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감태 부산물 황국균 발효 추출물의 항메티실린내성

황색포도상구균에대한항균효과

황 혜 진

부경대학교 대학원 식품공학과

요 약

다양한 해양유래 생물종을 대상으로 실시한 일련의 연구에서 해조류인

감태에서 가장 뛰어난 anti-MRSA활성이 조사되었고,또한 열수 추출 후의

감태 부산물에서도 상당 수준의 anti-MRSA 활성이 관찰되었다.감태는 우

리나라 제주도 지역에서 자생하는 대형 갈조류로서 그 열수 추출물은 식품

과 화장품 등의 원료로 최근 주목을 받고 있다.하지만 열수 추출 후에 대량

으로 발생하는 부산물은 극히 일부분만 퇴비로 사용 될 뿐이고 대부분은 산

업 쓰레기로 무단 방치 되거나 해양에 투기하고 있는 실정이다.따라서,다

량의 생리활성 성분을 여전히 가지고 있는 것으로 기대되는 감태 부산물의

산업적 활용범위를 넓히기 위한 시도가 필요하다.이에 본 연구에서는 감태

부산물의 산업적 이용도를 증대하기 위하여 추출공정에 미생물 발효공정을

도입하고 미생물의 발효 (즉 효소 분해 작용)에 의해 MRSA에 대한 항

균활성이 어떻게 변화하는지를 연구하였다.또한,감태 부산물의 항균 특

성에 대하여도 조사 하였다.

감태 부산물 추출액을 유기용매로 획분하고 각 획분의 MRSA에 대한 항
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균활성 실험 결과 EtoAc획분 >n-BuOH획분 순으로 항균활성이 나타났

으며 n-hexan획분,CH2Cl2획분,H2O획분에서는 항균활성이 나타나지 않

았다.감태 부산물을 황국균으로 액상 발효하였을 경우에도 감태 부산물의 추

출물 처럼 EtoAc획분에서 가장 높은 항균활성이 관찰되었다.감태 부산물

의 황국균 발효 추출물의 경우 EtoAc획분의 MRSA에 대한 MIC값이

64～256μg/ml으로 감태 부산물의 EtoAc획분의 MIC값(128～256μg/ml)

보다 증가 하는 것으로 나타났다.이러한 결과는,유용 성분의 열수 추출

후에도 세포벽 등의 세포 조직에 다량으로 남아 있는 항균성 물질들이 황

국균에 의해서 생산되는 다양한 효소들의 분해 작용에 의해 보다 효과적

으로 추출된 것으로 사료 되었고,실제 HPLC를 이용하여 분석한 결과 감

태의 phlorotannins중 MRSA에 대한 강한 항균 활성을 가지고 있는 것

으로 알려진 dieckol의 함량이 발효에 의해 증가된 것으로 조사되었다.이

외에도 다른 세균들에 대한 항균활성도 발효에 의해 증가한 것으로 조사

되어 대량으로 발생하는 감태의 열수 추출부산물에 대한 미생물 발효공정

의 적용은 천연 항생제의 개발에 이용될 수 이용될 수 있을 것으로 기대

된다.
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Introduction

Emergenceandspreadingofdrugresistancebacteriaisaserious

clinicalproblem inmanycountry.Theinfectiousdiseasehavereduced

extraordinary with an rapid improvement of new antimicrobial

treatmentinthelast60years.Sinceantibioticswereinitiallyusedin

thearmyduringWorldWarII,theimproperuseofpenicillinresulted

intheappearanceofresistantmutant(AlanisA.J.2005).

Methicillin-resistanceStaphylococcusaureus(MRSA)isthemost

severe gram-positive bacterium in public health because it has

becomeresistanttoalmostallavailableantibiotics,exceptvancomycin

andteicoplanin,andtheresurgenceofmulti-drugresistant(LowryF.

