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Antimicrobial Effect of Extract of Glycyrrhiza uralensis on
Methicillin-Resistant Staphylococcus aureus
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Antimicrobial drug-resistance is natural response to antimicrobial stress based on selection, which weakens
chemotherapy effect. Introduction of large numbers of chemotherapeutic agents to clinical practice has generated
strains of microorganisms that survive and multiply in vivo with high-drug concentrations. Methicillin-resistant
Staphylococcus aureus (MRSA), bacteria found in normal daily life, can be easily ingested through milk,
vegetables, and meats, etc. MRSA emerged in many part of the world, increasing complex clinical problems.
Therefore, new agents are needed to treat MRSA. Glycyrrhiza uralensis was extracted using 80% MeOH to
investigate its antimicrobial activity against MRSA stains KCCM 11812, 40510, and 40512 through bacterial
measurement, disc diffusion, and O.D. methods, MIC values, MRSA gene expression investigation, and scanning
electron microscope observation. Results revealed MecA, Mecl, MecRI, and FemA were the most highly
manifested MRSA genes. Methanolic extract of G uralensis significantly inhibited MRSA and thus could be used

in development of antibacteria.
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gt oo} Ao Addslol MR

olgldt HUAYA WA ExArdd A4S 7 MEL
FAA 7L Edgdez o] AVt =YEHEA XA T
dZe) Kgo FA 7]dsikon, vEddo] ARREA 2d
Fo1 1961300 F=tollA el g X vt (methicillin-
resistant Staphylococcus aureus: MRSAY| X5 HI =), E
& 1970 ZFolA MRSAS] 23 fuizidel FehdAiol
BuHHARE v)FE v AAA A GARI} FolA
orw Qlth4-6). eVl = 1980t EolM A o8 o
oAl MRSA 2H-2 B3ty ghon 1980Wdth ol dole &
F82 Folz ¥ & AR STt FAl don EAHA
Haztd 997 59 ket ol#d FNETEAFTHL H
A 4L BHA &3] wEHo AT AEFLE 7] 43,
AW 7 AA7E Al o] fle] E F glenw 34
AE Zol ALETEFE A dis g 2 WA F59] &
d et F7iE0) 2A7F 2 ok w13 ZE B ZF9
20%E AT AEZ Fas 53] WEdd WY 34 2=
Tl 23 g F¥3L 2o HE7F E HddN 8
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o] WAl w9 F8A] HX Ark7-12).

MRSA7} ARt =733} ThEde dut EeiTao] o)
E]d Aol 7hpA (methicillin susceptible Staphylococcus aureus:
MSSAYE Hole ¥hH, MRSAE HWEldd] WAL Ad »
o}t cephalosporin, ampicillin, nafcillin $3 72+ wel gg
(B-lactam)A| & FYAE HIRE Aol RE A WAL 7}
A3 7] i 3 o] Yo R AM-EE A
Aol A&7t HA o} BA7L Algsle 79-rt W o
ojdtt. webA wElAY W of8] FgYA ) WAL Kol 3
HI=TH ZEE AR T F Ue A2 F4A9 7o)
AzbetA aFE I ITk(13),

AEjdde] WA 718 o9 2aen ds) AsiR =
33l 9lout, B-lactamase®] HYAP4k(14), B-lactamBFA Ao A
54E Hole penicillin-binding protein(PBP) 2'& AJAbsh=
mecAT7AALS] EE(15)5 PBPE S W3K(16) WELCE A7}y
o] Rt} Tesch $(17)2 mecAfAte] & 9] PBP 29 &
Adg 288 + e o 848 S awews E 67-0014 &
AZ F mecRolE} AT, ©] mecRe YRS Trpo &
Aok Aoz 5H3t {33 wjZolM PBP 2 4L e
AAE L WELE A Edo] F§L gy s o)
mecRO| mecAf7Are] “4F (upper stream)ol] EXjshe 2749
T2 mecl?t mecRIS.E $8F T} o] #4922 Hiramatsu 5
(18)& cloning, sequencing8tdiL, T3 mecks A O mecl
£ F=313, @ mecRE= PBP 29 A4 f=o) ¥ad &
=R D mecRIE F=3EA oW FEQR sgEhe B-
lactam A|#)7} MRSAS} HE31H mecRI} @43}E]o] 2 A&
7t mec4®l FX F-9)o) Agste] AAE AL Y mecl
o desEo] AJA7t A= Aos HPsArt. &, Berger-
Bachi §(19,20)2 femdf3x7F 588 &S i sidh
JemAFAZ = o} 7R FL7)Ho| B WA ke 4
Bjolu}, PBP 2440l F%E riXA] gtodM, XIxTHe)
AEY 74 AR 24 Bosin FARAd gL 3
of MEdA WA Bk Aoz Az gl

2 mecATAe] G714 go] WaHe) wlel 029 DNA
9HE 2 & de FHELDH S (polymerase chain
reaction, PCR)H-& ©|&43l] PBP 20 §49] Wi71%-g golst
© A, oA g3M AR e PBP 29) AAHR-HAKmecd
gene)s PCRYC.E HAEshs Zo] f-43ltx By vt
(21-23).

