, and publication of data.

The data provenance will be properly attributed to the MiFoBio school.



A-43 : From Hardware to Software: Controlling a Microscope with
ImSwitch – Application to RESOLFT Microscopy

Illand

Homemade Setup

Automation of a microscope is always a question that comes along the way, especially for
homemade setups. In this workshop, we propose to introduce ImSwitch, a Python-based
software solution that provides flexible control of microscopes. We will specifically demonstrate
the use of ImSwitch in the case of a super-resolution microscope based on resoflt technique.
Resolft microscopy uses reversible photoswitchable proteins (rsFPs) and light patterning to
achieve super-resolution. During this hand-on session, we will focus on the user-friendliness and
the capabilities of ImSwitch. A practical demonstration on how to control critical elements of our
RESOLFT microscope (Lasers, camera) will be shown. Nevertheless, this method can easily be
extended to other microscopy techniques and hardware components.

To precisely control the photophysics of the proteins, a thorough control of two different
modulable lasers is necessary. During the workshop, we will focus on how to control these lasers
and obtain switching curves from rsFPs thanks to ImSwitch.

This workshop aims to provide a general overview on how to use ImSwitch for controlling specific
hardware components and how it can be extended to many microscopy techniques.



A-44 : Functional imaging of pH and viscosity of plant cell walls using
multicolor rapid FLIM

Haas; Peaucelle

Commercial Setup

Beyond the plasma membrane, cells of all living organisms organize their environment by
producing a polymer-rich extracellular matrix (ECM). The ECM is essential for multicellularity,
influencing differentiation, proliferation, adhesion, migration, and survival. In plants, the ECM
takes the form of the cell wall (CW), which mediates growth, morphogenesis, stress responses,
and symbiosis. The CW is a strong, resilient, yet dynamic composite matrix. Unlike animal ECM,
the plant CW is primarily composed of a polysaccharide network, with proteins constituting only a
small percentage.

From a biochemical perspective, the plant cell wall presents an extreme environment, with pH
levels as low as 3, calcium concentrations in the millimolar range, low hydration, and a high
density of reactive oxygen species (ROS). Plant cell growth necessitates continuous remodeling
of the CW, which likely involves rapid fluctuations in pH that regulate enzyme activity, changes in
Ca²■ concentration that influence CW structure, dynamic hydration, and bursts of ROS that, at
least in part, cross-link the CW to maintain its integrity.

Progress in understanding the mechanisms behind CW expansion has been hindered by the
lack of optical reporters and analytical framework capable of monitoring the physicochemical and
biochemical changes within this extreme environment. For example, existing pH sensors function
optimally in physiological conditions, while calcium sensors become saturated at millimolar
concentrations. Additionally, CW-localized probes are subject to constant delocalization and
dilution due to cell growth.

In this workshop, we will showcase the application of CW-localized FLIM-based functional
reporters for pH and wall viscosity. We will present a phasor plot-based analysis of lifetime data
with spetial intrest on linear demixing.



A-45 : Functional studies on 3D skeletal muscle model

Cantereau Becq; Dorémus

Commercial Setup

New approaches make possible to address the question of tissue differentiation in vitro.
Specifically, skeletal muscle can be reconstructed from induced pluripotent stem cells (iPSCs),
derived from either healthy individuals or patients with Duchenne Muscular Dystrophy (DMD).
These iPSCs are differentiated into muscle cells, and by seeding them around silicone pillars in
commercial culture plates, we promote the formation of mature muscle organoid with a ring-like
structure, approximately 8mm in length and 1mm in thickness. As such, these organoids provide
a powerful platform for personalized therapies, and evaluation of contractile function
improvement by treatments.

This workshop will present this singular model of organoid and imaging approaches that can be
drived 1) on fixed cells using fluorescent labeling of proteins of interest and transparisation
method, 2) on living cells with calcium imaging in response to electrical stimulation.

This organoid model is particularly valuable for investigating muscle architecture and function in
order to study tissu maturation in normal or pathological cells.

To observe this large 3D model, we will use spinning disk which is a suitable system allowing
rapid acquisition, high sensibility and low phototoxicity, at low magnification (x4) for large tissu
imaging and 20X or 30X long distance objectives for resolution and depth.



A-46 : Harmonic Imaging of Cells in flow at GHz Pixel Rate

Dubreil; Saavedra

Homemade Setup

The pre-clinical validation of cell therapies requires monitoring the biodistribution of transplanted
cells in tissues of host organisms. Real-time detection of these cells in the circulatory system and
identification of their aggregation state is a crucial piece of information, but necessitates deep
penetration and fast imaging with high selectivity, subcellular resolution, and high throughput. In
this workshop, multiphoton-based in-flow detection of cells will be demonstrated in a microfluidic
channel. The approach relies on a multiphoton microscope with diffractive scanning in the
direction perpendicular to the flow via a rapidly wavelength-swept laser (SLIDE, Home Made
System from Luebeck Univ., European Collab. FairCharm project). Cells are labeled with
harmonic nanoparticles (HNPs). Thanks to their strong and quasi-instantaneous second
harmonic generation (SHG), labelled cells are imaged with a rate of 4000 frames per second with
pixel dwell times of 1 ns, a duration shorter than typical fluorescence lifetimes yet compatible
with SHG. By this workshop we will show how the combination of high-speed multiphoton
microscopy and high-sensitivity SHG nanoparticle labeling promises the detection of rare cells in
the bloodstream for assessing novel cell-based therapies (Karpf S, Glöckner Burmeister N,
Dubreil L, Ghosh S, Hollandi R, Pichon J, Leroux I, Henkel A, Lutz V, Jurkevi■ius J, Latshaw A,
Kilin V, Kutscher T, Wiggert M, Saavedra-Villanueva O, Vogel A, Huber RA, Horvath P, Rouger
K, Bonacina L. Harmonic Imaging of Stem Cells in Whole Blood at GHz Pixel Rate. Small. 2024
Oct;20(40):e2401472)



A-47 : How to build and control your own laser scanning microscope
for confocal microscopy?

LE; Bucci

Homemade Setup

The Vicidomini Lab is renowned for pioneering advanced laser scanning microscopy techniques
such as confocal, STED, and ISM microscopy. Over the years, the lab has introduced innovative
optical, hardware, and software solutions for building custom laser scanning architectures.
During the ERC BrightEyes project, the team developed the open-source Python
BrightEyes-MCS (Microscope Control Suite) software, designed to control home-built scanning
microscopes using an FPGA-based board.

At the Mifobio school, we would like to share our expertise by demonstrating a simple,
custom-built laser scanning microscope operated with the BrightEyes-MCS software. Leveraging
an FPGA-based general purpose DAQ board, we aim to showcase the complete system—from
hardware to software—and how it enables precise microscope control.

The workshop will focus both on the optical construction of the microscope—highlighting its
straightforward assembly—and on its operation using FPGA-based DAQ board and
BrightEyes-MCS software. Finally, we will emphasize the versatility of the system by
demonstrating its ability to perform confocal microscopy.



A-48 : How to upgrade your scanning microscope with SPAD array for
advanced microscopy (ISM and FLIM)?

LE; Bucci

Homemade Setup

The Vicidomini Lab has played a key role in advancing laser scanning microscopy by developing
novel strategies for confocal, STED, and ISM techniques. Through continuous innovation in
optics, electronics, and control software, the lab has built a strong foundation for the creation of
custom, high-performance laser scanning systems. As part of the ERC-funded BrightEyes
project, the team designed BrightEyes-MCS, an open-source Python-based software suite that
interfaces with FPGA-driven data acquisition boards to control scanning microscopes.

During the Mifobio school, we will present a compact, home-built laser scanning microscope
controlled with BrightEyes-MCS. We will introduce participants to SPAD array detectors, which
enable pixel-resolved photon counting and structured signal acquisition. These detectors are
essential for implementing Image Scanning Microscopy (ISM), a method that pushes resolution
beyond the diffraction limit. Developed and optimized in the Vicidomini Lab, this technique can
be easily incorporated into scanning systems via the BrightEyes-MCS platform.

The workshop will cover both the hardware integration of SPAD arrays into a laser scanning
setup and the practical use of the MCS software for microscope control. In addition, we will guide
participants through the process of performing ISM reconstructions using our dedicated
open-source analysis tools. Since SPAD arrays are photon-resolved detectors, we will also show
how FLIM can be seamlessly added to ISM with Digital Frequency Domain (DFD) thanks to
FPGA programming.



A-49 : Human-in-the-loop for cell image segmentation

Badoual; Sage

Image Processing

Artificial intelligence (AI) has profoundly transformed image analysis methods and tools,
including those used for functional microscopy images. This represents a paradigm shift toward
data-centric focus. However, in live-cell imaging, the availability of annotated datasets remains a
critical bottleneck for tasks such as image segmentation. A promising solution to this challenge is
the Human-in-the-Loop (HITL) approach, which integrates human input into the machine learning
process. Nonetheless, HITL can be challenging when users lack sufficient knowledge or training
in this workflow.

The goal of the workshop is to give a step-by-step guide for effectively implementing a
Human-in-the-Loop approach in the context of bioimage analysis. It is especially tailored for
researchers who wish to use advanced deep-learning tools for their image analysis, while
avoiding common pitfalls and minimizing risks.

In the practical part, participants will have the opportunity to test every step of the HITL process:
1) human annotation of objects, 2) curation of labelled images, 3) fine-tuning of a pre-trained
model (e.g., Cellpose, StarDist, U-Net), and 4) error analysis with appropriate metrics. We will try
to keep the process simple and nearly code-free, using user-friendly tools such as the Fiji plugin
SAMJ for AI-assisted annotation, the Fiji plugin MIC for assessment, and Jupyter Notebook to
walk through key processes.

We will showcase successful human-in-the-loop examples across various image modalities and
platforms, such as QuPath and Fiji. Through this workshop, we aim to cultivate a critical
understanding of deep neural networks in image analysis, focusing on their potential, practical
challenges, and limitations.



A-50 : Imaging the Zebrafish embryo olfactory organ formation with
correlative microscopy – 3D Holotomography coupled with confocal
microscopy

Batut

Commercial Setup

One of the greatest scientific challenges in biology is to discover the mechanisms which
coordinate the processes of cellular identity and properties. We can explain how cells interact
with each other to ultimately generate a functional organ. We aim to understand how organs are
formed using theoretical modelling, live imaging and bioinformatics approaches. We are
interested in the development of the olfactory organ in zebrafish, which comprises two waves of
early neurogenesis: progenitors and mature olfactory sensory neurons (OSN) whose
morphometric characteristics are well described. Holotomography, which combines holography
and tomography to generate image contrast in quantitative phase imaging, reveals complex 3D
details in samples that are often hidden by traditional methods. HT uses the refractive index (RI)
- an intrinsic optical property describing the speed of light through a material - to visualize living
cells and tissues.

