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Effects of calcium-free conditions on the functional phenotypes
and gene expression of Vibrio parahaemolyticus

LI Xue, ZHANG Miaomiao, LUO Xi, ZHANG Yiquan, LU Renfei”

Department of Clinical Laboratory, Nantong Third People’s Hospital, Affiliated Nantong Hospital 3 of Nantong

University, Nantong, Jiangsu, China

Abstract: [Objective] To investigate the effects of calcium ion-free (Ca®'-free) conditions on the
gene expression, biofilm formation, and virulence of Vibrio parahaemolyticus.[Methods] Ethylene
glycol-tetraacetic acid was used to chelate Ca®" in culture media to create Ca*'-free conditions.
Crystal violet staining was employed to evaluate the biofilm formation of V. parahaemolyticus.
Swimming and swarming assays were performed to assess the motility. Additionally, the Kanagawa
phenomenon test, HeLa cell adhesion assay, and cytotoxicity experiment were conducted to
analyze the virulence phenotypes of V. parahaemolyticus. By comparing the expression profiles, we
analyzed the effect of Ca®"-free conditions on the gene expression in V. parahaemolyticus.[Results]
Ca”*"-free conditions inhibited the growth and significantly reduced the biofilm formation,
intracellular c-di-GMP levels, and motility of V. parahaemolyticus. Furthermore, Ca*'-free
conditions suppressed the hemolytic activity and reduced the bacterial adhesion to HeLa cells,
while enhancing the cytotoxicity of V. parahaemolyticus. Transcriptomic analysis revealed 359
differentially expressed genes (DEGs) under Ca®‘-free conditions. These DEGs were mainly
associated with biofilm formation, virulence factors, and regulators. Notably, the genes involved in
lateral flagella and polar flagellum were downregulated, while most virulence genes were
upregulated. The majority of putative regulator genes were downregulated. [Conclusion] Ca®'-free
conditions significantly affect the biofilm formation, motility, virulence, and gene expression of V.
parahaemolyticus.

Keywords: Vibrio parahaemolyticus; calcium ion; biofilm; virulence; transcriptome analysis
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Figure 1 Growth curves analysis. The ODgyo values

were monitored at 1 h intervals.**: P<0.01.

FEIC Ca® W8 Xt A W BT L s, AR B9 R
F 25 iR e (a2 /i G Ca®* (HI-EGTA) 5
B Ca®" (HDHE 35 5 b B I 9 i 25 W BT 1 Y
AR

iR, HI 4EYIREAE 6 h ik S,
Wi i D] ol 28 A O RS ok s TR 4 S 5 T HLL-
EGTA HA Y EGZR T HI 2, H 12 h R
AR HI 41/ 30% 4245 (P<0.05) (& 2). 48 h
5 2 AR 0 B 35 25 R (P>0.05), X Al HE A&
HI AV I O A B s, LaREs R
T, T0 Ca FRET I b A I ¥ 1t 9 PR A A
BIEREE ST, JEHRTERIIE BB B .

0.6 sokokk
1 == HI-EGTA
0.5F T

— HI

<
~

kokok

sk
ns
_-l -l -Illl -ll‘l
6 12 24 48
t/h

OD570/OD600
o o
oW

e
=

e
=

E2 ZREREESHWN
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Figure 4 Motility phenotype analysis. Swimming (A) or swarming (B) capacity of Vibrio parahaemolyticus was

measured by detection of the diameters of swimming or swarming areas in a semi-solid swimming or on

swarming agar. The images depict swimming at 7 hours (A) and swarming at 72 hours (B). *: P<0.05; **:

P<0.01; ***: P<0.001; ****: P<0.000 1; ns: P>0.05.
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Figure 5 Virulence phenotype analysis. A: Kanagawa phenomenon detection (The left plate is Wagatsuma agar
supplemented with 4 mmol/L EGTA, while the right plate is without EGTA); B: Adherence against HeLa cells

