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responses to oxidative stress induced by unfavorable environmental conditions. So far, the
understanding of bacterial responses to oxidative stress mainly stems from a handful model
bacteria such as Escherichia coli and the studies on non-model bacterial responses to oxidative
stress are limited. In this study, Citrobacter braakii JPG1, a commonly occurring strain of
enterobacteria, was used as a model for the first time to explore the role of SoxR in the
responses to aerobic/anaerobic-menadione stress. First, we analyzed the phylogenetic
relationship of SoxR based on the whole genome and constructed the SoxR-deleted strain
(AsoxR). Then, the cell counts of the wild type (WT) and ASOXR were compared under
aerobic/anaerobic-menadione stress. The results showed that the cell count of WT exposed to
the aerobic-low concentration menadione (0.1 mmol/L) stress for 24 h increased by 4.2 times
compared with that at the time point of 0 h, while that of ASOXR only increased by 1.3 times.
The vast majority of WT and ASoxR cells died after exposure to the aerobic-high concentration
menadione (0.3 mmol/L) stress for 24 h, with the cell counts only 29% and 0.2% of those at the
time point of 0 h, respectively. Interestingly, the cell counts of WT showed no significant
difference between the anaerobic-menadione stress and the control (P>0.05), and the same was
true for ASOXR. All these results indicated that SoxR of C. braakii JPG1 only has a regulatory
effect on the redox cycling compound menadione under aerobic conditions and enhance the
antioxidant capacity. Under anaerobic conditions, menadione failed to activate SoxR. The
findings from this study provide new insights into understanding both the physiological responses
to menadione stress and the regulatory role of SoxR under different oxygen conditions.
Keywords: bacteria; transcriptional regulator; redox-cycling compounds; oxidative stress
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=1 HE AsoxR SRR
Table 1 Primers used for construction of ASOXR

Primer name

Primer sequence (5'—3")

soxR-Up- TCCCCCGGGCGCCCGCCATACTGACG

Sma I-F CAGAG

soxR-Up-R TCCATCAGATATTTCACAAAATCGCTT
TACCTCAAGTTAA

soXR-Down-F  GAGGTAAAGCGATTTTGTGAAATATC
TGATGGATTGAC

soxR-Down- GGGGTACCACGCGCAATAAATAATCA

Kpn I-R GTC

pRE112-ter-F ATGGAAAAGAAATTACCCCGAA
pRE112-ter-R  TCAATCATCTTCCAGCAGACGC
SoXR-JD-F AGCGGGCAATAATCTTACAGG
soxR-JD-R CGGAACCTCACCTAATGTGCTC
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1 Citrobacter braakii JPG1 5 SoxR EIEHNE LN HEFENEFAER

Figure 1

Genomic context of genes involved in oxidative stress response regulated by SoxR in Citrobacter

braakii JPG1. The functions of proteins encoded by SoxR-regulated genes: FldB, Flavodoxin 2; Nfo,
Probable endonuclease 4; FumC, Fumarate hydratase class II; Zwf, Glucose-6-phosphate 1-dehydrogenase;
FIdA, Flavodoxin 1; Fur, Ferric uptake regulation protein; AcrA, Multidrug efflux pump subunit; AcrB,
Multidrug efflux pump subunit; SoxR, Redox-sensitive transcriptional activator; SoxS, Regulatory protein;
Fpr, Flavodoxin/ferredoxin-NADP reductase; SodA, Superoxide dismutase [Mn].

2 Citrobacter braakii JPG1 HJ SoxR Rt % B #
Figure 2 The Phylogenetic tree of SoxR in Citrobacter braakii JPGI.
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Figure 3 PCR identification results of ASOXR construction of C. braakii JPG1. A: Upstream and downstream

fragments of SOXR gene; B: SOXR up-down fragments; C: Verification of the recombinant plasmids
pRE112-s0xR; D: Verification of SOXR gene deletion. M: DNA marker.
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Figure 4 Growth curves of WT and ASoxR under aerobic (A) and anaerobic (B) conditions.
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Figure 5 Growth curves of the WT and ASoxR under stress of aerobic-menadione (A) and anaerobic-

menadione (B).
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Figure 6 The number of viable bacterial cells of the WT and AsoxR under stress of aerobic-menadione (A
and B) and anaerobic-menadione (C and D). ns: P>0.05; ***: P<0.001.

* 2 WENMRE-REERMNE 24 h F WT 5
AsoxR VA— LR E & B E Mo

Table 2 Significance analysis of nomalized cell
counts of WT and ASOXR cultured under stress of
aerobic-menadione and anaerobic-menadione for 24 h

Menadione WT vs. AsoxR
concentration (mmol/L) A arobic Anaerobic
0.0 P>0.05 P>0.05
0.1 P<0.001 P>0.05
0.3 P<0.05 P>0.05
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