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The Tad pilus secretin CpaC is associated with motility, biofilm
formation, and pathogenicity of Vibrio parahaemolyticus

BAI Xuerui', GUO Rong’, LU Shugqi’, FAN Bingbing®, ZHANG Quan’, FANG Weihuan®,
JIANG Wei*

1 Department of Animal Science and Technology, Shanghai Vocational College of Agriculture and Forestry,
Shanghai, China

2 Shanghai Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Shanghai, China
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Abstract: [Objective] Tad pili are widely distributed in Gram-negative bacteria and are associated
with the virulence of various pathogens. However, the studies about the Tad pili in Vibrio
parahaemolyticus remain limited. This study aimed to elucidate the role of the Tad pilus secretin
CpaC (VP2419) in the biological functions of V. parahaemolyticus. [Methods] The cpaC-deleted
mutant (AcpaC) and complemented strain (CAcpaC) were constructed from the wild-type (WT)
strain (SH112) of V. parahaemolyticus. The strains were compared in terms of biofilm formation,
competitiveness, swarming and swimming motility, cell adhesion, cytotoxicity, as well as
virulence, tissue colonization, and pathology in mice. [Results] Regarding environmental
adaptation, compared with the WT strain, AcpaC exhibited significantly decreased competitiveness,
motility, and biofilm formation. In terms of pathogenicity, AcpaC demonstrated significantly
reduced cell adhesion, cytotoxicity, as well as attenuated virulence, tissue colonization, and
pathological damage in mice, compared with the WT strain. [Conclusion] As the Tad pilus secretin
in V. parahaemolyticus, CpaC participates in multiple functions related to environmental adaptation
and pathogenicity, cell adhesion,
cytotoxicity, and tissue colonization. These findings provide important insights for a deeper
understanding of the biological functions of Tad pili.

Keywords: Vibrio parahaemolyticus; Tad pilus; biofilm; motility; pathogenicity
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T HEERG, IFEMOCEH L AL o 2 WAl FT
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TR B LA R 40 peAh, AR E CpaC
(RepA)JE I 1Y) 22 B AAC BN 3 14 3 18 32 247 57 7
BEAMESL, FHFER B ANH ISR, 5T
UESE R 1 CpaC Ak by BHLAG I 5 PilA 1Y sh 2
JRAR 43 12 T H AR B AR I R
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Table 1 Strains and plasmids used in this study
Strains or plasmids Relevant characteristics description Source or
reference
V. parahaemolyticus strains
SH112 Wild type, tdh', Cm® [31]
AcpaC Mutation in cpaC gene of strain SH112 This study
CAcpaC AcpaC with plasmid pMMB207-£ssL2 This study
E. coli strains
CC118 Apir Apir lysogen of CC118 A(ara-leu) araD AlacX74 galE galK phoA20 thi-1 rpsE rpoB [31]
argE (Am) recAl
DHS5a F NlacZYA-argF) U169 recA, endAl hsdR17 (1", my") phoA supE44 A~ [31]
Plasmids
pYAKI R6K-ori suicide vector with sacB gene, Cm" [31]
pMMB207 RSF1010 derivative, IncQ lacl® Cm" P,,. oriT [31]

a8 Cm™-TCBS). 200 g/L FEHE LB (ffi#k G-LB)H
FHEE R AR & 0.3% ZEHE A 3% NaCl (1
LB M (fai ARk s~ A0 1 TR A vk sl s &
1.5% B A% KL 2 W (brain heart infusion, BHI)[A)
VAR (AR ERFAR) FH TR 4 i e AR5 30

AN, T RIMD2210633 ¥ I 3% B b
cpaC (vp2419)F9, 2% FAEP I ik Al
Frits 519
1.2 FZRH. LEF

TCBS. BHI S:Ri Ak, "R IUME DR
FARA T A okl . DNA 2 Bl ) & .
DNA NI R R A8, SRR R R B
(P ENABRA T ; CytoTox 96% 4 i BRI 2
Promega /A &) ; DMEM 4 il 15 359 . FBS i 4
M3, Gibeo A,

PCR. ki 2 250041, Eppendorf 23 H] ;
H 3 40 M3+ %0, Bio-Rad 2 w5 R 41
PEHEEAL, Thermo /4 H]; T12 &G M il
% (transmission electron microscope, TEM), FEI
NG
1.3 SLIezEhY)

