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The two-component system EnvZ/OmpR mediates alkaline
stress tolerance of Vibrio parahaemolyticus
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Abstract: [Objective] Vibrio parahaemolyticus is a significant foodborne pathogen that causes
economic and public health problems worldwide. In this study, we explored the roles of the
two-component system (TCS) EnvZ/OmpR in mediating the alkaline stress tolerance of V.
parahaemolyticus. [Methods] We identified the two-component system EnvZ/OmpR in the V.
parahaemolyticus chromosomes with SMART (https://smart.embl.de/). Then, we constructed the
envZ-deleted strain, the ompR-deleted strain, as well as the complemented strains. On this basis, we
compared the alkaline stress tolerance of the wild-type strain and the mutants, and the mechanisms
whereby the EnvZ/OmpR regulated the alkaline stress tolerance of V. parahaemolyticus were explored
by qRT-PCR and bioluminescence reporter assay. [Results] Homology analysis of the VP0155 and
VP0154 proteins revealed that their amino acid sequences shared a high identity with the
two-component system EnvZ/OmpR. ompR deletion decreased the tolerance of V. parahaemolyticus to
osmotic stress and alkaline stress, while the growth status of CAompR, AenvZ, and CAenvZ was similar
to that of the wild type. The transcription levels of porin genes vp1218, vp0493, vpal745, vpa0085, and
vpal308 in AompR were lower than those in the wild type, and the deletion strains of the porin genes
(except for Avpal308) showed low growth ability in the alkaline-shock environment as compared with
the wild strains. In addition, OmpR inhibited the expression of AphB and AaphB was significantly more
tolerant to alkaline stress than the wild type. Moreover, AphB can directly repress the transcription of
vp0493 and vpa0085. [Conclusion] The two-component system EnvZ/OmpR mediates alkaline stress
tolerance of V. parahaemolyticus, which depends on the transcriptional factor AphB to regulate the

expression of the porins.

Keywords: Vibrio parahaemolyticus; two-component system; EnvZ/OmpR; alkaline stress tolerance
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Table 1 Primers used in the gene deletion strains

Primers Sequences (5'—3")

vp0154-P1-Xba 1 GCTCTAGAACAACAAGCAAAGCGCAGAATCTTAACTTC
vp0154-P2 GTATTCACGACCGTGAAAGTTTTCGCGTGT

vp0154-P3 GAAAACTTTCACGGTCGTGAATACTCTGCG

vp0154-P4-Sac 1
vp0155-P1-Sac 1
vp0155-P2
vp0155-P3
vp0155-P4-Xba 1
vp2184-P1-Sac 1
vp2184-P2
vp2184-P3
vp2184-P4-Sph 1
vp0493-P1-Pst 1
vp0493-P2
vp0493-P3
vp0493-P4-Sac 1
vpl218-P1-Xba 1
vpl218-P2
vpl218-P3
vpl218-P4-Sac 1
vpa0085-P1-Sac 1
vpa0085-P2
vpa0085-P3
vpa0085-P4-Sac 1
vpal745-P1-Xba 1
vpal745-P2
vpal745-P3
vpal745-P4-Xba 1
vpal308-P1-Xba |
vpal308-P2
vpal308-P3
vpal308-P4-Sac 1

