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Resistance of Escherichia coli from dairy to fluoroquinolones
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Abstract: [Objective) The resistance characteristics of E. coli from feces of diarrhea calves to fluoro-
quinolones isolated were investigated to improve its clinical rational use. [Method) E. coli was collected
from fecal samples of diarrhea calves in different cattle farms. Their MICs to three fluoroquinolones of cip-
rofloxacin, enrofloxacin and norfloxacin were determined by the micro-broth dilution method. PMQR genes
(gnrA . qnrB.qnrD ,qnrS,aac(6')-Ib and gepA genes) and QRDR mutations (gyrA and parC genes) were
detected by PCR. Two E. coli strains with PMQR gene were selected to detect mutation of QRDR after en-
rofloxacin induction. [Result] Seventy-five E. coli isolates were identified with 60. 00% resistant to two or
more fluoroquinolones (FQs) and 40. 00% resistant to ciprofloxacin,enrofloxacin and norfloxacin simulta-
neously. The gnrA,qnrD and gepA genes were not detected in any of the 75 E. coli strains, while ¢gnrS,aac
(6")-1b subtypes aac(6')-Ib-cr and gnrB were detected. At least one PMQR gene was detected in 61. 33 %
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strains,and gnrS and aac (6')-Ib-cr were the most common. QRDR mutations were detected in 58. 67 %

isolates,and main mutations were GyrA : (Ser® Leu-+ Asp® Asn) + ParC; Ser* Ile. All E. coli isolates with

QRDR mutation and PMQR genes were resistant to ciprofloxacin, enrofloxacin and norfloxacin. Five base

mutations occurred in gyrA of PMQR positive bacteria under enrofloxacin pressure, while no base muta-

tions occurred in PMQR negative bacteria. [Conclusion) The resistance of E. coli to fluoroquinolones was

closely related to QRDR mutations,so fluoroquinolones should be reasonably used in veterinary clinic to re-

duce the resistance of E. coli.
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KA A T ik 28 X S PR RN SIS il B A B v AR
B, UM i R 25 25 ) (fluoroquinolones, FQs)
VER — 2R 3854 R IR YTt 22 [RYIE R 5] R
(e b 2 ¥ 2 B ZAE Y . SR FQs ) 12 ff
FHAN I 5 B0 24 K M FF 1A LR B R P A
AT FQs 1 fie H UL ] £ 455 s i IR i) 25 Tk 7 X
(quinolone resistant determining region, QRDR) %t
PRI 9 748 1 BORE A 5 14 M s 16 2K it 245 (plasmid-media-
ted quinolone resistant, PMQR) 3 [H % 175, %t
KIBFFRTE i FQs #Y 5 P 2 22 QRDR %72,
TR gyrA T parC FE R 4 i 1) & SR R A8 .
PMQR 3 [H 7 B F 1998 4F o & Bl . wF 78 % 1 .
gnrS.aac(6")-Ib-cr 2 & % WL B PMQR 3R>,
HAR PMQR i KA 3 KW #F W K FQs Fiidk, (H
HAE AT B ] LUK -9 10, 9F HA0A 8 2 QRDR
GEAR I WA RS

H T PMQR 2 B AT DL 3 A B4 fik 7K B 1+ 458
beE IR RN S G - S WY |
QRDR fy 5B LA, PRIk Hxk A 8580 4 K9 #F 3
B I6 A S, HE. & T8 oK A
PMQR £E[K Al QRDR 2 742 i 6 I B 52 85 20 . AR ik
50 DB A A 3 1 S5 R R A T e 0 i XT3
i A FQs 1 e /N0 B ¥k ¥ (minimum inhibitory
concentration, MIC) , % PMQR #:[H 5 QRDR %
A5 Ry EH 25 4R R A
L bR
L1 # #
L1 #HRARfE BRI EXE R A
W A4 AN HEAC YR FRIE G 0 IR VS B EAT R M.
JE % 4 A ALY ) Bl A T 2 B e P I TR R A8 R B
Y5 R A BT N A 0 AT S0 A0 A A TG T

B0 E R, o BMIRR 2 f 2 S0 e = AT RIB AT
I

1.1.2 #ZhypfRkA By A ENR AR E
(CIP) FifE 1P B (NOR) L Il [ ok 5 A Al s 42 FEHL
g A A de W R A H AR AR TAEA
A EERESRE O AR R L AR I B OXOID 2y
BB ME ) B Hydra Gene 2 &) ; DL2000 DNA
Marker il 2 X rTaq Mix Il H TaKaRa /A &) ; KIgFF
B ATCC 25922 14 F AN R AE B0 A BR 23 7] .
1.2 H &

