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Abstract: The pepT gene of Vibrio parahaemolyticus encodes a metal dependent peptidase T (PepT)
that catalyzes the N-terminal amino acid of tripeptides with high specificity, and thus it is also called
aminopeptidase T. Studies have found that most aminopeptidases are involved in protein metabolism of
bacteria and regulating the activity of tripeptides, but little is known about PepT in bacterial virulence
and pathogenicity. [Objective] In this study, PepT was chosen to explore the effect of gene deletion on
the biological characteristics and pathogenicity of V. parahaemolyticus. [Methods] The pepT gene
deletion mutant ApepT and the complementary strain CApepT were generated and their differences of
various strains in motility, biofilm, environmental tolerance and cytotoxicity were compared. [Results]
Compared with the wild-type strain, ApepT had significantly decreased transcription level of polar
flagella and reduced swimming mobility. Furthermore, the biofilm formation ability of ApepT was
weakened, but there were not statistically significant in the swarming mobility and environmental
tolerance. In addition, the pepT gene deletion resulted in remarkably lowered cytotoxicity and virulence
of V. parahaemolyticus in mice. [Conclusion] The pepT gene deletion affects the swimming motility
and biofilm formation ability as well as the pathogenicity of V. parahaemolyticus.

Keywords: Vibrio parahaemolyticus; metal dependent peptidase T; biofilm; motility; pathogenicity
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1.1.1  EHRFA AL

By 9N @ SH112 (GenBank & 5% 5 .
JACYGZ000000000.1) ¥ A= 7Y [ £k (wild-type ,
WT), [A] ¥ 540 Bk pYAK] . 4 Bh B pRK2013-
HB101. pMMB-207 # {4, DL f HeLa 4 a5
.12 EZERF

TR KL K 21 DNA P 42 Bt & L e i
A& . PCR =Wy ali 4k i8] & A ks /N )
XN A R A AR (i) A R A 5 BRI
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96 A JCSRF 4 200 it 7 A U ) & A H Promega
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/vl ; DMEM 4 i 8% 57 36 R G 2R 1l 3 350 A
Gibco 72\ H] 5 4 85 5 AH OCFE M I B 3£ [E
Corning 7~ w5 G ACHIL ER £ A7 5 1R 25 10 26 75 b
BUg G FRFL(TCBS) A ) AR AU A A w5
Sidh B A T REE A REYEASH
R F
1.2 pepT EFEFRERFAEFMERIHIE

f Fl Primer Premier 5.0 345115 191(GR
1), VURIMYNEE SH112 B9 DNA MdR, #
H514%F pepT-A/B #1 pepT-C/D, ¥4 HA
#E 15 bp M 7 B, LA pepT-A/D 5| ¥)%F
P3G pepT A 20 7 S MIF 75111 PCR FEX,
FIH Pst T Sma DY) PCR Fr B, #g i 3
FI)EL A A 7] BEL i1 il U0 457 55 9 pYAKD ZdA .
o 20 TR R AL B RS2 S AR CC118 Apir
L, WA TR E R (10 pg/mL)Fi R LB SEHR,
PRECK th 1 BB VR 3 T 5 $E L DNA, RIS
pepT-A/D #E17 PCR %7€ , %7€ 1E M AY B 20 Johir
144~ pepT-pYAK 1, 7E4 BT pRK2013-HB101
FIVERT , SRIE MR SH112 17855655,
ArATE 10 pg/mL A FE R TCBS A&
20%E 0 LB [ AR 77 3% L F A2k , FIH
1IN — R IR SEL 1, X a] B A REE X
RASMRIEAT T PCR I qRT-PCR B iF , #f 82l ik
& pepT 1 I Bk 4 &4 & ApepT o #
pepT-pMMB-F/R 514, M SH112 JER 2 43
A pepT MEEAN [ HE(ORF) Y 1 107 bp F B,
) B 2 P9 BT T pMIMIB-207 JF0RE 1 H Y A
BribA Y, R T4 M B R 5L K g
FFIR CC118 Apir o Pz B A AL Bk Ty
W, BAHIREMN MR R T, ERAE
RPirER TCBS Al B THirkdiae, A5
¥ pepT-E/F il pepT-pMMB-F/R #17 PCR %5,
Y8 IR 0 B AMR R PR A 4% 4 CApepTs
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xk1 AMRPAAIYEHRRFT
Table 1  Primers used in this study