CGAGCTCCCCTTTCGACATCTGGTTAAATGCACGAGT
CGAGCTCGAGCAAGGTTTTCAAGTCCGTAGTGTAGCA
ATCACCACGGGTATTCAGTTCGTGAGCAAG
CACGAACTGAATACCCGTGGTGATACGGCG
GCTCTAGAGGGAAACCAACCTCGTTGCGCTACCGATTC
CGAGCTCCCGTCATCTACGCGAAACCACTGGCTTGAA
TTCGATGTATTCACGGTTCAATAGTCGAAG
CTATTGAACCGTGAATACATCGAAAGTGGTGAA
ACATGCATGCAAGCTGGGTGAGCGAATTCGTGAAGATTAC
AAAACTGCAGATGTAACTGTTATTAATCGTTTAAG
TGGCTTTTTCTGTTTGAGGTAGGTTTAGGTTT
ACCTACCTCAAACAGAAAAAGCCATTTTTTC
CGAGCTCATGCGAGCATTGACGTTGTTTGGACACAT
GCTCTAGATTTTAAGTGGCTACCCATCAA
CAAGCGCACGCCGACGTTTTGCAAAGCTAT
TTGCAAAACGTCGGCGTGCGCTTGCACAGC
CGAGCTCGTCATCTTCACCGTCAGTTCG
CGAGCTCGAACCACGCTGGCATAAACCA
CGACACGGAAGAGTGCAGAAGTAAGGTATC
TTCTGCACTCTTCCGTGTCGGTTTGAAATA
GCTCTAGAAAATTCGCCCGAGTAGTTGGC
GCTCTAGACTGTATCAAGCGGAAGATGGG
AAACTCGAATCTGTATCGTGCTTACAGCTC
TAAGCACGATACAGATTCGAGTTTAGCCAG
GCTCTAGAGGGTCACCCAACAAGTAGCGT
GCTCTAGATTCTTTGTCTTGGTTTTCTGC
CAATTGGGCACAAATTGGTGTCGTTTTGGA
CACCAATTTGTGCCCAATTGAAGTAATATC
CGAGCTCCTATGTGGAGAAACAAATTGA

*2 HMEBEIMKRESITIR

Table 2 Primers used in the gene replenishment strains

Primer

Sequences (5'—3")

CAvp0154-Rev
CAvp0154-Fwd
CAvp0155-Rev
CAvp0155-Fwd

CCCAAGCTTTTACGACTCTTTGCCGTCTGGGACAAATAC
CGGGGTACCGTCAATAGATGCTTCTGAAAGGATGTTTCA
CCCAAGCTTTTATTTGGTCGGGAAACTGATTTG
CGGGGTACCAGGATCATTAGGAAATTTCCATGCG

http://journals.im.ac.cn/actamicrocn
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& 3 qRT-PCR FFES|4#15%
Table 3  Primers used in qRT-PCR assay

Primers

Sequences (5'—3)

qRT-PCR-vp1218-F
qRT-PCR-vpi218-R
qRT-PCR-vp0493-F
qRT-PCR-vp0493-R
qRT-PCR-vpal745-F
qRT-PCR-vpal745-R
qRT-PCR-vpa0085-F
qRT-PCR-vpa0085-R
qRT-PCR-vpal308-F
qRT-PCR-vpal308-R

CTCAGTGCGTATCATCCAAGAG
GGCGTATGTGGTGTGTACTT
GGGATCAGCTACCACTTCAAT
AGGCTACTGTCTTCGGTTTG
GCGAAAGATTATGGTCGCATTAC
CGCCATAGAAACATCGGAAGA
CACCGTTTCGACAACCAAATC
CAGTTTCATGGCCTGCATTAC
GGTTTCTCTAGTCATCGGTAGC
GACGCTGTCCATCTTGGTAATA

1.6 RN RGHEKRNA

FIH clone manager AT WG iETT
PCR ¥4, 153 H MK R HE DNA F Bt
aifb, AW Y)E 4E 7 R i B A UKL
pBAD24-Amp P LIEXZEMH . A BProm
program (SoftBerry)7E £k T il 1 5L A (%) 3 3l +
FE9, P R 9 v o I BE R ) 2 3% A
F| R pBBR-lux o T 2 ASHAH BRI o iR
J&, R =04 By ek w3 R I A K

*4 NMEBETLENRFRAFSIMIIR

FREH, BSR4 35 2N 5% R (0.10 mg/mL)
IS5 22(0.02 mg/mL)XPLAY LB P b, BEEC
BRI P& 37 °C GRS . B BTk Y
KIGFFE 1:100 $53: % LB AR5, 450
AFNAREREFRAR DO AR, B FLH I 200 pL,
BRAMRE 3 B, FESEIR. 9 h FlllE &
BB ODgoo H AN FEAE Lux o Fie 245 B 1 9 Y6
J£=Lux/ODsy. #)H GraphPad Prism 8.0 #174E
Bl o3t . B i3 4.

