Involvement of perR and its operon in the oxidative stress
response of Clostridioides difficile
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Introduction
As a strict anaerobe C. difficile should be hampered by the presence
of oxygen and reactive oxygen species e. g. found in the human
intestinal tract. Remarkably, a high, strain-dependent tolerance of the
pathogen to oxygen was recently reported [1]. However, information
on the oxidative stress response is still limited [2], and sensory and
signal transduction pathways not clarified at all.

Approach

Figure 1. Workflow for transcriptome, proteome and metabolome analysis.

We used a multi-omics approach to understand the high tolerance of
C. difficile 630Δerm to oxidative conditions. Furthermore, we looked
for potential defense mechanisms against oxygen and ROS in the
whole genome of C. difficile. We set our focus on an operon
comprising the regulator perR and other potential oxidative stress
response proteins.

Figure 3. Overview of changes in carbon and amino acid metabolism after 60 min of
5% O2-challenge. Gene names of the upregulated enzymes are shown in dark grey and
marked with ↗, downregulated enzymes are shown in light grey and marked with ↘.

There are several potential oxidative stress response proteins within
the C. difficile genome. Few of these candidates are located in one
operon, together with the transcriptional regulator PerR (Fig. 4A). The
genes in this perR operon encode a rubrerythrin, a desulfoferrodoxin
and a glutamate dehydrogenase with a N-terminal rubredoxin
terminus and could suffice a detoxification of O2- and H2O2 (Fig. 5).
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Figure 4. The perR operon (A) and potential perR boxes within the genome of
C. difficile (B). CD05610: aldo/keto reductase ferredoxin; CD15070: thioredoxin;
CD20410: HTH-type transcriptional regulator. Analysis carried out with Virtual
Footprint Version 3.0 [3].
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Figure 2. Differential gene expression according to RNAseq results, reversible
oxidation of the thiol proteome and changes in metabolome.
A heatmap was generated on the basis of ANOVA testing of RLOG data of the RNA
analysis. Induction of gene expression is displayed in red and repression in blue. A
number of 89 RNAs met the criteria of a permutation based FDR of 0.01 (A).
Distribution of redox states of OCPs at N2 and 5% O2 (B). Changes in the intra- (C) and
extracellular (D) metabolome after challenge with 5% O2 for 15 and 60 min compared
to control cells.

Tolerance of C. difficile towards O2 could be based on a complex and
far-reaching adjustment of gene expression, e.g. in the central carbon
and amino acid metabolism. The thiol proteome is characterized by
an extensive and possibly protective reversible oxidation.

In B. subtilis the transcription of the perR operon is regulated by the
H2O2-sensitive repressor PerR [4]. We found a potential perR box
48 bp downstream of rbr1. In silico analysis of other perR boxes
showed three other potentially perR-regulated genes (Fig. 4B).

Figure 5. Schematic representation of the theoretical detoxification of superoxide and
hydrogen peroxide by gene products of the perR operon in C. difficile.
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