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K GyrA BB Fn ParC BAR; KEDEMMICE 16~128ug - ml', K4 GyrA WK ParC WK, [£
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BBCE S W bR AT AR R K 25 KT 2 EAR K

KBEIR: AMATH, R wEX; WM, gyrd; parC

Mutations of gyrA and parC in Fluoroquinolones-Resistant
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Abstract: [Objective] To detect mutations of gyrA and parC in 72 Escherichia coli strains isolated from human feces, animal
feces and the environment. [Method] MICs of ciprofloxacin or enrofloxacin for 72 isolates were determined by an agar dilution test
with standard strain ATCC25922 as the control. The mutations in the quinolone resistance-determining regions (QRDRs) of the gyrA
and parC genes were analyzed by PCR and sequencing. [Result] Amino acid substitutions (number of strains) found in 63 mutants
were Ser83—Leu (62) and Asp87—Asn (52) , Asp87—Tyr (2) , Asp87—His (2) in GyrA and Ser80—lle (47) , Ser80—Arg

(2) and Glu84—Val (3) , Glug4—Lys (4) , Glug4—Gly (5) , Glu84—Ala (1) inParC. No amino acid changes in GyrA
or ParC were detected when strains MIC of ciprofloxacin were under 0.125 pg'ml”. A single substitution in GyrA was found in the
strains whose MIC of ciprofloxacin ranged from 0.125 to 0.25ug-ml™". Double substitutions in GyrA or one in GyrA with one in ParC
were found in the strains with MICof ciprofloxacin ranging from 0.5 to 32 ugrml™. A double changes in GyrA and a single change in
ParC were found in strains with MIC of ciprofloxacin ranging from 4 to 128 ug'ml™. Double changes in GyrA and double changes in

ParC were found in strains with MIC of ciprofloxacin ranging from 16 to 128 pg-ml'. [Conclusion] A variety of amino acid
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changes in GyrA and ParC were detected in the fluoroquinolone-resistant E. coli isolates from different origin. A correlation was

found between the number of changes in the QRDR of GyrA and ParC and the resistance level to fluoroquinolone in E. coli strains.
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THZ-C a4 G O MR EARAT A
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1.4 MIC B9 E — IR F AR R £

PUR 9P L 7735 SRR IR A Vb AL N 28 1R K
Feik 1 280 pgml's REVESEH /DB R,
INZEMEKRCRK 2 560 pgml's FI4NHIER: (HAE 0.22
um) JTUERRTE, R, LUK R KAS LU R 2 5
W, ARG S 1.5 ml AR EEZ S 13.5 ml MH
BERET 12 om BHARKP AL 78 7095, IR i ik
FE 2 B4R - 75 96 FLARH I MH % 0.5 %2
PG LU S BRI RE 10 3%, JT1 22 S e 2 R S it v B
TR TRER. FHRET 37CRFEF TR 16 h
Ja S . BT R IR . RERR B AL 3 MR A,
DA 3 ANE ST R B 0 [R5 A KB B .
M NCCLS (1999) AAnfftrdE, LLJs4% & (E.coli
ATCC25922) MIC 1 f Vi [ N & 77l ad s .
1.5 ZHE S DNA AY$ZEX

R AL DNA: BRE 1 AN RRVE R 2] S
ml LB W%, 37°C #RFEMFH 20 ho M 1.5 ml 8554 T
BLOE B, 13 000 /min, 5 min. FE_3E, YOGE
200 ml KEXWH/KER, 95C/KH 10 min, 13 000
r/min 2.0 5 min. 7531 BT HEAE R PCR &4
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1.6 SI¥EITREK
Fi9E GenBank 7' E.coli K-12 BRARRN (K13 B4,

