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ABSTRACT: Objective To investigate the effects of signaling molecule AI-2 on conjugation transfer of

tetracycline resistance genes in Vibrio parahaemolyticus strains from seafoods. Methods The conjugation reaction
systems for Vibrio parahaemolyticus and Escherichia coli treated and untreated by AI-2 were constructed, the effects
of AI-2 at different concentrations on conjugation frequency of tetracycline resistance genes in Vibrio
parahaemolyticus were determined by colony counting method, the effects of AI-2 at different concentrations on the
transcriptional levels of conjugation transfer related genes of Vibrio parahaemolyticus were assayed by reverse
transcription and real-time quantitative polymerase chain reaction. Results The tetracycline resistance genes in
Vibrio parahaemolyticus Vp2015094 and Vp2016058 could transfer into Escherichia coli K12, AI-2 at the
concentrations of 15 and 30 umol/L could significantly increase the conjugation frequency of Vp2015094 (P<0.05),
Al-2 at concentrations of 6, 15 and 30 pmol/L could increase the conjugation frequency of Vp2016058 very
significantly (P<0.01), 30 umol/L AI-2 could significantly increase the transcriptional levels of conjugation transfer
regulated genes traF in Vp2015094 and both traF and trbB in Vp2016058 (P<0.05). Conclusion AI-2 can enhance
the conjugation transfer of tetracycline resistance genes in Vibrio parahaemolyticus, which indicates that AI-2 can
accelerate the dissemination of antibiotic resistance genes. These results provide a basis for developing control
techniques of antibiotic resistance based on quorum sensing.

KEY WORDS: Vibrio parahaemolyticus; signaling molecule AI-2; tetracycline resistance genes; conjugation transfer
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BRI RE ) SRR 6 S SO R i 25 A
T, FEGRAA R, ER AR, s
AF W R B, AR I T e TR B R B A
A o S B 0 77 A — o R B i 2 ), R
TR S B B4

TR TR 245 14 1) 57 A AL ) A 43 [ A o 24 R A5
2y, FrhRAS T 24 o R, T2 R KO R R R AR
PER 24 9 F B, AR Z 2 07 T ok b, Rt
JEORL A B R S 2 S R B e R B R0, AR
RRERS B R A THES SN, XA GG ARG
K, AP AL RGADE, T A E R AR
(quorum sensing) F 4t . FH AR 41 TR 7] A8 i A9 —Fh R4,
IS B o TR F B AT SR B AR U B
N AT 54> F FEALFE 22 S i B 35 ARk
(autoinducing peptide, AIP) . % PG FAM: 41 B H (A Ik 2k i 22
R M52 (acyl-homoserine lactones, AHLs) 5 B 2% [ [H
0 55 B 20 7 P A AR Y A 55 112843 F (autoinducer-2,
AL BFFERW, 15540 F AHLs RERG SR 25 kLAY 3%
BERS, IRREmt 2D B i A Sk AR R (R A2 R
M50 F A2 A IR REE LuxS/AL-2, EHIE

il AP e R AR 2R G 4 4 R I R Y 24 P )
TR BUE S .

M5 REE
1.1 # #®
LIl & &%

B VA L PR IR Vp2015094( 4> 85 B ok 1) |
Vp2016058(73 4 H g K EF) (M Z PUFR R, fRAF T AL %),
K735 % [C & (Escherichia coli) K12(Ti 32 Z50EMi iR, IE
Tl A Y PR 0 )

1.1.2 22X FE

{7031 AL-2, ARAESCHRO1 415 4 Lo e 1 4

Luria-Bertani (LB)}5 555 BEEERN(5.0 g/L) . JEEE i
(10.0 g/L)(FE[E Oxoid 22 H]), NaCl (10.0 g/L)(E 254 H1k
ERFNERAED . BRAS g/L)(ERREFRIE A

LBS }iF#4E: LB 5 F7 25 P 3 NaCl (20 g/L).

P41 38 15 35008 (eosin-methylene blue agar, EMB)$: 5
3 MH 35 (mueller-hinton agar, MHA); 3£ R (b 5 47
HARBA A IRAFD; FUb/MERH & . 4155 RNA $2H
A G [ RAR AR (L) A R R 13045 5% (reverse
transcription-polymerase chain reaction, RT-PCR)ix 7] £
PrimeScript™ RT reagent kit with gDNA Eraser. #¢J65E ik
PCR (real time PCR)i®j# TB Green™ Premix Ex Tag™
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IT . DNA marker DL2000[ £ T RRECGE))H BRAF;
BRPUFRE (25 g). ZEWEMIBR(2S ¢). Y IHSIH(FH W&
DA TAEY TR R R BRA F.

