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For many years, hydrogen peroxide (H2O2) has been regarded as an 
unwanted by-product of aerobic respiration that causes detrimental 
damages to cellular biomolecules. However, in the past two decades, 
H2O2 has emerged as an essential “secondary messenger” in signaling 
cascades in cells. Peroxiredoxin 1 (Prdx1), a cytosolic H2O2 scavenger, 
acts as a sensor for H2O2 and transfers oxidative equivalents to less 
reactive thiols of the target proteins via the formation of a transient 
mixed disulfide, a mechanism referred to as redox-relay. This explains 
why oxidation is still detected in less abundant proteins with H2O2 
reaction rates a million times slower than Prdx1, as is the case for 
apoptosis signal-regulating kinase 1 (ASK1), an upstream kinase that 
initiates the signaling cascade which results in the downstream 
transcription of pro-inflammatory genes. Indeed, ASK1 has been 
identified as an interactor of Prdx1. 
 

The aim of my PhD thesis is to provide insights into the specificity as 
well as the mechanism of the Prdx1:ASK1 redox-relay by combining in 
cell with in vitro approaches. I visualized, for the first time, the 
Prdx1:ASK1 interaction in human embryonic kidney (HEK) cells upon 
an increase of the intracellular H2O2 levels. Additionally, I have 
elucidated several mechanistic details of the interaction. First, I 
showed that the peroxidatic cysteine of Prdx1 transfers oxidative 
equivalents from Prdx1 to ASK1. Second, I demonstrated that Prdx1 
interacts with the thioredoxin-binding domain of ASK1 (ASK1-TBD) 
where the redox-sensitive cysteine of ASK1 is located and that this 
interaction could even happen without the involvement of a 
scaffolding protein. To put the Prdx1:ASK1 interaction in a more 
physiological context, I investigated this interaction in differentiated 
subtypes of bone marrow-derived macrophages, the highly phagocytic 
immune cells. I revealed that not only does Prdx1 itself have distinct 
functions, but also the Prdx1:ASK1 interaction seems to differ in the 
different macrophage subtypes. 

 

Overall, I showed the details of the Prdx1:ASK1 redox-relay 
mechanism in response to H2O2 in mammalian HEK cells, and the 
different roles of Prdx1 in the differentially polarized bone marrow 
derived macrophages. However, the architecture of the redox-relay 
Prdx1:ASK1 complex as well as the downstream effects of this protein-
protein interaction remain to be elucidated in future studies. 
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