Primers Primer pairs sequences (5'—3’) Restriction enzyme

pepT-A/B GCGCTGCAGAAGCGGGAGTTTCAAGAC/ Pst1
TTGGGTGTCTCTTTCTTTTGGGGTCGA

pepT-C/D GAAAGAGACACCCAACCTCACTCAAATATTT/
TATCCCGGGTGATGCCGTGTTAGGGTC Smal

pepT-E/F TTGTTCAATGCCTTGGCTGTC/
CAGTTACTGCCGTGCCTC

pepT-pMMB-F/R CGCGGATCCATGACACAAATTAATCAAGA/ BamH 1
TAGCTGCAGCTACTTCACCAAAAAATGCT Pst1

sacB-F/R ACGGCACTGTCGCAAACTAT/
TTCCGTCACCGTCAAAGAT

Restriction enzyme sites are underlined.
1.3 E£Kph&ENE

P87 4Bk SH112. ApepT il CApepT 7E 3%
NaCl [ f& LB B5373E FRIZRIBH, R H PRBCR
T VEA TSR, T ODgoe=0.240.02 J5 , A 1:100
(VIV)BERD T8 8 1 3% NaCl-LB iR 15 55 5,
37 °C YRi%HELLIEF 12 h, FFE 1 h WZH 100 uL
W, ER 3 fL, MWE ODgy fH, ZEWMEL
3.
1.4 INEE AW EF

W& HPE 37 °C b KR 3%, B8 100 uL &
5 mL 3% NaCl-LB 35553 2 080K, B
ODj0o=0.2+0.02 J5, 434k 1:100 1% B2 pH

N 4.0,5.0.6.0,7.0, 8.0 F19.0 () 3% NaCIl-LB
WARRETREE | & 1%, 3%, 5%. 7%. 9%FH 11%
NaCl f# LB #5323 S), Fms) 96 fLA
(200 pL/fL), A 4 WK, EE R T 37 °C iR4H
BEFE 1 h 2 H ODgoo (i, 2 ISR BE 1T
AR 2R
1.5 qRT-PCR 1 EF i R KT

fifi i TRIzol ¥&#RHL SHI112. ApepT #
CApepT HFEAY RNA, Fi DNase TZb#H, HEBRIE
K41 DNA V54, MR4Ed S rvem 45, A
PrimeScript RT ifjf] £ (TaKaRa)if 17 ¢cDNA &
Ao ARHEER 2 FEF MG, LA gap FEEAE AN

T2 KATE PCRETEE mRNA £ FR/KFES|H

Table 2  Primers used in real-time PCR

Primers

Primer pairs sequences (5'—3’)

pepT-RT-F
pepT-RT-R
flaA-RT-F
flaA-RT-R
fliD-RT-F
fliD-RT-R
flgE-RT-F
flgE-RT-R
flgM-RT-F
flgM-RT-R
fliF-RT-F
fliF-RT-R
gap-RT-F
gap-RT-R

GAGCTGTCACATGGATACGGTAACG
ATAGTGTTGCCTTTCGAGCGGATG
ATCAGCAACCTAGACAACATA
TTAGCCCAACAAGCTTAGCGC
ATTCGTACGCGAGAGAAAAGT
TTAACCTAACGCACTCATAAG
TGGGGTGAATCAAACAAAGGC
TTATCTAATCTGCAGGATATT
AGCCAACAAAGTAAAGCCGTC
TTAGCTTTTGCCTTGCAATTC
GAAACCAGCCTAATTGGTAGC
TTAGCCATTTTCGTTCATCCA
TTTGAAGAGCGTCCGTTGGTG
TTAAGCCAACACAACGTTACG
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2, ilid qQRT-PCR F I H A5 mRNA K-,
il SYBR Premix Ex Taq kit (TaKaRa)i 5l &5
#F1T SYBR Green PCR, 1A Z A : cDNA i
Bz 2 uL, EUESI4 0.4 uL, TFiESI49 0.4 pL,
2xChamQ Universal SYBR Green qPCR Master
Mix 10 uL, E£BF/K 7.2 uL, EMAFL 20 L.

