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fEES B X T, A, FAE BME
(J"HRENERRBER,)” R "M 510623 )

W E.BH AR RS EYITTHE (Salmonella typhimurium ) 3t 3 B2 77 357 2 ( sarafloxacin hydrochloride ) &
HRA G AR,ARFFL ARG ER IR ERIRE, AN R R PV ERG FROM AR
BARYE, ik R E HBV4EY 2 0.001.0.002 5.0.005.0.025.0.05.0. 1 pg/ml 52528 4= 2 & 2+ JE 40 NaOH 7%
F st g A, 5K A NCCLS sl & 37 B R, xR RV I #b 47 a 2555, w25 30 7 2 =8 x MIC(0.25 pg/ml)
2 75 A w2 0 RS R T 6 gyrA AR K Bt AT PCR 7738, BARBR B IR 5 R T gyrA A B L S MR SR
RE, R LBV 2 4£0.005 pg/ml KP4 2% 10 K aF, MIC 3 X 32 4%, 3 B R ZEHE 3] 1 wg/ml, ot 2
B HAE I ERE 25 R, A EWITH eyrA AW Se83 12 5 X AR T KR IMBE AL ERGFHHE
Fho WA ERE=0.025 ng/ml B, mERAK;VEDERE<0.0025 pg/ml BamE AR, RF ALY, &it
WAniy R E A 0.005 pg/ml B TARINEF RAG R TTH = A6t 2 KRG RF L AD TR HE %,

KRR ko if S A 2 b MY T ) B R R R

hE 45 ESR378 XEkFRIDED ;A NERS :1004-8456(2012)01-0013-05

The resistance of Salmonella typhimurium induced by sarafloxacin in vitro
Ren Meiling, Jiao Hong, Liu Jingyu, Yi Minying, Xu Longyan, Cheng Shujun
(Guangdong Entry-Exit Inspection and Quarantine Bureau, Guangzhou 510623, China)

Abstract; Objective To obtain active Salmonella typhimurium strains with resistance to sarafloxacin hydrochloride in
vitro and investigate the lowest concentration of sarafloxacin that can cause the resistance of Salmonella typhimurium , which
could provide the basis for the evaluation of microbial resistance caused by sarafloxacin residues in food. Methods In
inducing the drug resistance of Salmonella typhimurium, the concentration of standard hydrochloric acid sarafloxacin in
culture media was 0 pg/ml in blank control group and 0.001, 0.002 5, 0.005, 0.025, 0.05, 0.1 pg/ml in 6

experimental groups respectively, and also a solvent control group (NaOH) was set. The MIC of induced strains was tested
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by NCCLS methods and the bacterial resistance was determined according to =8 x MIC (0. 25 wg/ml). PCR amplification

of the quinolone resistance-determining region of gyrA in resistant Salmonella typhimurium was performed and the amplicons

subjected to a pyrosequencing protocol was identified for 5 common mutation sites, Ala67, Gly81, Asp82, Ser83 and Asp

87. Results

The MIC of the 10™ generation of Salmonella typhimurium induced by 0.005 wg/ml of sarafloxacin

hydrochloride was increased 32 times, and the bacteria stopped proliferation while the inhibitory concentration increased to

I pg/ml. Several stable, bioactive resistant strains with a mutation in gyrA at Ser83 were obtained at the 25 passage. The

bacteria could not grow when the concentration of sarafloxacin was=0.025 wg/ml; while the bacteria had no resistance but

could grow when the concentration was<<0. 002 5 pg/ml. Conclusion The resistance of Salmonella typhimurium could be

induced by sarafloxacin at a concentration of 0.005 pg/ml, and drug-resistant strains with biological activity could be

obtained after several passages.

Key words: in vitro induction; resistantance; Salmonella typhimurium ; sarafloxacin; foodborne pathogens

SRR Y b P A R IR B i [F A Yt 24
Z ] R0 S RAONE A 9 /0 DL T 24 TR A AR g i
WUESN HEEHB D WHGE, hERTFNEY
rhyb R B R BR T B A Wt 2 DL Rt 24 B R
EH T T8 G RE R BRI, A BIE 58 AR Sh 52 56 0 ik
ST FE VD T (Salmonella typhimurium ) % ¥ b 2
AT 25 0 B AR BE L SR T — 2B S T 24 TR X A S
1Y b B B R 5], die 26 Ry B 3 Vb hi v BAE S IR
PEE Yk B R B R B .

