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Abstract: [Background] Antimicrobial resistance of bacteria has become more and more serious due to
the abuse of antimicrobials. As an important foodborne pathogen, Vibrio parahaemolytics also exhibited a
certain level of antimicrobial resitance. Quorum sensing system can regulate the antimicrobial resistance
of bacteria, which provides a new pathway to study the mechanism and control technique of antimicrobial
resitance of V. parahaemolytics. [Objective] To study the effect of signaling molecule autoinducer-2
(AI-2) on tetracycline resistance of V. parahaemolyticus strains from seafoods. [Methods] AI-2 was
synthesized in vitro by a reaction using the critical enzymes, S-ribosylhomocysteinase (LuxS) and
S-adenosylhomocysteine nucleosidase (Pfs), which were prepared by prokaryotic expression. The effect of
Al-2 on tetracycline resistance of V. parahaemolyticus was determined by colonies counting method. The
effect of AI-2 at different concentrations on the transcriptional levels of tetracycline resistance genes in
V. parahaemolyticus was assayed by reverse transcription and real-time quantitative PCR. [Results] LuxS
and Pfs enzymes were obtained by prokaryotic expression. The bioactive AI-2 could be synthesized in
vitro by adding LuxS and Pfs to the substrate S-adenosylhomocysteine (SAH), with the fluorescence
intensity of about 6 times as much as positive control. When treating with tetracycline at subinhibitory
concentration, Al-2 could significantly promote the growth of V. parahaemolyticus strains, and Al-2 at the
concentrations of 6, 15 and 30 pmol/L could increase the transcriptional levels of tetracycline resistance
genes in V. parahaemolyticus strains to a certain extent. [Conclusion] AI-2 could enhance the tetracycline
resistance of V. parahaemolyticus, which provided a reference for further study on the antimicrobial
resistance mechanism of V. parahaemolyticus and developing control techniques targeting AI-2 on
antimicrobial resistance of V. parahaemolyticus.

Keywords:  Vibrio  parahaemolyticus,  Signaling molecule Al-2, S-ribosylhomocysteinase,
S-adenosylhomocysteine nucleosidase, Tetracycline resistance, Tetracycline resistance gene tet
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PEOHLE AL T B s, MEa s Al-2 iR
B AL, EES S-Z b E A bt A R
(S-ribosylhomocysteinase, LuxS)Fl S-Hf A H 2
R AT i (S-adenosylhomocysteine nucleosidase,
Pfs) #H O, 38 2o 31X W6 A i 19 1 A BE 7E K A1 &
AT R AT-2 X R i I o 24 1
AR M ATERE, ik, 48505558 o R 55 Bl
AL-2, J3HT AL-2 TR PSR DU R 25 1 Y
SRR, A A s PR I o A T 2 AL L B
HLL AL-2 A S RIS i I B T 2 PR B R
PRHLILAT

1 ME5 b8
11w
111 EHk

B I I B Vp2009027 . Vp2011007 |
Vp2015094, 4385 A, RAE A AN
K G BT R ST S S E . KR
7 EQ I (Escherichia coliy DH5a., E. coli BL21(DE3)
W H KRR L) A RA A I 4E RN
(V. harveyi) BB152., V. harveyi BB170, HHH =
PER2E R BRAR B AN 24 1T 5
112 EERFMUEREFRE

TR S RNA FREGAR &, RRAfRHL L
TR Nde 1. Hind THBRHIME N YIRS, 35
B 5% & PrimeScript™ RT Reagent Kit with
gDNA Eraser. SZIf2¢06@ 2 PCR X7l & TB
Green™ Premix ExTag™ 11 . DL2000 DNA 4> ¥ &
i, SAEY TRKRE)ARAR; RikE4k
pET-30a(+), Zifife (L) EYRHEABRAF; B
BEKr . RE AR, Oxoid Adl; SFHIEAA-B-D-F
AWEAPTG). FHRE R . MR HER, L&k
FAVWHEARAA; WHER, LAEFAR. K
e, AT TARR(EE) IR A RA T S-BRtT(H
U2 Jbt 22 % (S-adenosylhomocysteine, SAH) . [A]7!

