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2. LR RFEKFTE S AR, L 201306)

BE: YVARBIFRRREARAERNEWSE G, HERAUTHNEXERE. A HEA
xZ, TRARNASERLANGRENFALREXL LT ER>BEKRN AR
HE, AR ELINEREZBEDEENFERDENWNERE LZSFFIESR, U
REEWAE K, FFE RgyAfoparCEES#ATY H AN F 240, WEFFETF
FH A6 3 F = 25 A o o N B IR E (MIC) KA fin b e 2% 90 1 7 N- FF 36 ko e B
(NMP)E MICHE L ; FAMFFERAXWMEFRAE TR FREAA, FREHE
ot ENFINF Y MIC 4 5l #2 & 7 409.6F140961% , T F S A S EMEA G Y mAME LY
WMICH H B A Z A ; B HF 75 & B Mheyrd 3 B FaparCH F 4 45 1 2 % B QRDRs X &
£ T AW E R GyrA K & Ser83—lle ., ParCk 4 Ser87—lle/Arg% 1t ; 7 Jn
NMPE, A SHEMEAMGHEMICEYEARBREN THE; FI:EREKL XY
BAEERZWAE X, EF3M8E A EANIOHEFR AN ERXMH R L, T
ENGREMAAER TR ABER R G EARLK T A XXM R, NFiF 3 # %
BRRABEZUNNAER T EAMANBER RGN EARTAEARXWGER Y, TAEERE
BRI REZLAAEZ LAY AR ENIXM . AREN, ERAELRE

AOEEW KW A FARERMC A RE K EN WA F L @ 2 ALF
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PEORL A0 3 5 AR S P T 24 B A 55 Sh RS
ARG HYRIE . TR E P e DL R A W I Y
FRART G v IR S 2 W B 32 AR AR R R
F e R 10 FO S S A B IV o 96 b S A i T
2 GyrAWFEFI2 GyrBIE FE 20 B, ¥ 1 5 44 il
IV 24~ ParCilV 3 F1 2/ ParEMV. 3L 2H A%, . 38 3 X i
24y T Ik 5 RS TR AR R L a0 A R B, T 24 R R 1Y
i Fb 5 48 il 22 R T 5 vh AR A B AN TR B
A, XL G REZE P EGyrA, GyrB,
ParC HIParEV ¥ {7 i DI BE X (GyrA: 67-106 aa,
ParC: 71-110 aa), 8 F FRH: Ay s i 0 i 24 D 2 X
(quinolone resistance-determining regions,
QRDRs)”, HAuGHFE IR, I gyrd FlparCk
AR, T3 GyrARIParC— AN sl 2 A4~ 45 0 K A
WU, 5 AT TR T R 2 24 ) 7 AR T 24 PR AR A
LIPS S

SN e I 2 245 0 T 24 1 R ) DRSS o K T
i 25 P 0 Tz AL G 1R 1 1 P AMIE 5 3 X i3
25yt 25 HLH B R ZOC T . AR 25 Pk 2
Z ., H AT Z GEOT ST IR A IR 2 25 W R S i
TR, O 075 5 IS T 24 TR R T 24 AL 1 2 AT BF 5
AR SR E B O R N T 5 51 A
GRS AL, A S UL i R v T B v AR
U B F 3R A A8 IR AWK SN S 2y, OF X
GyrARIParCAE 518 i S 3 8l A HE 2R G2 % B Ak 24
Yy U 1 52 ) N385 5 IS A8 ST 24515 DL AT F
58, JH LA A AT 960 s s IR 2 24 ) 1 i 25 Bl
i, A R T AT 245 1 737 HL B e AR A0

1 MESHE
1.1 SCIe#t Rt
FIAM BT ZEE RN P E KPR

FE e B e VLK 7 WE T BT 3% B 4 A0 21 73 25 AR AT
A fE IR Ah, g B R OR R T 2R AL M IX 5 AR A R
22 BRATCC 7966 F Bk VLK 7= BiF 5% BT XE F 5+
T

