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메티실린계 내성 황색포도상구균에 대한

비파잎의 항균활성 기작

윤 인 혜

부경대학교 대학원 식품공학과

요 약

메치실린계 내성 황색포도상구균 (methicillin-resistantStaphylococcus

aureus;MRSA)은 메티실린에 내성을 지닐 뿐만 아니라 세팔로스포린,

암피실린,나프실린 등과 같은 베타락탐 (β-lactam)계열 항생제를 비롯

한 많은 항생제에 내성을 지니고 있어 항생제 사용이 한정되어있다.이

에 따라 최근에는 항생제 내성 균주의 발생에 관한 우려가 없으면서 항

생제를 대신 할 수 있는 천연물질,즉 식물 또는 동물 유래 성분을 이용

한 항균활성물질의 개발이 활발히 진행되고 있다.본 연구는 사회적으로

문제가 되고 있는 항생제 내성균의 제어를 위한 연구의 일환으로 예로부

터 민간과 한방에서 널리 이용되어 온 9개의 약용식물을 메탄올에 추출

하여 항균활성을 조사하였고 그 중에서 MRSA에 대한 항균활성이 우수

한 비파잎을 가지고 anti-MRSA 활성을 가지고 있는 fraction의 분리 및

항균 기작을 조사하였다.그 결과 분획물 중 가장 뛰어난 항균활성을 나

타내는 비파잎의 ethylacetate분획으로부터 8개의 fraction을 얻었고

ethylacetatefraction03(EF03)에서 가장 높은 MIC값 (32μg/mL)의

anti-MRSA활성을 확인할 수 있었다.

Ethylacetate분획물 중 EF03이 ß-lactam 계 항생제 내성에 관여하는
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MRSA 내의 penicillinbindingprotein2a(PBP2a)단백질의 불활성 및

합성을 저해하는데 분자생물학적인 영향을 알아보기 위하여 RT-PCR과

westernblot을 이용하여 PBP2a단백질의 발현량과 MRSA의 ß-lactam

계 항생제 내성에 관여하는 유전자들의 전사량을 조사하였다.ß-lactam

계 항생제 내성에 관여하는 mecoperon (mecA,mecI,mecR1)중

mecA,mecR1이 EF03에 의하여 농도 의존적으로 저해되는 것을 관찰

할 수 있었고,mecoperon밖의 유전자인 femA 도 농도 의존적으로 감

소되는 것을 확인하였다.mecA 유전자의 최종산물인 PBP2a의 발현량

또한 비파잎 추출물의 ethylacetate분획물 중 EF03에 농도 의존적인

MRSA 항균작용을 가진다는 것을 확인하였다.이와 같은 결과는 EF03

이 직접적으로 MRSA에서 ß-lactam 계 항생제의 세포 내 수송을 억제

하는 PBP2a 단백질의 발현을 억제함으로써 ß-lactam 계 항생제의

MRSA 에 대한 항생제 감수성을 회복시킨다는 결론을 도출하였다.본

연구에서 얻어진 결과는 향후 비파잎 추출물에 함유되어 있는 항균물질

을 이용하여 MRSA 와 같은 항생제 내성균의 제어를 위한 alternative

phytotherapeuticagent와 같은 치료제 개발에 연결될 것으로 기대된다.
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Introduction

Drugresistanceinpathogenicbacteriaisaseriousproblem inthe

treatmentofpatientsinfectedwithsuchbacteria.Itiscurrentlyvery

difficulttodiscovernew antibioticsortodevelopnew antimicrobial

drugs(Shimizu,2001).

Methicillin-resistantStaphylococcusaureus(MRSA)isaprincipal

causeofnosocomialinfectiousdiseases,andhasbecomeaserious

problem inhospitals(Choietal.,2009).MRSA infectionsarequite

difficultto cure,owing to the multidrug-resistance properties of

MRSA,whichisresistanttoβ-lactamsaswellasahostofother

antibiotics.Duetotheemergenceofincreasingdrugresistance,most

notably methicillin resistance in staphylococci,much attention has

beenfocusedonthesearchfornew antimicrobialagents(Bramleyet

al.,1989; Hiramatsu et al.,1997).Vancomycin and its analog

teicoplanin are the mosteffective antibiotics forMRSA infection.

However,theirclinicaluseoftenresultsinunexpectedsideeffects

and the developmentofvancomycin-resistantS.aureus (VRSA)

infection(BailieandNeal,1988;Berger-Bachietal.,1992;Liuetal.,

2008).

β-Lactam antibiotics, such as penicillin and methicillin, are

substrateanalogspenicillin-binding proteins(PBPs),which catalyze

the formation of peptide cross-links (transpeptidation) between

glycanschain ofthecellwall.Covalentinhibition ofPBPsby β

-lactam resultsinaweakenedcellwallandeventualcelllysisand
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death(Ghuysen,1997).Theresistancemechanism againstmethicillin

ismediatedviathemecoperon,partofthestaphylococcalcassette

chromosome mec(SCCmec)(Shiota etal.,2000;Lee,2009).The

mecA geneishighlyconservedamongclinicalMRSA isolates(>90%

sequence identity between strains)and encodes PBP2a,a newly

discovered PBP unlikeany ofthePBPsnormally produced by S.

aureus(<21% sequenceidentity)andforwhichnoβ-lactam-sensitive

variantsordirecthomologsareknown(GoffinandGhusen,1998).

