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(L. LR AERey Baharbe, il 2013065 2. ARMATHR K )™ b IR AR S o 22 42 B PP AL S0 8 %, BiF - 2013065
3. BRI T RN TR 5L, B 2013065 4. EITERSE ab N T TALORBI ST P L, Bif
201306)

5 E: X85 BREH M IR Y VI 0 RS (type VI secretion system, T6SS) AHOGHE N py #5457 DL A7 20 #r
H IR 73 R MR B R AR AT IR B 5 97 IR TR NP5 00 . AT gPCR H0R , 0 il & B 97 5 T6SS A
KIEHIFIRE DL . SRR 85 BRAEIF ML IR 5 T6SS2,62 KR ML 9N #5417 TOSST, M il IR 2k
41 Bk, i Il RO BEARIN) 93. 2% s BRETIr BIRR 21 Bk, o5 28I R 2> B BRI 51.2% , H H. T6SS1 ZENFREAEA
(e e Y Ay B ML 9B AP E— S I 22 5k o FEIR A W TR AS IR, BB 20 TOSST ™ (1 Rl ¥4 i 3K B 775 W1 S 1) o
TP FEPRIFRIR A T R BB IR BTk, TR G B R PRIV IR T6SST il TOSS2 A 5 P Y
RIEHAPIRM B, SEOX—HR MR RERIER & BRI A 0F T, BV i ol vl i 5 15 1 &
T6SS1 Al T6SS2 MISCHEN Y Fik , IR T HAER A A 524 T o WA HTE 1 RIS MG VIS 73 3 22 Gexs Ho g

Sa IR , R IR T6SS THRER#E— P R R pl2 2%
REEIA: I MLINGE 5 TOSS; FATTSr; stk PCR; JENFGK

PESES: TS201.3 XEIRER: A

Bl 13K 4 ( Vibrio parahaemolyticus , Vp ) S
— T DL G R o 2 IR MR I e A TR
WK B I TR v SR 3k B 7 R
WILAR IR 22— O TS Yk
i, AT G RO X RS S5 T R RN, T
AT RES | & MU 36 2 S 80ET- . ARk, Al
P8 L3I 30 5 IE 592 S ) B I ke i R BB 25 5 A1E 1Y
EEERN R A X R A, WA
Xof MR FRFE Y ] 552 %

RV M SR 42 B R P 91 7 IR AR T
Fh VIZU 431 2255 (type VI secretion system, T6SS) .
LT 1 S YR 1) T6SST A T2 S 4L afk I
[y T6SS2'*' . T6SS 23T 4F K 2 LI — Fiv 28 1

s HEE: 2019-04-15 &[5 HH#A: 2019-09-16

$RIE RGE, 5N I B R ERBEE N BE 71 25 D) A
S R IBESY & PR T6SS TT H5 B R FL N B 7E
o R AP ) S 4 v R AR O B R
FEWIRIES 9N (9 T6SST 55 H AR 250 1Y) 38 4 4
Koo BRI, ST RIVE ML ER VIFR 533 28 G5 X6 L Fif
P 3E 2, F 9 i JE 25 o
ARWFTEET XX — 25 F1, B S X 85 Bk i
I 1 TOSS AH ¢ 3 X 9 485 47 1 L 247 1 40 A,
FEVEHR T6SS1 ™ 5 TOSS1 ™ 1) il 17 I 5 B BRI A 251 7
RAHS WAL N TEFE O, A8z 1] qPCR
BRI HTIR G B 55 J5 T6SS AH ¢ 7] (1) K 3k 1
B, LA 28 @ 5 19N T6SS Xof HoAh P 5 4 11
S SRy RS IR TR T6SS By RE (Y #F — 20 48 7 4

ELWB: FRAAR RS EYTH (31671779,31571917) ; [ 52 8 5 0 & 34 (2018 YFC1602205 ) 5 |- g i BB %A 1 H (14
BB 2016 55 1-1 5 PR BHfET 2017 55 44 5) 5 BIgTETT Z& R S RHIMIHTIT &I (2017-01-07-00-10-E00056 ) ; | i3

T Z BT (155G48)

EE T : B (1994—) , 2, W EWF9E 4 A9 T7 [0 B fh % 2 R TEAY . E-mail : m160209507 @ st. shou. edu. cn

BEEE: & F,E-mail;yzhao@ shou. edu. cn

http: //www. shhydxxb. com



430 (SR (T E NI S S 1 29 5

WREI S
1 Me5I5k

1.1 E#REKIR

VEHUAR 525038 70 v H R BT ) 41 BRI AR,
H 3 Bk (vps3 \vpsS \vpsT) 2k B T EBHA Be A
W WF 55 r  ( Institute of Microbiology, Chinese
Academy of Sciences, IMCAS) ,1 £ (vps39) % H
F 22 E B TR 75 ] H 0y ( Centers for Disease
Control and Prevention, CDC) , H:4x 37 #k¥ysk 5 T
LA K T K R o dh T TR
U (tdh ™ /trh ™ Fl tdh ™ /trh ™ ) KK 22 Bk, tdh ™ Fe A
B (tdh ™ /trh ™ tdh ™ /trh ™ ) EBR 19 Bk, 44 FRIG
IRIFESHR, b 42 Bk B T IE T T2 I8 TS5 B
HEBC T B AR, 2 Bk O AR #fE Bk ATCC17802
ATCC33847 ARSI %R A7 Horp tdh™ LAY
(tdh™ /trh ™ Fll tdh ™ /trh ™ ) TR FK 38 ¥k, tdh ™ F& R Y
(tdh™/trh ™ Fl tdh ™ /trh ™ ) B AR 6 ¥k, BTG B AR
il PR (R SRR IR ) o AR SR 1
No
1.2 BHRERAF