1 MHRiEE
1.1 Bk

P B A FEVD T T (ATCC 14028 ), 1fil 75 #Y
9 0 4: Hi, Jifztk . KIGHFw (ATCC 25922) , 15 A
WA TG 37 CHiFE 3 4.

1.2 B EE Sk

S ABEFEL, W A AL B A FL VTR A-F
ZMIZWrIn G , W B 28 & S&A /3] ; AST-GNO4 2200
2§ fif & Al VITEK 2 GN Test Kit, Ity [ ¥ [H
Biomerieux; DNA $2 57 . PCR S i 71 A 3
&, H Bt Qiagen A H]; iTA PCR 51 H
T,

IR Vb BV B AR ME A, dit 5 71130, 4l i
95.0% ,f%[E Dr. Ehrenstorfer GmbH, [ 0.1 mol/L
NaOH 1 ml B 5 , R 2525 /KBl EE A 1 mg/ml
FRER 0. 22 pum SEUEBREA , IR /KA R ORAE 2
1.3 fY#%

DNA $HUY , SHMEEIE R R 48, LUK A, PCR
{%; VITEK2-COMPACT 30 4 /= ¥ % & & %5,
PYROMARK 1D 5§ f5 4047 & 55, DNP-9272 i
POE IR BEFRAE LA

2 &
2.1 WA
R RAF I BT VD 1T %A T 2 ml MH 4

Vs IR, 37 CHi SR 16 ~ 18 h K4 H W A T 1l
M ,37 CHEFE 16 ~18 h, R HPRERADEIHE 1 ~
2 ANMERT 2 ml MH 5535 77,37 C153716 ~18 h,
4 CokFaIAFE
2.2 ZyWpkIE A

2001 4F 1 J & [ FDA 8055 87 5 245 B3 A 4
(21CFR 520. 813 ) HLsE , 7E ¢ & rh A5 8 24 e v
i), ARG FR A 0.005 pg/ml, AAHFFELL 0.005 g/ ml
JZ7% B ERR VD b vb B 0.001,0.002 5,
0.005.0.025.0.05 A1 0. 1 pg/ml 6 PykEELH ;5=
% BEZELFT NaOH 9570 65 FR 40
2.3 dR/IMIERVER BN E

FH WHO #7771 26 1] I PR 52 56 % b o 25 B 2%
(' National Clinical  Laboratory
Standards ,NCCLS ) ¢ P4 17 i i s B 31 KB AT 1
VER BT R . Fi BRAR TR T 25 A 1 = 8 x fe /MR
WHE (MIC) (0. 25 pg/ml) 5 R 25
2.3.1 MIC fiil g

TEHEAET VR0 B 25 ik B 4 R A% L
M BE A L BE R, e BB TC R 1Y 96 FLERAR L
P, B AL 10 l, 325 XTI, - 20 °C DUR IR A7
#wH.
2.3.2 bRUERER N A

FHEH A WE A2 T 0.5 Z IR Y
PRUERRIR, H MH A3 1: 1 000 Fk ik 2y 5 x
10° CFU/ml ) 40 B B W 1 b3k MIC 4 L
100 W2 BB, % 355 B 35 C ¥ 2 U4
WFH 16 ~20 h,
2.3.3  SERHAE T

ML R R RS I — R AL S SR TR Y
FeRR e o nth R 2 A WAL, ) B AT . MIC
MR B 25U . A 0 BRSL A o B
A BRI S L DR A T O Y LN R,
MWD 1 A4, LR E A 3k, P MIC B 6
LR

Committee  for
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2.4 {RAMI 255 S
2.4.1 SIS d KO

S 2. MH Byt g 15 5% 56 0 A i, v A #)
40 °C AR BEE T, B v Prvb B 172 x MIC, 1 x
MIC 2 x MIC 4 x MIC Jl A, VhHivb B MH s = 1:
9, Wl Vb B MH BEig iRk, inA BA%E 10 mm —
YT TR B R LA, fp e s 390 2 I A o