Thisproteinallowstheresistanceagainstallβ-lactam antibiotics

and obviates their clinicaluse during MRSA infections.As the

results,MRSA hasbecomeresistanttoalmostallavailableantibiotics

exceptvancomycinandteicoplanin.Vancomycin,theglycopeptide,is

oftendeployedagainstMRSA (Lee,2009).Recently,thesusceptibility

ofMRSA tovancomycinhasdecreased;thusvancomycin-resistantS.

aureus has been reported in severalcountries.Furthermore,a

decrease in the susceptibility ofMRSA to teicoplanin has been

reportedinseveralhospitalsworldwide(Alim etal.,2009).Forthese

reasons,asearchforbetterdrugstocombatthisinfectionisurgently

needed(Totsuka,1999).

Aboutadecadeago,muchattentionwasfocusedontheexploration

andutilizationofplantextracts(phytochemicals)asalternativestoor

synergisticenhancersofantibioticsused to treatMRSA infection

(Iinumaetal.,1994;Leeetal.,2007;Peng etal.,2010).Inthese

respects, natural resources including many compounds can be

potentialcandidates.Alsoenormousstudiesaboutnaturalsubstances
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are being conducting in many countries (Park,2012).Especially,

plants contain a wide variety of chemicals that have potent

antimicrobialactivity.Longbeforemankinddiscoveredtheexistence

ofmicrobes,theideathatcertainplantshadhealingpotential,indeed,

thatthey contained whatitwas would currently characterize as

antimicrobialprinciples,waswellaccepted.Sinceantiquity,manhas

usedplantstotreatcommoninfectiousdiseasesandsomeofthese

traditionalmedicines are stillincluded as part of the habitual

treatmentofvariousmaladies(RiosandRecio,2005).

Inthisstudy,itwasinvestigatedantimicrobialactivityofvarious

medicinalplantsagainstMRSA includingArtemisiaprincepsPamp.,

Teucrium veronicoides Maxim., Taraxacum platycarpum H.

DAHLST.,Plantago asiatica L.,leaves ofPanax ginseng,Pinus

densiflora Sieb.etZucc.,Houttuynia cordata Thunb.,Eriobotrya

japonicaLindl.leaf,andHoveniadulcisThunb.

Basedontheresultsonanti-MRSA activitiesofmedicinalplants,

theextractofE.japonicaleafwasselectedforfurtherstudy.The

loquat(Rosaceae)thatisasmalltreenativetoJapanandChinathat

iswidelycultivatedforitssucculentfruit.Itsleaveshavebeenused

as a folk medicine for treatmentofchronic bronchitis,coughs,

phlegm,highfever,andulcersinJapanandotherAsiancountries

(Perry,1980).E.japonicaleafhasbeenreportedtocontainvarious

activitiesagainstdiabetes,inflammatorydiseases,viraldiseases,and

skindiseases(Kawaharaetal.,2002;Qa’danaetal.,2009;Kim etal.,

2011).ItwasalsoreportedanantimicrobialactivityofE.japonica
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leafagainstpathogenicbacteria(Baeetal.,2005).However,thereis

no obvious reporton anti-MRSA activity ofthe medicinalplant.

Therefore, the objective of this study, it was examined the

antimicrobialactivityofE.japonicaleafagainstMRSA andelucidated

itsantibacterialmechanism againstMRSA.
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MaterialsandMethods

1.Raw materialsandextraction

ThefreshleavesofE.japonicaLindl.(Rosaceae)werepurchased

from Seogwipo-city(Jeju,Korea)inMarch2012.FreshE.japonica

leafwashedthoroughlywithtapwaterandthendriedforoneweek

atroom temperature.Driedleafwasgroundandthenfinelypowdered

with afood mixer(HMF-1000A;HanilElectronics,Seoul,Korea).

Thedriedpowderwasstoredinafreezerat-20°C untilrequired.

Thepowder(1.5kg)wasexhaustively extractedthreetimeswith

methanol(MeOH;10L)at68°C for3h.Thecombinedextracts

evaporatedusingarotaryevaporator.MeOH extract(132.3g)was

suspended in 10% MeOH (1.0 L)and then partitioned between

n-hexane(Hexane;1.0L×3)andH2O,CH2Cl2 (DCM;1.0L×3)

and H2O,ethylacetate (EtOAc;1.0 L × 3)and H2O,n-butanol

(BuOH;1.0 L × 3) and H2O,in sequence.Each extract was

concentratedusingarotaryevaporator(Eyela,Tokyo,Japan)under

vacuum at45°C.

2.Microorganismsandculture

Standardbacteriastrainswereobtainedfrom theKoreanCollection

ofTypeCultures(KCTC;Daejeon,Korea)andtheKoreanCulture

Center of Microorganisms (KCCM;Seoul,Korea).The bacterial
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strainsutilizedforevaluationofantibacterialactivityinthisstudy

wereamethicillin-susceptibleS.aureus(MSSA;KCTC 1927),and

twoMRSA strains(MRSA;KCCM 40510and KCCM 40511).All

strains were grown aerobically at37°C in Mueller-Hinton broth

(MHB;Difco,Detroit,USA)ortrypticsoybroth(TSB;Difco)fora

minimum inhibitoryconcentration(MIC)assayandinMueller-Hinton

agar(MHA;Difco)foradiscdiffusionassay.