ffi F ABI 7500 RT-PCR Z 4t k17 #H Xt & &
RT-PCR, & &N Z4L: 95 °C FlZAEPE 2 min;
PCR LW HrBE: 95°C 155, 58 °C 30's, 404
EFR o R E A A T B {7 (24T ) M S 1R
FRikIKI- .
1.6 FEFIZEHIE

P87 £ Bk SH112 . ApepT il CApepT 1 % 1%
fBJE, # 1:100 35 28K
fif 1) 3% NaCl-LB ¥ 1A 3% 505 45 41 TR vk B
H— BRI 2 pL I ESRE TR S s R R
M 0.3% Bil§. 3% NaCl-LB £ LB) I, ##iif
SR IEE 37 °C AR EE SR 4 hy B W 2 pL
JRET LR (S 1.5%3005 . 3% NaCl-LB 1
BHI) |-, BESETPH 30 °C IRAF IE B 3% 24 ho 0
BRI SR 2 FhEAR B ARE sh e, R A% .
1.7 ICR /NERERELIE

B WEPE ICR /NEL(3—4 J %) 70 1l 4 41, B
10 2. # SH112, ApepT il CApepT ix 3 F#
PRI X B K, AR DOTE 5 T PBS W vk
33k, L Sx10" CFU/HIEE, WS SLi
ANER, TR 2 O B A /DS B O [ (R R B R
K, ELE 48 h ME/NEAFMURA, 0/
FET IR ) S B0, Foe 2R B8 AT A5 A5 s 24 i /N B
TE6 2k &
1.8  FHEREH IR B BE 11 RO E

WP 4 Mk SH112 . ApepT 1 CApepT Fkk it
WG, WA T 3% NaCl-LB [E{AK: 57
B, RHFEPAR B HREBCR T TR, R B b,
Fidr, 37 °C, 6 180 r/min 1537 2 X B4 K,
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DL 1:100 Fe@IRBEIR ST, 7E 96 fLik h &L s
200 pL, WFEREL 8 ML, KA PR
FXTRRAL, SRIGHEA 37 °C HYIH IR FE 48 h i
BEIESE 48 ho HiFRE s, BALIN 250 uL A9
PBS 11t 3 YK 2R F 200 pL (Y JCK H s
M T E 15 min, FFEPEE, SRS T,
T 200 pL 25 FhE e 15 min J5 [FIES A 4%
FH PBS mgk, M ARERE T, 200 pL Y
95% BV A 45 i 5%, B Je FH AR A %E ODsog
B SEEMA7EE 3 K.
1.9 fHEE IR

27 CHR[22]55 50 I %, % HeLa A HUfH T
96 fLANMuAR, ARIEFRKE 80%-90%% i
2, PBS I UE 2 5 , B~ FLANA 50 uL
Jolr 2l DMEM ff . ¥ SH112. ApepT #/
CApepT ¥ig& EXTEUE K, HIXH4. DMEM
THYE 3 W5, M MOI=100:1 f5 LA R)E , iR
BEFLIMA 50 uL TRV EYL HeLa 4ife, #XE 6 1
FL; BRI E T 37 °C. 5% CO, 546
YL 2 h, HR#E CytoTox 96 i & 136 B 15484k
o 000 240 A b 37 W b LR I S (LDH) 1 B
A 240 LDH Bl A 0 b, HE A [A]
KXt HeLa ZH M8 8514 .
1.10 HEZRIT S

45 % FHl GraphPad Prism 8.0.1 %k {4+ Fa[H]
27 2%/ BT (one-way ANOVA), I F- 4 %+4w i
ZE(xESD)FRIN . SRS HEIN PAH, ****, P<0.000 1;
#xk - P<0.001; **, P<0.01; *, P<0.05.

2 BEREAW

2.1 PepTEWNEEFENNER

i [ pepT-pMMB-F/R 5|#1# 1%, PCR #”
H SH112 #RIGIEHAL, 5 H & aifh 5% =
AT A TR () A BRAS /1, A
DNAStar 3444 #% 1 B2 v 51 83 2 2L 1R Ty



FEHEE | AR EE R, 2022, 62(9)

3651

51| . il 1 NCBI ) BLAST (https://blast.ncbi.nlm.
nih.gov/) B AR SR 1 41 R4 T[] P X
I MEGA A2 Rl AL s @ NCBIAY
CDD %&ﬁ@(hﬁps://www.ncbi.nlm.nih.gov/Structure/
cdd/wrpsb.cgi)¥] PepT & H W IIRESS kT T

Bl 1 PepT BIRGIFH LR
Figure 1 Phylogenetic tree of PepT.