D.1998;Liuetal.,2008).Vancomycinhasbeenthedrugofchoice

for the treatmentofinfections caused by MRSA,even though

vancomycin-resistance Staphylococcus aureus recently has been

reportedinseveralcountries.Therefore,alternativetherapeuticagents

are needed against MRSA.The development of new drugs or

alternativetherapeuticsisurgentlynecessary.

Marinealgaeinhumanconsumptionhasbeendocumentedsince600

BC.Butmarinealgaehavebeenthegroupoforganismsthathave

receivedmoreattentioninfieldofmarinenaturalproductsoverthe

last25years (Chapman etal.,1980;Rhu etal.,1989).Marine

organisms have become an importantsource ofpharmacologically
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activemetabolites.Manyofpublishedreviewshavebeenreportedthe

importanceoftheseorganismsaspotentialsourcesofpharmaceutical

leads(Tim etal.,2004).Among marineorganisms,seaweedsare

suitableforhumanfoodandanimalfeedaswellasforfertilizer,

fungicides,herbicides,andphycocolloids;algin,carrageenan,andagar

(Chapman etal.,1980).Seaweedsarealso known to havesome

specific metabolitesthatarehaving suchbiologicallyactivitiesas

antifungal, antioxidation, antivirus and antitumor activity, and

prevention of such geriatric diseases such as arteriosclerosis,

myocardialinfarctionandhypertension(Kim etal.,2006;Nagayama

etal.,2002;Chenetal.,2002)andmoreoverseaweedshaveabundant

polysaccharides,variousmineralsandvitamins.

Inanefforttodiscoveranalternativetherapeuticagent,seaweed

extractshavebeenscreenedforantibacterialactivityagainstMRSA.

Among them,the extractfrom Ecklonia cava was exhibited an

antibacterialactivity againstMRSA (in this study). E.cava is

commonly used as foodstuff, pharmaceutical and nutraceutical

materials(Buetal.,2006;Kim etal.,2005).TheresidueofE.cava,

whichisaby-productoftheseaweedproducts,hasbeendisposedas

afertilizeroranindustrialwaste.However,itisexpectedthatthe

seaweedresiduestillcontainsmanyofbioactivecompoundsinthe

tissues.

Fermentationisabiochemicalreactionthatsplitscomplexorganic

compounds into relatively simple components. Also, microbial
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fermentationresultsinthebreak-downofbioactivecompoundsorthe

productionofbioactivecompounds(Adewusietal.,1999;Achinewhu

etal.,1998).InordertoreusetheE.cavaresidue,new approach

usingmicrobialfermentationwasperformedinthisstudy.

Thus,the objective ofthis study was to identify antibacterial

substances from E.cava against MRSA and to evaluate the

possibilityoftheindustrialreuseofE.cavaresidue,whichhasbeen

massively produced afterthe extraction ofthe raw seaweed,by

microbialfermentation.
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MaterialsandMethods

1.Materials

1.1.Plantmaterials

Ecklonia cava and its residue,which was the by-productof

hot-waterextractionoftheraw seaweed,werekindlyprovidedby

ProfessorYu-JinJen(JejuNationalUniversity,Jeju,Korea).Other

seaweedswerepurchasedatGi-jangmarket,Busan,KoreainMarch

2008.Theraw seaweedswererinsedwithfreshwatertoeliminate

foreignmaterialssuchassand,shells,andothers.Then,thesample

wassoakedintotwovolumesofwaterforonehourtodesalinize.

Thisprocessofdesalinationwasrepeated2-3timesandthendried

byafrozendrier(Ilshin,No.TFD5503,Korea).Thesampleswerecut

withgrindedmilltomakeitintoanefficientsizeforextraction.The

residueofE.cavaresidueobtainedafterhot-waterextractionwas

alsodriedbythefrozen-dryer.
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1.2.Microorganism andculture

The strain used formicrobialfermentation in this study was

Aspergillusoryzae,whichwasisolatedfrom Nurukandkeptatthe

LaboratoryofFoodMicrobiology,PukyongNationalUniversity.The

strainwasgrownaerobicallyat30°CinYeastandMold(YM)broth

(Difco,USA).Themedium wasacidified to pH 4.0by adding a

sterileacidicsolution[10% HCl(v/v)and1.5% tartaricacid(w/v)]

usingaseptictechnique.Mycelium washarvestedafterincubatingfor

5days.