25 X MH By 8% 3% 25 s A, ¥4 20 81
40 CAATEAEAR 10 mm 1— R PETCHE IR LA
o LB [ e {8 B L IR

PR B JC B A B K BE ] 0.1 mol/L
NaOH J# ¥, P NaOH: MH ¥l = 1: 9fim A H 1%
10 mm 1) — YR M TG TR 15 % L, 1 L 13 4
L EBECELH
2.4.2 F—WiES

W 2s X R A SR8 97 3 (37 °C .24 h) L
S5AHEAKRT 1 mm (82 5 BAGFE T TR E % T
TC B A AR K b o A A B TR, FH B e S e v
H70.5 F K HhE,

BE R W AW 0.1 ml i A B ¥hr b B
1/2 x MIC |1 x MIC .2 x MIC 4 x MIC {9 MH EAR 1,
37 CHiFR24 h, WA AWK W R KM D hivb B
MH ~F-A - ) 200 TR 4 [ 532 ol B T v, 3 1) 2
T VDRIV RGP 9R 24 h ARIEEHE &
WA = MH SPA A 25 2, B B Al RS LA
2.4.3 BRIBES

g — 5 T8 1k AR K B 20 TR AE A B SR AL
B RS IR I P AR A 3 0.5 F Kl
FERF, 4351 0.1 ml # A 1/2 x MIC |1 x MIC .2 x
MIC 4 x MIC Yhiyb B MH BUIS 4,37 C kg%
72 h, B KA B, [R] B s 1 X BE R 590 ) e
AR 3 R, 2T 75 AR 10 K5
WA MIC, EA ki e 2 3, B 2 R FEV T}
21 MIC iK% 128 pg/ml,
2.5 IRANIDRLVD B B AT 24k B S
2.5.1 PrEHP AR EL I

Ay S BC I ER R VAR vb B 0. 001 ,0. 002 5.0. 025 .
0.005.0.05.0. 1 pg/ml, it 2. 4.1 HI/EHL 4 ZE MH
BIR AR . AR SAR L 5 0y, B br S 4 C Uk
FEIRAE 1 TN AL
2.5.2 RSN S I IR 2 vk

WS AHAKT 1 mm &8 bR RG]
PRI B TR 2 VR, FH B e S S I o) R Ok B
0.5 2 [RHA,

B IR BEEE 0. 1 ml 4350 13 A& SRR V> Hr v
£ 0.001.0.002 5.0.025.0.005.0. 05 .0. 1 pg/ml

MH 35fg P I A, 37 CHEFR 72 h, SR IAAE
K, O R A 00 40 B AR R R v R vb 2
RIS 25 X, ARG AR 24 h AR5 K
FHZ5 11 MH X RSP A B 2242 4X 10 3, LHE 4 08
R ONARE R A K, e 2.3 MK MIC, 7= A= 40
Tirf 245 P9 SR AR VAR B SR AR A Vb r v B2 S IR T 25 R %%
2.6 BT R M 50k

FH VITEK 2 GN Test Kit % 5 4 X} it 25 1 i 47
ALY s L BEAR AT VD T T A B I 2 %
SE , RV RHEE 7 A FER K B X I
2.7 2R 5 AR S

VEPE gyrA L RVE N 25 2848 SE R ) 73 FAR
FH AWl I B J DR P A gyrA LR A67 (G81
D82 ,S83 D87~ fif s % AL
2.7.1 gyrA HL[H F- Bt PCR 44

I MIC <8 x MIC R 250k (45 1 ~11) |
MIC =8 x MIC AT 25 ¥k (45 12 ~ 15) , [ 25 X
(%% 16)  HURR (g 5 17 ), [6] 0 4% PSS
MagaZorb DNA Common Kit & 7| &7 2 >k #2& B
DNA, #RGiZEV 11 NCTC 74 (42 X78977)
gyrA FEHFHITE 14

gyrA (291bp ) ¥ B4 5| #y. gyrApyro-F (5 -
TGGGCAATGACTGGAACAAAG3 *) fil P2 (5 °-
TACCGTCATAGTTAT CCACG-3’ (5’ EIZHHE)

PCR AR Z (50pul) : #55df 1 pl, b FIES 14
21 wl (10 pmol/pl), 10 x Ex Taq 2% Wik 5 ul,
dNTP JR 5 (2.5 mmol/L )4 pl, TaKaRa Ex Taq
(83.35 nmol/s) 0.25 wl, K & # 4l /K 37.75 ul,
PCR JZ )8 £51:94 C WA 5 min, 95 CARME: 15 s,
55 CiBk 30 5,72 C#Ef# 30 5,50 DGR ;72 C 4E
i 10 min,
2.7.2  SEBERREERCIN TS IR A