FIRF R E Norfloxacin, NF, 99.1%,
C15648000). R.i# b & (Enrofloxacin, EN, 98.5%,
C13170000)F15% J %5 2 (Doxycycline, DO, 98.7%,
C13084280)M4 H Dr. Ehrenstorfer GmbH-Bgm.-
Schlosser-Str.6A-86199 Augsburg-Germany; 7 %A
7 5 (Levofloxacin, LE, 98.5%, 130455-201005).
IR VP & (Ciprofloxacin, CP, 99.0%, 1134313-
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201405) 5 % % ¥ & (Ofloxacin, OFL, 99.5%,
130454-201206)11 11 1 F 245 ik @ i oE Be 5 IRK
7% # (Gentamicin, GM, 63.0%, 130326-201015)%
B oE R B R R
(Streptomycin, SM, 72.9%, 130308-200713). &
I % & (Kanamycin, KM, 66.5%, 130556-
200501)., Bk -F & (Amikacin, AM, 65.5%,
130335-200204) . #i% % (Neomycin, NEO,
64.5%, 130309-200811), + 7% & (Oxytetracycline,
OTC, 88.8%, 130487-200703). V¥ %
(Tetracycline, TET, 97.5%, 130488-200403).
%% # (Chloramphenicol, 99%, CH, 130303-
200614). %7 Jé % (Florfenicol, 98.2%, FFC,
C13665000-200205), H % = (Thiamphenicol,
99.5%, THI, 130433-200502)F1 ) & F
(Rifampicin, RIF, 99.9%, 130496-200702)¥] [
H ] 24 i 2B T R T 5 N - R g T (1 -
Methyl-2-pyrrolidinone, NMP)I}4 H 3£ [& Sigma/y
Ao

S5 FH 245 SR R I AT R R A il R A
BRAE, 48 259 -5 it (ug) 5l LE-5. CP-
5. NF-10, EN-5, OFL-5. SM-10, KM-30. AM-
30, GM-120, NEO-30, OTC-30. TET-30, DO-
30, CH-30. FFC-30, THI-30. RIF-5,

S AR AR OR BB S IR L (TSA) .
EHMKE N7 (TSB)., MHA . MH B 1 5%
S0 A R b AR B R A RA
20 T JE R 4 DN A B 5 0 H R AR A AL B
HRAF s S8BT H 519 R va R AL A P 4
ARABRAFE K-

12 7%

RIMEG REAA MY HEN. NFAI
NMP35l T IC W 4540 T TR 4K B 1.6 . 1.6
50 mg/mLIGEFAIR , /8580 CHMIRFR
FH o8 P 075 8 T o W B

PLAZ AR B RRAE AN 3 25 W 1 5 3% 35 v [) 2B A5 AR
Be AR Xt R, AR TR R 25 W K-BAT R B B0 I
MRS S, B B2 B AR A3 A T 5 A 1/4%
e /T R BE (minimumin hibitory concentration,
MIC)JENFINF /) TSAE A& K: 572 36 -4, 28 °C
FEFRARAR, S LA B2 o 5 5 25 ) IO 6 VA R X 2
W AT SRR, BiER Y K E
iKF128 pg/mLA 1k, A3 RAE B AE T Rk
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W17 2 S5 W TR MR TEAS & 25 W A TS AR R 1 57
B SR SR, I KRRIE S 10, 15F1
20/RALAR B FRROMIC,  FH LUK 75 3 5 T AR T 24
AL AR Pk .

HEGRE RAK-BAH Y #E, PIATCC
79664 J5T 45 RN R R AR AT 2 RO ES DL
R A T 2% 245 ) R 1) AR K

TR R R R IIIMIC : R K B B9 96 L R
WM, 18 1~12FL71100 uL MHI 7, 45 14L7m
A100 pLZ5WE, bR B RS 104L, B 12404 m
29 B XS IR, OB 15 57 0 TR R MH R 4 7
B 5 il & A 24 T 0.5 22 TG Lb o A o 1 TR B0
] B 565 L IFLAM I B AL o s wLpfi B, 2B 11FLA
TeE 1 A B X I8, 9 S 28 o i a5 AU
b, EE 18~24 hH M 4h

