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1 AR Ay
1.1 # B
1.1.1  SEIREBE: MRSA 41573, kit
BBt
1.1.2 3E5RE: LBIRIART IR (E 5% M 4hE),
NISREL A 77 5
1.1.3  FEEFIAMER: FEANB BRI (HNK),
LR ST =98% , WA T BUAR = ke 2k W RHE A TR
Al THBERWT LA TAY TRERARA
H); PCREW K, DNA Marker DL2000 1 & T
KiEFEEY /AT ; IECCL31R Multispeed 5 14 14
ZRESOHL: ThermoAHl; TC512HIPCRAY: el
TECHNEZ Al ; SEHfE # PCR{XStralagene
Mx3005P: TaKaRa TP800.
1.2 HNK#I{HMRSA 41573 BFIE K MICFHIMBC
AR 58

FE96FLAR . 43100 nLE% 3% 2 %4 0
FIMRSA 41573 & (10° CFU/mL), SRE:)S R4
SIHIALO pLAS R AUHNK, i L 73 5 N
2.5, 5. 10, 20F40 pg/mL, 37°C F}EF%E, LIAINZ
MG FREAE AR . Hi9R24 WE, BALA A
20 pL 0.2 % @ AR = RS IUAME(TTC), 4kZLbths
FR4 ho VAT 2060040 S H B8 A 1Y) B AR BE AR
HMIC, SRJE NS AL IR0 nLR SR IR AT T3
HAELBREARE FRIE, 37 °CHiR24 b, DA
A AT A ARV BEVE VHNK A HIMRSA 41573
BFIESHIMBC., iREH 30, BOFAE.
1.3 HNKXfMRSA 41573 #BF MIC X MBCH]
W

FEEFR3 A BCABFHIPBSYE3 IR G, AR
[ ok B AHNK, 2k B3 580, 5. 10,
20. 30. 40. 50. 80FI100 ug/mL, 37 °CEH&E 1%
F24 hm, FZHR1.2.10977 50 E HNK X MRSA 41573
HEABFHMIC X MBC,,

1.4 HNK5HHEZERNHFE/ERANMRSA 41573
BEBFRIE "

PAE96FLAR H1 1% 5E3 diY L ZABF HIPBSBE3 X
&, FEAALTIMASERA T R R AHNK, £
MERNAWESRIN2, 4. 8, 16, 32164 pg/mL,
HNK LA/ N0, 6.25, 12.50F125.00 ug/mL,
37 °CHHE 13524 W, TTCHE 2R 259 1) P[]
EH, E 3K,
1.5 HNKXfMRSA 41573 40 A 255 E
(Polysaccharide intercellular adhesion, PIA)& i,
R

PEMRSA 41573 Fa AW 4250 2] 5 A A ) e B
HNKA R LA L, A HNK R B 73 5 R
1.25, 2.50. 5.00F110.00 pg/mL, VIR 25FHAE
S FEPEXT R R P R 6 2 R A 1 S PTAFH
PERIRE, BT O A PIABIPER 4
1.6 HNKXMRSA 41573 eDNAZ IR

P S BB Sy 0, 1.25, 2.50F15.00 pg/mL
FYHNK B B WINA96F LAk, 37 °CHirE H5%16 h,
FRice DT LR BeDNA ,, MG 46
eDNAH A, eDNARFRIEKF-FHeDNAT &
ng/ODsos 7N o IRENE A 5IK
1.7 MRSA 41573 icaA. cidARagrAZEH FEMI

FHOligo 6.0F1Primers 5.0 BFAH %
HHicaA . cidAagrAR 513D, g
BHEE S H KA PCRY 4 7= 4]

#&1. PCR3|#)

Table 1. Primer sequences used for PCR amplification

Primer name Primer sequences (5'—3") Size/bp
icaA-F GAAACATTGGGAGGTCTT
icaA-R GGTATTCCCTCTGTCTGG o
cidA-F GATTTTTCATCTTCCCTTAGCCG
cidA-R GCGTCTACACCTTTACGATGTTTAT 300
agrA-F TTCATTTGCGAAGACGATCC
agrA-R TGCTTACGAATTTCACTGCC 224
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1.8 HNKXMRSA 41573 icaA. cidARKagrAZk
BRI

P55 B BUH BIMRSA 41573 R3] 5 2%
WePE 580, 1.25, 2.50H15.00 pg/mL HNK YRS
FHrh | 37 °C. 120 r/min¥%3:16 hf5, HL6 mL
MRSA 41573 #8W , KM TrizolIZ%#BUERNA,
FHEEAM G RE HHE I FRNA R E B, SRJ5 R
ik RS icDNA, JHSYBR Premix ExTaqg' 4
A} FlIThermal Cycler Dice Real Time System® #4{%
BEATY I, LA16S IRNAN NS LN 15 I v 4
J& 5r BTRT-PCRIGY 14 th e At figth 2, I35
icaA . cidAKagrAFER FIAAXTFRIBE
1.9 FdEsrr

