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ff) % DRI 7 Hb A B T MIRSA S 22 Bl 245 ) 17 45 1) Tit
2k 1 S0, DR 9 30 ARRIT SR 41 IR 252 400 41 300 4 A i
Ve B 25 1 e Y

H T C 28 038 19 41 HE 22 4000 700 ) 1t SF 5 54
JE N S MR B UL e S T R R I
HEVERT Rk, Tk 22 4 3 0 55 BLE i A
T 0 790 X 5 726 T 24 0 10 T A 4 I R
VAT 0 R Y R DR AT T . A S
KN A & (O BF 5, O A [ BF 5T 45 1 8
T GG B £ R E N, B e
Ve, TR RIVE - Guz NR 25 (B 55 45 3 5 7%, 18
W 7 4 2 A (Biochanin A) \ PU %L #E i« 44} A 22 RI1K
KSR A S P R AR R, AT
WA 25 490 £ J /N 00 18 VR B2 (MLLC) 4 00 22 47D T i
SMERGEIAHEF T . M R A R MR
IR IK) 15 6 5 S T, LA R R I o IR 5 A
JUETE SRR R W, W O R A BRI 4N
(RN = A (£ I N g D
MRSA41577 g {3 B Mk » 38 i 00T AR v 9% 6 49 o
6 JE A RT-PCR 45 5 v, 2 45 M RIF 5% JE W6 7 2 2%
A X} MRSA41577 #MHER G E R ML, B 76 0 3% 3t
FF 2 1AM HE T 25 25 5 10 40 1500 3 43 B 00 e

| O R AR

L1 ##y
L1135 #k: i % 78 AR & o 0 A 4 2K

(MRSA) 41577, thy K3 17 b0 B2 e $ e 42 1M
M & IO R 4 PR ( Staphylococcus — aureus
ATCC25923) , i J~ v [ B 2% B o £ 5 ot o

L1.2 $FFE:MH W78 R 5 B K ik 1% & F 3
B35 973k (Mueller-Hinton Agar, MHA) , LB [ {4 3% 3%
o LB WA R FRIE T

L1.3 EZXFAMOIT W 285 A b e bl A
ISP AR HE S S TG T 2548 (30 g/ ) W4T i A
EYEARRF AN R T EEET AN TREA
B2 7] 51490« PCR e Ny A i P (] Wil A7) 55
HT =AW TE CRE) A A . IECCL3IR
Multispeed 7 8 3 ¥4 % 25 .0 M1 : Thermo 24 &) ; TC512
7 PCR X : ¥ [§ TECHNE 2 W ; 52 I 5 & PCR 1% :
Stratagene Mx3005P; TaKaRaTP800 ; FL1102M001 bt
PG T HA B HE A W] LC-MS 1000 3 5T

B F 4% : Skyray Instrument 2 ] o
1.2 MRSA 4%
1.2.1 Sk TR R ELTE ROk bk B 1 s 7%
XM EOH, 150 L 1 B S U AT AR MH B IR
BRES ARG S v T 254 P s RSk Rl .
35CHE B T4 1 & 16 — 18h J5 W %2 JF W & 45
B, DU T 0 R 2 BRTA ATCC 25923 g 4% 1 Ak
1.2.2 PCR % E MRSA BT 25 E E M HER
HRA: @ & Olig6. 0 Fl Primers5.0 % 4 & if
MRSA41577 i} 25 55 B mecA F1 &0 HE 52 JE K norA 1)
LRSI, SR 5 H TC512 Y PCR {17 PCR 9
#CH W 51 9 8 R B E 4 5l o 813 bp A
435 bp) » 12% LI E I HVK RS T PCR 97 384 7= 4 »
BB e kAT AR TR R A7 BR A &) $EAT
MFE o A S206 B AF 4 3 4F ESCO LA2-4A1 44 4
FER AT
1.3 EEEFZASRALEMNHEER

