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B OE: IHF] ATAFRBRGARBR AL AR R Loy LR A FIL, 12k % KRR+
) W PG AR B Rt ot KA. [B 89 ] 3K AT A A 84K pDS132 #9445 I8 E
WhA 5 rixAl SRR R ETAZ T, B IKE AT R F F o2 a) BB B 4 KR SR 69 %
), [ & 1R T B 84k pDS132 69 R R Z 405 M6 I8 E YJ016 #9% 3K B SRR YI016-4vvhA.
YJ016-ArtxAl Fa 355k Bl 3Lk YI016-AvwhAArixAl, it 3 R m A R EEZRE L iF kP E
R EMGE AT BB B AR RN AR S SR AR e A F & R AKAT B R E (Minimum
Inhibitory Concentration, MIC)A=4utE R TIRF, 4R ¥ HBIE N AT b 2h M a9 B8, oA
st TG r e Hn., [SBR] EARMRHRGIAEE MIC AAFXZRBREIME S THAR, ®
ABAFRMRGRRELZ WA BARNTHAR, LARMBRN, EXRFTADARG EA 100%
(20/20); 4 YJO016-AvwhA L34 rixAl 3B, FEZXHAREA 2. 4 pg/mL B, F B EHH KR
E oA 4 40% (8/20). 5% (1/20); 42 YIO16-ArtxAl L &% whd 3R, 85 & H LR E A 2.4 ng/mL
i, BRI EAERYG LA 0% (0/20). (25361 AT G F 84K pDS132 49 A B 3R F 4145 785
AEFNTAMAZS, TRIMEEERMLTHANHTL, ZERAATAZRKRNEARELBERL
AT EERIRRET 5.
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Changes and effects of chloramphenicol resistance of Vibrio
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Abstract: [Background] Many domestic studies have reported in detail the application of gene knockout
with suicide vectors in single gene knockout. However, the changes in bacterial resistance after gene
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knockout and the impact on subsequent gene knockout remain unclear. [Objective] In order to explore the
changes in the resistance of Vibrio vulnificus (V. vulnificus) to chloramphenicol and its effect on
subsequent gene knockout in the process of gene knockout with pDS132, the vwhd and rtxAIl gene
knockout strains were constructed. [Methods] The single gene knockout strains YJ016-AvvhA,
YJ016-A4rtxA1 and double gene knockout strains YJO016-AvwhAArtxAl of V. vulnificus YJO16 were
constructed by the homologous recombination with suicide vector pDS132. The concentrations of
chloramphenicol and the proportions of strains successfully recombined on the screening plate were
recorded. The minimum inhibitory concentration (MIC) of each strain to chloramphenicol and other
antibiotics, and the mutation frequency of chloramphenicol resistance were determined and then analyzed.
[Results] The MIC and the mutation frequency of chloramphenicol of the single gene knockout strains
were higher than that of the wild type; the diameter of the gentamicin inhibition zone of the double gene
knockout strains was smaller than that of the wild type. When the rtx4/ gene was knocked out on
YJ016-4vvhA and the chloramphenicol concentration of was 2, 4 pg/mL, the proportions of strains with
single-crossover recombination were 40% (8/20) and 5% (1/20), respectively; when the vwhAd gene was
knocked out on YJO16-ArtxA1, the proportion was 0% (0/20). [Conclusion] In the process of gene
knockout with the suicide vector pDS132, the resistance of V. vulnificus to chloramphenicol increased,
which may affect the subsequent screening in single-crossover recombination. The result is helpful for the
application of the homologous recombination technique with suicide vector to multiple gene knockout.

Keywords: Vibrio vulnificus, suicide vector, homologous recombination, gene knockout, drug resistance
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1.1.2 FZERAFIFNER

DNA S Fibrife, A TAEY TR BA
BT AN DNA 4RGN & . ok
A& . PCR (80 IR & , QIAGEN 247l ;
PR N YIEE Sal 1. Sph 1. T4 DNA &,
TaKaRa A r); @FFZE, Sigma-Aldrich 2AF]; £k
W& Bk, TCIAw); 254Uy : ZHHEK B
(300 U). JItr &R (30 pg). 2 FPM(0 pg). kil
MEAR(30 pg) . A WS- A0S IE(19:1, 25 pg).
IRRER(10 ng). LLFR(15 ng). FNTPE(S pg),
Oxoid 4 H]. PCRAX. BEMARIX, Bio-Rad A F];
ZIRERRL , B rFALER(HIE) A BRA A
1.1.3 5|4