T A QBT BR R - A5 R 6 - JIE 6 TR By i 15 97 Jk
( Thiosulfate citrate bile salts sucrose agar culture
medium, TCBS) | [ il R Bl 15 5% 4k ( Tryptic
soy broth, TSB) FlI#E F kI A L 5t Rl B 47 FR
23] s DNA Marker W H 524 9) TR ( K% ) AR
5 A, PCR Mix | Byt ig b 1 41 1 2k PN 24 DNA $2 1
PR & B AL RARAAERHCA RA A, 30
&b RNA Pt 2 B0 & (Trizol- B0 AERY) | S f%
IR & A2 E f R & T TaKaRa 23 7],
DA 3SR A SO A
1.3 E#MHELRERH&

15 BV A SR B R A - 80 CORAF Y H b A
HORCHS , RIZR B F T TCBS ~F-4lz, 37 °C 3] & 1 57
12 ~16 h, PEICE 1E HL R 7% T 10 mL TSB {4
(3% NaCl) ,37 °C 200 r/min ¥EJREEFE 8 ~10 h,
BRI 2 WA DNA SRR
1.4 Elinm5MEEEZH DNA fRE

P IR TR R 21 DNA $2BGGR G it B 4500
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85 A Rl VS M 9N T Ak LA 2H DNA R 47 42 JC, 5 42 B
[ DNA {5 T - 20 C [ pk4 4 .
1.5 PCR3|¥5HB&MH

I it ddh, dh, ik 51 W) 7 5 2 25 SCER
(13 ] & i HAh 5 ¥ 2 2% 5% 1 9k & RIMD
2210633 ( GenBank % 35 BA000032) % [H ¢
5,5 Primer 5.0 #RAFH, ZHEAE LAY L
(R B A IRA G M. FIMER L2,
PCR #8264 .25 pL K% ,95 C 4 min;94 C, 1
min; Bk 30 s,iB KIRERFE2; 72 °C,1 000 bp/
min; 30 MEHF; 72 CZEfH 10 min, PCR 724
1.5% SR WHEE IS v DK EAT 300k, BH R XS IR i 2R
AW TR (L) AR w1 e Bk, B A7 52 36
Bsr 85 2 IR
1.6 ¢PCR&MEIAMMNERESEFFHNEE
T
1.6, 1 AJa) Ji R R R 1t 9T TR 45 B 5

H 3 [ o B e =2 (] 19 G 0 75 € AN ] 1) H A
LD, BT LASE I edh F1 orh 35 Sk H AR5 | FHE
Bt BRI 1 A wdh BRES 1A orh B IEAT
RAH TR, Hob o tdh™ WK vps2 ,vpel6 | vpsl6
(T6SS1* ) F1 vpd18 (T6SS1 ™ ) 5 trh ™ B ¥k Sl vps7
(T6SS1 ™) ,vprl08 ,vprl11 1 vpel8(T6SS1 ™),

HARTE AL 2 WK, B0 BT TE, FAE E iR K
( Peptone water, PW,0.85% NaCl,0. 1% & H Jik)
HEATRRRE B ODgoo [E IR RE 22 0. 6 247, PRUEHEFD
2 KH 8 AL, 5 1 2 vps2 (T6SSLT)
F vpr108 (T6SS1 ™) ;58 2 4 : vpel6 ( T6SS1 ™) Al
vprl08 (T6SS1 ™ ) ; 45 3 41: vps7 (T6SS1* )
vpd18(T6SS1 ™) ;55 4 4 . vps7 (T6SS1 ) Fil vpsl6
(T6SS1* )3 &5 5 4H: vpel6 (T6SS1* ) Hl vpel8
(T6SS1™); %5 6 #H: vps2 (T6SS1* ) F1 vprlll
(T6SS1™); 45 7 41, vpd18 (T6SS1~ ) Fl vprl08
(T6SS1™); %5 8 #H, vps7 (T6SS1* ) F1 vpel6
(T6SSL™) o Fi 0. 1% 4 Ffr £ 45 1 ok 17 3 b 31 []
— 10 mL TSB i& 7, BT 37 CIAKEFE 8 h
Je, BT mL AR E R D7 B4R I DNA, JT T
qPCR S o
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Tab.1 The information of 85 V. parahaemolyticus isolates