3.Diskdiffusionassays

ThediskdiffusionassaydescribedbytheNationalCommitteefor

ClinicalLaboratoryStandards(NCCLS,2004)wasutilizedtoevaluate

theantibacterialactivity.Inbriefly,bacterialstrainswereculturedin

TSB at37°C untilthecellconcentrationsreachedatabout0.5of

opticaldensity at600nm.OnemL ofbacterialculturecontaining

approximately104 CFU/mL wasspreadonMHA plateandapaper

disc(6mm indiameter)containing1mgofeachextractwasthen

placedontheagarsurface.Afterincubatingfor24hat37°C,the

diameterofinhibitionzonewasmeasured.Theexperimentwasdone

threetimesandthemeanvalueswerepresented.

4.Measurementofminimum inhibitoryconcentration(MIC)

MIC means the lowestconcentration ofantimicrobials thatwill

inhibit the visible growth of microorganisms after overnight
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incubation(GriersonandAfolayan,1999).TheMIC oftheextracts

and vancomycin was determined by the two-fold serialdilution

method in MHB (NCCLS,2003).MIC wasdefined asthelowest

concentrationofcrudeextractthatinhibitedthevisualgrowthafter

incubation at37°C for20–24h and wasperformed in triplicates

(GriersonandAfolayan,1999).

5.Isolationandpurificationofanti-MRSA substance

Column chromatography was performed using LiChroprep RP-18

(Merck,Darmstadt,Germany)andSephadexTM LH-20(particlesize

18–111 mm, Amersham Bioscience Co., Uppsala, Sweden)

instruments.Thin-layerchromatography(TLC)wasperformedusing

Kieselgel60F254plates(0.25mm thick;EM Science,Gibbstown,NJ)

andspotsweredetectedbyUVirradiation(254and365nm).

6.RNA isolationandRT-PCRanalysis

InordertoelucidateaninhibitoryeffectofEtOAc-solublefraction

ofE.japonicaleafonexpressionofdrug resistancerelatedgenes,

MRSA cells were treated with various concentrations of

EtOAc-solublefraction(Leeetal.,2007).Aftercellharvesting,total

RNA wasobtainedbyzirconiabeadsandRNAwizkit(Ambion,Inc.,

Tex, USA) according to the manufacturer’s protocols. RNA

concentrationswereestimatedbyspectrophotometerat260nm.0.2to

1.4μgoftotalRNA plus1.4μgofrandom primerwasdenaturedat
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65°Cfor5min,thencoolediniceat30secandpreincubatedfor2

minat37°C aftertheadditionof10mM dithioothreitol(DTT),2.5

mM eachofdNTPs,andreactionbuffer.AnyremainingRNA was

removedviatheadditionof2unitsRNaseH at37°C for20min.

OnehundredunitsofSuperscriptIIreversetranscriptasewereadded

andincubatedfor50minat37°C.Thereactionwasthensuspended

at70°Cfor15min.OnepointfivepercentoftheRT productswere

addedtoaPCRreactionwhichincludedPCRbuffer(pH 8.4,20mM

Tris,50mM KCl),1.5mM MgCl2,0.5mM dNTPs,2pM primers,

and0.1uL TaqDNA polymerase.Twenty-eightPCR cycleswere

thenconductedasfollows:denaturationat95°C,extensionat72°C.

Primer sequences were as follows:mecA (554 bp,PCR product,

annealingtemperature:51.9°C)F;5'-ATGAGATTAGGCATCGTTCC-3',R;

5'-TGGATGACAGTACCTGAGCC-3'; mecI (268 bp, PCR product,

annealingtemperature:49.5°C)F;5'-CTGCAGAATGGGAAGTTATG-3',R;

5'-ACAAGTGAATTGAAACCGCC-3';mecR1(235bp,PCR product,annealing

temperature: 53.9°C) F; 5'-AAGCACCGTTACTATCTGCACA-3', R:

5'-GAGTAAATTTTGGTCGAATGCC-3'; femA (372 bp, PCR product,

annealingtemperature:52.6°C)F;5'-CAT GATGGCGAGATTACAGGCC-3',

R;5'-CGCTAAAGGTACTAACACACGG-3';GAPDH (514bp,PCR product,

annealing temperature: 51.0°C) F; 5'-ATGACCCCTTCATTGACC-3', R;

5'-GAAGATGGTGATGGGATTTC-3'(Leeetal.,2007;Leietal.,2007).