S, B2(Ghoyrrhiza uralensisye E3] &3hs thdA &
2824 tuto] JEQ) glycyrhizing 6-14% -3k o}
o] €3 Eo] glon wEEd 7)9-8 AT Qlo] FeFel 74
AEZ @ol 2oy 7|AHol} A8 X8o| f%o] AUtz
A Atk o] Wl e A5 A M-S WA sk
AT, H9E EEIM 3t 71§ EESE A% e Ao
2 4EA Ath24).

Hxe] FAHELE Ak A%l glycyrhizin®l® liquiritigenin,
liquiritin 5] flavonoid= v|% E24FHc}. Glycyrrhizing 3
27](25), T4 7926) ¥ AIDSE EFE vlolgi2A FE
Q7 Hold E3rt e Aoz FHEHEA oJokEe] 98
Z o]853 2l Mori F(28)2 AIDSEHAAH zh2E v)sk
Fo¥ Az vy g 21%S F7IGE S, Shin
35y HRFEEE ©1831A Listeria monocytogens®] 249
Al wAE FIFE ZABHR2H, A F(29) BE FE2EF
liquiritigenin®] Listeria monocytogenesto| W& 37 4L

Ehlle 229 itk AA JFH BELL YR o
oIS AYsted 2N Yol AR HIFHoz ¢
250 4E3 @ AL BA ek AAoln}. ol o}F7A @
oFA AR AF A7kEE o) srtEo] AR ¥, A=
& A EZol AellA bdgo) Frsojol stk 24
HE 7L Qlon, o FAEAES AAshe g Be
At o) 8 PET glo] AMel o go] Q7] MESR
Holoh a2y o HYE olgEo] 2 AgAEL 727
L8 A g TR 2, Zo) FAFAY &4 2
she H4e A9ty dx 2d3og X F83 A
B4 FEGES HEREY B0 FREol ol A9 ¢
9 EAE £ 7 UL 202 J|HNEh30). ol WA 3
A FEE BT ATE0] HZ B Hol FYHT o
B, olEig ATEL 7|ZE 3l Yo HAREAY Mix
olfo] A ¢ g HOZ o). oo B dreXE x
FEES o18Y WHEFY 37 248 Ity WY =8
Azt FAGA Y=g s Uolrt Al BB Fe
A ARE T ook} F - FUE S8 YA Sl &
AAE olBHEZR o]g HY Aol Hesd WA @3l o)
g HD FEAEMS ol § 7FeAE At} d.

Mz 3 ey

25 ¥ 4E3EM &3

B AYA AME3 @3 Staphylococcus aureus’s EFF3E
ATCC 25923, U445 KCCM 11812, 40510, T 40512 &
SO ERENE ZRE BEokubol AN T, Zte] FEL
tryptic soy broth(TSB, Difco, Detroit, USA)el 13930} HEs}
of 33 Auild I A Y zAdM Ao, Aas
Z3& 913 WA E uyptic soy agar(TSAYE, AlFL 34317
AT M2 E AR FHFE AT

2} & TSB 4] ¥ix] 10mLoll 1393°] 8|4 37°C shak-
ing incubatorel] 719] 39 Alg the, FFE 625mmelA 72
AITE B RS FHEGT o) FF HT gHe 8
A 4 A, E=F BAo] L A7 A wekgozn
F U 52 848 X8 S0 39 840] 7 e A
71 &Y test® & & AA i)

3

Alg =X

#HE FE99 Al 7ZE 20028 AAsA AJge 108
Axe MeOHE 713 5 24417 33] F&31u 229
Whatman No. 2 AFAE A3 F 79 HE3lgon =2
AR Z7te] $RHES HWdd 10% DMSO(dimethylsulfoxide)
A& SR 3o ARRE

#E F@Ee Y2 XN S5 HFMinimum inhibitory
concentration: MIC)

H2ASA M FEE Kudo SGDY S $451e 233
Atk "= 0.58 %E F& TSB JAMRe] 100 uL HEF 3
syringe filter(0.2 um pore size)® AFF AEE FEHEE A
3 37°C incubatorol| 4] 24A17F wjF 3 8to = AL
o oA Eo] AR g FEE MICE ZAA sl

Uz GEHE SadEe BN _
22 SRS 20 whel 2H5) 22 F phexane
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Extraction with 10 vol. of 80% methanol
Vacuum filtration
Evaporation under reduced pressure at 60°C

|
[Methanol extract’ 1Aqueous ohase}

| Partition with distilled water and hexane
i

[Hexane fraction‘j i Agueous phase }

L Partition with chloroform

—
i ]
Chioroform fraction ' Agueous phascj
\ Partition with ethylacetate
. Vo
Ethylacetate fraction i % Agqueous ohaseJ

1 Partition with butanol

- - -
i[ Butanol fraction J iAqeous fractton‘

Fig. 1. Procedure for extraction and fractionation of Glycyrrhiza
uralensis powder by various solvents.