Si]aﬁis S?)i(rlfe ih tdh trh Slt*rlaltis S;(’)eu/fe ih tdh irh
vpel i J& Clinical + + - vpsl HAIRYEF  Macrobrachium nipponense + + -
vpe2 Ifi & Clinical + + - vps2 HAYBEF  Macrobrachium nipponense + + -
vpel5 i & Clinical + + - vps3 FLYNTEXTUR  Litopenaeus vannamei + + -
vpel6 If5 J& Clinical + + - vps4 HAIRUF  Macrobrachium nipponense + + -
vpel7 Ifi & Clinical + + - vpsS JLANTENTRR  Litopenaeus vannamei + + -
vpel8 Ifi & Clinical + - + vps7 JLANIERTHF  Litopenaeus vannamei + - +
vpel9 Ifi & Clinical + + - vps9 HZAYAUF  Macrobrachium nipponense + + -
vpc20 I IR Clinical + + - vps10 HARUF  Macrobrachium nipponense + - +
vpe2l I BR Clinical + + - vpsl2 HAYBEF  Macrobrachium nipponense + + -
vpc22 Ifi J& Clinical + + - vpsl4 HAYHUF  Macrobrachium nipponense + + -
vpe25 g J& Clinical + + - vpsl5 HAAUF  Macrobrachium nipponense + + -
vpe26 i J& Clinical + + - vpsl6 HAIRUEF  Macrobrachium nipponense + + -
vpe27 Ifi & Clinical + + - vpsl7 HAYBEF  Macrobrachium nipponense + + -
vpc28 Ifi & Clinical + + - vpsl8 HAYBUF  Macrobrachium nipponense + - -
vpe29 5 J& Clinical + + - vpsl9 HARUF  Macrobrachium nipponense + - -
vpe32 i BR Clinical + + - vps20 HARYEF  Macrobrachium nipponense + - -
vpc33 Ifi & Clinical + + - vps22 HAYBEF  Macrobrachium nipponense + -
vpe34 Ifi & Clinical + + - vps32 HZAYAUF  Macrobrachium nipponense + -
vpe35 If5 IR Clinical + + - vps33 HARUF  Macrobrachium nipponense + - -
vpe36 i FR Clinical + - + vps34 HAYBEF  Macrobrachium nipponense + - -
vpe37 Ifi & Clinical + + - vps35 HAYHEF  Macrobrachium nipponense + - -
vpe38 Ifi & Clinical + + - vps36 HZAYAUF  Macrobrachium nipponense + - -
vpcd0 i J& Clinical + + - vps38 HARUEF  Macrobrachium nipponense + - -
vpedl I FR Clinical + + - vps39 HAYBEF  Macrobrachium nipponense + + +
vpcd2 Ifi & Clinical + + - vpd8 HAYBUF  Macrobrachium nipponense + + -
vped3 Ifi J& Clinical + + + vpdl4 HARUF  Macrobrachium nipponense + + -
vped4 I BR Clinical + - - vpd18 HARUEF  Macrobrachium nipponense + + -
vpeds Ifi & Clinical + + - vpd33 HAYBEF  Macrobrachium nipponense + + -
vpc46 i & Clinical + + - vpd34 41455 Ostrea gigas Thunberg + + -
vpced7 5 IR Clinical + + - vpd57 HARUF  Macrobrachium nipponense + + -
vped8 Ifi & Clinical + + - vpd58 JLANTEXTRR  Litopenaeus vannamei + + -
vpc49 Ifi & Clinical + + + vpd61 JLANIERTHE  Litopenaeus vannamei + + -
vpeS0 Ifi & Clinical + + - vprl02 JLARIEREER  Litopenaeus vannamei + - +
vpesl IIfi & Clinical + + - vprl03 JLANIERTHR  Litopenaeus vannamei + - +
vpes4 Ifi & Clinical + + + vprl04 FLYNTEXTHR  Litopenaeus vannamei + - +
vpeS5 Ifi J& Clinical + + - vprl05 JUAREERHEE  Litopenaeus vannamei + - +
vpe85 Ifi & Clinical + - + vprl06 JLANIEREER  Litopenaeus vannamei + - +
vpc89 Iifi & Clinical + + - vprl07 JLANTERTER  Litopenaeus vannamei + - +
vpc90 IIfii & Clinical + - vprl08 FLYNTEXTHR  Litopenaeus vannamei + - +
vpco4 Ifi & Clinical + - + vprl10 FLAHTEXTUR  Litopenaeus vannamei + - +
vpe97 Ifi & Clinical + - vprl11 JLARIERFEER  Litopenaeus vannamei + - +
vpel00 Ifi & Clinical + -

ATCC17802 6 & Clinical + - +
ATCC33847 5 & Clinical + + -
TE: + 7 FoRME, " -7 FmPE
Notes: “ +” means positive, “ —” means negative

http: //www. shhydxxb. com
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Tab.2 Information of primer sequences

HEHAK 2SR 5149 Fe3 (5-37) 7 1B KRR
Protein names ~ Gene names Primers Primer sequences (5’ -3") Amplicon/bp Annealing/°C
. . vipAl-F ACCGTGACGGCTCGGTGG
VipAl vipAl . 457 58
vipAl-R CTCTTCTTTCGCGTCTTGGTCG
. . vipA2-F CGAGTATCCACTCGAAACTTTC
VipA2 vipA2 . 487 52
vipA2-R TTCTGCTCCCTCAGTACTTTCTG
1388-F GGAAATGGGAACTGGG
VarGl vpl388 409 51
1388-R GGTCGGAACAAGGGAT
1390-F CTGTGGGCAACTAATCAT
OmpA vpl390 551 48
1390-R TCCAACTGGCTACTCAAC
1393-F CGCCAGTCGTCGTTA
Hepl wpl393
1393-R CACCGTCCACTTGTTG
1415-F AAGCCGCAACCAAAC
VP1415 vpl415 559 50
1415-R AGGCGTCAGCAACAAC

