AMEE T OmpU %R iyl G 25 PR 550

&AF!, E&EMNS, FAm: A wm!, g, T
(L VTR R2F AW TR B 1095 Jof) 2141222, VIR K2 B 2FB, 1095 T8 2141223, & Rl 5 % 1S
P4 [ L S & VLR R A LT o8 214122)

WE. ATHARIIEERE OmpU T8l iKA m 2R Hra MEEMET SERIRE ¥ HFE

SR G OmpU #& K 49 % K Ak Aomp U, i@ 3T 5& > 39 B AR E (MIC ) 4 & 2L Aomp U *F 12 A+ £

FOa ML AT AP AT HFEFTOMAEBREREERS, TERSZPCR 2F,ER

FEEERNRT ARG ERIRNE S AompU FIKEMES R A B4 F AP LR TR, rﬁ%ﬁf’yﬁ

A BB B A B VP_RSI7515 A AR T FKT & T AomplU, R AW, & /&ﬁzé’)ﬁ\m Bk

:Vﬁ P Bt fie Bl T AR R TR AE B iR JE 09 7 R B AT BT HHEZ A%, M OmpU 8 1 2 & 2m Jg Ji i
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Effect of OmpU on Antibiotics Resistance of Vibrio parahaemolyticus

MENG Xiangyu', WANG Jianli*, HUANG Danyang®, ZHOU Qing', TAN Xin*, WANG Xiaoyuan™*?

(1. School of Biotechnology, Jiangnan University, Wuxi 214122, China; 2. School of Food Science and Technology,
Jiangnan University, Wuxi 214122, China; 3. State Key Laboratory of Food Science and Resources, Jiangnan
University, Wuxi 214122, China)

Abstract: For understanding the effect of OmpU on antibiotics resistance of Vibrio
parahaemolyticus, a deletion mutant strain of the highly abundant outer membrane protein(OmpU) in
Vibrio parahaemolyticus, designated as AompU, was constructed in this study. Minimum inhibitory
concentration (MIC) assay revealed altered antibiotic resistances of Aomp U to 12 antibiotics, with the
highest increase observed in resistance to ampicillin. Quantitative reverse transcription PCR showed
a general downregulation in the transcription level of peptidoglycan synthesis genes in both wild-type
(WT) and AompU cells under ampicillin stimulation. However, the gene VP_RSI17515 encoding
B-lactamase exhibited the higher transcription level in WT strains than AompU. The results suggest
that V. parahaemolyticus responds to ampicillin through expressing B-lactamase and reducing
peptidoglycan synthesis rates, while OmpU changes the cell membrane permeability to affect the
penetration of ampicillin.

Keywords: Vibrio parahaemolyticus, outer membrane protein, ampicillin, antibiotic resistance
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RIS 1 9N (Vibrio parahaemolyticus ) Fe& — Fft 4
2R R BOR T, AT SR B R H
AN LAEDY 33 A7 AE T UF G A B £0 45 0 7= B
A R R B 22 BRI RS T PR R A AT,
AT AR R B 22 b 4 B L 24 I s e R Y
B A R R,

2 TG B A R A0 A 9 T AR 243 T i
AN 12 5 20 T T 24 1 25 U0 AR SE BT (H AL R A
SN, SNEEABERL HH A2,
Fean , 76 7 A J5t i 43 %0 1% NaCl By 35 37 He b g2 L
I A 11 OmpU i BN EE 1157 /Y 30% ; T
TEA S NaCl (35330 OmpU i 2050 1k 6099,
OmpU B 1 @725 1 5 B80T JIE 3 R 8508, (HXT 2 %b
PR T A2 8 5m R IR A R D BRI edh2
F2 IR ToxRSPIXF omp U F& P 21 1E 97 #4F HP, Ud
B OmpU 5 BUWEE JIAOC . OmpU &2 AN [N Z
[i] PR PRSP BT, B R e 2 5 A 101 A SR
AP A HG v A SR P RS TR R TR 24 1P 5 0 ) B
FBNRZ

% 95 B 0 19 B A0 LR £ OmpU %
BT 245 1 B R T B, il MIC K45
VR ML A7 98 75 Bk Aomp U S 12 i 2 26 (10 5t 26 1

%5,
| T
1.1 BE#HRBEF

e Bl I N B ATCC33846 Hh iE 17 B Bk A8 2
MR IR 1, 51 W35 2, TCRRBR UL I BT
A R PR B R FE R A LB B5 3R 3 (10 /L & FIE .10
g/L NaCl.5 o/L BEREREEY) ), 7E 37 *CLL 200 r/min
HEATWAR S 37 25 Uk [ 5 2 2 B OOk ) 2ot
FEH ] LB MR IR HIIE & LB 5538 3 h i m
100 g/L FEME . BRI, T LB P AR 235 1k 25
h B3R 14 h, W T4 505,