KL PCR 519 (R 1, i gAY AR

NGIREJIR

&1 gyrA. parC. gyrBFN parE £ [F PCR  1E3|4
Table 1 Primers of gyrA, parC, gyrB and parE for PCR
H 1L 5IWFS) (5'—= 3D K (bp) YR B (bp) GenBank %
Target genes Sequences(5’ to 3') Length (bp) Amplification (bp) GenBank access
gyrA F: GAGGGATAGCGGTTAGATGAGC 22 525 X06373
R: CCGTTCACCAGCAGGTTAGG 20
parC F: AATGAGCGATATGGCAGAGCG 21 487 M58408
R: TTGGCAGACGGGCAGGTAG 19
gyrB F: GCCTTTCTTCACTTTGTACAGCG 23 794 AE000447
R: GTGACGGCGGTACTCACCTG 20
parE F: CTGACCGAAAGCTACGTCAACC 22 892 M58409
R: CGTTCGGCTTGCCTTTCTTG 20
F: LUf514) Forward; R: #7514 Reverse
1.7 PCR ¥ i RAER IR 2.

gyrA F1 parC #:[X PCR e WAk Z: £E 50 ul e
RSP, 45 dNTP [ZIRES N 0.2 mmol L, I,
NS IR E %4 0.2 pmol- L, TaKaRa EXTaq
DNA %41 1.25U, 10X EXTaq Buffer 5.0 ul, DNA
B 1.0 ple PCR RMNVARF: 94°CAME 5 min; SAJ5
94°C30 s, 58°C30 s, 72°C45 s, 30 MEH; #la 72
‘CIEAH 5min. gyrB F1 parE JEK PCR RNAARR
dNTP RS0 0.25 mmol- L' 2 4h, M4 .
PCR W FEF: 94°CAEME 10 min; 4R )5 94°C45s, 56
‘C45s, 72°C60's, 35 MEFF; Hefid 72°C LEAH 10 min.
1% Byt g A 5 Jie FL UK K 5 PCR M. 7= 47,  DL-2000
DNA Marker 1E 431 Ak,

1.8 MERERDH

FEPCR N =ik b it T APy AR 28 w0
X MRARIE 54, 1 5 52 PCRAF I LA IE
JUDNASIST#A4:, K¢ Arill (197751 5 M GenBank 3k 753 1)
FHIN LR BdE AT A% 1 IR RN G S I8 91 LUK 20 B
2 HRENR
2.1 KIFAFTE gyrA + parC. gyrB F parE £5[F PCR

iR

2 PCR 9 43345 5 AN BE D H 1 v BoR/h—31
s (B 1~3)

2.2 KBAHE gyrA  parC. gyrB # parE EE R

72 BEAN AR E 1) E.coli 43 25 FK 14 gyrA I parC g
i Wil i 25 Y %€ X (quinolone resistance-determining
region, QRDR) 5842 5|2 A [m] Z HE R A AR 1Y S

XFT GyrB WEAE, 175 12 #k E.coli o G i i 28 &
FETR 2o bk, A 8 #k CALFGFRIE K ATCC25922)
R4 Phe385—Ala HA8:; H 1 MAE GyrB K4 Ser
492—Asn; HA4 3 BARMWF; 4T ParE WA, A 3
FE&E Ser 458—Ala #%4X, 1e355—Thr 1 11e529—Thr
BARE LBR, HoAx 7 BRI 25 RAARUE AR TC SR
2.3 KIAWFE gyrA . parCERRT 5MAREE X

%

Wiz 3 Pron, B E.coli 43 EkEM BV A MIC
LN E MIC BAT 1~8 55 R, Ui 3
RN L. JiA wK GyrA Fl ParC QRDR
AR IR AU G 3K 13 FhoAR i, 5538 L
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M. DL—2000 marker; 1. KJ#T 1 ATCC25922; 214k CG13-5
M. DL—2000 marker; 1.E.coli ATCC25922; 2. Strain CG13-5

1 E coli gyrA E[E PCR F=4)3m A5 #E Bk &
Fig.1 Agrose gel electrophoresis of E.coli gyrA PCR products
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M. DL—2000 marker; 1. JRMsEISSBUSRIR: 2~3. FE TR0 25 bk
M. DL—2000 marker; 1. FQs susceptible strain; 2-3. FQs resistant strains

2 parC E[F PCR FEH IR BEHE B K E
Fig.2 Agrose gel electrophoresis of E.coli parC PCR products

park

M. DL—2000 marker; 1. KMATH ATCC25922; 2~ 10,50 ifi Wi i T
L3
M. DL—2000 marker; 1.E.coli ATCC25922; 2-10. FQs resistant strains