9

7.Westernblotanalysis

InordertoelucidatetheinhibitoryeffectofEtOAc-solublefraction

ofE.japonicaleafonexpressionofdrugresistancerelatedprotein,

PBP2a,MRSA cells were treated with various concentrations of

EtOAc-solublefraction(Leeetal.,2007).MRSA weretreatedwith

variousconcentrationsofthesolublefractions.Aftercellharvesting,

thebacteriallysateswerepreparedinalysisbuffercontaining 20

mM Tris-HCl(pH 7.5),2 mM ethylene glycoltetra acetic acid

(EGTA),2mM ethylenediaminetetraaceticacid(EDTA)and0.25

M sucrose.Thepelletswereresuspendedbysonicationinlysisbuffer

2timesfor20sec.Following10minofcentrifugationat13,000×g,

thesupernatantwasobtainedasthecelllysate.Proteinconcentrations

weremeasuredwithBradfordproteinassay(Kuetal.,2012).Then,

anequalamountof2X SDS-PAGE samplebuffer(pH 7.5,20mM

Tris-HCl,1mM EGTA,1mM EDTA,1% SDS,150mM NaCl)was

addedtothetubescontainingthecelllysateandboiltubesfor3min.

Aliquotsofcellularproteins(10μg/lane)werethenelectrophoresedon

10% sodium dodecyl sulfate–polyacrylamide gel electrophoresis

(SDS-PAGE).
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ResultsandDiscussion

1.Anti-MRSA activityofmedicinalplantsextract

This study was performed to evaluate antimicrobialactivity of

methanolextractfrom medicinalplantsandtheirfractionsonMRSA.

Theseeffectswereobservedwithorganicsolventsoftheplant.Nine

speciesofnaturalmedicinalplantswereused in thisexperiments

(Table1).Lyophilizedeachpowder(1.0kg)ofmedicinalplantswas

percolatedinmethanol(3times×1.0L).Theanti-MRSA activityof

methanolsolublefractionwasthenevaluatedbymeasuringinhibition

zonesandMICs(Table2).Among them,E.japonicaleafextract

showed the strongestanti-MRSA activity.Recently,Park (2012)

reportedananti-MRSA activityform abrownalgae,Eiseniabicyclis.

The metabolic extractofseaweed exhibited also showed strong

anti-MRSA activityintherangeof10to13cm ininhibitionzonein

thepresenceof1mgextract.TheE.japonicaleafmethanolicextract

alsoshowedsimilaranti-MRSA activitycomparedtotheactivityof

E.bicyclis(Eom,2012).

2.Anti-MRSA activityofE.japonicaleafextract

ThemethanolicextractofE.japonicaleafexhibitedanantibacterial

activityagainstMRSA strains,suggestingthattheextractcontains
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anantibacterialsubstanceagainstMRSA.Also,theextractexhibited

almost similar antibacterialactivity against MSSA.In order to

identify an antimicrobialsubstanceagainstMRSA andMSSA,the

furtherfractionationonextractwasperformedwithorganicsolvents

(Fig.1).Lyophilized powder (1.0 kg) ofE.japonica leaf was

percolatedinmethanol(3times×1.0L),followedbyfractionation

withseveralorganicsolventstoyieldHexanesolublefraction(1.68

g),DCM solublefraction(0.82g),EtOAcsolublefraction(1.06g),

BuOHsolublefraction(11.4g)andH2Osolublefraction(15.0g)(Fig.

1).Theanti-MRSA activityofHexane,DCM,EtOAc,BuOHandH2O

solublefractionswasappraisedbymeasuringinhibitionzones.Among

them,theEtOAcsolublefractionshowedthestrongestanti-MRSA

activityandfollowedbyHexane,DCM andBuOH solublefractionin

the order.No anti-MRSA activity was observed in H2O soluble

fraction(Table3).Theseresultswereconsistentwiththereportsof

thatEtOAcsolublefractionsofFlosSophorajaponicaLinne(Parket

al.,2009),Paeoniajaponica(Bae,2011),andE.bicyclis(Park,2012;

Eom,2012)exhibitedthestrongestanti-MRSAactivity.
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No.

Korean name 

of

medicinal 

herbs

Scientific name No.

Korean name 

of

medicinal 

herbs

Scientific name

1
약쑥

(wormwood)

Artemisia   

princeps   

Pamp.

6

솔잎

(pine

needles)

Pinus   

densiflora   

Sieb. et Zucc.

2
곽향

(betony)

Teucrium   

veronicoides   

Maxim.

7
비파잎

(loquat)

Eriobotrya   

japonica   

Lindl. leaf.

3
민들레

(dandelion)

Taraxacum   

platycarpum   

H. DAHLST.

8
어성초

(heartleaf)

Houttuynia   

cordata   

Thunb.

4
질경이

(plantain)

Plantago   

asiatica L.
9

헛개

(oriental 

raisin)

Hovenia   

dulcis Thunb.

5

인삼잎

(ginseng

leaf)

Panax   

ginseng leaf
   

Table1.Listofninemedicinalplantsusedinthisstudy
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MeOH extraction

Inhibition zone diameter 

(mm)1) MeOH extraction

Inhibition zone diameter 

(mm)1)

1 mg/disc 5 mg/disc 1 mg/disc 5 mg/disc

Artemisia princeps Pamp. 10.5 16 Pinus densiflora Sieb. et Zucc . 10 14.5

Teucrium veronicoides Maxim. 8 14 Eriobotrya japonica Lindl. leaf. 10.5 16

Taraxacum platycarpum H. 