1.2.1 RMHEN S BEERGHRE  KGIEME
FE B REIT U A 22 2 B P 9R Ak 1,37 CHE 5% 24
b PR IORY 2168 1R ¥ 2 — 0 4y B gl Ak s R
FAkT i phoA FENFR RS WY (R DT 4 2.
PCR W AR W 2 pL, BWESIH(F)0.5 pl,
TR (R)0.5 pL.2Xr Tag Mix 10 pL. XLZEK 7
pL SR 20 pl, 4 DA VRO 46 Sl RUGE KR S B M
XF R L HAlAR 2R, PCR 2 W FEE: 94 C 748 1
5 min; 94 CA8PE 30 5,55 ‘CiB 2k 30 5,72 CHEff 30
$,30 MG ;72 CLLEff 10 min, XF PCR =4 it
A5 120 By e W 60 M R ARG U . 43 5 1 R o A 1 R A
S 25 % H M T —80 CEFE& M. LR E
ATCC 25922 1Fh T ¥ B4, AR 4l 28 [ i IR 55 49 =5 b
WEZR By 2x (CLSL) HE 75 1 3 i 1A 3 Bl Bkt I g
ENR.CIP.NOR 3 #f FQs X} X i +F & 7 & #k 1Y
MIC, 3 Ff FQs B MIC ffit 2547 25 5 3y - s v 2
(ENR)=2 pg/mL, N b & (CIP) =4 pg/mL, i
b (NOR) =16 pg/ml,

1.2.2 4 RAXMmAH PMQR £ B Z QRDR £ %
gt AR W & PMQR 3K AL G gnr Kk
N gnrA (qnrB . qurD R qnrS , @3N 2 ¥ 52
S aac(67)-Ib Finws i i 2 24 ) 5 53 0 40 HE 2R S
qepA s QRDR 58748 HE DH A3 45 2t 5 DN A Jie 4% fifg 1)
gyrA MmN AN 1) parC. K EEH 51 Y)
Fe gt i A T AR TR B A R\ (A T A i
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(£ 1, PCR PR ZR B FIMEXT BB R 1. 2. 1
. PCRRBLFESF:94 CHUZENE 5 min; 94 CAEHE
30 5.55 CiBk 30 5,72 CHE 15~40 s(gyrA 17
s, parC 17 s,qnrA 38 s.qnrB 30 s,qnrD 35 s,qnrS
40 syaac(6’)-1b 30 s,qepA 15 s),30 MEH ;72 C
ZHEAH 10 min, X} PCR F=# ¥k 47 1% B i d 6 i
HLPKAGEI . K5 aac(6')-1b LK PCR 7= 49 2% Ak T ik

AR . JF 38 22 NCBI W 3 B X 8 a2 3 A Caac
(6")-Ib-cr), ¥ gyrA 1 parC ) PCR P24 3% & 4
TR AT R W T A A% R Y 5 38 i ExPASy
(https://web. expasy. org/protparam/) 1% N &
SR IF A, 38 & DNAMAN #1445 NCBI 45
KA E. colirk12 [ gyrA Hl parC & B[R T 51 i#
T XT . 20 B QRDR 28 2815 100

x1 KBFAASIVHER

Table 1 Sequences of primers used in this study
e 44 FIFES (5" —>3" PP BE /b
Gene Primer sequence (5'—>3") Product length
phoA F.:GGTAACGTTTCTACCGCAGAGTTG,.R:CAGGGTTGGTACACTGTCATTACG 168
gyrA F. TGCCAGATGTCCGAGAT,R:GTATAACGCATTGCCGC 268
parC F. TATGCGATGTCTGAACTGGG,R:GCTCAATAGCAGCTCGGAA 264
qnrA F. TCAGCAAGAGGATTTCTCA,R:GGCAGCACTATTACTCCCA 627
qnrB F:GATCGTGAAAGCCAGAAAGG,R: ACGATGCCTGGTAGTTGTCC 469
qnrD F.CGAGATCAATTTACGGGGAATA,R: AACAAGCTGAAGCGCCTG 582
qnrS F.CAATCATACATATCGGCACC,R: TCAGGATAAACAACAATACCC 642
aac(6')-Ib F.: TAAATTGGCACCCTGTAGGC,R:CTCGAATGCCTGGCGTGTTT 482
qepA F.:GCAGGTCCAGCAGCGGGTAG,R:CTTCCTGCCCGAGTATCGTG 218
1.2.3  Bi# ) 2 (ENR) # X% 1k MIC 50 45 L (FF 2) £ W, 60. 002 (45/75) 1)

