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Thioredoxin YbbN regulates biofilm formation and cytotoxicity to
enhance the pathogenicity of Vibrio parahaemolyticus

RUI Chuang", GUO Rong*, LU Shuqi’, WU Peijie’, QIU Suoping’, HAN Xiangan’, JIANG Wei*",
LI Tingting"*

1 Shanghai University of Medicine & Health Sciences, Shanghai, China
2 Shanghai Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Shanghai, China

3 Conghua Customs Comprehensive Technical Service Center, Guangzhou, Guangdong, China

Abstract: The thioredoxin family plays crucial roles in bacterial oxidative stress defenses and
virulence regulation, while the function of its member YbbN in Vibrio parahaemolyticus remains
unclear. [Objective] To elucidate the regulatory role of YbbN in the biological characteristics and
pathogenicity of Vibrio parahaemolyticus, providing potential targets for developing novel anti-
infection strategies. [Methods] The ybbN knockout strain (AybbN) and complementary strain
(CAybbN) of Vibrio parahaemolyticus SH112 were constructed by homologous recombination. The
strains were compared regarding the growth characteristics, motility, biofilm formation, bacterial
competition, cell adhesion, cytotoxicity, and pathogenicity in mice. [Results] Although the
knockout of ybbN showed no significant effects on bacterial growth, motility, cell adhesion, or
colonization, it markedly attenuated key pathogenic traits. Specifically, it decreased the biofilm
formation (by 19%-30%), killing efficiency against competitive bacteria (*: P<0.05; ****;
P<0.000 1), and cytotoxicity in HeLa cells (by 27%), while increasing the survival rate of mice by
87.5%. [Conclusion] This study demonstrates for the first time that YbbN specifically regulates
critical aspects involved in biofilm formation, bacterial competition, and cytotoxicity in host cells,
of  Vibrio
parahaemolyticus. These findings not only expand the understanding about the functional diversity

significantly influencing the biological characteristics and pathogenicity
of the thioredoxin family proteins but also provide new molecular targets and a theoretical basis for
preventing Vibrio parahaemolyticus infections.

Keywords: Vibrio parahaemolyticus; thioredoxin; YbbN; biological characteristics; virulence
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Table 1 Primers used in this study

Primers Primer sequences (5'—3") Restriction enzyme Product size (bp)
ybbN-A ACCGGATCCTCACGCACTAACCAGCAATA BamH 1 588

vbbN-B CTGAGTGTCCTTGCTTTTAATTCAGGT

ybbN-C AGCAAGGACACTCAGGCGCAGAGTTCTTCTA 409

ybbN-D ACCGCATGCAAATGACCTCTTGTGCTGGA Pst 1

ybbN-E GTGCTCAAGGTGAAGGTCGC Wide type: 2 538
ybbN-F TTGAGGATTTCTGCCTGACG Mutant: 1 683
ybbN-pMMB-F ATTCTGCAGATGCAATCCCCATTTATCGT Pst1 873
ybbN-pMMB-R ACTGAGCTCTTAGTACAAGATGGAGTACA Sac 1

SacB-F ACGGCACTGTCGCAAACTATA 600

SacB-R TTCCGTCACCGTCAAAGAT
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bp M 1 2 3 4 5 6 7
2538 bp
b 1683 bp
1000 -
500
250

100

E1l  ybbNEFEGRKKEHEHMARIPCRETEL R
M: DL2000 DNA marker; Jkifi1-7: WT-ybbN-E/F
(2 538 bp). AybbN-ybbN-E/F (1 683 bp). CAybbN-
ybbN-E/F (1683 bp). WT-ybbN-pMMB-F/R (873 bp).
AybbN-ybbN-pMMB-F/R (JC 45 7%). CAybbN-ybbN-
PMMB-F/R (873 bp)Fl1AybbN-SacB-F/R (0 bp) i B

PCR identification of ybbN gene deletion
strain and its complementary strain. Lane M: DL2000
DNA marker; Lanes 1-7: Primers of WT-ybbN-E/F
(2 538 bp), AybbN-ybbN-E/F (1 683 bp), CAybbN-
vbbN-E/F (1 683 bp), WT-ybbN-pMMB-F/R (873 bp),
AybbN-ybbN-pMMB-F/R (no band), CAybbN-ybbN-
pMMB-F/R (873 bp), and AybbN-SacB-F/R (0 bp).

Figure 1
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Figure 2 Growth kinetics of Vibrio parahaemolyticus
WT and mutant strains.
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Figure 3 Motility analysis. A: Swimming motility of the strains; B: Swarming motility of the strains.
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Figure 4 Biofilm forming ability. A: Strains grown in LB at 30 °C and 37 °C for 48 h and stained with crystal
violet; B: This shows the results of three independent experiments evaluating biofilm biomass (ns: P>0.05; *:
P<0.05; **** P<0.000 1).
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Figure 5

Antibacterial activity of Vibrio parahaemolyticus strains against Escherichia coli. Quantitative

analysis of Escherichia coli (A) and Vibrio parahaemolyticus (B) pre- (0 h) and post- (4 h) co-culture at 30 °C;

Quantitative analysis of Escherichia coli (C) and Vibrio parahaemolyticus (D) pre- (0 h) and post- (4 h)
co-culture at 37 °C. ns: P>0.05; *: P<0.05; ****:. P<0.000 1.
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Figure 6 Adhesion to HelLa cell monolayers by

various strains.
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Figure 7 Cytotoxic effects of various strains on
HelLa cells. ns: P>0.05; ****: P<(0.000 1.
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Figure 8 Survival rate of ICR mice infected with
WT, AybbN, and CAybbN strains.
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Figure 9 Bacterial loads in mice infected with each strain. A: Heart; B: Liver; C: Spleen; D: Kidney.
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