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Tn5 /M SRIEUF TR ML &R MEE N EF
REMKRE S

ke FHR TAB R
(LMK AN S (RFE S TRE PERGELBATIOhG  Ei 200240)

1 E. [889] MERBMIELIKE (Vibrio parahaemolyticus, Vp)R EARE, HATEMEE
EFREMEARMIE, HFEANITAEFINIR tdh R R, [k AR WE A4
&%, F Mini-Tn5-Km2 b B FMAIEANEK 5@ Vp (ATCC 33846) A A48, FFvA4H A% % (Km)
Fo 2 FH B E (Amp)4d TCBS AFMIE S AT R TARKmM Amp®) § ik ; 454 PCR 7 k3t R L@
MRHEAT Km A B 5 &, MEERRE AR LMAEAR T Vp REARE, AREK AP iL
B F R FACHMR, ST AE KA. AR ARG RS i AT . (4R RARFE A
K, RAHEZ O 490 B Vp REME RERFE, FHIRF 5 i £ A TR 4 B AR Q2 7
At bt ) LR, 3MATIR). SHREWAEERKZR R, FREMY RN BIES ) 85 F AR
HEEWEF, £, 2450t BRBHRA | s bt h FTREAKREEGR Y. A REES
BT A B A 7 B3R AR R E TEK(P<0.05); % 2 ARz bt /) T B AR B BT AR BE ) 45 3 Atk
BERZH(P<0.05). [4£]) TnS $2FTH TEL Vp REMRE; Vp Bt ) 5 AR A4F/ERL
HARK M B PTIRAF 6 5 AR R A R B A #— 4R Vp tdh 69 iR4z A4 32 ek,

KR IR MIKE, TnsS, Kb h, RAETA

Phenotype analysis of mutant strains on hemolytic ability
mediated by TnS in pathogenic Vibrio parahaemolyticus

ZHANG Qian NIU Meng-Ya WANG Da-Peng  SHI Xian-Ming

(Department of Food Science and Technology, School of Agriculture & Biology, Shanghai Jiao Tong University,
MOST-USDA Joint Research Center for Food Safety, Shanghai 200240, China)

Abstract: [Objective] We established the mutation library of pathogenic Vibrio parahaemolyticus
(Vp), analyzed the phenotype characteristic of hemolytic ability changed mutations, to provide the
research basis for deeper exploration and understanding of the regulation system and mechanism of tdh.
[Methods] In this study, the Mini-Tn5-Km2 was inserted randomly into the genome of pathogenic Vp
(ATCC 33846) by biparental mating. The conjugants (Km Amp®) were investigated using thiosulfate
citrate bile salts sucrose agar medium with kanamycin (Km) and ampicillin (Amp) respectively. After
detection of the Km gene by polymerase chain reaction, library of mutations was established, which the
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Tn5 was inserted in different gene locus randomly. The hemolytic activity was evaluated with human
blood agar. Different characters of these conjugants were evaluated, including growth rate, biofilm
formation and motility ability. [Results] Library of mutations was successfully established including
490 mutants. After evaluating hemolytic activity, the phenotype of 5 strains was changed, including
2 up-regulated strains and 3 down-regulated strains. There was significant difference between the
5 conjugants and parent strain on growth rate, biofilm formation and motility ability. Among
3 down-regulated strains, the biofilm formation ability of 2 conjugants was increased (P<0.05). The
residual 3 strains demonstrated the significant difference (P<0.05) on growth rate, biofilm formation
ability and motility, comparing with their parent strain. [Conclusion] Tn5 transposon can be used to
establish the library of Vp mutations; Hemolytic ability of Vp is related to the phenotype; The five
conjugants will be contributed on investigation of regulation system and mechanism of tdk in further

study.