3 E coli gyrB 0 parf £ & PCR FEY TR AEHE B ik B ik
Fig. 3 Agrose gel electrophoresis of E.coli gyrB # parE PCR

products

IRV MIC ORI SR v 2 MIC
/NT0.125 pgrml™ I, GyrA A1 ParC W 5: 34 9% 44T
48 55 IR MIC B 0.125~0.25 pgml™ i,
GyrA VAR H 0B — S BE R A RV AL 1) MIC
H0.5~32 ugml! i, B GyrA 83 {71 87 A0
REGHE GyrA83 Fl ParC80 7 XU AL ; FRAVP AL MIC

H4~128 pgml' i, KA GyrA XUEACH! ParC #
BeA; PRIV MIC £E 16~128 pgml' I, K&
GyrA XUEACHT ParC XUHAR.

%2 GyrA#0ParC GRDR XAUEEBMBENR R HEEME
Table 2 Frequency of amino acid changes in the GyrA and

ParC QRDR
LR LR 733
Amino acid substitutions Strains No.
GyrA Ser83—Leu 62
Asp87—Asn 52
Asp87—Tyr 2
Asp87—His 2
ParC Ser80—1Ile 47
Ser80—Arg 2
Glu84—Val 3
Glu84—Lys 4
Glu 84—Ala 5
Glu84—Gly 1

3 Wig
3.1 KBAHFE eyrAF parCERERE D

f£ 63 ¥k E.coli RA K KR % AU
Ser83—Leu (62) ; K& Asp87—Asn (52) Fl
Ser80—lle (47) ; FEH AN Glug4—Ala (5) .
Glu84—Lys (4) . Glu84—Val (3) . Asp87—Tyr (2) .
Asp87—His (2) . Ser80—Arg (2) Fil Glug84—Gly (1) .
S RZRW, B TE R PR SR U 2K AT T
1t GyrA M ParC P2 EEMRAL 7 B 2 Fh Y, X Le5e
ARSI 55 s PR 24 v fr i — 305 B34, B
W37 53 AR A AN (R SRS ) K AT T 23 B PR 2 1) B Ay
AL GyrA Al ParC Z4HERZACALFEAE, 1 H. 55 Saenz
E ST StiL N S DN A (PN 7 ol ]
GyrA M ParC Z AR AL HATRAR R . (AT
ML, ASCE UHRIE T 1E ParC F 11 Glug84—Ala iX
—RIERFAN . 1K 5 BRRAMRE A mi LT itk GR N
VP A MIC 2y 32~128 pgml™) , HAWKA TR 3
O R (LB ABEZRIAE (1 FRD o FENSSERA
R RAL R INAE B )y TE B R i S8 R, X W]
B ICICIE B W)y T T RE RSCAY T 245 R) s 24 R ) i
BB S35k, s IR B 5 N w
FHIIR VD 12 2 TR A 58 4 A8 UMM 21k . X e 4 IS
PR T AR A ok R el FH s v I 2 24 40 (1) ]
X o3 3 DA 3 B A 18 o

AR GyrA Fil ParC [¥] QRDR X [z JE 0%
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%3 A[EIEKIE £ coli GyrA FA ParC ORDR SEFT L RESIAHILE MICs BIXFH

Table 3 Amino acid changes in the QRDR of GyrA and ParC proteins in 72 E.coli strains of different origins and the corresponding
relation with MICs of ciprofloxacin

Faitl BEMICIR (B AREO BARE S MIC (ug'ml™) RIERATAL Amino acid changes

Types Origins  (No.) Total No. CIP ENR GyrA ParC
Ser83 Asp87 Ser80 Glu84

0 H(4),P(1),Ch(4), 9 0.008~0.06  0.016~0.125

I H(2),Ch(2),P(1) 5 0.125~025 1 Leu

1I Ch(1) 1 0.125 1 Tyr

il H(1),Ch(1),P(2), 4 0.5~8 2~32 Leu Tle

v P(1) 1 4 16 Leu Arg

\% H(1),Ch(1),Ca(1),P(1) 4 §~32 16~64 Leu Asn

VI Ch(2) 2 4 16 Leu His Tle

VI P(1) 1 8 32 Leu Asn Arg

VI H(4),Ch(3),Ca(5),P(11),E(9) 32 4~128 8~128 Leu Asn Tle

IX P4) 4 32~64 64~128 Leu Asn Lys

X H(1),E(1) 2 16~32 32~64 Leu Asn Ile Val

XI Ca(1),PG3).E(1) 5 32~128 64~128 Leu Asn Ile Ala

XI H(1) 1 64 64 Leu Asn Ile Gly

vl P(1) 1 32 64 Leu Tyr Tle Val

H. A Human; P. % Pig; Ch. %% Chiken; Ca. /) Calf; E: /5% Environment; CIP. JX[A¥; A Ciprofloxacin; ENR. Bi#i¥} 2 Enrofloxacin

