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BEZBE(LPS) & == [CBAPE AN B W A AT 454,
T 22 B 2% TR I D 1 80 A e v e B o
PER™ . BLR B LPSALEE = A48, il S
PEZMEEE . A5 BTA SAZ AR RS o B i I
B2 R SR NG, R0 IR R T LR O
Obilst. R IMINEIHA 13FOPLIFEAL(01-013),
OPL A R 5 Fi R 30 #5620 TR e (AR b i i o
A, B OB I 3 K 4 o R ot 9K TR s 74 1R A
RIMD2210633 458 8 3L A7 58 il , 2 A Tl
WG R T RYASRIXIRA (VP0190-0214) ] HE>
OBU R HE M T AE X S, 22 [R P B O Ji 2 [
e E AR . RS N . MR
FEURSERE R AR PRI 7 SRR O IR B Bk
AL R R A waaFE R R (W FRrfazE RR), 12355 A
e B B Lok, KT B rh i 5%
LPSHAZ O IR MR BL I Ry rfa e R, HETE AT
PEE . R HAB T & Th A T A% O SR I B R
T4 AwaalE /R, A0V 1T BRI R 5 B A1 G
B waa FHEDR g BV i 9 B bR o T Rk
(RIMD2210633) X 35 A ' 4 i Bl RE A% RS il 1T )
P, SRR B O IR R I S0, LR Bk
Ea 0 G AN R AT o A T e s e
VS LB OB TR 2548 Ko = A4k

AR B e BT A5 AL B AR XTI R4 5
HIO3: K6k T waaFEE R I RibR, FHXwaaF%E
DR SR T BN 25, BFSE waaFHE R B AR 1Y
ML RE R A AR, P waaFRE R R4
OB A LAY AL [

1 AR %

1.1 8

111 BERRAEERL: A 250 BT FH RV I 5K o
Il PRA3 B ARVPO178 (tdh' /), ILiEHIRO3:K6;
B4R VP0037, ILVERIH05:K15; HREE5rE
FEVP0043, IfLiEH HO10:K24; E. coli S17 Apir&
¥, HABKpn 1 FXba 1 BRHIVEREDIN A BB
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K pKD3(HFHEBERIMAENR), KKK N
pBBRIMCS?2 (& RAFERPIMEIER), DL Rk
JoT KR A SR IR AT

1.1.2 FBH]: KR &(RR047A), SYBR
Green 5| & FIILA Tag DNAR GBI TE 49
TR(KRE)VERAT; REIENVIEKpn 1H
Xba 1, W FEENEBAF] . RIS LR i 537
AT B AL AR SCR i ek HE 5
LTS

1.1.3 519 AT S 19 A T A9 TR Lifg)
AIRAFGH, SIYERT IR IR

1.2 waaFZE R BRI ERR A L

1.21 KEZNHEREMwaaFFER T IFRERE
BIFRME: LUK pKD3 M AR P 1 SR K Pk 5
B, LAVPO178 BRI A AR S waaFSE A I
TUERIE, BTS04 5 PKD3-F/PKD3-R,
waaf-S-1000-F/waaf-S-1000-R, waaf-X-1000-F/
waaf-X-1000-R,

PCRIWAKRZA(50 L) K. 1 pLBif, 1 pL b
WE5199(10 pmol/L), 1 pL FF5[4#(10 pmol/L),
25 pL PrimeSTAR Max Premix (TaKaRa), 22 uL’K
P ddH,0, PCREEJFZHL: 98 °C 2 min; 98 °C
10s, 55°C 5s, 72 °C 1 min, #7300 MER;
72 °C 10 min,

PCR” W& BiAe i BE e iUk, FEEER IR &
SN AAROC SR ZE R . SR SRR 0 B A mD S5
&, BEREZRPEIRENRN . waaFHER iz [RIEE I
waaF R i[RI R4 T [ e ik
1.2.2 A PCREFRFATFRNRELWDNA K B:
KA A PCREL AR W waa FHE A |
R | B R Pk Flwaa FEE T Ui [R5
BERLG NIRRT DNA R Bt . 4 Biig b
Bk, MRS A b al & 7 B, e R Bok
#HpMDI18-THAK, AL TOP10KIGHT B2
BANM, ZPUETPARTGE R TS PCREEE, HREL
YR IR R BAPE SakE, b Rt RILMIY
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*1. RXPTASIHIFS