DAHLST.
7 10 Houttuynia cordata Thunb. 8.5 14.5

Plantago asiatica L. 7 11.5 Hovenia dulcis Thunb. 7 13

Panax ginseng leaf 9.5 13.5    

Table 2. Antimicrobial activities of methanol (MeOH) extract from various extracts against

methicillin-resistantStaphylococcusaureusKCCM 40511

1)Discdiameter(6mm)wasincluded.
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Fig.1.Schemeofextractionandliquid-liquidsolventfractionation.
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Gram-positive bacteria Concn.

Zone of inhibition (mm)a

MeOHb

ext.

Hexane

fr.

DCM

fr.

EtOAc

fr.

BuOH

fr.

H2O

fr.

MSSA (KCTC 1927)
1 mg/diskb 9.5c 10.0 9.0 10.5 9.5 -d

5 mg/disk 14.5 11.5 14.0 15.5 12.0 -

MRSA (KCCM 40510)
1 mg/disk 12.0 10.0 10.0 12.5 10.0 -

5 mg/disk 16.0 18.5 19.0 20.0 15.0 -

MRSA (KCCM 40511)
1 mg/disk 10.5 9.0 9.5 11.0 10.0 -

5 mg/disk 16.0 12.5 14.5 16.5 14.0 -

Table3.Diskdiffusionassayofthemethanolextractanditsfractionsfrom EriobotryajaponicaLindl.leaf

against methicillin-resistant Staphylococcus aureus (MRSA) and methicillin-susceptible S.aureus

(MSSA)

aMethanolextractanditsfractionfrom E.japonicaleafwasloadedontoadisk(6mm indiameter).
bMeOH ext.,methanolicextract;DCM fr.,dichloromethanefraction.;EtOAcfr.,ethylacetatefraction;BuOH fr.,

butanolfraction;H2Ofr.,waterfraction
cDataaretheaveragesofduplicateexperiment
d–,nodetectedantibacterialactivity.
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mecAa

MIC (μg/mL)

MeOHbext. Hexane fr. DCM fr. EtOAc fr. BuOH fr. H2O fr.

MSSA (KCTC 1927) - 512 512 256 64 512 >512

MRSA (KCCM 40510) + 128 128 128 64 128 >512

MRSA (KCCM 40511) + 128 128 64 32 128 >512

Table4.Minimum inhibitoryconcentrations(MIC)andminimum bacteriocidalconcentration(MBC)ofthe

methanolextractand itsfractionsfrom Eriobotrya japonica Lindl.leafagainstmethicillin-resistant

Staphylococcusaureus(MRSA)andmethicillin-susceptibleS.aureus(MSSA)

a+,mecApositive;-,mecAnegative.
bMeOH ext.,methanolicextract;DCM fr.,dichloromethanefraction.;EtOAcfr.,ethylacetatefraction;BuOH fr.,

butanolfraction;H2Ofr.,waterfraction.
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3.DeterminationofMICofE.japonicaleafextract

ThecurrentstudywasfocusedonanantibacterialactivityofE.

japonica leaf extracts againstMRSA.In order to quantitatively

evaluateitsantibacterialactivity,itwasinvestigatedMIC valuesof

the extracts againstMRSA and MSSA (Table 4).The highest

anti-MRSA activitywasobservedonEtOAcsolublefraction.These

resultswerealsoconsistentwiththeresultsobtainedbythedisk

diffusionassay.TheMICsofEtOAcsolubleextractweredetermined

inarangeof32to64μgpermLagainstMSSA andMRSA strains

(Table4).Othersolublefractions(Hexane,DCM andBuOH)werein

arangeof64to512μgpermLforMICs.However,noantibacterial

activitywasobservedinH2Osolubleextract(Table4).Theseresults

stronglysuggestedthatananti-MRSA substanceoriginatedfrom the

methanolicextractofE.japonicaleafwillbeabundantintheEtOAc

solublefraction.

Itwasperversely reportedthattheEtOAcextractofthisplant

showed the highest antibacterialactivity against Gram positive

bacteria,BacilluscereusandS.aureus(Baeetal.,2005).However,

toourknowledge,thereisnoobviousreportonanti-MRSA activity

ofthisplant.Thus,thisisthefirstreportonanti-MRSA activityof

E.japonicaleaf.Theanti-MRSA activitywasequaltothatofthe

EtOAc fraction ofE.bicyclis (Eom etal.,2011).However,the

anti-MRSA activitiesofothersolublefractionswasinferiortothose

ofthefractionsofE.bicyclis(Eom etal.,2011).
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The β-lactam groupsofantibioticsarederivedfrom a β-lactam

structureandinhibitseveralenzymesassociatedwiththefinalstepof

peptidoglycan synthesis (Foster, 2004). Among them, ampicillin,

penicillin,andoxacillinagainstpreferentiallybindtoPBPinthecell

wall and inactivate their transpeptidase and carboxypeptidase

activities;these activities are responsible forcatalyzing the final

transpeptidationstepofbacterialcellwallbiosynthesis(Foster,2004).