*F: It 2 B8 (L-homocystine) . i At Zfiff 2 4% H iR
(DTNB), Sigma-Aldrich 22 F]; Ellman’s i 7 &
DTNB % T4 100 mmol/L BER4NF1 0.1 mmol/L
EDTA WZEmil(pH 7.2); EFUERNIIA&E, Hiat
fEL8 S SN 7/ Y R 7 B T - = I A %4
ExpressPlus' PAGE Gel, Fai4ailFnEYRiAa
B o

A 2i1LF: Ni-NTA Superflow Column, Qiagen
oSwl; JEREE Zeba™ Spin Desalting Columns 7K
MWCO, FERR R RBHL (P BT RA R 2O6E
it PCR 1%, Roche 23+]; EEFEEE PCR AL, Jbat
IR AE R A FR AR s 2 DR LA RS T
1, MD Z23w]; R T E {X, Implen 2y
Fl; Class [T A¥% 446, Nuaire 23 H]

LB IR IR 3 (g/L): WERERY 5.0, BREEFR
10.0, NaCl 10.0; LB [R5 LB WAKE
FEFPENINZY 15 /L B ; LBS AR FR3E. LB
REEFREL AN 20 /L NaCl; AB }55RH(g/L):
MgS0,7H,0 12.6, NaCl 17.5, B&EMACN &Y
2) 2.0, fNZEME/K 900 mL % f#, Fi 10 mol/L NaOH
i pH & 7.0, #MEZEMKZE 960 mL, 1x10° Pa
KF 15 min, RAFMA 10 mL JCE 1 mol/L
FRAR 2% R (pH 7.0). 10 mL 0.1 mol/L L-K5% AR
(0.22 pm JERETTIE) . 20 mL 50%JCHE H, 1R,
1.2 FH&

1.2.1 ZEH LuxS. Pfs EHERIER AL

A% GenBank 1 EIFE ML IEIKE ATCC 17802
B LuxS F1 Pfs (03 A FALAL 3568 1,
b, FUFIA Nde 1 . Hind TIIFR I PN 7 L)
B, ZRRE WA YR A RA A G i E
G, RIFIEEARIBBIR pET-30a(H)H, EH™
WAL E. coli DH5a JEAZ 540, T3 50 pg/mL
FIERR LB AR Lk YL e, HEaRifie
WUBTRL, X JBORLHEA 7 XU RO P %0, PR
Y JFkifir 44 A pET-30a-luxS. pET-30a-pfs. 5 HE4]
Bkl pET-30a-luxS. pET-30a-pfs #54b 5% 5
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E. coli BL21(DE3)EZ 540, F & 50 png/mL KR
BRI LB bk BAPE s ke, 85 PHE ok i 3
FIA 50 pg/mL RAFE R LB KSR EEH,
37°C. 150 /min JR %5555 3 h, fA IPTG 3%
ik 4 h, L SDS-PAGE e HE TR I A 11 2R 1
B, TRk KRB R DOELE, A mH N
BL21-pET-30a-/uxS . BL21-pET-30a-pfs, LA J& #%
FIKH E. coli BLZI(DEWE X IR, 4 5 41 1 ik
T RS IPTG iFRL, WA 4 °C,
8 000 r/min Z.0> 10 min, WA, RATHEBER
FhEE R B R AR 3 K, EIARDLEE T 20 °C
A . 10 mL NPI-10 (B 728 Ni-NTA
Superflow Column =7 & 156 U] 45) B IR WAk, 7E
4 °CF 100 WS % 25 min, FHIEFRIRTE 4 °C .
12 000 r/min 250> 30 min, Z3FEE i STTHE,
Wil SDS-PAGE Zr#r A AR k. LS
K H Ni-NTA Superflow Column $#£17 5 2H 25 1 A 4L
ik, It R ER AR TR AL B, 4l ik Y B R
SDS-PAGE  HLUKA I, >R FH AR 1 0 o Dl S O
Wz
122 AI-2 BYIKRIMNE AR