The workshop consists of visualizing the formation of the olfactory organ and the surrounding
tissues in 4D (x, y, z and t). Participants will learn how to orientate live zebrafish embryo and
reveal the infrastructure of samples by imaging with label free holotomography microscope
coupled to a spinning disk confocal. With transgenic lines we can visualize progenitor cells and
mature OSNs at the same time, and we will be able to use correlative microscopy to characterize
cells of interest specifically (fluorescence) and observe dynamics in real time (no-phototoxicity
label free).

This workshop introduces innovative and powerful technics for correlative microscopy, label-free
and confocal modalities. This is the first time such a multi-modality imaging microscopy is shown
at Mifobio and will trigger big interest from attendees.



A-52 : Initiation à l’analyse de larges images 2D multi-couleurs
acquises avec un scanner de lames

Lachambre; Rekima

Commercial Setup

Depuis plusieurs années, les scanners de lames ont révolutionné l’acquisition d’images haute
résolution sur un grand nombre d’échantillons. Cependant, la taille volumineuse de ces images
pose des défis majeurs pour les logiciels d’analyse classiques (ImageJ).

QuPath, un logiciel libre d’accès, offre une solution innovante grâce à son interface intuitive et
ses outils avancés, incluant la segmentation, la classification et de l’IA. Il est idéal pour l’analyse
d’images 2D multi-couleurs issues de scanners de lames.

Cet atelier a pour objectif d’initier les participants à l’analyse d’image issues de scanner avec
QuPath. Il vise également à illustrer un processus complet allant de l’acquisition jusqu’à
l’analyse automatisée (script) pour accélérer et simplifier les traitements. Les participants seront
guidés pas à pas pendant la phase de réglage des paramètres du scanner et tout au long de
l’atelier d’analyse d’image. Ils seront formés par la pratique pour une prise en main 100%
autonome.

L’atelier se déroulera ainsi :

- Présentation du contexte (10 min)

- Acquisition d’une coupe de tissu fluorescent à l’aide d’un scanner de lames 4 couleurs (15 min)

- Mise en place d’un processus d’analyse (45 min)

o Exploration des outils de QuPath sur des images préalablement acquises

o Création d’un projet QuPath

o Segmentation des noyaux avec l’outil “Cell Detection”

o Mesure d’intensité dans plusieurs canaux et création de classes

- Mise en application sur l’image acquise (30 min)

o Importation de l’image dans QuPath

o Application du processus via un script

- Discussion et restitution (5 min)

Cet atelier est en adéquation avec les thèmes de MiFoBio, car il combine acquisition avancée,
analyse d’images, et automatisation. En proposant une initiation pratique et accessible, il
contribue à la diffusion des bonnes pratiques en microscopie et en analyse d’images.

Matériels requis



- Scanner de lames fluorescent 4 couleurs

- Ordinateurs équipés du logiciel QuPath



A-53 : Integrating Cell Painting and dSTORM: A High-Content Imaging
Workflow for Drug Discovery and Disease Profiling

Casse

Commercial Setup

Cells morphological features changes is becoming a gold standard for to evaluate drug effect,
clusters chemical and identifies genetic perturbation/ It also allow to compare healthy and
disease cells profile until predicting assay outcome through deep learning image analysis. To
achieve this goal using classical image acquisition systems (at low resolution), thousands of
millions of cell must be captured to raise the statistical difference between conditions. The
objective here is to demonstrate that by bringing super resolution into the cell painting world,
organelle at nanoscopic scale will be better visualized and small morphological changes easier
to detect with a lower data cost. This workshop aims to showcase an advanced Cell Painting
workflow that integrates conventional fluorescence microscopy with dSTORM super-resolution
imaging, providing a powerful approach for spatial OMICS and drug discovery applications. By
leveraging single-molecule localization microscopy (SMLM), this workflow enables researchers
to extract quantitative, high-content imaging data that can significantly enhance phenotypic
screening and molecular profiling in drug discovery. Key aspects covered in this workshop
include: 1. Combining widefield microscopy with dSTORM to capture multi-scale information
from cellular structures . 2.Automated acquisition scenarios integrating both imaging modalities
for high-throughput experiments. 3.Spectral demixing strategies to enable simultaneous
two-color super-resolution imaging. 4.Large field-of-view imaging to improve statistical
robustness in high-content analysis.



A-54 : Introduction to Single Particle Tracking (SPT): RNA polymerase
dynamics in vivo

Truong; Hannou

Commercial Setup

Understanding living systems requires exploring the complex and dynamic processes that drive
their behavior. These dynamics manifest across different spatio-temporal scales, from
macroscopic phenomena such as the coordinated motion of bird flocks and fish schools to
microscopic scales like spermatozoa swimming, and down to the molecular level, where proteins
motion governs key cellular functions.

As such, dynamics that regulate these systems is crucial to understand their behavior and
function. Single Particle Tracking (SPT) is a powerful and versatile technique that enables the
direct observation and analysis of these dynamics by tracking individual components within a
system. As a direct application of SPT, we will characterize RNA polymerase II (RNAp II)
dynamics in the nucleus of living cells, a key process involved in the regulation of gene
transcription.

This workshop consists of two main parts: 1) Image acquisition, where the motion of individual
particles is captured using imaging techniques, and 2) Image analysis, where the data is
processed to extract and interpret particle trajectories. We will focus on image acquisition using
an SPT experiment on live human cells to characterize RNAp II dynamics. The imaging setup is
flexible, employing either a TIRF/HiLo microscope or a light sheet system, with detection using
an sCMOS camera (~100 Hz acquisition rate).

SPT can be applied to a wide range of biological systems—from bacteria and proteins to plant
growth— and can be seamlessly integrated into a variety of existing microscopy setups, enabling
its broad applicability across different biological contexts. It is also a highly interdisciplinary
technique that combines physics (motion modeling, imaging), chemistry (labeling strategies for
imaging), and biology (complex systems). This makes it a powerful topic for fostering
interdisciplinary collaborations that could be discussed among the participants depending on
their background.



A-55 : Introduction to tomographic microscopy: principles and
applications with holotomography

Haeberlé

Commercial Setup

Label-free microscopy techniques (such as second-harmonic or CARS microscopy, holographic
or phase microscopy, etc…) experience a growing interest from biologists, as they allow for
working on natural samples, possibly over long periods. Tomographic microscopy (known under
various names such as holotomography, phase tomographic imaging, synthetic aperture
microscopy, tomographic diffractive microscopy, microtomography…) is one of these label-free
imaging method, which has experienced fruitful development in the recent years [1].

This workshop will present this imaging method in a hybrid form, taking benefit of
slides/videos/simulations to introduce the basic concepts, to be then illustrated using a HT-X1
Plus system from Tomocube [2], a LED-based tomographic microscope coupled to a
CrestOptics’ spinning disk confocal head. This system allows for 3D imaging of live samples in a
multimodal microscopy approach.

Principles of 3D image formation in conventional and holographic microscopy will be presented.
Then, several variants of tomographic acquisition will be described and commented: sample
rotation tomography, illumination scanning tomography, to conclude with pattern-scanning
tomography at the heart of the Tomocube approach.

Then, using the HT-X1 Plus microscope, principles of data acquisitions and image reconstruction
will be presented. Demonstration will start using basic samples (beads, fibers, slabs), to illustrate
the image formation principles, to finish with imaging of biological samples (prepared on
glass-slide, or in Petri dish) to show the rich content of the obtained images.

[1] “Recent advances and current trends in transmission tomographic diffraction microscopy”

N. Verrier, M. Debailleul, and O. Haeberlé, Sensors 24, 1594 (2024).
https://doi.org/10.3390/s24051594

[2] https://www.tomocube.com/products/htx1_plus



A-56 : Label free metabolic imaging of live cells in 3D samples

Thouvenin; Mauviel

Homemade Setup

Biophotonics plays a crucial role in understanding dynamic biological processes and
characterize disease mechanisms. While fluorescence microscopy has transformed our
understanding of molecular processes, it potentially adds a number of constraints and biases,
such as photodamage, buffering, steric effects, and requires additional complicated labelling
steps. In contrast, label-free microscopy aims to take advantage of endogenous optical contrast
readily available in biological samples. Here, we will demonstrate an innovative label-free
microscopy module based on dynamic full field optical coherence tomography (DFF-OCT), which
enables to image all living cells in complex 3D samples, quantify their shape and their
metabolism without label and without photodamage.

FF-OCT is a high-resolution configuration of traditional OCT, which measures light naturally
backscattered by the different 3D tissular and cellular structures. Dynamic FF-OCT records and
analyses the temporal fluctuations of FF-OCT signal to capture structures that are actively
transported by the cell. This technique allows to quantify how cells transport their intracellular
organelles, which can be used to visualize live cells and measure both cell physiological state
and cell type. By leveraging FFOCT and DFFOCT, our system provides a comprehensive
depth-resolved view of tissue architecture and cell activity, enabling researchers to analyse
cellular behaviour and interactions in thick 3D samples at depth up to a few hundred
micrometres.

During the workshop, we will present the technical specifications of our DFF-OCT module,
including its optical configuration, and data acquisition and processing protocols. We will also
present a series of case studies and experiments, in particular related to live organoid imaging.
Participants will have the opportunity to test the module themselves and are encouraged to bring
their own (ideally live) samples to image.



A-57 : Label-free High-speed Molecular Imaging

Ferdous; YANG

Homemade Setup

Spontaneous Raman imaging has emerged as a powerful analytical technique which provides a
label-free molecular map of samples with high specificity and sensitivity without requiring any
endogeneous labelling. It has a wide range of applications from early detection and
characterization of cancer by tissue imaging, to monitoring drug-cell interaction, and many
others. While Raman imaging has proven itself a powerful label-free platform, its application to
understand complex dynamical systems is still limited owing to its slow acquisition time to
overcome the inherently weak signals. In this workshop, we will pedagogically introduce the
challenges abovementioned and also the recently developed solution enabling high-speed
imaging: compressive Raman imaging. We plan to demonstrate its interest by specifically
acquiring quantitative molecular images of fixed mammalian cells. While compressive Raman
addresses the growing need for rapid and accurate molecular identification methods in various
fields, its adoption by biological and medical scientists might be challenging due to the
incorporation of these tools not found in traditional spectrometers. By bringing together experts
and practitioners to our hands-on demonstration of a compressive Raman setup, we aim to
accelerate the adoption and advancement of this promising technology.