Keywords: Vibrio parahaemolyticus, Tn5, Hemolytic ability, Phenotypic changes

B 3K (Vibrio parahaemolyticus, Vp) R4
2 [REIErgE AT, e EmE W EIRMERURE Z —,
FER G YK A R B R, RIZE
SLHEMEYHEERIAEGL . Kk R RERIIETE S
I pREERM . HET, Vp BRI IX 5 R
SRR BN R, IRE SRR AN
Py LI E T 40%5T . Tt AR T B 0 R
(Thermostable direct hemolysin, TDH)H tdh Zifi5,
& Vp FEEURNFZ—, HAmME, gl .
O FREE RS W Y . TDH BA e
JE 340 (Arrhenius effect), 27K/ & %41
EERURDT, WA SRR TDH S8 &%
A, O Ch R AR R )

HHT, TnS 5T 32 T 24 G R %
PSRRI RSO S TS BT LIRS LT
VA AN PR S AR IR, I ELIE AR e A 2R PR X
REASMREAT DA R i et s P DA A R T Y
MBI IE RO B AR IC , AT R AR IR AR AR 67
M RE ST BET, DU TS
Vp RAMRFENIGEIFAZ L, Hrdr, Robert 4L
Mini-Mu f9# Vp SRASRRE, i 45 2 J8 A= 4
BRIIMIEAM; R SR Tos #45T2h
P45 3 219 Bk Vp AR, A5 —HRILAME G
BRSO B B A T T DA Ak A 3
RIS AR R, I FH A L 0 e B 1 14 4 7 5 AR AR i
AU RIS R B A R T v, M O

Vp (ATCC 33846)RASRIE, g ILGE 128 1b 1Y)
Wbk, MR tdh FERRENIE . EHEE R 0wk
A Vp B 5h 224 UG SR e S 4

1 S i
1.1 #8

Fe 5 52 5 Fir ] 52 14 T R o M w9k e
ATCC 33846, FH A< 52590 % Ol ;A 4A T 1 Bk
Escherichia coli S17-1 A pir (pUT mini-Tn5-Km2)H
Herh Al R AF AR v A ) [l 5% i A S 0 3 2R AR
P2

Taq T} . 10xPCR buffer, dNTPs, DNA ladder
%, WAH Thermo scientific 2] ; PRl P U] I
H TaKaRa 2\ w5 EEE ISR &0 F Axygen A Al ;
SRR B AU A EARA R AR . A
A PR T S 3 R B i 45 [ e e e e R
FIBERKm) TAERE A 100 mg/L, A EHHER
(Amp) TAEWEE R 150 mg/L,

1.2 A&
120 RTREREE: IEURTE Vp ATCC 33846

SRR, E. coli S17-1 A pir (pUT mini-Tn5-Km2)
FPARTR, SRR G G e A T 5 AR PERE e LA
TAMNHUERM LB BAR SR EE A UA TR FIZ
KT, Hrh 2 AR R IR NaCl & iy 3%, itk
T S 2 R4 50T 37 °C #1130 °C 1555 14 h, LA PBS
(pH 7.4)Z2 MCks PR PR T TR T, R R
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WIZE R ODeoo 4 0.8 SFIAFIR A HMIT 4 200 r/min
B0 3min; DA 1 mL 10 mmol/L MgSO, ¥ 2 It
FRk, 20 pL/sSURHRE A FSFIFE BHI (1% NaCl)
PR, 34 °C HiF% 48 h, LAJCTE PBS (pH 7.4)% Fik
BEFROUET , WA T Km G CHR BREh A IR SR AR £
FEME B IR B 32 5L (Thiosulfate citrate bile salts sucrose
agar culture medium, TCBS)#1 ik,

122 MEFRIGIEFRMEES F: K LR REE
1K H BT 75 43 3 SRR F TCBS (Km)fil TCBS
(AmpH5FE3E, 37 °C K537 14 h, TCBS (Km )#iHF
FeA: K TCBS (Amp )EF IR A A K B R A FHAE
VAT

1.2.3 Km HEEEAR PCR 4. ARYEFR pUT
mini-Tn5-Km?2 #77 i Km $iPEREFH15E15 14,
HAKB W5 E W3 1, PCR RIVAKZRH: 10xPCR
buffer 2.0 pL, MgCl, (25 mmol/L) 1.5 uL., dNTPs
(2.5 mmol/L) 1.0 pL, F F#HF5I4% 10 pumol/L)
1.0 uL, Tag FE(1 U/uL) 0.5 pL, #k DNA 2.0 uL,
L ddH,O #ME SARF 20.0 pL. o, DlkEpsld
LA T DNA W, PCR S 244K 95 °C
5min; 95°C30s, 55°C30s, 72°C30s, 35§
¥/; 72 °C 10 min; 4 °C 10 min, i PCR =¥k
JINHK 492 bp.