AL-2 RSN 1S5 SCHR[15], #E 10 mmol/L
IR N ZE MR (pH 7.5) IR LM 4 1 mmol/L
SAH. 0.5 mg/mL FEAE [ LuxS fl Pfs, Hi%ik
ZRFE 37 °C /KM 1 h, WRIME R A2 (5559 F. R
IS (R T& 10 kD)IERREA, Wk
W, UEWEAH 0. 22 pm IEREEYE, —80 °C FRff. S
SCHR[161FH V. harveyi BB170 415 BARAI AL-2 A=
itk F—80 °C URTFHI V. harveyi BB170 3/ T
AB ;a5 30 °C. 150 v/min 35350008, R
FikE 5 000 fi5. B A2 # 10% (IRFLH)RIEIAZ
BRI, 30°C. 110 r/minP#¥%353%, % 30 min
Mg HDENAE, HE %S A B9 M 2 /)
. VL V. harveyi BB152 HREFE FIsAE K B %
M8, DL E. coli DH50 3555 EIE/E N IATEXT AR, DA
AB B3R5 R A UG REAE, A PR X B AT-2 1
FEXH 100%, AL-2 HREEE S 3CHk[17], AR

A2 BRUARR, AT AEEE R AL-2 TR BT
DPD (4,5-dihydroxy-2,3-pentanedione) Fl[H] - bt 24
MR . & B ALY [R] B 2 R w4 o 4 1 Ellman’s
A H ) DTNB 5648 B (A1) 5-20 -2 A JE R
2, S-ZnHk-2-if AR H FRTE 412 nm A0 BLAT e KK
W B 200 pL AN[EIHEEEO. 10, 20, 40, 60,
80. 100 pmol/L)Ay[a] Yt &R, JmA 100 pL
5 mmol/L Ellman’s il¥], F 37 °C {EH 15 min, 7E
412 nm PR NMEBONE, ZhitrfEtiZ. R
PLAL2 BRI e, R Ehn e £kt 5
1.2.3  AL-2 3 EI7A MM E IR R 21489 &2 0

(1) DUBRR W IR T AL-2 X EI7 R
ARSI K R I SR AR V2009027
Vp2011007., Vp2015094 HF%| LBS W iAR: %I
Hr, 36 °C. 150 r/min JR¥AIGFIMR, PR
MR ZE 25 10°-10° CFU/mL, 200 pL {KZPin AL
0B e BE B9 U FR &K (Vp2009027 . Vp2011007 .
Vp2015094 XJ i EE 535124 30, 60, 60 pg/mL).
R L TR s B R R 10% (R FL ) R By
30 pmol/L ¥ AI-2, Lk 10 mmol/L fBERRENZE M
(pH 7.5E XF R, 36 °C Bl RE9% 24 h, HEEHEH
W B E 3x10°-3x10° CFU/mL J5H( 100 uL %7
LBS ‘4z, 36 °C Kidf 24 h, THERVESEL

(2) WKW IDEEHREE T AL-2 X B i
T 245 35 PR SR AT A2« 5 I 7 e T o P e 22
F#l LBS MAAREFREE, 36 °C. 150 r/min R 55
et tl, BHEBHERBEEY 10°-10° CFU/mL.
1 mL A F I A TR R B2 1Y DU FR 2R (Vp2009027
Vp2011007, Vp2015094 XiF i #4334 30, 60,
60 pg/mL). EIFMAEINEFBR AN 10% (AR L)
LUPES RN 6. 15 A1 30 umol/L (X AI-2, LI
10 mmol/L HIBERREHZE vhilk (pH 7.5)1F Jy X IR,
36 °C W EHSF 12 h #7124 h, B IE0CR AN S
RNA $& Bl & 42 BCal s m E 9 Y RNA, R
FH PrimeScript'™ RT Reagent Kit with gDNA
Eraser IR & E1 705 5 4k1F cDNA, LRIV M
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PEOLE 16S rRNA BN SIE, %A TB
Green™ Premix ExTug™ 1) f it 7920 56

P<0.05 FRZEFIERE, P<0.01 FRZEFIEMRIL
BFE.

