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B BN TR ARA ST BRI A% (AHPND) 49 £ %% 2 8 & 8w iK# (Vibrio parahaemolyticus) ,
AL ASRRRGRARERENFf S H KX ARAFRSWH SN E0IRE, BT EEN T KR EFOR
K49 %% (minimum inhibitory concentration, MIC) =B & X R, HARXT EFHEF N mE M F£ | Ed
{iAe e HRMAER, KA RT-PCRHART SN @A HRAAAREZZ G YR, EREAN, IHhFLtELF L
HES ORI E R, RERILA 1/8MIC ##+1/4 MIC 2 E %, i %I H % & (fractional inhibitory
concentration , FIC) 4 0.38, 12 £ & X fiLdpa &K (CCCP) W94 &ET, XAWMEIER#EH mmid £ L A4
Ao L FE, BEiZfrsbibAm L E LR ETHERAIN ELINB @I, RSLLEN, FREBAE LR
o, BEAMRFHEHR. BHLFH S E0RE SAMEE . SARQWEEHT4= 11 A RND shHEsiz
F R, A F vpa0096 (OmpW) T8 497.51 4%, vp0425 (TolC) . w2072 (Na/H A @ R EH &)
vp2665 (Na'/Ca® X #:%& @) . vpl092, vp0941. vpl178. vpa0344 A= vpa0809 4 H| T i 27.03 4% . 73.53. 55.56.
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HIF, RBELEEZRGEEBA, REILEBLZOMARLXE. AHPLEZVRERATKEAREGAER, KM
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Abstract: In this paper, Polygonatum sibiricum Red. and 8 kinds of aquatic antibiotics were used to inhibit Vibrio
parahaemolyticus, the main pathogen of acute hepatopancreas necrosis disease (AHPND) in shrimp culture. The minimum
inhibitory concentration (MIC) of P.sibiricum Red. and antibiotics were determined by chessboard method. The effects of
Polygonatum on the membrane conductivity, membrane potential and survival rate of bacteria were studied. The effects of
Polygonatum sibiricum Red. on the expression of efflux pump related genes were studied by RT-PCR. The results showed
that the combination of P. sibiricum Red. and oxytetracycline had the best synergistic antibacterial effect with the optimum
combination of 1/8 MIC P. sibiricum Red.+1/4 MIC oxytetracycline and the FIC of 0.38. The synergy turned into additive
or even irrelevant effects in the presence of CCCP. Conductivity, membrane potential and propidium iodide staining proved
that P. sibiricum Red. could destroy the cell membrane of V. parahaemolyticus, improving its permeability, leading to the
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depolarization of the cell membrane and the disappearance of proton gradient on both sides of the membrane. P. sibiricum
Red. significantly inhibited the expression of five outer membrane proteins, five reverse synergistic transporters and 11
RND efflux transporters of V.parahaemolyticus, of which vpa0096 (OmpW) was down-regulated by 497.51 times, while
vp0425 (TolC), vp2072 (Na'/H"), w2665 (Na'/Ca*>" exchanger), vp1092, vp0911, vp1178, vpa0344, and vpa0809 were
down-regulated by 27.03, 73.53, 55.56, 100.00, 35.71, 37.74, 49.02, and 56.18 times, respectively. P. sibiricum Red.
reduced the activities of malate dehydrogenase (MDH) and succinate dehydrogenase (SDH) of TCA cycle, thereby
inhibiting the TCA cycle of V.parahaemolyticus. Oxytetracycline is one of the substrates of vp0425 (TolC). Polygonatum
sibiricum Red. is a natural efflux pump inhibitor, which can keep oxytetracycline in cells and improve the antibacterial
effect of oxytetracycline. The synergistic effect of Polygonatum sibiricum Red. and oxytetracycline on vibriosis in
aquaculture can greatly reduce the concentration of oxytetracycline, residual risk and the emergence of drug-resistant