1.6.2 L EE PCR(gPCR)

BRI AL 2 U, 1 2 1L ODgy fELIS , T PW 3
7 10 FEHE BERR RS, UG 15 W L TR A T TCBS P-4
FL,37 Cal IR R mL ER AT
DNA $21, - 20 C kiR A7 o B P A A
2594 107 CFU/mL f &1V MR A TR BB HE T 10
R0 T B, AR U B R 10 ~ 107 CFU/mlL 1y
B, 23 51 mL $2 10 DNA J5 47 qPCR 2,
i 3 AE R ER BIEL(C, (B AR bm v il 26y il
[Fi) P 7 Y0 R T A1 T TCBS 15 3R 4k, 144
Y4 « %l (log,, CFU/mL) , 45 #9% S N7 A4 s o
2, I 11 5 i 28 B R R (slope ), FI A SUE =
107V — 1 RN YRR

VPRI MR edh FE R F orh 3 RAE ly 5
JsE i PCR A EEIL N, Horp Taq Man #8573
SIPRIC A CYS F FAM 150 IE A . AR S256 By
Y Taq Man 585 DL R AR G 51 ) AR 45 2 2% 3C
BROLS ] ol b i e 43 i 0 W) 5 i 9O E
PCR RN FH 20 wl, £345 10 x PCR 22 vl
2 wb,Mg®* ZZ Pk (50 pmol/pL) 1.2 pL,dNTPs
Mix (10 pmol/pL)0.5 wL, 1F 2 M 5147 (10 wmol/
wh) 45 0.5 wL,DNA #it 1 pL,Taq 0.2 pL, %
£F(10 pmol/uL) 0. 2 pL &% ddH,0 13.9 uL,
qPCR J [ 284 :95 CHUEHE 1 min; ft 40 Mg

http: //www. shhydxxb. com

W, BAMEPR 95 °C,5 55 59 C,45 s, FEIEMBIEBL
e SR RN VALY S IPC B/ G AN R &/
HEATAL R
1.7 T6SS HHXERFRIZEREN

FOLE B PCR By RN IR & (20 pL): TB
Green Premix Ex Taq II 10 wL,PCR Primer-F 0.8
wL (10 wmol/wlL), PCR Primer-R 0. 8 pL (10
pwmol/ L) ,ROX Reference Dye 0.4 wL, cDNA &
Mz 2 pL & ddH,0 6 pL, PCR 24k .95 C
PR 30 55 40 MEFRH, BEEIREY 95 C 1S
5,60 C 60 s,

Fi 168 rRNA 5 [H %E Sy il 345 1L SN BR 119 P9 2 2
W, B b~ #esl ¥ 5 s 2 3" 4w o> 5 A4
gacacggtccagactcctac/ ggtgcttcttctgtcgctaac[16] , % %
BN YL RIMD 2210633 ( GenBank % 5% 5.
BA000032) 3£ [K ¢ %), ffi F| Primer 5. 0 %% {4 4%
T6SS H H A W HERE I B3t 5 | W), ZR 404
TAY TR (L) B A RA R G . 5197
B BB D RES S 3,
1.8 HIESH

fil ] SPSS 19. 0 FAEXT BT 3. R R Ty 22
53t (CANOVA) Ka 5 /K F- o P <0. 05 i Oy 22 53
BF, BHAGHFE X,
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Tab.3 Information of qPCR primer sequences

2| F1WFEI(5'-3") ke

Genes Primer sequences (5’ -3") Putative function
o KCACCGICCACTIGTGIGA o5 S Trntr ot
VipB2 éég’fﬁﬁgﬁ?g’ (? (S::(?:/S((}:((]:g T6SS2 244 H Structural protein

2 HR50H

2.1 T6SS EFIETERDH

JHEHL T6SS1 4544 % 1 VipAl F1 T6SS2 2544
F A VipA2 B A, DL K 4 A~ T6SS1 AH 3¢ 5 A
vpl388 .vpl1390 , vpl1393 \vp1415'l7J HEFTRE I, 45
R, 7E 85 PREI v My, A 62 x5l
TOSSI Z5 Al JE[H vipAl |, ol R 7> B pk A 41
PR, o5 43I PR AT B AR 1Y 93. 2% |, T M 5% 43 B AR
HOf 21 B, A ERIR AR BRI 51. 2% I R 43

x4

BRI TOSS2 SEA4 LN vipA2 7 Fr A7 1 Al ¥
MR A ZATAE

JIr A I i 4 A T6SST A 5% 5 [ opl388
w1390 wp1393 (opl415 AE 85 R Fr il @l ¥4 1 9 1=
H A 34 B AR B, HoAy 53 pkrp i = A ik
1A T6SST A RFE I, I HLigk He rh #1358 70 B9k
0BRSS 5 A A R I PR 20 B Ak, D P T6SST 2k
PRI AEAS [F] ok 5 81 5 1L 5K 1 PP A A — i B 22 5%
P R R L 4

Il R 5 2 53 B #k T6SS 18X BEE I 1H R

Tab.4 Distribution of T6SS related genes for all 85 V. parahaemolyticus isolates from clinical and seafood sources

[tz ies H By FEA Target genes
Number vipAl vipA2 vpl1388 1p1390 1393 pl415
tdh* /trh~ (n =35) 34 35 33 20 34 20
tdh~ /trh* (n=5) 5 3 0 3 0
G R4 B AR S R (n =44) tdh* /trh* (n=3) 3 3 3 1
Number of clinical isolates (n =44) tdh~/trh™ (n=1) 1 1 0 1 0
E)ZEEZ :ji; 41 44 40 21 41 21
tdh* /trh~ (n=21) 15 21 11 10 14 10
tdh~/trh* (n=11) 3 11 3 1 2 1
MBS EAR SR (n=41) tdh* /trh* (n=1) 1 1 1 1 1 1
Number of seafood isolates (n =41) tdh™/trh™ (n=8) 2 8 1 1 1 1
B (n=41) 21 41 16 13 18 13