Institute of cancer research (ICR) M4 /N R, ,

LR RIAPHCA BRA A . AOFIE A s sk

B A v AL b2 B 1 v B 5 T Sh A
PRZE B HHE, 45 o SYXK<Y1>2020-0027
1.4 cpaC EREEREIxS B AMARIE

S SCHR[32] B 58 J5 v, I I B
WT 35 3¢ 2 % 50 (0De00=0.2), #2 U H: DNA
%M. @it PCR FRHL cpaC FEH W) . FUFH
Bt AB FI CD, ¥ Hoil i @it 5 PCR & i
cpaC FeR B Fr B epaC-AD (514 cpaC-A/B .
cpaC-C/D. cpaC-A/D, VL3 2). 3 HEE
Bl A A3 U Y sacB LAY H R R
pYAKI, FFEARGAFH CCL18\pir Ziififl. LAE
BHAE R AY CC118Apir AR, WT N2
AT R . 4 Cm'-TCBS HI G-LB ¥ %
RO 2, FH 4T PCR %6 %€ (519 cpaC-E/F,
sacB-F/R, ULF% 2), W B 3% Rl O wk A 44 M
AcpaC.,

ik PCR 45 WT Y cpaC 5¢ 3 (5]
Yl cpaC-pMMB-F/R, UL 3% 2), ¥ Hi&E % 2
pMMB207 JitkiH, SR J5H A CC118hpir 4 i .
DL BH P AN BB A CCLI8Apir Ay i A T |
AcpaC ¥R Z IR R AT b 5685, &MY
Cm'-TCBS #fit€, FH#47 PCR %€ (519 cpaC-
PMMB-F/R, VL3 2), 547 FHYE ok i) Bk
w44 N CAcpaC.,
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R2 AEARETASI
Table 2  Primers used in this study

Primer names Primer sequences (5'—3") Restriction Fragment length (bp) Reference
enzyme

cpaC-A ACCCTGCAGAAACCAGCCAACAGTAGAAC Pst 1 484 [32]

cpaC-B AATTCACCTAATTACTGACTCGGACAC

cpaC-C GTAATTAGGTGAATTATGGAGAGCAAGAT 431 [32]

cpaC-D ATTCCCGGGGCATTCTGTAGGCGTGTTTT Sma 1

cpaC-E CAAAAGATTTATTGGGCATT Wide type: 3 326 [32]

cpaC-F CCGCACCGCTATTGCCAGTC Mutant: 1 862

cpaC-pMMB-F GGCCGCCTGCAGATGAAAACAATAATATT Pst1 1482 [32]

cpaC-pMMB-R CATGAGCTCTTATAGACTGTGCCCAAACT Sac 1

sacB-F ACGGCACTGTCGCAAACTATA 600 [32]

sacB-R TTCCGTCACCGTCAAAGAT

Restriction enzyme sites are underlined.

1.5 HKahZNE

3 FE(WT., AcpaC F CAcpaC)Yi3: %
XTEU (ODgp=0.2), 45 HL 50 pL BN % 5 mL
TCHE B R E PR BRA), TR 100 uL i AR BR
WeALr, GREWESE 10 ML, XHRIL RN TH
Bk, feJa, VAR ARE T 37 cCIRAIEE
12 h, EEEIBE 1 hids% 1 7% 600 nm Ab 141 R 5t
B (ODgoo), 2R E R I AL
1.6 EHI#ER AN E

[ 1.4 95753, B3 Fhi 45 200 pL ik 2
FEpRA LA, R 10 NEE L, XL AT
BRFR3k, KU AR R B T 37 °ClRAE, B
F% 48 ho 7% I 5 S A Y w BRI o ik
6 FHTEA A SR 0 45 440 B 26 0 Bt B AE 595 nm P K
TG EEE(ODsos 1) o
1.7 HEEEhEREN

A 1.4 35555, ¥ 3 P X559 2 ODgoo=
0.2 B, A3l HL 1 uL 45 PV 3 P 2E UK B - ple 3
M, 237 °CIRAREFE 4 h, WEIICFAEH
# UK B (swimming) H 42 . [ E, 2050 B 1 ul
3 Pl R I (ODeoo=0.2) 3 P 7E FE 2 Al R 1T, 7
30 °CHRAE TP VE 16 h, WEIFiC 540 1 7 & it
#1588 (swarming) A% .