Thebacterialstrainsusedforevaluationofantibacterialactivityin

this study were Staphylococcus aureus (KCTC 1927),and two

methicillin-resistance Staphylococcus aureus (MRSA;KCCM 40510

and KCCM 40511),7 clinicalMRSA strains isolated atDong-A

University Hospital(Busan,Korea),Bacilluscereus(KCTC 3624),

Bacillussubtilus(KCTC 1028),Staphylococcusaureus(KCTC 1927),

Escherichiacoli(KCTC1682),Salmonellatyphimurium (KCTC1925).

Thesestrainswerefrom theKorean Collection forTypeCultures

(KCTC; Daejeon, Korea) and the Korea Culture Center of

Microorganisms (KCCM; Seoul,Kore).All strains were grown

aerobicallyat37℃ inMuellerHintonbroth(MHB,Difco,USA)for

minimalinhibitoryconcentration(MIC)assayandinMueller-Hinton

agar(MHA;Difco,USA)forthediscdiffusionassay.



- 6 -

2.Methods

2.1.Fermentation

Inordertofermenttheresidue,themixtureofE.cavaresidue

waspreparedwithadding 20foldsofwaterandautoclaving.The

fermentationwascarriedoutinaflask(1L)with300mlofmixture,

which waspreviously inoculated with 1% mycelium ofA.oryzae

(W/V).Sampleswereincubated aerobically with agitating at30℃

under120rpm andsampleswastakenatregularintervals(Obohet

al.,2002).

2.2Determinationofcellgrowth

ThegrowthofA.oryzaeinthemixturewasmonitoredtomeasure

viablecellcountduringtheperiodsoffermentation.Theviablecell

countwasperformedtofollow thestandardplatecountagarmethod

(Bertrandetal.,1997).

2.3.Physiochemicalanalysis

Duringthefermentationofmixture,thechangesofpH werealso

monitored.ThepH wasmeasuredbyapH meter(Accumetmodel15

pHmeter;DenverIns.Co.,USA).
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2.4.Extractionandfractionationofsamples

Driedsamplesweregrindedandfinelypowderedwithfoodmixer

(HMF-1000A,HanilElectronics,Korea).Thepowderedsamples(15g)

wasextractedwith300mlofmethanolat80℃ for3hrs.

Themethanolicextractwasconcentratedbyrotaryevaporationat

40℃.A liquid–liquidsolventfractionationprocedurewasperformed

tofractionanantibacterialsubstanceaccording torelativepolarity.

Themethanolicextractwasevaporatedwitharotaryevaporatorand

thendissolvedin2Lofdistilledwater.Thehydratedsolutionwas

fractionatedbythesamevolumeofn-hexane(C6H14),dichloromethane

(CH2Cl2),ethylacetate (EtOAc),n-buthanol(n-BuOH),and water

(H2O)inthatorder.Aftershakingvigorouslyandallowingthetwo

phases to settle,the lower(aqueous)phase was removed.Then,

additional2L ofn-hexanewasadded intothepreviousaqueous

phase,shaken,allowedtoequilibrate,andthenremovedtheaqueous

phase at six times. The hexane phases were combined and

evaporatedwitharotaryevaporator.Otherorganicsolventswerealso

fractionatedintheorderofpolarityandevaporatedasdescriedabove.