VATC 245 W O Iz A 32 10k BH X R, o2y
Va3 b 32 B Sk B X R OR s )
GFRREE . SR 9L FE IO Z I L AR

Vo W R 1 7R Z I 25 W I MIC [R]85 Ah
AT R LI AL, e 5 IR In ANMP 2 2k
JE2450 pg/mL, SRS I & Wbk MICTE 2 4k

R A iR HME W RENE S TS
AR TR 25 B AR JE B R 2 IMICHE , O A5 =
HE BFIMICIEZE AL . BRI 55 LI S i RS
SAYIIMICTHSMESLL b, & A3,

e kR I3 PRI LA 5 o 75 2 R T3
mL TSBE RN RE S, TRERK P28 °C
P b 3537, T 45 F T 12 000 r/minf O U8
B AT 1.5 mLEGEPA 4% BE 40 7 5 A 2H DN AR
SBUIAR) 2 150 I 45 4 B4 7 i PR 4H DN

G2 2% SCHR[13, 16]3RE AR 518, XF
gyrAflparCHE I QRDRIX & A HE % A1 ¢ 5t A
qepA. ogxAFImdfASEATY HERGI , JF 2 1%3E M5
W B 0 P UK A TN H R B YT B I O . 51 AR
FREPEILEL

5 ) 2B Hr PCRPHPEY 1 r= ) 22 vy

®1 yHEEENHEMSIFT

Tab.1 Primers for amplifying genes

ElE7E2 S F(5-3") H R BUK /b B KIREPC
primers sequences(5'-3") fragment length annealing temperature
orA F:CCTATCTTGATTACGCCATGAG 668 56
R:CACATAGACGGAGCCACGAC
F:TACCGAGCAGGCTTACTTGAA
parC R:CCATCCTCCTCGTTCCACA m 36
qgepA F:CGTGTTGCTGGAGTTCTTC 403 5
R:CTGCAGGTACTGCGTCATG
oqrA F:CTCGGCGCGATGATGCT 392 5
R:CCACTCTTCACGGGAGACGA
, F:CATTGGCAGCGATCTCCTTT
mdfA R:TTATAGTCACGACCGACTTCTTTCA 103 50
IRETAL AW ARG A A AT P HIIE . K 32~5124% . 8~256fi% . 1~64f5 MI8~256fF; i

FABLUST 1%, MF 4L 3R 5 GenBank b 43 fE AhJY
GIEAT EEXT o0 AT, 4R E IR P 51 52 A8 v 451 o

2 4R

21 ZiX. FSEHK MIC THURBEM

MR K-B2 B AR vk 45 R, L0 1 fr 5 Rl s
A2 25 W) BB AR AR OFR N 2 IR R, 0 B
FR1~9, ZIXTE LA W] ¥R B EN B NFAR A1 % 2215
F, R IEREK, 2095 NEL~9F
N1~9,

5iES AT, E1I~9XENMMICH: & T
6.4~409.61% , XFAEi% T 1Y FEE K 25 Y LE
CP. NFAIOFHMICHr 7 L i S i3 n 17

N1~9X} NFHIMICHE i T 32~40964% , XF i S 1Y
FMEHER IS ZIYLE . CP. ENFIOFIMICH 51 Lt
VAT N T 2~128f% . 8~256f% . 40~1280f% Al
A~1284% 5 [RIIF, A 591 T Bk 0 = s R SML,
GM. NEO, DU ZEISTET I F 458 5 2 K GIFG I
2 25 4 A MICHE A5 358 i (2~443%), {8 22 B300 ik
S T R 2 LA 25 ) MICIG AT A6 A 1, TG i 3
A(FR2).

