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Beating the optical resolution to study photosynthesis 
Thesis on high-resolution fluorescence microscopy Laboratory of Biophysics, as part of a 

BSc/MSc in the programs of Molecular Life Sciences/ Plant Sciences/ Biotechnology. 

 
Photosynthesis takes place in the thylakoid membrane, a densely 

folded membrane system inside chloroplasts and cyanobacteria. 

The organization of this membrane is crucial for the function of 

the photosynthetic machinery, and dynamic reorganization is 

known to occur during acclimation to environmental changes or 

repair of Photosystem II. Expansion microscopy (ExM) is a 

relatively new technique that enables imaging of biological 

samples with nanoscale resolution using conventional 

microscopes, by physically expanding the sample ~4x to 10x in 

size. This method has been successfully applied at BIP to visualize thylakoid architecture in both plant 

chloroplasts and cyanobacteria, see Expansion microscopy resolves the thylakoid structure of spinach | 

Plant Physiology | Oxford Academic. 

So far, confocal microscopy has been used to image expanded samples. However, widefield 

microscopy offers faster imaging, lower photobleaching, and compatibility with super-resolution 

image processing techniques. One such approach is Super-Resolution Radial Fluctuations (SRRF), 

which extracts spatial information from time-series images based on the analysis of fluorescence 

fluctuations and radial symmetry. When combined with ExM, this can theoretically improve resolution 

down to ~25 nm, see Expansion and fluctuations-enhanced microscopy for nanoscale molecular 

profiling of cells and tissues | Nature Protocols. 

We now want to explore whether combining widefield microscopy, SRRF, and expansion microscopy 

allows further resolution enhancement of thylakoid membranes and the visualization of substructures 

such as protein domains and repair zones.  

What you will learn: 

This project will involve experimental imaging work and data analysis: 

• Prepare expanded samples from chloroplasts or cyanobacteria using ExM. 

• Perform widefield fluorescence imaging  

• Acquire time-series images for SRRF processing. 

• Analyze whether subdomains or protein clusters can be distinguished. 

 

Interest in image analysis and enthusiasm for combining physics and biology are important. 

https://academic.oup.com/plphys/article/194/1/347/7288948
https://academic.oup.com/plphys/article/194/1/347/7288948
https://www.nature.com/articles/s41596-025-01178-0
https://www.nature.com/articles/s41596-025-01178-0