Az A 2R S50 B R BRI AR ODgw i 0.02, B
TS IR R WA 50 mL LB AR ES 3R 3L B R
4% 4 37 °C 200 r/min, HI 12 h &R 2 h BUEE 5
18 h B[ 3 h HURE, 8 3 41°FAT,

1 #d57E

x1 EHRERK
Table 1 Strains and plasmids

ATCC33846 R LI (A= 2 ) ATCC
& CC118(Apir) PEHE Apir FEA [ CC118 ENTIE
L3 S17-1(Apir) 5 Apir SEHfY S17-1 ENTEH
ATCC33846A0mpU B ompUCRT VP_RS11975)1) ATCC33846 54 kK ARBIFSE
pDS132 H AR BORL, B AR DA [12]
pACYC184 TH pISA BT, HARER S WA RHERERH ATCC
pWIW101 A loxL-Gm—loxR , HAT PRRE R itk AL [13]
& pDTW 109 A cre, HARKRBGRYUIERER [14]
it pOTC B cre 5 oniT, B BT HHHEILR AR5
pOTC=sacB i pOTC 4 sacB 1Mk, A S R Pk A BN
phomplU pDS132 Jiokr_E#EMT omp U [R)EES K BERIBSAF A loxP 07 1A Gm( PR KBS AT

RPUEEED) B, HA WE R 5 O R R P e

x2 HRHPIERABSY
Table 2 Primers used in this study

il

Prac—cre-F
Prac—cre—R

TTGGATACACCAAGGAAAGTGGTACCTGAACGACCCCGAATATTGG
ACAGATGTAGGTGTTCCACACTGCAGCTAATCGCCATCTTCCAGCA
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HR2

St

traJ-oriT-F
traJ-oriT-R
CmR—-pI15A-F
CmR-pI5A-R
sacB-F
sacB-R
GmR-R
GmR-F
omp U-U-F
ompU-U-R
ompU-D-F
ompU-D-R
RT-16srRNA-F
RT-16srRNA-R
RT-VP_RS11975-F
RT-VP_RS11975-R
RT-VP_RS22195-F
RT-VP_RS22195-R
RT-VP_RS23020-F
RT-VP_RS23020-R
RT-VP_RS16800-F
RT-VP_RS16800-R
RT-VP_RS16465-F
RT-VP_RS164655-R
RT-VP_RS20840-F
RT-VP_RS20840-R
RT-VP_RS03765-F
RT-VP_RS03765-R
RT-VP_RS11205-F
RT-VP_RS11205-R
RT-VP_RS17515-F
RT-VP_RS17515-R
RT-VP_RSI13510-F
RT-VP_RS13510-R
RT-mreB-F
RT-mreB-R
RT-VP_RS02165-F
RT-VP_RS02165-R
RT-mrdA-F
RT-mrd -R
RT-VP_RS21250-F
RT-VP_RS21250-R

CACTAGTTCGGGTCGGGTGAATCTT
ACTTTCCTTGGTGTATCC
TGTGGAACACCTACATCTG
CACTAGTATCGTATGGGGCTGACTT
CAGCGCTAGCGGAGTGTATACCACCTTTATGTTGATAAGAAATAAAAGAAA
CAACATAGTAAGCCAGTATACGGATCGATCCTTTTTAACCCATC
CGTAATACGACTCACTATAGGGC
GCGCAATTAACCCTCACTAAAG
AATCTAGAGCCTTCCATCTTGCCGAT
GCCCTATAGTGAGTCGTATTACGTTGTATGGGGGAGAGATG
CTTTAGTGAGGGTTAATTGCGCAATACTCAGTGCCCGCTT
AATCTAGAGGCTCTTTTGAATCGTCTTAG
TAATACGGAGGGTGCGAGC
CACCGCTACACCTGAAATTCT
GCATCGTTTAGTTTGCGG
AGGCGTTATCACTGATTTCACAG
CTAAGCAACCAAGTTAGCCAAC
TTCTTCTTGAGCAGCCATTG
AGTTGAATCTCGCCGTAAAT
CTGCTGGTTCTGCTTTCG
TGCTACATCGCCATCACG
GCATCAACTACCGCTTCTTG
GCTGGTGACGAGAAAGACT
TTGAAGCCGATACCGAAG
CAACAGGCTCACTAGGTGCT
TTTGCGTCCATATCGTCC
CTCAAACTATCGGCACTGGT
TTCGCTTGTGGGTGCTC
CGTAAGCGATTTTCTGTGC
AAAGCGGCTGGGATTGG
GCTTGTCCGTTTGTGTATCCC
TGCTCAACTGTTAGTTACGCCTC
AATCATTGCTCGTTACCACAG
CCGACGTATAGGCTTTCTCTTC
GCGACAGAAGACCGAGAT
CGTTAAGGTACTGCCACCT
TCGCTTACCGTGCCATC
TTTTACATCCAGCATCACCAC
GTTTTGATGGGCTTGCTG
CCACTTTGATGCGGTTGT
TTGACGGGATGAAAACGG
AACAACTGCGATAAGGCG
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gxR2