ITASMER I I FINMP(50 pg/mL))5 , %S
PO ENFINF Y MIC LR TS a4 BBk, 1%
R IR B 3 1 R 2~1 645 T 1~164% 5 115 S AR e TG
257 M b AR G 3R 20405, XTENFINFY
MICTH LA AR, RS kA B 1 s L
Fa e T (FR2).
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#x2 FESAREERMANMPEMESEERIEPHEAKRINFSENRMICE

Tab.2 MICs of Norfloxacin and Enrofloxacin before and after selection as well as NMP added and after selection subcultured

i il Vi JIINMPJ& 5% 104% 1548 201K
5 before selection after selection NMP added 5 generation 10 generation 15 generation 20 generation
no. NF EN NF EN NF EN NF EN NF EN NF EN NF EN
25 12
1 0.500 1.250 128 128 32 64 256 128 128 128 128 128 6 g
2 0.500 2.500 256 64 64 32 256 64 256 64 128 64 ;2 64
3 4.000 5.000 128 64 8 4 128 32 128 64 64 64 25 64
4 1.000 1.250 128 64 64 64 256 16 256 32 128 16 ;2 32
5 0.125 0.300 64 32 16 32 128 32 128 32 32 32 32 32
6 0.063 0.150 256 8 32 1 256 8 256 32 128 16 32 16
7 1.000 1.250 64 8 8 4 64 8 128 8 64 8 64 16
2
8 2.000 1.250 256 128 16 64 256 128 256 8 128 8 65 8
9 0.125 0.300 256 128 32 128 256 128 256 64 128 64 12 64

8

i NF. Wb 2 EN. B R
Notes: NF. Norfloxacin; EN. En

22 XS #*=3 E1-95N19%Z X Z51E R
ZENEZELEZIBESRE S )G WEEELI~9% 7 Tab.3 Cross-resistance of E1-9 and N1-9

XfGM. NEO. OTC. TET. DO. CHL. FFC#Hi KM GM NEO OTC TET DO CHL FFC THI RIF

THIF ) —Fh s 2 Fp = A T 28 L 25 . E1~9%F El .4 s s

GM, ENO, OTC, TET, DO, CHL, FFCFITHI* 4= T 0 L

ANTA] Y 22 SUT 251500, 77.78% B B Rk %o DU 3K 22 2k o

Z5YIDO T 3 M 2 5 AL A 12.5% K0 T8 K X

FILWF A Y GMAINEO 4 T R X i 2% ™ T

3)o E3FIESA X 167 E 75 525 9 b (1 AT 4] 1 = ES " o7

A X 2y, TEGHIE Sl X 1650 A5 5 259 E6 + s

H37.5%M131.25%#8 7 T 38 M 25 0 4 . E7 + o+

Z5NFE S5 53 2 5 it 245 5 B9 B RN 1~95 5] -
¥KM. GM. TET. DO. CHL. FFC. THIHI

RF 0 F SR /E T A2 i, NI~OxH % T t
SR A T R A U B, T5%y :
WX AT R GMA I A KR AY N2 L
TET/™ A T 28 XM 24 5 MiANAT 12.5% 1 T& R X 2 N3
TR Y KM AR T RIS RF A T4 N4 + + + +
N 25(#3) . N3IFINSK X 1670 R T 259 H 11y NS N P N
FEAT IR A2 S 25, MNOXF16MP AR i 25 N C e
H R 43.75% 887 T 38 X 25 04 “ .. L.
2.3 FSEKAINEHBIRERFIIRETE g
o

N9 + + + + + + +

PCRY ¥4 i gyrAflpar CEEF H BEMF G L 7. + 2 X
Xﬂ’ﬁ}*ﬁ‘ , éﬁ%% Eﬁ . El~9$ﬂN1~9T§T1‘5f€gyrA% Notes: +. cross-resistance
i I QRDRIX 5583 E LRI & Ser83—llefty A8k HE/N1~4 K 7~8 1 tkpar CHE [N i % 1y

http://www.scxuebao.cn
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QRDRIX 2 874 & FE R 4 Az Ser87— Tl 284k, T
EST K #Y Ser87—Arg.

FAN, ERATE Bk gyr A parC Ik R 4 A9 1Y) F
QRDRIX Z KR 7 5L A R ER MR KA, £
5 gyr ABE TR 2 5 [X ) Ser116— Asn, Alal37—Ser,
Asp202—Ala, Ile212—Val, Gly221—Ala,
Val230—lle; parCHE K 45 X His197—Leu/Tyr,
Val200—Ala, Ala212—Val, Ala215—Thr/QIn,
Val217—-lle, Pro231—Serfl) %75 .

