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HWE: ZXRANATEG Y., FKE. AARE S BN KRBT AEEMES Hey i A H gyrA R T4, 3
TS 4 B 09 8 Bk K AT B AT W6 R F R Aok B K ey At 25 5 AT . PCR &7 3% gyrA A B SR 5, SFRA
DNASTAR #F5t gyrA AR REERd Gk T R FENEZEFIN. SR FAHRE P> BN EH®S
A 1.6 SR IHRMHANERTEZ, AARVEZ, ERVERL, B 2.3.4.5FTH S RXHAFANIERR
UELERRTE. FERYEMY; RABRFINSNAN, BEARARAEAREEIALERERSI LA AL R L &
HE AR R E L AL 83 1% Ser>Leu B KA 87 12 Asp—>Asn K, LA RAEBRRER Y H YA S5 H K.
APRR KRR FEFEREEMORMAR cyvrA ARG AREARTRFAEASHER, ZARTK LT FHA
) KWy AF B 09 Bk i BR JE A 25 AL

X @ W KWAHYE; AR EmELY; FHE; gyA LR

FESES: S853 MEARERS: A XEHS: 1673 -9868(2014)9 - 0009 - 06

F M R 25 25 ) (fluoroquinolones, FQs) A T. & AL 2#PT# 25, LLANE DNA BE 5% B Al 30 5 5 74 i
IV VI A, SR e & DNA 94 sOm & 2 A WA Hymilk s, B S5 i m i w se X
i 240 . WOH AR R I R YA YT 3 B0 TR IR SR, Zead 20 ARG PR R . Kk B4 TR 4 X
25438 3k ELA Tt 240 L T 24 TR R F R GO, ™ R L ARG DR B . A DR K AT R X S A T S T
A T 245 AL R 245 24 8 SR WL ] A AT 5% 38 3 1A 2 4 T LS R AR TR AR R A SEIE S, RIG AT
ol G5 s i TR 2 2 0 7 A ik 2 L) T B AL R R D FUBE DNA e (H gyrA 1 gyrB JEFH 65 M 8 5344
fitt TV (parC I parE HE R 4 fith) (4 56 K 575 5 2 A1 B6E 38 325 1 19 o A1 LA B A9 E Bl A HE S80S 5 |l gnr 530K
aac-(6")-Ib-cr Al qepA 5 FURLA T (T 25 56 2 5 1 25 ALl . Hob, RS0 DNA 5 i 1Y gvrA
FEH AR BBl B AR R T A 67~ 106 AU IE IR 1Y DX I, Bk A M U I i 25 P D IX (QRDROM™ . B, E
AP R T T AT T 9801 s T SIS 245 0 i 245 L) A A 5 22 A b T IR B A T BORS E K AT TR A S 2 T,k
THREAE P B AEBURE R GIT AR, AR R FE IR A R W) . 5 R 3% 51 v 4 2 3
O PE M AR BOR M K G AT AR AR 4, X FQs MBI gyrA SEATRLIN K 7 51 43 1, A s Ak p=ad
TR v ST ] v 5 D 24 24 ) B R B A Al L A T 24 1L A A BIF 5 4 AL R

O YR HB. 2013-04-08
HAWH ., PRy M54 W E (09BSR04) ; PR K AR Ve 4 R T .
EF A Wrs979 9, By IREMA . 4, BIB0Z, 3225 B A AR R h & 2T
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1 #MRERE
1.1 B &%

8 Bk KM AT TR 43 31 E V4 R R 2 o B X B W 2 2 3R 2 B 3 M s W 5 e N SR A S sh W . 3R Tl 3%
BRI KR S 4y AR A . g5 ROR VRN T - B AR 1O 7R RS | B bk 2 (2R 2800) | BIbR 3 FIER Bk 5
) BRR AR L BERR 6 DED L AR 7ORZEED L BEAR 8( 140,

ATCC 25922 1y 25y BURME X80 P45 1 o 1l PG 1 K2 o) B G IX B ) B2 2 R 2 S 4 4 4t
1.2 w5 iKH

WRI R (10 pg/ R AN R G pg/ R 8B B (5 pg/ R, W A BTN KA 3857 A R 2
Al. 250 bp DNA Ladder Marker, Taq DNA &, dNTPs. 6 X Loading Buffer 44> T/ 2% % HIL 7 1
W [ 52 TR R ) A7 FRZA 7).

