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Transcription Changes of Active Efflux System in Clinical Multidrug-resistant

E. coli Strains Induced by Ciprofloxacin Selective Pressure

LIU Jian-hua, FU Sai-sai, WANG Ya-yun, HU Gong-zheng, PAN Yu-shan, YUAN Li"
(College of Animal Science and Veterinary Medicine , Henan Agricultural
University , Zhengzhou 450002, China)

Abstract: This study was conducted to explore the effect of ciprofloxacin on the transcription of
several active efflux system related genes, acrA, acrB, acrD, acrE, acrF, mdtA, marA, robA
and soxS, in clinical E. coli strains Y35 and J45. The minimal inhibitory concentrations (MICs)
of ciprofloxacin to E. coli strains Y35 and J45 induced by ciprofloxacin were determined using the
standard broth microdilution method. A real-time fluorescent quantitative PCR assay was estab-
lished to observe the difference of active efflux pumps genes transcription level between parental
strains and the 10™, 20™, 30™ generation of ciprofloxacin induced strains. Results were as fol-
lows: The results showed that, the 30™ generation of ciprofloxacin induced strains exhibited in-

creased MICs of ciprofloxacin (2-fold), which was 256 pg « mL™'. For Y35, 8 of 9 genes tran-
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scription level of the 10™ and 30™ of ciprofloxacin induced strains were increased compared with
the parental strain, except gene mdtA, and the values of relative transcription level were between
1. 20 and 96. 07 (the differences were statistically significant, P<C0. 05 or P<C0.01). The tran-
scription level of acrD gene increased most markedly. The expression level of acrA, acrB and
marA in the 20™ generation of ciprofloxacin induced strains were decreased compared with the 10™
generation strain, however, these genes showed increased transcription level compared with the
parental strain. The relative transcription level of acrE, robA and soxS were between 1. 40 and
3.81 (P<C0.05 or P<C0.01). For J45, only acrB and acrF gene transcription level were increased
in the 10™ generation of ciprofloxacin induced strain, the relative value of transcription level were
2.76 and 1. 73, however, the transcription level of other genes were decreased. acrA, acrB,
acrE and mdtA gene transcription level were increased in the 20™ generation of ciprofloxacin in-
duced strain, the value of relative transcription level were 15. 35, 58. 89, 31. 56 36. 50, respec-
tively (P<C0.01). All the genes transcription were increased to a high level in the 30™ generation
of ciprofloxacin induced strain, the transcription level of acrF gene increased most markedly, it
was 102. 54 times of the parental strain. The results of this study suggest that continuous induc-
tion of the clinical resistance E. coli strains by subinhibitary concentration of ciprofloxacin might

result in stronger resistance to ciprofloxacin, and increased level of transcription of active efflux

48 %

pump genes.

The increased transcription level of efflux pump genes might contribute to the

stronger resistance of the induced strains to ciprofloxacin.

Key words: E.
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1 #MBE5FE
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2 BRTR bR AN S50 28 03 B AR AT ORI 382 A TR it 24
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Roche % Y% %€ &= PCR 4{¥; Applied Biosystems
2720 Thermal Cycle B PCR ¥ ; % g & = ¥ A Ky
Bio-Rad 22 ] 7 i 5 LUK BE KSR 3 B R 48 Alpha
Innotect Corporation H} =,
1.4 RADEMNRERRRWAREKNIESESR

JOTAE W B Y35, J45 i 24 T AR B U O 0 1 TR .
Y35, J45 ER B FRMWP M A 1/2 MIC (8 3N v
BAE RV IR T W SR AN BB 5 AR 2 PR
Y BTSSR AR B MIC, 54 82, A IR T v &
FR v B (B o H AR+ 1/2 MIC, K38 2 30 /0. MIC
AR E o P B o T bR ATCC25922 gEAT s . e+
JEAR B AR X5 S 245 10,2030 1019 B bk 2E 1T 986
it POR W
1.5 HRAEEPCRUERRDVEFSWARKE
M HEE FE mRNA B RKF
L5.1 5l#icit  #4E GenBank bR A B
253 K acrA.acrB.acrD.acrE . acrF .mdtA .marA.
robA soxS FE K EH gapA FFH F 5, 2 BB SCHk
L1415 Ot J Y 1519, Bk sk 1 R,
L.5.2  RNA [ 52 B, g ik L ol B i % A H
RNAsimple Totle RNA Kit $2 ;L K 7 % & W A
RNA., BELRSIWIAR G W45, £ RNA
JHI DEPC b B ) 2K B = 28 K 7 ik B 3 L 2EAT R
UK [ I A% R A I A a8 RNA T S A, R 98
ODygo o 3 RNA YBE » LI ODsgo o/ ODsgo i 9 12
B W A
1.5.3 KA A KAy RT-PCR § 5