LightCycler 480 Il 7¢ & £ PCR {{ (¥t Roche A /]);
TC-96/G/H(B)3 PCR X (4t M 18 B B 8 4 R 2 #);
nanophotometer fi A% R 8 FH I & {L (F5 = Implen 23 F).
1.2 LETE
1.2.1 #54#HLE

10 Ak 5 0 A R T R M KT Vp2015094 |
Vp2016058 43 HIHEF T 10 mL LBS AR T2 (7 20 pg/mL
P ER), ZIREKEIEA KE K12 /4 F 10 mL LB #
RREFRFE(R 100 pg/mL ZEBEMIBR), 36 °C. 150 r/min 1%
7% 10~12 ho 504 3 BRI 8000 r/min B0
10 min, ARG, FLBFRM, IMABEER LB WAKR:
FREE, EH AR WRIRE O, HIRERE, XA
W3R, WP RRS . BIRRENEIEN LB |
R WY EEZRMESRN 0.5 AWK HAEE

Vp2015094 ,Vp2016058 435Il 5 32 {4 1§ K s % % [T K12
BUMARLLE 1:1 TR, 36 °CRFPELEE IR 4 h i AT 4 5 R IV o
A TG IR TS Y5O B, R EMB FAR(Y
20 pg/mL PUFREFH 100 pg/mL ZENERNER), T 36 °CHs 5%
18~24 ho )\ EMB V-4l L BREUE & T BV B AP F 10 mL
LB ¥R B 723 (4 20 pg/mL PUFRZE F 100 pg/mL 25 0E i
iz ), TR B ORE BE R B RV M KB Vp2015094 |
Vp2016058 £ FF LBS M {485 52 5L (7% 20 pg/mL IR )
i1, 36 °C. 150 t/min }53% 18~24 h, K HBEHBEEEIK
TEEZ 0.5, AT MHA i b, fREmmok)s, A
Y% F Y HOE PR T IO A 2% R 8 0 R 9 2 SR B, 36 °CHE
I 18~24 WP [EIEE, XA T AL R TR A AR B 3R
SR SR /N4 3 7R B 4 BORTRL, I DA SR S AR R
PCR "1 UK K i 25 3L 1A, 050 DU 3R 2T 24 3 D9 5 B 1
o [T, 4 LA TR 32 A4 1T 43 31 15 5% J5 Uk Al EMB P-4
(% 20 pg/mL IR 100 pg/mL ZE0EMIRR), LIHERR A
R GRAE A LA B RE A T

®1 59F7)
Table 1 Sequences of primers
UAES AR JF31(5'—3") H B 2E A SCHik
tetB-F TTGGTTAGGGGCAAGTTTTG
tetB [18]
tetB-R GTAATGGGCCAATAACACCG
- tetM-F GTRAYGAACTTTACCGAATC
it 25 3 H 3 51 9 tetM [19]
tetM-R ATCGYAGAAGCGGRTCAC
tetE-F AAACCACATCCTCCATACGC
tetE [18]
tetE-R AAATAGGCCACAACCGTCAG
16S-F CAGCTCGTGTTGTGAAATGT
16S rRNA [20]
16S-R CGTAAGGGCCATGATGACTT
R . - traF-F AGCCACCACCATTACAGCATCAC
HeA HCIE R ZOLE B PCR 1551 ¥) traF
traF-R GCGGTCAGATAAGAGGCAGAAACG N
AHFGE
trbB-F TGCTTCGTACCACACTGCGTTATC
trbB
trbB-R TCTCGCTGAATC GGC ATG AATGG

1.2.2  AI-2 SFEA 3R F 6 %ve
121 PUMAREAZ AR 11 (VV)IRG R IR 4
BTN R 6. 15 A1 30 pmol/L (15543 F AL-2, LI
AREIN AL2 (55 F R xF BEH, 36 °CREE R 4 h, —
FEIRG B BT CE LM KHAT 10 f5RERRE, BUE
EARBEE BRI 100 pL R4 F EMB ¥4 (& 20 pg/mL Y
FRE M 100 pg/mL ZEREFER), T 36 °CEEFE 18~24 h, 44
B4 FHUR(Ne, CFU/mL). 7] A B B B TR 41 T EMB
AR (E 100 pg/mL ZERERIER), T 36 °CHEF% 18~24 h, 144
ZRFEBE(Nr, CFU/mL). AR{EEA FEE A Z IR R 5
HEEAEE), WAL K ():
F=Nc/Nr (€))