Vibrio, thus promoting the healthy development of aquaculture.
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130 123670 SR, W FE2K = FRaEDI 21 il 25 B
KRGS o e ARG, AnEN L NES | 455K
B (V. vulnificus) . WWHYEERYNEE (V. harveyi) . ¥E ¥R
W (V. alginolyticus) FEZYNE (V. anguillarum)5E, B8
SIS 11 FPAREE S, I 265 7K 77 IR 58 U HZ X iR
FRFEaE R RO . Horh, R KB S
JFAREERSER (acute hepatopancreatic necrosis, AHPND )
o AU T 255 1 (early mortality syndrome, EMS)
PR G SR, AT XS A A 2H SO P AR, LR
JFRRAR DI RERREAT . 25 MEANZs g . SRGCFZESE T
%5, M\ 2009 4FFF IR, AHPND 45 4F i Bl 4 BR0KE T
10 fZ2Eocmisk, HETA 11 DEZED LA BRIK
FEHRFEFHARY AHPND XU 3181

H TR PSR4 A2, SR T A% RIS ISR, 17
ZPURLGPITT R AN, A 4EPTAE 2R HE T
PRIK, g A= AT PR 2 52 T il A, SR X ]
AEVE A4 B B, sl RO #¢22 . #H AT 1E,
P FBAREIETT AHPND H2 8 12 R Y
Jitis, AHFCA 2R M A A Bk B XU A1 22 SR 24P PRI
P8 BT PR i ot 2 S NR], J X NS R R b
SRR U . BEHRIE, @0 R PTG SR
I, I B EE SR AN X AN [RY AT D), G T2 i 52
HIPTA RAUAR SR R p-INER IS | DUBR RIS &
FEME S FNME TR IR AR, Forb, B- NS 32 ks
IT 100%P ITAFSRHH 545 Hb HY 20 22 SR 245 B 725 1 5K
DAL, XF A BRUT MR S5 7 Ml RN S g Ry >k EL R g i,
PRI TT 2 31 56 AU 14 | 242 TC 53 14 A% Bl 77 38T E
17 AR RN A, i B2 52 J7 150 |
SCERME . B-HISRME | JCRR AT S Y | MR I
Yy RGPS INEES S T IRSR A E S BRIV
R BRSO B 55, R SR BR T AR R RIAE
- BEARP AR ZR AT AR E, 4/ MU XS 1 AR 742
IR o NS B Z 0 n] LU A: 281
JHUMFEHN R A RARAED), FLrp 2 REB o TR TA M2
R, AR . B LR S22 AEARTI . AR
B T AR RETSET ) EAT LA MRS

AL, A0 NorA ., MexAB-OprM ., Msr(A) ., Tet(K)ZE,
R B X i A= 2R I ZMHE, PN SR A A X AE 2R 109
TP, i 22 T 24 4 B (o A 25 BR B (MRS A | g
S ANBIAF I 2 H 24BN R AN ORI AT TR S5 30N
PR AR (Bucar 2015)

AUV A Z PPt AE 2 R I pLE], a2
B . AP ER . A B B A . MR
AR BB IEE oA . I, SN E AT
FEAR T AZ Y — PR 25 ALH T, 4 B A EAA —
DEC AN, BB P R AR RS, FEE LR
245257543341 (resistance-nodulation-division, RND) .
= A R B 9 IR % (major facilitator superfamily,
MFS) . £ #2459 #1597 HE 1 (multidrug and toxic
compound extrusion, MATE) . /]N{Y 22 5 25 9 b ik
(small multidrug resistance, SMR) UL & ATP ¢5& &
N5 s (ATP—binding cassett transporter, ABC it
iz 1) HAPEARIS ) HAY, SHRAnE MR HR C
JECRIFTERRAN, LA T0TE . 2 RITR Y RIRFE Y 24
HEREINHIR (EPLs) i BAFSRIR, B4R ZRAHCHToR
E (S 1= LU

g (Polygonatum sibiricum Red.) J&=F& %458
2y, HAZE S Fa 2 pE . BT . SR Arme. R
A EY) . REEE MR AR TR IR, AP
2 BEMUE . BRIAE . 2101277 . JET GeZe Fde ik
JRASFVEIN 1,