RT-VP_RS22785-F TGGCATCCAAACCTCACC

RT-VP_RS22785-R CTTGAAGACTTTCTCGCTGT
RT-dacB-F AGACCAACTATTTCCACCTG
RT-dacB-R AGTAGATAACGGCATCGG

RT-VP_RS22200-F ACGCCACCTGCGTCTATT

RT-VP_RS22200-R CATTCCGATGCCGAAATC

RT-VP_RS09310-F TAATGACGGCACTTATGGT

RT-VP_RS09310-R ACAGACAACTGCTCTACGG

1.2 FRAHE

pOTC BTk fe & . 5 Cm—pI5A-F .Cm-
pISA-R 5#ik pACYC184, §"1 CmR 5 p15A %
RIS H B 1, RS traJ-oriT-F traJ-oriT-R 5
Bt pDS132, 9734 tra] 5 oriT R RARAS - BE 2, fifi
H Spe T B 1 f1 2, #HBIY Pac—cre-F .
Prac—cre-R 5 pWIW 1025, 4714 cre 5K 4R 15
FB 3, B M2 & T4 EERE R R T — 4
oI & S R B 3 M AR IR L KL pOTC, B
A oriT 5 cre A

pOTC HAE# i o bt 2 AL A BRIk, B
S sacB ZEH ) pOTC—sacB i kL, #5149
sacB-F sacB-R S5 pDS132 K41 sacB 3L A
B, i — Bl R & sacB W R B Y5
BstZ17 1 &AL pOTC #%4%

JIT A I R A A B K A B CC118 (Apir),
e 2O A0 7 5 Y R B Ak 2= R B R S17-1
(Apir)#& H.

1.3 RELEK AompU &

IR ENE e A S B AW FIR R RS, &
A R IR Y A FORL pDS132 7E A 40 il J5 £ 8 4 3|
FHZH b 5] A Cre/loxP RS0, 75w [ [R) VRV 2 18]
NHH LoxP s IR KB R BUME A B, Z 5 btk
FBLE AT Cre Bilf 2255, D4R =0 w0 50% . w3 O 722 UL
K1,

18 519 omp U-U-F .ompU-U-R .omp U-D-F .
ompU-D-R X} &l ¥ 1l J i§ ATCC33846 K& A 21 4"
B4 oA B BE S N IEEIRE . RS Gm-R
Gm~F R pWIW 101130, 338 loxl—Gm—loxR H
Bt i@t A PCR K BRIV loxL-Gm—loxR | F
TERIEE G, G5 pDS132 £ Xba 1 [
YIJG %4, A% omp U AL BObL pAomp U,

3L 1A S LK pAompU T A R 1ML 9K
Wb B A A pAompU MK B FF B S17-1
(Apir) SEIAEIMITE ATCC33846 15 3% & ODgy N
1.0, W1 mL B E 0 I F KB 1 LB AR R 5%
BV VR ULTE P RS , T 100 L LB A 8% % 26 4t
B SR LB AL, 37 Cid s 3R, G
MAEFR T HEEETFT 1 mL LB ARSI %A
TEHSmeg/L ZFHEE B 5 10 mg/L 5% &R AL
AR L SR I B Y TR VR S R AR AR — SR
R BORL b [R5 R R R 25 R U v B P K B o) —
R AFE A L RIEE S ompU R K, ¥
A I AR R T 5 30 mg/L K K% 1Y LB i
A R, 50 WL WBIR AT T35 430 mg/L KR %
F LB R AR L, K A I B R A 3 R R
AompU: .Gm,

& pOTC—sacB M RIGHFH S17-1(Apir) 5
AompU: .Gm IATH B 725, Wk 2 3 Fh
TR e LUK 25 R — o A — &K Dy [
TR B K A5 R P 3L G 4t 58 R o o —
A B R AUV AN Lo P 37 45 (24 100 bp ) A 45715 56
SR B R AT o KR — BN = R T R
PRHCE & 30 mg/L S5 R 1Y LB M BE 77 He b B
Fi Af Cre #E—25 R HEVIEIER BRI F&A
30 mg/L S R WY LB A JE 17 5 B V& 50 0E K2R
TR R R IR E A 30 mg/l K KE R A LB
SEARGIEAT S O R4 B 09 T MR B 5 T LB R
WA IR IRAT T LB RERE-F AR, SRR R L i =
A 30 mg/L E B FE N LB V- RIE AT 7 vk, ik £
) Y TR R R 25 B PR R 2 R Bt EE A pOTC—sacB
Jbi R A5 KR Aomp U, AompU 5 7 A= RIS TE 1B °F-
M 1Rtk 5 s TR ekt s,
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pDS132