% H Primer Premier 6.0 3K/ 15|
Yy, BAETAY TR RBARA G, 51
YA L2 1,

R1 ABRKEIEEREIESY

1.2 A%
121 EERPRRALEHAIE

BIGYRE YIOl6 24 LB WifkEEFRIE 37 °C,
150 r/min $55700 %K, FH 2B F KM RIRFRE 10 £
WHC 1 mL PSR ER 5 000 r/min &0
5 min, 7+ [E, FH 180 pL 4t S8 ik d sk 14
P AL 21 DNA 42 BU G0 BRAE UL R 241
DNA. PIBIGIREE YI016 5K 2H (Assembly ID:
GCA_000009745.1) DNA /E MRS T PCR J2 i,
vwhd [ (Gene ID: 2621823)514)%t K VVHF10/
VVHr10 Hl VVHf20/VVHR20 4334 3 I T R
R, aifbfsmFEIEE B 111 IRE . SIXE
Bk DIURA G DNA B iR, 514
X} i VVHr10/VVHR20 #4758l A PCR (K1 1).Sal 1
Al Sph 1 %F pDS132 Uk A& PCR 4 1 7= 4
MUY, K ) i T R A R B s XS

Table 1 Primers used in construction and verification of gene knockout strains

HERRFE 5IYAHK 1R 51 PR T P A R PN DD Ji BRI
Gene Primers name Primers sequence (5'—3") Restriction endonucleases Amplicon
segment size (bp)
vwhA-F VVHf10 GCGTCGACGCAGCGAAAGTGAGCTTTCACA Sal 1 561
VVHr10 AGCGTTTTGTCAGCGTTTACGGGAAATCACCG -
CTTGTGTGCAAC
vwhA-R VVHf20 GTTGCACACAAGCGGTGATTTCCCGTAAACGC - 521
TGACAAAACGCT
VVHr20 CATGCATGCAGTAATTTCTGTGAGAAATGTT Sph 1
rtxA1-F RTXf10 GCGTCGACTTCCGCCGACGATGGAAACAA Sal 1 1083
RTXr10O TGTAATGCAGATCGCTGAGTGAGCTAAATGAT  —
TACCGCGCTTG
rtxAI-R RTXf20 CAAGCGCGGTAATCATTTAGCTCACTCAGCGA - 1018
TCTGCATTACA
RTXr20 CATGCATGCCCGCAATAGAGGTTCCATCA Sph 1
sacB S-F GCTTGGCGCAAACGTTGATTGT = 1195
S-R CCATGATATGCTGCAAATCCCT
cat C-F TTTGCCCATGGTGAAAACGG = 242
C-R TCCATGAGCAAACTGAAACGT
vwhA VVH-F TAGGAACAGCAACAGATGAT 1By 24 #Y Wild type 1914
VVH-R ACTTGAGGTTATGGATTGCT M FE#R Gene knockout strains 963
rtxAl RTX-F GCGGTTCGGCATATCTAA WF A= 7 Wild type 1715
RTX-R ATAACGACACGGCTGTTG i BE#E Gene knockout strains 939

T — NMETEOHBEIA A BT RIZ: BEYIALS

Note: —: Does not contain designed restriction sites; Double underline: Restriction enzyme cutting sites
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A . .
Amplification of homology arms cat sacB cat ucB
WVHfIO YVH20 RTXf1O0 RTX20
VVHr10® VVHR2O RTXr1O' RTXr20 pDS132-whA pDS132-rixAl
S — ——— Sa%':— — YI016-drted ] YI016-Avvhd
[T T ] C I T T |
Overlap PCR whA ArtxAl AvwhA rxdl
AvwhA rixAl
L gsacB cal ™ ysacB Single-crossover ¢l g Qg sacB
Single-crossover recombination
recombination . .
Screening failed
[ T e ]
rtxA 1 whA wWhA ArtxAl AvhA
Double-crossover Double-crossover
recombination recombination
VVH-F RTX-F WV VH-F RTX-F WV VH-F RTX-F
VVH-R' RTX-R VVH-R®  RTX-R VVH-R® RTX-R
YJ016-A4vwhA YJ016-ArtxAl YJ016-AvwhAArixA 1
Codingarea [ Homology arm