RERTH T o3 5 2%, B E RO 3 2%, I
WA S I RS A LA 2 BRI RIS MK, iP5
Fr RIS, &I A]VE RSN HEER M ®I 5], FEAIhTAE
FORNBE R, v R IR B BT 2451 18 7= Az, AR
AR = FREE i A 225 BE RS, S R P MR R (s SR e
PR H R RS LA, CRUEXTERE T2 4
1 #REIEE
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(B a2 . ME 2R G awrb 2 . B v B2 FnnE
WEIRAE) | IEREEEIE (UK M ANEE 2R ) . PUERER
P (TR MERFRZVEIRR) | RILF AL A E R NE
(ccep)  RigiRM A YRR BR2S F]l s RNAprep
Pure 40FE B RNA #2BUF & KRR AR (L
) A FR 2N Al 5 PrimeScript™ RT reagent Kit with
gDNA Eraser, SYBR® Premix Ex Taq™ II ( Tl
RNaseH Plus). DNA Maker £ HEAYHARAESD)
A BRSF] bR AT & B o KA T
LB ¥ . TCBS Bt db bl R AR B4R
"l; MH 7 7 S A PR A BRAS w5 SER R
J5t U (MDH) 77 6 . BEFARR A U (SDH) 1857 &

L@ AR ) TR g T HoAG] B ST
afi, FIgEZER,

Infinite 200 Z U REEGHRIY  Fii 1 Tecan 2\ F;
TCS SP5 11 B G R A W ilss  FEE Leica 24 Al;
DDS-11A Fi i 3L iR wE- B35 AR R
HBRAFE]; CFX96 SLRTDGE R PCR Y K E 4T
A\ H](Bio-Rad) o
1.2 EWHE
1.2.1 EORF/KIZEECHI 48 B FTHY, i 100 H i .
HY 25 g By7R, 200 mL ZEIE/KIZHIER, 55 °C. 180 W
B 1 h, FFEEER, 4 220 m g2, 200 mL 78
YKIEYE 3 W AR, USSR G I, e EE kAL
55 °C. 60 r/min JINFIRAGUERK 2T 20 mL, ELS, H
BEN 1 g/mL, 4 CARAE
1.2.2 CCCP AyBcHl B 1.5 mL AU — H, R
HY 10 mg Y CCCP ¥R T- 1 mL iy H Az, 1R
4], Bl e A 10 mg/mL 1 CCCP ##i -

1.2.3 PrAZEAECH B 1.5 mL 804, 5 5lhric
8 PRtk 2%, 4% A FREL 12.8 mg BIAHR P 2, 5
T 1 mL FHRAATI R, Bodil s B 12.8 mg/mL
PP IR, 0.22 um 3 JEBRES, 4 °C RAEE .
1.2.4  BEORS FIPTAE 28 Al i i w2 P oI B 1) eI
1154 & BF (minimal inhibitory concentration, MIC )il
RE I RO R R PPN EORS A 2R Bk
PR, SR 96 FLARTE M 2 MIC., &I il 5 & 7E
LB+3% NaCl i@ {45532 5L (LBNB) 7 37 C 553813
%, 0.5 ZZ QLR B IR MR . & Wl i PRSI ER 1
Mueller-Hinton+3% NaCl #4552 3 (MHB) FHIEFH
PEXT IR, A& HORS stk FE 5k CCCP 19 MHB 1E
SBATEXT IR, #E 96 FLAR P, Xt 24 MHB #17i%
LRSI R RE, (T AR ZR S 128~0.25 ng/mL;
PRILF AR NFE (CCCPHHRE S 10~1.25 pg/ mL,
AR IR EE 4351 200000~195.31 pg/mL, 451~FL
FinA 90 uL BE#, [ AR 200 pl, B R
>k 5%10° CFU/mL, 37 °C ¥:RPRZHTFE 24 h, WELHI
TR B A Ot o JCAR A K e (IR )3 52
X MIC,

1.2.5 EREAIPTA RIS H @I LK e i 4 i
¢ B #8 %% ( Fractional Inhibitory Concentration, FIC)
M SR AR POV AR BRI RS Ak 2R
ARG RRCR . DA 23R AR 41, 96 FLARIA
HEAK K MHB F B85 e i MIC~1/16 MIC #HOkS,
HEHER R A MIC~1/16 MIC + 252, #1545l K
A R K IEIA B RIRGIHW, 251
FLEFIDA 90 pL B, SRR 200 pL, 42k
JER 5%10° CFU/mL, 43515 & e 254 S & 4
B 3% I 25 35 3% AR S B M %) BR RN 25 ) R
37 °C 1537 24 h WERLEIL, DI oA K BB (IR &
ESCRHEME] MIC(Syy0) o HofthiAd: 2% AR 2 BR
17,