2.4 1B FERRIMNERBXER RN LR

W55 5 18 BR T 24 TR Bk 9 A1 HE 2 A G 2k A
oqxA . qep AR mdfA TR 25 S8 A B o

3V

A5 3 501 226 SR S A T 2 vt o 25 )
ENFINFXF Il R 73 25 1 5% 58 £ S0 AR TR Bk A
VAXMICZ 55 2 m i 2, & W AhBUR R bR 7E
T T v T R 1 RN AT IR 2K 24 ) 1 B R R vh By
IR, B TR R, 5 LRI
T8 G O — B, R R R TR 2 W A
55 G TR 0142 ik 7 A= i 24 M T 3 YR T A I

ENFINFXf Z il /5 )5 . %R 00 s
I 288 245 ) 1) R P 1 BAS [ R R A R AIC
AT RE 5 9 s T 2 2 W A R ARL Y 4 A AR A7
RO G5 TR At S 24 W ) SRR B A 0l TR R
FEARAE , K EEDE R RN Ry 1 & a3

Hernould %" ¢y R it T AhfE7E 51 P U5 1
Z w2 IMNEFE Ahe ABC, & T 1 25 25 15 b 40
Jifd 43k #8 ZZ ji% (resistance-nodulation-division
superfamily, RND), HAEHEY /DA 135/, H
o PR R, EX BB S TTAE R . S
Jo R A 2 B0k 5 b s o A HE A )
NMPJ5, 1555 & 0 i A #5000 245 40 %) S Y A
TEAFFEE IS, RIMER RS T RETE 2
I ARTE R 25 P06 Pl 2 — e E M. (HRAAE
A C 8 B S HE R AR I HlogxA . gep AR
mdfARRE I Ty 38, ARG I 25 SR 35 S B, 4 DU
Z 8 AhTR PR AN ZE R 48 F] BRI A7 78 H Al AR FI AL
il , A i — P EAWR

A0 T F I S A il e PR] 6 8 700 o 5 | S v
T 2 ik 24 Pk ) E B B, B g SR AR AT
A B KA 251, T R AR ) 7 A R K F
it 2500, AT R, A0 X TR T T 2 2 )

it 245 P 1 e AR 22 R PR B N R A ) 2 R AR i
FrR020 T R R S X I R 43 5 1 v 5 T 2AS T 24
A QRDREEEHFFE K I, 28 WE FR it 24 B Ak 1Y
GyrAYJ KA RA, NSer83—lle, TNV & M
YRR BR T GyrAZE 2841, HParCoR [R] i % 1 %8
A N Ser87—Ilenk Ser87—Arg. [H N AMIFFER
STE RN i 7 N = OB T S T TS W N O I
GyrA%i 83/ @ B 2 K A= Ser—1le R AF, AT
RAE N Arg, Valo{Asn; i ParCTE 55 873 A8 5+
%, MNSer—lle, WA NThrZArg" ", &
W5 & BLE S 5 45 1 Bk GyrA 1 ParC Y & L R [
VAT KR GEAE R A TR R =2 8] 1 98 A8 o7 i
MRAR A A 25, 05 AhXT G it B 25 259
7 A T 24 1 %5 D0 AH OC B QRDRs XA s 47 3 B T
BB RAE, HRH KSer83>1IleHl
Ser87—lle/Arg, 5 LiRfRiEZE R~ ., MiFT/E
PR QRDRs X LLAM ) 98 A48 v 5 5 A 5 H A
[F] 5 ADXoT 950 s 8 25 245 1) (R MICAE /=i IR JE 4 1 ¢
%, e gyrA%E H FlparCH I QRDRs X LLAM 5
55 AR 25 PEJC EL A E R, 5z Al B O T
H#HESHEE REGyrAR T SR, T
ParCA & E s 28748, #EI AT BB 5 S i i 2 25 )
PEPEE 1, A 960 T I 25 I 24 1 %) 36
B TR g SR AR AL, AL AT RE R HE T
PEFMIRE G