(hexane), chloroform(CHCL,), ethylacetate(EtOAc) 2 butanol
(BuOH)YE &atd ez 33] uks F&3o] Fig 15} o] 2+ &
a2 A% 28y $2 784 3 T8 water ¥
3oz 7RFeEale] FAAZE W f7189E HAEAT
-20°Col Ba3tmA Aol ARt

ZxEsFe| HNTZF SN &Y

gr 055 o3 #& TSB 10mLel 100pL 2538 =
B3 22 syringe filter(0.2 um pore size)® Al AZ T, F
% 50, 100, 250, 500, 2 1000 mg/mLZ *2]sle] 37°C shak-
ing incubatorell A 71984 FHE 625 nmolA 48A7F Bt A
$A S FFEUTh

zxEege] YSHX|H Hlw

2250 378 AME disc diffusion method H-E HAt
At oM @FE dF FHR o F5-F streakingdt] =i F
3 & oujgd Z 43 1MFolE FHs| 10mL TSBo| HFskL
37°Col A 24A17) wjkaled B493 A1 - 3 Al Wi F
spectrophotometer(UNIKON 922, Kontron, Italy)& ©]-8-3}]
625 nmelA =A38le) 0.D7} 0.5(McFarland nephelometer)’} =]
A gl F5E 15X10° cfvmLE AMESIT S8 ANEE
Bz TSA ZAE TSBel agar 1.52.0%d7F F 1715
121°CNA] 1557 F#382 60°C A2 W¥zhs & Hvd
petri-dishol ¢} 15mLA EF3I%Ich. TSAuA| o] Ha€ glass
load® #g ST #ol EUE wix|e] EH §o B4E
8 mm paper disc(diameter 8 mm, Adantec Co., Japan)& £¢
22 e syringe filter(0.2 pm)E At A7l FEES 50 uly
z9lsle HFEEIl 1, 5, 10mg/disc7t A A3 FFA
% 37°C incubatorol A} 24A)7F ¥RSEAIA paper disc 5$19] inhi-
bition zone®] A& ZA3A

RT-PCR(Reverse Transcription-Polymerase Chain Reaction)
goll o8t LHMRF |EX WH A

Total RNAE WATZFE 1847F w3t E2]3ict. TRI
reagent(Molecular Research Center, Inc.)& AF&-3ted A|ZAR]

Table 1. Oligonucleotide primers for RT-PCR

Fragment size

Gene (bp) Oligonucleotides
A ssa 5 ATGAGATTAGGCATCGTTCC-3'
5" TGGATGACAGTACCTGAGCC-3'
el 268 5.CTGCAGAATGGGAAGTTATG-3'
ce 5 ACAAGTGAATTGAAACCGCC-3'
ecRI 235 5'-AAGCACCGTTACTATCTGCACA-3'
5-GAGTAAATTTTGGTCGAATGCC-3'
fomA 37 5 CATGATGGCGAGATTACAGGCC-3'

5'-CGCTAAAGGTACTAACACACGG-3'

Ao wet Btk widE FFolAM wAE AA L
phosphate buffered saline(PBS, pH 74) 10mLE F ¥ AlX&
% TRI reagent® A3t ©12S 1.5mL tubed] 1 ml¥ &
3 1-bromo-3-chloropropane2 200 L. 7k8te] 3037 vortex
sl YAIEZ(3,000pm, 158, #0319 FFdE Al M=
$ tubedl SATH 7)o FH<| isopropanolE H7Istd -20
°CollA] 2417k o] WA UM 4121 (13,000 pm, 15%,
£0)8 ¥ A5Ae AAsAL. AHEA 5% ASSE H7t
st AAT F diethyl pyrocarbonate(DEPC) M &€ FFTE
A7kt 65°C FxAIM 1087 whAIA JdES A £
2]¥ RNAE spectrophotometer®t 1% formaldehyde agarose
gel A7)19F& olgstd FFatr Bl

223 total RNA 2pg, superscript 11 RT200 U, 0.5pg
Oligo dT, 0.5mM dNTPE H7I8t] 42°Col|A] 9087+ 1H3-A]
2 & 70°ColM 1087 WS SAAZ

Total RNAYE SN2 A3E?] cDNAE Table 12} primer
E¢ ol83 PCR WHoZ FSEHUTE PCRY Mol 2.5U
Takara Ex. Taq polymerase, 2mM MgCl, 02mM dNTPE
A7yste] 74zt primerd] TE 272 AAlST