FIC= MIC i/ MIC epsasisgy + MIC s/ MIC g gy

= H, FIC < 0.5 MWrEIEH; 0.5<FIC < 1 ~MAHIN
YEM; 1<FIC <2 W35 JCCAE T FIC>2 59T
YEM .
1.2.6 BRSBTS 40 MR A 52 0
1.2.6.1 Hg S &I Pk 9K B E LBNB
37 °C 3 FEdp, B 100 pL R EES A 1/2MIC #
¥ 0 5 mL LBNB U4 HY, 0 es A1 ZS 1 A i i i
LBNB YEM%THE, 37 °C T 538 8 h, - BI7E 0. 1. 2.
4,6 F1 8 hBLH 5 00 uL 55354, 5000 r/min & .[»
10 min, B #5¥E 100 pL i 3.9 mL /KU 7568, Pl
L IE MR TR

PRV -T2 AR 6% R(%)THAAN R

Rs—Rc
Rc

A Re-ToE X FRZH 32 38 Rg-1R0462H () iR
ZH) T
1.2.6.2 JEAEAAN  SIESAATEETE LBNB H 37 °C
BRFR7%, B 500 pL WRRELE 254 1/2 MIC B
FEE LBNB H, 4 100 pL IB &9 A#] 96
FLAR A, IIEEFNZS ARSI Y LBNB FE R XHHE, 1557
5%, FH 5 pmol/ L Bis( 1,3-dibutylbarbituric acid)
trimethine oxonol(DiBAC4(3)) 1) HEPES K&l 2% i
WP 96 FLA =YX, P3N A 180 pL DiBAC4(3) 11
HEPES Kz M 2% vh W& # 47 it £k 79 BE ( Propidium
iodide, PD) %47, 37 °C %% 30 min, % 3 min {MHF—
KSR
1.2.6.3 AHEAEIERIN SR PI YL@k T, BIE
If-FEIR B 7E LBNB A7 37 °C 15351 %, B 50 pL B
WH ¥ A= 5 mL LBNB & 1, 37 °C. 180 r/min
B:3% 12 he B 100 pL HEFRWEBE EEH 1/2 MIC
BN LBNB H1, 37 °C ¥R 553 3 h, IE Y LBNB
St R, B 1 mL W4 5000 r/min 8.0 5 min, Y42
4HA, F PBS ¥Ed4 IS T 200 pL PBS 7, i
A 10 uL PI(1 mg / mL), IR G 5], 37 C #CEE
By o AR AE 25 B A I, BOBIR IR R

R(%) = x 100%

20 min,
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1.2.7 CCCP X #85 F 4 25 22 BE -4 0 B3 i 82 1
CCCP #fAENIR D, W~ 12.5 ng/ul, 0.22 pm 3&
RESSIERR B . ) MHB 45 1/2MIC~1/16MIC ¥ &
B CCCP, &8 1.2.2 Fil 1.2.3 7EA[F CCCP &4 FiF
AR AT A 22 A B RNIBE S 3N BRSO . e PR
AR AR 410 2 oA CCCP-Bilt MIC(Chyye)
1 CCCP-HFE] MIC(CSyc) o

1.2.8 RT-PCR ¥ 100 pL i3 B5 358 2 5 mL
&4 1/2 MIC # ¥ A9 LBNB 7, il B A9 LBNB
FXFRE, 37 °C . 180 r/min JE¥HHEFE 12 he BUH 1 mL
W, FREUEL RNA, I % 5% 2 cDNA, #47 RT-
PCR K . JZ W& Z: 10 L SYBRPremix Ex Taq
II(Tli RNaseH Plus), 2 uL. ¢cDNA, 6. 4 uL. JG RNase
ddH,0, 0.8 pL IE A M54, 3 25 L. 5%
4:4:95 °C 305,95 CAEPE 55,58 C iRk 30 s,
72 °C ZEAf 30 s, 40 NMEH . ML 65 C F+2
95 °C, £ 5 s MAF 0.5 °C., i 16S rRNA 1=k
FEN, THE H B3 N B AR X R R R, A X R IR
=0 "2Ct=p~ [ CtCHAMEEED —Ct(PI L) | o BB 1 s,
1.2.9 PRAREHEEIS] SIS AEED 1k
7. B 3.6 mL PBS(0.1 mol/L, pH 7.2), 0.4 mL %
PRI (1%) F1 1 mL M2 (10° CFU/mL) 43
FIIA BN PUA I, PR35 5 min, 0% i S &
HE(WILAPFIRGHEE R, ; 4 BIIIAZSHKRE R 500 pg/mL
FORLZ, 1% . 500 pg/mL WEAREM . 500 pg/mL N 1% Fl
1/2 MIC RS, PP 3 R 5 B, 2RI 1/2
MIC FYEDRE I A SN &A=l a0 LBNB B