1.3 #HHRE

25K B #% M CLSI(Clinical and Laboratory Standards Institute) #:47 ( K-B 3% #E47.
1.4 5|¥i&it

HR4E GenBank 1 Escherichia coli K-12 AR (95 K7 51 (& 55 . NC_000913) . FJH] Primer 5. 0 #k
PR gyrA ZER PCR ¥ 34519, LiiF514 P1: 5-GAGGGATAGCGGTTAGAT-GAGC-3", FliF5| ¥
P2. 5-CCGTTCACCAGCAGGTTAGG-3". ¥ gyrA FENFFH] K/N K 525 bp, 519t Je 3L (i)
el YNCIRE S
1.5 PCR ¥ g

Z ISk [ 13 107 Ik OB AR DNA, H P1 M P2 519 17 gyrA JEH PCR 9714, PCR R4 1420
94 C7AEPE 5 min; ZRJF 94 °C 30 s, 58 °C 30 s, 72 °C 45 s, 35 NEF; 72 CHEA 5 min; 4 CIREAE.
1.0 %% 35U B8 W 5 e F UK A PCR 47 188 7 4.

1.6 MNFERSH

¥ gyrA FEH PCR ¥ 3 7= ) 2% B e HEBE 35 C L) 5 50 A BRAS w0 . X R UL 4R 8 114 28 728 437 1
PCR J B FE 00 FF LA IE. 05 45 5 H DNASTAR #0045 M GenBank 1 3515 B AH B 3 R Be it 47 4%
SLIETR T 5] He X 43 B

.
R

= M

1
JRAE TR K 2 A R (AT CC 25922) 1 28 f 2 2R TR P 3 L DL 3R 1, A0 5 KO AT 1 24 B0 06 1) 24 B0 45 2R

*x1 BREEXKBEEE(ATCC 25922)HZha 4 RRIEEE mm
WY A I E R B R A
K-B ¥ =>34.43 >34.00 >34.50

2.1.2 S ARKMAFH o9 25 B A M 2 R

G R 53 15 1 8 Ak KM A TR 3 ol 980 o I 255 24 ) 1 SRR PR 25 SR L3R 2. 2 R CLST(2006) FI Wi b o, T
Bk 2. TRk 3. BRE 4. BRE 5. B 7 XTI TEENZS 3 FhZG T 2GS, BRIRR 1. IRk 6. TRIRR 8 X N R 2K 3
Tl 245 1y UK.
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®2 KBEMNKBRFEMHHER mm
WG HND R AR W E || WHka S AR R TR 2 IR 2
1 S S S 5 R R R
2 R R R 6 S S S
3 R R R 7 R R R
1 R R R 8 S S S

T RIB NCCLS 2006 HWrbn i . W%V E 05 B HA2 B 17 mm B SUR (S, 13~16 mm B4 D, &F
12 mmAf AW 25 (R ANV EMEE ERBET 21 mm BEAHURS . 16~20 mm BB, KT 15 mm B AT 25 (R) ;
ZEHEY EMEE EAE 17 mm B HUR(S), 14~16 mm B FHD . KT 13 mm B Rif25(R).
2.2 FEREPAREREXGTE gyrA EE PCR B4R

PCR 4" 15 4 f 25 T bk . SURS TR bR DA e B4 R bk gyr A IR R B, #3118 5 H Y B BoR/h—Eory 2571
KN N 525 bp. Z5FNE 1 PR,

9 8 7 6 5 4 3 2 1 M

750 bp
500 bp

250 bp

M: DNA Ladder Marker; 1: KIAFFE ATCC 259225 2. Wb 15 3: WK 25 4. Wbk 35 5. Wbk 45 6. BMR 55 7. WK 65 8: Wbk 7; 9. Btk S
1 E. coli gyrA EE PCR 7= B i #E F2 ik B
2.3 KBHE gyrA BERART
8 BRAN [A) A PR R T T T 70 B IR B9 gy A e TR 30 ) 24 245 90 T 245 1k S X 5 788 51 1 A [ s ke R 2 56 TR
BB B R AR I R AR RO AR 3 3 4 [ 2 AT 3.
®3 KEHE gyrA BERZERF LRSI