S L 1 SPSS R G A AT T 220 o

2 RAGA

2.1 HNKHHMRSA 41573 BFIE A EZABF R
MICFIMBC

LIS ZE R R, HNKXTMRSA 41573 BFIJIE
B S A BF B B i A AEH , H A HNKO
MRSA 41573 BFEFMICHIMBCA3 410 pg/mL
120 pg/mL (£2). X HEABFRMICHIMBC 413l
M50 pg/mLA1100 pg/mL (3),

2. HNKHFHIMRSA 41573 BFZ B BIMICFIMBC

Table 2. The MIC and MBC of HNK against MRSA
41573 biofilm formation

c¢(HNK)/(ng/mL) MIC MBC
control + +
2.5 + +
5.0 + +
10.0 - +
20.0 - _
40.0 — -

—: no bacterial growth; +: have bacterial growth.
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3. HNKHJFIMRSA 4157358 ZBFEIMICFIMBC

Table 3. The MIC and MBC of HNK against MRSA
41573 mature biofilm

c(HNK)/(ng/mL) MIC MBC
control + +
5 + +
10 + +
20 + +
40 + +
50 - +
80 - +
100 - -

—: no bacterial growth; +: have bacterial growth.

2.2 HNKS5AHEZWIE/ERXNMRSA 41573
BREABFRHIZR

SERASR RN, YRR IHEE <64 pg/mL
iF, SR B R A BF R BEREH , (H5F
VTR (W HNKIEC SRS, BEABFX T & R
AR (e R R (R 4) . HiP25 ug/mLAYHNK 5
4 ng/mLJ A R, B A] Xt ik s )
BEAMIHIVEN

#*4. HNKSFHEZMHEIER

Table 4. The synergy of vancomycin combination with
HNK

c(vancomycin)/(pg/mL)

¢(HNK)/(ug/mL)
2

4 8 16 32 64
0 + + + + + +
6.25 + + + + + +
12.50 o+ - = -

25.00 + - - - - -

—: no bacterial growth; +: have bacterial growth.

2.3 HNKX}MRSA 41573 PIAG BRI

MISRZPAR S 45 R o, Bl HNKVR L 1Y
m, PIAMA MWL, ULHTHNKEEHEH)
TIMRSA 41573 BFHPIARY A HL(E),
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Control 1/8 MIC

1/4 MIC

172 MIC MIC

1. HNKXMRSA 41573 BFFPIA RIS
Figure 1. Effect of MRSA 41573 PIA expression by HNK.

2.4 HNKXfMRSA 41573 eDNAZFIEIRZ I

SEER AR BN, ARV ATHNK BRI AT
PR e DNARBICR:,  4n1/8 MICHYHNKAE
RERL6 hE, SXTRRAAME, eDNARREERE
ik 728.3% (P<0.01), {HEEITHNKHHE, eDNA
F A AN 2 (E12)

ek

eDNA (ug/0OD,,)
oo

Control  [/8§ MIC 1/4MIC 1/2MIC  MIC
c(HNK)(pg/mL)

2. HNKXIMRSA 415734454 Re DN A 435 A08 00

Figure 2. Effect of MRSA 41573 eDNA release by
HNK. **: P<0.01.

2.5 MRSA 41573 icaA. cidAFagrARIZEF M
R

MRSA 41573JicaA . cidA. agrAK:PIK LS
RR, RS SBFE AR icaA |
cidAFagrAFER (F]3),

RT-PCRZE R 7%, HNK ] 5 R AR
¥iWicaA . cidAFlagrARIFIXT Fik & (1K14), Hrp
1/2 MICHHNK/EFHMRSA 41573 16 hJ5, 5x%F
AL, icaAMIFRIB RN T59.1% (P<0.01); cidA
M FETEEFRAE T 56% (P<0.01); agrAfIZiA g%
T 72.3% (P<0.01),

bp M agrA cidA icaA bp
2000
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3. MRSA 41573% Y15 [EHE X EEPCRY 1845 R

Figure 3. Gene detection of biofilm-related in MRSA
41573 strain.
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Figure 4. Expression of biofilm-related genes in
MRSA 41573 in response to HNK. **: P<0.01.
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PRAGMERT, PRI SRAS R ] X i R BF 9 245 ) 2 fif
Pl RV ik 2 — . Sun®E RO gT S R
7R, HNKAREFEALH @SBRI RERE, S0 h
e g 700 i) B 22 T A SRAD I BF A . Kim %™
I HHNK A SLINE I BF A IIHIVERH . A SCy
WFoE 45 0, HNKXTMRSA 41573 BFAYIE A
BCABFY A BGRIIHRIER, M50 HRRE
B, HXSBFRIMHIVE ISR o0 W2, Hi
T B RPN ARG FMRSAR “ &5 i<k, (H
FXF B 2T U BF MRS A (430 280 R R ] .
AT LR R B ER, Y EERE <
64 png/mLIt, HXFMRSA 41573 MEABFE A BEIA
A KM, B2 HNKHRT & 8% ZBEA R,
4 pg/mL ) J7 75 25 B AT XA e i A 21 R TR AR
. IR A RE SHNKBRBFRYLE , (et
T R BES] BFN 58 BUHAA A HTA G,