WD, BE N PR R, . B R GETE S A
SE4AEA]

RU_RI
Ti(%) = =2 x 100

0

R,-R
D(%) = ‘R 2 %100

o Ig-PF A% De-IF R E I35 Ry, R,
I R, =X HEZH AN G0 2H 2 B (1) FFIGH% (umol/g/min ) o
1.2.10 OB I 05 I 5 SP2 2R PR It S0 ( malate
dehydrogenase, MDH) F1 3% ¥ fig it & fif§ ( succinate
dehydrogenase, SDH) B AR 48 T WA i £ e BH T 7
el
1.3 #IEAIE

FEREAL =T, BE =R, a3 7
PIENARAEZE . SEEEHIEH] SPSS 19.0 ¢ K56 T
ANF ST ZERIREETE, P<0.05 FoRZEREE, P<0.01
FIOREF R

2 BRGS0
2.1 ERBERHAE R RIS NG A M E A
MIC

IR AR ZE AR REP R IR 9 AR 1, Hoh,
TR 8 R f - 0 J RE VD R | T TR T R A M R
MIC &k 0.25 ng/mL, TMiHi B FE R 2, MIC i
16 pg/mL. A /KIEWAH — & WM& 6 I, H
MIC & 50000 pg/mL, Vo TPz (GE 2),

Y 1/4MIC HoKE A\ PP B, 8RR
B A Gy 1 B IR 30 RV L, MITC B AIR 4 £3%, Syye 28

#1 WEEEHILIY
Table 1 Primers used in the study

EIE7E2

519151

16rRNA-F16rRNA-R
vp0425-Fyp0425-R

TATCCTTGTTTGCCAGCGAGCATCGACGCACTTTTTGGGA
CGAACATCTTTCACTACGCCACGACGGATAACTTCAATA

vp1060-Fvp1060-R
vpa0096-Fvpa0096-R
vpa0318-Fvpa0318-R
vpal186-Fvpal186-R
vp0038-Fvp0038-R
vp0941-Fyp0941-R
vp1092-Fvp1092-R
vp1178-Fyp1178-R
vp2472-Fvp2472-R
vpa0344-Fvpa0344-R
vpa0363-Fvpa0363-R
vpa0471-Fvpa0471-R
vpa0480-Fvpa0480-R
vpa0809-Fvpa0809-R
vpa0944-Fvpa0944-R
vpal190-Fvpal190-R
vp1228-Fvp1228-R
vp2072-Fvp2072-R
vp2449-Fvp2449-R
vp2665-Fyp2665-R
vp2867-Fvp2867-R

CGTCATACCCTCGCCATAACACCTGTAGAGTGCCCGT
TGACTTCGTTCTTCGTGTTTAGGCTGATGTTGTCTGTG
CGTTTTTGTGTGCCTTTCGCATCAACTACCGCTTCTT
AAAAACTGTCTGAGCGTCGGGATTCTCTTCACCCATACCT
GCTCCAAAGGCTGAGTAATAAACGTGAATACCCTGAAATGACAA
GTATGGGCGGCAGTTATTTTATTGGCTGACATTCGGTT
GGTGGTGGCGGTTTATTCACACGGCTGATTGGGTCT
GGGCAGAAAATCAAGCAAGCGACGCATACAAAACTCTA
TCGGTTCATCACTGTCTGCGCGTTTACTGGTTCGTCCT
TTCGGCTTTGTAAACGGCAATCGCAGGGTAATCGGT
GGTTGACCGTGGCTTCTTTGTGTTTGCTCTGCTTGGA
GATTCGCTTGAAAGATGTGGCTCGCTGTCGGCAACTGGTA
TCACGGTAGTCTTGCGGGTTCGGTGGTATGAATGTTGGAG
ACCAATCGGCTTATCTCAGGTCTTCACCGTTCTTGTCTT
CGTTTCGCCATAGTCTCGTACCCAGCGGTGTTCATT
GTTTAATGGTGTGCCCGTCGCAGTATGAAAGTTGGAGTA
ATTGCTTGTCGGCTTCGTGTTCGCCCTGCTTTCCTT
CTCGTGATGACCTTGAAACACAGGAGACATACGGATT
TCGCCTTACTGCCTTTGTGTTTTAGGTGGTGTTGTGTTC
TTGCTTATCGTCGGTCTTCCATCATTTCTGGTGCTG
AAGAAACGAGTCAGAGAGGCCAGGTTGGAAGAAGACGATA
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H 2 HORTAIT AR ZAIAIN R 0 TR Y MIC
Table 2 MICs of Polygonatum sibiricum Red. and antibiotics
against V.parahaemolyticus alone