A-58 : Label-free quantification of intracellular dynamics in neuronal
cells using microfluidics and quantitative phase microscopy

MARTHY; Cazorla

Homemade Setup

Organ-on-chip systems are emerging as alternatives to animal experimentation. Microfluidics
enable a spatial organization of neuronal cell cultures. It allows both precise control of the
connectability of different neuron population and a subcellular compartimentalisation. These new
approaches require in situ quantitative measurements. Quantitative Phase Microscopy (QPM)
provides high-resolution, label-free imaging of live cells across a broad range of spatial and
temporal scales—from 100 nm organelles to whole-cell cytoskeletal remodeling, and from 0.01
µm/s to 5 µm/s transport dynamics.

In this workshop, we will combine microfluidics and QPM to monitor organelle trafficking inside a
single isolated axon.

At the end of the workshop, participants will:

- Be familiar with methods to spatially organize 2D cell cultures.

- Develop an intuition for how Quantitative Phase Microscopy (QPM) works and what the types of
biological information it provides.

- Understand the strengths and limitations of label-free and unbiased imaging techniques, and
how they can complement fluorescence-based approaches.



A-59 : Large field-of-view total internal reflection fluorescence (TIRF)
microscopy

Gaillard; Guerin

Commercial Setup

Total internal reflection fluorescence (TIRF) microscopy is a powerful imaging technique that
provides high-resolution imaging with an axial excitation depth of about 100 nanometers. It has
been widely used for nanometer-scale imaging for decades. Recently, new techniques like
variable-angle TIRF microscopy and supercritical-angle fluorescence microscopy have been
developed to improve its axial resolution. However, these methods require high numerical
aperture (NA) objectives, which limit the field of view. This small field of view makes it difficult to
observe multiple biological processes at the same time.

To overcome this limitation, we propose a new approach to achieve large-field-of-view TIRF
microscopy. Our method uses a low-magnification objective to capture a wider area while
maintaining nanometer-scale resolution. This is made possible by total internal reflection on a
specially designed glass slide. We will demonstrate the effectiveness of this technique by
imaging cytoskeleton filament movement driven by molecular motors in vitro or by studying
cellular adhesion structures on a substrate.



A-60 : LEMOLish: a low-cost scientific light-sheet microscope for
cleared samples

Ducros; Colombelli

Homemade Setup

LEMOLish is a LEGO®-based MOtorized Light-Sheet (LS) microscope for 3D scientific imaging
of centimeter-scaled cleared samples. It has been conceived under low-cost requirements but
offers most features of open-source or commercial LS microscopes: volumetric acquisition with
motorized micrometric precision, dynamic LS refocusing, sample rotation, multi-view capacity,
homogeneous LS illumination, emission fluorescence filtering. Additionally, LEMOLISH features
several innovations that expand LS imaging of cleared samples: i} an innovative light sheet
creation and de-stripping method produces a homogeneous illumination plane 10-15µm thick
throughout a very broad sample size range (0.5 to 70mm), ii} a hardcoded refocusing procedure
enables one to image any cleared sample (any refractive index). The final resolution is typically
10-15µm in all dimensions, across a >20-fold magnification range (0.14x to 3x).

The usage of low cost lasers, affordable sensitive CMOS cameras, minimal and simple optical
elements, basic -stepper motors and -electronics drastically limit the price of this device. Overall
LEMOLish is about 100 times cheaper than equivalent open source or commercial systems with
similar target specifications.

The blueprint, list of purchase, technical information and custom driving software are all open
access (https://lemolish.mystrikingly.com/). LEMOLish was designed by Julien Colombelli &
coworkers and has now been reproduced in 7 laboratories with minor variations.



A-61 : Low-cost platform for multi-well bacterial biofilm growth
monitoring and hydrogel transparency quantification with optical
coherence tomography.

Roels; Mauviel

Homemade Setup

Bacterial biofilms are complex microorganism communities on surfaces involved in industrial,
and medical environments. Their dynamic assemblies vary in structure, composition and function
over time and depend on bacterial phenotypes and environmental conditions. Yet, the
physico-chemical cues driving biofilm growth are poorly known and difficult to study by
conventional optics. We recently developed a new experimental setup using low-cost Spectral
Domain Optical Coherence Tomography (SD-OCT- Lumedica Systems) in a custom-built
incubator to observe biofilm growth. This allows for the longitudinal quantification of biofilm
structure, local thickness, and scattering continuously over more than 40 hours. However, our
experiments require to keep the sample under the optical system for the entire experiment
duration, in this case immobilizing the setup for 2 days. In this work, we modified an Enderscope,
a low-cost 3D printer-based microscope designed for microplastic detection which we discovered
at MifoBio 2023, by mounting the scanner head of our SD-OCT system on a 3D printer. This
allows for programmable automatic scanning of several samples by moving only the optical
system and to multiply by 16 the number of samples that could be imaged within one experiment.
In short, we designed a low cost scanning stage for microscopy, and a low cost incubator,
coupled to widefield and OCT imaging that could be applied to the characterization of several
biological samples.

In this workshop, we will introduce the principle of OCT and why this imaging modality is of
interest for studying bacterial biofilm growth, and show live experiments on various samples
including already formed bacterial biofilms, explants, and hydrogel samples. In particular, we will
show how this system can quantify the transparency of cellularized hydrogels in presence of
increasing amount of tartrazine, an absorptive molecule which was used to achieve live optical
clearing (DOI: 10.1126/science.adm6869).



A-62 : Measuring mechanical properties of living plant cells with an
Atomic Force Microscope

BOVIO; Janel

Commercial Setup

Atomic force microscopy (AFM) belongs to the scanning probe microscopy (SPM) family, where
a small tip scans the surface of a sample. In this kind of microscopies, the surface is detected
through the interaction forces between the tip and the sample. If the sample is scanned by
maintaining a constant tip-surface force, the tip would consequently have to move up and down
to follow the sample’s profile: those displacements may be used to reconstruct its 3D
topography. Beyond the topographic information, this technique allows the measurement of any
type of interaction forces. Furthermore, the tip can be used to apply forces to a sample and to
measure the resulting deformation, the so-called indentation, in order to determine its
mechanical properties.

Plants cells can be seen as balloons under pressure. Indeed, walled cells as in plants, fungi or
bacteria, can sustain a hydrostatic pressure (turgor pressure), due to an osmotic pressure
difference between the inside and the outside of the cell. Turgor pressure (up to several Mpa in
plants) is the driving force in cell growth and participates to the overall mechanical stability of the
plant. The interplay between turgor pressure and cell wall properties tailors cell growth (in rate
and direction) and finally the overall morphogenesis of the plant. To better understand and model
morphogenesis, turgor pressure and Young’s modulus of the cell wall have to be measured.
AFM is a technique that can be used to measure those properties at subcellular level. The aim of
this workshop is to bring the participants from sample installation (Arabidopsis Thaliana root) to
the acquisition of force curves and their analyses to quantify the apparent Young’s modulus of
the cell wall and to discuss its link to the turgor pressure inside the cells. This workshop can be a
useful introduction to force measurements on large samples, an entry point into the biophysics
field, which is growing field in developmental biology



A-63 : mesoSPIM (mesoscale selective plane illumination microscopy),
an open-hardware microscopy platform dedicated to imaging of large
cleared tissues.

Frétaud; Perronet

Homemade Setup

Over the past decade, advancements in tissue clearing methods and 3D imaging techniques
have significantly improved our understanding of complex biological systems. Clearing
techniques can render organs and organisms transparent, enabling high-resolution 3D imaging
of such large samples without sectioning using light-sheet microscopy. This powerful approach
allows researchers to visualize intricate cellular structures, identify specific cell types, and
analyze tissue organization with unprecedented detail. The mesoSPIM project is a unique
international initiative in the field of light-sheet microscopy dedicated to large-scale imaging of
cleared centimeter-sized samples. This open-source, cost-effective system matches the
performance and complete commercial systems. During the workshop, we will present the
functioning and specificities of the mesoSPIM, focusing on the optical and
electronic/computational innovations that enable its performance. The system achieves cellular
and even sub-cellular resolution, with lateral resolution of 1.5 microns and axial resolution of 3.3
microns, uniformly maintained across a large field of view, made possible by the use of a
cutting-edge camera with a large sensor synchronized with the excitation beams. Additionally,
the system supports imaging of very large samples mounted in easy-to-handle observation
cuvettes making it highly versatile for a wide range of clearing solution and sample preparation.
We will discuss how to select the clearing techniques adapted to various samples depending on
their nature, size, preparation mode and imaging technics that will be applied. The workshop will
be the occasion to present a large amount of pre-processed biological samples such as common
zebrafish and mouse organs but also entire common carp and rainbow trout. This workshop will
showcase the capabilities of the mesoSPIM system through live demonstrations opened to
MiFoBio participants to image cleared samples ranging from 1 to 5 cm.



A-64 : Method for home-made colloidal AFM probes for mechanical
and single-cell adhesion measurements

El-Kirat-Chatel; Vial

Commercial Setup

Atomic force microscopy has become indispensable for measuring the mechanical properties of
cells and materials and to probe cell and molecular adhesion by force spectroscopy. Most AFM
experiments are typically performed with sharp triangular tips/probes mounted at the apex of soft
cantilevers. While this tip geometry is a compelling advantage for imaging samples with
satisfactory lateral resolution and probing single-molecule interactions, the sharpness and
triangular geometry can become a limit when the goal is: i) to probe mechanical properties of
samples at larger scales, i.e. to determine the mechanics sensed by a cell at the micrometer
scale instead of nanometer resolution; and ii) to perform single-cell force spectroscopy on small
cells such as bacteria that cannot be precisely positioned on tipless cantilevers. During this
workshop, we will demonstrate how to overcome this limit with home-made colloidal probes.
First, the complete procedure and protocol to functionalize a commercial tipless cantilever with 5
µm colloidal bead will be described and performed with the participants. Then, this home-made
AFM probe will be used to: i) indent hydrogels of different stiffness and compare this mechanical
sensing at micrometer scale to results obtained with sharp tips [1]; and ii) attach a single bacteria
(level 1) to a colloidal probe pre-coated with the polydopamine bio-adhesive and measure the
adhesion of a whole cell to a glass substrate [2].

The workshop can be carried out on any commercial AFM mounted on an inverted optical
microscope with a motorised stage and the ability for the user to move freely in x, y and z
directions. For home-made colloidal AFM probes, the necessary material will be brought by the
animators.