GyrA e DA% TR AL AL A7 A,

B bR

248 255 259 273 300 333 453 468 480

ATCC 25922 C C G C T T C G A
E. coli K12 — — — — — — — — —
1 - T - T C C T - -

2 T T A T C C - -

3 T T A — C C — > —

4 T T A T C C — C -

5 T T A T C C - C -

6 — T — T C C - C -

7 T T A T C - C G

8 T T - T C C - C -

T — 73RN N B AR R R AE U SRR R E. coli K12 gyrA IR IRAHIR) . R K ERTE.
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x4 KEWE gyrA BEREERF LRSI

T Gyr A J P 2 B 8 A8 b 467 5 - GyrA J D 5 B 8 A2 A0 A7 5
83 87 83 87
ATCC 25922 Ser Asp 4 Leu Asn
E. coli K12 — — 5 Leu Asn
1 — — 6 — —
2 Leu Asn 7 Leu Asn
3 Leu Asn 8 Leu —

T =R P B R B R TRTE AL L S AR HERK E. coli K12 gyrA BIREHTRMIF] . RAEERAE.
GGTGACTTGGCGGTTTATGACACGATCGTC Majority
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2 KBHHE gyrA EEZEBF I

KAYKKSARVVYVGDVIGKYHPHGDILAVYDTTIV Majority

T T T
70 80 a0

6l KAYKKSARVVGDVIGKYHPHGD SAVYDTTIVWV ATCC

5] KAYKKSARVVYGDVIGKYHPHGD SAVYDTIV E coli KI2

53 KAYKKSARVVGDVIGKYHPHGD SAVYDTIV 1

53 KAYKKSARVVGDVIGKYHPHGDLAVYNTIV 2

53 KAYKKSARVVGDVIGKYHPHGDLAVYNTIV 3

53 KAYKKSARVVGDVIGKYHPHGDLAVYNTIV 4

5] KAYKKSARVVGDVIGKYHPHGDLAVYNTIV §

S50 KAYKKSARVVGDVIGKYHPHGD SAVYDTIV 6

5] KAYKKSARVVGDVIGKYHPHGDLAVYNTIV 7

5] KAYKKSARVVGDVIGKYHPHGDLAVYDTIV 8
E3 KIBHFEgyrA BERREREFES

3 W i

HETX E. coli MM RS2 Y) B E o FIRR L5 7, XPIREE E. cold Tl 300 i iR 25 245 9 1 42
AIRYY D ARBEIEEPEAY 8 MR KA AT B AR BN SR S A B v R A ORI EL ARz B R L ROk L A
FROVFE | S AT A AR, MU RS R B, WSSO 1.6 M8 1 3 MR KGFF X AN 2 | AR
FUP R RV BRI, KT NCCLS2002 1 K-B B 5E &S5 A8 5 R Rk G 520 3 h 2.3,4,5 A1 D)
SRRV R, ZEFVE . wHE Ry, RO E B, i 255k .

Wk DNASTAR FVEHE 0 15 9 45 it 25 B AU B B9 R 50 43 5 5 E. coli K12 gyrA J& R A0 1 51 it
T, EMREREAE ATCC 25922 YR IE A LR AT M4, BUREHR P EEm SN 1R 6 1 2t
KB EA 5 AR, HmBEERBE AN ; FHk 8 A 6 ML AR, (HgME LR
83 i KA FRRAE, Ser(Z£ R ) —>LeuGE RO B, MM T 45 2 F1 4 1) 2 BREMRIIA 7 ML &
A ZAE, Gt R IR 2 A R A AR AR Y R 83 £ Ser—Leu B AL 87 £ Asp( KA R R) —~
Asn(RAWEMO B WRG S8 3.5 M7 10 3 BRIEHEIIA 6 D0SE & 4 A8, S it 20 3k 8 1) 28 A8 17 38
1 83 i Ser—Leu AL 87 £ Asp—>Asn X, ZLK AT LIE M, shi . 1137 5 5855 A R R W 4 K
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FFTE 43 B bk 2 1) B ML gyr A EIERASILARIE . X5 Sdenz ZE AN E S 3IY . & AT 45
R IAFE TR gyrA 2 W 2L B A R,