BiER MIC (pg/mL)
+HR 2
ZWHE 0.5
b U 0.25
R R 0.25
BEER 16
AR 2
BAREH 2
TS TR 0.25
HORKIRY) 50000

K 1/4MIC(0.5 pg/mL), FIC S 0.5; HAth-EFhdrd: 2
i MIC #3281k, FIC &2k 1.25, FREAFZ HHEHD
WHEJI(FR 3) . PRI, AR EE LR s AR 205119
PRI e ) it — 205 . 3R 4 REH, FEE WOk
IR LD B AREALS, PMEIRD R IT RS a5 R B WY
K, BB AU F I B RBOR AL L 2 1/8 MIC B
Hi+1/4 MIC 553, K FIC fi/)h, A 0.38,

2.2 EENEIA M EAHEERY 20

I o B PR i T 2% LG BAE B, T MR A7
T, 5H L QAR AR L, AR S i 25 . Axsk
BOPEREEE S | PREALFD PT 4L o R 00 Sl PPA ok %o
B i R e 4E B 52 ) . 4EHAMIEERT DUS% i 22
B ANTCALER, 2MAMESZ T, BB AR, HE AT
AR, PR AT A SE e I R e 3R A A ST W A i
BEAOPMRREE . X AL AR bL, SRS L AR XS HE 5225
W FHE, 8 h FHK 5.547 ms/cm, 1% BRZA AT BE i F+-
E(E 1A, FREAEDE T S BN A IEAZ 40, F Rt
FE B TR

IS L A7 2 441 P S RN &7 N3 2 T f8) H A7 2, JIEE
FELSEI TR R B0 I BR B A A bt . VR
JEE e AN BRI SR IR B S 2 6 Bk}, DIBAC4(3)
A G R DG, HEA NG AT 5 M3 N H RS A
VB G, EALET, DIBAC4(3) i A4l & £,
YNGR B Z N, 2 2, REAR AR B 28 G a R
& 1B B 1/2MIC S5 {5 mI 7 i 5 B 20 At iss &
e FH AL IS, IER Na il a8 s, S P, S
W EASE 22 2 RIAE /N

£ 3 HUERPKA 1/4AMIC FRER R ML B PR E] Syye 1 FIC

Table 3 FIC and Sy, of P.sibiricum Red. in combination with antibiotics against V. Parahaemolyticus

i
éﬁ%(pg/mL) = = [N — it aey _ T s A
+H/R PR R A FaeH ZVIRFE B & BiER WS R
Swmic 0.5 2 0.25 2 0.5 0.25 16 0.25
FIC 0.5 125 125 25 1.25 1.25 1.25 1.25

F4 N[FRPE B A EORER S BV MR A MIC A FIC

Table 4 FIC and Sy, of P.sibiricum Red. in combination with oxytetracycline against V. Parahaemolyticus

. AR Sy (ng/mL)
HOREHEECY) FIC
MIC 1/2MIC 1/4MIC 1/8MIC 1/16MIC
MIC - - - - -
1/2MIC - - - - + 0.63
Civi 1/4MIC - _ _ + N 03
1/8MIC - - + + 0.38
1/16MIC - - + + 0.56
e R KE, BRI,
A0 B 10
9l —a— Y} HEZH
gl —a— WA
_ S
g7t <
2 6 ¥
g N 6f
= 5 L 7,
o &
3 4 <
L 4r
23 B
2 = 4 4 = T
1F 2k
0 1 1 1 1 1 1 1 1 1
0 2 4 6 8 0 5 10 15 20
A TA] (h) A1) (h)