PMQR #: [ H QRDR %75 (2 #F) . A4 PMQR
JEPH HL QRDR A 5878 (2 B 19 K 5 #F i 76 % ENR
(1 LB AR RS 2 5 vh 647 5 5 ENR #4615 5 o7
WREEH 0. 25 pg/mL .5 H bR A K RLAF L2 2 K ENR
VI 2 A Y A LA R DL A A 10 K5 U
TEAHT ENR ) LB k3 365 b B 95 555 10 K
WMRAE 4 G . PCR 4 14 % S F 4 18 15 6k 19 g y-
rA L parC SEN A PCR P45 24 T I HEXT 4
BT gyrA il parC SRR T R A5

2 ZER 558

2.1 KEBPHENEERAFLIRER

RIS I B E 75 BR 1A, 28 PCR RGN 24 14 51
468 bp 1Y phoA JEPH B 2 3 K FE 18 - 5 5
KIGFF R phoA FHe[H () % e 5 R UL 1,

M 1 2 3 4 5 6 7 8 9

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

468 bp

M. DNA Marker;1~8. 5B Hi#k ;9. B4 3 #8
M. DNA Marker;1—8. Isolated strains;9. Negative control
Bl 1 A BS bR phoA JEIN G PCR 38 G345 )
Fig. 1 PCR amplification of phoA gene from bovine

isolated strains (partial results)

PR RR X 20 2 B FQs i 245, Hoh 40. 0026 (30/75) 1
HREX ENR.CIP . NOR it 25 . H % ENR {1 fif 25
T 55 ok ™ 5 (60. 00 %),
2.2 PMQR EREE QRDR RET# il 4 R

PMQR JE[H PCR §#4 45 % W, 75 ¥k KM AT
B R KM B gnrA . gnrD.gepA . K H gnrS (642
bp) . aac (6")-16 W aac (6")-Ib-cr (482 bp) Fl
qnrB(469 bp) . #B 43 F 1) PMQR 3 PG 25 5% W,
K2, 61.33%(46/75) iKW #T 0 18 #k & /0 #5787 1
A PMQR 5, Hoop L gnrS (45, 33%, 34/75) Al
aac(6")-Ib-cr(21.33%,16/75) F A H W(F 2).
M 1 2 3 6 T

4 5

2000 bp

1000 bp

780 bp 642 bp
500 bp 482bp
i 469 bp

100bp

M. DL2000 DNA Marker;1,2. gnrS 3K 53,4, gnrB £ H ;
5.6. aac(6")~Ib-cr ZN ;7. B TERT B
M. DL2000 DNA Marker;1,2. gnrS gene;3,4. gnrB gene;
5,6. aac(6')-Ib-cr gene;7. Negative control
2 FERHFFRE PMQR Z P K PCR ¥4 G 4> 2559
Fig. 2 PCR amplification of PMQR gene from bovine

E. coli (partial results)
GyrA Fl ParC 2 FE /R J¥ 51 Lt X 43 H7 (4 &8 43 45
B 3 s,
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a. ParC G R X 5 b, GyrA @R T, 1. E. coli-k12;2~10. A a] f

AR FEEREEEEEE RN

VRMACPFSLRYM
VRMACPFSLRYM

VRMACEPFSLRYM

[=RNeRC-CIEN N N L

=~

YAk

S. #ZFR,D. RAEMR L. &8RN RABE Y. &R, L & R.E &G HEmR
a. ParC amino acid alignment;b. GyrA amino acid alignment. 1. E. coli-k12;2—10. Different strains.
S. Serine; D. Aspartic acid, L. Leucine, N. Asparagine, Y. Tyrosine, L. Isoleucine, E. Glutamic acid, G. Glycine
B3 4R KIFFE parC F gyrA He R 4 fith 2 L2 1) 58 48 43 Bt G 43 45 515

Fig. 3 Mutation analysis of amino acids encoded by parC and gyrA genes from bovine E. coli (partial results)

2 A1, 58. 67 % (44/75) B K I AF 1 & 4=
T QRDR 74543 #RIE KA T GyrA Z AR 1 %
Ag L, Hoip 90, 70%(39/43) 4 Ser® Leu+ Asp® Asn %
A8 ,6.70% (3/43) N Ser®™ Leu + Asp™ Tyr % 7%,
2.33%(1/43) N Ser® Leu BAZEAF ;43 MR KB T