[1] Valeo et al. Bioactive hydrogels based on lysine dendrigrafts

as crosslinker. J Mater Chem B, 2024

[2] Beaussart, et al. Quantifying the forces guiding microbial cell adhesion using single-cell force
spectroscopy. Nat Protocols, 2014



A-65 : Monitoring conformational changes of membrane proteins
using single molecule FRET

Quast; CLERTE

Commercial Setup

Proteins are dynamic entities that experience conformational rearrangements to exert their
specific functions. As these rearrangements are often not synchronized in time and space within
a population of proteins, an accurate description of their conformational landscape requires
extraction of structural information from individual molecules. On the example of the
metabotropic glutamate receptor, a G protein-coupled neuroreceptor that senses glutamate, the
major excitatory neurotransmitter in the human central nervous system, this workshop will
demonstrate how ligand-induced conformational changes can be quantitatively characterized
using single molecule Förster resonance energy transfer (smFRET). Using detergent-solubilized
receptor samples that have been labeled using genetic code expansion and biorthogonal click
chemistry in mammalian cells the participants will learn how to perform and analyze 2-color
smFRET measurements using pulsed interleaved excitation and multiparameter fluorescence
detection on a confocal microscope. Participants will learn how to design FRET sensors, perform
measurements, judge sample quality, perform data analysis in real time, and extract quantitative
parameters on protein conformational landscape and dynamics such as the FRET efficiency, that
can be converted into accurate distance distributions between the fluorophores down to the
Angstrom level.



A-66 : Multicolor 3D dSTORM imaging of plant tissue

Haas; Peaucelle

Commercial Setup

The extracellular matrix (ECM) represents a critical frontier in biology. Situated at the interface
between the cell and its environment, the ECM regulates numerous aspects of cellular
physiology. However, our understanding of ECM function remains limited due to (i) the inability to
simultaneously resolve the chemistry and the nano-to-mesoscale organization of its dense
polymer network, and (ii) the lack of a conceptual framework linking polymer organization and
structural phase transitions to the emergent properties that govern ECM-dependent biological
processes.

In this workshop, our primary focus will be the plant ECM, commonly referred to as the cell wall.
Plant cell wall polymers are constructed from at least 15 distinct monosaccharides. In contrast to
the 4-base nucleic acid code, these 15 sugar units—along with a variety of chemical
linkages—generate an astonishing diversity of polymer structures. Despite this complexity, the
relationships between polysaccharide composition, structure, and function remain largely
unexplored.

We will present 3D dSTORM (direct Stochastic Optical Reconstruction Microscopy) imaging of
plant tissue using a multicolor sequential and spectral demixing mode. The focus will be on
imaging polysaccharides, glycoproteins, and lectins—key components that remain largely
unexamined using single-molecule imaging techniques. The workshop will utilize the Abbelight
360 system to achieve these goals.



A-67 : Multiparametric analysis of growth, cell state and structure
using an agarose-based microwells platform

RIVIERE; Codevelle

Commercial Setup

Many drug candidates for cancer treatment show potential when examined in-vitro but fail in
clinical trials. Studies are now directed to 3D in-vitro models to try to better replicate in-vivo
complexity of tumor microenvironment. Among them, multicellular tumor spheroids (MCTS)
recapitulate many tumor features. Immunostaining, image acquisition, and analysis of such 3D
biological samples remain time-consuming and challenging.

To overcome such challenges, we have developed a 3D-model microsystem consisting of
hydrogel-based micro-wells (patent 2018 FR3079524B1, Goodarzi et al. Lab on chip 2021). The
process enables the formation of a large number of reproducible spheroids in a single pipetting,
and is compatible with multi-well plates format conventionally used in cell biology, as well as
all-mount immunostaining and clarification procedures. The micro-wells are made of hydrogel
(agarose), allowing molecules smaller than 30 nm to freely diffuse. This ensures the supply of
nutrients and molecules of interest.

In this workshop, we will present a new version of such a process, based on 3D-printing molds,
to improve the preparation procedure and make it compatible with glass-bottom 24-well plates.
We will show how it can be used for long-term growth follow-up, as well as in situ analysis of cell
state and spheroid structure, using confocal acquisitions, including High Content Screening
(HCS) platform. Such a platform enables analysis of spheroid structure at different scales: from
all-spheroid to single-cell volume and shape.



A-68 : Multiple modalities of Structured Illumination Microscopy (SIM)
for gentle live-cell and highest resolution fixed-cell imaging

Romette

Commercial Setup

Super-resolution microscopy has transformed our ability to image biological structures and
processes down to tens of nanometers directly in cells. Among the different established
super-resolutive techniques, Structured Illumination Microscopy (SIM) has emerged as one of
the most gentle techniques, providing a two-time gain in resolution compatible with live-cell
imaging.

Major developments in SIM hardware and image processing are happening both in academic
labs and on the market. ON the one hand, new classical fringe SIM microscopes are now
available that supersede the first generation setups. On the other hand, new processing
algorithms extend the performance of the technique both in terms of resolution (deconvolution
refinements) and of noise tolerance for live-cell imaging (physics-informed deep-learning
restoration, adaptive reconstruction algorithms).

The aim of this workshop is to present the capabilities of modern commercial SIM hardware and
the recent progress of SIM processing software. At the hardware level, we will present the use of
the commercial microscope through multiple modalities: 2D-SIM, 3D-SIM, TIRF-SIM. The
enhanced speed and gentleness of acquisition in these modalities will be demonstrated on living
cell samples labeled with new generation dyes and fluorescent proteins. At the software level, we
will compare classical reconstruction algorithms with additional deconvolution priors that
enhance the resolution further and with adaptive processing that deal with noise and optical
aberrations.



A-69 : Nanobodies, a tool for Single Particle Tracking in plants

Cantaloube; neveu

Commercial Setup

Microscopy in plants is a challenge because of sample growth times, autofluorescence levels
and labelling difficulties.

Targeting proteins with nanobodies in vivo is a new tool for plant cell biology. It offers the
possibility of using a small epitope tag, which is particularly advantageous for studying
membrane proteins or proteins that are difficult to tag. Particularly for super-resolution
approaches, we can follow the dynamics of these proteins using sptPALM, targeting them with a
mEOS-coupled nanobody.

In this workshop, we propose to demonstrate this approach in transient expression in tobacco
leaves, targeting the membrane protein Lti6b with a mEOS-coupled nanobody. We will use
sptPALM experiments to determine the dynamics of our protein of interest and we will present
tracking and trajectory analysis tools.

This method is of general interest to the MiFoBio thematic school, because the heterologous
transient expression method in N.Benthamiana (which we will present) can be applied to proteins
from any plant species and can target any molecule of interest.

Finally, beyond our workshop, we propose to contribute a plant model that is interesting to
compare with the latest advances in fluorescence microscopy.



A-70 : New detector for wide field FLIM : from microscopy to
nanoscopy

BRITO; Matos

Homemade Setup

Fluorescence-lifetime imaging microscopy (FLIM) is a powerful method to analyze the cellular
environment and molecular mechanisms. In wide-field imaging, FLIM is made possible through
time-gating, where photons are collected only during a defined time window. These time gates
allow the sampling of fluorescence decay, enabling precise lifetime measurements. However,
this approach is currently limited by technological constraints. Typically, an image intensifier is
used, which not only reduces contrast but is also not user-friendly.

This workshop will introduce participants to a new detector for FLIM: the SPAD 512² from PI
Imaging. A SPAD array is a matrix of single-photon-sensitive pixels. FLIM imaging is made
possible by this technology, which enables time-gated imaging with integrated gating control in
each pixel. Consequently, this technology facilitates imaging with a high signal-to-noise ratio and
fast acquisition speeds.

The workshop’s objective is to allow attendees to test this innovative technology. By doing so,
they will gain insights into its advantages and limitations, helping them evaluate how it aligns with
or differs from their usual techniques in terms of results and performance. The workshop will then
explore the functionalities of this detector and offer participants the opportunity to test it with their
own samples.

In addition, this workshop serves as an opportunity for experts to discuss and debate, fostering a
broader exploration of the possibilities enabled by this technology. To illustrate its versatility, the
workshop will demonstrate how the enhanced capabilities of this detector can be applied not only
to fast live FLIM imaging but also to Single Molecule Localization Microscopy (SMLM) with
DNA-PAINT, even in gating mode. Attendees will not only discover the new opportunities
provided by this detector but will also be introduced to SMLM imaging.



A-71 : Oblique excitation in microscopy: Perfecting optical alignment
in HILO and quantitative TIRF microscopy

Dupuis; Gurram

Commercial Setup

This workshop serves as a practical companion to the Optics course of the fundamental module.
Its main focus is to present the principles of TIRF (Total Internal Reflection Fluorescence) [1],
HILO (Highly Inclined Laminated Optical sheet) [2] and SAF (super-critical angle fluorescence)
[3] microscopies. Participants will experiment with the optical alignment of the illumination using
a simplified optical bench (Opticslab style). Then, on a commercial set-up, they will learn about
the challenge of achieving homogeneous and quantitative TIRF illumination and the different
strategies available for solving this problem. Participants will then have the opportunity to apply
the concepts learned in the workshop to align and calibrate the TIRF bench of the commercial
set-up. More specifically, they will use calibration coverslips equipped with dedicated dielectric
multilayers that have been optimized to be resonant in TIRF illumination. These coverslips
present multiple peaks of resonance beyond the critical angle that will allow for both an accurate
calibration of the step-by-step inclination of the angle of excitation and the determination of the
absolute z-position of the fluorophores relatively to the coverslip surface.

The workshop also aims to familiarize participants with the importance of metrology in
microscopy imaging. Participants will therefore measure the sectioning depth of the set-up on
calibrated samples of microbeads suspended in gels of known refractive index. This hands-on
experiment will provide them with a better understanding of these microscopy techniques and
their applications, which will be illustrated with cell samples associated with a membrane-based
biological question. Of course, attendees will have the opportunity to test their own samples.

[1] Axelrod, D., Journal of Cell Biology, 89 (1), 141–145 (1981).

[2] Tokunaga, M. et al., Nat Methods 5, 159–161 (2008).

[3] Barroca, T. et al., Optics letters, 36(16), 3051–3053 (2011).



A-72 : Oblique plane microscopy through dynamic remote focusing

Pozzi

Homemade Setup

Light-sheet microscopy is a well-known microscopy method for the acquisition of
three-dimensional fluorescence images from extended samples at high speed and with limited
phototoxicity. However, conventional light-sheet requires the use of two perpendicular objectives
near the sample, making imaging of samples mounted on conventional coverslips, multiwell
plates or petri dishes unfeasible.