ATCC33846 ===

AompU::Gm

AompU

_______________

SR PR

B1 BIAMmMIMNE ompU SRR RTREHNHERRE

Fig. 1 Construction process of V. parahaemolyticus ompU deletion mutant

14 SEHNE

W TR A4 E ODgy 1 0.5, H pH
7.4 19 10 mmol/L PBS 2 M ¥ i Uk R 1k 2 Ik I B 7
PR . S IEE T Z 00, 1) 1152 pl B
A 48 wL 19 10 pmol/L N-#FE—-1-Z5 i (N-
phenyl—1-naphthylamine , NPN ) ¥ & , 81 {8 /& &) J5 i
FHA 9 Vb o LA I, 152 B8 3R G K 350 nm, & 5
e K 428 nm, PREETEE 2.5 mm, BEBOFC R LZEHE
P 428 nm F WP, ¥ 3 AW EL  BH
34T
1.5 MIC E

fii ] 96 FLARHATIZ S5 . FIH] A5 BR vk
B L BT A 28 0 o A R O A o 7 I R VAR R
IX.[6] & 0.007 812 5~8 192 mg/L., B & 55 9% (0

T, % ODgo A 0.02, 2 AH AR R F2 I H5 55 5 h,
PR R MR E A 1x10° CFU/mL, E&FLANA 100 wL
PRV . 37 CCHEF% 18 h, BEFPBLAE 2R /AL A 92
HE ,BH 3 TAT.

1.6 T=EiFEH R PCR &

TBL Ik 2 B % 00 DTG He R LB WA B 7
55 JH %% ODgy K 0.02, 7 37 °C.200 r/min 514 T 5x
I 4 h W — KRR E R A R L, L gL
AL TR E R 16 mg/L R RERHR, XHR4LM
A S RFA JCHE K . 78 37 °C 200 r/min £ F 55
72 0.5 h ARAFHE S o KRR B0 I U WU B
RNA I 47 e 5k i 2 2 Th i RT 51947
B 5L 5 PCR(RT—qPCR) RS 5 3 41 A 2%
Cil=1
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TR

2.1 SMEEZEAOmpU WEIBRMIME LK, EiBiE
R EMIMNREE AR RKENZIL
A K HAA IR G2 X RO RRE ] =T
Wi R AT A T I A B A B O A
AR 5T S T, Sk 4 G 2O A 1Y Aomp U 1Y
R 2% W 5 B AR R ATCC33846 M W 4548 (LA 2
(a)), BXUVFRE N OmpU J2 4H i 75 38 22 301 1 45 10
B2 —, B R AR T 20 IR 22 0 ) i 4 i
Xt AompU #EATAME B & L% (WE 2(b)),
K FH NPN #84EFE:, 24 NPN 454 21 9 I B K 355
R R Y SR T, B nT DL AR 35 i3
fe 7, S8 A TUM L, AompU 35 i PERE AL, BD
OmpU i 2 J 3 28 S I 25 45 21 9 BE 1 () NPN U,
A OmpU S H FZ R HMEALE A, 5 —J7 i, 4
[ 5 5 R Bt ] BB LPS A8 15 5 A0 % W 1 Y

4 50
40 +
3t
< i 301
: I
a Rl
g2 3
#® 20
1L —e— ATCC33846
10+
—=— AompU
0 . , , 0
10 20 30
B 1)/ Sﬁ

(a) WP 5 Aomp URY A= HH R IR

3"0“6

68 A - T LA 3 B 5 A A0

S TR OmpU i 5% S5 %o JH: At B85 2 1 5% S S
e, w7 A EAEE, Kb
VP_RS16800 % s /KT 345 (WK 2(e)),
VP_RS16800 %3k OmpV ,0mpV i /¢ 78 2 GLIK i
BRI, JE— A IRERBEA DA (11, OmpV 25
BB HLE, O A A 25 B K
UEZR B INE h OmpV 19 32 1K B A 5 03 0 Wk 3 T =
M FEAG, 11 OmpU WL EAT HH R 19 2235 B #4202 OmpV
AR X A M A AR R PR BE S B R AE T, T OmpU
D) AT R X R S 0 AR FHY, OmpV A T8k B
THBE R B, i OmpU W) 26 B0 HY AR 52 1
PO I HR S BOR 7 P Fur 7T RLAZE S OmpU Ji
72 7EE B 1%NaCl 1 LB B 3R 5
OmpU (Y HR ] g T2 — & M & I 503, OmpV
FARL D | DA HRF B - 15 P

-AAC

3
) P O O @ NP O
\Y N7 A (07 @ 007 S
bof“ %rﬂz %rf) %\b %\b @5’19 Q_,%@J QST)\\

X
N\ RN\ N\ N\ R\ R\ P\

(b) BFAETLE AompURISMNERZ BN (¢) A ompURHET A4 BUAMEAR 1 5 R KP4k

B2 SMEEB OmpUMEIRMIMEEK EEEEREMIMERARIKTNZM

Fig. 2 Effects of OmpU on growth,outer membrane permeability and other transcription of OMPs of V. parahaemolyticus