AmongS.aureusstrainstestedinthecurrentstudy,twostandard

MRSA strainsweremecA positiveandonestandardMSSA strain

wasfoundtobemecA-negative(Table4).Ithasbeenknownthat

mecA isakeygeneinvolvedinβ-lactam antibioticresistance(Eom,

2012).Allofthe MRSA strains were highly resistantto the β

-lactams,includingampicillin,penicillinandoxacillin,andevidenced

MICsequaltoorgreaterthan64μgpermL(Eom etal.,2011).The

MICsofampicillin,penicillin,andoxacillinagainststandardMSSA

werelessthan1μgpermL,respectively,ashasbeenestablishedin

otherstudies(Eom etal.,2012).TheMICsofEtOAcfractionraining

in32to64μgpermLwereequaltoorlessthanthoseoftheβ

-lactamstested againsttheMRSA strains(Table4)(Eom etal.

2011).

4.Isolation ofan activecompound againstMRSA from

EtOAcsolublefraction

Inordertostudytheactivityinmoredetail,more,themethanolic
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extract was further fractionized using liquid-liquid solvent

fractionation (Fig.1).Among soluble fractions,the EtOAc fraction

showedthestrongestanti-MRSA activity in testedmodelsystem.

The aim of the present study was to elucidate antimicrobial

mechanism ofE.japonicaleafextractagainstMRSA.However,only

limitedinformationisavailableconcerningtheiranti-MRSA activity.

Therefore, the EtOAc fraction was subject on a column

chromatography to obtain an active fraction exhibiting strong

anti-MRSAactivity.

TheEtOAc-solubleextract(17.41g)waschromatographedon a

column(4.0cm i.d.×50cm)packedwithSephadexTM LH-20.Eight

sub-fractions (EF01-EF08)were obtained by MeOH elution as a

mobilesolvent.Theyieldofeachsub-fractionswasEF01(5.35g),

EF02(1.43g),EF03(6.41g),EF04(1.29g),EF05(0.50g),EF06

(1.81g),EF07(0.25g),andEF08(0.34g),respectively.

5.Minimum inhibitory concentrations (MICs)ofEtOAc

sub-fractionsderivedfrom EtOAcsolublefraction

In orderto quantitatively evaluate anti-MRSA activity ofeach

sub-fractions againstMSSA and MRSA strains,MIC assay was

performed.TheMICvaluesofthesub-fractionswereobtainedbya

two-fold serialdilution method (Table 5).The MICs ofEtOAc

sub-fractionsrainingin32to128μgpermLwereequaltoorless

thanthoseoftheβ-lactamstestedagainsttheMRSA strains(Eom,
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2012). Among EtOAc sub-fractions, EF03 showed the highest

anti-MRSA activity indicating that the sub-fraction contains an

active substance againstMRSA and MSSA.These results also

suggestthatthisfraction may meritperforming additionalstudies

includingmechanism assaysandstructuremodifications.
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Strains

MIC (μg/ml)*

EF01 EF02 EF03 EF04 EF05 EF06 EF07

MRSA (KCCM40510) 128 128 64 128 128 64 128

MRSA (KCCM40511) 128 128 32 128 128 64 128

MSSA (KCTC 1927) 128 128 64 128 128 128 128

Table5.Minimum inhibitoryconcentrations(MICs)ofsub-fractions

derivedfrom EtOAcsolublefractionagainstmethicillin-susceptible

Staphylococcusaureus(MSSA)andmethicillin-resistantS.aureus

(MRSA)

*MICofeachsolventextractwasdeterminedbythetwo-foldserialdilution

methodinMuellerHintonbroth.
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6.InhibitoryactivityofEtOAcsub-fractionofE.japonica

leafon theexpression ofgenesandPBP2arelated in

drugresistance

The resistance ofthe β-lactam group ofantibiotics,including

ampicillin,penicillin and oxacillin is primarily mediated by the

penicillin-binding protein 2a (PBP2a)encoded by the mecA gene

(Foster,2004;Leeetal.,2008).Themechanism underlyingmethicillin

resistanceappearstobequitecomplexandhasyettobethoroughly

elucidated;however,itisbelievedtoinvolvetheoverproductionofβ

-lactamase(Sabath,1982)andtheexpressionofPBP2a,whichhasa

low affinity forβ-lactam antibiotics,aswellasachangeinPBP

type(Hiramatsuetal.,2001;Guignardetal.,2005).

The gene thatencodes PBP2a,mecA,was acquired from an

unknowndonorbacterium,togetherwith30to50kbofadditional

DNA,and inserted ataspecificchromosomalsite(Tanyaetal.,

2001).ThemecA geneislocatedonamobileelement,staphylococcal

cassette chromosome mec (SCCmec), which is horizontally

transferableamongstaphylococcalspecies.ThisinstabilityofmecAin

somegeneticbackgroundsmay accountin partfortherelatively

restrictedclonalclusteringofthemobileSCCmecelement(Katayama

etal.,2005)(Fig.2).In apreviousstudy,factorsotherthan the

expressionofthemecAgeneweredetected(Leeetal.,2007).