ZHCER (6] M [7], EEETI Y gyrApyro-F
(A67) .pyroGDSD-3 (5’ ~ CGGTAAATACCATCCCCA-
37, G81, D82, S83 F1 D87) , FH AL i R ke Il 1 Lb 4%
SR A BT 245 B BB AR gyrA R DR L 58 AR A6 6
A1k

W ARIERE ATCC 14028 gyrA HE[H B Be i 45 e e
5| 5 GenBank NCTC 74 (455 X78977) G ZEV|]
WA AZ TR gyrA IR 381 2047 IR UR M L3R

3 #R

3.1 RANAESERRR VDRIV B R A FE VDT I i 2 bk
FRAAT TR Ay S5 42 T8 R T B8 A /N AT T e

9°0.031 3 pe/ml iF, 153 16 ¥k A FE VDT TR 24

B, it 25 7K 43 9 #E 8 x MIC (1 #%) .16 x MIC
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(2 #) 32 x MIC(1 k) .64 x MIC(1 #k) .128 x MIC
(1 8R),256 x MIC(1 #£) ,2048 x MIC (7 #£) ,4096 x MIC
(2#K) o
3.2 ERFRVSPIVD BRSNS T A FE VD R i 24 B
e i

MYBRIYE B FEAE 0. 001 ~0.002 5 pg/ml i,
P 2546 4K 25 A, MIC < 8 x MIC, 41 I8 A& 7™ 4
i 245

VPRLVP UK FEALE 0. 005 pg/ml f£4LES 10 4R,
M 27 A, MIC 35 32 4%, M v FE 10 2 1 g/
ml, #5324 BRI 258k, MIC B R 2 1 pg/ml J5 i 257K
AR . YU RV Bk EEAE 0.025.0.05 Al
0.1 pg/ml B, 40 A K, 0.005 g/ ml SEEN IR VD
PV B A HF T B FE D 1) BT 245 1 d (IR Ik 32
BRI,

F 1 TR R VD ARSI T SR TE VD [ BRI 24 1 fo AR e B2 S

Table 1 Testing the lowest concentration of sarafloxacin that could induce the resistance of Salmonella typhimurium

HRPIP R (ng/ml)

GRSV 25 TR ESnipopil
0. 001 0. 002 0. 005 0.025 0.05 0.1

3Bk 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

5 £t 0.03 0.03 0.03 - - - 0.03 0.03
10 18 0.03 0.03 1 - - - 0.03 0.03
15 1% 0.03 0. 06 1 - - - 0.03 0.03
20 1%, 0. 06 0. 06 1 - - - 0. 06 0.03
25 ft 0. 06 0. 06 1 - - - 0. 06 0.06

VE AR K
3.3 Tt 2Rk T B
JITA S0 77 A= 1 T 24 R L 3 2 4 R Sy R 9
YOI, ShRERE ATCC 14028 —F, IfiL 3% 43 24 [7)
O4: Hi,
3.4 gyrA JEIR AR s A SEE
3.4.1 gyrA F:[H PCR ¥ 14k
DNA 4384 7=y 26 BB b 58 1 i Uk 200 ~ 300 bp
Z NG B gyrA BED B, WLIET T,
3.4.2 T 2 bk 00 £5 B R R A DN I B[R] L A
4k
PRI PR ATCC 14028 gyrA JE [N 5 Be A% 17
2755 GenBank NCTC 74 (45 X78977) R {55
UL TR gyrA FEPRUF 51 0 [R1JE R 5 %) 100%
11 R A Tt 245 Ak 5 198 1 056 e IO s T 245 25 R oA 28

0

M12345 678 91011121314151617

MARIC; T ~ 11 ORT 25T R 5 12 ~ 15 TR 2458 5
1625 U0 I 17 < BURRRT
I gyrA JEIH PCR 25 etk
Figure 1 PCR amplification of gyrA gene