[ i, BIF 5T 45 2R 00 3 W1 475 3 T 24 )5 1 AhTR
PR TR R X G E L, AP E9 A
N9 AR Tt 25 ) 25 Fh K de %2, 1ME3. E8.
N3FINSTCAE XM 245, Wb vl WL, ASIA) Ak 15 =
it 24 J5 % A AR 75 5 25 9 0 OB AR AR R,
H5ESATEK A S OE VAR, 3, 8F
OSTEMR, HAFEEMNZE, 38T WA 2RI
ENFINFHURM: 822, oS MMk UR. 5
Hb, 5 R TR R DU BR R 22 ) e AR B8 ST 24
Mixz, HREEERLEAY . HENFEFEX
FHENEH R MR R R R AW EEACR 7 R X
it 25 K2 1, NFi75 5 0 B PR K 25 R LU AR i 2
W 288 R ) A 2 3R IS 24 ) R A R 7 A A8 ST 24
J R, ENFINF A 175 5 5 R 24060 10 28 = 28R
R R LY ™ E 38 XL 24

AT F W A TR S 24 ) ) T 24 AL A A A
AUFFE LR R, Ahifs T W 1 GyrA I ParCy
EQRDRsIX & A8 —EW fi =48, "l fig gl
TR X A g T S 2 W T 2 1) R R A 5 g Ak
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HEAR R G AT 25 P2 e P 3] T —E AR .
LA [) TR 16 245 5 B o T B 3 2 R ) e o 3 26
W) A S UM 24 o PRI, A S R A I 2
Wyl R AT 25 F, ™ A 1 BB ] 2 4 S
25 LUPRAIE 2455505 [ IR 07 ™ A% ik 4 7 4 7K AR
R L ARK T 25 W 5k B L GRE S T 25 T Y
A, PRIEZGYIE T ROR 18 B 9 U R T 2
T IS 7 T R T 24 T 52 ST 24 % 5 ) e £ 25 i
IgibE AT

SE R
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In vitro study on fluoroquinolone resistance mechanism of
Aeromonas hydrophila from cultured fish

CUI Jiajia"?, WANG Di', LU Tongyan', LI Shaowu'"

(1. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To investigate the relationship between sensitivity varieties,mutations,efflux pump activities and cross-
resistance of selected strains after they were selected. The strains of Aeromonas hydrophila(Ah) from cultured fish
sensitive to fluoroquinolone were selected in vitro stepwise exposure to increasing concentration of Norfloxacin
(NF) and Enrofloxacin (EN) on solid medium, aiming to gain the fluoroquinolone-resistant isolates. Then genes of
gryA and parC from selected strains were amplified and sequenced. The minimal inhibitory concentrations (MICs)
of selected and non-selected antimicrobials as well as the MICs after efflux pump inhibition 1-Methyl-2-
pyrrolidinone (NMP) was added to each strain were determined by broth microdilution method. Results shows the
MICs of EN and NF increased 409.6-and 4096-fold after selection, respectively, while the MICs of non-selected
fluoroquinolone and other antimicrobials also changed greatly. Mutations happened in the quinolone resistance-
determining region (QRDR) encoded by gyrA and parC genes after being selected: Ser83—Ile mutations of GyrA
and Ser87—lle/Arg mutations of ParC were identified. After NMP was added, MICs of all selected strains have
declined in different degrees. Cross-resistance of selected strains is closely related to the strain, among the selected
strains No. 3 and 8 have no cross-resistance to16 kinds of non-selected antibiotics, and the strains selected by EN
and NF have nearly no cross-resistance to aminoglycosides, rifamycins and aminoglycosides(except GM),
rifamycins, separately. All selected strains have great cross-resistance to tetracyclines and chloramphenicols. The
resistant mechanisms of Ah to fluoroquinolone might include the target gene mutations and an active efflux

system, and we should also pay more attention to the cross-resisance when choosing antimicrobials.
Key words: Aeromonas hydrophila; fluoroquinolone; selection in vitro; mutation; cross-resisance
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