1 RGOSR ISR 20 RS A4 52 e
Fig.1 Effects of P.Rhizoma on the cell membrane of V.Parahaemolyticus

E: AL 81 B: RO B AL
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P12 — AP AZ G 210, BB i SZ 35 19 4 U
HAREE DNA , 5285553 & 200, FoeH
Xof P ZH A 2H i A B 88 H U LF-AHTR], T2t T ok
ZH 0 it K v X RZH (18] 2), SR BORG A 4H B
2B B A2 A0, DTS2 PT R EA .

a b c d

K2 Py
Fig.2 PIstaining
TE:a. by ¢ Al d 73514 28 ISR 2HAE PG N FIEO6 T R

P
%%zn [}

2.3 CCCP MEBFMLERIESHIEAIR N

IR IRSE S B, A0 ORS F B Y
ETAEFRS . RIS KR SIS AT ZFh MR
Ty hHESE , REAE S A sl AR B 45 G il NP it
A R o A T 3E—25 T B ORGSR
FHIVEH, AP EAT T CCCP i3 . CCCP J&—Fh
S L AR, AT AR IR 240 U S Py & 15 5 A
B, PR ) AR B o B RS BEAE S e A MHESE
PR, JB TAMIERPHIFT T,

TEAIE] CCCP ¥ T, BORE M A9 MIC &G 28
b, B LFEZR M Cyye TR 1/2~1/4MIC, R EI%
ISR AR N iR SEAEAE 2 A HESE (5% 5) . 24 CCCP
HeFEBEARE 1/8 MIC LR, X -5 MIC B 4% A
s, rDIBHRAREIH. BT 1/4MIC /9 CCCP X+
FER MY MERZ A/, PR HAE A 2o Fn 4 85
FEECEME M CCCP )% . 52 CCCP W52, TG
M+ EHZ KA RE ST R B, FIC 7 0.63~1.06
Z 18], R F PR R0 R AR S AE I 2 JE SR, 1R
FORE A1+ 85 FE MBS I T AL E 7T G AN S HE S AH G
(F6).

#5 AR CCCP 4 T 8 X AR K520
BOph ] R AT A MIC
Table 5 C, of oxytetracycline and P.Rhizoma against
V.Parahaemolyticus under different concentrations of CCCP

Cpie(pg/mL)
CCCP#JE (pg/mL) —
EREF H
0 MIC MIC
1/2MIC 1/4 MIC MIC
1/4MIC 1/2 MIC MIC

2.4 HEWRIAMITEI/MNMEEBFIMERREFF

8L SCHR [18—21], RIS MR &M E - 21 ~4H
o L P wl R BE, LR B T R A e R vp1228
(nhaA, Na'/H' [z [m] PrEliE 2= ) . vp2072(Na'/H' [
[ Er RS HIZE ) « vp2449(VmrA, Na*/259) 2 16] 11 [
BHZE) . vp2665(Na'/Ca® AHetE H )l vp2867 (curA,

£ 6 1/4 MIC CCCP Z&AF T BR/KSEH
TR SRR FIC 1 MIC
Table 6  FIC and CS; of oxytetracycline in combination with

P.Rhizoma against V. Parahaemolyticus
under 1/4 MIC CCCP

+HEE CSye(ng/mL)

25%) (ug/mL) 1/16 FIC
MIC 12MIC 1/4MIC 1/8MIC
MIC
MIC - - - - -

1/2MIC - - - + + 0.75

BRI 1/4AMIC - - + + + 075
1/8MIC - - + + +  0.63

1/16MIC - + + + 1.06

T AR, R KR

K'YH'ZE ) , /M8 A AH 26 3 Bl vp0425( TolC)
vp1060(TolIB) . vpa0096(OmpW) . vpa0318(OmpV)
LA B vpall186( OmpA) , RND #h HE 22 #H 5¢ 3t [H
vp0038., vp0941 ., vpl1092,vpl1178. vp2472 . vpa0344 .
vpa0363 . vpa0471 ., vpa0480 . vpa0809 Fl vpal190,