Theschemeofextractionandsolventfractionationwasillustrated

in Fig. 1. Finally, n-hexane, dichloromethane, ethyl acetate,

n-buthanol,andwaterfractionwereobtained.Theconcentrationof

fractionswereadjustedto200mgpermlbydissolvingindimethyl

sulfoxidereagentandusedforfurtherstudy.
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Fig.1.Schemeofextractionandliquid-liquidsolventfraction.
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AfterfungalfermentationofE.cavaresidue,thesamevolumeof

indicated solvent was added and extracted to shake at room

temperaturefor1hrs.Theextractwasconcentratedandfractionated

asdescribedabove.

2.5.Polymerasechainreaction(PCR)amplification

Inordertoconfirm amecA genefrom MRSA,MRSA strainswere

cultured 18hrcuturein TrypticSoy Broth (TSB,Difico,USA).

Then,3mlofcellculturewascollectedandchromosomalDNA was

preparedusingagenomic

DNA extraction kit (Acu-Prep
Ⓡ
;Bioneer,Daejeon,Korea).The

chromosomalDNA wereusedasatemplateforPCR reaction.DNA

was amplified through 30 cycles of denaturation (94℃,30 s),

annealing (50℃,30 s),and polymerization (72℃,60 s).A 10 μl

aliquotofamplifiedDNA wasexaminedbyelectrophoresisthrougha

1% agarosegelin0.5xTBEbuffer(10xTBE;108gTris;55.5g

boricacid;9.3gEDTA,pH 8.3;andadjustedto1000mlwithH2O).

TheamplifiedPCR productisexpectedtobeabout500bp(Eom et

al.,2008;Murakamietal.,2002;Kim etal.,1993).
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2.6.Diskdiffusionmethod

Theantibacterialactivity wasevaluated by a growth inhibition

assay.Teststrainswerecultured in TSB at37℃ untilthecell

concentrationsreachedat0.5McFarlandstandardturbidity.Onemlof

bacterialculture containing approximately 10
4
CFU per mlwere

spread on MHA plate and a paper disc (6 mm in diameter)

containing1mgofeachextractwasthenplacedintheplate.After

incubating 24 hr at 37℃,the diameter ofinhibition zone was

measured.

2.7. Measurement of minimum inhibitory concentration

(MIC)

Minimum inhibitory concentration (MIC) of the extracts and

vancomycinwasdeterminedbythetwo-foldserialdilutionmethodin

MHBasdescribedbytheNationalCommitteeforClinicalLaboratory

Standards (NCCLS, 2002). MIC was defined as the lowest

concentrationofcrudeextractthatinhibitedthevisualgrowthafter

incubationat37℃ for24hrandwasperformedintriplicates.
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2.8.Determinationofanantibacterialsubstanceagainst

MRSA

2.8.1.Analyticalmethods

InordertoidentifyanMRSA substancefrom thesolventsoluble

fractions of E. cava residue, a high performance liquid

chromatography (HPLC) analysis was performed using a C18

reverse-phasecolumn(ODSaqua125A,250×10mm;Phenomenix,

USA)withanAgilent1100HPLCsystem (AgilentTech,USA).For

thedetection ofabioactivesubstance,alineargradientelution of

90% waterwith10% methanol(v/v)to100% methanolwasusedat

aflow rateof0.8mlperminfor45min.Theeluatewasmonitored

at230nm (Aznaretal.,2001).

2.8.2.Evaluationofanti-MRSA activity

In orderto evaluate anti-MRSA activity ofeach fraction and

putativeanti-MRSA substance(s),theMIC testwasperformed as

describedabove.
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ResultsandDiscussion

1.DetectionofthemecA geneinMRSA strains

MRSA horizontally acquired mecA gene encoding a

penicillin-bindingprotein,PBP2a,whichisintrinsicallyinsensitiveto

methicillin and all β-lactams (third-generation cephalosporins,

cefamycins,and carbapenems) (Foster T.J.,2004).As antibiotic

application has been increased,Staphylococcal resistance rapidly

developed.