T, R A, pepT EILEE 1 107 M
12 (GenBank: OM307225), %ifih 368 >4 Kt
fRak L . il it MEGA Bzl i b e R (& 1),
5L, PepT J7 44wV M9 A 43 25 Ak s
FEORSTE, [FEPER 99%LA T
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2.2 ERFEEKEK ApepT R[E*ME CApepT
B E

L R RS E A, M pepT 3t
DRl ke 2 Ak , 1 FH pepT-E/F 5|45 % 36 ik 35 PR fke 2k
PREGIERGPE . 25 R 2 i, BFAE R 1
2 878 bp KA (VKB 1), TdkAHEY 1Y H
1771 bp % H Be(UKIE 2), I 2 5 o 0 7 4b
PRAP HEH 1 771 bp B A B (VKB 3). HEIY
pepT-pMMB-F/R #30f, A tkA H IR B
1 107 bp (VKB 4), sRIHRTCY 14 F Br(TkiE 5),
HAMEA HAW (KB 6), 5EAEMAK/IHE
Ho 2% FAriAR, pepT &R A G KE ApepT F
[ kMK CApepT #4 & 5 ) o

W F R B R R Bk R EO AN BRTE 3%
NaCl-LB “F-#y b L35 20 18, &% PCR K
iE, 4R/ TER, %W ApepT. CApepT H
A RAFrs e ke vk
2.3 qRT-PCR #l| H R EFEFERKFELER

it qRT-PCR X} WT., ApepT 7/ CApepT
HEAT H LN pepT sk G Bl o, 45 Rl 3
fiion, ApepT JGH ByER GG 5%, T8 AR bR An B
ARSI pepT #% /K SFIE 3 .

bp
2000

1 000
750

500

200
100

2 REAMINE WT. ApepT K B4k CApepT
HEE

Figure 2 PCR identification of WT, ApepT and
CApepT of V. parahaemolyticus using pepT-E/F
primers (lanes 1-3) and pepT-pMMB-F/R primers
(lanes 4—6), respectively. M: DL2000.
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Bl 3 WT. ApepT #1 CApepT & #kHY pepT H[E
RIEER

Figure 3 Expression of pepT gene in WT, ApepT
and CApepT strains. ****: P<(.000 1.

24 BHEKRBIEAHLZE

WK 4 7R, 3% NaCl-LB 1% 37 3t v 1% 32 47
ARk BURBRRIE M, Z5 SR, JEH pepT
() R 2 I AN 5% i ) ot TR A AR K R (P>
0.05), HEBE T p1 1% 3k PR i 2 s A 1) 375 i 5/ o
P4 A K IR 1 e 0o i 23 6 P R T
25 BEKHREENWZETF

WK S P, WS R s e, sk
Pk ApepT ¥R . B . #5810k ) 584
PRAH L, A W3 25 7 (P>0.05),

20.6 -

Q

© 04 - WT
02l  ApepT

-+ CApepT
0.0 —

0123 45678 9101112

t’h
El4 WT.ApepT #1 CApepT & ¥k 7 3% NaCl-LB
B & K i 2k

Figure 4 The growth curve of WT, ApepT and
CApepT. P>0.05.
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g’ g g 1o ApepT
% 1.0 % 1.0 % 1.0+ — CApepT
0.5 0.5 0.5
PP ¢ QI s s, o = o a2 0 ’ 4 gl o uay
illa
us) %0 NAUI-LI5 3% INaUI-LIS Y% NAUI-LIS
2.0 2.0 2.0
1.5 1.5 sp — VT
QE Qé ’ g L5 ApepT
S 10 S 10 S 10 — CApepT

/ -

||||||||||||

h e s o S R 2, T e e

T 0123456789101112
th

5 WT. ApepT 1 CApepT 7 7[5 B4 58 (A)FN

'0123456?8910I112
t/h t/h

34 R FE (B) SR B P A K

0.
0123456789101112

Figure 5 Effects of NaCl (A) and acid-base stress concentration (B) on the growth ability of WT, ApepT and

CApepT.