Table 1. The primer sequences used in this paper

Primers Sequences (5'—-3")
PKD3-F ATAAATAATTCGAATTAACATGAGCGATTGTGTAGGCTGGAG
PKD3-R GACTGGCAAGTTGAAAAATGATTAACGGCTGACATGGGAATTAG

waaf-S-1000-F
waaf-S-1000-R

CCCTGTATTATTTTCCACAAACT
CTCCAGCCTACACAATCGCTCATGTTAATTCGAATTATTTATAC

waaf-X-1000-F TCATTTTTCAACTTGCCAGTCAG
waaf-X-1000-R AATTCCCATGTCAGCCGTTAAATCCAAACCATTCCGTTCCCTGA
waaf-n-F AATGTTGGTATTGGCACTCACGC

waaf-n-R ATTGGATACACTGCCTCGCCCTA

TLH-F AAAGCGGATTATGCAGAAGCACTG

TLH-R GCTACTTTCTAGCATTTTCTCTGC

TDH-F GTAAAGGTCTCTGACTTTTGGAC

TDH-R TGGAATAGAACCTTCATCTTCACC

HB-S-Kpn I CGGGGTACCTTAACATGAACTAGTCGCAATGG
HB-X-Xba I TGCICTAGAATGAAAAAAATTCTAATTATTGG
S2-F GCTTCGGAATCGTTTTCCGGGAC

S2-R CTGCCCTGAACCGACGACCGGGT

Sequence underline is the complementary sequence of the adjacent segment. GGTACC is the restriction enzyme cutting site of Kpn I, and
CGQ is the protective bases. TCTAGA is the restriction enzyme cutting site of Xba I, and TGC is the protective bases.

123 HRRER)NFHEAER: SH5XT
ST, MW D EB O ARG AR, B
AT . BUVPO178E AR TETCBSHE IR 5 V-4 4l
2k, 37 °CHi3%12-16 h, BEBUCARE ISR T&
3%ER B E R K (APW)HT, 37 °C. 150 r/min,
PRz 5576 hy 4 FAREW LI 10019 L4227 T
3%ERAPWHI, 37 °C. 160 r/mindEi% 355523 hZE
ODgo=0.54: 475 B mL E3RBH T2 mLE L&
. 5000 r/min 05 minfTHERAR; B2 mLIKH
HvE K EEDUE, 0Dgy=0.2, 1ENEZ 40
ffa, —80 cCUKAfrAT & "

%% Meibom %5 €3 [0 H 52 R A 5L J7
B, MR TR AR R AR T8 el ] T A R R R TR
Bk, BAKIR . B2 mLE SR T 127040 ks 554k
, FfELT A — A1 em B K FERS, 30 °CHE
FR; SRR, (L BEST, A2 mLBTEER) K

WK, 24 pgfl DNA R BOmMASLH, 30°C
Kiged ;s BUREESS, A3 mL 0.9% A BEER /K
H, WRHEIR T30 s SE TR IR K HAR
WH0.9%A A FER KA 7107, 107, 107 8B EERR
BE, A1 IH100 pLAS FE R BETRBIR A 7E %5 pg/mL
REZPEMLBYAR |, 15351824 hE K I BAE
% ATV PCREE , K waaFH: B R R
VP0178 AwaaF™,