18 Tianscript RT kit cDNA 45— & Bt &

ZORLAEVK EFECH] RT ORI R R AR < 10 X
RT-mixture 1 pL,dNTP JR A # (2. 5 mmol « L'
each) 1 pL, Oligo-dT 1 pL, Quant Reverse Tran-
scriptase 0. 5 pL, RNA f #ix 1 pL, RNase-free
ddH,0 5.5 pL, @A R 10 pL. BAKEIEI 51
SR sl R @ U B AT . LR Y cDNA
B A AL 5 | 9 984T PCR 974 . PCR [ i
& :cDNA il 1 uL,2 X Tag mixture 12.5 pL,
RS 1 pL.ddH,O 9.5 pL, BK R 25 L,
S G 94 CHAS P 5 min; 94 CAEPE 15 s, (5%
A PR ) AR TR BE AN [R] S B R I [E] 2 R 15 ) 72 °C
JEA 30 s, 4k 30 NFEFR; 72 CHEMF 7 min, S 4
HG B S pL PCR 938 7= 90, 1. 5 %0 B 6 Wl 6k Mg gk
FTHLUK
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Table 1 The PCR primers for fluorescence quantitative PCR
of active efflux pump gene detection
B 5191751 (5'-3D) KB /bp
Genes The primer sequences Product size

GAAGGTAGCGACATCGAAGCA
acrA 90
CAGATCACCTTTCGCACTG

GAAGCGATCATCCTCGTGTTC
acrB 106
CAAAGGTCCCGAGCAATACC

TGTGTCTGGCTGCGTTGTAT
acrD 158
GCCGATAAACCAATGACCGT

AAAGGCGAACTGGCGAAAAG
acrE 100
CTCCTGCTGGCTGATGTATT

TGATGGTGGCGGGCTTTGTC
acrF 110
TCACCGACGCCATTCAGACG

AGGTATTTCTGCGGGCGATC
mdtA 88
GGCTTCCACCACTTCCACTT

TGAAGGAAAGTAACGAGCCG
marA 113
CGGTATTTATGCGGCGGAAC

GAGAAAATCGTGCCAGAACT
robA 102
AAGATACGCCGCTGATTGGT

ATCAAAAATCGGACGCTCGG
soxS 70
GATTACATTCGCCAACGCCG
GAAATGGGACGAAGTTGGTG
gapA 104
AACCACTTTCTTCGCACCAG

1.5.4 PCR =¥y 4lift 5 [k Z: M TIANgel
Midi Purification Kit 271 & f#f F U B 15 . [l i 4l 4k
PCR 774, AR R 2 0L e i ) G v B 4
1.5.5  Fpofie il 28 2 il A A A 0 PR JE [l i
PCR =4 BE A 1072.107°,107*,107°,10°°,
107710 3 7 RS RE  AE N BEAR AT B 1 RN
%} 20 pL:2XSYBR RT PCR #iR i 10 pL. EF
el a0 R 0.4 p, AS [l vk BE 7 B AR AR 2 L,
A K AN AR P A 94 CCAEME 2 min; 94
°C 155,62 °C 15 .68 °C 30 s, 4L 40 MEIF , |2 i 45
WGt Ze . B EEL 3 K. &H& 1 H
14 55 R RN 2 B R AR v T 4%

1.5.6 RSP R 55 A RO 24 1 #k 3 30 41 HE
FEH A mRNA 7KK FI R b T T Bk
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PCR J b # 4 5 E
1.6 FitoHh

MG Ce A8 FAR HE #2805 & 45 R, i o
27 SRR Bl A HEIE R TR AN ] 5 AR A
X e s K P ACtuwam = Clamem — Cligsom »
ANCE= ACtgmpsnn — AClymsun » 25 & H 1
mRNA AR st DA 2722 RR