T 96 FLHR (costar 3599 JE 5723 ) Hn A 100 pl
MRSA41577 T & (W E 4 10° cfu/mL) , 43 HIANA
10 WL EWME G 2F 38 A FIR VD AL, A8 2 Fh 2y ) R 5
W W N 256 pg/mL. 128 pg/mL. 64 pg/mL.
32 pg/mL. 16 pg/mL. 8 pg/mL. 4 pg/mL HI
2 pg/mL, 37°C F 120 r/min {HJ K755 24 ho F5k: 3%
ZE R M ON 20wl 0.2% f9 G 4k = 2% DU g e
(TTC) ,37°C <120 r/min {53 &6 55 5% 4 h, i@ ik W
L N N R A IE T I 7/ B 2 W R SR
MRSA41577 (R4 /E F R - 4 23 BE 43 5l ok 20
pg/mL F1 40 wg/mL [{) EHE G 2F 37 A I AV EIL
[ > Ak 2875 2 TR) s DA AL Sy B P 4 BAAS
TNZA A 23 1 e B4, W e Y Rl 2 4 B TR A R S R
MRSA41577 (R4 /E IO - JEWE T 2F 3= A FIFR I
VLA N R TR I T s e R R i B R
JE ok 20 pg/mLIEMS G 2E 3 AV E N 20 pg/mLIE
WEGLZF 2 A A 32 g /mL RN VD R A B 9
e, o BT IR 240 T B VR G O 2 A A I TR) R B
2 I HE 3 G LA I 4 0 % 106 B
1.4 SFEHGEENEE S FR A 3 MRSA SpHEE
RSP R

YRR IR M 5 N 15 mL Ji 2 [ B 9RO,
Rrdk ] J5, PR A0 A 2R E R 32 pg/mL RNV A
Al MRSA41577 B WM SmL | 2 15 9% 5L 52 4) )5 13
EIRJER A b FEBEM 5, 4T 4L (H 42 6 mm) Jf
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FEFLH A AN 2554 60 g Al 40 g [¥) & W
R A FFF, 37 CHa R R 5% 24 h 5 W 201 &
B AR S R 3 K BOF A, LA IR
R B JE R B
1.5 EEEFHEANMRSAFKNTIFLEERE
AR

FHZ W E Ky 20 wg/mL (¥ 6 WE G 2F 32 A 4k 3
MRSA41577 16 h J&, &0 B AR IEDE G . IR
AV B A B AR A L 2 B Ky 20 g/ mL, 3 ) AE
AR AP EGEH 3 mina8 min<15 min.20 min B Ff,
SO AR IR VR . YR A 1 mL 0.1 mol/L
KR H & M (pH3.0) , 1B A1,25CIEE 2 h J5
B . B ST FLI102MOO1 %4 %% 3% 4 3¢ 36 J i
TN HEAT I A JEE I 22 0 R A Vb R b o i £ 5T
BAAN NV R E R . BUR I 2 BV e DL
AN TN 24 Ak BE A A R .
1.6 EWSHFEAN NorA NHIEAEEREE
B 52 i

5 1 92 25 % BN MRSA41577 HeFh B £ 209 Ji
A 32 pg/mL PR VPR IR R IR, FEnON T WE A
AWK E K 20 pg/mL,37°C 120 r/min £33
16 h J5, B SmL MRSA41577 18 % ¥, 5K FHl Trizol 4
HUE RNA, R A0 66 B2 vh i 4T RNA 8 &, R 5
SR W5 v I 45 1 cDNA MY, B SYBR®  Premix Ex
Taq™ ¢ ¥} Fl Thermal Cycler Dice Real Time System 4
BAACHEAT Y1, LL 16SRNA iy Py S 3L IR A7 W 45 0
J5i 43 BT RT-PCR )4 18 i 26 il figt ih 25, 9715 norA
JE DR PR AH 6 R I8 & DARR AT b 22 A B R o 1 R
ZH 5 DU I ST Ak R 2H kg B A 6 A
1.7 BETFEAMIMHEANEN