Bl1 SEERRKA)SWEERRKB)RIEE TR

Figure 1 Construction of single (A) and double (B) gene knockout strains

eGR4, T T4 DNA @R &t . ik
Ber= WAL 3] E. coli S17-1 Apir JEZ 5400,
it LB JrPEFAu (& 30 pg/mL 585 )i L3R5
Al BERY EEZH TERE . 3 PCR I B A0 A 8 78 H
A vwhA FEF R RS R U 0 T AL ROk, A 44
7 pDS132-vwhA, rtxAl F:[H(Gene ID: 2621888)
B BORE A R T SR, B I R IR T
YIx43 5k RTXf10/RTXr10 5 RTXf20/RTXr20;
A4 PCR 54%F 5 RTXr1O/RTX20; XE5 1Y)
X} RTXfIO/RTXr20, #4 & & i kL iy 45 4
pDS132-rtxAl. BIYIFHLZE 1,
122 BXHEERLETE

oA A TR pDS132-vwhA [ E. coli S17-1
Apir JEFIFE S A R (30 pg/mL)AY LB IR 753
F1, 37°C. 150 r/min ¥538 & ODgoo 2 0.8—1.0; ¥4
YI016 HFPTE S Z K R B (30 pg/mL)Y LBS Wi 4
R 23 (2% NaCl)H, 37 °C 150 r/min 5557 £ ODg
247 0.6-0.8. 4> WIHL 1 mL E. coli S17-1 Apir #1 1 mL
YJ016, LB ¥ 3 ¥RJ5 H 50 uL (9 JCHt LB EE, If
LIRS . HRBAKHR ST A TH T 0.45 pm I8

Lk, FRES TR LB P b, 30 °C
R PR WA T O o 225 FHAE B R K U 5 g
B, VN MHEBRIRMEAR R MEZRER B M
U LB FAl b ZHRE B WA R 30 pg/mL, &
HRWE 2. 4. 8 pg/mL X 3 PR, 37 °C
BB R TR TRV o FEALPRER 20 S HA T
sacB-rtxA1 Y PCR % ¢ FRACH E 4 W BRI KK , sacB
191X M S-F/S-R; rtxAl 5141%F A RTX-F/RTX-R.
R recAl LR S A B E AR F) |, g
W 20 B AR IE T sacB-vwhA W E PCR %58, sacB
FEE G| Y%K S-F/S-R; whd 51¥%Fk VVH-F/
VVH-R. vwhd F rixAl 3R SRS kAL 2 1 2
L ENLRRFE o 5I9FHILE 1,
123 NMRMEBEARETE

PR 3 ) M AL FIR B #2F0 T LB R
¥R 3Ed ) 37 °C. 150 r/min 535 % ODgy 4
0.6-0.8. WFEWHFE 1 000 1% . 100 /%5 HL 100 uL
WA T 10%0E0 0 LB Pt b, 22°C B 2d =
HBLAGETE . PR TR A S BV AT T EHT LB
AN E A 2 pg/mL HER M LB Ak, 37 °C
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K% 24 ho PREEREAEICHL LB Pk A KAARETE
TEER LB PR AR AR T PCR FN P4
JE , vwhA F rixA T HEDR R S A 5 1 9 1)
°;§ VVH-F/VVH-R . RTX-F/RTX-R., 5 |¥F45 1L 1,
1.2.4 HKHZNE

W B 0.5 mL R SR A YI016 .
YJ016-AvwhA . YJI016-ArtxAl . YIO16-AvwhAArtxAl,
A 50 mL LB i 3G TR e mbelirh IR G357 .
15 43 WG 3.5 mL 2245 TR A, A 13 ANF5
HA 0. 1,2, 3...12h W4 H, 37°C. 150 r/min
Kige, S0bRiEmE] B R 150 pL 2 1hEE
BRI E ODgoo, AIEFPANEEN) LB AL 773
YEMXTRE, il AR,
125 SEZMHEHERAK