FE i PCR, i &) i Pk 9 pa DY B4 25 it 24 356 1A 2 RN
retB M 1etMIFCSVK, . JOUERPCRIULRAR ) | i | uxs 70 prs B FsA T4
(20 pL): 2x WM 10 pL, 1E. K59 LuxS A1 Pfs MFLE 4 FH Y 199 kD Fi
;100 ”Lm‘ﬂif%oi i Lckc}];};fgj;ngésj—f f’ﬁ; B 06 kD, W 1 PR, T B
Hho ZOILA DU U kg, RUUEM LuxS A PR EER L
95 °C 5's, 60 °C 30's, 40 MG Vfi L X et st
. . XA B B RIS EET T b, AR R
%MK 95°C 55, 60°C 60s. FrfHGIHIMA T/ UL LuxS il Pfs KAkt ek il
MTRESRBERAAAR, sippan o 0 TS A R T
. R RO R BB NI R E 2R R A
() HRAHT: WSRO bR D
SR, T R E R e v, 22 POMERUAL BYEIERTRE
MET 0, 10, 20, 40, 60, 80, 100 pmol/L
£1 KHRFASIMFES W B2 IR R B2 PR 4351 5 Ellman’s 3207 S fe

Table 1 Sequences of primers used in this study

KRR J#5] EE MO, 22l 7T ALL2 W R bRl 2k
Name Sequences (5'—3") Target gene ([g 3)0 ?"% ’ﬂﬁ E/‘J LuxS ﬁ Pfs E r:—[ 1/,5 FH F SAH FEE %
16S-F cagctcgtgtcgtgagatgt 16S rRNA . . o .

16S-R cgtaagggccatgatgactt &5 fimﬁﬁﬁﬂﬁ)ﬁ s MASHEZH 330 umol/L,
tetB-F ggcgcatcgetggattacttattg tetB )EH V. h arveyi BB 170 *ﬁﬂ)—"] gé[J |5 m{&* E/‘J {ﬁ‘@ é’(] j@ A ;Iﬁ
tetB-R cgttgagaagctgaggtggtateg - - At s

tetM-F atggaagtgacttgtgctctgcetg tetM XTHERY 6 7%, RUIGH T HA LY AR AL2
tetM-R geggtgctacagatagaccaatgg ( [g 4) R

B 1 E2H LuxS # Pfs BIRIAFR

Figure 1 Expression form of recombinant LuxS and Pfs

TH: A B4 LuxS fRXIE B H4 P (RGKIE M: A BRMEDThE; 10 BL21 ARG 2: KRBT EM R4
MIZYRI 3: RiFFRVEARAMAIK B3 4. KRBT EHEMERFRTTE; 5. BN EARSAMBURR; 6. B
FOH 2H AR s 7 5 R ER 2 R A R B R TTE.

Note: A: Expression form of recombinant LuxS; B: Expression form of recombinant Pfs. M: Protein molecular weight marker; 1: BL21
whole cell lysate; 2: Uninduced whole cell lysate of recombinant strain; 3: Uninduced cell lysate’s supernatant of recombinant strain; 4:

Uninduced cell lysate’s debris of recombinant strain; 5: Induced whole cell lysate of recombinant strain; 6: Induced cell lysate’s supernatant
of recombinant strain; 7: Induced cell lysate’s debris of recombinant strain.
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Figure 2 Purification of recombinant LuxS and Pfs

T A: B4 LuxS B94lifk; B: B4 Pfs Fslifb. M: AR
it 1 RN MR 2. SifkETYEd
PRIANM SR L3 s 3 A0S (B 2 o A B SR L.
Note: A: Purification of recombinant LuxS; B: Purification of
recombinant Pfs. M: Protein molecular weight marker; 1: Induced
whole cell lysate of recombinant strain; 2: Cell lysate’s supernatant

of recombinant strain before purification; 3: Purified cell lysate’s
supernatant of recombinant strain.
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Figure 3 Standard curve of L-homocystine
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Figure 4 Activity of AI-2 synthesized in vitro

2.3 Al-2 X &AM E IR E R AR 20
231 MRHZTMEIRET A2 MESMEINE
e N: b=

T 2o B VR O I DY BRI R R
ALL2 SRIE IR E AR A, 2558 mE s fr
N, FEDUZE A A0 BRI BE R, DU 30T R ot
G I ST A U IR B E N = v A
67%78%. SIARUSIMAURE N 30 pmol/L 1)
A2 J5, SUSHIURRZE ARSI AL2 B%F R L
I, Vp2009027 F1 V2011007 R B 1 fn
(P<0.01), Vp2015094 [ TR % i 25 3 Jin (P<0.05),
P AL-2 BB IR IX 3 AR PR K A TR 52 1
MAERA R EEN T, A2 A AR
HRIA K .
232 MRHZTMEIRET Al-2 MESMHEINE
i 25 2 E 55 R 7k FRY SN