Total(n =41)

DA I 2R 55 PR A AR i , BT 4G 1Y 60 % edh
Bk (tdh " /trh ™ F1 tdh* /erh ™) 032 ¥RSH 2
1 T6SS JE[H | 5 53.3% ;25 #k tdh ~ Bk (tdh ™/
trh* Fltdh™/rh™ ) A 2 ¥E& G 2E R T6SS
H, 5 8.0% (2/25) ,tdh TEAR S A T35 A 58

B[ TOSS JENHE . DL tdh™ Fil tdh ™ 434, T6SSI
MISCHE R HEA R DU A & PE2E 5+, P <0.05, A7
Geit 38 3L, wdh” R LE edh” BRI E 2 /Y
T6SS1 AHICHE I, R A B erh FE [N 5 T6SS1 A7 fuf AH]
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434 (SR (T E NI S S 1 29 5

2.2 FBRMMERGEFPHEETN

LA EL RN A0 FY) DNA 57 b vf i 2, b
CHS BT . L dh SR bRt 2k 5
BN y =45.929 - 3. 75x,R* =0.990; L trh

y=45. 929-3. 75x
R=0. 990

qPCR(C))

3 4 5 6 7 8 9
Log,,CFU/mL

(a) ZT tdhFE[X Kibpk i 28

Standard curve based on tdh gene

SN S AR I 2T Fe A y = 43. 575 - 3. 498«
R* =0. 984 ; HA WIR% E 7E 80% ~ 120% 2 |i],
FWZTT AR B AR C, (85 R T B &
PER AR WA 1,

35
N y=43. 575-3. 498x
30 ' F=0. 984
~ 95
A
& W
g 20 8
15 \‘\
L]
10

3 4 5 6 7 8 9
Log,,CFU/mL

(b) ET trhiE Kb i 2%

Standard curve based on trh gene

B 1 ElAMmINE qPCR EEHRAE &
Fig.1 Standard curves of qPCR for V. parahaemolyticus

TR 8 BRTABE , I PHIR 5 1577 8 h, e 45
BRECH, s vps2 vpel 6 vpsl6 % T6SST * Fi bk
vpd18 g TOSST ™ faifk , 1H 4 BRIEARLE T tdh FEH
FARS orh JEIH DA tdh 36 DR PR N LB MR A
AR AT 40 B A I 5 R R vpsT O T6SST T
Bk, vprl08  vprl 11 vpel8 i T6SS1 ™~ F kK, 4 #f
PREREEHT orh FEDR, AN edh BEIR, DR MO orh 5
PRI DA b a5 e PR A T 240 T R A

B LA LA R A TIR 5 5557 8 h )5, H]
qPCR A8 gt B 2 Al .8 dHpfy 4 4
PR BB 2E S, 5 T6SST Y TR Pk
vps2 .vpel6 LUK vps7 FERFIRZH 5 b 2 B T #
WARNTEGJ1(411.2.3.4),1.2 40 vps2 Al
vpel6 LR, 3 4 b vpsT R PLH#mitk, I
HILB W R E B AE 9. 31 ~9. 58 log,, CFU/
mL, ¥ 5 1A 3.27 ~3.98 log,, CFU/mL, % i}
SO HT IR R P TR AR 2 TR R 22 AR L P <
0.01, %5 5.6.7.8 HIEIRA HE IR0, & HHREL
HIFAR PR RIET 4 AW 25 5, sl
4 7E 8. 12 ~9. 14 log,, CFU/mL ZJi] , 22 AT
#,P>0.05, X4 RERW], TR G B IR 50
T, RAR 417 TOSST By &I % i 5 3 A7 75 W (B 1Y)
PP 5 G D03, HIFHE BT AT 19 TOSST ™ 1 A AR X
T6SS1 ™ T ik A B 41 i 4 . T6SST™ & #k Xof
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T6SS1 ™ 14 Pk 2Z 8] 1 ] RE 47 1£ 3 4+ 1F F, vps7
(T6SS1 * ) A] L] vps16 (T6SS1 ™) | {H /& vps7
Hlvpel6 (T6SS1 ™) i A B 7 Ja HBUE: 22 5 A Ko
FE T6SS1 ™ Wtk P IF R R M E A A LA
B, 24 vpd18 (T6SS1 ™) 5 vprl08 & & 57, HAL
HEFAR, LREEZESR,P>0.05,

+
3 ok ok Dtdh+
E 10 i a2 — 3% Etrh
s 5 B Beh »
5 B H o=
- =
w 8
[}
—
~
~
[
5 6
~
g
=]
= 4
£ 2
0
T6SS1: +=— +—= —+ ++F +-— £ = —— f
[e.e] [e.e] B~ B~ [e.o] — [e.e] o~
(=) (=) 2] 72} — — [=) 2]
— — [ o Q — — o
&~ = > > (=] = = >
=2 o + + > o =1 +
> > [*2] © o > > ©
+ + — — © + + —
N © o 2] — N [*e] o
4] — o o o 2] — =}
Q (5] > > =} =} =l >
> Q ~ ~ > > a ~
~ > o <t —~ —~ > [*e]
— —~ o © —~
N o~

* FOREFBE, « « FREFWEE

# means P <0.05, # * means P <0.01

B2 REBEFRFHTAREBRMIMENEEELL
Fig.2 A competition assay of different

V. parahaemolyticus at a 1:1 concentration
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2.3 BRAREFX] T6SS HHXEEFKIZEHM

PSR 8 h 5 MY RIEE M RNA, LSk
BEFROF R M KB ) 3 PR e Gk o S R il
qPCR X1 fE 3 (AAC, ) , W4 T6SS A & Jk
(OmpA | VgrG  Hep , VipB ) 32 ik % 1, OmpA Jy
T6SS [y 2 11, A T 40 W R L Y I T 4 i
VarG Sk T6SSI 4% 85 1, A S 8N P 1) 5 e
Hep 2h T6SS (6 8 1, [Al B 02 T6SS ) 544
Y TOSS 15 2R 2544, VipB /& T6SS [y 45
MHEH.