*®3
Table 3

MEBGERHEERNA
Introduction of genes related to this work

2R filiid

VP_RS22195
VP_RS23020 FEHWILEN
VP_RS16800 MipA/OmpV K&
VP_RS16465 OmpA FHE
VP_RS20840 OmpA FiKHEH
VP_RS03765 OmpA FKJGEEH
VP_RS11205

VP _RS17515

VP_RS13510

BUEEN, 5 RHFTHE AR E E Lpp EA 40.45%M9 AL

OmpH FIFEINEE A, 5 KI5 R AR Skp HA 36.429% A
KRB HEZ M A 26 B-INEKHE CARB-22, 1] LI/K i B NSt X
PBPIA F5 R A 1, A0 1K ir bl ) SR SR A
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HgR3

mrcB

VP_RS02165
VP_RS03450
VP_RS22785
dacB 24
VP_RS22200 L, D-¥G R R 5 11

VP_RS09310 VP_RS15980

2.2 SMEZE A OmpU 3387 585 i 25 14 &9 220

R iE—4 T i OmpU TP A R 25 v B4R
PEAT 15 Ry F /9 MIC 525 (W 3), Hh
Aomp U 5 H7 15 AU 25 A A/ TR HNHE D
BEFUE A B 25, 24 M B A A0 A B S AR R 2% e
g, KA R R ER URE ZAEE,
W 2 RN R B MER R ER KRER
MENHFEE, AompU Xt LR 2 5B H H i 25
(1) 2 BL 136 B OmpU 76 41 i 5t Bt 28 2 Rl g ik vh &
HE—EEH .

Hoh )8 TEREB TR ARZRNEER R
HHE RKKERN MIC B4R, &It
F PR T I BB A RO 7 AR B pH R o
Z PHE AR i 5 AR Z 08 )2 0 M BH &5 1 &
e, TSGR A R B RS IR KB R M Z R E B
i L i H A BV F A AR LPS b il LPS A K
BB, BRI 2 A S T A F o A IR AL R
IR TR 20 A58 2ok IR IR A1 B AL 2 Y 2R A b
FIREAR SIS 35 M 9 B A, DI X 22 360 17 28 pi 4k
%ﬂﬁmﬁgﬁﬁiB%m%ﬁMMﬁ%Amﬂf
HMREEXF BH B Bt AR 1 SR BB 0 14, X Rl RE R AL
%%ﬁ%ﬁi%Mm%MMEIZQOHH,
AompU WA 75 P U 55 2 S P 2 —

P Az 210 55 7K A A 2 B i i 25 0 A% A 1) D
Wz —, whis® JUHE AEZ RS TH
Bl OB 8 TR /N 73T o KM R
AR IR SF PR R T LU AR Sl i) LPS 5
J2 Pl FE R AR, KR IR SSAR 25 5 ik AH
BE A LPS (48 i, i e EAA DG A LPS mY 240 i vh
AL EN KA N BEZ BRI Aomp U HMEXT B 7K
P (95 B MRS | 3X AT R R X e hi A R MIC

HRRGEEN 1B, ML 24075 1 R & i
mrdA HEREREN 2, AP BT 0T 1% AR
HRRGEEN 3, 4 2L T 15 AR
24 BRI ST , 23 35 K AT PBPS . PBP6 .PBP7 ELA 55.13% .51.52% 45.57% AR
D-NE WD ZAFRFR G , AT VI HI AR R BEA i D-Ala™
SR D-Ala—D-Ala JRJIKHE , 7T U1 BRRME b (9 A it D-Ala)

L, D6 JRFFZ G 11, JE B mDAP-mDAP® 52Kk

P ey JEE A

S B S b | N B = 7 I PN R DO = e S 3
25 M (B v R A I i A R
10.6% Xt 2% 75 55 & U, 87.2% A it 24 B #k PV,
Az A LA AR 20 7 B R MIC, e T R 2 il T
T L ZRITCTALNRE A TR REIERA,
7 B A 0 X 2 T B 3% BT B AT 2 P AN TR 1Y)
Ji A v] BE & CARB P T e g X AN 5] BP9 I e 2 47t
e R YK A R ORI T Aomp U XX Wi B 14 i
Fe By R R P2y, I H AompU WFMEE
BYEFEAL . 0] OmpU XF B N BERE bt BB it
AR —EREN, ERLINEAEAZ N HER
T2 PR IR R 2 —J& OmpU fYZERRER, &5 75 %
FM AL AR SR OmpU XSG 4% 55
Z 1B EAE SR T OmpT, 336 W 77 76 HoAth 4
R L 7E B N Bk 28 P 238 15 i A 40 M b & 4%
TEHL,

