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Screening and identification of quinolones antibiotic resistance
related genes of Escherichia coli
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Abstract  To screen and identify quinolones antibiotic resistance genes of Escherichia coli genome, drug sensitivity
tests were performed on clinically separated 13 E. coli strains for relatively wide resistance strains. Mariner transposons
were used to construct transposon mutant library of E. coli, and quinolones antibiotics were used to screen the
antibiotics sensitive mutants from the library. The transposon insertion sites were then determined by nested-PCR,
nucleotide sequencing and sequence alignment. The results showed that: Twenty-two strains, which were sensitive to
norfloxacin, ciprofloxacin, levofloxacin and nalidixic acid, were selected from the library; Transposon insertion sites
analysis results showed that the damaged genes were ecs4206 (Phosphoribulo kinase), ecs3959 (Cryptic beta-D-
galactosidase subunit beta) , ecs3946 (Hypothetical protein),and ecs1857 (DNA-binding transcriptional regulator) .
These antibiotic resistance genes identified in this study were potential targets for antimicrobial agents.
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KW E (Escherichia coli) 2 E I PR B 27
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AR 5 AU A FH % R 3% 1l R 53 5 4 it 245 M
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WS T ) 28 0 2 3R T 24 R A OC 1 R 3 IR DL R TR
iR 20 R 2 A 2 P Y o T LR L SR 25 W AR T
AL P HEAR AR

1 #H5RFIE

L1 ##
1.1.1 ReEfEk

13 BRI R 43 85 1 4 U5 K AT B CA T b i AR
5 S b X 10 A 3% 2R 3 R 4R 1 IR 15 B 4 L f 4
T o B M R AE) s KB FFBR B2155 (7 7 e 1
JoTRL) BB 349 P AR S 5 2 DR AT
1.1.2 35k

LB R #2210 g/L BREE AR, 5 g/ L BBk
¥3,10 g/L NaCl; LB [ & 55 5% 5. 10 g/L & O
.5 g/L BEEERy .10 g/L NaCl .1, 2% ~1. 5% i35
JIE#3 s TSB WK K: 72 56 : 30 /L A AR KT A%
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AR R ANV R A AR B ZEE R B K
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1.2 A&
1.2.1 XMAFHA BB

G3 M P ICE AR (Y 13 Bk K AT TR Y BR T T
) 4 mL LB AR IR 5 IR 37 Cal i
PAmIG . LB WRIREE R R OE W E S 0.5
F QA AR E LL M A A [F] . W 200 pL AR IEJS Y
W IRAT T LB AR R E D R W T 5 78
BB FRE P S MG 25 SRR 25 R BB A
RERGY it . 37 CHEFF 24 h F HRFR
W T 10 Sk 45 25 B0 B9 A 8 B L i 13 Bk KW
FF B XT 245 W 1 ORI 5 . TRD S A i 24 K G 1Y &
S B R RIR 8 FR U TR R AR Sy 28 A8 Bk SR Y
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1.2.2 XMHRABHEETRERIEME

i I ROGHE R A4 38 1 7 B ilb AT o e o AR g 4
ML P T FORL I LR B R2155 WA 7E LB+ DAP+
K [E AR 77 3 (DAP iy & B P e, K 2 R IR %
3 b 2R O 13 Bk K T 1 b i 2 1 % R IR 85
RHURD) — MO WA A LB [ AR5 IR 5 1,37 CllAf
AR 24 ho B REIR S 09 2R R R IR BB OE T
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B0 10 min, 32K B K& 05 WA T 37 ‘ClRAHE
B 40 min, AR MA LBHK AR 5 4L, B H
. WHC 200l 2B R W WOR AT T LB K [ {4 K
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HR A 2 A KM A T i 245 P 0 A 435 2R L 1B %3 O
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P R AT YUE RBUR BRI . S RI R E S
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AR AT, B 2 AR E AR A .
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1.2.4 RERFHETF /AN ESH