P TR R . gyrA QRDR i M i il (19 A %0 58 28 % & A AR5 83,87,81,84,82,67 il 106 i 2 FE iR 1) Ft
TEEA , PR S5 AR DL 83 v 1 5o IR AR 22 & R dic i L, XAV o5 28 A8 A5 2R 83, 87 i & 3k 1R HUAR 1 i
TEL0 AR Iy TP 2 TR R 9 2 A8 R AR TE 83 i1 Ser—Leu B AL 87 7 Asp—Asn BAt, H & A H 5B W
AR B BRI N R BE T 24 5 B8 AR 5 T 83 S S SR AR Y 8 5 BT A X i R R N 4% T 2% 245 4 UK.

£ gyrA QRDR X & 3R AL Ser B AUN Leu, KE T M AL, SEURN BN B Asp B
A Asn, KRET MR, XA 0] DI DNA B25E - DNA & 4 K5 5500 15 1 25 25 4 1 45
A, Wk, AR S EIEREEAR, R0 SR W &S M B, A 23 19 5 4R o 4 3k 1 U AR AR T &
SN () 6 M A7 TR 149 245 40 A0 B AN [

4 & i

Sy . BRI AR 3R 5% AN [a] e U5 A R M AT TR OGS 98 W A T 2K 2 W A S ) R R A TR 24 L T G e R I 2
KIGFFEAE gyrA BV SR S+ BA Z R, BEE Sk vh B 225 i )iz (M. LAsh Wl al o 2 0L %
G FFR 55 K B A TR 24 e DR R T 24 G705 7 126 RILA A7 128 gy A SR 78 R AR 218 280 A B o 5 TR R X IR0 s
25 et 245 7K SR AE AR S A Hh R 24 R bR 1 S A s B K R A 83 i Ser— Leu B AU 87 {7 Asp
= Asn B AQ, HOURRACTE Ak 24 0 1w BE T 24 . I WF 52 45 SR T G 3t 12 B8 5% 58 39 36 85 v ORI AT T ) 9 s A
J it 245 HIL

SE K
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Detection and Analysis of gyrA in Fluoroquinolone-Resistant
Escherichia coli Isolates Collected from
Different Breeding Environments

CAO Li-ting's, ZHOU Yan-chen', ZHONG Chong-hua®,
CHEN Xin's, MA Yue'

1. Department of Veterinary Medicine , Southwest University (Rongchang Campus), Rongchang Chongqing 402460 , China ;
2. Agribrands Purina (Chongging) Feedmill CO. , Ltd. , Rongchang Chongqing 402460 , China

Abstract: The mutations of the fluoroquinolone-resistant gyrA gene in 8 Escherichia coli isolates collected
from human feces, animal feces and the environment were investigated. The resistant phenotypes of 8 E.
coli isolates to commonly used fluoroquinolones were determined by the K-B method with the standard
strain ATCC25922. Chromosome DNAs from all isolates of E. coli were extracted. The mutations in the
fluoroquinolone resistance-determining regions of the gyrA gene were analyzed by PCR and sequencing.
The results indicated that isolates of strain 1, strain 6 and strain 8 were sensitive to all the selected fluoro-
quinolones (ciprofloxacin, Lomefloxacin and norfloxacin), strain 2, strain 3, strain 4, strain 5 and strain
7 were multidrug-resistant isolates. Sequence analysis showed 2 mutations in the amino acids coded by flu-
oroquinolone resistance-determining regions in gyrA gene of all multidrug resistant isolates, which resul-
ted in 83Ser—>Leu and 87Asp—>Asn. The strains in which both amino acid mutational sites existed were
highly resistant. For the sensitive isolates, there were no amino acid mutational sites or was only one ami-
no acid mutational site in 83 Ser—=Leu. A variety of amino acid changes in gyrA gene were detected in flu-
oroquinolone-resistant E. coli isolates isolated from different sources. These mutations may give a satis-
factory explanation of the gene mutation mechanism of resistance to fluoroquinolones in E. coli.

Key words: Escherichia coli; fluoroquinolone; drug resistance; gyrA gene
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