14r  mem ATCC33846
12F AompU
10+

o 8

e}

= 6
4t
2t
0l

/@ 5< %k/k oy

S W 47;2’
% N x\@‘@ﬁ v‘%”é‘@% 65& SR éﬁ@, @ @

C/

%
3,

C 7% MIC B L 0.031 25 mg/L.
B3 FH4EEG AompU 3t 15 Fi & FE ) MIC
Fig. 3 MICs of WT and AompU to 15 antibiotics
23 SMEZEB OmpU WEFFEZHNMALHHER
J T i — 5T Aomp U X 27 75 B R i 25 v
PR R JE A 8 RT-qPCR ML 11 43R A28 1k
L, X BEBE K 73R B 1A T fi it ik PR AR JOk R0 5 ik
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AHOCHER (W3R 3), B INEEREEG tH VP_RSI7515 3=
ik, FEHN (VP_RSI13510 mreB .mrdA .VP_RS02165 |
VP_RS03450 . VP_RS22785 . dacB . VP_RS22200
VP_RS09310.VP_RS15980)% 35 7= %15 M 5 K I ¥
# PBP1A .PBP1B .PBP2 PBP3 PBP5 .PBP5.PBP4 .
LdtA \LdtD \LdtF EA7 [FJE 4 | 7E R IR B & il ¢
KM PBPs s & R 45 G H , H b PBP1A PBPIB
ELAG e BRIt F1OBE 55776 7% 1l 05 %, PBP2 . PBP3 H B
5 WKW 5  , PBP4 PBPS HLAG 2 JIK il 15 % s Ldts 2
— Pl AR R A A KRS, JE K mDAP -
mDAP® Z [8] () 5 BRI, B 1N Bk e 2 i A 2% 3 3 41 71
TR R A E A, T V040 v 20 M RE i A B, ATt 4
il 20 TR A 2R RO AR A A i 2 AR K 4 h e
AXEOH R AR ARG, BAEMA T EFERN
MIC 25 8~16 mg/L(WLIE 3). 16 mg/L 2 F 5 % &= 1E
FHJG I 85 4 A ATCC33846 5 Aomp U FE H % 5% 7K -
ACAE O UL 4, AR T O AL AL, B A A h
VP_RS17515 5% FR UL B oA Tk g ik 179 ¢ 38 2
XN T R R R 2 — A BT A m I
V110 H 75 2[R FE Y 45 557, B 5 75 25 3= VE 09 i [a)
S BRSSP el S N L L S g eI
AompU ™, KR WE G B AH OC 3 PR 35 2 42 B4 T 9]
A U KSR R Dy — g % i

R

OmpU R HME b 1) —Fh s FREE AT, fEH
JH Cre/loxP 5 4t By U R J7 5 X5 OmpU #4778 2%
MR . OmpU mBR A2 1< i 2R 230 46 i 41 s
BEREAL, S B R AT B RSP ERN
i 25 P 3 i, b 32 PR AR R T B0 2 K7 1Y
I =R BRI Z A0 R I O B A i i Gk

SE Wk

l o
g 0
<
<
1 1
5 Q 5 Q 5 Q Q Q
R e m*diom\zg%“"%@“% 602@”»@“%@3\%\59%
RP S RIS DRSS
(a) ATCC33846+AMP
2~
1
g 0
<
<
1 B
5 o0 B b O D D D O
C‘,\’\‘3\%\"3‘3\ W\C“ m‘a‘%gﬁ\6%g3b‘6%@'7:\% doc%fL'L’)’Q%QQ’B\%\‘Dq%
RIS S TR1Y @1 et

(b) AompU+AMP
4 HFEREG AompU 1 11 HEREFERKFEETL
Fig. 4 Changes in transcription levels of 11 genes in WT
and AompU

B VA TE g Tt ek AV TR SR R 183 R 2 45 T R X 2
N R ORI, WAL ATSE TR I A AR
OmpU FEMH 25 PP AFERAE R . T — R AR /A
R OmpU BRI 40 i S ™ 2B 52 i, AR CH A
HIMEEE NS 245 1R 520

[1] ELMAHDI S,DASILVA L V,PARVEEN S. Antibiotic resistance of Vibrio parahaemolyticus and Vibrio vulnificus in various

countries: a review[J]. Food Microbiology,2016,57:128-134.

[2] TAN C W,RUKAYADI Y,HASAN H N, et al. Prevalence and antibiotic resistance patterns of Vibrio parahaemolyticus isolated
from different types of seafood in Selangor,Malaysia[J]. Saudi Journal of Biological Sciences,2020,27(6):1602-1608.

[3 ] KUMAR V,BARUAH K,NGUYEN D Vet al. Phloroglucinol-mediated Hsp70 production in crustaceans:protection against
Vibrio parahaemolyticus in Artemia franciscana and Macrobrachium rosenbergii[J]. Frontiers in Immunology ,2018,9:1091.

[4 ] KOEBNIK R,LOCHER K P,VAN GELDER P. Structure and function of bacterial outer membrane proteins: barrels in a nutshell

[J]. Molecular Microbiology,2000,37(2) :239-253.