HAGEAS 6. 98% (3/43) N Ser® lle+ Glu* Gly 275,
R A QRDR 848 19 K 5 AF W by A 95, 45%
A2/4D W ERFE I &4 T GyrA Fil ParC 2 3R 58
L H R W R A H G R GyrA: (Ser™ Leu+
Asp® Asn) +ParC;Ser*Ile,

ParC A 3Ea2e4r , Hdr 93. 02% (40/43) K Ser® Ile
K2 TDHFBEXRBTENMZERE PMQR EE K QRDR REH/ ML R
Table 2 Results of resistant phenotypes, PMQR genes,and QRDR mutations in 75 E. coli strains

PMQR [ QRDR %78 T b /NN EE / (pg » mL~ 1) MIC
PMQR gene Mutation in QRDR Number ENR CIP NOR
s 83 087 Ao
/ GyrA:Ser® Leu+ Asp®” Asn 13 =3 =4 >3
ParC:Ser®Ile
5 L QepS3 87
/ GyrA:Ser® Leu+ Asp®” Asn 3 =3 ~16 ~32
ParC;Ser® Ile+ Glu®* Gly
/ GyrA:Ser® Leu 1 4 4 8
/ - 12 <0.125 <0.125 <0. 25
qnrS — 14 <20.125 <2 <0. 25
aac(6")-Ib-cr — 1 <1 <0.125 <0.25
qnrS-+qnrB — 3 <1 <0. 5 <2
qnrS+qnrB+aac(6") -Ib-cr — 1 2 4 8
- L QepS3 87
anrS GyrA:Ser® Leu+ Asp®” Asn 13 =16 >3 =32
ParC.Ser®1le
; . Ser® Le 087 Ao
aac(6)-Ib-cr GyrA:Ser®Leut Asp™ Asn 7 >16 =16 >392
ParC: Ser®Ile
- L Qopd3 187
aac(6')-To-cr GyrA:Ser Leut Asp Tyr 3 =16 >3 =32
ParC.Ser®1le
; . Ser® Le <pS7 Ao
qurS—+aac(6’) -Ib-cr GyrA:Ser® Leut Asp™ Asn 2 =64 =32 =128
ParC;Ser®Ile
s 83 57
qnrB+aac(6)) -Tb-cr GyrAsSer®Leut Asp™ Asn 1 64 64 >256
ParC;Ser®Ile
gnrS—+aac(6”) -Ib-cr ParC.Ser®Ile 1 32 16 128
411 Amount 75

T/ A PMQR 2K —. R &4 QRDR %875 ; Ser. 22 %12 - Leu. 22 24 » Asn. KA BN . Asp. KA MR . Tyr. AR . lle. 552 218,
Glu. %1 . Gly. H& M ENR. Bikvh &2, CIP. SR b 2, NOR. il vb 2.
Note:/. Doesn’t carry PMQR gene; —. No QRDR mutation; Ser. Serine, Leu. Leucine, Asn. Aspartic acid, Asp. Aspartic acid, Tyr. Tyro-
sine, Ile. Isoleucine, Glu. Glutamic acid, Gly. Glycine; ENR. Enrofloxacin, CIP. Ciprofloxacin, NOR. Norfloxacin.

R 75 MRS B 25 R A PMQR RN B PMQR ZE A A #kxF ENRLCIP.NOR i
K QRDR A5 2L 45 R R W & A2 QRDR 748 25 ; PMQR 5 [H 5L 77 £ B B RK 1 28 A 5tk L R



12 P AL AR MBI 4R (A SRR 2 B

519 %

QRDR %78 5 PMQR # K 77 if . NOR,ENR FI
CIP i) MIC AU &4 QRDR 58 48 1 B B 43 01l 38 Jin
T 4~32,4~16 f1 2~16 {5 (& 2),
2.3 BiEDLEFSER

Big v B (ENR) % 5 34 50 25 1 & W, # 4
PMQR %:[5 H QRDR K 4E /) 1 #k 1% . /£ ENR i
545 2 Rt gyrA B 521,539 ARy mEd T 28
HCoor LAREAE S S50 3 RAF gyrA JEH % 567,
599 PRk AL C A48 T.58 513 L m sk ih T A8
G X R MR ACAE BE F52 58 2 RIPA 1 BRI gyrA
FEHAE 521 il T 22 C, 55 1 BRI gyrA
FEH S 599 ATt C 28k T, Db b oAk g 48 3f:
K| RDIMRAS , IR R4, #7 PMQR & H
H QRDR K %25 M 1 bk & Bk B iE S )5 parC
FEHRAR KA, AT PMQR B H QRDR ok
RAFMNEK A BIED BIBES IR AL TR,