P4 actamicro@im.ac.cn, 7 010-64807516

1.8 EHBEFERIE

S A EmECTTE, B WT. AcpaC K
CAcpaC W& ¥k 7 il e fp F Ik ah E e 2 i, 48
37 °CHi 3% 3.5 h, F PBS 5 4l B B 18 75 52 2
o SHIRE 2% BRI sk E e s, S
S E B S A P SOV 254
1.9 HEEFIAE

PRI M IRE WT. AcpaC M CAcpaC FIK
%1 DHS50 5535 & ODgpo=0.2, 1% 4:1 [t
1] () i K B K B R B TR A T B WT 4.
AcpaC 4 K CAcpaC AW, HAHRE 3 IKE
B, VNEZATE 2 6 1 &5 MRE, o
MERT TCBS M2 NP4k LB M 355,
IO h B 45 R ¥ i I BRT AN K AT BT 1) A R U
(CFU/mL). 75 1 HiRAW T 30 °CH&MEH 4 h
W, 245 FE, 18 TCBS M & S 754k LB
Me b3R5 5%, Kol 4 h B 4% 40 B iR B (CFU/mL).
PLRIBRERY 7, #6037 °CEET 3 FhEI A IR
B AFTF# DHSo B4 B 55 4t 5
1.10 ZHpEZLHMHIAIE

SEEEPI T, ¥ HeLa 405772 2 0
YR ZEE, VeV 2 IRFEH . B WT. AcpaC K
CAcpaC W B #7 2 ODgog=0.2, Lk 10:1 (3 &
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BANEO )G (multiplicity of infection, MOI)
YER 1h, BEERL 4 L. YY) HeLa L
2 YRBESE, 16 0.5% Triton X-100 AYJCE PBS
4. wE, KRYRRRBITER 2 3% NaCl-LB
SRR, TS B AR CFU 5 BB
111 ZABaE 4

FRHlE CytoTox 96™ 4 ffd 2 1 A ) 12X 1) 5 13 ]
FEAE, D E HeLa 40 i B i 0 3L AR I &0l
(lactate dehydrogenase, LDH). ¥ WT. AcpaC K&
CAcpaC (ODgy=0.2)53 7Lk MOI=10:1 J&&Z% HeLa
A0 1.5 h, BEFPEEE 4 AFL, I E A X
HEAL
1.12 pREBSRE

22 SCRR 321 i, 1 3 JAil% SPF 4%
ICR /N L WT 2. AcpaC 4. CAcpaC
AN BRZH (A AR K, 2 8 Ho B & RIS
FRZE ODgoo [H-M 0.2, HIJCH PBS k2 Ik, Jdk%
T PBS ZEZAKF S 100 uL/H (3%108 CFU/mL).
20 ICR /MR S e, W 7 d B9 A7 s
R, B2 hidsE 1K, el REL,
1.13 ARFENESHERN

¥ ICR /NELBENL 7> A 4 20, H)D WT 41 .
AcpaC 4 . CAcpaC HFIXTHA, &4 10 H,
25 20 TR R R (R 15 9% 28 ODgoo=0.2, JH G PBS
YE2 W, HEET PBS BLAKAFH K 100 pL/H
(5107 CFU/mL); XFHEZHA 100 uL/H A HER K
/N BT 10 h 5, AAREPLE 5 H/NR
PEATHEIRGE, BGHr0 . L BE. BE T E S
B, WBWA T TCBS ik, it 8k
Pk CFU e 4 e AL BOR 0 . g H
% B RDTRAE R AR AT BRA R, HIMELEY
FUI R, R RSN B AR AR
1.14 #iESHh

AR A ERE 3 k. Bl fli ] GraphPad
Prism X 7 i#f 17 5. K R J5 22 73 #7 (one-way
ANOVA), ZERVISAEHARMEZE (mean+SD) IR

2 HER50HT

20 FRRINHEE cpaC EERBREAHKE R
IS

PCR % e 45 R B~ (& 1), WT ¥ DNA &
cpaC-E/F 59414, 3/1% cpaC 568 Be 3 326 bp
(VK& 1), 1M AcpaC Fll CAcpaC #1345 cpaC
e R BB 1 862 bp (3KiE 2 Al 3). WT Al
CAcpaC % cpaC-pMMB-F/R 5| ¥4 4 5L [H J5 4
3R1S 1482 bp FBL(UKIE 4 1 6), 1M AcpaC K3RTS
R Bt(UKiE 5). AN, AcpaC FERZ: sacB-F/R 5|
Yy, JoARAHT(UKGE 7). kgl S R I
I AcpaC 5 CAcpaC BRAGEALI
2.2 CpaC R NMEEKEEN