PIPE Vp2009027 & A7 DU R 25 5L rerB, 7€
PUFRZ AR 30 pg/mL F, 6. 15130 pmol/L

OoVp B Vp+TET
8 Vp+AI-2 ZVp+TET+AI-2

1 L

2 120.0

_
o
o
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Figure 5 Effect of AI-2 on the growth of Vibrio
parahaemolyticus

Wk IR WAMERE T Al-2 41(Vp+TET+AL-2) 5K
WIN AL2 4(Vp+TET) AL P<0.05; **. VUMRZR WA EIRIE T
Wi AL-2 4 (Vp+TET+AI-2) 5 REN N AL-2 4 (Vp+TET) b4
P<0.01.

Note: *: At subinhibitory concentration of tetracycline, the group
treating with AI-2 (Vp+TET+AI-2) was compared with control
group without AI-2 (Vp+TET) P<0.05; **: At subinhibitory
concentration of tetracycline, the group treating with AI-2

(VptTET+AI-2) was compared with control group without AI-2
(Vp+TET) P<0.01.
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(1) AL-2 BIREIERE tetB WIEESRAKF, FERESR 12 h
W, AREMRE AL-2 YIREEEHE R tetB 1HE 5K
(P<0.05), AXTHELLIAY 1.50-1.56 £F, 10 3 AHkfE
ZIMEA R E 2R EHFE 24 h B, KRFEWE
AL-2 BREEE R tetB GRS BRATAH Lk
B EZF(P>0.05), 3 Pk MM RA B35 2%E
(& 6),

Rk Vp2011007 &4 tetB Fl tetM W§VUFR 2R
fif 25560, FERE SR 12 hif, 6 pmol/L AL-2 fE fi 42
T tetM E 557K F-(P<0.05), %) BERZH K 1.39 35,
30 umol/L Y AI-2 RE IR 42 51 terB I tetM %% 55K
W, ArRIR TR 1.56 % (P<0.05)F1 1.64 1%
(P<0.01); 7E¥53E 24 hif, 6 pmol/L 1 AL-2 it
PEET tetB N tetM WG SRR, 3 51k X6 BEZH 1)
1.35 1#(P<0.05)F1 1.67 {#%(P<0.01), i 15 pmol/L F/I
30 umol/L [ AL-2 £ tetM W oK 7))

PR Vp2015094 [AlFE A P DU 2R Tiif 24 2
tetB M tetM, FEPUARFAIPFEWKE 60 pg/mL
T, 335 12 hBF, 30 pmol/L [y AL-2 fig B4
tetM [R5 /K- (P<0.05), SMXTREZHIY) 1.50 £i5; &%
% 24 h BF, 15 umol/L F1 30 umol/L ) AI-2 RER i
FEE tetB T tetM W55 S /KF-(P<0.01), AXTHELH
%) 1.65-1.78 f5(& 8).

oTET B TET+15 umol/L AI-2
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Figure 6 Effect of AI-2 on the transcription of
tetracycline resistance gene in Vp2009027

TE: o g, U AT-2 45 RU N AL-2 X HRZH [E
8 P<0.05.

Note: *: At the same culture time, the group treating with AI-2 was
compared with control group without AI-2 P<0.05.
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Figure 7 Effect of AI-2 on the transcription of
tetracycline resistance genes in Vp2011007

TE: % RN, B AL-2 20 5 R0 AL-2 X HRE 1L
B P<0.05; **: [A—HIRIFIIT, S AL-2 ZH5REN AL-2
Xof BRZH b3 P<0.01.

Note: *: At the same culture time, the group treating with AI-2 was
compared with control group without AI-2 P<0.05; **: At the same

culture time, the group treating with AI-2 was compared with
control group without AI-2 P<0.01.
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Figure 8  Effect of AI-2 on the transcription of
tetracycline resistance genes in Vp2015094

TE: %o [A—H5gRIRI R, U AL-2 4L5RU N AL-2 X HRZH 1L
B P<0.05; **: [Al—SFIRAIEI T, B AL-2 AL5RE AL2
Xf AL K P<0.01.

Note: *: At the same culture time, the group treating with AI-2 was
compared with control group without AI-2 P<0.05; **: At the same
culture time, the group treating with AI-2 was compared with
control group without AI-2 P<(0.01.
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