SR FH BN o 12 e 1 S e s R P 52 360 8 b
P2 (Clinical and Laboratory Standards Institute,
CLSI) 2018 bl ihf T 55 K 250", a3
IR YI016.YJ016-AvvhA . YI016-ArtxAl .\ YI016-
AwhAArixAl WIR VL 1% 2 LB iR,
37 °C. 150 t/min 3% ODeoo 2 0.6-0.8, Fikk
100 f%5)5, B 100 uL FRIRMAERE RN 1.
2. 4, 8, 16, 32 pug/mL A LB ¥4 [, 37 °C 5
7% 1620 h, LABA AN B AE K AR IR ik B B
TRINRREE, LR E A 3 K,
1.2.6 SEEXRTHMERMAERNNE

B8 5% o K Y016 . YJ016-AvwhA |
YJ016-ArtxAl . YI016-AvvhAArtxAl T LA 1% 4%
2 LB AR FE 3,37 °C (150 r/min 5535 & ODeoo
29 0.6-0.8, 10 fFHHRE 7 RS, T BHEEL
100 pL BRI, VAR TR EE 30-300 1A
e, HERH R LA TR AR ECH 12N No ]
BFEC 100 pL AR ERIR A TREBRIRIE N 2.
4 pg/mL (1) LB A b, BB AR 500
3R, 37°C Hidr 24 h R ETHEL, TR
no n/INICHTERTER R R 2. 4 pg/mL (1) LB
FR EAERK R RAR A, PCR 4 E Y016 .
YJ016-AvhA . YI016-ArtxAl. YI016-AvwhAArtxAl

RAE 4 pg/mL A5 E 1Y LB VA A K bk vk
O cat FEH, 51Y%H C-F/C-R,
1.2.7 HMtnEZAEIRE

KRRV Bk A ER. ZHEER
B. ZCNTEA ., SLAmmRAR i fiie FE I e - AR
KRR ABR . AN EE 8 2Py
I . YJ016 . YJO16-AwhA . YI016-ArtxAl |
YJ016-AvwhAArtxAl JZAE 4 pg/mL S Z M LB F
M b A K BB PE I RE 37 °C L 150 r/min 85550 7%
BRI UL 1% 82 LB Mk IR3 s, M
[ 4514 55 3% 2 ODgoo 24 0.6-0.8, i B 100 1% ) HL
100 uL B, TRATE LB AR b, B 5 1 254
CH, 37 °C ¥igf 1620 h, icdHi@E ER, 5L
WEL 3 W,
1.3 FHitFESH

BETF24 03 R ] SAS 9.4 B, BAXS T 4H Y
PRIPR o7 SR 9] 1) b 35K L Fisher K i BEZ6 K 56,
GRAHIA | TR B AR HURCR ] 1 K, P<0.05
hZERAGIERE L

2 RS540
2.1 BEFEFRKAYIEL

TEEP A RITERE YI016 b bk vwhd SERI, 7250
BRI 2 pg/mL (A 0 £ 3] T B AS 4 EE 2H
TR R , 28 sacB-rtxAl YT PCR ¥ #5551 1 195 bp
11 715 bp W BL, UERHI I E A (FING); 4R
R4 png/mL B, REBUEMRAE K o 7EE7 AR
FRE YJ016 Fiilss raxdal FERm, fERERWRE N
2 pg/mL 1 4 pg/mL P-4l EIFER] T B A e
HIKERR, 24 sacB-vwhA X PCR J5753%] 1 195 bp
1914 bp M B, UEPHIRIIEEAL; MEAHEREK
JE>8 pg/mL B, ARULFERRAER ., WS4 i vk
vhA SERERRARES, 12 BREHR A 3 BRI SEBL
T vwhA FERAYREE, VVH-F/VVH-R § 48 )5 58
963 bp 45T, FBEFAERLE /D T 951 bp, W JF4%5
LKW S ok pDS132-whA B[R R 51—
RTX-F/RTX-R Y M55 B 1 715 bp 54 5 YI016
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— 2, UEMIEER R (18] 2)0 WS T LH T e rexAl
LI REBRARI, 20 BREEAR A 11 BRACIIARE,
RTX-F/RTX-R ¥4 J5 581 939 bp HIZ%HF, Gy A= Al
WAT 776 bp, Ly RS Bk pDS132-rxA41
() [R) R 6 91— 30 ; VVH-F/VVH-R ¥ 3% )5 23
1914 bp B2 5 YI016 —2, IR (A 2).
2.2 WEEBRRAIEL