H MRSA 41577 43 5l Fp 25 EWE & 26 2 A 1)
A B 77 v, A R B 4y R 10 g /mL R
20 wg/mL, F-37°C . 120 r/min FE53E 16 h J5 25000
SETA AR o B4R 21K B R B VA RS 37°C W T 7 min
J5 53360 x g B0 2 mine B UCIE I RIPA 24 fif W
1 PMSF - UK I &b 40 min J5, 6720 x g B 0>
30 min, 2R J5 B i W EAT SDSPAGE . Kt Hi vk K %
TR B b 4 DR B ] LC-MS
1000 5 AH € 1% 57 1% 16 FACHEAT %5 52 » BAAS in 2 4k #
1E N 28 0 A
1.8 ¥iEAE

S & Rt SPSS G it kA HEAT U7 25 40 Hr

2 SR HI

2.1 MRSA BIETE
2.1.1 KkMETHRRELEE LM THRAELGR
B, R HEIR S, aureus ATCC25923 {401 14 BB H 12
28 mm, 1) 3K B bk MRSA 41577 Jo & Pl . )
I 5 [l I P 0 S 6 =5 b 71 P 2 (CLSI2010) ) 5 A
#E, AN B BN T 21 mm Sy 258K, KT 22 mm
AR 2 o T AR ) s AT 58 SR ) A A R R
e T 24 T R o
2.1.2 MRSA BERBIEF LR PCR L% & it
T2 TR PR TR TR 24 ik DR R b 2 3 R 45 SR B O A i K
PR AT 2] T mecA JEPURT nor A JE DA, 1E — IR
A TR PR O MRSA, Ho A% 187 Bk 14 i 25 7 1) e 5 A7
TE ) nor A AR HEFE KA K .
2.2 EBHESFRAESTRRPEHEERBNE
LA A R o, JEWE T R A RUR] I AR 2 -
256 wg/mL #FE TG [ A 6 MRSA41577 ¥ 301 14 &
FH 10 3 A VD R ARG 2 I 6 MRSA41577 J6 4 g 4
F v JEE IR 6k MRSA41577 A7 400 i 4 A > H: MIC 2y
64png/mL (K 1) . HEWET 3 A FIK N E TS
PEHY G » Al B 0T B P 0 2 1 B 1 Yl 2 4 vy s
BURFRE S EW T2 28 A MR R IEAH G Hp
40 wg/mL Wy 18 BE & ZF R A B Wb A
MRSA41577 B £ ) MIC M 64 pg/mL B& 1% 3
8 wg/mL(FE 1) .

F1 EREFREASTRDOENRIEAMNELSR
Table 1. The synergistic effect of Ciprofloxacin

combination with Biochanin A

Concentrate/ Biochanin CIP + CIP +
( p,g/mL) A Reserpine  CIP 20pg/mL 40pg/mL
BA BA
256 + + _ B ~
128 + N _ _ B
64 + " _ _ _
32 + + + - _
16 + + + — _
+ + + + -
4 + . P N
2 + + . + .
“ — ”no bacteria growth, “ + "have bacteria growth.

PR A IR T it 2R 06 45 R o (B 1) 8 W 5 2F
A AV A R AE ] T MRSA41577 I, 5 %8
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O HEZL AR LG TG W B AR Ak {8 R AR S
AR AR T AE T o IR B R R R T
61.25% (P < 0.01) , Ui W] & M & 28 28 A ] ik &2 34
YD B MRSAA1577 (4l 8 FT » #E 0 AT fig A2 18 g
T E A I T MRSA41577 b RN vb A A HEE
EEGOR

LOOE+10r o control

—o—CIP
—+—BA
——CIP+BA

1.00E+09

1.00E+08

bacterial density/(cfu/mL)

1.00E+07 1

1.00E+06

0 5 10 15 20 25
t/h

1. EREFHZASRAPERSERANKIIMRE ML

Figure 1. In vitro time-kill curves of biochanin A and ciprofloxacin alone

and in combination.

