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Protein self-association is an extremely common phenomenon in biology. However, light-driven protein homo-oligomerization has so 

far only been described in a few classes of photoreceptors, most notably plant cryptochromes and phytochromes. The characterization 

of light-induced protein oligomerization is challenging due to the need of synchronizing sample irradiation with data acquisition. 

Using a combination of carefully chosen methods, we hereby show that EL222, a bacterial transcription factor belonging to the light-

oxygen-voltage (LOV) family, can form clusters in a concentration and power dependent manner. In the dark state, the DNA-binding 

helix-turn-helix module of EL222 is caged by the adjacent LOV domain. Blue-light excitation of the embedded flavin mononucleotide 

(FMN) cofactor triggers a cascade of protein conformational changes leading to uncaging of the HTH domain, EL222 dimerization, 

and interaction with its target DNA. Our time-resolved small-angle neutron scattering (SANS) experiments revealed the kinetics of 

EL222 assembly into high-order oligomers upon illumination and their subsequent disassembly in the dark. The light-induced changes 

in EL222 size and shape were found to be fully reversible and the photorecovery rate was in line with the well-known FMN 

photocycle. Further experiments employing fluorescence correlation (FCS) spectroscopy supported the SANS observations and 

allowed us to gain more insight into the photoinduced oligomerization kinetics. Analyses of the fluorescence traces and FCS curves 

pointed to the co-existence of multiple diffusing species in EL222 samples illuminated continuously. Moreover, we identified putative 

protein-protein interaction interfaces and the role of DNA in the aggregation process. Taken together, our hybrid SANS/FCS approach 

suggests a plausible mechanism of multimer formation in irradiated EL222. 
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