1.2.4 tdh EEH PCR & : 4 THEBRHA Tns Hfi A
tdh FEES AL, X tdh 4T PCRAGIN ARYE Vp tdh
BERFIEE1Y, HESI9ERE IR 1. PCR X
PR ZR AR 1.2.3 8] PCR F=4) K/INA 589 bp.
125 BAMmM&eEANE: = B EK LGB
4789.7-2013) 1 % 3 ZE R ML F B0 A bR T
37 °C 200 r/min #E3% 3555 10 ho B B EE 2 ODgoo
1.0, H20.0 pL B EA 5 mmol/L 247 fLHr,

PIZEATHIR(ATCC 33846) MXTHR, 37 °C K535 24 h
PLifbRAR RO 2 1 P A o

1.2.6 BERKEEANE: KA 96 FLANMKT AR
U XE Vp RASKREE B BCAE A TINE . Vp
ATCC 33846 FIFHYEREG Tl T &G HHNHT
AZEE LB (3% NaCh#EFEdtr, 37 °C. 200 r/min
WRGE TR KBl 1:100 LHIFRET LB
(3% NaCh¥5 53, 200 LALLM T 96 FLANMIES
FMR (A ERE 3 ANER), 37 °C #rEKEFE 24 h,
SRR, LA PBS iR 3 W JIA 200 pL/FL 0.1%
(PR LG )2 i SR e i, SIRFE 1 he SRR
ik, VL PBS HUE 3 K. A 95%EE, =T
100 r/min #%%% 30 min. LABE#FR{L(TECAN Sunrise)
Kl ODsos WOGAH

1.2.7 BEHEEAME: DF 2% NaCl K 0.3%5i5
1 LB ~F-H il & TR IK B RE T, 1% 2% NaCl & 1.5%
TG Y BHI AR B MRAEEERE ) o 7EUk BhBE 152
g, DAEAMER PR — A 5eRE, ZFHIA LB Pl
PR FERESERE SRS, DIEERhE BRI sa

ST BHI PR .

1.2.8 HKMENE: WS LREm 1.2.6 Hr
o B LA 200 pL/ALEA 96 FLANMRT TR, K5hs
I BT AR I £ % 1 H (Bioscreen CMBR), Jf:
JH BioScreener 2443 30 min J%E ODggo {H., 5}[E]
5N 48 he,

2 GRG0
2.1 BEAXKRER

Vp ARSI, WA AR . B
RS N A2 AR TR R 8 S AT o
b, 434 AQREE )< 2(B5 35 07 20) < 2 (K5 7R 3k <3 (b2 14
B L) <35 FR I T F T T 144 41FAT RS SR, 45

F1 ZEHIINMER

Table 1 The information of primers used in this study

5|¥4F5 Primer name J¥51 Sequence (5'—3") JHi& Application kIR Source
Km-F GGCAGCGCAACGGAACATTCA K Dol s e [15]
Km-R GCGGCCTCGAGCAAGACGTTT
tdh-F CCGGAATTCATGAAACACCAATATTTTGC tdh FEN % E AfTiseit
tdh-R CCCAAGCTTTTATTGTTGATGTTTATATTC
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Table 2 Conditions optimize of bioparental mating

HJE Temperature (°C)  H:55 )53 Culture method

WieH Culture medium

HEZ AR ] Ratio  #53EMFE Time (h)

30 WARFE T
32
34 R B UESS
37

1:1 24

5 1:2 36
BHI+FF IR EL

1:3 48

P2 KT I3 20 5K B FEIMAFPIERR R 11 BHI
AR SRR, HG W 2T EIE R
RERSAF IG5 BRRaf R T A e
BAWEZW, KA 0EE 24 h 36 h iEKE
48 h, BRI 2-30 5 CBdER BoRn); AR
B BRI RIS A IR, 25 R = TR
KT DL Vp 2R A A b,
HEZ ARG LI 1:2 F01:3 JE5E 101, sk
P15 TR BT T A A HLAT i 3520, 30 °C Fl1 34 °C
BOE T Vp BB RVE IBESE ; 34 °C S04 P2 IR
AT R I, R EAEEE 30 °C TR 37 °C K
FEBF R A R A, RS 32 A Ry B S AR
o ZE LRI, DL Vp RS2 IREE 3G e S 0 i
AR DL LR AL A2, 34 °C 44
NFE BHI AR FRIEFR M H7 48 ho LAl ik
17 Vp HEG RS, YO RT3 1020 4~
HHIE 1), et Wit EZ )5, HEBR 5%Z4:
R ATEVR . SR Bk, 3845 490 BRPHE
5T
22 EATPCRETELR