SRSt A3k 2023 5% 255128 IEH



RESEARCH ART'CLE MENG Xiangyu,et al: Effect of OmpU on Antibiotics Resistance of Vibrio
parahaemolyticus

[5]REDDY P N,MAKAM S S,KOTA R K, et al. Functional characterization of a broad and potent neutralizing monoclonal
antibody directed against outer membrane protein(OMP) of Salmonella typhimurium[J]. Applied Microbiology and Biotechno—
logy,2020,104(6):2651-2661.

[ 6 ] CHAKRABARTI S R,CHAUDHURI K,SEN K, et al. Porins of Vibrio cholerae :purification and characterization of OmpU[J].
Journal of Bacteriology, 1996,178(2) :524-530.

[ 7 ] HAINES-MENGES B,WHITAKER W B,BOYD E F. Alternative sigma factor RpoE is important for Vibrio parahaemolyticus
cell envelope stress response and intestinal colonization[J]. Infection and Immunity,2014,82(9):3667-3677.

[ 8 1LIN Z, KUMAGAI K ,BABA K, et al. Vibrio parahaemolyticus has a homolog of the Vibrio cholerae toxRS operon that mediates
environmentally induced regulation of the thermostable direct hemolysin gene [J]. Journal of Bacteriology,1993,175 (12).
3844-3855.

[9 ] WHITAKER W B,PARENT M A,BOYD A, et al. The Vibrio parahaemolyticus toxRS regulator is required for stress tolerance
and colonization in a novel orogastric streptomycin-induced adult murine model [J]. Infection and Immunity,2012,80 (5):
1834-1845.

[10] & Ba i, sk Bl B W, &5 IR AN AR 1 OmpU 1 B8 58 SR P R A SUER 3P M [T]. 3 A 2 41,2016, 56 (5) : 867-879.
LUNJ S,ZHANG S X,DONG Y P, et al. Inmunological cross-reactivity and cross-protection of outer membrane protein OmpU
among Vibrio species[J]. Acta Microbiologica Sinica,2016,56(5):867-879. (in Chinese)

[11] WANG W B,LIU J X,GUO S S, et al. Identification of Vibrio parahaemolyticus and Vibrio spp. specific outer membrane proteins
by reverse vaccinology and surface proteome[J]. Frontiers in Microbiology,2020,11:625315.

[12] HORNG Y T,CHANG K C,LIU Y N,et al. The RssB/RssA two-component system regulates biosynthesis of the tripyrrole
antibiotic, prodigiosin, in Serratia marcescens[J]. International Journal of Medical Microbiology,2010,300(5):304-312.

[13] MILTON D L,NORQVIST A,WOLF-WATZ H. Cloning of a metalloprotease gene involved in the virulence mechanism of
Vibrio anguillarum[J]. Journal of Bacteriology, 1992,174(22).7235-7244.

[14] PHILIPPE N,ALCARAZ J P,COURSANGE E, et al. Improvement of pCVD442 ,a suicide plasmid for gene allele exchange in
bacteria[J]. Plasmid,2004,51(3) :246-255.

[15] WANG J L,MA W J,WANG Y Z,et al. Deletion of 76 genes relevant to flagella and pili formation to facilitate
polyhydroxyalkanoate production in Pseudomonas putida[J]. Applied Microbiology and Biotechnology,2018,102(24):10523-
10539.

[I6]HUJ Y, TAN Y Z,L1 Y Y,et al. Construction and application of an efficient multiple-gene-deletion system in Corynebacterium
glutamicum[J]. Plasmid,2013,70(3):303-313.

[17] TAN X,QIAO J,ZHOU Q,et al. Identification of a phosphoethanolamine transferase for lipid A modification in Vibrio
parahaemolyticus[J]. Food Control,2021,125:108033.

[18] BERTRAND R L. Lag phase is a dynamic,organized,adaptive ,and evolvable period that prepares bacteria for cell division[J].
Journal of Bacteriology,2019,201(7):1-21.

[19] HELANDER I M,MATTILA-SANDHOLM T. Fluorometric assessment of gram-negative bacterial permeabilization[J]. Journal
of Applied Microbiology,2000,88(2).:213-219.

[20] PATHANIA M, ACOSTA-GUTIERREZ S,BHAMIDIMARRI S P, et al. Unusual constriction zones in the major porins OmpU
and OmpT from Vibrio cholerae[J]. Structure ,2018,26(5).708-721.

[21] STEVENSON G,LEAVESLEY D I,LAGNADO C A, et al. Purification of the 25-kDa Vibrio cholerae major outer-membrane
protein and the molecular cloning of its gene :omp V[J]. European Journal of Biochemistry, 1985,148(2):385-390.

[22] XIONG X P,ZHANG B W,YANG M J, et al. Identification of vaccine candidates from differentially expressed outer membrane
proteins of Vibrio alginolyticus in response to NaCl and iron limitation[J]. Fish and Shellfish Immunology,2010,29(5):810-
816.

