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Welcome ! 
 

Dear participant, 

 

You are probably triggered and excited by what is currently possible by optical 

techniques to explore biological systems at different length and depth scales, both 

at the descriptive and quantitative level. This evolution is resulting from 

multidisciplinary efforts by, including amongst others, researchers in the life 

sciences, physicists and engineers. However, the increased complexity of the 

instrumentation and experimental approaches may make it difficult to exploit a 

technique or approach to its full potential. This microscopy workshop aims to 

elucidate the working principles of several optical techniques and to get you a 

flavor of what is currently possible. To fully appreciate these innovative techniques 

we provide demo sessions and computer classes to get hands-on experience in 

data analysis of the collected data.  

 

We hope that this workshop will be guiding you to select the proper technique for 

your research question and are looking forward to your interactions during the 

lectures and the practical sessions! 

 

Enjoy the Nano Macro workshop!  

 

Best regards, 

 

Prof. Marcel Ameloot and Prof. Jelle Hendrix 

 

          
 

  



Workshop location 
 
Hasselt University, Diepenbeek Campus 
Agoralaan Building D & C (BIOMED) 
3590 Diepenbeek 
Tel.: +32 (0) 11 268 111 
 

 
 

 
 
Lectures - Building D, auditorium H4 
Lunch/Coffee breaks/receptions - Building D, Agora 
Hands-on sessions - Building C (BIOMED), Basement 
Pc-analyses - Building D, Room B17 



Wednesday Sep 5 
 

MICRO Lectures 1: interactions on the microscopic scale 

 

Basics of fluorescence and fluorescence microscopy 

 

Marcel Ameloot 

 

Biophysics Lab, Hasselt University 

  

This introductory lecture aims to introduce/refresh some basic aspects of 

molecular fluorescence and optical microscopy systems.  

Fluorescence related aspects comprise the Jablonski energy level diagram, 

excitation and fluorescence spectra, fluorescence quantum yield, photoselection, 

fluorescence lifetime, bleaching, two-photon excitation fluorescence, 

autofluorescence... 

In the fluorescence microscopy part the basic components of a regular widefield 

fluorescence microscope and the principles of confocal laser scanning microscopy 

will be discussed. Attention is paid to the simultaneous use of multiple labels, the 

definition of optical channels and cross-talk between them. With respect to 

resolution the optical point spread function of an imaging system will treated. 

Additional aspects include total internal reflection microscopy, descanned and 

non-descanned imaging, multidimensional image data cubes, image registration, 

deconvolution,… 

 

   contact: marcel.ameloot@uhasselt.be  
 

 

  



Quantitative colocalization analyses in optical microscopy 

 

Winnok de Vos 

 

University of Antwerp 

 

The cell is highly compartmentalized with unique functions occurring in dedicated 

organelles. Thus, the presence of molecules and macromolecular complexes in 

specific compartments may provide a first hint regarding their potential function. 

With the advent of fluorescent protein technology, the visualization of multiple 

molecules along with defined landmarks (such as organelles) has become 

standard practice. However, despite its omnipresent demand in cell biological 

research, the interpretation of putative colocalization between different markers 

is not trivial. For, the resolution limit of optical microscopy imposes an uncertainty 

on the physical dimensions and location of (sub-)micron sized objects. For the 

same reason, any statement about colocalization of molecules should not be 

confused with statements about their interaction. Yet, despite its clear limitations, 

objective assessment of colocalization is a relevant starting point for many 

studies. It is possible to quantitatively evaluate the colocalization of two signals 

or objects using a variety of image analysis techniques. In this lecture, I will 

introduce some of the most accepted methods. I will also point to some of the 

considerations of sample preparation and optics to perform quantitative 

colocalization with minimal bias. 

 

 

   contact: Winnok.DeVos@uantwerpen.be 

  



 

MICRO Lectures 2: interactions on the microscopic scale 

 

Correlation analysis: Particles that move together also fluctuate 

together 

 

Nick Smisdom 

 

Biophysics Lab, Hasselt University 

 

Diffusion of (bio)molecules has been studied for years by means of fluorescence 

correlation spectroscopy (FCS) and more recently by raster image correlation 

spectroscopy (RICS). Both techniques monitor the fluorescence from a small 

observation volume with fluorescently labelled molecules diffusing in and out. This 

diffusion gives rise to fluctuations in the fluorescent signal, leading to a noisy 

appearance. Statistical analysis of this noisy signal will subsequently reveal the 

underlying dynamics. 

Interaction between molecules will change the underlying dynamics. In addition, 

interacting molecules will move along and thus give rise to similar fluctuations. 