EXT B4 Control (T6SS1Y)

BRI AR, TR B 97 8 h A By R
IR TOSST HHCIE N OmpAl (Hepl VerGl [
SRR B, A5R A 3 P, B4 2
BT R A B R R B KR T6SS2 AH 5K 2k [
VipB2 (Hep2 \VgrG2 MIZLIRTE UL , 45 M g 7 iX L
PR 3k AR TR 43 1 3R 2R 1 B AR W e B3R
FEOX — G N AT REJE , 7RI & B IR 10 451
N B LI A E 2 5 F B T6SS1 Rl T6SS2
HHSCHE IR Ay ik, DL HAE R & 15 5% P iR A

Eqto

EXtH84 Control (T6SS1)
6 OB &R IEH Co—culture (T6SS1+T6SS17)

- O OEAEMIRA Co-culture(T65S1'+T65S1) - ot
= =
T 5 T 5 1
e T o
"ﬂ.; ! 1 "SJE 4 Hok
Koy K Kk 1
K 2 3 K o 3 T J
#e b e
"o 9 I Ro 9
Eo I Eo
g | I 5 1| g |
e I = : I
() (]
/e -1
vps2/vps2+ vpcl6/vpcl6é+  vpsT/vpsT+ vps2/vps2+ vpcl6/vpcl6+  vpsT/vps7+
vprl108 vpr108 vpd18 vpr108 vpr108 vpd18
(a) OmpA1 (b) Hepl
= XtH84 Control (T6SS1Y)
4.5 OVREHFRH Co—culture (T6SS1*+T6SS1°)
= *%
=
= 4.0 o X
“ 3.5 -[ J
o 30 |
Hs *
Ra 2.5
K & |
wE 20 l
>
e 15
" : . 1
'g 1. 0 £y 4L l
2 0.5
=
0
vps2/vps2+ vpcl6/vpclé+ vpsT/vpsT+
vprl108 vpr108 vpd18
(c) VgrGl1

* FIRESRDE, « « FRERWBE
# means P <0.05, * * means P <0.01

3 RARFREARARAMINE T6SS1 X ERERIEKTF
Fig.3 T6SS1 genes expression of qPCR analysis in V. parahaemolyticus

3 HE

Xt 85 Mk il v it TR A R DR ARSI K B, R 2
90% (11l PR 73 B bR 5 TOSST [N, iy 75 #5558 7
BSAR T , A 24— B0 T BR3P 0 )

T6SS1 JL[H 41 %F TOSSI i) = B Lk 5 (31 71
A, & BUAE R I 5B I PR 43 B i 1) TeSS1 3
PIAEAE L2 228 /=5 1 PR B8 70 B Ak, 1T T6SS2 A7
FET A R N . X —25 R KBS
RTARE " — 2k, HOi_ 0 22 55 1] RE R 40 B 1443

http: //www. shhydxxb. com



436 [SU R TR E N

¥ 29 %

RAE (L MIF R IR SFE BRI ) AR, WA ARG AR M B A 15 = AR K

=X R4 Control (T6SS1Y)
14 OB AR IR Co—culture (T6SS1*+T6SS1Y)
*%

1
12 1

10

AR L Rl ik

Relative expression of mRNA(fold)
(o]

2 1

LI | |

vps2/vps2+  vpcl6/vpcl6+  vps7/vpsT+
vprl08 vpr108 vpd18

(a) VipB2

ARSI R R IR B

= XTHE4 Control (T6SS1Y)
6 OB E IR Co—culture (T6SS1'+T6SS1)

*%

=

—

S

= 5 Yk T

2 1 |

El

w4

o

&

2 3 .

wn h,

[ T

5 2

5

o 1 1 1

B : 1

ey

©

— 0

2 vps2/vps2+ vpcl6/vpcl6+ vpsT/vpsT+

vprl08 vpr108 vpd18

(b) Hep2

=XE4 Control (T6SS1*)

COREREFEA Co—cul ture (T6SS1*+T6SS1Y)

© 8

é ) % .