SinceMRSA strainsareimportantforstaphylococcalinfection,the

presenceofmecA geneinMRSA strainsusedinthisstudywere

identifiedbythePCRassayusingthemecA genespecificprimersas

describedinMaterialsandMethods.AsshowninTable1,thePCR

primerswereconstructedbasedonthepreviousreports(Eom etal.,

2008;Murakamietal.,2002;Kim etal.,1993).ThePCRamplification

generated the same size ofDNA products (about500 bp)in a

standardand7clinicallyisolatedMRSA strains(Fig.2).However,

noneofthespecificPCR productwasobserved in themethicillin

sensitiveS.aureus(MSSA)underthesamecondition.Ithasbeen

known thatMRSA horizontally acquired mecA gene encoding a

penicillin-bindingprotein,PBP2a,whichisintrinsicallyinsensitiveto

methicillin and all β-lactams (third-generation cephalosporins,

cefamycins,andcarbapenems)(FosterT.J.,2004).Consideringabove



- 13 -

results,itwas concluded thatthe antibacterialresistance ofthe

MRSAstrainstestedinthisstudywasresultedfrom theexistenceof

mecAgene.

2.Anti-MRSA activityofseaweedextracts

In preparing medicinal and physio-functional materials, it is

common to soak them in alcoholororganic solvent.To screen

naturalresourcesexhibitinganantibacterialactivityagainstMRSA,

which is the mostproblematic gram-positive bacterium in public

health,itwas previously prepared methanolextracts ofvarious

seaweedsasdescribedinMaterialandMethods.Antibacterialactivity

ofmethanolextractsagainstMRSA wasqualitatively assessedby

measuringinhibitionzones(Table2).

Amongthem,theextractfrom E.cavaanditsresidueonlyshowed

antibacterialactivityagainstbothS.aureusandMRSA strainstested

in this study,suggesting thatE.cava contains an antibacterial

substanceagainstdrug-resistantS.aureus,MRSA.Also,theextracts

exhibited almostsimilarantibacterialactivity againstS.aureus,a

food-bornepathogenicbacterium usedascontrol.

 Itwasalsoassessedthattheantibacterialactivityoftheseaweed

extractsagainstthebacterialpathogensassociatedwithfoodpoisoning
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Table1.SequenceofprimersusedfordetectionofmecA gene

Primer Sequence
Map

position

mecA-F 5'-AAAATCGATGGTAAAGGTTGGC-3' 1282-1303

mecA-R 5'-AGTTCTGCAGTACCGGATTTGC-3 1793-1814
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Fig. 2. PCR detection of mecA gene in methicillin resistant

Staphylococcusaureus(MRSA).Twostandardand7clinically

isolatedstrainswereused(Eom etal.,2008).ThePCR primers

usedweremecA-F/mecA-RwhichwerespecifictomecA geneonly.lane1,

1kbladderservingasmolecularweightmarker;lane2,S.aureus;lane3,

MRSA (KCCM 40510);lane4,MRSA(KCCM 40511);lane5,DH 3;lane6,

DH 4;lane7,DH 5;lane8,DH 6;lane9,DH 8;lane10,DH 10;lane11,

DH17;respectively.
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Table2.Antibacterialactivity ofmethanolicextractsofvariousseaweedsagainstStaphylococcusaure

andmethicillinresistantS.aureus(MRSA)

Seaweeds

Zoneofinhibition(mm)

MRSA

(KCCM

40510)

MRSA

(KCCM

40511)

MRSA

(DH

70503)

MRSA

(DH

70504)

MRSA

(DH

70505)

MRSA

(DH

70506)

MRSA

(DH

70508)

MRSA

(DH

70510)

MRSA

(DH

70517)

S.aure

(KCTC

1927)

Eckloniacava 18.0 15.0 14 13 18 12 14 13 11 12

Eckloniacava

residue
16.0 15.0 16 14 12 14 17 13 12 12

Laminaria

japonicaaresch
- - - - - - - - - -

Undaria

pinnatifida
- - - - - - - - - -

Sargassum

fulvellum
- - - - - - - - - -

Hizikia

fusiforme
- - - - - - - - - -

Gracilaria

verrucosa
- - - - - - - - - -

Gelidium

amansii
- - - - - - - - - -

5mgofmethanolextractfrom varioussampleswasloadedontoadisk(6mm indiameter).Dataaretheaveragesofdupl

experiments.-,nodetectedantibacterialactivity.