Oblique plane microscopy (OPM) enables light-sheet imaging through a single objective near the
sample, greatly extending its range of applicability. In its original form, OPM required the use of
an objective with high numerical aperture, which was only partially exploited, limiting the effective
aperture of the system. These constraints limited both the resolution and the effective field of
view of the method.

In this workshop we present an alternative approach to OPM, exploiting the full numerical
aperture of a variety of objectives.

The setup we will present employs a single objective, with laser light passing through the edge of
its pupil, focusing in the sample on an oblique plane. A rolling-shutter capable camera is
conjugated to the image plane of the objective, so that only a narrow region of the sample
appears in focus. A multi-actuator deformable mirror is employed to axially shift the focal plane.
Due to the oblique illumination, the narrow region in focus on the camera moves laterally as the
focus shifts axially. Synchronization of the focus with the camera rolling shutter produces images
of the oblique plane completely in focus.

During the workshop we will illustrate the setup’s layout and working principle, and let
partecipants operate it with our provided samples (e.g. Drosophila brains, colon organoids,
bovine oocytes), as well as any sample available on site.



A-73 : One-shot, advanced 3D High-Multiplex Imaging

Allart

Commercial Setup

3D multiplexed imaging is critical to unveil tissue changes and cell interactions in Immunology.
This workshop will introduce participants to the multispectral acquisitions for the observation of
10 immunostainings on a confocal platform. They will learn how to manage with 3D imaging of
high-multiplexed samples in a one-shot approach, including the online and offline tools. We will
use a human tissue model as an example of how such a high-multiplexing approach can
facilitate the understanding of the heterogeneity of cellular interactions, critical to apprehend the
function of all organs and understand spatial relationships between biomarkers in situ, at
unprecedented resolution in thick tissue sections.

The workshop will focus on practical considerations to achieve one-shot, high multiplexing (8 to
10 markers together on a single sample). Separation will be based on spectral properties,
without using lifetime properties of fluorochromes. We will tackle the basics of methods and
algorithms of "unmixing," (presenting different softwares), the sample preparation, sample
controls, acquisition, processing (unmixing), and analysis steps. We will show how to choose for
markers and fluorophore selection and how this translates into imaging settings. Furthermore,
we will show how to assess the spectral contribution of signals across channels, together with
tools to evaluate the resulting unmixing matrices and their importance in achieving high data
fidelity in multiplexing. Finally, we will go over experimental considerations to ensure that
high-multiplex data is consistent with the experimental controls.

The workshop will showcase the potential of the multiplexing approach in providing a detailed
spatial characterization of immune cell types and their functional states within the tissue
microenvironment. The WG « Multiplex » of RTMFM helped for the panel design.



A-74 : Optimal drift correction of SMLM image data with COMET

Bates; Reinkensmeier

Commercial Setup

No matter how stable the microscope design, sample drift occurs to some degree in all
microscopy measurements. Nanometer-scale resolution images from single-molecule
localization microscopy (SMLM) techniques will appear blurred if the sample or optical system
moves during data acquisition. This problem worsens with longer acquisition times, posing
particular challenges for next-generation SMLM approaches such as MINFLUX, DNA-PAINT,
and RESI.

In this workshop, we examine methods for measuring and correcting drift in SMLM data,
enabling participants to obtain the sharpest possible images for their research. They will learn to
use established drift correction methods and compare their results with a new approach called
COMET, which we have demonstrated to significantly outperform other methods in both
accuracy and computation time.

We propose to acquire 3D SMLM image datasets using a commercial SMLM system, recorded in
the noisy environment of the MiFoBio labs, where strong sample drift is expected. We will then
guide participants through the process of applying both standard correction techniques and the
COMET method, gaining a broad and practical understanding of this important, and often
overlooked, aspect of super-resolution fluorescence microscopy.



A-75 : Optimisation du STED 3D sur tissu en profondeur : montage,
image, segmentation & visualisation

Nazac; DANGLOT

Commercial Setup

Le cerveau est composé d’une multitude de neurones organisés en réseau très dense. Pour
pouvoir communiquer entre eux, les neurones contactent des protrusions appelées épines
dendritiques, qui changent de forme après un apprentissage. Elles portent une tête pouvant aller
de 500nm à 1.5µm de diamètre et un cou beaucoup plus petit qui peut aller en dessous de
200nm (résolution maximale d’un microscope confocal). De plus, la visualisation des neurones
et de ces épines à l’échelle individuelle dans un réseau aussi dense représente un enjeu majeur
dans le domaine des neurosciences. Cela est dû à l’opacité du tissu et au caractère diffusant qui
empêche la lumière de passer au travers et limite la pénétration de la lumière à une centaine de
microns en profondeur. Pour y parvenir la maitrise de plusieurs techniques est essentielle : la
première, la transparisation qui consiste à enlever une partie des lipides tout en conservant
l’intégrité du cerveau. La deuxième est une longue immunofluorescence. Les anticorps doivent
pénétrer en profondeur dans le tissu ce qui peut prendre de plusieurs jours à 1mois en fonction
de l’affinité de l’anticorps. La troisième est l’acquisition au microscope avec une résolution 3D
suffisante pour avoir la tête et le cou des épines dendritiques. La microscopie STED nous
permet de nous affranchir de la limite de résolution et de descendre jusqu’à 50nm. La quatrième
et dernière étape est la segmentation du réseau. En effet les logiciels actuels de segmentation
ont leur limite pour segmenter les neurones individuellement ainsi que leurs épines dans une
arborisation dendritiques complexe. Nous verrons cela grâce à la technique ‘SENPAI’ que nous
avons développée et qui permet d’effectuer cette segmentation de façon fidèle (Cauzzo, Nat
Com 2024). Cet atelier abordera la réalisation des différentes étapes : de la transparisation à la
segmentation de l’image, en se focalisant surtout sur l’acquisition d’images de coupe de cerveau
en microscopie STED 3D.



A-76 : Phase microscopy of microbeads and bacteria with a simple,
low-cost setup and numerical reconstructions : an introduction to
computational microscopy

Olivier; Fournier

Homemade Setup

Computational microscopy is defined as a microscopy technique in which recorded data are
processed numerically to reconstruct a sample. Using one or multiples snapshots, the numerical
processings can also improve the resolution, contrast or quantitative content of the imaged
sample.

In this context, we aim to illustrate, our recently developed numerical reconstruction methodology
using a simple, traditional microscope. This methodology is based on the simplest microscopy
setup: the in-line holographic microscope.This is a standard widefield microscope, that is used
slightly out-of-focus with partially-coherent LED illumination.

Numerical reconstructions are performed using a physical image formation model that can take
into account any aberrations or misalignments of the optical system. These optical parameters
can be calibrated accurately using a single hologram of calibrated beads.

In a broader perspective, this workshop provides an opportunity to demonstrate that a lot of
information is present in simple defocused images of samples and how state-of-the-art
reconstruction strategies can help to extract this information. This methodology is quite general
and is part of calibration methodologies. Calibration estimation makes it possible to reconstruct
aberration free holograms and the development of low-cost and fast systems compatible with the
requirements of automation in the field of microbiological diagnostics, for example. It is also an
opportunity to talk about the basic principles of microscopic imaging, aberrations effects in
quantitative phase microscopy, model-based numerical approaches and numerical
enhancements of traditional, low-cost microscopy. The idea is also to share our code and/or
present our on-line web application.



A-77 : Polarization microscopy: A new approach without the use of
polarization-sensitive optics

Lengauer

Homemade Setup

In recent years, polarization microscopy has become a widely used tool for obtaining more
information out of fluorescence microscopy data, particularly in revealing biomolecular
orientation. Existing polarization microscopy techniques, such as 4Polar Microscopy or PSF
engineering approaches, rely on polarization-sensitive optics for an efficient detection of the
required parameters. While effective, these components come with some disadvantages which
are (1) their sensitivity in alignment - such as the precise orientation of waveplates and polarizing
prisms, (2) chromatic dependence, and (3) cost and avalability. In addition, some elements like
phase masks and birefringent masks used in PSF engineering can cause unwanted polarization
distortions due to their imperfections introduced during the manufacturing process.

Here we present a novel, yet simple, approach for polarization microscopy that determines the
orientation state of fluorophores without the use of polarization-sensitive optical elements in the
imaging path. Instead, the light distribution at the objective's back focal plane (BFP) is spatially
separated into multiple sections, enabling a ratiometric measurement of orientation-relevant
parameters. This separation is achieved by a custom-made (polarization-insensitive) prism
placed at the BFP. Due to the relevant element being placed in the BFP, the setup can be easily
reconfigured by swapping the prism for a phase mask or other PSF engineering components,
allowing direct comparisons of different techniques. We highlight that this novel approach allows
working both in ensemble and single molecule configurations, which PSF-engineering
techniques are not capable of. In this workshop, we demonstrate this BFP-splitting technique
alongside the CHIDO technique as an established PSF-engineering method, hence providing a
direct comparison to our new approach.



A-78 : Protocoles d'analyse : méthodes classiques contre IA, qui
l'emportera ? Méthodologies de création et approches
écoresponsables

Lobjois; GOUDIN

Image Processing

Depuis plusieurs années, l’intelligence artificielle (IA) a profondément transformé nos méthodes
d'analyse d'images. Bien que sa facilité d’utilisation puisse être aujourd’hui un atout majeur dans
certains cas, il convient de s'interroger sur sa nécessité systématique notamment au regard de
son empreinte écologique. Dans ce contexte, comment identifier et déterminer l’approche
méthodologique la plus appropriée pour concilier efficacité et responsabilité environnementale ?

L'objectif de cet atelier est d'offrir une expérience comparative pratique entre l'analyse d’images
de microscopie avec et sans IA sur des logiciels libre d’accès (ImageJ-Fiji, QuPath).

Conçu sous forme de défi collaboratif autour d’un même lot d’images à analyser (quantification
du ratio noyau/cytoplasme sur des images 2D), il répartit les participants en deux groupes : l'un
travaillant avec des outils classiques, l'autre exploitant les solutions basées sur l'IA.

1- Présentation de l’atelier et des règles (10minutes)

2- Session pratique guidée par les porteurs d’ateliers :

2-a. Réflexion commune sur la création du protocole et de l’analyse (25minutes)

2-b. Mise à plat du protocole (20min)

3- Comparaison des résultats (15min)

4- Conclusion et discussion (10min)

Concrètement, cet atelier vise à illustrer les avantages, les limites et l'impact environnemental de
chaque méthode. Il vise également à transmettre une méthodologie rigoureuse de création de
procédures d'analyse reproductibles.