Hence, the extent of similarity of the fluctuating signal of both species describes 

their interaction. In this presentation, practical examples and pitfalls of cross-

correlation FCS and RICS will be discussed 

 

   contact: nick.smisdom@uhasselt.be  

  



Fluorescence lifetimes as a tool for monitoring interactions: Principles 

and application to protein interactions inside retroviral particles 

 

Jelle Hendrix 

 

Dynamic Bioimaging Lab, Hasselt University 

 

When fluorescent dyes absorb light, they emit fluorescence some time later, 

typically a few nanoseconds. This ‘fluorescence lifetime’ is a signature for a 

particular dye, which can be exploited to discern between different dyes, where 

each may have the same color, but a different fluorescence lifetime. In this talk I 

will present the principles of fluorescence lifetimes, and how to measure them at 

the microscope.  

The sensitivity of the fluorescence lifetime to the environment of the dye is 

exploited in Förster resonance energy transfer (FRET), where a second dye with a 

red-shifted spectrum is placed in close proximity. When, for example, protein-

protein interactions occur, each protein being labeled with a FRET donor or 

acceptor dye, FRET can be used to quantify these interaction. Interestingly, since 

FRET operates on the 1-10 nm length scale, it is quite robust against false-positive 

interaction results. In the second part of my talk I will discuss the principle of 

FRET, and the different ways to measure it at the microscope. I will also show 

some applications of FRET, for example to study protein-protein interactions inside 

single viral particles. 

 

   contact: jelle.hendrix@uhasselt.be  
   



Thursday Sep 6 

NANO Lectures 1: interactions on the nanoscopic scale 

 

Structured illumination microscopy applied to the dynamics of cellular 

nanopores 

 

Marcel Müller & Viola Mönkemöller 

 

Lab for Nanobiology, KU Leuven 

 

We use structured illumination microscopy (SIM) to study the dynamics of cellular 

nanopores, by imaging fenestrations in the cellular membrane of liver sinusoidal 

endothelial cells. On this example, we demonstrate the advantages and limitations 

of SIM as a super-resolution technique: Which spatial and temporal resolutions 

can be achieved, which dyes and imaging conditions are required, how the result 

compare to other techniques. We also give an overview on commercially available 

instruments, SIM image post-processing and current developments in the field. 

 

 

 

Dr. Marcel Müller is a postdoc in the lab of Prof. Peter 

Dedecker at KU Leuven, and is an expert in SIM. He 

developed the fairSIM and 3D SIM software. 

 

Contact: marcel.muller@kuleuven.be  

 

 contact: viola.monkemoller@kuleuven.be  
 



Image scanning microscopy: juggling with pixels for lateral resolution 

enhancement 

 

Eli Slenders 

 

Biophysics Lab, Hasselt University 

 

Fluorescence microscopy is extensively used in biological imaging because of the 

high sensitivity, the molecular specificity and the high contrast. However, the 

imaging resolution is limited by diffraction. During the last decades, several 

methods have been developed to overcome the resolution barrier. One of these 

techniques is image scanning microscopy (ISM) with pixel reassignment, which 

can provide a 1.4 improvement in lateral resolution compared to widefield 

microscopy while maintaining the optical sectioning effect of confocal microscopy. 

In ISM, information from each scan position is collected by a two dimensional 

array of detectors. The final image is all–optically or via post–processing 

reconstructed by reassigning the photons collected by each detector element to 

the correct position in the image. Unlike many other super-resolution methods, 

ISM offers the flexibility to combine the technique with any label. Moreover, 

multicolor imaging is feasible in the same way as for conventional confocal 

microscopy. In this talk, the principle of ISM will be discussed and the advantages 

and limitations will be highlighted. The commercially available ISM implementation 

by Zeiss (Zeiss Airyscan) will be addressed and its use in biomedical research will 

be demonstrated. 

 

 

Eli Slenders is a finishing PhD student in the Biophysic lab 

headed by Prof. Marcel Ameloot at UHasselt. Eli is an expert in 

ISM, SIM and SHG-RICS. 

 

Contact: eli.slenders@kuleuven.be  

 

 
  



Superresolution optical fluctuation imaging to visualize cellular 

biosensors at high spatial resolution 

 
 

Sam Duwé 

 

Lab for Nanobiology, KU Leuven 

 
 

Genetically-encoded biosensors make it possible to measure well-defined aspects 

of the biological environment (enzyme activity, presence of particular compounds, 

etc.) in live cells. However, there are considerable challenges in visualizing these 

with high spatial resolution. In this talk I will discuss our work on measuring the 

response of biosensors using superresolution optical fluctuation imaging (SOFI), 

which provides a better-than-diffraction limited spatial resolution by making use 

of spontaneous fluctuations (‘blinking’) of the fluorophores. In this talk I will 

introduce the concepts and principles underlying SOFI, and also discuss the 

different kinds of fluorophores that can be combined with SOFI. As a statistical 

technique, SOFI is well-suited for measurements where the overall signal-to-noise 

ratio is low, as is the case for many biosensors. After introducing some of the 

technical advances possible with SOFI, I will then move to discuss how SOFI can 

be used to acquire sub-diffraction activity maps. 