3 g e

H 1960 4F LIk TR IR b i K AT i 5 i By 5%
W2 FQs IGI7 Y % 2P A 2 32 2m i 40 1 40
T DNA JE % [l 0 #1 FD 5 48 -1V 0 3 P 1 40 ) 20
B DNA & B, NI A A M /R . fF o8 R0, bl
& FQs iy Rl 2= 1 2800 AKX FQs (1)
AR TR T AR S SO PR A I T I B K Ak
o A g0 IR TS B 4= 2 vh 43 A5 3] 75 tRoR
FFE . Hod 60, 0020 (45/75) WY B Bk = D i 2 Fp
FQs,40. 00 % B B # % ENR,CIP,NOR #Jifit 25 , H:
ikt ENR i 245 F2 B2 48 k™ 8 (60. 00%6) , 3X 1] fE
5 ENR 1E Ry sh ¥ 4 T 25 7% 57 58 5 48 T 388 R i A
X,

QRDR %725 & K FF it FQs /9 32 2 A, H
F 2@ I FQs 540 % DNA FIEG &2 & %) 9 45
G MR 25 . gyrA B R SR A5 ) & FE iR R A8 r
S H RE 67~106 701, parC X H 4 5 i) 2 5
M 58 A% v o K BT T1~110 2, WFsE
B, gyrA SR A 83.87 i L K parC KX 4%
b EE 80,84 L MR R 5 FQs Mif 25 % U1 M
ORI A B R AR TR K AT R A 58. 67 %0
(44/75) &k A= T QRDR #y %€ 48, H bt 95, 45%
(42/40) TR FE I &4 T GyrA Fl ParC 2 B R %8
A, RAAEE B R S IR K AT GyrA
FHIEAR R Ar F 3N 11e® Val, Leu' Met, ParC & 3t
i 5878 32510 Ser® Ile; ¥ 57 55 % B 58 2 B, 2 5
Wb K IAF R GyrA €728 LL Ser™ Leu, Asp”

Asn % U . Nishikawa ZEP B9 85, H A< X U5
KA H GyrA 22725 DL Ser® Leu. Asp® Asn i F.,
ParC DA Ser*Tle %47, % 71, QRDR R4 £
HILAE GyrA ParC & 32 I, H L GyrA 5 83,
87 fii Jz ParC 5 80 i J& £, 5A KK 45 1 — 5,

FAR PMQR e IS BOKR I AF 184 FQs KK
ST 24 o B Hy T G g BORE A 5 ] DUTE AN [) TR R L
A [ ol E] K2 B ek N 2K R gl i 4 ik R
RUVLAR I — DA T Z B B8, AU a ]REL ],
61. 3320 M KT 1| = A #4714 PMQR S, H
i ognrS flaac (6")-ITb-cr R & W3 HfEHEZL
A~ PMQR BE R ILAE T [/ —2r B aR P i B4, X AEAR
KR B8 T KB E X FQs itk x5 Wu
S50 Je Mitra 55 (B 58 45 - — 30, 4, QRDR
7 5 PMQR A A7 B bk [ AUA QRDR 58728 1
MRS FQs BYTH 25 1 8 5% , QRDR €72 5 gnrS+aac
(6")-Ib-cr JG 77 Y B Kk LL B0 2 5 47 gnrS B aac
(6")-Ib-cr W ¥ MIC ¥ &, X 5 Piekarska %502
14 3 — B

gyrA.parC J& QRDR E & Y K HERBR 2 4
B CAVE RS PMQR B K934 71 CIP
WA B GyrA B S 83,87 i & Kk R %
AR AR i ENR 7% 5560 & B, PMQR FH
PER B gyrA JER I BE 5 Ab il R AR, H B oA DR
GEAS L O HY A N A R Y 5 AR, R BT TE IR ) =
ENR f77E 15 00 T - PMQR K& PR £7 76 — & 72 i
bossgm gyrA FEPF I REE. PMQR BMEAE
RKRARE

PLEZEREW], QRDR 2748 & KW A1 i FQs
1 FE 2 AL PMQR 3 AU 3 HAK FQs ik, 5
QRDR %745 5 PMQR 3 4647 — @ FE L& n s
i 245 B A T 25 A2 B 5 s A1, PMIQR ZE K 23800 gyrA
SR AN A HL AR, U H 2 ENR R RS OL T .
PRl PR b5 PR Az 28 25 Wt A5+ r b B, —
B ORI AT 7 & 4E QRDR 28748 % 7T fig &
BOZR L YIRIT TR

(&% ik ]
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