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H2O2, a reactive oxygen species (ROS), is known for causing oxidative 
damage during stress. However, it is now recognized as a signaling 
molecule, particularly in modifying protein cysteine residues, leading to 
cysteine sulfenylation in specific proteins. Cellular signaling can be 
anterograde, driven by the nucleus to other organelles such us chloroplast 
or mitochondria in the photosynthetic organisms, or retrograde, directed 
backwards from the organelles to the nucleus. Organisms that undergo 
photosynthesis, such as cyanobacteria, algae, and plants, primarily 
produce H2O2 in the chloroplasts during photosynthesis and in the 
mitochondria during respiration. 
 
In this study, we used the green alga Chlamydomonas reinhardtii. 
Specifically, our attention was directed towards the H2O2-scavenging 
enzyme ascorbate peroxidase 2 (APX2), recently classified as ascorbate 
peroxidase–related (APX-R), of which the function remains unclear. We 
investigated the cellular role of APX2 and we identified modified cysteines 
in their sulfenylated form (-SOH) in Chlamydomonas under oxidative 
stress. 
 
With an explorative screening of mutants through molecular and genetic 
methods, employing 1H-NMR, activity assays, and biophysical techniques 
with recombinantly expressed and purified APX2 and plastocyanin 
proteins, and utilizing structure predictions, we discovered that APX2 is 
most probably localized in the lumen of the chloroplasts and has an impact 
on plastocyanin. APX2, distinct from typical H2O2 scavengers, also 
exhibited next to peroxidase activity copper binding in a typical metal 
binding MxxM sequence motif and is involved in regulating the cellular 
plastocyanin levels. 
 
Through the refinement of a mass spectrometric sulfenome analysis 
technique applied to protein extracts from Chlamydomonas wild type with 
and without oxidative stress, we successfully pinpointed one sulfenylated 
peptide associated with three light-harvesting complexes of photosystem 
II and one sulfenylated peptide associated with the ATP/ADP carrier 
protein AAA1. This discovery serves as an initial indication that the 
regulation of these complexes and of the AAA1 carrier protein involves the 
modification of a cysteine residue. 
 
All in all, our findings reveal a novel function for APX2 and offer insights 
into sulfenylation patterns in Chlamydomonas. 
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