K2 WADEX Y35.J45 Bk R EHIES KA MIC

2 &% R
2.1 FSEHk MICUE

WP B XT Y35.J45 B bk &5 5 dk MIC DL 3%
2. HRER,Y35 55 10 RNV B SR MIC
KM T MU LM JAS A5 15 ARER N TP R AE S bk & A ik
A RN TP B 5 MIC ¥72 0 0 [ BRI 2 £ .
23t 30 MBS MY B X — % 30 RiE kM
MIC ¥ 256 pg » mL ', 435145 10 48 H1 15 A%
{EAHTA]

Table 2 Ciprofloxacin resistant strains isolated from clinical and induced strains pg e mL™!
BRI £ ALK MIC MIC of each generation strain
Strain 01t 5 1% 10 f& 15 1% 20 f& 25 f& 30 f&
Y35 128 128 256 256 256 256 256
J45 128 128 128 256 256 256 256

2.2 RNA £E

S HC B 40 B 8 RNA 347 3 52 5 ODugy o/
ODyg) o 7E 1. 8~ 2. 0., HL Ik 45 5 3 /8 RNA 4 F 58
R B 1 Y35 BRI S AN FE B BUR I RNA J5
KL UK 1.2.3.4 BRI ERFES EFES
RFESE 25 F1 30 RIS 9 RNA Ik 45

1. Y35o I%HQ;Z- Y353 [%IHE H 3. Y3523 [%IHQ H 4. Y353u I%’f;kv

M. Marker 2000 DNA #H %43 F i 2 1 i

1. Strain Y35,; 2. Strain Y35;; 3. Strain Y35, ; 4. Strain

Y355 35 M. Marker 2000

B 1 KFREEHK RNA BikE

Fig. 1  Agarose gel electrophoresis of the partial RNA of
E. coli
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KEZH

K FTEE ST 9868 B 7 M E T Y35.]45
PRAS [R5 5 B Be i 45 R ) mRNA B st i Fp X 5
gapA NS HN., RiFFEKNEREEN
“17 R 5 S B B vk S ORI T R AT AR
753 B A 155 T T bR A AR BRI A O B SR A5 R L
FARE 2.3, Zi8IR X Y35 i 25 Mok B 5 5
255 10 R B8 T mdrA DS SRR AN, Hifl
8 ol B [N e o 1 5 I AR TR BR AR L A — e R Y
PR acrD JEDN e Sk 32 R Y5 S HTAY 50. 21 A,
Hndsc A W Hol 7 AR B S i T 1L 26~
5. 10, F 5f i 22 57 1438 31 1 2 7K OF- (P<<0. 05 3 P<<
0.01); & 20 fht,acrA.acrB.marA 3 PERF 5K
U5 HAH L o e 55 R 1, 5L 55000 i 10 4K A0 T R AH
e 3 N B sacrE .robA Fl soxS 3 PR F 5
SRR S R 10 FCH A e % 5 0 ol
T 1.40~3. 81, 2 57 . (P<C0. 05 5, P<C0.0D),
acrD.acrF fll mdtA # 38/ NT 1.8 acrD 5 10
PR bR 10 5 o REARL EE 2 35 1 B (P <20, 05) 5 % 30
RIS BR T mde A SV st/ T 1 RN, HoA kA
FRBEATF 1. 20~96. 07, acrD & PR %% 56 540 i i
W O JE AR AR B 96. 07 %

Xt ¥ J45 M 258k . 2 10 /BT, A acrB.acrF
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Table 3 The correlation, efficiency and linear regression equations of active efflux pump genes

HH P ¥ E/R LV EYEp¥
Genes R? Efficiency Linear regression equations
acrA 1.00 2.02 Ct=—3.266 4log FEA$2 D1 H+31. 20
acrB 1. 00 1. 90 Ct=—3.599 5Slog FEAPE DL %% +-22. 44
acrD 1. 00 2.16 Ct=—2.990 4log FEA P D1 %% +30. 92
acrE 1.00 1.96 Cr=—3.415log BE A% 1§+ 30. 84
acrF 0.99 2.11 Ct=—3.083log FEAFE DL+ 32. 61
mdtA 1. 00 2.03 Ct=—3.260 2log FEAFE D1 %% +31. 52
marA 1.00 2.09 Ct=—3.132 Olog £ A~ #& Il %+ 30. 18
robA 1. 00 2.09 Cr=—3.131 6log #EA¥% Dl % +29. 46
s0xS 0.99 2.07 Ct=—3.163 2log FEAPE D1 %% +31. 46
gapA 1. 00 2.01 Ct=—3.296 dlog FEA ¥ D1 ¥ +28. 95
A acrd B g0- acrB
C acrD acrE
2 140 EB ot 80,
- 120 &3 10t 704 &3 oft,
% 100 m =120/ 60 g 58&
e i 304t - v
£ 30 m 301t 50 o 301t
g
5
5
O
&
acrF’ mdtA
E
140 &3 0f
1204 E= 1044
100 52048
801 3 3048