1.2.3  AL2 st4EA-AE40 £ 3 B 09 ok

B 1.2.2 S F W 1 mL, 12000 r/min 250> 5 min,
SRR B RNA $EEGAR SR BUTIE R A RNA, SR
AR & 1T RT-PCR, Fiiid real time PCR JI5E B Bk
BAEBRREMICIEN traF 1 troB Ak, L 16S
rRNA EE VRN S FE M), 25 it PCR RN 14 & A4
WHRW(2x) 10 pL, 1E. JZM51#(10 pmol/L)4 0.8 uL,
cDNA 2 pl(#7 100 ng), FTCHKEMNE 20 pL; [ R 5544
95°C 30 s, 40 MIEH Y 95 °C 55, 60 °C 30 s, Vi £ [ i
210 95°C 55,60 °C 60 s,
1.24 HIEHH

S S5 R LS BE AR R 22 3R, Bl i 22 R
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2R, A YRR 2B, i SZ AR R4 [CTA . K12
X ZENEBRFR Y, R LASE i DA AR PR 24 i 24 BE 1 ()%
REEES T, W AHER LI, Vp2015094, Vp2016058
5 K12 7 A FRRRET 52 PUPR R AN ZE0ERR R 2 Fp254 (I
Kl 1), [FBHEEEE G FRIAUMATE SR, IF LB 1T
PCR ¥, i 2550, QiE 2 PR, Vp2015094
T tetB Al tetM [, HEZAFHAREY B HX 2 EEH,
Vp2016058 547 tetB Fll tetE ﬁ@l HPEE TR Hx 2
AR, WZEA K12 MIAEX 3 ANER . 25425t
FEP LRI Vp2015094 F1 Vp2016058 ) PUFR & it 24 3L K]
AL R S AR B R A TG K12 .

o <
7

N AN/
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Fig.l1 Drug sensitivity test for tetracycline and nalidixic acid of
Vibrio parahaemolyticus and conjugons
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H#: M: DL2000; 1~6: tetB (M A2 EA KK N Vp2015094
Vp2016058., Vp2015094-K12 4 F . Vp2016058-K12 #4551 .
K12, %£11); 7~10: tetM (M ZE AR R Vp2015094
Vp2015094-K12 4 F . K12, Z5H); 11~14: tetE (WA B A KK
9 Vp2016058., Vp2016058-K12 H:4F . K12, Z519),

B2 RIS PR R BB 1 0 DU PR 2 T 2 SE R 3
Fig.2 Amplification of tetracycline resistance genes of Vibrio
parahaemolyticus and conjugons

2.2 S9F Al-2 MEEINENR

Vp2015094 il Vp2016058 7£-5 KIais4 [CH K12 #4
W AR R A TR AL R B R R0
{EF R RIREEE AR W1 3 iR, V2015094 5K H7adas [C i
K12 #41K T, 6. 15, 30 pmol/L (1 AI-2 43 RIS I %
EET 13%. 32%. 37%, S¥FHRZ4H (contro) ML, 15 pumol/L
A2 AhBUR, BEAHR 254 5 (P<0.05), 30 umol/L 1] AI-2
A FRJS, e AR G 5 (P<0.01) . WA 4 fTR,
Vp2016058 5 K12 # AR, AR AL-2 fE 3400
RIBET 88%. 208%. 224%, SXTMEAAIL, 3 MKER
Al-2 H#RH 2 MG I 503 (P<0.01) 0 X T 2 BREIE M1
B TETE A SO AN R B, 000 BA AR A A 9 22 S e
PR IRAT R, B AR R A5 R R, AL2 Refeit
JEORL B2 A B T S B30T 245 2 R W 3 RS 1 i, FLEe 0
RRES A2 EARIEIKIBLR,

FEaFRNESHB TR, YRR EEESST
W, BRGS0 o HE S AN E S A bl 2 0
B, B AR AR . AAERIBIESE B Z 10 2R
IR BN (5543 F AHLs X2 5 B #4535 09 52 10
e, LIS AT 250k RP4 1K iB54 [C I MG1655 2 [A]
(A3 B T RS AR R AR R N, X 2 A5 TG B S i (A A B, 4
T T AHLs XA MR, 455 & BRI B 015 5
C8 REH] IR PUFR R X RP4 FORES RS BB, 24
DL TR N2 1A B 8] (445 S S TR IR R A 75) R3P BELT
B, RP4 SRS W T, XU BTSN R G0
LREMS AE R A O AR & AR [RIRE, AR
AHLs A& R I [ Ff 40 5 1) irf 245 356 R A K- B, Horp
C8-HSL AsZmfE Bl B, nIfE ik MR 28.6 f%;
BEAN, BRIMANEAS S5 F 4 0 B o e AS [ R i b 4Rt e po bk
FERKOEERS, SORR BT 17.4 52729, Apf
FE B IR AR S KO S A AT S AR TEAS ], A AT RE
A A 543 F RO TR], AERD ] 5 PROKOE S5 B8 VR AR
Ry, o] RS AR RN 24 ok A 22 F TRk