2.3 BT HEE A X MRSA41577 ShHEER B &
i

BOPBGE R 45 R W oR, WS G 2E R A fEAS
IR VP BTN BB, dF MRSA41577 J 4 il 4
HICE 2-A) 5 78 2 3R A 0 AL 10 R 56 417 4R b g B 1k
ERTARE I MO DI N R NN < A )
ZEFA URRE IR B I B O, B BH R ) R ISP 45 R
G YU W G 3 A 2 MRSA41577 (1) 4R
5 o
2.4 [EMETEE AN MRSA41577 (A RIRHE D2
EMENE M

TR Vb B b AR o e I e 4 R R BRI Vb AL AR
0.2 — 20 wg/mL ¥ [A] 5L 5% S 0k J5 5 W 5 2 2k 1
SR L PERIA TR y =5.0472x + 2.0088,R” =
0.9987. %4y MG R R WoR, JEWE U 2F R A
X MRSA41577 £ 4 R A ¥ AL 3 B & 1 5% W Bl A 2R
PR B A D R A I T 388 o v 384 0, 3L A Y BRI v
SAE AR 15min J5, B AR N 38 vb 2 & PR ELx
TN T 83% (P < 0.01) (& 3) , 5 BH P % I R
AP (7R 2SR AH 2, 2 45 S mTE O B M T 2 3 A
s& MRSA41577 [ A HEZ 40 51 o

/
\

2. [EMSEE AW MRSA41577 SMEE A B2
Figure 2. Effect of Biochanin A on efflux effect of MRSA41577. A:
control group; B:test group. 1,60pug Biochanin A;2,40pg Biochanin
A:3,60 g reserpine ;4,40 g reserpine.

4.0 m control

35l | reserpine
30+

25}

201

accumulation of CTP(mg/L)

£/ min

E3. EEEFE AN MRSAISTT FAFRILEERE
B 2 i
Figure 3. Effect of biochanin A on accumulation of ciprofloxacin in

MRSA41577.



1208

Dan Zou et al. /Acta Microbiologica Sinica (2014) 54 (10)

2.5 [EM T HFE AN MRSA41577 ShHEE F norA
FKIZEERF M

R 45 R BoR, JEWE S 5 2 A E ] MRSA41577
16 h Ji5, 0] 53 3 FR A MRSA41577 B KN norA JEDH 1)
FHXT ek 1, 5 X AL AH LEBE K T 65% (P < 0.01)
(P 4) » FLAE FHRCR AR T B 6 R i~V (1) 48 %
1.8¢
16+
141
1.2F
1.0+

081
0.6+

Relative norAd expression of
MRSA41577

0.4}
02+

control positive control test
group

4. EW T HE A 3 MRSA4ISTT norA Fik B %M
Figure 4. Effect of biochanin A on relative norA expression of

MRSA41577. % % P < 0.05 when compared with the control.

2.6 EEEFZEAMNEMIMIEANTMR

JEEWE %2 A /EH] MRSA41577 16h J5, 5%t
UM EG AR g aly RAE T B w (K5,
1z H Gel-Pro Analyzer & [ 4) #7 J A X 2 5 & B
O I 1 B A AT TN e, AE R R
A G B A MU ) ABC #ig s (R 2)
oy 0 27. 9kDa, 5 % 414 LE, ABC #5125 [
W T 43% (P < 0.01) .

55 kDa ——
40 kDa ——
35 kDa ——
manganese ABC
transporter ATP-binging
25 kDa —— - protein

5. EHM SR A{EA MRSA41S77 FERIERIES

Figure 5. Protein bands of MRSA41577 after treatment by biochanin A. M:

Mark; lane 1: control; lane 2: 10pg/mL biochanin A; lane 3: 20pg/mL

biochanin A.