AHAIE], AR L2 k. 7F GyrA QRDR IX [
R, Ser83 BN Leu, K2 T IR MEA M2
I, JERERIIEER E . Asp87 A Asn. Tyr 5
His, K2 T B AT 2 R IR . IX S G S MR (1 AR TL A
$E7R T 1F DNA I2JiERT —DNA & & 1k 5 W i i 254
AHEAR PN, SRR TR R DA B 7 i PR A A B A
Mo [, 78 ParC 2R 7, Ser80 KA
lle 5% Arg Ji R ETRMABMBES, 1 Glus4 H N
Val. Lys. Gly 3k Ala Il 2 2% 6t Ha

E.coli GyrA83 {2 MR SME ] 1 (7IKHE] 4
4, 1M GyrA87 A2 IR Y 7 sk 4G . ML,
IXLET ATALAS[R] 1R 2 BE R A A LAAS [R] 1 7 2ORIRE 2 5%
Mg S50 s e 237 IR AU o DRI, R —A5 RS TR
TR AR T fit 5 SOAS [F (0 U 28 2 M U KP4,
3.2 E coli gyrB M parE ERAZETHHT

H HT A R K T B8 b BE 5 B0 v o ] S 24 1)
GyrB AU JE Asp426—Asn F1 Lys447—Glul'*'", {HA
WEFEAE O Bk i BE TR 24 181 38 o e LIX P AN 5 AR,
XY Saenz ZFFRE Y, HAEARE LI GyrB
GiAh 2 AR BRI S 5 Phe385— Ala il Ser 492—
Asn. T RAET 2 50NN 25 R AU R B, R
RAET —RRm B 2k, 31X — AR 25 P 16 oo ik
ARV X T ParE, 2300l &I 3 AL S ) 2 LR
B4%: 11e355—Thr. Ser458—Ala Al 11e529—Thr, iX
55 Komp 258N A PRI 485 E.coli HF R ParE458

fi7 (Ser—Thr) #1529 fi7 (Ile—Leu) ZIEMRALAALL,
B AT sAH [F T AR 2 AR R YA ] o X BB AR IR
B E SGEH R TE— 2P0 i H A il b
ParE ZUE BN s W W 24 5¢ RAN K, ANAE E.
coli 441175 3 W 1 Wil i 245 4K P 72 K L Leud45 — His
A, M H A GyrA [RS8 AR I A X6 s i i 2
MIC 5 5
3.3 E col/i GyrA 0 ParC T EmIS b 5 EIE TSRS

i 257k FR9HE X4

GyrA VAL FAN 2 BE R AR B R it Bont
RV B HURPE B (MIC 0.125~0.25 pgrml™) o iX
6 PR B AR AR R A R IR S, (EAE )R
DI RAF) T K 20k, B DALE I 245 78 1
MR FIGIRH 2 B B S, 6 T AT A HT
MR 2R 2 AT e SYE . AR B A
2 Fhe B AIRAEAE GyrA AR ParC WWIE, Bl
HAE GyrA WAk Fo 1 s i 25K GRIGYDAE
MIC 0.5~8.0 pgml") & T )5 & 25K F (8~32
pgml™) .3 NI (2 A GyrA BAUH 14 ParC
B 105U U WSS 20t 24k v 1) H A 2 A o
HPTHEMA AP 2y, (BRI A MIC {HES
JERR (4~>128 pgml™) o HAMFRZERENAM
PRAR LT 25 R A ZE AR K, $2oR T BRI AR S Mk
A IR N 2L 2 5, AR 254
JELIH I PE PR, B 1 B DN mar ()15 8 1 MarR
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