2.6 FHEKBIEDFEIRR X BE

AMFFER S St 2R Y LA A= e . 1 i
J1(E 6A), 95% T f#)G, ODsos IBEZE AN
6B, ZEH IR, ApepT AEWIWIEIE M AE /1 1K

(A) WT  ApepT  CApepT
S -

} A
01%) . \ '

(B) - WT
20r — ApepT
== CApepT

0-0 WT ApepT
6 BEVREYVHIRT BRE N R LR
Figure 6 Biofilm formation ability of strains. A: the
photograph of stained cells was taken at 2 days after
incubation in 3% NaCl-LB; B: stained cells dissolved
in 95% ethanol solution read at ODsgs5. *: P<0.05.

CApepT

THARRP<0.01), HAMRAEYIIIE WEETIKA,
RWIHEIN pepT 5 RIF IR A=Y A 5K

2.7 EE pepT SREMZEshINEEEIE
LR
ez, s sinE 7A R, 4%

kBRI sl @ AR,
UK ApepT HTFIFES SRE AR TP Ak i R
fI(P<0.05), HAMKER ML ZBEFEMOKY-. TSI
UK 7B, Btk ApepT HIIE SN B AR S8R
WAL, TCRFEZEF(P>0.05), RN pepT &5
R MRS shRe ), MAS SHMEEE).
2.8 BHEKEEHEKXEFRBFTIEKF

W1 qRT-PCR 4347 WT . ApepT Fl CApepT
AR R TR A 7 s A AE I . Al 8 IR,
A OWT M, ApepT bk b 098 1 #E & 2
flaA, fliD, fIgE, flgM ) mRNA /K-l B &
JH(P<0.000 1), £ CApepT & Fk 5% s K - [a]
52 B AEMRIK-, SR A pepT LR 52 il Bl
I IR P R e 0 R R ) B s
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(B)

Diameter/cm

WT  ApepT CApepT

—

© WT (D

Diameter/cm

CApepT WT ApepT CApepT

ApepT

B7 BEREZHFEFIRFBEFRLEEHER
Figure 7 The results of swimming ability and
swarming ability of strains. A: the track of three
strains on swimming patterns; B: motility zone
diameter (cm) measured on swimming patterns; C:
the track of three strains on swarming patterns. D:
motility zone diameter measured on swarming
patterns. *: P<0.05.

= m WT
Bl ApepT
B CApepT

in

=

=
th

2
=

Fold change of mRNA expression

flad D figE  flegM  fliF

B8 FBEHRMUHEMEREFRERKENNE
Figure 8 Determination of the transcription levels
of polar flagella-related genes in WT, ApepT and
CApepT. ****: P<(.000 1.

2.9 KEHX HeLa BY4AAREE

WT. ApepT Fil CApepT L MOI 4 100:1 J&
Yt HeLa 48 2 h J5, #H34& CytoTox 96 il &
YO TR, R A A b R b LR A
(LDH)AY A 43 & o 4558 A01K 9 FTR, ApepT Xt

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

HeLa 4 ff A9 EEPE/KF B 2 F B (P<0.05), H.#b
TR P8 200 B B 1 40 L AR 5 1 A R K — 3R
FHHILA pepT B2 S5 AE A% R AR I 75 1 5 B X
HeLa 2 il i 25 PEAE o
2.10 BEHI ICR /R B BUH 4%

RERVT pepT ik PR I i 9 B 75 7 1 5%
Wi, ¥ WT. ApepT 1 CApepT B bk Bk e/
o W10 FIER, XF BRI BUAF IS R0 100%,
SRR B A MR /N BRAETE R 0, TR R ik
ApepT HFESG/NRAETE RN 40%, B35 5 T
PUWF A PR o TR R A3 A BT A R D KO
LY 1)/ BRAF TG 0 30%, (T B bRk
DL EZ5 RPN, BRI H pepT BBV 55 Rl i 5k
BT ICR 7N BRI BOw 1

9 FZEHX HeLa RSN EL R
Figure 9 Comparison of cytotoxic effects of WT,
ApepT and CApepT. Determination of LDH release
in the supernatant of HeLa cells *: P<0.05.

100
i —-— WT
E 80 i —o ApepT
é 60 1 |~ CApepT
A i —— Control
g 40
E L l—
20 +
0 ] " I h| " I " I
0 20 40 60
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Figure 10 Survival curve of ICR mice infected
with WT, ApepT and CApepT.
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