Cette session principalement pratique offre ainsi une opportunité d'approfondir ses compétences
analytiques et de comprendre les enjeux actuels de l’IA dans le traitement d'images de
microscopie. C’est pourquoi, cet atelier s'adresse aux participants déjà capables de réaliser un
procédé d'analyse, via des outils tels que Fiji, QuPath ou Imaris.

Matériels requis : salle informatique (pas de GPU) avec une disposition modulable pour faciliter
les échanges entre les participants.



A-79 : Random illumination fluorescence microscopy (RIM) for live
imaging

SENTENAC; Mazzella

Commercial Setup

Fluorescence microscopy plays a crucial role in biology for its ability to provide functional images
of living samples. Numerous techniques have been proposed in the last twenty years to improve
its resolution beyond the 300 nm usually obtained with standard microscopes. Among them, the
best compromise in terms of resolution and adaptation to live imaging is Structured Illumination
Microscopy. Recently, we have developed an alternative to SIM called Random Illumination
Microscopy (RIM). The aim of this workshop is to introduce this novel technique, explain its
principles and demonstrate its efficiency.

The workshop will contain three sequences:

1) An introduction to RIM concept. RIM requires the recording of hundreds of images under
random speckled illuminations. The super-resolved image is formed from the variance of the raw
speckled images. The reconstruction algorithm does not need the knowledge of the excitation
patterns.

2) An introduction to pRIM (pseudo-random illumination microscopy) on live samples. pRIM uses
tens (less than 50) optimized illumination patterns and the super-resolved image is formed from
the variance of the images with the same algorithm as standard RIM.

3) A demonstration of RIM and pRIM interest for imaging at high resolution thick samples
(robustness to aberrations) and live samples (temporal resolution). A systematic comparison
between RIM image and standard widefield image on the same samples will be done.

The three sequences will be illustrated with experiments conducted with a new commercial
system, named LiveRIM, that is able to mimick standard widefield microscope, RIM and pRIM.
The participants will have the opportunity to explore liveRIM internal components for a deeper
understanding of its functioning.

This workshop will be animated by Anne Sentenac and two PhD students, Lorry Mazzella and
Jessica Frison



A-80 : Real-time translation imaging during zebrafish embryogenesis

Bellec; Dufourt

Commercial Setup

Live imaging has revolutionized our understanding of dynamic biological processes, such as
embryonic development, by allowing the observation of molecular and cellular events as they
occurs in real time. Innovations in microscopy have brought remarkable improvements in spatial
and temporal resolution, revealing fine details of cellular behavior and molecular interactions. At
the same time, new fluorescent markers have made it possible to track and measure protein and
gene expression with exceptional sensitivity, even down to the level of individual mRNA
molecules, offering a window into molecular mechanism in living cells and organisms.

This workshop focuses on real-time imaging of translation within intact vertebrate embryos, a
method that we developed in zebrafish for the first time. The goal is to extract quantitative data
on translation dynamics. To achieve this, we will use a state-of-the-art system based on
multimerized tags that are specifically recognized by a nanobody fused to a fluorescent protein,
enabling precise visualization of translation events. Participants will learn how to prepare and
mount live samples optimized for confocal microscopy, ensuring stability and high image quality.
The session will also cover key aspects of imaging setup, including selecting fluorescent proteins
to achieve the best signal-to-noise ratios and temporal resolution. Additionally, we will explain
how to extract mRNA translation kinetics at the single-molecule level from time-lapse imaging.
We will showcase how the Lattice Light Sheet Microscope facilitates high-frequency imaging with
minimal phototoxicity. By combining advanced imaging techniques and thoughtful experimental
design, this workshop will provide researchers with the skills and resources needed to conduct
reliable and quantitative analysis of translation dynamics in vivo.



A-81 : Resolution improvement and multicolor demixing using
event-based single-molecule localization microscopy

Albecq; Cabriel

Homemade Setup

A number of applications in single-molecule localization microscopy (SMLM) remain challenging
due to the limited temporal resolution of frame-based cameras. We have recently introduced
EveSMLM [Cabriel et al. Nat. Phot. 2023] which uses event-based sensors (EBS), achieving
similar spatial resolution while giving access to additional information and reducing the time
needed to reconstruct a super-resolved image. EBS are matrices of independent, asynchronous
pixels sensitive to optical intensity variations rather than to the absolute number of photons
integrated over a set exposure time.

In this workshop, we propose to use EveSMLM with modulated laser sources to 1) improve the
localization precision independently of the number of photons emitted by a fluorophore, and 2)
perform multicolor demixing. In this scheme, the information about the color of the molecule is
encoded in its temporal response [Gómez-García et al. PNAS 2018] and we leverage the
asynchronous detection and rapid response to capture single molecules temporal emission
profiles without the need to oversample.

After demonstrating the principle of such EBS and the experimental setup used for SMLM, we
will explain how modulation helps improving localization precision and encodes photochemical
information about each molecule into its temporal response. We will show how data acquisition
and processing allow direct signal demodulation. We will then image a fixed multicolor biological
sample in the SMLM regime.

We will bring the COS7/U2OS samples, fixed and labelled.



A-82 : Revealing multiparametric properties of virus-like particles and
host cells by correlative STED-AFM

Rat; Lacouture

Commercial Setup

Although viruses are able to hijack the cell membrane to assemble into viral particles, their
mechanical properties differ from their host. Analysis of the nanomechanical differences between
viruses and hosts requires advanced techniques beyond simple fluorescence microscopy. A
combinatorial approach is required, integrating Atomic Force Microscopy (AFM) and
super-resolution microscopy, such as STED. Both techniques aim to achieve nanometer-level
resolution in biological samples, and each offers specific advantages. AFM enables the
manipulation and determination of the physical properties of surfaces, while STED offers the
ability to monitor biochemical processes, either inside or on the surface of the cell. Thus, the
combination of these two techniques provides complementary data that enable multi-parametric
analysis of the sample. In the present case, it enables us to understand how the elasticity of a
virus-like particle (VLP) differs from that of the host membrane, and how the cell's cytoskeleton
may participate in this process beneath the plasma membrane.

We will illustrate in this workshop the implementation of the STED-AFM correlative imaging on
two commercial microscopes assembled especially for MiFobio (see Lyonnais/Blanco worskhop)
into a hybrid setup, where the AFM triggers the STED microscope to perform real-time
correlative imaging. This will be the first time that such a highly advanced hybrid system, of
which there are only a few in the world, will be assembled and presented at MiFoBio. The goal of
the workshop will be to provide an overview of the setup and the pipeline to realize a
simultaneous correlative STED-AFM analysis. It will start from sample preparation (cell and VLP
labelling) to AFM/STED imaging of cell producing viruses and individual viral particles. We will
bring fixed samples (cells producing fluorescent VLP) optimized for the educational goal of the
workshop.



A-83 : Segment and Profile High-Content 3D Organoids: AI-Powered
Tools for Biologist-Friendly 3D Image Analysis

BEGHIN

Image Processing

Understanding 3D biological structures and their internal topology is an increasing necessity in
modern biology, particularly in fields such as organoid research, tissue homeostasis, and
high-throughput screening. However, biologists often struggle with analyzing complex 3D
datasets due to a lack of accessible and intuitive tools.

In this workshop, we will present and compare several AI-based and classical image analysis
approaches, along with 3D CellScope and OrganoProfiler (as described in Ong et al., Nature
Methods, 2025, and provided as AssayScope by QuantaCell)—two cutting-edge software
solutions designed for biologist-friendly 3D image analysis. These tools leverage advanced AI
algorithms to simplify data processing while providing robust insights into cell and organoid
structure and behavior. With a cytometry-like interface, they enable high-content analysis,
internal structure/topology characterization, and streamlined workflows for non-experts.

Participants will work on a provided dataset and will have the opportunity to practice with their
own data if desired.

By the end of the workshop, participants will gain insights into how these software tools simplify
and enhance 3D biological analysis, transforming complex datasets into actionable results.
These tools have been successfully applied to real-world use cases, including organoid
development, disease modeling, and mechanobiology, demonstrating their versatility and utility.

This workshop is ideal for researchers working in 3D biology, microscopy, image analysis,
high-content screening, and computational biology who seek innovative, user-friendly solutions
to enhance their research.



A-84 : Segmentation and analysis of filament like structures

Baecker; Benedetti

Image Processing

The segmentation of cells has made big advances in the last years due to machine and
deep-learning methods. The same methods can be applied to other objects that are more or less
compact or globular. However in biology, thin, filament like structures also play an important role.
Examples are: neurons, actin filaments, microtubules, microglia, plant roots or nematodes. The
segmentation and analysis of these structures often remains challenging.

In this workshop we will explore the specifics of the segmentation and analysis of non compact,
filament like structures that may also be sparsely present in the image. We will examine how we
can successfully apply deep learning methods to the segmentation of filaments. Once
segmented the skeleton of a filament like object is often of interest. It can be used to analyze the
structure of the object and can be useful for other measurements like the width profile. We will
compare 2 methods to create the skeleton.

Finally the measurements characterizing long, thin objects also differ from those used for
compact, globular objects. We explore a number of measurements useful for filament like
structures.

The workshop will consist of a short theoretical introduction for each of the 3 parts, each followed
by hands-on exercises and a discussion. We will use FIJI/ImageJ and python.



A-85 : Segmentation for Multiplexed images with AI: Discover
InstanSeg and customize your models

Vimeux; Lachambre

Image Processing

This workshop introduces the segmentation of nuclei/cells on multi-colored 2D images using AI.
InstanSeg, developed by Thibaut Goldsborough at the Peter Bankhead Lab, enables fast,
efficient segmentation of large 2D images with an unlimited number of channels. The goal is to
make the analysis of multicolor images accessible to biologists without the need for
high-performance computing systems to apply the model.

This workshop invites participants to apply AI pre-trained models to segment nuclei and cells on
multi-channel images. Following that, they will dive into training a new model using a Jupyter
notebook, adapting it to a specific dataset, supervising the training, and evaluating the model’s
quality. After utilizing the newly trained model to segment, we will wrap up by addressing
bottleneck issues in multiplexed image segmentation and available segmentation strategies.

The workshop includes:

1. Introduction to InstanSeg and a comparison with alternative existing AI segmentation models,
highlighting key advantages and differences.

2. A practical session to apply InstanSeg’s pretrained models to segment images in QuPath.

3. A hands-on exploration of how to train and export customized InstanSeg models to fit specific
datasets, addressing various challenges inherent in multiplexed images.

4. A discussion on how to overcome technological challenges related to working with multiplexed
images, alternative AI-based segmentation approaches, and the added value of using InstanSeg
— all within a 15-minute closing session.