TE YI016-ArixAl Ll vha SERES, WE
KW N 2. 4 pg/mL 1Y LB A b ik 15 210 4 5l
WRZE sacB-rtxAl AE PCR %5, U 14 939 bp
W R BR G 1) rixAdl BRI R B, WA sacB A,
WESEH R R AT AR 8 pg/mL KW
FtRAER . T8 YI016-AvwhA © R recAl B,
IR N 2 pg/mL A b IRk £ 20 Bk
b, £ sacB-vwhA A PCR ¥ &5, U 1 bkE
A, HAUY 1 1 963 bp HIRER G Y vwhd FE
K Bes YA B RN 4 pg/mL BF, 20 b
WEIM KA 8 PRI A4 T g, &
sacB-vvhA X PCR %€ J5 L 1 195 bp Y sacB
HH 5 963 bp MIRERIG I vwha FEH A B 2 418
(1 3), HERWE N 4 pg/mL B, YJIO16-dvwhd
Y5 pDS132-rixA1 AL i 35 ) 1) BRASH R AR 1) o
T 2 pg/mL (8/20 vs. 1/20, P=0.019 7); & T
YJ016-ArtxAl 5 pDS132-vvhA T4 (8/20 vs. 0/20,
P=0.003 3) (3% 2). WALHEHMTHLERN, £ 8tk
IR, 4 VVH-F/VVH-R 5 RTX-F/RTX-R #

bp M1 2 3 4 56 7

2000

1 000
750
500

250
100

8 9 10 11 12 13 14 1516 17 18 19 20 21 22 23

2 FEBR¥RHY PCR ¥£7E

Figure 2 Identification of gene knockout strains by PCR
#: M: DL2000 DNA Marker; 1-2: YJ016 ) vwhd 55 rixAl
FE; 3-4: JFK pDS132-whd 5 pDS132-rtxAl; 5-6:
YJ016-AvvhA B whA 5 rixAl 5 ;7-8:YJ016-ArtxA1 1) vwhA
5 rixA1 35 9-10: YJ016-AvwhAArtxAl W) whA 5 rixA1 3t
s 11-12: B

Note: M: DL2000 DNA Marker; 1-2: vwhA and rtxAl gene of
YJ016; 3—4: pDS132-vwhA and pDS132-rtxA1; 5—6: vwhA and
rtxAl gene of YJO016-AvwhA; 7-8: vwhA and rtxAl gene of

YJO016-ArtxAl; 9-10: vvh4d and rtxAl gene of YJ016-
AvvhAArtxAl; 11-12: Negative control

WIS EFL 963 bp 1 939 bp (K 2 4%, SHkL
pDS132-vwhdA Fl pDS132-rtxAl —3 (& 2), #H—H
0 G B RSO DR el B e v A s 0
23 FEHHESERAHFREER

L DR R F TR R G S 3R I T 24 R TR 2 TR B
(#l 4), AR HhZe A 0L AH i 25 5 (B 5). B AR AU
Pk Y016 TESEE Z M 1 pg/mL AFEHr FARA K, Bl
MIC<1 pg/mL . FEDHEIRIG I EHR YI016-AwhA 5
YJ016-ArtxAl, WAEREZEN 1 pg/mL FPEAREK, 0
AHEEN 2 pg/mL BFAAERK, Bl 1 pg/mL<MIC<
2 pg/mL o WUIE R AR 5 (A R R YI016-AvvhAdrixAl,

3 YJO016-AvvhA 5 pDS132-rixAl B ELHEKE) sacB-vwhA WE PCR £ 7E
Figure 3 Identification of YJ016-4vvhA single-crossover recombined with pDS132-rtxA1 by diplex PCR
. M: DL2000 DNA Marker; 1: YJO16-Avwhd; 2: JFki pDS132-rtxAl; 3-22: 4 pg/mL S8 E MR EA KBk, HP 6, 8.