AP T A R USRS A bR B 4 DNAL
Taql FR ¥ P DI i Xof 5 D5 26 B AL 1)« 3% 4% Linker
(Linkerl: CGACCACGACCA; Linker2: AGTCTC-
GCAGATGATAAGGTGGTCGTGGT), R J5 ¥ 17
£3L PCR, % 1 &k PCR 548 P1. TATAATCA-
CCGTCATGGTCTTTGTAG, P2. GTCCAGT-
CTCGCAGATGATAAGG; % 2 ¥k PCR 5| ¥ K
Pl. TGATAAGGTGGTCGTGGT, P2: CGGGG-
ACTTATCAGCCAACCTGT., RN HN:94 C
30 5355 °C 40 5;72 °C 1 min, ¥4 30 NMEH )5 47
72 CHEAR 10 min, K¢ PCR #4710 1) 35 IR 4
BE R LUk DI H B9 45707 #i B DNA BE i 18] 18z i )
VLW AR Wl B oy AT . W R R, AR
NCBIChttp://www. ncbi. nlm. nih. gov/pubmed/)
ESRBFRE O Je A Fe 51 BEAT L X, X 5% )3
84 AL 5 HEAT 5 AL
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2 SHEXERY R WA E AN R TR B
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FETF HHER G EZUAE AR E IR ER.
HERER VAR TEAR 16 M R YA 25 R 2
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DA 5 )38 T JBORE B B2155 IR L L 2 5
K FF B 2 AR T AT 4 000 A 3 5 B A
JAE SR IR SCPE o B S A TR BRI 245 11 4 Fof s 5 i 2%
PUERMIGHE YD R NN R AR B Mz
W2 » LA I8 85 2R A g o B 6 2 728 bk SC %8 1 AT 97 1k
T 575 MR SCPE Hp i e A5 21 22 Bk (R 2) 43 515 R
W R RN YD R 22 E YD B RN 25 0 R MU Y AR
B AnE 1 853k TR 5 DA SR A B R R IR 7E R0 A
F IR K TR D B R R B R KA A
BRIV SAy 4 A 2R RS AR R
2.3 REEFHEEFBHNLAST

R T R B R T4 A IR A A LA L
T VAT B 1Y 22 B 28 A8 Bk A7 4 AL S 4, B

PCR Z5 34018l 2 #1 3, PJCE —k PCR %4, [T i
JEM P o B2 S R AR O157 9 35 R 4 4L
it FE AT X L S R B 4 AN S 25 A SRy BRI 4y
W A ecs4206 ( Phosphoribulokinase ). ecs3959
(Cryptic beta-D-galactosidase subunit beta) . ecs3946
(Hypothetical protein) F1 ecs1857 ( DNA-binding

transcriptional regulator) ,
3 R E&ie

AW E e xd 13 Bkl IR 3 25 19 K FF 1 2k 47
N ETRE 3 TR T N =N k7 DO R E N 2Tk 7
3 TS 24 5 8 9 1S 245 95 RH XA 2 A5 TR Rk R A 2R
SRRSO L TR Y 22 BRI RS B VRN B R
FVD LN ZRWE IR BHURR Y S S Bk . 3l Ao A A L BT
KB 22 #k 5L KR A AE AN [R) T BR [8] — S48 R
MG, J5 St Bt 20 A A B0 4 AN T 24 1 A DG 3 A
ecs4206 ( Phosphoribulokinase ). ecs3959 ( Cryptic
beta-D-galactosidase beta ). ecs3946
(Hypothetical protein) F1 ecs1857 ( DNA-binding
transcriptional regulator) ,

2 TR X A T SIS 24 ) T 24 B AL 32 R A A
T 200 0 58 3 75 P Y Bl % 5 25 W) A R RE L 0 25 A R
PR 92 72 B DNA Ji 5 Wiy A1 30 Fb 53 4 i TV 58 42 5 %2
i 40 T sh AhHE R G i AN HERE Jr R . 4f TR BR
TR 2 B A — 28 5 A TR R Al A AR G Y
B DR AL 2 e A0 T T AR R U . KRBT
TR AT Sk TR il B DAL R 2R S 2 S el R U B Y
AR IR A2 0 40 T X M U IR S T AR R T A T 2
P Gl R TR BT LA A R T
B ) 45 K i FF T 0 &0 7 B R T AR T 25 ML X
P T REGE N U8 KW A 9 OmpE 4 H DL Bl
ANHEZE A 5 FE ] acrD  mdtA 1 mdtB ) 3K,
U B ] 95 ik DR A R M A T T 2 7 A R R R
HEEM .