2ot WA e 5 R A1, BImT P Hs i
Km $TiIE R, HAw SHAMARE 0 Kh—80, 1

bp M I 2 3 4 5 6 7

492

492 bp, MSEARMMITC A (K 2). Fi5h,
X MLRE ) 2B B TR 7302847 Km F sdh FEPH
PCR i, Z53 VLA 3,
23 BEEFRMLEEHNE
RN PAR L, A2 5 PR 2k
RIS RRR(E 4), 295 R4+ 580 1.0% (5/490),
S9SN Vp-Tn5-1, Vp-Tn5-2, Vp-Tn5-3,
Vp-Tn5-4 Fl Vp-Tn5-5, H:H, Vp-Tn5-1, Vp-Tn5-2
F1 Vp-Tn5-4 R¥SIAES) F IS+, Vp-Tn5-3 FI
Vp-Tn5-5 R IMAE S LIRS T &0 R ARk
IR IR B L3 3

E1 #ESFHIE
Figure 1 Selection of conjugants

8§ 910 11 12 13 14 15 16 17 18 19 20 21 M bp

B2 #EFKmEERETE

Figure 2

Identification of conjugants Km gene

Note: M: 100 bp DNA ladder; 1-18: Conjugants; 19: Vp ATCC 33846; 20: E. coli S17-1 A pir (pUT mini-Tn5-Km?2); 21: Negative control.
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bp

LI | B

il [ E

3 wdh K Km Tt EFLEE
Figure 3 Identification of zdh and Km gene
Note: M: 100 bp DNA ladder; 1: Vp-Tn5-1 tdh gene; 2: Vp-Tn5-1 Km gene; 3: Vp-Tn5-2 tdh gene; 4: Vp-Tn5-2 Km gene; 5: Vp-Tn5-3 tdh
gene; 6: Vp-Tn5-3 Km gene; 7: Vp-Tn5-4 tdh gene; 8: Vp-Tn5-4 Km gene; 9: Vp-TnS-5 tdh gene; 10: Vp-Tn5-5 Km gene; 11-12: Positive
control; 13—14: Negative control.

ATC%S%
L

4 RMEEH
Figure 4 Hemolytic ability
24 HKHZENE

XU MR bR T AR th 2l e, IS
EARRRIEATHT L o 53R R (K S), W LfE S F &
Bk Vp-TnS-1 fil Vp-Tn5-2 A=K HE 1 535 AKRAAML,
T2 h FEAXEC, 28-38 h AHAkHE ARG E M, ek
ODgoo fHALF 1.1-1.2 Z[H], Vp-Tn5-3 Fl Vp-Tn5-5
PRV I AE T LR BRIAR A K BE 518, ODgoo 1HIY

fE 4-6 h WIHBLKIRERK; Bk 6 ha, Kl
JERETS21%; 48 h MELS AT, WA ODgoo [EAAL
TGRS, R ARREM . Vp-Tn5-4 /E
I 8 D) T oAl ik, HAEWS IR 5 h,
6-13 h N ODgoo [EPGEIG K, 14 h JF#aTZE; F
Kig% 28 h if i ARG E W], B ODgoo (H7E 1.0 42
F, IFT 42-44 h BHFGR BB T RS

25 EEFESERENNE

251 BEERENME: BHERE MAMRHERAE
P—EMEAE . Qi 6 Fis, TR INLGE S IR @ik
Vp-Tn5-3 J& Vp-Tn5-5 BEAERESI AL, HFEAREE
Atm. Wife s FIHEME Vp-TnS-1. Vp-Tn5-2
F1 Vp-Tn5-4 1, Vp-Tn5-1 Fll Vp-Tn5-2 BEERE 1 5
EARTCH 2205 Vp-Tn5-4 FEERE & A $2 15
TERFEE R, 43 60 h 3535, SEARRTE ;3
FUH Y N G ST . 3R RS A [RDY R B
Vp-Tn5-1 Fl Vp-TnS5-2 B % £ 5 EARRARH 5
Vp-Tn5-4 TIEE SR A M — S BE W BT, 248
FU A AEIE , s RE M T4, Vp-Tn5-3 Fl
Vp-Tn5-5 HVERADGHENE, 2PRshiRES, i