9. 12, 16, 18, 19, 22 Jy NI AL M E#E; 23: BHMEXT

Note: M: DL2000 DNA Marker; 1: YJ016-4vvhA; 2: pDS132-rtxA1; 3—22: Strains grown on 4 ng/mL chloramphenicol plates, of which 6,
8,9, 12, 16, 18, 19, and 22 were successfully recombined with pDS132-r#xA1; 23: Negative control
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*2 BRMBEHBIEK G SRR LG
Table 2 The proportions of single-crossover recombination
strains to the total

Concentration of

YJ016-ArtxAl,
pDS132-vvhA

YJO016-4vvhA,
pDS132-rtxAl

chloramphenicol sacB- sacB" sacB~ sacB"
(ng/mL)

2 20 0 19 1

4 20 0 12 8

8 — — — —

e - W T RAREKER

Note: —: No strains grew at this concentration

bp M 1
2 000

2 3 4

5.6 7 8 9 10 11

1000
750
500

250
100

4 FHEK car ZEH) PCR &N

Figure 4 Detection of cat gene by PCR for each strain
7. M: DL2000 DNA Marker; 1-4: YJ016. YJ016-AvvhA .,
YI016-AdrtxAl . YI016-AvwhAdrtxAl; 5-7: YJ016 5 pDS132-
whd ., YJ016 5 pDS132-rtxAl . YJ016-dvvhA 5 pDS132-rtxAl
PR E A Mk 8-10: YJO16-Avwwhd . YJO16-ArtxAl
YJ016-AvvhAArtxAl 7E 4 pg/mL 5455 £ B9 P _E i 15 2 i 54
HRYUERL; 11: BPEXIR

Note: M: DL2000 DNA Marker; 1-4: YJ016, YJO16-A4vvhA,
YI016-drtxAl, YI016-AvwhAArtxAl; 5-7: Single-crossover
recombination strains of YJO16 and pDS132-vwhd4, YJ016 and
pDS132-rtx41,  YJO016-4vwhA  and  pDS132-whd;  8-10:

YJ016-AvvhA, YI016-ArtxAl, YJO16-AvwhAArtxAl resistant strains
grown under 4 pg/mL chloramphenicol; 11: Negative control

1.5
-o-YJO016
- YJ016-4vvhA
-O- YJ016-ArtxAl
1.0 O YJ016-AvwhAArtxAl
&
Q
0.5
0.0

¢ (h)

5 BEMREIEKHLZ

Figure 5 Growth curve of each strain

TEPEFI R 10° CFU B, A WHRIEHER N
2 ng/mL (FPERR ElEEA K, (HIEEEFE N 4 ng/mL
AR, B 2 pg/mL<MIC<4 pg/mL.
24 ZEHHNSEBEMMRTINE

2 VAR FEAS TR B S B 2 T i o8 AR B
1E25(E 6). YI016 $EFfH N 3x10° CFU/mL
BF, 762, 4 pg/mL @EFEM LB Vil E¥R LM
RAMER, RASRL/NTF 3.3x107° ChJr sy
Mr, HeAemHE 3.3x107° 50). YI016-Avwhd HEFPa
N 4.5x10° CFU/mL i}, 7E 2 pg/mL A FE K LB
M B AR TEVE S H A 244 171, 204, XFRi )
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R 2.5%10° CFU/mL I, 7E 2 pg/mL RE X
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11,23, 16, X R A FEAATH Ny 4.6x1077, 4.1x107
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Figure 6 The mutation frequency of strains under different
concentrations of chloramphenicol
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Figure 7 Results of susceptibility test of other antibiotics
TE: A YJO16 5 YIO16-AvwwhAArtxAl (PRKREEE . T R
Me-FAECRRE . R REMRRE; B: SRR 8 METAERME
RBIHRZ. VA: T&#H; PB: ZHMEE B; AMP: 2RIk,
KZ: Sf@mep; E: LL8EHR; SXT. i I HEME- I 400 ;
CN: JEREZ; CIP: HRFIPE; *+*: P<0.000 1

Note: A: Disk diffusion zone of gentamicin, sulfamethoxazole-

trimethoprim, erythromycin of YJ016 and YJO16-AvwhAArtxAl,
B: The disk diffusion zone diameters of eight antibiotics of each

strain.VA: Vancomycin; PB: Polymyxin B; AMP: Ampicillin; KZ:

Cefazolin; E: Erythromycin; SXT: Sulfamethoxazole-Trimethoprim;
CN: Gentamicin; CIP: Ciprofloxacin; ***: P<0.000 1
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