
Experiment title: Structural insights into energy quenching by the orange carotenoid protein by use 

of time-resolved WAXS. 
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This experiment is part of an international project that target to get insights into the energy 

quenching mechanism of the cyanobacterial orange carotenoid protein (OCP) and its regulation by 

light. The photoactive OCP is known to protect cyanobacteria against photo-oxidative stress. It 

participates in non-photochemical quenching by interacting with the cyanobacterial antenna, the 

phycobilisome (PB), by inducing thermal dissipation of excess absorbed energy. The OCP must be 

photoactivated in order to interact with PBS. Upon photo-activation, the carotenoid migrates into 

the N-terminal domain which detaches from the C-terminal domain, resulting in the OCP red state. 

The OCP red state can interact with the PBs, and thereby reduces the amount of energy delivered by 

these to the reaction centers, thus preventing accumulation of chlorophyll triplet states and 

consecutive production of singlet-oxygen (1O2). Within this consortium, we devise a time-resolved 

visualization of photoactivation mechanism of OCP by combined ultrafast optical spectroscopy and 

serial femtosecond crystallography, from the formation of the excited-state structure following 

photon absorption on the few hundreds of fs timescale, to the migration of the carotenoid and 

dissociation of the two domains, on the micro-millisecond timescale. The latter step was studied 

using time-resolved wide-angle X-ray scattering (TR-WAXS) experiments on the ID9 beamline. The 

conformational changes in the micro-millisecond that accompany photoactivation of OCP were the 

target for this TR-WAXS experiment. Data collected on different OCP in the framework of LS2884 

show that μs-s structural dynamics of OCP is accessible by the TR-WAXS approach, as implemented at 

ESRF beamline ID9 using a nanosecond laser excitation (λ = 527 nm, 500 ns, or λ = 430 nm, 5 ns). 

Currently TR-WAXS recorded data are analyzed and compared with data recorded in Poland using 

flash photolysis experiments aiming to build a general photo-dynamical and photo-chemical scheme 

for the conversion of orange to red active state. 