- 17 -

and spoilage (Table 3).E.cava and its residue also evidenced

antibacterialactivityagainsttheGram-positiveand-negativebacteria

testedinthepresentstudy.Theclearzoneofbothextractsagainst

bacterialpathogenswereintherangeof7-19mm,thusindicating

thatthiscompoundislesseffectiveagainstE.coli.

Interestingly,themethanolicextractofE.cavaresidueexhibited

almostsimilaranti-MRSA activitycomparedtotheextractofraw

material.Thisresultsuggestedthattheseaweedresiduestillcontains

manyofbioactivecompoundsinthetissuesandwillbeusefulasa

valuableresource.Inordertoevaluatethepossibilityoftheresidue

asanaturalantibioticortherapeuticsubstanceagainstMRSA andto

identify an anti-MRSA substance from the seaweed, further

experimentswereperformed.

Toperform moredetailedinvestigationonantibacterialactivity,the

methanolextractofE.cava residue was furtherfractioned with

organicsolventssuchasn-hexane(C6H14),dichloromethane(CH2Cl2),

ethylacetate(EtOAc),n-buthanol(n-BuOH),and water(H2O)as

illustratedinFig.1.A lyophilizedpowder(15g)ofE.cavaresidue

was percolated in methanol(3 times × 300 ml),followed by

partitioningwithseveralorganicsolventstoyieldn-hexane(0.005g),

dichloromethane(0.01g),ethylacetate(0.295g),n-butanol(0.36g)

andwaterfractions(0.33g).

The anti-MRSA activity ofn-hexane,dichloromethane,EtOAc,

n-BuOH,andwaterfrom themethanolextractwasevaluatedby
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Table 3. Antibacterial activity of methanolic extracts of various seaweeds against food-bo

pathogenicor-spoilagebacteria

Seaweeds

Zoneofinhibition(mm)

Bacilluscereus

(KCTC3624)

Bacillussubtilis

(KCTC1028)

Escherichiacoli

(KCTC1682)

Salmonella

typhimurium

(KCTC1925)

Eckloniacava 16 15 9 19

Eckloniacava

residue
15 16 7 18

Laminariajaponica

aresch
- - - -

Undaria pinnatifida - - - -

Sargassum fulvellum - - - -

Hizikiafusiforme - - - -

Gracilariaverrucosa - - - -

Gelidium amansii - - - -

5mgofmethanolextractfrom varioussampleswasloadedontoadisk(6mm indiameter).Dataaretheaverage

duplicateexperiments.-,nodetectedantibacterialactivity.
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measuring inhibitionzones.Among them,theethylacetatefraction

showedthestrongestanti-MRSA activity,whichwaseven higher

thanthatofthemethanolextract(Table4).Amongotherfractions,

butanolfractiononlyshowedanti-MRSA activity,eventhoughthe

activitywaslessthanthatofethylacetate.Nosignificantactivity,

however,wasobservedintheotherfraction(Table4).

Additionally,theantibacterialactivityoftheE.cavaresidueagainst

thebacterialpathogensassociatedwithfoodpoisoningandspoilage

wasinvestigated(Table5).ThemethanolicextractofE.cavaresidue

exhibitedantibacterialactivityagainstbacteriaexpectE.coli.Among

thesolventfractionoftheextract,theethylacetatefractionshowed

thestrongestantibacterialactivity,whichwasevenhigherthanthat

ofthemethanolextract(Table5).