R2ABCHEZEARELEELGR
Table 2. LC-MS result of ABC transporter protein

Manganese ABC transporter ATP-binging

Protein protein (Staphylococcus aureus subsp. aureus
Mu50)

accession gi 16080128

database NCBInr

Seq. coverage 9.6%

score 72.27

MW 27.90 kDa

pl 9.58

No. of peptides 2

3 e

MRSA H A7 A% 37 33 2 PR 5% w0 B K S 240 )
AERE R H AT KPR G VR YT 1 HE A TRk A Bk
SR T A Y . W AE IR AR I A R
I 4 T AT 4 TRV A 2R ) R R R . AR HESR
S 4R G TR K M P 10 2 ) s R A S M A 1 R
12 ZG0 H1 40 R A0 L b AR R A R 11— R
HIZEANN S, B AMEEEE A RS E AR
JL A HE B AL B H AT G B % RN AT R A
FEAM A 00 K AR U A0 BT 24 ) O R A R T Ik
Z_[zl] i

mecA 5 K J& MRSA F¢ 4 11 41 Sk FE R, 7 508 bk
HORAELE S BT LI IR 14 25 1) MRSA ¥ & 5 mecA
Mo H AT, PCR VA M mecA JE K T B 5 MRSA
owE N A bs e A BE T AT AR At R AR
MRSA41577, 28 S f p ] 4% v R 35k DA 280 5 s 38 Oy
i 24 A1 bk L O i T 2 B PR . B R IG T 24 1R 1
MIC J& 3 A HE &R e A7 R bR & TRk, O T #ff
T RR TR 25 4E AL T 5 40 B AR AR Y 3 B 4b
HERGAT K AN E T G R A SRR E
W FAE S 26 08 v S 6F MRSA41577 MIC (1) 5% Wi .
RIS W oR, W O2F 3 A AR B X MRSA41577
kLR (S IR ERERZ NS PP S O el =X B N PP
% MRSA41577 ff] MIC Hi 64 pg/mL [# 1% 5] 8
pg/mL, % 25 R AR A R TR 2 2R 3 it
AT HED JE WE G 2E 2 A Be ] MRSA41577 5 38 4 v
B AMHEFE R -

25490 1 HE S 2 A VR I P9 ) 24 ) B PR o
AN — Al is B, Ol s R A WA A e
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TE T P A 8 T A T L T 2 . AR S ER T
BRI A5 516 43 6 P 000 2 JHE 6 2 26 A % MRSA
PR ER T V0 B R U0 45 I B, B T 2 %
T R NS R R
MRSA41S77 % 25 Y109 4N HEAE TS 38 00 36 175 0 S 16
P B B AR S B AR 280 P o ) ot S A 24
LS 2 R 80 A 4 B € 2 B 1 A HE 5 40
F5AH Bl T LA DG R T, R B, SRR T
WERIE T Lo ARG R R W G FR AL
MRSA41577 f9 M HE 52301 70 -

B A HE FR G AN I E R R B AR, R R
T 470 1 1) Y T T AR EE R B0 S AN
5%, 5 SMR.RND. MFS. ABC % MATE % j%.
Horh norA JE 4O A BRI LI L G4 HEE A,
J& T MFS K% . norA & (0% 12 - 14 AN
S B T 388 AN LR K HE 4Lk, 4 7 42 kDa
FeAT s T R B AN HE 2 Rl Ak 2 45 K R A G IR A s IR
PR NBERR R 25825 Y o norA K (A AL T
ok F Y norA 36 R 4 15 Y, 42 B TR 2 4 o €0 4 A
BB 10 25 K R DR, 7 IE W R AA R 00 F AR S 80
Tl 24 5 L 24 BR 85 v 2 s Bk R S % R
PO A BT SR, OF i1 T R AT BE I
DR 7= 490 B0 389 5 504 T A A HE 25 40 1 B i O K
SR R 250 B o AR B g R R M 2
% A W] 55 R AIC MRSA41577 B4 norA JE A ) A
X ik, HAE 8RR T B ek R o . 2% W)
4 2 2 A L3 1L ) MRSA41577 B 4K A norA
B I A R B % B S AR K ER T v S HE T
53 S 6F 2400 ) AR