FAl X} #0|4(Scanning electron microscope:SEM) &

MRSAKCCM 405101 A &5 Halstd 182]7F F¢] AX
o] W3le FAbdz dr|3S B wEAsAt 4% wigd
AEgZ wiekele 0.1 M phosphate buffer(pH 7.4)E o2 W
A3 F 25% glutaraldehyde® 3-4A17F 4°CollA] A 14 gt
ke 9 buffer2 10-1587F AlFEAT ©lE 1% 0s0, (2%
0s0,: buffer=1: )2 1A7F5F F3A 3 th d#2] ethanol
@57 A3} isoamyl acetateE X F}AHE AA critical point
dryer(Hitachi-HCP-2, Tokyo, Japan)Z ZZRAI7IZ TFE
300 mm FAZ TES F FARREAR (Hitachi $-450, Tokyo,
Japan) &2 AASHATE

AER O[88 ZxxSEe WMZF 4N 53

autr oz Ao AET Ue Aelactuca sativays
AHgate] AR AEEY UAFF ti] 2E FEE0] e
FAEAS AFFTAGY AAEE o83t dds
Ade FA A FEKCCM 4051002 2] 3 R} & A
g &4 @ aFo® kol AFsiRen WA, #& A
& 18 o AR F2E FRHE ST U AF
259l T 1X10° cfw100 mL& 2] 3 & 3& Hol 085% E
# AEAFRE25s mLel 3870 B2 F S8 228 AR H
1054 sage s sMsted Basd vasd sk o
ARR-EE HiAlE o4 Mg 43 standard plate count agar
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Optical Density at 625nm

Hour

~4~— 25023 — 11812 —i— 40510 —@-- 40512

Fig. 2. Growth curve of standard S. aureus and MRSA strains in
the TSB.

(PCA, Oxoid Ltd, Basingstoke, England)?} SH¥wA} 2579)
Y| 2E $|8} mannitol salt agar(MSA, Difco, Detroit, USAR=]
£ AHE ach B3 #-g e A ¢4 2FE 99 2ol
S5TF0E ro] FUS WhHo R HAYE ¥

< -y

BEODF U HyEFe MERM

BFEHF ATCC 259233 WA FF KCCM 11812, 40510,
405128 A7) 918 FF8AFE HAYso UM 4aFE
o AEEE ZARBIYY. ole 359 3 4L 3 & ¢
AL, T o] T2 A7l A wigge e F o &
24E fATI S Fo] o] 7 g A7l &
g tests T AA ok & HFE F 72278 625 nmoll
A 2% 4759 ASFAE Fig 29 72 f=70E 0-104)
AR Jehger digrle 152007 Alel2 Jelkton
2 o|FE& AFEZIZL vERTE EEEFQ ATCC 259232
717 A9 glo] 5717t 1M1 AEE e #E9] 1520
AlZkef HlE) 433 wE AL B & AT v o)Fele
9] E4o] A9 St ® WAdFF KCCM 11812, 40510
A% 01047 A=Y F271E AR F )7 ey
AL B 4 Jden, KCCM 405129 ALl tE #45
Hlg] F9] Aol MA3] dojut f=77t Bow FE7)
3 t$7] " o) FEsh 48 Ui B ok

210 o

2

HE S HidNsx &Y

FAA WA T g AR 3289 da3ee A48
7] A8 AA wiA] MY E o] g3te Alge HAYAFE
MIC)E 27439t 2 A3}, Table 29 Zo] BFFF ATCC
25923¢] 739 0.18 mg/mL W E MIC7} S35 J, WATF

Table 2. Minimum inhibition concentration of G wuralensis
extract against methicillin-resistant Staphylococcus aureus

Name of MIC (mg/mL)
medicinal ATCC KCCM KCCM KCCM
plants 25923 11812 40510 41512
Glyeyrrhiza (g 0.20 022 0.20
uralensis

Chioraform

et el

Fig. 3. Antimicrobial effect of G wuralensis fractions (hexane,
CHCL,) using disc diffusion method.

Eoll A 020, 0.22 mgmlLE AU B3 YAAFE =
KCCM 40510 @54 A2 e MICEHS RYch

#E HENE SERe S0 ciEY

g2 £33 72 B9rE F4o] o2 49 hexane 2
chloroform, ethyl acetate, butanolZ H3F- ) FEFe e
3z ol HEE FEE dis AR H &2 3
Sl butanol 19.15%, chloroform 17.30%, hexane 14.65%,
ethylacetate 1.95%, aqueous 10.55% =22 %A Yebxich