 

 

 

 

 

Dr. Sam Duwé is a postdoc in the lab of Prof. Peter 

Dedecker at KU Leuven, and is an expert in fluorescent 

protein engineering and SOFI imaging 

 

Contact: sam.duwe@kuleuven.be  

 

 

 



NANO Lectures 2: interactions on the nanoscopic scale 

 

Single-molecule Localization Microscopy: a powerful tool to study 

molecular organization 

 

Susana Rocha 

 

Molecular Imaging and Photonics, Chemistry, KU Leuven 

 

In traditional optical microscopic methodologies the spatial resolution achievable 

is limited to 200 to 250 nm. This limit in the spatial resolution of optical microscopy 

impairs direct visualization of small objects such as protein complexes or 

membrane microdomains. In recent years various super-resolution microscopic 

modalities have been developed to circumvent the diffraction limit, namely 

(fluorescence) photo-activation localization microscopy [(f)PALM] and (direct) 

stochastic optical reconstruction microscopy [(d)STORM]. Both PALM and STORM 

use the stochastic activation of individual fluorophores and the precise 

determination of their position to render images with a higher resolution. The 

extension of these methods to more than one color can provide information 

regarding the co-localization of molecules. In fact, multicolor high resolution 

microscopy can resolve distances from 15 to 200 nm and hence bridges the gap 

between Förster resonance energy transfer (FRET) (1-10 nm) and conventional 

diffraction limited fluorescence microscopy (> 200 nm). 

 

 
 

Dr. Susana Rocha is a postdoc at the MIP division at KU Leuven 

headed by Prof. Johan Hofkens. Dr. Rocha specializes in 

single-molecule super resolution methods. 

 

Contact: Susana.rocha@kuleuven.be   



The Leica STED microscope: realtime superresolution confocal 

microscope 

 

Marco Meijering 

 

Leica Microsystems GmbH 

 

No abstract yet! 

 

 

  Contact: Marco.Meijering@leica-microsystems.com  

 
  



Friday Sep 7 

MACRO Lectures 1: interactions on the macroscopic scale 

 

Light Sheet Fluorescence Microscopy- Fast and Deep Tissue Imaging 

 

Cicerone Tudor 

 

Zeiss Microscopy GmbH 

 

Lightsheet Z.1 is a high-end, multiview (0-360°) light sheet fluorescence 

microscopy system designed for imaging large and small living samples, fixed 

samples, and cleared samples with virtually no phototoxicity and bleaching along 

with high temporal resolution. Utilizing the horizontal microscope concept, the 

excitation and emission detection beam paths are perpendicular to each other. A 

thin light sheet plane is used to excite the sample and only fluorescence originating 

from this in-focus plane can be detected, thus generating an inherent optical 

section. The Lightsheet Z.1 system is very suitable for almost all 3D microscopy 

applications incl. Dev. Biology, 3D Cell Biology, Plants, Marine Animals, 

Neuroscience and Brain Research, Worms, Parasites, etc. 

We will present during the workshop the capabilities and the strong features of 

the system, with hands on sessions planned as well. 

 

 

 contact: cicerone.tudor@zeiss.com   

  



Development and biomedical applications of the OpenSpinMicroscopy 

project for light sheet microscopy, optical projection tomography and 

beyond 

 

Emilio J. Gualda 

 

ICFO- Instituto de Ciencias Fotónicas, Castelldefels (Spain) 

IGC-Instituto Gulbenkian de Ciencias, Oeiras (Portugal) 

 

Light-sheet Fluorescence Microscopy (LSFM) has gained much interest recently 

due to the low photodamage induced while imaging living organisms, its fast 

acquisition rates and the possibility to reconstruct high quality images of whole 

organisms when coupled with the capacity of multi-angle recording and fusion. 

Optical Projection Tomography (OPT) also takes advantage of the rotation of 

samples, where a series of projections are captured as it rotates and reconstructed 

through a back projection algorithm. By combining the flexibility of Micro-Manager 

with the versatility of Arduino boards, we were able to set in 2013 a 

comprehensive open source framework for LSFM and OPT. Focusing on price and 

standardization, the OpenSpinMicroscopy project developed at Instituto 

Gulbenkian de Ciencias (Portugal) helped bring these cutting-edge technologies 

to any imaging facility with minimum technical capabilities.  