*k3 BAMBEERE
Table 3 Diameter of hemolytic circle
£ %% Name Vp-Tn5-1 Vp-Tn5-2 Vp-Tn5-3 Vp-Tn5-4 Vp-Tn5-5 ATCC 33846
E1% Diameter (mm) 8.88+0.33" 11.64+0.22° 15.35+0.24% 5.1240.05¢ 14.87+0.35° 12.30+0.16°

Note: Different letters mean significant difference according to Duncan’s text (P<0.05).
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14r1

0.0

—*—Vp-Tn5-1
——Vp-Tn5-2
——Vp-Tn5-3
——Vp-Tn5-4
—=—Vp-Tn5-5
——ATCC 33846

0 2 4 6 810121416 1820 22 24 28 32 36 38 40 42 44 46 48
2 (h)

5 SRHENER

Figure 5 Growth curve

Blo Bi&EaEHE

Figure 6 Swarming ability

R TR ERE, R XHTREAMK, PLEg,
R, TnS FETAEARA, A THERT X
WA R

252 GkaNBENMZE: TEIKSIBESITH(E 7), Bl
At 1 FHERE Vp-TnS-1 Fl Vp-Tn5-2 535 A#ICHH
BRI, HPRESZI S REA AR F T
PR, WA ZMEEIEE . BIGe T b w Ak
Vp-Tn5-3 . Vp-Tn5-5 A LHE ST T M E PR Vp-Tn5-4
Ik BhEE ST BIEAK, Vp-Tn5-3 £ Vp-TnS5-5 Hi%
RIEEMHIRES ;. Vp-Tns5-4 i T, #HI0E2,
5 SRABRARRL

E7 kINEENE

Figure 7 Swimming ability

2.6 HIRFZAEEHINE

Vp B R RE SR R, S AR 4 24 h
B 1 NN e W B 1T 90 ) S Y =
TE A ODsos 254 TSGR TR 2.94, FHMEES
TRBIY GE S SR A M2 5 i 3 (B 8) i ML GE T
T E R Vp-Tn5-1 Al Vp-Tn5-2 H I AE S B2
$E15(P<0.05), T34 ODsos [E 43935 3.34 1 3.22,
T3 — BRI L HE J1 T W B RE(Vp-TnS5-4) B EIE e
B/NEEE TR, Y ODsos (H R 231, WIMAES I
JHHIMR Vp-Tn5-3 Fl Vp-Tn5-5 FIEIE BLAE /) R
(P<0.05), V-3 ODsos fHAXy 0.48 F10.56.
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~ Down-regulated strains ~ Up-regulated strains

“ T
N

NN
N

_
7
.

8 BERFAAENE

Figure 8 Ability of biofilm formation

Note: Different letters mean significant difference according to
Duncan’s text (P<0.05).

3 Wi

M E A M RS Vp FEBURNFZz—. 78
TERM AL, tdh FHYE Vp BARTE BUEA r R 43
JIIRG A Vp ZBomtER "™, BF58 tdh ik
ML AT 24 B FIR AR Vp B9E0s T, H
MBI ARZ W, HAET, {XE A toxRS JEH T 3)
FXTF tdh FkA PR, W0 hfg FeH R
PR TR AR A T s Vp R
AR, TGRS MR RE, SR AIZIEFIA
W tdh TR SR AR SER

LA, AT R SRR Ay
KT Vp A REERE, (HIR R AR DI 2A5 BH
PG, AlaeS Vp S5 i EA 7 WA sk
DNA Fiff g 14 524, YAME DNA e 8 Ak ak
S AHEAE R R K A IE 0T, DNA 1R 0] RE#E
Pl R B Wi, (o AR XA i A ST TRT 248 L P - S 3R
ARG T BRI, N2+
2tk DNA R Bz, S 7 scsess . ik, RH
P B G BT A Vp AR