BFWIE RT3 5 0%, REMARLGE
FMEER, W ROEm . B, R G
S BB AR SRR IR, H PIATEBFIE U
B AREM B A HEEEIEN, K&K Sicali g
F RPN RSO S R BoR, HNK
RERZIMHIMRSA 41573 PIARYA AL, H W
Wi, RT-PCRAGINHNK A R F bkica A £ i5
I BH SPIAL R —E, *41/2 MICHJHNKAE
FHMRSA 41573 16 hi5, S5XTHRAMEL, icaAR)FR
K ERFRAK T59.1% (P<0.01), FHTHNK A i3 %
RicaATFERAMHIMRSA 41573 PIARYA .. eDNA
W EBFIY NS5, TEBF W) IR F6 I B BE R A
H, FEGABFH o] 4EFE RS E BRI #" . o
cid. IrgfatBE T2 5 e DNARI B,
AR SCHY B 5T 45 R B, HNK AT 4 3 5 o vk
eDNAMBE, RT-PCRZSE B/R, 241/8 MICHY
HNKAEHIMRSA 41573 16 W&, SXFHRAMALL, cidA
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PR BRAK T 47% (P<0.01), H I HETHNK ]
HIMRSA 41573 eDNARIA B S cid AF X%

HHETR BNy, B EAE 5 &)Y (Quorum
sensing, QS) RA 5 BFMIE AL . 771 TR 4
W 254 5. agrie A BRI EZ QS R4 Moy
Z—, Coelho%" R, agr{EBFIE AL 758 1
MRSAFIMSSA R #H IERIEBFINIE AL, 7EBFIE
AL HE 7155 (MRS A FIMSS A T £k H 7 I8 2 BF (1 1
o AMFFERRT-PCRES R BN, HNKRE R ZM
MlagrAR ik, HEWER KRB, H1/2
MICHYHNKAE LB bk 16 h)m, 5% 4L AH
L, agrABIFRIBEIEL T 72.3% (P<0.01), %45
5 Coelhof4515—2K

Zi b ik, HNKGE 2% i MRSA 41573
BFIIE I, HAEMALH =2 i@ MilicaA R
cid AW LR Fik i, MY MPIA . eDNASFI A
B, SRAMHIBFAIE A HAMHNK A A3 2o 45 240
H QS RS M agr AR F ik i K52 W BF 1Y IE 1
KTHNKIMHIBFIIE S KA R C R, &F
Fr T4 R i — e

2 % W
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Inhibition of methicillin-resistant Staphylococcus aureus biofilm
by honokiol

. . . . . . *
Ruihong Qiao, Kunpeng Xie, Mingjie Xie
Key Laboratory of Biotechnology and Drug of Liaoning Province, College of Life Science, Liaoning Normal University, Dalian

116081, Liaoning Province, China

Abstract: [Objective] To study the inhibition of methicillin-resistant Staphylococcus aureas (MRSA) biofilm by
honokiol. [Methods] We used triphenyl tetrazolium chloride method to evaluate the inhibition of biofilm formation
and mature by honokiol. We used congo red agar and spectrophotometer to detect the influence of honokiol on
polysaccharide intercellular adhesion formation and extracellular DNA release. RT-PCR analysis was used to
determine the effect of honokiol on expression of icaA, cidA and agrA. [Results] Honokiol showed strong
antimicrobial activity both on biofilm formation and mature biofilm of MRSA 41573. Minimum inhibitory
concentration was 10 pg/mL for biofilm formation and 50 pg/mL for mature biofilm. Minimum bactericidal
concentration was 20 pg/mL for biofilm formation and 100 pg/mL for mature biofilm. Honokiol showed synergy
effect with vancomycin and it significantly increased the sensitivity of mature biofilm to vancomycin. Polysaccharide
intercellular adhesion formation and extracellular DNA release were effectively inhibited by honokiol. Extracellular
DNA release decreased by 28.3% when honokiol at 1/8 MIC. After incubated with 1/2 MIC of honokiol for 16 h, the
relative expression of icaA, cidA and agrA of MRSA41573 was reduced by 59.1%, 56% and 72.3%, respectively.
[Conclusion] Honokiol can significantly inhibit biofilm formation of MRSA41573 and its mechanism is mainly the
inhibited expression of icaA and cidA to influence the synthesis of polysaccharide intercellular adhesion and

extracellular DNA. Moreover, it also affect biofilm formation by QS system.

Keywords: biofilm, MRSA41573, honokiol, biofilm-related genes
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