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Abstract: In this study, the laboratory-induced strains H128, H256 and H512 obtained from the initial strains of Vibrio parahaemolyticus
F7 after continuous in vitro induction with ciprofloxacin were used as the research objects. The biological characteristics of F7, H128, H256,
H512 strains, including drug sensitivity, mobility, growth curve and biofilm-forming ability were examined. The relative expressions levels of
multidrug efflux efflux pump genes, vmeB, vmeD, vpoC and vmrA were analyzed. The results showed that all the laboratory-induced strains had
an increased drug resistance to ciprofloxacin, with their cross-resistance to a variety of non-induced antibiotics also detected. Compared with the
original strain F7, the mobility of all the laboratory-induced strains H128, H256 and H512 decreased, with the diameter of moving circle as 4.83
mm, 4.57 mm and 5.13 mm respectively. The biofilm-forming abilities of all laboratory-induced strains were enhanced, with the absorbance
reaching 4.35 nm, 4.35 nm and 4.29 nm respectively. The expression level of the efflux pump gene vmeD for all laboratory-induced strains was
higher than that of F7 (increase by 1.20, 3.55, and 2.02 times respectively), and the expression levels of the vmeB, vpoC and vmrA genes in
H256were higher than that of F7 (increase by 1.47, 2.90, and 1.71 times respectively). These results indicated that the RND efflux system
VmeCD-VpoC played important role in the resistance to ciprofloxacin and the main cross-resistance-related efflux systems of Vibrio
parahaemolyticus. This study provided a reference for the risk assessment of drug-resistant Vibrio parahaemolyticus, and a new idea for solving
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the problem of drug resistance of Vibrio parahaemolyticus.
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Table 1 MIC value of strain F7 H128 H256 H512 against various antibiotics

A F LAR RAEFME H128 H256 H512
A E B %R K <0.25(S) 8(1) 16(1) 128(R)
R R B %A £ <0.25(S) 0.5(S) 0.5(S) 0.5(S)
FoR BRRR ST ES 0.5(S) 64(R) 64(R) 64(R)

AFHEE B-A B £ 32 (R) 256(R) 256(R) 256(R)
T 3 9 4k S- M B £ 16(1) 512(R) 512(R) 512(R)

3Kk Ak AR B-RELiE £ 4(S) 16(1) 16(1) 64(R)

Wi E WIRE £ <0.25(S) 16(1) 32(1) 64(R)

B Ao By & >512(R) >512(R) >512(R) >512(R)

AEE AEF£ 32(R) 256(R) 256(R) 256(R)
SRS Al H ok £ 4S) 4S) 8(S) 8(S)
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WK RS 05 LRI (LNEIREL 1.5x10°
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Table 2 RT-PCR primers

KR A HEZY 32 TmAE/C ¥ ¥HEKE
RT-F CCGTGCTATGGGTTACTTCTC
vmeB 124 bp
RT-R AAGGCTCAGGGAGTCTTGTAG
RT-F TTCGTGAATACCCTGAAATG
vmeD 57 104 bp
RT-R CTCCAAAGGCTGAGTAATAA
RT-F TAGCAAAGCAAAATGATCCACA
vpoC 86 bp
RT-R AGCACTACGGCTAGAGGTGA
RT-F CCTGATGCCTATTGTCGCAAC
vmrA 53 211 bp
RT-R TAGCCGCTCCTGTTAGCTC
RT-F ACGTTAGCGACAGAAGAAGC
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RT-R ACCGCTACACCTGAAATTCT
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ug/mL, LT F7 #8574 512 fi%5. [FRAEE S5

(RFNHEFR. PISIabR, SLrampen. ZEnemimg .
PUEFE. SR XiEFRERE MIC [Hig 5 4 5 K% 4

18

AL, HAX Sk bRy, ZEEmiR. TUME,
W& SV B IIREEAWE =, 7SR 2
HRAI 2B T2 . X T RIZEPEAK, AHECRTIG B F7
FIFRATIN 2, 175 Shk H128, H256. H512 FHINIHZY .
{EEXRT TV D AR 22 R, AEXS TAIUR bR F7,
7 SRR MIC (R IRE T 1~2 1%, [RIHE 25K %
KA, YIABUR, & RBOX — IS R R AT R
W22 (R J TR R R S B AR TR
Pz, WANGAEER, MERDESHRD A
B [A)JE TR R, (A EEREE RUS AR AE
—EIX B, ARG T2 RANE S E IR
R Z5TTIRE, S EBURMILS, Wbt
AR IA— B RS 2 ARSI DU FEA L (1R
WY B R INESE ST, 58 TR A
A 2455 Sk H128. H256 DL Sk -Fiin 24515 S0k
H512, 7 SHRAMURT S SR IV B IR 275 R B



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

AR, BT E R EER PP, Sk
PREN. ZENERHIR. VUM R, SERFAES THUERMN
RN, YL G HoE T LA R A A
S RIFBIEYE IR B HID R 250k, SRR S
PUER (HIER. HAE. BUEE) X
M2, SXLET SRR 2 B 2GR AR 1 s A
LIV AAAAE,  IndniimiEE A BRI S A R
TN, B SN ISR 3

2.2 AKApIZAYAH
% AR A K R AT, S5 SRLEE 1.

1.4
1.2+
1.0+
E 08t
0.6
0.4

oD,

-=-H128
-+ H256
0.2+ ——H512

0.0

02 46 510121416 1820 22 242628 32 343638 40
I / h
E 1 FSRSVIRERRE K%
Fig.1 Growth curve of induced strain and initial strain
HPE 1 A&, F7. H256. H512 7E 6 h A5 iEA
XPEUERI], T H128 BEAK RIS [ A 48
B, 75 4h ZEABEA O EBUERH]. HEAEA KRG,

SRR BRI RER AT LUK I, H256 AR KSE R B0g /N T
F7. H128. H512. FrA A% EMARERE 14 h i
FasE i, Hrh F7.H128.H512 758 5 I 6 fH ODeggo
EE| 1, 11 H256 fEARE A OGAE ODgoo 4 0.9, B
K+ F7,

LIS S A PRAR LG T HIGG TR IE F7, fEEbiE R
IEPEAES T A KB LA BEE . BTN RZEK
el e T b i 2 EER 2 bk S U PR AR LB
B A K i S AR R N, R E TR K
HOR SR N TR 22 5, SAT A 5
Gillespie % NPL I, A4S oA BRT 24/ 48 BEEk
RS W AA TR R AR A K 2V A B B AR, SRS
2L —5.

2.3 kzheeIRINE

¥ F7 RIS SIRAE AR IR0 L 1E3% 24 h,
MEHKSIEER, Wk 3. 3 HiFEFmZkk+ H512
WKENE A5 KN 5.13 mm, H256 £%/NA 457 mm, ¥
NFHIE TR F7, USRIV 5 S 5 w1k
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Table 3 Moving ability of strain F7 H18 H256 H512

Htk F7

H128 H256 H512

7K B AE/mm 8.63+0.094

4.83+0.047"

457+0.124" 5.13+0.04™

E: *: p<0.05; **: p<0.01l.
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Fig.2 The amount of biofilm formation of strain F7, H128,
H256 and H512
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