HEEA g gEEY

Zx BYEE PREAE AN 2H Table 3904 e A
3} 7ko] EtOAc, BuOH, aqueous Z<lA]& inhibition zoneo] #
& UelA] 9ol olE fuleMe Aot 8l HA) &
Tk ¥H, CHCL, F9Me BEFF9 WAEF EF Img/
disc F=oNME 11-14 mm, 2 mg/disclAE 13-16 mmES JERY
I, hexane F& 1| mg/disc FXNAE 11-13 mm, 2 mg/discollA]

Table 3. Antimicrobial activities of various Staphylococcus aureus against G uralensis fractions (mg/disc)

S aureus Hexane . CHCl, EtOAc BuOH Agueous
strain number 2 1 0.5 2 1 0.5 2 1 0.5 2 1 0.5 2 1 0.5
ATCC 25923 14 13 9 16 14 - - - - - B - B . -
KCCM 11812 14 1 9 14 1 - - . - - . N . . .
KCCM 40510 13 13 9 15 i - . . - . B . . . .
KCCM 40512 14 12 10 13 12 - - - " - . . - . .

*paper disc (8 mm) was included.
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Table 4. Minimum inhibition concentration of various medicinal
herbal extracts against methicillin-resistant Staphylococcus aureus

MIC (mg/mL)
G uralensis
fra. ATCC KCCM KCCM KCCM
25923 11812 40510 40512
Hexane 0.10 0.25 0.25 0.25
CHCI, 0.10 0.10 0.10 0.10
EtOAc - - - -
BuOH - - - -
Aqueous - - - -
Penicillin 0.10 0.25 0.25 0.25

= 13-14mm9 inhibition zoneS X THFig. 3). Park %(33)94
Aol 23 S aurensol W3 EEA FE2ES] ¢ 10my

mLEZoA] inhibition zone®] 16.6 mm, 5mgmLA 132 mm
o2 By, A B FEEC] ¥ 1.8-23 mgmLe

A7tz gaaspt duhe Bash vas B o, & Agd A
43 7z REEdMe 99 ZAnng B 3k oﬂH 48

#HE 7S ¢ F A%

U= 2ef@el 2N sT &M

Table 4914 Be 23 o] 742 B8E 5 EtOAc, BuOH,
aqueous 3°] 1 mg/mLe] T FToME gato] s veht
2] k. EFETFF ATCC 259232 hexane, CHCL,, penicillin
o MIC7F 0.1 mgmLE Wddaol wls] WA vebo,
WAEFEL hexaneolX MIC7} 025 mg/mLE FASHA e}

3 ATCC25923
£
=
1o
o
[{e]
©
o
(]

10 20 30 40 50
-0.5
Time (hr)
3. KCCM40510
2.5

g 2
[=
9 1.5¢
©
ﬁ 1 +
a
O o5

0 — T - S T —

D 10 20 30 40 50

Time (hr)

%3, CHCl, $914= hexane R 22 0.10-0.12 mg/mLE
UeR} CHCL, Zolld st o $3-& B30k 53] CHC,
Zo] penicillin2t} 2.5 WIEE ¥ F4S B L mono-
cytogeneszoll sl 74 CHCL, E8E°] 0.05- 03mg/mH =
294 &35 B2l Ahn F(G4)°] A7 v} 2R }i
2494 EHE 2Yo™ Shin S35y ¢t 5Y ﬂ'_.i
Z 75% °leh& F&E0] 0.05-0.1 mgmL FEA %ﬁﬂ%
veERd By e Sl

ZxEsge gt FERF ¥ HYEFe| 4sSYH &1
Fig. 4= 2% E4EF dFazold 4L Uehd hexane,
CHCl, #3ES 72 Wi#59 A&A A8 dE%
Aot} 48X7HESH 100 ugmLe] TUF FE AR A
H=E vw FAT AR, 4aF E-\:‘ﬂ]"‘] hexane, CHCI, #
gEol EH‘T‘7]E At AR7RA] 18 AseE BAeH, ATCC

25923FF € 24470 %o A-§54 0| 51%51912‘11, KCCM
11812% 12A]7¢, KCCM 405103} 405125 244\ 7F o] o] 24

o] 3Es= AFE Jeich Ed W7 obd ATCC
2592375+ penicillindll thal A5A 3ol Fels= vhE U
w2 AT disiae AsAESe] SRR ko,
—‘?*Q%Q gl A ¥ tREFH FAR AES VR

£3], KCCM 40510:+79] A9 36A77HA] 2] S48 A3
01'91 dl AFelM = Ei_‘ﬂ Y =9 PdhET penicillin
Ho} o] U2 AaEg B3 ]2 NCCLS 7i&dl ojsha
penicillin 14]’“ & MIC 0.1 pg/mL °l”°i Aoty A=t
(36,37) ¥ A¥e MIC 71F:} 1,0008] &2 5%9] penicillin
A= #F9 ”‘gmrc’] TFed ALE E’-°} J-E“H’“i‘z"‘ =1