WE 2 i, SR MIE(WT . AcpaC F
CAcpaC)H: K TC i 3 22 5 (P>0.05), K] Tad #Y

bp M 1 2 3 4 5 6 7

2000 1862 bp

1000
750

500

200
100

1 BiaMilEAcpaCS CAcpaCHIPCRAS M 45
. JkiEM: DL2000 DNA marker; ¥kifi1-3: 5]
Y cpaC-E/F 53 KL IMWT . AcpaC. CAcpaCHR:H 4
Tk 4-6: 5l ¥ cpaC-pMMB-F/R 43 51| K I WT
AcpaC. CAcpaCHEH 5 JKiB7: 51¥sacB-F/RK
AcpaC,
Figure 1 PCR analysis of AcpaC and CAcpaC
strains of Vibrio parahaemolyticus. Lane M: DL2000
DNA marker; Lanes 1 — 3: The primers cpaC-E/F
amplified cpaC genes of WT, AcpaC, CAcpaC
strains, respectively; Lanes 4 —6: The primers cpaC-
pMMB-F/R amplified genes of WT, AcpaC, CAcpaC
strains, respectively; Lane 7: The primers sacB-F/R

amplified gene of AcpaC.
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- WT

E2 FHIEEKFER

Figure 2 Growth of the WT, AcpaC and CAcpaC of
Vibrio parahaemolyticus. Bars represent mean+SD
for 10 replications.
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Figure 3  Assay for the competitiveness of each Vibrio parahaemolyticus strain (attacker) against Escherichia

coli (prey). A: Viability counts of E. coli and V. parahaemolyticus were determined at 0 h and 4 h after co-culture

at 30 °C; B: Viability counts of E. coli and V. parahaemolyticus were determined at 0 h and 4 h after co-culture at

37 °C. **: P<0.01; ns: No significant.
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B WT 4 A CAcpaC 21 G i 3% 2% 55 (P>0.05)
(KB 3B), b5 RYER, RN cpaC
FEAS TR EE T 52 M 200 A1 5 4 e D i AR AR TR
T 30 °CHYT,  cpaC PR B I 5 R 14 40 PR 5
e 1A —E (& 3C); TAE 37 °CIt, cpaC
SEPRT LA P 55 4 i ) TG i 2 52 (1&] 3D).

A

Swimming zone diameter (cm)

Swarming zone diameter (cm)

e
o

35
3.0
25
2.0
1.5
1.0
0.5

0.0

2.4 CpaC F|F &l 3l &= 89k zh A g
§IEE

KR PRL 4 h Pk 45 R WoR (K] 4A),
WT 8 Bk & B0 5 KRB Wk sh #uadb , B kb Bk
CAcpaC JH/ TR, ik IR AcpaC &
A sk i JE PR K AR ik Sh e . 20 AR

S = o~ p oW
wnm O WLk O Wwnm O

-~ WT _
& AcpaC
- == CAcpaC oy
r skskook
| = —u—0 -
0 1 2 3 4

Hkskk

et L

El4 BEHRSIHEMNE. A: EUKSHAERNE; B: ARSI ERENE; C: MEHEWE,
Figure 4 Motility assay of the strains. A: The swimming motility and zone diameter determination (**: P<0.01;
**%: P<0.001); B: The swarming motility and zone diameter determination (***: P<(0.001); C: The flagella

observation of the WT, AcpaC and CAcpaC strains.
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TR, AcpaC ¥RIKBI HAZH WT R &),
H CAcpaC 5 WT #RBUK S HAE R B E 2R,
A TGE sh 25 5 /R (E 4B), WT Fll CAcpaC
PRI RN KB Sk, 1 AcpaC R ILY K
Wiz sl . £ HEMES T, AcpaC HEROHE
B FE R WT #R B E W/, 1 CAcpaC 5
WT Gl & 2 7(P>0.05), DA E&5HIER, cpaC
B DRI 7 RV I I ER 19 Dk sl S e iz Bl b &
AR B RERIRE RR I (K 40), Bk
WT ] S ¥ AL 2 (UL T7R), CAcpaC BRI B
BB B WT BRI, TSR AR AcpaC 11
DL S8R, 5 RN, cpaC Fe R4 A 1)
S We) 1) I IR 1% ) B R ) AR e, T ORL5S
TR )iz B
2.5 CpaC & 58la il & & ¥ %
iAp

I ek A 3 B R 1 2B ) B BT B
fE)r, Z5REWI(A S), 30 °CHI 37 °CH} AcpaC
R ) A W 1 BT BLBE 0 88 WT BR34BT,

B
A 30°C
Ta = smwsay
= 7
CAcpaC

AcpaC CAcpaC
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