3. Change of general properties by A. oryzae

fermentationinwaterextractofE.cavaresidue

3.1.Microbialgrowth

Duringfermentationoftheresiduemixture,thefungalcellgrowth

ofA.oryzaewasmonitoredasdescribedinMaterialsandMethods.

Asshown in Fig.3.thefungalcells wereincreased overthe

fermentationperiods.
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Table 4. Antibacterial activity of Ecklonia cava residue extracts against Staphylococ

aureusandmethicillinresistantS.aureus(MRSA)

Profileof

solvent

extract

Zoneofinhibition(mm)

MRSA

(KCCM

40510)

MRSA

(KCCM

40511)

MRSA

(DH

70503)

MRSA

(DH

70504)

MRSA

(DH

70505)

MRSA

(DH

70506)

MRSA

(DH

70508)

MRSA

(DH

70510)

MRSA

(DH

70517)

S.aur

(KCTC

1927)

Methanol

extract
9 8 8 7 7 8 8 7 7 7

Hexane

fraction
- - - - - - - - - -

CH2Cl2

fraction
- - - - - - - - - -

Ethylacetate

fraction
10 9 9 7 9 8 10 8 7 7

Buthanol

fraction
8 7 7 7 7 7 7 7 7 -

Water

fraction
- - - - - - - - - -

SolventfractionswereobtainasdescribedinmaterialsandMethods.1mgofeachsamplewasloadedontoadisk(6mm

diameter).Dataaretheaveragesofduplicateexperiments.-,nodetectedantibacterialactivity.
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Table5.AntibacterialactivityofEcklonia cavaresidueextractsagainstfood-bornepathogenicor-spoila

bacteria

Profileofsolvent

extract

Zoneofinhibition(mm)

Bacilluscereus

(KCTC3624)

Bacillussubtilis

(KCTC1028)

Escherichiacoli

(KCTC1682)

Salmonellatyphimurium

(KCTC1925)

Methanolextract 8 8 - 7

Hexanefraction - - - -

CH2Cl2fraction - - - -

Ethylacetatefraction 9 10 - 11

Buthanolfraction 7 8 - 8

Waterfraction - - - -

SolventfractionswereobtainasdescribedinmaterialsandMethods.1mgofeachsamplewasloadedontoadisk(6mm

diameter).Dataaretheaveragesofduplicateexperiments.-,nodetectedantibacterialactivity.
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Fig.3.Fungalcellgrowth in water extract of Ecklonia cava

residue.Aspergillus oryzae was inoculated and the cell

growth wasand monitored asdescribed in Materialsand

Methods.
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ThehighestgrowthofA.oryzaewasobservedafter2-3daysof

fermentationandthegrowthwasapttodecreaseafterward.

3.2.ChangesofpH

Changes of pH in the mixture were investigated during

fermentation.AsshowninFig.4,pHwasincreasingasextendedthe

periods offermentation.However,no significantdifference ofpH

valuewasobserved,indicatingthatthegrowthofA.oryzaehaslittle

influenceon pH value.The reason forincreasing thepH value

duringfermentationwasunclearbecauseithasbeenknownthatthe

growthofA.oryzaeresultsinacidificationduetoproductionof

organicacids(Bertrandetal.,1997).

3.3.Change ofyield ofthe extracts afterA.oryzae

fermentationofE.cavaresidue

Afterfermentation ofE.cava residue (15 g),the extractwas

percolatedinmethanol(3times×300ml),followedbypartitioning

with severalorganic solvents to yield n-hexane,dichloromethane,

ethylacetate,n-butanolandwaterfractions.
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Fig.4.ChangesofpH inwaterextractofEckloniacavaresidue

duringAspergillusoryzaefermentation.
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As shown in Table 6,the yield of methanolic extract was

increasing asextended theperiodsoffungalfermentation.Among

solventfractionoftheextract,theyieldofethylacetatefractionwas

dramaticallyincreased.After4-5daysoffermentation,theyieldof

ethylacetate fraction was increase about 1.4 fold.The results

obtainedin thisexperimentsuggestedthatthefungalfermentation

mainlyresultedinthebreak-downofethylacetatesolublecompounds

intheresidueorinstimulatingthesolubilityofcompoundstoethyl

acetate.