= T

= s T

T 6

El
i J
Ko 5
Ke
R~ 4 Fok
o I
®E 3 '
By 5

[

i)

©

= 0

o~ vps2/vps2+ vpcl6/vpcl6+  vpsT/vpsT+

vprl08 vprl108 vpd18
(c) VgrG2

* FRZER WA, ¢« FR RN E

# means P <0.05, # * means P <0.01

B4 RAEEFEARER R MmN

B T6SS2 1 X EFE FRikkF

Fig.4 T6SS2 genes expression of qPCR analysis in V. parahaemolyticus

T6SS & 1r 45 2k i & B 1Y 55 20 T s g A
PV UIAH G o300 R 5E, 9% DRI R m] A9 VI Y
I3 FR 58 A AU AR B R, T gE AT Bl S
G FEEALIREE  T6SS A ST B R AR Py
T B LS 1 PR 45 L L
(1R DRI 25 A AL, ROt , AT T4 00 8 v ot 59 A7 1
T6SS LI RE b Al AE S A ELINEAHRL, 5 Fh N 524
M2 AR IR A R O R, — 2
UESE T IZWL A - B0 TOSST ™ f Bl it 5 1 77 72
2 AR N ST L3 TR M A5 10 T REAB e 5
AP S P S 40 e Al [ Ao e ) 2 I B

TEAR LR AT, A — 0 T6SSL™ 1 & #k
A5 T6SST ™ E kA A LA, il 4N vpel6 Fl vpel8,
vps2 A vprl 11, Jf H7E T6SS1 * 5 T6SSI1 * B k11

http: //www. shhydxxb. com

RERFAT, A1 HABIATEHE LW ER
(vpsl6 A vps7) ,1 A FE A IAE (vpsT F1 vpel6)
T X — PG 1 LA AT BB , 1X L T R Y T6SS1
A I PR AEAN ) A 8 1) 58 A8 Bl 2, 3 SOH A
WSS IAREIR G s B, B XTRIEIT 45 1, 42
TCAEAHEN - (1) I I B B0 1) A — ol 248 A
JELG3 XT3 A B T AR Th o AN AR AR Y, B
Xof e 4 TR AR il 28 ke TR R 0 7 Y, X AT BE AN
TOSS1 AH 5 H PR A7 TE A [F] 72 J3E 114 5 742 Bk 2R A
55 (2) TRy BRBEM ] TOSST 1 ; (3) —LETH
PRXS TOSST By FEMEHAT R 1 , 491 4 8 3L 9 o A
BRIQIN T B9 T6SS HI LAk £ 1 1Y 41 1 [ Fft 147
g8

#2553 B TOSST AHICHE R (1) F IR 1K Ol , 45



339 PR , 25 « B MR VIR 2330 28 G X A PN 58 4 (520 437

R RER G R Z G, HAH R R Rk w4y -
P IXUESE TR A 55 SR SE S T T6SST ik
iko JFH , BFREERW] T6SS2 IR & 1 % Ja 1 B 1A
FHXS Bk 2 B RS UOH] T6SS2 2
HEAEFETHRANTES? KRB RA T
RS I ERT VIS 43 08 28 490 X6} L Foft PN 52 4 119 5
FEH TOSS1 [ A7 7 v] B 5 sth 45 T 1) 5 iy 9N 1 7
RA TR, BT R N s 4 1) &2
BT RZ—, (AT BRI, B KR Y
F e A T BE AN H i T6SS1 B — R E A7,
AT RESE B T 2 o R A [ £ P A 25 S, LA AL
LA Tt — PR

S 3R

[1] LETCHUMANAN V, CHAN K G, LEE L H. Vibrio para-
haemolyticus; a review on the pathogenesis, prevalence, and
advance molecular identification techniques[ J]. Frontiers in
Microbiology, 2014, 5. 705.

[2] TSAI S E, JONG K J, TEY Y H, et al

Molecular

characterization of clinical and environmental Vibrio
parahaemolyticus isolates in Taiwan[J]. International Journal
of Food Microbiology, 2013, 165(1) . 18-26.

(3] BEH, SR, XIFHHE. JHCHR SRR Al T3 £ I

PRI IR A AR L], A e A 2R A
2013, 17(3) : 265-267.
MAO X D, HU J F, LIU X M. Study on incidence of
foodborne disease caused by Vibrio parahaemolyticus by
literature review method [ J ] Chinese Journal of Disease
Control & Prevention, 2013, 17(3) : 265-267.

(4] WANG R Z, FANG S, WU D L, et al. Screening for a
single-chain variable-fragment antibody that can effectively
neutralize the cytotoxicity of the Vibrio parahaemolyticus
thermolabile hemolysin [ J ]. Applied and Environmental
Microbiology, 2012, 78(14) : 4967-4975.

[5] LIP, KINCH L N, RAY A, et al. Acute hepatopancreatic
necrosis  disease-causing Vibrio parahaemolyticus ~strains
maintain an antibacterial type VI secretion system with
versatile effector repertoires| J ].
Microbiology, 2017, 83(13) : €00737-17.

[6] BOYD E F, COHEN A L V, NAUGHTON L M, et al.

Molecular analysis of the emergence of pandemic Vibrio

BMC Microbiology, 2008, 8 (1):

Applied and Environmental

parahaemolyticus [ J ].
110.

[7] HACHANI A, WOOD T E, FILLOUX A. Type VI secretion
and anti-host effectors| J ]. Current Opinion in Microbiology ,
2016, 29 81-93.

[8] RINGEL P D, HU D, BASLER M. The role of type VI
secretion system effectors in target cell lysis and subsequent

Cell Reports, 2017, 21(13) .

horizontal gene transfer| J ].

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

3927-3940.

WANG J F, ZHOU Z H, HE F, et al. The role of the type
VI secretion system vgrG gene in the virulence and
antimicrobial resistance of Acinetobacter baumannii ATCC
19606 J]. PLoS One, 2018, 13(2) . e0192288.
UNTERWEGER D, KITAOKA M, MIYATA S T, et al.
Constitutive type VI secretion system expression gives Vibrio
cholerae intra- and interspecific competitive advantages[ J].
PLoS One, 2012, 7(10) : e48320.