AR s B IR 257 JEE 0. 005 g/ ml ZRAF Y 4 BRIt 25 141

Bl IENT & 4 C248—T 2878, BT T3 gyrA JE[H & 2k
Ser83—Phe ( TCC—TTC) 28745, WA 2,

ESACTGACTGACTGACTGACTGACTGAC
Sequence reading:
CGGCGATTCCGCAG
BURBEATCC 14028

ESACIGACIGACTGACTIGACTIGACTGAC
Sequence reading:
CGGCGATTTCGCAG
G RITET

K2 FRERRRBEICINT gyrA JEIH TCC 287452 TTC
Figure 2 Pyrosequencing results of gyrA gene; TCC—TTC

4 itig
2007 432 [E Z2 R D\ [ Fiy 56 7K 7 A PR HH A
FHPTRA 25 UM S (KRR 5 we/kg) , M 2007 4F

6 HXT I [ 4 Fhok ™ ol Sents A sh4n &, B4k 8k
L 7K it X 56 1 a4 0k, 2 A5 OR S8 A B
7R B0 e [ A % A M R 1T A ol 9 B A
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JE VRV AL (sarafloxacin) 25— B 36
HEF T H s & AV =i 2 254,
TSR 2 T bR G 2 TR 2 R B AR T B
PR, WITEEEZEN AT ILEBONE, W)
BigEVS 15 ( Salmonella typhimurium ) EH A LW
IR SR S A B R R R TR 2 Y
BitRZ—o S BRIXIFHM T 2005 450 175 X
PRI AT B0 ST ARV T TRREEA T 2546000, Herp 1k B
Didevb I T 15 R 259

E s & 5 E M & 5 £ (Codex Alimentarius
Commission , CAC) X £ M AR M it 24 1 IXURS: 1Ak
E SCh - SR 7 R DL R K A T T 2
Yy, 7 A T 2555 ) AT 24 TR i O ) R ER 4
A e g fe F S o B OR FE B [ P i 25 1k
Wy 5 LA AT R DT ST Al (B A ST 25 A= B
Pl o ) R o N A G TR O
FEIRR b 2 A 0 B = B/ 7 ik FEE B, FDA-
CVMI59 Fil VICH36 5455 " 4t T HI TR 5T 25
A= 0 BIL ) A S G 35 RN 1 7 R A 3 AR
e, T AR SRS B T 24 £ A ) B3R
5 i BA A s v I8 A v Re S A 2L
B B2 W 25 /5 (no observed adverse effect level ,
NOAEL) , BV TR Ji s 25 5L A A4 45 1 v A T 245 T
i3 e el /I SN 7B N R A PR S e N €2
TEARZ AT E N R IZIT AR LB S HOR PR
Ko McConbille %5 7 #5400 45 iy B5 855 5 A B 70 v
SEIy VPRIV B4 Z5TE 0. 24 A1 3.7 pg/ml K F45-5
IR BT TR A 410 1, FU0AT T 0 LIS A T A U
Carman" ' I Woodburn 7& A4 38 (4 1 1 25 i 5l
IRAE AL A3 IR B rh 20, RN TP L 45 257 0. 43 pg/
ml 7K 252K A TR AR 3 T, 4. 3 g/ ml K
fHER)7 A0 M V0 1T 8 AR BE 1 N [ 36 [ FDA ¥ B
AFSSA 95 F (2001) {ff il HFA Zh#) 3R v B 1R OK
ZHZGTE100 g/ mUKP-E R AR VD T T AR BE ST T
R 5100 g/ ml 7K P feT i 245 fizy K 7R FRR 181 0 0 B30
B1510 ~ 100 pg/ml 7K F-, fd i 24 JifE 55 480 3 1
It XA AT R R A A R T
R i R v B X6 N AR Jig 3 A R R L TR RS A
TE AT I A 2451 1 52 W), I >R FH 28 PR A 32 68 I vl
vk ( denaturing gradient gel electrophoresis, DGGE)
S AR ST T 245 W % 1 1 TR 22 S R

AR S 4 R ) MIC J7 ¥R TR 1A S g5 U
I TR A 25 B VD b v BTt 24, KA i 24 o
MRAEAE R T — 25 S v R SR 38 T TR 104 Pk A
WA . ARSI, B IR sh YRR T S
Z U =l PR 25 Eh R Vb hr v B TR Gy, Tl

BB = A AR E RO 25 TR Ak . AR SEER 25 2R n]
PR NI B R L B RS %

% 3k
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