The workshop is designed for an audience of biologists, physicists, and chemists, all of whom
have already used QuPath and have seen a Jupyter notebook



A-86 : Self blinking dyes for live cell SMLM

Pinto; Lavis

Homemade Setup

Single-molecule localization microscopy (SMLM) circumvents the diffraction limit in fluorescence

microscopy through the stochastic activation and localization of individual molecules, which
enables the observation of biological samples with a precision down to few nm. The development
of spontaneously blinking fluorophores, such as HM-SiR7 simplifies SMLM by eliminating the
need for photoactivatable fluorophores or redox buffers which limits observation in live cells. The
on/off ratio (i.e., duty cycle) of such dyes is a product of both the molecular structure and the
chemical environment; the lack of duty cycle control can limit utility depending on labeling
strategy and sample type. Within the workshop we propose to discuss and evaluate the recently
synthesized series of hydroxymethyl-Sirhodamine (HM-SiR) analogs based on the bright Janelia
Fluor (JF) dyes, incorporating substituted pyrrolidines or azetidines to tune the duty cycle across
two orders of magnitude.

After a discussion on the chemical concepts behind this new spontaneously blinking dyes, we
will demonstrate the utility of these dyes in cells using the HaloTag system (labelling tubulin or
mitochondria) . SMLM imaging of various JF dyes will be performed on living cells to evidence
their different duty cycles. We will discuss the benefit brought by these new dyes and discuss the
optimal imaging conditions.



A-87 : Single Molecule Localization Microscopy to characterize the
protein composition and particle properties of extracellular vesicles
(EV) at the single-EV scale.

nedellec; Roux

Commercial Setup

Cell-extracellular matrix (ECM) interactions are key modulators of communication in tumor
microenvironments, including the one based on nanometer-size membrane extracellular vesicles
(EV) that are released by all living cells. However, how the tumor ECM influences EV release
and signaling, particularly in glioblastoma—an aggressive brain cancer with ECM stiffness up to
16 kPa, as compared to 0.2 kPa in normal brain tissue—remains poorly understood. EV
characterization is challenging due to contamination by similarly sized or dense particles,
complicating standard analysis methods such as particle concentration (nanoparticle tracking
analysis, TRPS), morphology (electron or atomic force microscopy) and EV marker expression
(western blot, ELISA, flow cytometry). As most EVs are below the diffraction limit of light,
single-molecule localization microscopy (SMLM, 10–20 nm resolution) enables detailed
characterization of intact single EV at the protein and particle level. Here, omics-grade EV from
patient-derived glioblastoma cells (GSC) cultured on ECM of varying composition and stiffness
and isolated via density gradient and size-exclusion chromatography are analyzed using SMLM.

In this workshop, we will present how intact GSC EVs are immunocaptured on slides using a
specialized EV kit, followed by staining of membrane tetraspanin (CD9, CD63, CD81)—key
scaffolding proteins involved in EV biogenesis, cargo sorting, and cell signaling—with
fluorescently labeled antibodies (aCD9-AF647, aCD63-CF680, aCD81-AF555). Imaging will then
be performed with 2D SMLM and sequential multicolor dSTORM. Participants will acquire EV
images, automate multiple fields of view, and analyze data using spectral demixing and dbSCAN
clustering (density-based clustering) to quantify EV size, concentration, and subpopulations.
Additionally, we will illustrate how label-free holotomography live-cell imaging can track
deposition on the ECM and the uptake of migration-related EV, known as migrasomes



A-88 : Single-molecule spectroscopy of disordered protein
conformational and self-association dynamics

AZNAURYAN

Commercial Setup

Intrinsically disordered regions (IDRs) are ubiquitous in eukaryotic proteome. In contrast to their
structurally well-defined counterparts, IDRs typically lack persistent structure in their native form
and do not necessarily require defined structure for molecular recognition and specific function.
Due to their extreme multivalency and dynamic nature, IDRs are also frequently involved in the
assembly of various cellular condensates. We recently found that the IDR of a translation factor
eIF4B orchestrates an intricate transition from monomers to a condensed phase, across which
variable-size dynamic oligomeric clusters form as nucleation hot-spots to favor mesoscopic
phase separation [Swain BC et al. Nat Commun 2024, Mondal S et al. Biomol NMR Assign
2023]. The formation of these dynamic oligomeric clusters appears to be widespread across
many proteins. Nevertheless, the characterization of the dynamics of disordered proteins and
their oligomerization remains challenging.

During this workshop we propose a set of elegant single-molecule spectroscopy assays
combined with Forster resonance energy transfer (FRET) and fluorescence correlation
spectroscopy (FCS) that allow following the conformation and dynamics of disordered proteins
from single molecules to multimolecular assemblies. Characterization of these properties can
help in description of the protein self-association landscape and underlying conformational
changes as well as their changes by protein post-translational modifications, binding partners or
changes to the cellular environment.

This aligns perfectly with MiFoBio’s commitment to providing researchers with innovative
cutting-edge imaging and biophotonics tools to investigate the organization and dynamics of
biological processes at the molecular level.



A-89 : Smart microscopy metrology and metrology automation

Flores-Flores

Commercial Setup

A smart microscope performs real-analysis and/or adjust acquisition parameters on the fly.
Several software options exist for smart microscopy, either commercial modules on microscope
acquisition software or open-source academic tools. Measuring the performances of a
microscope through metrology tests is needed to produce reliable and reproductible results. This
workshop will focus on the use of smart microscopy to perform automated and reliable metrology
measurements and on the use of metrology routines which are specific to smart microscopy.

A common smart microscopy pipeline consist in detecting regions of interest in a sample, then
acquire them with different acquisition modalities (higher resolution, multi-dimensional
acquisitions, ...). During this workshop participant will learn how to design and implement this
pipeline and generals smart microscopy concepts. Then we will follow with the metrology tests
that can be used to control the capacity of a microscope to perform smart microscopy
experiments. Finally we will see how smart microscopy can be used to automate microscope
performance checks.

This workshop follows the work of the workings groups SMILE (smart microscopy) and 3M
(metrology) of the Rtmfm.



A-90 : Spatial transcriptomics with custom-built sequential RNA FISH

Borgman; Weber

Commercial Setup

Understanding cellular heterogeneity and the spatial organization of complex multicellular
systems is essential for studying tissue architecture in both development and disease. Imaging
techniques are particularly effective for this purpose, as they allow for the examination of cells in
their native context with high spatial resolution, often several times smaller than the cells
themselves. However, these methods are often limited by the number of spectrally distinct
fluorophores available. This limitation can be overcome by incorporating advanced detection
chemistry, automation, and image analysis. This has been impressively demonstrated in spatial
transcriptomics, which not only profiles the expression of individual cells but also maps their
spatial locations by measuring tens to hundreds of marker genes with single RNA resolution.
While several commercial systems offer convenient turnkey solutions, they are expensive in
terms of both instrumentation and reagents and lack flexibility for microscopy and experimental
protocols. Exploratory analyses, time courses, dose-response studies, and replicates thus
require significant financial resources. Therefore, we advocate for the development of orthogonal
homebuilt solutions, including instrumentation and experimental workflows, as a viable option for
many research questions. Although DIY approaches are more complex to establish, they are
more affordable and flexible, and they can help democratize access to this technology. In this
workshop, we will provide a step-by-step guide with recommendations to lower the initial
threshold for getting started.



A-91 : SPT-IR - Part1 : Experiments

Kobayashi; Riou

Commercial Setup

SPT-IR : Single Particle Tracking (SPT) allows the imaging of individual molecules in living cells
at high time and spatial resolution (~20 nm and 10 ms). Here we present an original setup
combining UV-micro irradiations (pulsed 355 nm) and SPT (1). UV-micro irradiation (IR) induces
DNA damage along a specific pattern in living cells. Combined with SPT measurements, this
set-up allows us to sense at the single molecule scale the DNA damage response of the cell.
Using human cells, we will show during the workshop how SPT acquisitions can be performed
(2), at different times after irradiation, to measure changes in the mobility of nucleosomes along
the chromatin fiber as well as the dynamics of DNA repair proteins in and out the damaged
regions. This system is currently used in the FIONA team (CQSB, Computational Quantitative
and synthetic Biology, Sorbonne University).

1. García Fernández, F. et al. Preprint at https://doi.org/10.1101/2024.08.28.610034 (2025), in
press in Nat Commun

2. Kobayashi et al., Preprint at https://doi.org/10.1101/2025.04.03.647105 (2025), bioRxiv



A-92 : SPT-IR - Part2 : Analysis

Park; Kobayashi

Image Processing

During the workshop, we will compare several tracking softwares to analyse SPT data., including
Slimfast and a new AI-based software named “FreeTrace” (2,3,4).

Slimfast is based on MTT (1), a reference tracking software in the field of tracking. It is
extensively used in many microscopy laboratories performing Single Particle Tracking.

FreeTrace is a software recently developed in the context of the AnDi challenge 2024. It was
ranked first (team SU-FIONA http://andi-challenge.org/challenge-2024/).

FreeTrace produces molecular trajectories from microscopy video. It has a memory for each
individual trajectory, hereafter trajectory is called as path, to support the selection of future path
depending on the memory of the past path. Unlike Brown-

ian particles, many molecules in biological samples don’t diffuse independently over time and
their future paths depends on the past paths such as dependent stochastic process: fBm
(fractional Brownian motion). The main difference between FreeTrace and other tracking
sofwares including is that it takes into account this memory effect. A second important
characteristic of FreeTrace is that it allows the reconstruction of potential paths with multiple time
scales.

More details of the FreeTrace algorithm will be available soon (manuscript in preparation) wnile
the software can already be found online (3).

References:

1. Arnauld Sergé, Nicolas Bertaux, Hervé Rigneault & Didier Marguet. Dynamic multiple-target
tracing to probe spatiotemporal cartography of cell membranes

Nature Methods 5, pages687–694 (2008)

2. Park, J., Sokolovska, N., Cabriel, C., Izeddin, I. & Mine-Hattab, J. Bottom-up Iterative
Anomalous Diffusion Detector (BI-ADD). Submitted.

3. https://zenodo.org/records/14754761

4. https://github.com/JunwooParkSaribu/BI_ADD



A-93 : SRRF Applied to Mitochondria Morphology

Jolivet; Pinson

Commercial Setup

Mitochondria are defined as the powerhouses of the cells, but they are also involved in fatty acid
and calcium regulation, and reactive oxygen species signaling. These organelles form a dynamic
network with morphological modifications through fusion, fission, and mitophagy. Recently,
studies have revealed that the protein kinase Aurora A (AURKA), known to be overexpressed in
epithelial cancers, is imported into the mitochondria and induces mitophagy. While the kinase
was shown to interact with mitochondrial fusion and fission proteins, its role on mitochondrial
morphology under mitophagy-inducing conditions remains to be established.