[23] KAOD Y,CHENG Y C,KUO T Y, et al. Salt-responsive outer membrane proteins of Vibrio anguillarum serotype Ol as revealed
by comparative proteome analysis[J]. Journal of Applied Microbiology,2009,106(6) :2079-2085.

[24] LV T T,DAI F,ZHUANG Q T,et al. Outer membrane protein OmpU is related to iron balance in Vibrio alginolyticus [J].
Microbiological Research,2020,230:126350.

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 42 Issue 12 2023



HHET,F . SR A OmpU *F &l i o I8 B w25 1 69 3 e

[25] PEMBERTON O A,NOOR R E,KUMAR M V V et al. Mechanism of proton transfer in class A B-lactamase catalysis and
inhibition by avibactam[J]. Proceedings of the National Academy of Sciences of the United States of America,2020,117
(11).5818-5825.

[26] MARKOVSKI M,BOHRHUNTER J L,LUPOLI T J,et al. Cofactor bypass variants reveal a conformational control mechanism
governing cell wall polymerase activity [J]. Proceedings of the National Academy of Sciences of the United States of
America,2016,113(17):4788-4793.

[27] GARDE S,CHODISETTI P K,REDDY M. Peptidoglycan: structure, synthesis ,and regulation[J]. EcoSal Plus,2021,9(2):1-10.

[28] SKOOG K,BRUZELL F S,DUCROUX A et al. Penicillin-binding protein 5 can form a homo-oligomeric complex in the inner
membrane of Escherichia coli[J]. Protein Science:a Publication of the Protein Society,2011,20(9):1520-1529.

[29] GARNEAU-TSODIKOVA S,LABBY K J. Mechanisms of resistance to aminoglycoside antibiotics:overview and perspectives
[J]. MedChemComm ,2016,7(1):11-27.

[30] SERIO A W,KEEPERS T,ANDREWS L, et al. Aminoglycoside revival:review of a historically important class of antimicrobials
undergoing rejuvenation[J]. EcoSal Plus,2018,8(1):1-12.

[31] CETUK H,ANISHKIN A,SCOTT A J,et al. Partitioning of seven different classes of antibiotics into LPS monolayers supports
three different permeation mechanisms through the outer bacterial membrane[J]. Langmuir : the ACS Journal of Surfaces and
Colloids,2021,37(4):1372-1385.

[32] TSUJIMOTO H,GOTOH N,NISHINO T. Diffusion of macrolide antibiotics through the outer membrane of Moraxella catarrhalis
[J]. Journal of Infection and Chemotherapy : Official Journal of the Japan Society of Chemotherapy,1999,5(4):196-200.

[33]RYU A R,MOK J S,LEE D E, et al. Occurrence, virulence , and antimicrobial resistance of Vibrio parahaemolyticus isolated from
bivalve shellfish farms along the southern coast of Korea[J]. Environmental Science and Pollution Research International,
2019,26(20):21034-21043.

[34] CHOURY D,AUBERT G,SZAJNERT M F,et al. Characterization and nucleotide sequence of CARB-6,a new carbenicillin-
hydrolyzing beta-lactamase from Vibrio cholerae[J]. Antimicrobial Agents and Chemotherapy,1999,43(2):297-301.

[35] NGUYEN D T,NGO T C,TRAN H H,et al. Two different mechanisms of ampicillin resistance operating in strains of Vibrio
cholerae O1 independent of resistance genes[J]. FEMS Microbiology Letters,2009,298(1).37-43.

[36] GHAI I,BAJAJ H,ARUN B J, et al. Ampicillin permeation across OmpF , the major outer-membrane channel in Escherichia coli
[J]. The Journal of Biological Chemistry,2018,293(18):7030-7037.

[37] WIBBENMEYER J A,PROVENZANO D,LANDRY C F,et al. Vibrio cholerae. OmpU and OmpT porins are differentially
affected by bile[J]. Infection and Immunity,2002,70(1):121-126.

[38] ANGELIS G D,DEL G P,POSTERARO B, et al. Molecular mechanisms, epidemiology,and clinical importance of B-lactam
resistance in Enterobacteriaceae[J]. International Journal of Molecular Sciences,2020,21(14):5090.

[39] CHIOU J C,LI R C,CHEN S. CARB-17 family of B-lactamases mediates intrinsic resistance to penicillins in Vibrio
parahaemolyticus[J]. Antimicrobial Agents and Chemotherapy,2015,59(6):3593-3595.

[40] DOUGHERTY T J. Involvement of a change in penicillin target and peptidoglycan structure in low-level resistance to beta-lactam

antibiotics in Neisseria gonorrhoeae[J]. Antimicrobial Agents and Chemotherapy,1985,28(1):90-95.

LHS LA SIL 2023 FE 425 F 128