KCCM11812

E
[
0
(3]
w
®
a
[o]
0 10 20 30 40 50
-0. 5L
Time (hr)
KCCM40512
3 .
£
e
['e)
o
w
®
a
o
10 20 30 40 50
-0.5
Time ¢hr)

Fig. 4. Growth curve of S. aureus and methicillin resistant S. aureus in the TSB contained fractions (100 ug/mL) on the antimicrobial

effect.
@ control, l: hexane, A: chloroform, @: penicillin.
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™M A B C D

«- 268bp

3720p

M A B C D

Fig. 5. RT-PCR analysis of the level of mecA, mecl, mecRI and femA mRNA in MRSA strains.
Lane M: 1 kb base pair DNA ladder size marker, lane A: S. aureus strain ATCC 25923, lane B: MRSA strain KCCM 11812, lane C: MRSA

strain KCCM 40510, lane D: MRSA strain KCCM 40512.

& T UL FdEEAN HAYFEZY AE FYE B} A
sl kAl 2 F, A2 By EC] ARG v
FEE HEAIAE VS ¢+ sk

MMETRR| HMEHTe}l HHFHX L

RT-PCR(Reverse transcriptase-polymerase chain reaction)& o]
43t WALE A8 AHE A3 Fig 594 BHe A 2
o] EFAT ATCC 25923% H|E&l] WAFF KCCM 11812,
40510, 40512¢1M<= mecd, mecl, mecRl, femAFAAE B 5
%o}, KCCM 40510908 4718 |24 Fedsh) ek
e AE B F Uik

olo] 471 FHAE 25 @A ZE=WAFER KCCM 40510
€ =29 B¥E F /M 971 49 CHCB 2YES &
S E(50, 100, 250 pg/mL) Melsle] #2A3 A3} Fig 6004
e AR o), A AR mecael A 72 BYE
o] A Tt 2&4E $Ho| dAHE AL B+ U7,
mecRFAAE FEAZIE mecRIFAA £ 5 o]&Fog
o] oA He RE B 5 vk T3 Al¥y 249 3o
skl HE]AY UAdel Aol AE femd B AAE BT o&F
o2 Wdo] AAHL Y&E & F Ut ol Hx BB
mecAFAALL] HEE AAAIA wEdd Ao AEdhe A
g A4 A2 5 Utk A& BAE02M, 7kt olgE 1
Tidad & 5371 Jdde RS ¢ 5 Ak 28HY meck
AAbe] A 7+ FYES ¥rdE A7) L o a4 &5
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Fig. 6. RT-PCR of amplified fragment mec4, mecl, mecRI and
femA mRNA in MRSA KCCM 40510 strains.

¢DNA for PCR amplification was from the different concentration of
CHC, fraction described in the legend to Fig. 6. Lane A: control,
lane B: 50 pug/mL. of CHCI, fraction, lane C, 100 pg/mL of CHCI,
fraction, lane D: 250 pg/mL of CHCI, fraction.
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Fig. 7. Antimicrobial effect of G uralensis on methicillin resistant S. aureus KCCM 40510 (X 30,000).

Left: control, right: treated with CHCI, fraction of 250 pg/mL.
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Fig. 8. Effect of growth inhibition on methicillin resistant S.
aureus with various concentration of G uralensis extract.
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Fig. 9. Change of colony formation on methicillin resistant S.
aureus with various concentration of G uralensis extract.

AaF Bato] ol YkFdE FREATH e
Azts]o] ZTHdata not shown).

e ZrRE Al AR ofUet gE o 7o F
A% JAsHs RS 7 JeER HA FARA o)
g 4 Qe FES 7H7E Ao Al EE blelth

Rno=g

2 o

B ApiMe H2 AMAH oz FAVE I e A
WAlol tisl o JAaAE A AdBAES o8ty &
AR EEH FFoA Hlas Ry AAsFH Y sl 48t
o A AEA Hrisld 1 ZFHE A . B
Uizide) F8 9002 U I (Staphylococeus
aureusyS- o8] Ao diste] WS FEToEN HH 9
A8E YA ks HollA vl Az EAolt o|HE
WA ookt ez F - A8 waA daEy e
B2 287 WAES AW AES dHE A W
< H{EA He 23S B gk old daA Wi 34
FEAREF(Methicillin Resistant S aureus, MRSAY disl] H<d
okg A8 F 953 dES e ZRE 3 £9Ey
Zt BEES o]83 MRSAY] tidh & 848 dohE AR

ro] &AL Aol diFEe] WAdwFol el tix
3 A 23 UER penicillindl] vls) 7ExEHE] of
F718 dE JAEHE JeR|Ye™ o] F chloroform &3