70 O control
“r * *% @6 pumol/L AI-2
m 15 umol/L AI-2

6.0 - 830 pmol/L AlI-2
£ 50+
(=)
X 40 f
%i 3.0 F
dz
i 2.0

1.0 |

0.0

AR BE AL-2
T % AL2 2 50 IR FLER, P<0.05; **: AL-2 2 5 %) R4 L%,
P<0.01, Flal,

3 AL2 XFRENE AT E V2015094 326 55K 1 520 (n=3)

Fig.3 Effects of AI-2 on conjugation frequencies of Vibrio
parahaemolyticus Vp2015094 (n=3)
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PR, ARBETE S PG E B PCR IEST 54T Al-2
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O control
@ 6 pmol/L AI-2
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830 umol/L AI-2

90 sk
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?; 6.0
< 50
B 4.0
§§ 3.0

2.0
1.0
0.0

AR FEAT-2

K4 AL-2 XFEIFE MM IRE V2016058 2455 R I 520 (n=3)
Fig.4 Effects of AI-2 on conjugation frequency of Vibrio
parahaemolyticus Vp2016058 (n=3)

f£ Vp2015094 5 RMAEA CIE K12 B2&K R+, aE 5
Fi7R, 6. 15 umol/L f¥) AI-2 X} traF Fll trbB (55 K304
FER, 30 pmol/L AI-2 BB Vp2015094 H traF FEH ()
EEFIKIH(P<0.05), 55K I8N T 18%,. 7E Vp2016058 5k
Bad5g FQr K12 B2 ER P, W 6 iR, 6,15 umol/L 1 AL-2
Xif traF 1 trbB [5G SRR F-BEA B0, 30 pmol/L A2 BB
FAR traF F trbB JER SRk T(P<0.05), stk ol
TNT 25%F1 19% . IXLELERLRIB R UL AL-2 gt traF
trbB AR, HEME S AL-2 FEEL et traF | trbB
SRS KA 24 Bob A AR . 2Bl IE 45 FIE L
HEARRLE 5701 AHL (C8-HSL)REMSHRITZY Ok RP4 %S
EERSSLIN traF (trbBp R0k, tifflE T C8-HSL #
TR AIR AR D24, et gy R B RHAUR Y R 48 AT
TG FRETIRE, S 5T TTRI AR . BIR
RHEE6. 15 umol/L)F AL-2 XHESHHIC RN I FR K AE
Wi, (HRIRESRHE SRR &, AR 1R
AT, REER) AL AT REE AT R R SR
RIS R, AL,

3 wgSiie

B 5 LA RS Wi T 7 i R 8 4 1) ) o IR O %o
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B K12 EIs IR Vp2016058 FI K12 & 1K &, 15,

30 umol/L V¥ AI-2 A8 42 Vp2015094 [ H: 5%
(P<0.05), 6. 15, 30 pumol/L #JE Al-2 fefk B &R S
Vp2016058 G413 (P<0.01); 30 pmol/L ¥ & AI-2 fig
BEIRE Vp2015094 1 traF 1955 5K F L & Vp2016058
[ traF . trbB % st 7K (P<0.05), FHH AL-2 o] GEi 1 #
Ve B AR IR N A B KRR i AR, A5
A S ] B R A I A 2 A AR LA L A T R AR
INF 72 G (9 it 27 ol e AR B A

L4 O control
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Fig.5 Effects of AI-2 on the transcription level of conjugation
regulated genes in Vp2015094 (n=3)

o control

@ 6 umol/L AI-2
® 15 pmol/L AI-2
230 pmol/L AI-2
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1

12
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04

FEEHNFRIAAKF

0.2

0.0

tralF trbB

Bl 6 AL-2 XF Vp2016058 42 A HE K ik K F AR IR (n=3)
Fig.6  Effects of AI-2 on the transcription level of conjugation
regulated genes in Vp2016058 (n=3)
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