I XA i AR AN A R B S T4k,
e 2 iff 0 T [ AR B 57 56 3R TR A K 20800 B9 T 1A
I i& T Vp %4 % M . Biomedal /A W pUT
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mini-Tn5-Cm AUt F5 8. 7EREFR M AAY
IR AR AT A RO R B 2R BUORLAETE T2 AR AR A
T B PR & T S D0 A o (BRI AT R
b BHI IR SRS THE 3%, Be 6 TR T8 SRR 1Y
B, TRAMERTIOHE PBS H. Frgmshxt
T E. coli WAEKEAIHIVER . 1AL, Vp 7] 5
FrEEIREL BRI pH Thimr, MITIXT E. coli [
KRR RIMER,, L2 TICESAR RS
FoE37°C KT, Vp A K#EH B KT E. coli,
A7 R A AR R N [ S B2 6 T AR R A AR 1Y)
JER 2z —; TLE 30 °C F132 °C &4 TF, B2k
ARAXT S, WAH] TS AR . FEdh it
Frrh, PRREGE, BT S SZ KR AR BT &
ARG R R AR R LR IR . (RIL, JERK A BRI
F 48 h, FRHHE . ZREE LI E 101, S5
JERA TR . Zatfifl, Biell 1:1 iR
HHZIKE, 34 °C Z&F T 7F BHI BAR IR LM
Fid% 48 h L) Vp S AR TR 5 e e S s e R 4%
F IR, & 6 PTG R
70-80 NPHPERE G+

P23 356 FEFR(GB 4789.7-2013)K6: 1 Vp 2K
PRI, R IS A2 T 2 N R R
FERIUR IR, FRATT 220 W6 VAT U J3E ] B X el
ANFEAE R, $LL 10 h BRI TR, SR
I P8 B AR BB AR I TR AR . AR — R
mF, JEASE] 14 BRI RAVILRE R, 5 admiEs
T BB 3.06%, o, ¥Silfg Sy LR AT I E R
&7 ko ¥ 14 BRIE IFE IR RE 2 ODeoo A 1.0,
FHUIE T IMBE S %, SR 3 5 BRE AR E
BRIAR FRATTICIE B IARR 5 ARV MR E B T4b,
AT A7 A A, 51 5 B R 23 8 3 T A A T ) I e
JINIHES T, LA R DR A AR AR i A G 2] 11
wEImGe ) FIREEG T AR Vp RABKE T, 2
1% (5/490) N R B Z L Hi bk . 4 PCR %5E
5 BRI MR AV AR, 7T ATE tdh
SEPRROL(E 3)0 FRATHEN . Vp 4 832 PR T,
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2y 47 N EEH TR S tdh MFRIRTATE

AW 5T K IS S RE 1 BB T T A SV L RE
BLHEARDC W I fE ) IR B FE Vp-TnS-3 ll Vp-TnS-5
FEAERE Jy3om, TkShne s, vk EEIRE . ok
T M EARAS, HEARZE R W E (P<0.05),
MAE ST M ERE Vp-Tn5-1 F1 Vp-Tn5-2 iz shERE T
TS EAA LI B 225, 2w+
PERRAI Z I RTE AL . BREESCE T, X — AR
fEXEFR 2 24 h BFEPATRER S, AT 45 TRV EAR L
1 mm, FEAKEF Vp-Tn5-1. Vp-Tn5-2 BikEIAIMLfE
JIT AR B VA 2 1 B BT RS . Vp-Tn5-4 K
RABVMAF ISR, HAF A RE ) BORAS bR I A [
fiX, JFEIERAEMRREABE, S5oRAR Y B2 57
BRI . VKBIRE IR A KRB B A%, (RTA 75 R IHTE
AEEAARL, MK SR T 0o 5 AR K
JEREARA K

TnS FHANLEEEF KRG, MTEAGTRE
WCRE T Pt BRI, AE 5 BRI MR RS A T
Hh, BRI IR ) A TR (04 TR BT B R A bR
STHE T 13.41%H1 9.60%; B INAE S i@tk
PRI R R ARG IFEAIL T 83.54%F1 81.02%
IR Vp-TnS-4 M IGe ST TRk, (HHERBIE
BUREIME A TR, BORASBRREAR T 21.51%. Ffi1HE
MiX—I G 5HAE KRR IIHHIE . RATBITR L &I
Vp IR SR BEIE MR 2 G X 5AEEL
WPt Vp BRI RO 1t = T Eom e bk 24
I,

2 % 3 Wk
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