Table 4 Primers used in bioluminescence reporter assay

Primer

Sequences (5'—3)

pBAD24-vp0154-F
pBAD24-vp0154-R
pBAD24-vp2184-F
pBAD24-vp2184-R
P-lux-vp2184-F
P-lux-vp2184-R
P-lux-vp0493-F
P-lux-vp0493-R
P-lux-vpa0085-F
P-lux-vpa0085-R

GCTCTAGATTACGACTCTTTGCCGTCTGGGACAAATAC
GGGGTACCCGTCAATAGATGCTTCTGAAAGGATGTTTC
GCTCTAGATAGGCTCTGGTTTTTATTTTTGTATCATTT
GGGGTACCCCATAATTGGTAATTTAATGTGTCTGGAAA
GGACTAGTATTTCCAGACACATTAAATTACCAATTATG
CGAGCTCCAAAAAACAAAATTATTTAAGTTATTATTTTTG

CGAGCTCCCCTTCCTCCGATGTATTTTCTTAATTTTT
GACTAGTTCCTTGTGTCTAACTTTTTTATTAGTATCT
GACTAGTTTTGAAACACCATTTTATTTTATAATAAAT
CGAGCTCTCATGGTTCCTCCACCTTGAAGGAAGTCGT

<l actamicro@im.ac.cn, & 010-64807516
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B R 5 B AR BR(WT)ZE AR [ 55 55 4 T g A K
REJ) o SR EoR, 7E R IR H L RS 77 3
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MAEKRE I CW B 22 % (K 2A); TEEBE

VPO154 ’Trahs
reg_C>
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VPO155 (HamP | HiskA ATPase c>>
\ S _
0 100 200 300 400
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Vibrio parahaemolyticus RIMD 2210633 \ MEOISA | VPO155
84% 50%
Escherichia coli, MG1655 OmpR EnvZ

1 EAMITE EnvZ/OmpR MBS RGEHLEE
Identification of EnvZ/OmpR TCS in V. parahaemolyticus. A: the conserved domains of the

Figure 1

VP0154 and VPO155 protein, as determined using the SMART online server; B: homology analyses of the
VPO0154 and VP0O155 proteins by the protein BLAST algorithm. The identities of the amino acid sequences
encoded by each gene are shown among V. parahaemolyticus strain RIMD 2210633, V. cholerae strain MS6,

and E. coli strain MG1655.

http://journals.im.ac.cn/actamicrocn
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Figure 3 The porins were regulated by OmpR and
contribute to the fitness at the alkaline-shock
environment. A: the transcription levels of the porin
genes in WT and AompR strains were measured by
gRT-PCR. gRT-PCR expression values are
presented as the means plus standard deviations
from three independent experiments. B: growing
curves of V. parahaemolyticus strains in MLB; C:
growing curves of V. parahaemolyticus strains in an
alkaline-shock environment.
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Figure 4 AphB was regulated by OmpR and affected the expression of gene vp0493 and vpa0085. A: the
regulation of OmpR to aphB was assessed by measuring luminescence in E. coli strain containing the
pBAD24-ompR and Pyphg-lux plasmids; B: growing curves of WT and AaphB strains in an alkaline-shock
environment; C-D: The regulation of AphB to gene vp0493 or vpa0085 was assessed by measuring
luminescence in E. coli strain containing the pBAD24-aphB and Pypo403-lux or Pypagoss-fux plasmids. *:

P<0.05; ***: P<0.001.
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