dz9| FAAN TR et i 463

Bo] 7MY & ANE¥AdL Jehioh. £3 RT-PCRE £3
o BEFF WAEFe U Az WA fAxE B
£ 23} KCCM 405108 WAYSHAAR] mecd, mecRI, mecl,
femAd] EHol EA Jeh} IEWAFYL & 4 Aglen,
I=WAEE Y F5E ol 838t 7429 chloroform £
g FEHEGS0, 100, 250 pgml) M s AT FE =3
o2 {F3A FHo] AAEL B £ ULk B3 zxUNT
9 KCCM 405102 HEjdd WS AEA9)1E mecd 54
Aol BHE ARAITE mecRl F-A7e] pathwayst 483l
o8 HAXER Zhx7} ol3d nelAdde] a7t A
& & 7 AUk =3 SEME £3 Fejaky A £ &
YE AY Al AEdo] wHe AL 1% 4 AN} A
ol URFEES AH AFo Fvlsld WA 3o Ui
oA BFE RIS A F2E 200mg100mL FENA F
BTl tsl dFadE Jeie 2 B 5 Aok

HAle| 2

€ dve H)es - ISASAG Y Addsia A%
PlAEAE g 3 ARle A7dEe XYPes s
of ZAR=Hytt.

= ®

. Francis AW. Staphylococcus aureus (including toxic shock syn-
drome). In: Mandell Douglas and Bennetts Priciples and Infec-
tions Diseasea. 4: 1754-1755 Churchill Livingstone (1995)

2.Han SJ, Jung PM, Kim HG Hwang EH, Seong IW. Multiple
intestinal ulcerations and perforations secondary to methicillin-
resistant Staphylococcus aureus enteritis in infants. J. Pediatr.
Surg. 34: 381-386 (1999)

- Hiramatsu K, Hanaki H, Ino T, Yabuta K, Oguri T, Tenover FC.
Methicillin-resistant Staphylococcus aureus clinical strain with
reduced vancomycin susceptibility. J. Antimicrob. Chemother. 40:
135-136 (1997)

4. Haley RW, Hightower AW, Khabbaz RF, Thrnsberry C, Martone
Wi, Allen JR and Hughes JM. The emergence of methicillin-
resistant Staphylococcus aureus infection in united states hospi-
tials. Ann. Intern. Med. 97: 297 (1982)

5. Locksley RM, Cohen ML, Quinn TC, Tompkins LS, Coyle MB,
Kirigara JM, Counts GW. Multiple antibiotic-resistant Staphylo-
coccus aureus: Introduction Transmission and evolution of noso-
comial infection. Ann. Intern. Med. 97: 317 (1982)

6. Crowford 1J. New light on the transmissibility of viral hepatitis in

dental practice and its control. JADA 91: 829 (1975)

.Codino RC, Marshall WE. Control of infection in the dental
operatory. Dent. Surv. 42 (1976)

8. Mirrier RL, Burton WE, Spore RW. Aerosols produced by dental

instrumentation. Proc. First Intl Symp. Aerosol. p. 97 (1963)
9.Codino RC, Marshall WE. Control of infection in the dental
operatory. Dent. Surv. 42 (1976)

10. Barrett FF, McGehee RF, Finland M. Methicillin-resistant Staphy-
lococcus aureus at Boston City hospital. N. Engl. J. Med. 279:
441-448 (1968)

11. Klimek JJ, Marsik FJ, Bartlett RC, Weir B, Shea P, Quintiliani R.
Clinical, epidemiologic and bacteriologic observations of an out-
break of methicillin-resistant Staphylococcus aureus at a large
community hospital. Am. J. Med. 61: 340-345 (1967)

12. Dixon RE. Second international conference on nosocomial. Am.
J. Med. 70: 379, 631, 899 (1981)

13. Cohen SH, Morita MM, Bradfor M. A-seven year experience
with methicillin-resistant Staphylococcus aureus. Am. J. Med. 91:
233-237 (1991)

14. Sabath LD. Mechanisms of resistant to beta-lactam antibiotics in

—

w2

~

15.

18.

20.

2

22,

23.

24,

25.

26

27.

28.

29,

30.

31.

32.

33.

34.

35.

strains of Staphylococcus aureus. Ann. Intl. Med. 97: 339-344
(1982) .

Ubukata, Nonoguchi R, Matsuhashi M, Konno M. Expression and
inducibility in Staphylococcus aureus of the mecA gene, which
encodes a methicillin-resistant S. aureus-specific penicillin-bind-
ing protein. J. Bacteriol. 171: 2882-2885 (1989) :

. Wyke AW, Ward JB, Hayes MV, Curitis NAC. A role in vivo for

penicillin-binding protein-4 of Staphylococcus aureus. Eur. J. Bio-
chem. 119: 389-393 (1981)

. Tesch W, Ryffel C, Strassle A, Kayser FH, Berger-Bachi B. Evi-

dence of a novel staphylococcal mec-encoded element (mecR)
controlling expression of penicillin-binding protein 2'. Antimicrob.
Agents Chemother. 34: 1703-1706 (1990)

Hiramatsu K, Asada K, Suzuki E, Okonogi K, Yokota T. Molecu-
lar cloning and nucleotide sequence determination of the regula-
tor region of mecA gene in methicillin-resistant Staphylococcus
aureus (MRSA). FEBS Lett. 298: 133-136 (1992)

. Berger-Bachi B, Barberis-Maino L, Strassle A, Kayser FH.