ecsh 2061 R B T A TR WA 84k DR L LA AR 09 R
Y2 5-W TR AZ WA WS » 5B TR A% ) AL 2 ol TR INGMRE Ik
ferb Ry E R . B OB iR AR S AR Y R TR
FVEE BT 1Y G LR AL S5O}, ecs206 5 PRI B 2 W] B
SEMR T 20 T A A S AR AT 52 ) 17 48 T X0 245 ) 1Y) 4
JEPENY . ecs3959 IR G b p-2F FLOBE 1Y 3P
BB S B -2 TR 2 A B B R K 2
AE A Ak RS2 e 1 SLOME S B AT -2 2LvE o
AH G 22088 J 70 O PR 1 2R A L DA 52 W) 1™ 4 T )

subunit
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Table 2 Drug sensitivity test results of 22 mutants

bk g RNFEL A Z B F2 4 Different antibiotic culture plates
Strain EVETR EERBE  AHRDE WL A R %
number Nalidixic acid ~ Levofloxacin  Ciprofloxacin Norfloxacin Kanamycin
BN S + + + + -
1 — — — — +
2 + + — — +
3 + + — — +
4 — — — — +
5 — — — — +
6 — + — — +
7 — + — — +
8 + + — — +
9 — — — — +
10 — T . o +
11 — 4 - _ +
12 + — — — +
13 + — — - +
14 — T _ _ +
15 — — — _ +
16 — — — . +
17 — + - _ +
18 — T _ _ +
19 + + — - +
20 — — . . +
21 + + — - 4
22 + + — — +

W R A TR X 3k 4 FPUAE RAFAEMT 25 P . S AR BRAE 4 A R IR i LA A K U BTt 24 1 & A AR 4k
AR RER
Note:; Parent bacteria is resistant to four quinolone antibiotics,and mutant strains are sensitive to different

antibiotics respectively. + ,live;—.dead.

XXX
' TE LK

LN
LK
L A8 J
L
o0
o0
o0
LK J

(a) AT Parent bacteria; (b) i# 5P B fUE % 28 #% Norfloxacin sensitive mutant
1 REETENTFE

Fig. 1 Screening of mutant libraries
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1 2 3 4 5 6 7 8 9 101112 1314 15 16 17 18 19 20 21 22 23 M bp

5000
3000
2000

1 000
750
500

250
100

M. D2000 B HEBRiE 1~ 22. B 22 BRBURR5675 B A ORI 4" 88720 23, 2 10 B F R
M. D2000 ladder marker;1—22. PCR amplification of 22 mutants DNA;23. Water control. The same below.
B2 ®E—XPCRyMHER
Fig. 2 Result of the first round PCR amplification
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B3 HF_XPCRER
Fig. 3 Result of the second round PCR amplification

TR B me BN Y . 3 At S AT & B ecs3946 FE IR B
i E A TIRE  7E 4 B B AC S A b i N # i
WA RREL AN AN HEBE FARR SR . i RS2 S
BEHATR AL 454 1 #0A AR SL 4 Wi, TR L 4R I ecs3946
FER A T BE & A A0 HE v v R 2R 2 09 nT RE . R
ecs3946 K&K 1 BT A0 TR X s T TR 285 24 ) 1
UK, ecs1857 P HA 5 kAT fE s ecs1857 &
HATRES 5 T K FF 3 09 &0 B 1 RTRE OC Ah HE 2 2
PRI A 8 42 AT 5 380 1 K i A 181 1) T 245 6 380 19 722 £
> AR 3 R 95 ) e T A T I IE

WA ARSI 1 B 1 4 A K AT TR T 24 7 A
KEEDA T eI AE B X BT A AR i i el s
i 245 35 DXL A Dy i 5 ) A JEE B RN A1 HE 2 A G 3
DAL 200 0 7 A T T 2

TER WG FFR b v BEAFTE 1 A 0 2 Bt AE R bu ik
FOCIERH A FE T3 — B RAWIE & 38 058 T fg
R R T 2 ML . A 5 0 e T BT 04 it 24 AH OC 5L
PR X TR T i 4 TR 22 ST 24 1k 0 o BIL D L SR
25 IR B S B B X
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