itk Strain

A. acrA 1:H;B. acrB 31 ;C. acrD 3K 3D, acrE 3R E. acrF 3K F. mdtA 3 H
A. acrA gene; B. acrB gene; C. acrD gene; D. acrE gene; E. acrF gene; F. mdtA gene
B2 BADPELRRBFSME acrA acrB.acrD acrE acrF i mdiA SN HEEEHERE

Fig. 2 The mRNA relative transcription of acrA, acrB, acrD, acrE, acrF and mdtA in ciprofloxacin induced E. coli
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Table 4 The mRNA relative transcription of active efflux pump and regulate gene in Y35, J45 and their ciprofloxacin induced

E. coli strains

k7S Y35 J45

Strains 10 20 30 10 20 30

acrA 3.7140. 14" 3.37+0.13"" 6.1240.56"" 0.69+0. 04" 15.35+1.04"" 13.45+1.24""
acrB 5.01£0.07"" 3.03£0.21"" 2.01£0.01"" 2.7640.15 58.89+1.45"" 48.6740.78""
acrD 50.2141.78"" 0.7340.03" 96.0745.02"" 0.3240.01" 0.3440.00"" 2.80£0.45""
acrE 1.26+0. 14" 1.4040. 08" 6.54£0.45" 0.9040.00 31.56+1.64"" 67.65+1.64""
acrF 1.61£0.13" 0.96=40. 00 3.23+£0.11"" 1.73+0.19" 0.2740.01"" 102.54411.43""
mdtA 0.27£0.02"" 0.3740.05" 0.2940.04"" 0.9340.00 36.50+£1.90" 31.67£1.10""
marA 5.1040.66" " 4,0640.37"" 1.204+0.01" 0.7740.05 0.3840.01" 26.26+2.12""
robA 2.0840.26"" 3.10£0.23"" 1.87+£0.00"" 0.1540.00" 0.0340.00"" 5.10£0.12""
soxS 1.51£0.11" 3.81£0.11"" 2.78£0.14"" 0.3340.03" 0.9440.04 3.00£0.23""

% . P<<0.05; % . P<C0.01, JAfCHitkiEFE N1
.05

R DR S B I, e s B 4300 R 2. 76 R0 1L 73 A
iy 4 B b -HE L AN 3 o ] 455 i DR SR AN AR 4
1 BT A — R BE Y T R B sk i i E A 770, 15~
0.93; & 20 At acrA.acrB.acrE .mdtA e 5
IR B2 (P<<0. 01) , 43 ) A JEAR B AR 1 15. 35,
58.89.31.56.36. 50 f%; & 30 fRLHF, Br A & 3 A
() SR TF 1 acrF LR G &35 in e o B 5
HJ JEACE AR Y 102, 54 %,

3 3

3k 4 WL A A o 5 T TR 24 A 4 S, A Dt
PR 2 P R SE BT . PR A A A
AR BE R L T IR BRI T 3K R R B s ) R AT
DL 2o 22 FhopIL i 5 B0 I T O B B 24 4 7 A T R i
ZiPEN . AN R R T A F B
FEIR 5 00 1 5% 1 B 1L 25 20 M o8 ) 24 W vk R 4
KB — 2 BUE BT WA R G AH E mRNA By £
IRIENN A5 F A 4 A R 1 A0 HE A A Bl 1 {4
PR 25 ) 1 5 T L AR AR B AN R T 24 Y D
PR R AL s N Dy 3t P 9 0 A ) e M T ) B %)