To shed light on this, we used Super-Resolution Radial Fluctuations (SRRF), a purely analytical
super-resolution (SR) strategy to investigate the morphological changes of mitochondria during
AURKA-induced mitophagy. To validate our methodology, we overexpressed both an active and
a kinase-dead form of AURKA uncapable of performing mitophagy, and we labeled the
mitochondria using MitoTracker Deep Red. We acquired live low-resolution images of a
conventional sample prep with a conventional spinning-disk microscope. We then used these
images to quantify mitochondrial length and branching on raw and super-resolved SRRF images.

First, SRRF allowed us to easily obtain SR images of the mitochondrial network. While the
morphological analysis images at low resolution did not show any decrease in branching or
length, the analysis of SRRF images showed that the overexpression of active AURKA reduces
the length and branching levels. Overall, we showed that SRRF applied to an existing unmodified
microscopy setup can be used to study organelle morphology with precision.



A-94 : Suivi de performances d'un système d'imagerie à court, moyen
et long terme : Comment faire ?

Schapman

Commercial Setup

La reproductibilité et la répétabilité des mesures sont des éléments essentiels dans le cadre d’un
projet de recherche. Cela permet de garantir à la fois la véracité des mesures et des acquisitions
mais également de pouvoir exploiter correctement les données. En effet, sans cette
reproductibilité et cette répétabilité, il devient compliqué pour les acteurs de pouvoir analyser de
manière quantitatives les signaux obtenus par leurs équipements d’acquisitions photoniques.

Depuis de nombreuses années des groupes de travail de différents réseaux internationaux, tel le
RTmfm, s’attachent à développer des organigrammes, des protocoles, des outils d’analyses, des
métriques pour comprendre et contrôler ces variations. Ces groupes ont entamé des
collaborations avec des industriels (Zeiss, Nikon, Evident, etc…) afin d’intégrer aux systèmes
d’imageries des outils de routine de mesures de performance en routine. Ces outils effectuent
ainsi des mesures rapides de l’état de santé des équipements d’imagerie en complémentarité
des outils existants développés dans la communauté scientifique.

L’atelier s’attachera ainsi à réaliser des mesures de performances sur un système d’imagerie
confocale à balayage laser en utilisant à la fois des mesures automatisées de routine à court
terme et des mesures « open-source » à moyen et long terme.



A-95 : The first Förster’s Resonance Energy transfer (FRET)-based
probe to quantitatively follow mitochondrial protein import with
Fluorescence Lifetime Imaging Microscopy (FLIM)

Calais; Dutertre

Commercial Setup

Mitochondria are multifunctional organelles at the crossroads of multiple signaling pathways. To
regulate these signaling pathways, mitochondria must import a large quantity of proteins into
their interior. The field of mitochondrial imaging has very few tools to observe import with proper
spatial and temporal resolution.

The workshop aims to present the first Förster’s Resonance Energy transfer (FRET)-based
probe to quantitatively follow mitochondrial protein import. This tool developed by the team is the
first one to be able to visualize the capacity of this mitochondrial process with a superior
spatiotemporal resolution thanks to the FRET phenomenon.

FRET consists of an energy transfer from a « donor » fluorophore in an excited state to an «
acceptor » fluorophore if they are close enough (<10nm of distance). In the biosensor presented
at the workshop, the donor fluorophore will be excited by a 440nm laser. In our case, FRET will
be quantified with Fluorescence Lifetime Imaging Microscopy (FLIM), which directly measures
donor fluorescence lifetime changes corresponding to protein activation. Thanks to its
construction, our biosensor is targeted directly to the mitochondrial matrix where it is cleaved by
a protease. In this conformation, FRET is lost between the donor/acceptor pair because of the
distance separating them (>10nm). During the workshop, the biosensor readout will be
benchmarked with that of Su9-GFP. This is a standard fluorescent probe in the import field.

For this workshop, a confocal microscope with a FLIM system will be used to observe living
MCF7 cells, a cancerous cell line, transfected with distinct plasmids (Su9-GFP, "donor" alone or
biosensor for following mitochondrial import) and exposed to a DMSO (control) or a CCCP
treatment, leading to an impairment of mitochondrial import. Cells stably expressing Su9-GFP or
our biosensor will be fixed upstream with the same treatments as a backup for the workshop.



A-96 : Understanding the impact of fluorophore photophysics and data
acquisition parameters on SMLM and sptPALM acquisitions using the
SMIS simulator.

Bourgeois; Neri

Image Processing

Advanced fluorescence imaging techniques such as single-molecule localization microscopy
(SMLM) fundamentally rely on the photophysical behavior of the employed fluorophores. This
behavior is generally complex and impacts data quality in a subtle manner. SMIS
(Single-Molecule Imaging Simulator) is a simulation software that simulates a widefield
microscope and incorporates fluorophores with their spectral and photophysical properties. With
SMIS, data collection schemes combining 3D, multicolor, single-particle-tracking or quantitative
SMLM can be implemented. The influence of advanced fluorophore characteristics, imaging
conditions and environmental parameters can be evaluated.

In this workshop, participants will learn how to use SMIS. This will help them to better understand
the effect of fluorophore photophysics and chosen data acquisition parameters on SMLM and
sptPALM experiments.

Reference: Bourgeois, D. Single molecule imaging simulations with advanced fluorophore
photophysics. Commun Biol 6, 53 (2023). https://doi.org/10.1038/s42003-023-04432-x



A-97 : Using Ultrastructured Expansion Microscopy (U-ExM) to
quantify mitochondrial fission in small, dense tissues (example of
Drosophila melanogaster larvae)

Jobart-Malfait; MAISSA

Commercial Setup

Expansion microscopy (ExM) is an innovative method that enables super resolution imaging
using a simple confocal microscope. This method is based on the principle that physical
separation of light point sources will overcome the diffraction limits of conventional microscopy.

Mitochondria is a very small organelle that undergoes extensive division, called fission, in cells
during apoptosis (cell death). The actors of mitochondrial fission during apoptosis in mammals
are described but not fully in the fruit fly model (Drosophila melanogaster). To describe the role
of proteins of interest in the fruit fly, apoptosis is genetically induced in a specific region of the
imaginal wing disc of third-stage larvae. The wing disc is a particular complex dense thick
multicellular tissue composed of columnar, elongated (~40µm tall and ~2µm wide) and
pseudostratified cells (not all nuclei in the same plan). Thus, the mitochondrial network in those
cells is also very packed and the accurate quantification of their size to measure fission is
challenging.

As the sample is thick, acquisition of images is time consuming and tedious. Acquired images
also need to be processed before segmentation and 3D reconstruction to improve their quality.
To overcome these limitations, we will use fast and versatile spinning disk microscopy combined
with image quality improvement.

To summarize, in this workshop we propose a whole workflow from sample preparation to image
analysis to show how performing UExM approach combined with spinning disk confocal
microscopy and live processing allows us to separate small organelles in a small dense tissue.

The Drosophila retinoblastoma protein, Rbf1, induces a Debcl- and Drp1-dependent
mitochondrial apoptosis.

Clavier A, Ruby V, Rincheval-Arnold A, Mignotte B, Guénal I.J ; Cell Sci. 2015 Sep
1;128(17):3239-49.

Optical imaging. Expansion microscopy

Fei Chen, Paul W Tillberg, Edward S Boyden ; Science, 2015 Jan 30;347(6221):543-8.



A-98 : Utilisation du microcontrôleur Arduino pour la mesure, le
contrôle-commande et l'interfaçage de périphériques

LEGOU; Ronsin

Other (explain)

L’utilisation de microcontrôleur permet notamment de programmer des séries de mesures
(température, humidité, luminosité, tension,…), de réaliser des opérations de
contrôle-commande (positionnement d’un shutter, d’un filtre, ou de commander le déplacement
d’un échantillon), de renseigner l’expérimentateur en proposant des Interfaces Homme –
Machine (IHM) sur mesure ou encore de pouvoir contrôler des périphériques existants.

Lors cet atelier, le participant mettra en œuvre un capteur de luminosité, un moteur pas à pas
linéaire, et concevra une interface homme-machine élémentaire (sur écran OLED) pour
renseigner l’utilisateur sur la luminosité et la position du chariot du moteur pas à pas.

Le prototypage rapide autour de plateformes de développent comme l’Arduino UNO (que nous
proposons pour cet atelier) permet de rapidement développer de l’instrumentation scientifique
autour du microscope. Aucun prérequis n’est demandé aux participants, et les exemples
proposés permettront de rapidement prendre en main l’IDE (environnement de développement)
et d’assimiler la syntaxe du langage utilisé.

Comme cet atelier est conçu pour être du DIY (« Do It Yourself ») il nécessite un espace de
travail permettant d’assurer du montage électronique et de la soudure de certains composant. Il
serait donc réalisé dans l’espace FABLAB de l’école thématique.



A-99 : Volume registration for multiscale and multiparametric imaging

Mahou; PRUDHOMME

Image Processing

Multiscale and multiparametric imaging technologies are increasingly used to capture the
structure and complexity of biological tissues. Due to the limited amount of information that can
be extracted simultaneously by wide-field, point-scanning or light-sheet optical microscopes,
multiscale and multiparametric imaging requires recording and combining several volumes
acquired under different experimental conditions: sample scanning or progressive sample
sectioning[1,2], multi-round labeling and imaging[3], or screening with different type of optical
microscopes. The 3D recording of these volumes requires dedicated frameworks in order to
estimate their relative position and integrate them continuously, rigidly or not, as the
correspondence between different volumes can be altered by sample deformation over time,
shifting of apparent positions of the same objects between different views due to refractive index
inhomogeneities, mechanical cutting of the sample during imaging, sample manipulation during
several staining and imaging cycles and optical microscope properties.

In this workshop, we propose to present several image processing tools available[4,5] to solve
these different problems and continuously reconstruct acquired data sets for multiscale or
multiparametric applications that are potentially too large to fit into memory. We will illustrate
these different tasks in the particular case of Serial Two-Photon Tomography[1,2], where
sequentially recorded individual tiles are assembled to form sections after mechanical cutting of
the previously imaged volume, and where all reconstructed sections must then be assembled
relative to each other first rigidly and then non-rigidly to account for all sources of deformations.
The framework presented here could be transposed to the other situations described above.

[1]Ragan T et al Nat Meth 2012

[2]Abdeladim L et al Nat Com 2019

[3]Gandin V et al bioRxiv 2024

[4]Hörl D et al Nat Meth 2019

[5]Wang Y et al Cell 2021


