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Introduction

Dye-decolorizing peroxidases (DyPs) are a family of heme peroxidases, in which a catalytic distal aspartate is involved in H2O2 activation to catalyze oxidation in acidic conditions. They have received much attention due to their potential applications in lignin degradation and biofuel production from biomass. However, the mode of oxidation in bacterial DyPs remains unknown. We have recently reported that the bacterial TcDyP from Thermomonospora curvata is among the most active DyPs and shows activity toward phenolic lignin model compounds [1]. Here, based on the X-ray crystal structure solved at 1.75 Å, sigmoidal steady-state kinetics with reactive blue 19, and formation of compound II-like product in the absence of reducing substrates observed with stopped-flow spectroscopy and electron paramagnetic resonance (EPR), we hypothesized that the TcDyP catalyzes oxidation of large-size substrates via multiple surface-exposed protein radicals [2]. 
Experimental 

EPR spectra were collected at the National High Magnetic Field Laboratory (NHMFL). W-band EPR experiments were carried out on a 94 GHz quasi-optical EPR spectrometer (HiPER) using an induction-mode cylindrical sample holder. 
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Results and Discussion


Surface-exposed W263, W376, and Y332 were proposed to be the sites of protein-based radicals, the EPR signals of the mutants of these sites in the presence of H2O2 were investigated and compared with the wt-TcDyP. W-band EPR spectra of 0.2 mM wt and mutant TcDyPs were collected in the presence of 2 mM H2O2. The enzymes were incubated with H2O2 for 60 s before being flash-frozen in liquid nitrogen. As shown in Fig.1, the wt signals consist of at least two types of protein radicals: tyrosinyl and tryptophanyl radicals. The Y332F mutant signals are significantly different from the wt signals. Subtraction of Y332F from the wt gave spectral features of a tyrosinyl radical (the dotted line in Fig.1), which has gx, gy, and gz values at 2.0078, 2.0049, and 2.0025, respectively, consistent with the previously observed g values for tyrosinyal radicals. The broad peaks in Y332F, showing g values ranging from 2.002 to 2.005, were likely resulted from tryptophanyl and other unknown radicals. 
Conclusions

Overall, the EPR study of mutants supports the hypothesis that surface-exposed W263, W376, and Y332 generate protein radicals in the presence of H2O2 under acidic conditions. Identification of surface-exposed protein radicals and substrate oxidation sites is important for understanding DyP mechanism and modulating its catalytic functions for improved ligninolytic activity.
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Fig.1. (A) Location of surface-exposed protein radicals (green) and heme porphyrin (red) in TcDyP. (B) W-band EPR spectra of 0.2 mM TcDyPs reacted with 10 equiv. H2O2 at pH 3.0 recorded at 30 K.