b A S AR B T 0 24 AR R
WD KR A BEAT TR KR, S B R, 5 )
INHE R Gi A5 S 10 5 I8 nor A B (1 4, A I F) — R
AN 1 ABC BB E A, S E A B T ABC K
W, P AEE T H AL E MR S B h . ABC #38
R AL 2 A I MR 2 AN R R 4
HE AR R 1 BRI K R ATP B ) Rg 14 1 1
2% 2 ) B P T B M 8 AR T . AR
Foah B GRS 23 A Al k) ABC $1E &
4 00 2 e 400 o) <6 46 41 0 245 490 £ SN HEAE T

Zx L PTIA, EWE T2E 2 A K R BLAT [ MRSA
MR A1 367 FH WL A RS 3 5 [ I8 MRSA. B 14
W norA JE R 1 3¢ i &, HE 1 9 2> norA B 1 ¥ K ik

i, ] MRSA G P60 2 45 24 49 19 HF H i 82 3L
XY RO BAL, W GAE ERA th fiE 0
ABC ¥eiz AhHE R A K 15 . i T MRSA (940 &
G2 B2 FE, DL 25 W S HE S 3004 1 Y 1%
RIS EAE I SR, AR TE W SR A X
MRSA S HEs&E A M AE A ALE W At T 21
-

2 2% SR
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Inhibitory effects of biochanin A on the efflux pump of
methicillinresistant Staphylococcus aureus (MRSA)

Dan Zou, Kunpeng Xie, Haiting Wang, Yuxian Chen, Mingjie Xie
College of Life Science, Liaoning Normal University, Laboratory of Biotechnology and Molecular drug development in

Liaoning Province, Dalian 116081, Liaoning Province, China

Abstract: [Objective] To study the inhibitory effect of biochanin A on efflux system of Methicillinwesistant
Staphylococcus aureus (MRSA). [Methods] Inhibitory effects of biochanin A on efflux system of Strain MRSA41577
were evaluated using double dilution method, two plate method and fluorescence spectrophotometry. Real time PCR and
SDS-PAGE were applied to detect the expression of MRSA41577 norA and to analyze the changes of MRSA41577 efflux
protein before and after dosing biochanin A in association with liquid chromatography mass spectrometry to determinate
protein variation. [Results] Biochanin A alone had no inhibitory effect on MRSA41577, but it showed synergy effect with
ciprofloxacin in inhibition MRSA41577 in which 40ug/mL biochanin A decreased the minimum inhibitory concentration
(MIC) value of ciprofloxacin from 64 wg/ml to 8 wg/mL. Biochanin A significantly increased the accumulation of
ciprofloxacin in MRSA41577 in a time-dependent manner. At 15 min, biochanin A increased ciprofloxacin in MRSA41577
by 83% , which is similar to that of reserpine (positive control) . Further mechanism studies indicated that biochanin A
could reduce the expression of norA in ciprofloxacinreated MRSA41577. After incubated with biochanin A and
ciprofloxacin for 16 h, the relative expression of norA of MRSA41577 was reduced by 65% . SDS-PAGE analysis showed
that the total protein profiles of MRSA41577 were significantly changed after treatment with biochanin A for 16h, in which
both norA protein and efflux system ABC transporter ATP-binding protein were significantly decreased. [Conclusion]
Biochanin A could inhibit Methicillin- resistant Staphylococcus aureus efflux system through reducing pathogen’ s
expression of norA and norA protein.

Keywords: Biochanin A, MRSA (Methicillin—esistant Staphylococcus aureus) , norA gene, efflux protein
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