1.3 B SN waa FEEF 82K B4R RR K F R

1.3.1  MgEELA R 7 LIVP0178. VP0037H]
VPOO43 P M AR Y 1 3k waaF-03 . waaF-05
MwaaF-O103 K F B, AR $ PN VI iEKpn 1
MXba 1 XF#A&pBBRIMCS2 135 H At B4 A Bt
AT RUEGYT, HiER: . FRALE. coli S17 Apir/
ZAML, PRBCEAR T RE IR TR, AT
A1 mLA LB RIS SR, 37 °C. 160 r/min
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g6 hiity, REWEEM, B pLEw, #17
PCREGIE ., XTPCRYE AN HPEM R R, KA
AT, 51 4% A HB-S-Kpn 1/ HB-X-
Xbal,
1.3.2 BAHBRHEBIYE MmN ZE BIEME: ¥
S 3 waaF R pBBRIMCS2 TR FIE. coli
S17Apir R FIVPO178 A waaFT# k4> W% R 1E
LB, 37 °C. 160 r/mind 3% & ODgflH N
0.5/547; 4°C. 4000 r/minS.0>5 minEH A,
FH150 pL BYLBAVH 4 0 T 77 5 HX0.22 pm
TELIEIEZ) 1 em® KN, BIEFELBYAR b, [ g
AR EIN30 L&A 3 waaF 3 H [ pBBR IMCS2
BRLIE. coli S1TApirFIVPO178 A waaFTE T ,
FF PR B B R 78 /0 RO, 30 °CH B 15 976-8 h;
FH0.9% I A= BRER K PR AL IR b PRI, Bk
T TR R AT OGRS R, AR R IR
200 pLIE A FELBFH2 (50 pg/mL Kan") |-, 30 °CiE
30 min, SREHRCFAREIE, 30 cCHiFRE KR
TR PREBCEAR LRI, R TINA 1 mL
LB ARG FRIL A2 mLE.O4E 1, 37 °C. 160 r/min
Bigte WA, FREEMOEM, B pLBEW, T
PCREGIE"™,
14 AEKMEENLH

BVPO178H HEFIVPO178 A waaF i ¥k 1E
TCBSHiFRIL AR L RILL, 37 °Cal 7 i57%. HRHL
P TE RN T 3% APWIKHT, 37 °C. 160 r/min
26 h, $EA% A I AL B R R A T
3%EEAPWIKIIFEM T, 37 °C. 160 r/mind% FF
R, A2 hill5E 1K ODgoofH, BRI R EAF-
a6, mAERh.
1.5 EXRLERER

BVPO178H ¥R A VPO178 A waaF kT
TCBSK; FR LA L RlZk, 37 cCalidisr. H
0.9 % Y A5 B ER /K vk P B b 9 T % 28 o o i T
M, VR RERAE A T 24 [ A R A
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1.6 MFR%E
VA L R P ORI K ML 43 T4 B H A A= BF 2y
) I % IR & i BT

2 HRAAT

2.1 B MINE waa FIEHE K ERVPO178 AwaaF
L )= Y T I

A3 LAVPO1 78 R FpK D3 ok AR, 47
AR S waaFRE A L UF R IR (1230 bp) . HIER]E
(1143 bp) MG ZPiMERE N BE(1053 bp), H.
Ry HZE R -ATP IR . % BR3P B
S, RAIBAPCR, B34 BrgE ik Rk, m
APCRY MELERINE 1-BFT /R, NETRIHH, 8
A GPCRIAT T H B /NZI23000 bplh) 25417,
[ U F B /N3426 bp—3K ., BilA PCRA By
PR R, B IKIRAE T waaFEER 1A
TR B RPUHSEA B Bt FwaaF3E R R iE] R
B, RS R 3, RIS PCRY ).

N = N I N DR E R AT N |
VPOL78TEF, SPUtEbRiciiigE, RASHIL H
e, ZWVEPCREE, KIFVPO178 AwaaFTatk.
K 1-CH /R TPCRIGUF IER B RRAYP 1 25 5, H
HHYKIE S HwaaF R N5 W) waaf-n-Ffllwaaf-n-
RYBEZER, K AwaaFIERE R, 051900
PRSP 18 A BE . IKIB 6 A waaFIE IR L[] 5
TE )5 AN i [R5 B 1m) 51 waaf-S-1000-F Al
waaf-X-1000-RIYY ML, 7EVPO178 AwaaFH
b, TR TwaaFREH, HK/N A3426
bp. VKiA7HpKD3E AP IESL H 5[ PKD3-FH
PKD3-RIGY HZER, 1EVPO178 AwaaFH kA
ABPUEILHE, R/ 1053 bp. 8K HEIA
MR R AR S | Y TLH-F A TLH-R P 445 5
HK/NH500 bp, % F BRI MR . 9N
R I N B S 3L 5 | TDH-FAI TDH-R A 1%
gER, FEPIER A BT AE TR VPO 178 R I IR 43 25
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Figure 1. Agarose gel electrophoresis of the target fragments. A and B showed the results of construction of vector,