FemA, a host-mediated factor essential for methicillin resistant in
Staphylococcus aureus: molecular cloning and characterization.
Mol. Gen. Genet. 219: 263-269 (1989)

Berger-Bachi B, Strassle A, Gustafson JE, Kayser FH. Mapping
and characterization of multiple chromosomal factors involved in
methicillin resistance in  Staphylococcus aureus. Antimicrob.
Agents Chemother. 36: 1367-1373 (1992)

-Bignari GE, Woodford N, Chapman A, Johnson AP, Speller

DCE. Detection of the mecA gene and phenotyptic detection of
resistance in Staphylococcus aureus isolates with borderline or
low-level methicillin reaiatance. J. Antimicrob. Chemother. 37:
53-63 (1996)

Mason WJ, Beenken K, Wibowo N, Ojha N, Smeltzer MS. Mul-
tiplex PCR protocol for the doagnosis of staphylococcal infection.
J. Clin. Microbiol. 39: 3332-3338 (2001)

Vanuffel P, Gigi J, Ezzedine H, Vandercam B, Delmee M, Wauter
G, Gala JL. Specific detection of methicillin reaiatant Staphylo-
coccus species by multiplex PCR. J. Clin. Microbiol. 33: 2864-
2867 (1995)

Kee CH. The pharmacology of chinese herbs. CRC Press, Inc.,
Boca Raton, F1, USA. pp. 275-278 (1993)

Kumagai A, Nanabosh M, Asanuma Y, Yagur T, Nishino K.
Effect of glycyrrhizin on thymolytic and immuno-suppressive
action of cortisone. Endocrinol. Jpn. 14: 39-42 (1967)

.Kiso Y, Tohin M, Ino H, Hattori M, Saamoto T, Namba T. Mech-

anism of antihepatotoxin activity of glycyrrhizin 1. Effect on free
radical generation and lipid peroxidation. Planta. Medica. 50:
298-302 (1984)

Pompei R, Flore O, Marcialis MA, Pani A, Loddo B. Glycyr-
rhizic acid inhibits virus growth and activates virus particles.
Nature 281: 689-690 (1979)

Mori K, Sakai H, Suzuk S. Effects of glycyrrhizin in hemo-phil-
iapatients with HIV-1 infection. Tohoku J. Exp. Med. 162: 183-
193 (1990)

Ahn EY, Shin DH, Baek NI, Oh JA. Isolation and identification
of antimicrobial active subsstance from Glycyrrhiza uralensis
FISCH. Korean J. Food. Sci. Technol. 30: 680-687 (1998)

Lee YC, Oh SW, Hong HD. Antimicrobial characteristics of edi-
ble medicinal herbs extracts. Korean J. Food Sci. Technol. 34:
700 (2002)

Kudo T, Saga N. Development of a simple method for antibiotic
susceptibility testing in algae using paper disks. Nippon Suisan
Gakkaishi 56: 455 (1990)

Food code. Korea Food Industry Association. Namhyung-Mun-
hwa, Seoul, Korea. pp. 730-743 (1994)

Park CG, Bang KH, Lee SE, Cha MS, Seong IS, Park SU, Seong
NS. Antimicrobial effect of various medicinal herb on Staphylo-
coccus aureus. Korean J. Medicinal Crop. Sci. 9: 251-258 (2001)
Ahn EY, Shin DH, Baek NI, Oh JA. Isolation and identification
of antimicrobial active substance from Glycyrrhiza uralensis
FISCH. Korean J. Food Sci. Technol. 30: 680-687 (1998)

Shin DH, Han JS, Kim MS. Antimicrobial effect of ethanol
extract of Sonomenium acutum (Thunb.) Rehd. et wils and Glyyr-
rhiza glabra L. var. Glanduliferaregel et zucc on Listeria mono-



464 =22 34813812 Al 37 E A 3 5 (2005)

cytogenes. Korean J. Food Sci. Technol. 26: 627-632 (1994) grow aerobically. NCCLS Document. Villanova, PA, USA. M7-
36. National Committee for Clinical Laboratory Standards. Perfor- A2 (1990)

mance standards for antimicrobial susceptibility testing. Fifth

informational supplement, Villanova, PA, USA. M100-55 (1994) (20059 19 63 AS; 20053 44 19 A=)

37. National Committee for Clinical Laboratory Standards. Methods
for dilution antimicrobial susceptibility tests for bacteria that