%, P<C0.05; % %. P<C0.01. The transcription level of primary strain was 1
A
30- marA ,
E 3 o\,
2 251 &3 101t
o =201
= O 304
=
44 O
5
5
)
B Wik Strain
5 °] robd U
E = 3 3 104{:
1y 5 92018
% 2 D 301%;
=
5
5
5
)
bk Strain
C
5 soxS .
5 ::::: [
5 &3 10ft
1 § E3201%
= mm304%
=
5
5
5
)

Wbk Strain

A. marA £:H;B. robA F:H ;C. soxS FH:H
A. marA gene; B. robA gene; C. soxS gene
3 FASDELREFESHER marA robA l soxS ShHEE E
HBRE
Fig.3 The mRNA relative transcription of marA, robA and
soxS in ciprofloxacininduced E. coli

2 PR i R T 24 B ik E AT 1A Ah 3 £ R 5 S B R I
P B, MIC J 3 3 S HEHE [ mRNA A0 X £
KA. R LB IEX AR ST Ftk
(1R Tirf 245 P T 5, A 75 Vb A o MIIC A A 4 1 386
Y35 i 25k K5 R & 10 £, J45 Wbk IR 2 15 AU,
HMIC 1 128 pg » mL " FF £ 256 pg » mL ', X
5T Y 24 T PR AE SR 25 ) MH [N W v 4 2L
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10 R KR 3 A i 64T U5 (L3 6 MRBUEHE , MIC<C
1 ug e ml B AR MIC=2 g+ ml L
3 PRI 28k, MIC>2 pg » mL '), 252 10 BRI Pk
WO T 18 BT 25 7 pk (MIC=>128 pg » mL ) L%
FJ5 MIC L ifs S 53 im 8 ~8 205 5, 7E A BF 5%
T IR VD BT 2 Bk AR I MIC AU I 1T 1 £ %
JE BRI N VD BN e PR T bR 9 MIC W46 (R
I AL

TEAS [) 1 35 5 B B, 79 I TS 24 T Ak S0 HE A OC ik
mRNA LKA A AT H 2 30 FLI), BR
T Y35 RRRIY mdeA FEF LLAL A BT A HE R 5
ICRBRAT LE BB A BT T (HOF A R R BT
B IR 175 B B T 24 K O 3 B 5 3R N b R 3R A
KRG A S P R GR AN TH B 15 SR N
L IR NP B DL S OO HE S [ 26 0k o 2 i B
KEHE N . {H 5 s PR T ¥ XTI MIC 3, 37 4%
EREFR IR VD B R B 5 SRR S HE AR OGS R 25 1
WRILKTREARAREFENSE ., acrA MacrB fEH
R 35 A W b dsc ol R A HESE L H s ik ] B
T B2 T N P 25 W 2. B ARG % B mar #
YAy P4 L M0 B R SR R, R R A T 2 Y
ZERRIY acrA FlmarA B mRNA kK5 Him 2h
HKFAFAER R . AR B IEVD T L iR acrB JE A
G ZVUAR RKRER FOKRE AN E B
TR R R 7 Sk A0 A 0 Sk A e ki) MIC (R
Ik 2~ 128 £ ABFTE R B, it 25 W MR AE 15 5 30
RIS 6 B FE SIS HERE A L BR T Y35 BBk mdiA Sk
PR3 3K B/ A o HC Al B PR 3R 3k A BCOR AR Y
PR . 3 TR A HE R a0 3 [N SR 0k S RO MR AE L
RKikEWA—ERERE . 145 BT marA 1)
IR I MR & & T soxS . robA B3 A%,
X5 SCHRAGE W) 5 . HAR R I R A 28 16 T BE T BR
AR 2E S G, Y35 T 24 Bk O S IR T AR L T45 i 24 Bk
SRy XS TR R S WRR TR R JLAG T 2518 SO ) L X nT RE 2
PIRRT 258K 19 5 S bR 1A 22 S L . 73 4, i 3
T 24 A 5 245 1) ML ] 2 22 07 T /Y ] BE G A 72 #1415+
) it 11 B A A RS 7 M A A L b 25 L

4 #F it
22 3k WA B IR N YD R AR I W) T REAS 1l

I DK 245 s e 7 11 60 B 147 0 2 24 1 9 O
{6 22 F B SRR L I mRNA ik BB X
L) R 70 2 7 5 T 251 10 722 2 WL 4 B 0 T
CELLE e
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