SEIRFREH, 21 D ILE RIS A wOR I, PRl
FARHN + R R ASRAH I, BIF CCCP 5¢4—3, H:
1, vpa0096( OmpW) T ¥ 497.51 fiF , vp0425
(TolC) . vp2072(Na/H" JZ [t [Fliz Fi 5% ) . vp2665
(Na"/Ca* 38 #e 25 1) . vp1092, vp0941, vpl178,
vpa0344 Fll vpa0809 415 T ¥ 27.03. 73.53., 55.56.
100.00. 35.71, 37.74. 49.02 F 56.18 1% (& 3) .
ORI AT CCCP 25, B M HEZE Il Zhhe, 1@
o N YR RN MR B 4 /MRS vpa0096(OmpW)
G RN, IR BNEE MR H Y,
2.5 EENEIAmITEMER A EHIREN S0

BOREVE I —FPSMHER IR, 7T LA 9% RND b
HER BUFRIE, ARSCEIE A CCCP Z44u), Wil T8
R BT TR R, X S AR AL A T (DG, DA B2 A5
PR AT, B ASHIN T 22065 o) i i I B e i A g
IRAR TR o

SEILFR B, BORE AT LA B0 sk e i AR
WIE T, 303 41.6%+0.036%, 579 - F2 AT
BINZEE/N, N 11.3%+0.027% (% 7). PRSI
e T HOKE 5 =R e BRI AR R i g 2R, &
)N, T EH PN R 2R R A AR 1Y AT RE
HRAC, AT AN FEORT 32 22 0T gEE ik R = BRI G ER
(TCA)EARTTEIEH

TCA TEHFZFE IR AE SN, ) icHk AT %2
A R B R, TCA PGt Yk P — Ui
FIAX L, ANMAT LI A R E R IR 1 H O FRe R, 1 HL
e A Z PPk 28 IR LU AL 5 T A IR N AR S
J& 22, MDH #1 SDH J2& TCA 7§ ¥ i) SC 48 fiff, MDH
BefE LSRR AR Ik 4. TR, J5 72 TCA TaM R
MR TEY)BT; SDH W GeAi: A B 1 I & 28 77 4 1
1%, SDH G PERIVENITAHT TCA TaM s TR E y+s
e SasHAHARLL, ¥FE4 MDH F1 SDH PG 55
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Table 7 Inhibitory effect of P.Rhizoma on respiratory
metabolism of V. Parahaemolyticus

24 W (mg-mL™) (%) BN (%)

HORG 25.0 41.6+0.036 -
vy 0.50 14.2+0.027 11.3£0.027
RN 0.50 16.2+0.078 17.6+0.031
WL 0.50 7.7+0.032 16.3+0.036

BT KA (0.27+£0.04) U/mg F1(16.70+£0.31) U/mg,
FAE 55.30% Fl 33.26%(P<0.05)(3% 8) . Tk 3
I ENE AR TCA JE M SCEEN MDH F1 SDH 1)
fifE , B PR SIS B 5 R i AN G AR, A
TN A IIPET .
8 TR RIAMCE IR TCA SRR 95
Table 8 Effects of P.Rhizoma on the activities of MDH and
SDH of V.Parahaemolyticus

SFHIRESG J1(Urmg™)

25
MDH SDH
X HRZ 0.61+0.08° 25.00+2.87°
HORGAL 0.27+0.04° 16.70£0.31°

T HAR A 7R LR RUE 2 I A 25 122 57 (P<0.05)

3 HeS54%R

BT RS KSR A0\ FhoK =3 AE 22 PRl i &)
MR VE R, FEUFoE T R RIS . 5T &
B, HORG AN B R B PRI AR S AR, AT RS
M MIC AT+ 25 2 0 B MIC 53 5 45 3 8 4% Fil
4 4%, AL X PP EE FHTE CCCP BYSENH T T4 2%,
AR PAHNIEE B ICIC, AR SCHEWT RS n] et j2—F)
RAERAMEZEAM 7] o 300 A 577 e 1) 22 LAY
iR, RELBRE AN CCCP J3LL, BB PNl /MK S
1 RND #hHEZE 3Rk, Horp 8 LR A £k
T 30 1%, JUH 2 vpa0096( OmpW) , H: K ik T I
497.51 1%,

RIE IR A 6 NMEEH, 55128 Ompw .,

OmpU. OmpV. OmpA . OmpK F1 TolC?*, vpa0096
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