M1: DL2000 maker, M2: DL5000 maker; lane 1: upstream homologous arm of waaF gene; lane 2: downstream

homologous arm of waaF gene; lane 3: chloramphenicol resistant gene cloning from pKD3 plasmid; lane 4: fusion

segment. C showed the result of identification of gene deletion strains; lane 5: fragments amplified by primers waaf-n-

F and waaf-n-R; lane 6: fragments amplified by primers waaf-S-1000-F and waaf-X-1000-R; lane 7: fragments
amplified by primers PKD3-F and PKD3-R; lane 8: fragments amplified by primers TLH-F and TLH-R; lane 9:

fragments amplified by primers TDH-F and TDH-R.

Bk, tdhZERRGI A RYE, B BER/NR269 bp, 7E
VP0178 AwaaFEMM N &A% R B ik Ry
PIasE R E A —E, B/RVP0178 AwaaFHfk
PR .
2.2 VPO178 Awaa FIEETE A

FVPO1 78R FIVPO178 A waaF Tk 43 51l o,
P FTCBSYAR |, 37 °CH;3518 h, MELHIAIL
A, SR DRPIREY KRGO, Wk
LA IR, WE2-AFTR, 2822 R,
WMELVPO 178 AR FIVPO178 A waaF Tk 1) B AT
A, SR mK2-BHIK2-CHras, VPO178TH Kk Al
VPO178 AwaaFR R AMIE S RA —3, H2[K
Yt KB R RFPAR, Ul waaF5E R AR A 5
M 240 T2
2.3 VP0178 AwaaFHH 2R

FVPO178H R FIVPO178 A waaF MRS 4%

FITE3%ER Y APWIK Y, [R]ISIU 2E VPO 178 T Bk il
VP0178 AwaaFR R A K HUR, 458 BonunE3
TR, VPOL78EEFEFIVPO178 AwaaF T kKA
KR EEA—5, VP0178 AwaaFFMREKIEH ,
Vi waaF3ER BRI 8 52 20 i 1 A

2.4 VPO178 AwaaFIIMTE R E

5 FHO3PTIAL T 43 51 [F) BF A6 TR R (VPO 178) il 2
PR B 2 B RR (VPO 178 A waaF) AT RS, 45 54
K4 TR, BPA B E O3 E & 4 T W W iy 5E
LN, B HO3IMERL; MVPO178 AwaaF K
PR O3 ¥L I W5 & A & A4 Bk IR N, WoR
VPO178 AwaaFRRK Z T O3 MG R . #
VP0178 AwaaFFERERIO1 ., O2F104-O1 13T 1L T 1
TN, 4559 578 VP0178 A waaFTE R [FX 10FH$T
MR R A B N . EREE R R HwaaF3EH
EOPUEA M A EZAEA, sk s m
ORI
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2. VPO178FAVP0178 A waaFRy 4 K AR KRS
Figure 2. The growth and gram staining of VP0178 and
VP0178 AwaaF. A showed the growth of VP0178 and
VP0178 AwaaF strain on TCBS agar, WT: VP0178
strain, Awaaf: VP0178 AwaaF mutants strain; B and C
showed the gram staining of VP0178 and
VP0178 Awaak strain, respectively.

2.0 -
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1.4
1.2
1.0
0.8
0.6
0.4 -
0.2
0.0

ODGU()

0 2 4 6 8 10 12 14 16 18 20 22 24
t/h

B 3. VPO178F1VP0178 A waaFiyE < i 2k
Figure 3. The growth rate and gram staining of VP0178

and VP0O178 AwaaF. WT: VP0178 strain, Awaaf:

VP0178 AwaaF mutants strain
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4. FAEREKSERREKOIMIFELEFEX LLE
Figure 4. Comparison of the reaction results with O3
antiserum between WT and mutant strains. WT:
VP0178, Awaaf: VP0178 AwaaF mutant.