 

In this workshop, we will present the technical hardware and software details of 

the OpenSpinMicroscopy project, including the latest developments as well as a 

new framework, Flexi-SPIM, developed at Instituto de Ciencias Fotónicas (Spain) 

during the last three years. The new system combines on a single machine three 

different fully automatized acquisition modes: Classical LSFM; Flow-LSFM; and 

Hybrid LSFM, providing high-resolution, multicolour, double side illuminated and 

single/double side detected images for high throughput screens. We will 

demonstrate its capabilities through illustrative applications, such as 3D neuronal 

and cancer cell cultures, zebrafish embryos and larvae and clarified mice brains.  

 

References 

[1] Gualda EJ, et al.  Nat Methods 2013; 10:599–600. 

[2] Gualda EJ, et al. Front Cell Neurosci 2014; 8:221. 



[3] Gualda EJ, et al. Biomed Opt Express 2015; 6:4447–4456. 

[4] Estrada MF, et al. Biomaterials 2016; 78:50-61. 

[5] Rebelo SP, et al Biomaterials 2018; 163:185-197 

 

 

  contact: emilio.gualda@gmail.com  

 

 

  



Staging of tau pathology in the intact mouse brain using light sheet 

microscopy 

 

Winnok de Vos 

 

University of Antwerp 

 

Alzheimer’s disease is characterized by a progressive accumulation and spreading 

of soluble amyloid beta and hyperphosphorylated tau in the brain. Both 

pathological proteins spread through anatomically interconnected brain regions 

and act as seeds for further protein aggregation. To study the spreading behaviour 

in a controlled manner, we have used an AD mouse model (MAPT-P301L), in which 

we have triggered tau pathology by targeted, stereotactic inoculation of synthetic 

tau fibrils or tau fibrils directly purified from AD brains. To precisely monitor the 

distribution of hyperphosphorylated tau in the intact mouse brain at different time 

points after injection, we have exploited whole brain microscopy. Mouse brains 

were cleared using an iDISCO-based protocol and pathological tau was visualised 

using a phosphorylation-specific antibody. Cleared brains were visualised with 

bidirectional light-sheet microscopy, followed by image reconstruction, tau 

quantification and registration to an anatomically annotated reference brain. Using 

this approach, we have for the first time visualized and quantified the 

spatiotemporal spreading of tau pathology in the intact mouse brain. The 

combination of targeted seeding with in toto staging of tau pathology offers a 

unique approach to assess regional vulnerability and connectivity. This in turn, 

may contribute to a better understanding of the disease progression and is 

valuable for evaluating the potential of therapeutic interventions to halt the 

spreading process. 

 

    contact: Winnok.DeVos@uantwerpen.be   



Imaging cellular interactions and activity in the intestinal wall using 

linear and non-linear optical techniques 

 

Pieter Vanden Berghe 

 

Lab. for Enteric NeuroScience (LENS), University of Leuven, Belgium. 

 

Gastrointestinal functions, such as motility, absorption and secretion, and to some 

extent host defense are controlled by the enteric nervous system (ENS). Although 

quite some information is available about migration, proliferation and 

differentiation of enteric progenitors, the understanding of how developing and 

mature ENS cells interact to form a functional gastrointestinal system and keep it 

healthy over the lifespan remains limited. 

Microscopy techniques have greatly contributed to our understanding of the gut’s 

architecture and to the description of morphology and chemical coding of the 

contributing cells. For measuring cellular activity, compared to sharp or patch 

clamp electrophysiology, imaging with voltage and Ca2+ sensors benefits from 

the fact that multiple cells can be imaged at the same time, which makes studying 

interactions easier and allows correlating cellular activity with spatial organization. 

In our lab, we use 3D imaging and optical modulation of cellular activity to 

understand how cells interact, what the stimuli are that activate them and what 

the direct consequences are for the neighboring cells. In combination with 

advanced optics (2-photon, spinning disk confocals) these help to shed light on 

how functional units in the intestinal wall are being built. In the Lab. for Enteric 

NeuroScience we use several transgenic mouse lines and viral vector technology 

to induce expression of genetically encoded indicators (for Ca2+:GCaMP3/6) and 

actuators (Channelrhodopsin2) in enteric neurons and/or glia. Apart from 

fluorescence technology we also use second harmonic imaging to determine the 

content and structure of the collagen lattices in the intestinal wall in several 

different conditions.  

The combination of genetic and advanced optical approaches will remain 

extremely valuable to study and understand how functional intestinal nerve 

circuits develop and continue to interact throughout life. 

 



   contact: pieter.vandenberghe@kuleuven.be  
    
 

 

 