ThesefactorsappeartocontroltheinductionofPBP2aproduction

in MRSA,and arecollectively termed asmecR,which hasbeen
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showntobepresentinsomevariantsofS.aureus.Itsuppressesthe

synthesisofPBP2a presentin a certain geneticbackground,and

mediatesinfluencesontheexpressionofmethicillinresistance.This

mecR hasbeenidentifiedastwodifferentgenes,mecIandmecR1,

bothofwhicharelocatedwithintheupstream regionofthemecA

gene(Shuklaetal.,2004).Thesegeneswerepreviouslyclonedand

sequenced(Zhangetal.,2001),anditwasalsoexplainedthatmecI

encodes forthe mecI suppression protein.Upon contactwith β

-lactam,mecR1isactivated,anditssignalbindstothepromoter

region ofmecA and is transduced to mecI,thereby suppressing

transcription.Inaddition,reportedthatthefemAgenealsoperformsa

crucialroleinthisprocess(Berger-Bachietal.,1989).

Otherstudyalsoreportedthatachromosomallydeterminedfactor

formethicillinresistanceisfemA gene(Vannuffeletal.,1995).The

actionmechanism ofthefemA generemainstobefullyelucidatedat

present;nevertheless,itisbelievedthatitplaysnotpartinPBP2a

synthesis.Rather,itappearstobeinvolvedinthesynthesisofcell

wallcomponentsofS.aureus,andalsomediatesdrugsensitivity,and

thusininvolvedin methicillinresistance(Meng etal.,2009).The

femAgeneis48kDaproteins(Kobayshietal.,1994).Theexpression

levels of femA in high-level resistant MRSA (non-β

-lactamase-producing)werefound to behigherthan in low-level

resistantMRSA andMSSA.A regulatorygeneoffemA isprobably

presentin MRSA and femA was shown to be essentialforthe

expressionofhigh-levelmethicillinresistance(Lietal.,2008).
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ThenucA genewasemployedinmycomparisonofresistantgene

expressionpatterns.TheS.aureusmicrococcalnucA isasmall(∼18

kDa),stable,extracellularenzyme,which is secreted as a target

proteininS.aureus(Duttonetal.,2000;Myscofskietal.,2001).Also,

GAPDH gene,whichisahousekeepinggeneinalleubacteria,was

usedasacontrol(Leeetal.,2007).

The results ofsynergistic effectbetween phlorofucofuroeckol-A

(PFF)and β-lactams suggested that β-lactams can restore the

inhibitory activity to cellwallsynthesis ofMRSA cellin the

combination with anti-MRSA substance(Eom,2012).Also,itwas

reportedPFFinhibitsexpressionofmecAandPBP2ainMRSAcells.

Consideringtheseresults,itwassupposedthatanti-MRSA activity

ofEtOAcfractionofE.japonicaleafmightberelateddirectlyor

indirectlytoexpressionofmecA andPBP2a.Inordertoverifythis

hypothesis, an inhibitory effect of sub-fraction EF03 on the

expression of genes (mecA,mecI,mecR1 and femA) and the

productionofPBP2arelatedinβ-lactamsresistancewasinvestigated.
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Fig.2.mecoperonofmethicillin-resistantStaphylococcusaureus(MRSA).
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AllmRNA ofmecA,mecI,mecR1,andfemA,nucA,andGAPDH

genes in MRSA KCCM 40511 strain wereclearly detected by a

reversetranscriptase-polymerasechainreaction(RT-PCR).However,

mecR1genewasnotunabletoconfirm inMRSA KCCM 40510strain

(datanotshown).Ithasbeenpreviouslyreportedthatsomeclinical

isolatesofMRSA containdeletionsofmecIandpartialdeletionof

mecR1(Shuklaetal.,2004).From thisreport,itwassupposedtwo

possibilities;the gene(s)is deleted fullorpartialin SCCmec of

KCCM 40510strain,and/ortheprimer(s)usedforRT-PCRinthis

studywasnotproperduetoitsmutationcausedbythetreatmentof

EF03sub-fraction(Eom,2012).

AsshowninFig.3,themRNA expressionofmecA,femA,and

mecR1genewereinhibited in adose-dependentmannerby EF03

sub-fraction.However,theexpression ofmecI,nucA andGAPDH

wasnotaffectedbythetreatmentofEF03attheconcentrationof16

μg permL.Thus,theresultsobtainedfrom Fig.3indicatedthat

EF03fractionofE.japonicaleafcanselectivelyinhibitthemRNA

expressionofmecoperongenesandeventuallyledtothereduction

ofresistanceonMRSA.Ingeneral,mRNA expressionoftargetgene

wouldnotdirectlycorrelatewithitsproteinproduction(Eom,2012).

Therefore,itneedstoinvestigatetheproductionofPBP2aencodedby

mecA.

The results ofWestern blotting assay indicated thatthe EF03

sub-fraction attenuated the production level of PBP2a in a

dose-dependentmanner(Fig.4).Considering the results obtained
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from mRNA expressionandWesternblottingassay,itwasconcluded

thattheEF03sub-fractioninhibitedtheexpressionoftheresistant

protein,PBP2a,through transcriptionalinhibition.The majority of

publishedreportsdidnotaddressthecapacityoftheplantandherbal

extracts to regulate drug-resistantproperties in molecular levels

(Eom,2012).Inthestudy,theEF03sub-fractionfrom E.japonica

leafis expected to be recognized as a naturalsource for the

developmentofan alternative therapeutic method againstMRSA.