2.5 VP0178 AwaaFEIANE R EIFIER K I RBA-HT

N i waaFRER B IIRE, W T
VPO178 AwaaF IR #E . BEHT B A B BRI
waaFFEF (O32KV5), [FHFA: TR AR DL BE 45 1)
waaFER (OS5, AHALEE99.3 %) F [F] Y A= T Ak
LR AR B waa FIEP (O 10K R, A1 L BE
53.1%), FIFpBBRIMCS2EH 43 Sk 734 [m]
*hFEAEMA . pBBRIMCS2-waaf-O3, pBBRIMCS2
-waaf-O5H1 pBBRIMCS2-waaf-010, &5 {78 Y
SN E AR R I PCRIGAIESE H, MR Pa] L)
F it FHpBBRIMCS2JFi ki | S2-F FIS2-R5 | ¥)7E
25 IR 1 H 1006 bp K/ (B SHRikGE 1),
FE AR 3 RN 35 2 AR 43 4 4 2065 bp
(1006 bp+1059 bp). 1732 bp (1006 bp+726 bp)F
2065 bp (1006 bp+1059 bp)K/Mib A B, [FEHA(E
—5, RN EAL RN .

3 RN R IR AR FHEE & 5678 5 I AE. coli
S17Apir ¥EHE A ZIVPO178 AwaaF kT, 4
R ZPMEE R . PCREGIIE A FERIE, 3k
A EE B VPO178 A waaFIM #bE #R . K687
1431 T RN 119 I 37 R e 2 51, o i
MhwaaF 3 AL EME & 54 pBBR1IMCS2-waaF -
OSJFkE A [l MR R O3B I & A T HEAE I, 14
AT A BRwaa 3 PR [T RMIEASHER 2R MR 52 T O3
W, OS5I A waa FE: DN REAE O3 I T %1 4 Rl
Vs LS ER Ak v & 4 PR SL R RO BT R s T A 2



RIS | UEYIZER, 2016, 56(2)

297

2000

1000
750
500

200
100

<«—2065
<«—1006

<« 2065
1732

B 5. E#bFiZFIKBIRASHE SRS BRIk E
Figure 5. Agarose gel electrophoresis of the PCR products of the recombinant plasmids. M: DL2000 maker; lane 1:
empty plasmid; lane 2: pPBBRIMCS2-waaF-03; lane 3: pPBBRIMCS2-waaF-010; lane 4: pPBBRIMCS2-waaF-0O5.

C

6. 3NMEEEMARIO3M FE Y E X LLE
Figure 6. Comparison of the reaction results with O3 antiserum among the gene complementations. A: C-0, mutant
complemented by empty plasmid pBBRIMCS2; B: C-AwaaF-03, mutant complemented by pBBRIMCS2-waaF-
03; C: C-AwaaF-05, mutant complemented by pBBRIMCS2-waaF-05; D: C-AwaaF-010, mutant complemented

by pPBBRIMCS2-waaF-O10.

JFkipBBR1IMCS2 K2 pBBR1MCS2-waaF-O10 /5 ki
B [l %P B[R] O 3 47t i ¥ A & A= S5 I i, i BH
pBBRIMCS2 JFi % S O 10 IfiL 375 %! B waa F 3 A XF
O3FRIUANEIEH