[14] - Adhesion rate is

(HeLa cells were infected with Vibrio parahaemolyticus at a MOI of 10 for 90 minutes
expressed as the number of adherent bacteria per initial bacterial inoculum); C: Cytotoxicity against HeLa cells
(HeLa cells were infected with Vibrio parahaemolyticus at a MOI of 2.5 for 3 h. The cytotoxicity of Vibrio

parahaemolyticus against HeLa cells was evaluated in terms of the release of LDH). **: P<(.01.
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Figure 6 Transcriptome differential expression analysis. A: Volcano plot (HI-EGTA was used as the control
group. Red, blue and grey points represent the up-regulated, down-regulated and no-significant regulated genes,
respectively); B: The enrichment of gene ontology (GO) term (Green, red and blue bars represent molecular
function, cellular component and biological process, respectively. The number on the top of each bar indicates the
number of enriched genes); C: Pathways of differentially expressed genes were enriched by Kyoto encyclopedia
of genes and genomes (KEGG) (The vertical axis represents KEGG classification, while the horizontal axis
represents the number of DEGs); D: Cluster of orthologous groups of proteins (COG) (The vertical axis
represents COG classification, whereas the horizontal axis represents the number of DEGs. Red and blue bars

represent up-regulated and down-regulated genes, respectively).
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Table 1 Potential biofilm/motility/virulence-related genes in differentially expressed genes
Gene Name Fold change” Functional annotation/domains
Regulator
VP0067 2.1 LysR family transcriptional regulator
VP0358 2.9 DeoR family transcriptional regulator
VP1212 2.6 DNA-binding response regulator
VP1277 7.1 Histidine utilization repressor
VP1676 24 Transcriptional regulator
VP1763 23 MarR family transcriptional regulator
VP1889 2.6 Cold shock transcriptional regulator CspA
VP2406 2.9 LysR family transcriptional regulator
VP2520 pdhR 0.5 Transcriptional regulator PdhR
VP2603 0.0 Iron-regulated virulence regulatory protein
VP2927 nusG 0.4 Transcription antitermination protein NusG
VPA0148 0.2 Transcriptional regulator CpxR
VPA0149 0.1 Two-component system sensor kinase
VPA0497 2.0 ArsR family transcriptional regulator
VPA0663 0.0 AraC family transcriptional regulator
VPA0678 0.1 Response regulator
VPA0961 24 Transcriptional regulator
VPA1114 2.0 Transcriptional regulator Betl
VPA1124 5.0 Transcriptional regulator
VPA1423 8.3 Transcriptional regulator
c-di-GMP metabolism
VP1881 0.4 EAL-only
VP2888 2.2 GGDEF-only
Type 1V pili
VP2697 mshA 2.1 MSHA pilin protein MshA
T3SS1
VP1676 2.4 Transcriptional regulator
VP1686 vopS 0.5 Adenosine monophosphate-protein transferase
VP1696 vscC 0.5 Type III secretion protein YscC
VPal-7 and T3SS2
VPA1314 tdh2 0.5 TDH
T6SS1
VP1393 hepl 0.3 BfdA protein
VP1401 0.5 Hypothetical protein
VP1402 vipAl 0.5 Hypothetical protein
VP1403 vipB1 0.5 Hypothetical protein
VP1410 VPI1410 0.5 Hypothetical protein
Lateral/polar flagella
VP0780 flgF 43 Flagellar basal body rod protein FlgF
VP0781 fleG 3.7 Flagellar basal body rod protein FlgG
VP0782 flgH 3.1 Flagellar basal body L-ring protein
VP0783 flgl 2.2 P-ring biosynthesis protein FIgA
(5%5)
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(=)
Gene Name Fold change” Functional annotation/domains

VP0784 flgJ 2.1 Flagellar rod assembly protein FlgJ
VPO0785 flgK 5.9 Flagellar hook-associated protein FlgK
VP0786 flgL 3.2 Flagellar hook-associated protein FlgL
VP0788 flaC 4.1 Flagellin
VP0790 flaD 53 Flagellin
VP0791 flaE 3.9 Flagellin
VP2111 motY 2.4 Sodium-type flagellar protein MotY
VP2254 fliS 3.6 Flagellar protein FliS
VP2256 fliD 2.4 Flagellar capping protein
VP2258 flad 2.2 Flagellin
VP2259 flaB 6.4 Flagellin
VP2261 flaF 34 Flagellin
VP2811 motX 2.2 Sodium-type polar flagellar protein MotX
VP1088 2.1 Chemotaxis transducer
VP2827 3.0 Methyl-accepting chemotaxis protein
VPA1449 2.3 Methyl-accepting chemotaxis protein

*: Fold change=HIZH AL A5 ECF- M E/HI-EGTAZ AL RO ME, 45 R> 1R RHI-EGTAZLRIA T, <138 il

*: Fold change represents differential gene expression in the HI group relative to the HI-EGTA group (reference). A ratio>1 indicates

downregulation in the HI-EGTA group, a ratio<lI indicates upregulation.
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Figure 7 Validation of DEGs by RT-qPCR. A total of 16 genes from various pathways listed in Table 1 were
selected for RT-qPCR analysis, with the 16S rRNA gene used as the internal control.
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