Also,with moredetailed research into theisolation,identification,

actionmechanisms,andtoxicityofactivecompounds,E.japonicaleaf

extractis expected to be recognized as naturalsources forthe

developmentofnew functionalfoods,and willalso comprise a

componentofthefightagainstMRSA.
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Fig.3.Effectofethylacetatesub-fraction(EF03)ofEriobotryajaponica

Lindl.leafonthemRNA expressionofmecA,mecI,mecR1,femA,and

nucA genes.Methicillin-resistantStaphylococcusaureus(MRSA)KCCM

40511 strain was treated with the indicated concentrations ofEF03

fraction.
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Fig.4.Effectofethylacetatesub-fraction(EF03)ofEriobotryajaponica

Lindl. leaf on the expression of PBP2a protein against

methicillin-resistantStaphylococcusaureus(MRSA)strain.MRSA KCCM

40511 strain was treated with the indicated concentrations ofEF03

fraction.
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Summary

In an efforttodiscoveran alternativeantibioticagainstMRSA,

naturalresourcesprovidearichsourceofchemicaldiversitythatcan

be used to develop new,potentialand usefultherapeutic agents.

Amongnaturalresoureces,E.japonicaleafexhibitsactivitiesagainst

diabetes,inflammatory diseases,viraldiseases,and skin diseases.

However,study ofthe antimicrobialacitivity ofMRSA from E.

japonicaleafhasnotreportedyet.Therefore,theobjectivesofthis

studyaretoinvestigateananti-MRSA activityofE.japonicaleaf

andtoelucidatetheitsanti-MRSAmechanism.

Inthisstudy,thehighestanti-MRSA activitywasobservedfrom

EtOAcsub-fraction03(EF03)ofE.japonicaleafmethanolicextract.

TheMICvaluesofEF03arerangingin32to64µgpermLagainst

MSSA andMRSA.Furthermore,themRNA expressionofthemec

operongeneswasselectivelyinhibitedinadose-dependentmanner

byEF03fraction.TheEF03fractionsinhibitedtheexpressionofthe

resistantgenesmecA,mecR1,andfemAinadose-dependentmanner.

Moreover,theresultsofWesternblottingassaysindicatedthatthe

EF03fractionsinhibitedtheexpressionlevelsoftheresistantprotein,

PBP2ainadose-dependentmanner.Asfarascouldbeascertainedin

my literaturesurvey,theactivecompoundsimplicatedherein have

proveneffectiveinotherstudies.However,themajorityofthereports

publishedhasaddressedtheantimicrobialactivityofthesecompounds
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onlyagainstMRSA,anddidnotaddressthecapacityoftheextract

andfractionstoregulateresistanceproperties.

In conclusion,itwasdetermined herein thattheEtOAcsoluble

fractionofE.japonicaleafevidencedprofoundantimicrobialactivity,

andinhibitedresistantgeneexpressionagainstMSSA andMRSA.

Therefore,thisstudyexpectstocontributetothedevelopmentofan

alternativephytotherapeuticagentagainstMRSA,andinapplications

ofthe treatmentofMRSA infection.However,in needed more

detailed research into the identification,action mechanisms,and

toxicityofactivecompoundsoftheanti-MRSAactivity.
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드러움을 갖춘 실장님 연중선배,정 많이 들었지만 영국으로 공부 간다

는 개미 기언이,같이 있었던 시간은 짧았지만 정들었던 지윤이,지훈선

배,덕훈이,호준선배,승용선배,선영언니,형훈선배,신국이,부산에 와

서 유일하게 마음 터놓고 이야기 할 수 있는 친구 동륜이 정말 감사합니

다.광주에서 석사를 하며 석사의 고충을 누구보다 잘 이해해주는 친구

소피 혜정이,나의 영원한 지기 미골이 성숙이,고등학교 때부터 지금까

지 옆에서 응원해 주던 건빵 은진이,특수교육과의 미모 3인방 재연이,

엄양 현숙이,지영이,대학교 때부터 힘이 되어준 친구 친절한지현씨,사

기꾼 동아리의 귀염둥이 오빠 재성씨,효댕오빠,승기오빠,경훈오빠,개

구쟁이 동생들 범이,세준이,능력 있는 내 친구 지련이,빈자리를 채워

주던 수현이,모두 감사드립니다.작은 공간에 다 열거하지 못한 그 밖의

소중한 인연을 맺은 분들 모두에게 고마움을 전합니다.그리고 부족한

누나지만 항상 자랑스러워 해주고 아껴주고 챙겨주었던 우리 집의 복덩

이 준희 누나가 너무너무 사랑한다.하나 밖에 없는 딸이지만 효도도 제

대로 못하고 아직 어리게만 보이는 큰 딸을 항상 믿어주고 든든한 지원

군이 되어 어렵고 힘든 상황을 버틸 수 있게 힘이 되어준 사랑하는 우리

엄마 아빠 항상 존경하고 자랑스럽습니다.

제가 사랑하고 저를 사랑해주신 모든 사람들 덕분에 논문을 잘 마무리

하고 좋은 추억을 만들고 가는 것 같습니다.진심으로 감사드리며,지금

배운 것들을 항상 잊지 않고 모든 일에 최선을 다하고 노력하는 모습으

로 살아가도록 하겠습니다.
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