3 W

T 20 TR FE DR B R AR v, R AN R Rk
2 b 2 A 28] L A0 e v R R PR R R e R A G
) —2F, SR A 46 BV I S BR 7 P ) A 9T
B, PRI Az A DN ase i AR HE S 304 M I R ()
FRCRFGAET BGE Bk A R e e b AR
MERES S I IN B 19 B P %4k . Hamashima 1 H:[F]
O 2K FkipBBR322, pACYCI18H! pHSG398iil

it AR R S RV IR S S A, (H
SERLACRAR, (RERE 1105 fk A /ug DNA™,
Kawagishi FIFL R FE0F97 & BUAE [ @I il 5K o 2 2%
KRBT AR BEICAE T, AR A 2% B 4 i b
DNasefEHS 4 % AR, SRR 7 I EIR
T PH TR R, D Sy R i SR X2 B A i
SDNase It it 2255 18 IS 5 IR AR AR # BUk.
Meibom 55 A B, INIE & BN . B
LI e AR i S pR S A A H AR S, RIZE
KA 5T 35 B 72 23R T 1 I RE 6 N FR I vh 345
I ERIDNA, ARG S [ S AR, 8
A RIRAYSE S ASRE AL, BT AT LU A A3 1 36
BE 2R 5 i N KB, MR X — H AR 41 1Y
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JE B, R R e A Y e B R ST AN R A
FINE P EAHE A, GuligFHiid 78435 H
FERIT I IR EH R . ASCLARIE MK N
S TR AR, I 7 AT 1 PR R R AR )
IR waaF R, ZEOR T SCI AR B, 45
VEDURMSE, BEDNRIRACREGS , XN RET R
VA (16)\\e s B2 iz SES KL AT = SVAN T E S R

OPt A 1E T A M= 1, J2 T E R L
i, AR R R 2 E BORR SRR Sy, A
S AR, S W BB 2R R
O AR I PRI LI IR AR 2/ N AT . 70
MR BEALINESE, A SR IR OB Y
B AR ARG O R R A 5E 4D . A
Wil waaFEERBRERE, BEAT TGRS IE, 454 [H)
PwaaFHE R ERMCES, IESEwaaFHE [ OB
BB G, HBR S RO EERIELR, A
[ OHt it Bl ¥4 1t K 1 P waa FEE R B D) BE A7 AE 22
5o RTRERENG MNE M OBL R & BUsRE . 4
T AL SRR AR TBe

R I I BRSO B BE T IR AR . BRI
T ORERT . EMER ., MMM RGESE,
H R B PR D o e i AR e s S — 2P,
IR REY, FEE BRI E A, B
A ] 3 2 3 i I T 2 T 5 R 48 4 N R 1
Wy 55 1 A0 MR T AR LS 5 0T AR ERT
AEL X BV it 5K B A e] 5 595 N BOHAb g F2 4R
A BIL b AN 23 A, 7 22 b 2= EC T 20
L O JFUAT 5 40 B 7] i 32 A B BRHVE AR 52
A SR T OBt It & AR P ——waa FEE R B/ 2K 1Y
GARKR, AT — AR R OB 5L F] Rl VA M I B Al
BT OCFR . OPL I [ il v i I T B0 1 Z 18] 1Y
KERRAEFM

2% XM
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Gene deletion and functional analysis of the heptyl
glycosyltransferase (waaF) gene in Vibrio parahemolyticus O-
antigen cluster
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Abstract: [Objective] To construct heptyl glycosyltransferase gene II (waaF) gene deletion mutant of Vibrio
parahaemolyticus, and explore the function of the waaF' gene in Vibrio parahaemolyticus. [Methods] The waaF gene
deletion mutant was constructed by chitin-based transformation technology using clinical isolates, and then the growth
rate, morphology and serotypes were identified. The different sources (O3, O5 and O10) waaF gene
complementations were constructed through E. coli S17\pir strains conjugative transferring with Vibrio
parahaemolyticus, and the function of the waaF gene was further verified by serotypes. [Results] The waaF gene
deletion mutant strain was successfully constructed and it grew normally. The growth rate and morphology of mutant
were similar with the wild type strains (WT), but the mutant could not occurred agglutination reaction with O antisera.
The O3 and OS5 sources waaF gene complementations occurred agglutination reaction with O antisera, but the O10
sources waaF gene complementations was not. [Conclusion] The waaF gene was related with O-antigen synthesis
and it was the key gene of O-antigen synthesis pathway in Vibrio parahaemolyticus. The function of different sources

waaF gene were not the same.
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