UNTERWEGER D, MIYATA S T, BACHMANN V, et al.
The Vibrio cholerae type VI secretion system employs diverse
effector modules for intraspecific competition [ J ]. Nature
Communications, 2014, 5(1) : 3549.

SALOMON D, GONZALEZ H, UPDEGRAFF B L, et al.
Vibrio parahaemolyticus type VI secretion system 1 is
activated in marine conditions to target bacteria, and is
differentially regulated from system 2[J]. PLoS One, 2013,
8(4): e61086.

WEST C K G, KLEIN S L, LOVELL C R. High frequency of
virulence factor genes t(dh, trh, and th in Vibrio
parahaemolyticus strains isolated from a pristine estuary[ J].
Applied and Environmental Microbiology, 2013, 79 (7).
2247-2252.

R, BB, KRR, . ARIEACE T RV I g 2
Wrs T S R IR A TR R a @ [T]. &
MRk, 2018, 39(23): 1-6.

NIU B, MU L L, ZHANG Z H, et al. Development of
predictive models based on qPCR for the growth of Listeria
monocytogenes and Vibrio parahaemolyticus coexisting on
cooked shrimps stored at low temperatures[ J]. Food Science,
2018, 39(23) : 1-6.

NIU B, MU L L, XIAO L L, et al. Reduction of infection
risk mediated by co-culturing Vibrio parahaemolyticus and
Listeria monocytogenes in refrigerated cooked shrimp [ J].
Journal of the Science of Food and Agriculture, 2018, 98
(12) . 44544461.

WANG L, LING Y, JIANG H W, et al. AphA is required for
biofilm formation, motility, and virulence in pandemic Vibrio
parahaemolyticus [ J ]. International Journal of Food
Microbiology, 2013, 160(3) ; 245-251.

SEIREE, SRR, BFT, . I MR B T
AW B 755 e SRR P R A A TS R AICR (D] B
MR R 2F244R, 2019, 28(5) : 792-800.

CHAI X F, QI J W, ZHAO L, et al. Eradication effect of
acidic electrolyzed water on Vibrio parahemolyticus biofilm
formed on fish scale surface[ J]. Journal of Shanghai Ocean
University, 2019, 28(5) : 792-800.

SPEARE L, CECERE A G, GUCKES K R, et al. Bacterial
symbionts use a type VI secretion system to eliminate
competitors in their natural host [ J ]. Proceedings of the
National Academy of Sciences of the United States of

America, 2018, 115(36) : E8528-E8537.

http: //www. shhydxxb. com



438 (SR (T E NI S S 1 29 5

[19] SALOMON D, KINCH L N, TRUDGIAN D C, et al. Marker antibacterial and anti-eukaryotic activities [ J ]. EMBO
for type VI secretion system effectors[ J]. Proceedings of the Reports, 2017, 18(11) : 1978-1990.
National Academy of Sciences of the United States of [21] JIANG N, TANG L, XIE R Q, et al. Vibrio parahaemolyticus
America, 2014, 111(25) ; 9271-9276. RhsP represents a widespread group of pro-effectors for type
[20] RAY A, SCHWARTZ N, DE SOUZA SANTOS M, et al. VI secretion systems[ J]. Nature Communications, 2018, 9
Type VI secretion system MIX-effectors carry both (1):3899.

Effect of Vibrio parahaemolyticus T6SS on intraspecific competition

MU Lili', NIU Ben', ZHANG Zhaohuan', WANG Sigi', WANG Jingjing', LIU Haiquan'*>*,

PAN Yingjie' >, ZHAO Yong'?*’

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Laboratory of Quality

and Safety Risk Assessment for Aquatic Product on Storage and Preservation, Ministry of Agriculture and Rural Affairs, Shanghai
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China; 4. Engineering Research Center of Food Thermal-Processing Technology, Shanghai Ocean University, Shanghai
201306, China)

Abstract: The 85 strains of Vibrio parahaemolyticus harboring the Vibrio parahaemolyticus type VI secretory
system (T6SS) related genes were investigated in this study. The T6SS1* and T6SSI1 ™ strains chosen were
analysed in mixed culture to explore their intraspecific competition. The qPCR technology was employed to
analyze the expression of related genes of T6SS. The results show that: although all Vibrio parahaemolyticus
harbored T6SS2, T6SS1 were found in a certain number of strains, 85 strains of Vibrio parahaemolyticus all
carried T6SS2, and 62 strains of Vibrio parahaemolyticus carried T6SS1, of which 41 were clinical isolates,
accounting for 93.2% of all clinical isolates; there were 21 environmental isolates, accounting for 51.2% of
all environmental isolates, T6SS1 gene clusters were different in Vibrio parahaemolyticus from different
sources. Some T6SS1 ™ strains had significant intraspecific competitive advantages, which could suppress the
growth of other strains in mixed culture. Compared with monoculture strains, the expression levels of T6SS1
and T6SS2 strains were significantly up-regulated in mixed culture. The reason for this phenomenon might be
that strains could strengthen the expression of its related T6SS1 and T6SS2 genes to enhance its
competitiveness in the species. The influence of Vibrio parahaemolyticus type VI secretion system on its
intraspecies competition was preliminarily explored, providing scientific reference for further revealing Vibrio
parahaemolyticus T6SS function.

Key words: Vibrio parahaemolyticus; T6SS; intraspecific competition; quantitative real-time PCR; gen

expression
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