4.ChangeofantibacterialactivityofE.cavaresiduebyA.

oryzaefermentation

AsshowninTable2,themethanolicextractofE.cavaresidue

exhibitedalmostsimilaranti-MRSA activitycomparedtothatofthe

raw material,suggestingthattheseaweedresiduestillcontainsmany

ofbioactivecompoundssuchasanti-MRSA substance(s)andwillbe

usefulasa valuableresource to developea naturalantibiotic or

therapeuticsubstanceagainstMRSA.

Ithasbeenknownmicrobialfermentationisabiochemicalreaction

that splits complex organic compounds into relatively simple

components. As the result, the fermentation results in the

break-downofbio-activecompoundsortheproductionofbio-active

compounds(Adewusietal.,1999;Achinewhuetal.,1998).
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Table6.ChangeofyieldofEckloniacavaresidueextractsbyAspergillusoryzaefermentati

Extracts

Fermentationperiods(days)

0 1 2 3 4 5

methanoicextract 1.0g 1.05g 1.03g 1.048g 1.131g 1.130

n-hexanefraction 0.005g 0.004g 0.004g 0.005g 0.005g 0.004

CH2Cl2fraction 0.01g 0.01g 0.02g 0.024g 0.026g 0.026

EtOAcfraction 0.295g 0.296g 0.306g 0.329g 0.378g 0.396

n-BuOH fraction 0.36g 0.38g 0.35g 0.36g 0.355g 0.355

H2O fraction 0.33g 0.33g 0.35g 0.35g 0.345g 0.345

*CH2Cl2 : dichloromethane EtOAc:ethylacetate

n-BuOH:n-butanol H2O:water
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As mentioned above,itwas expected thatthe application of

microbialfermentationinthewaterextractofE.cavaresiduewill

causeanychangesontheanti-MRSA activitywhethertheactivityis

incensingordecreasing.

The effect of fermentation on the anti-MRSA activity was

investigatedtoevaluatetheactivityofE.cavaresiduebeforeand

afterfermentation.AsshowninTable2,theanti-MRSAactivitywas

onlyobservedinethylactateandbutanolfractions.AfterA.oryzae

fermentation of the residue,the anti-MRSA activity was only

observedinthebothfractions.Incaseofethylacetateextract,the

anti-MRSA activity was increased as extended the periods of

fermentation(Table7).Itwasobservedthattheantibacterialactivity

againstfood-bornepathogenicbacteriawasalsoincreasing.However,

thebutanolextractofthefungalfermentshowedlessactivitythan

thoseofethylacetateextractovertheperiodsoffermentationandthe

activitywasapttodecreaseagainstMRSA andotherbacteriatested

inthisstudy(Table8).Theseresultswasconsistentwiththeresult

ofTable 4 thatthe ethylacetate fraction showed the strongest

anti-MRSAactivity.

5.MeasurementofMICvalueofE.cavaresidueextracts

ToevaluatequantitativelyantibacterialactivityofE.cavaresidue

againstMRSA andotherbacteriarelatedinfoodborneandspoilage,
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Table7.ChangeofantibacterialactivityintheethylacetateextractofEckloniacavaresiduefermented

Aspergillusoryzae

Strains

Zoneofinhibition(mm)

Fermentationperiods(days)

0 1 2 3 4 5

MRSA
a
(KCCM40510) 8 9 11 11 11 11

MRSA (KCCM40511) 8 8 9 10 8 8

MRSA (DH 70503) 9 10 10 11 8 9

MRSA (DH 70504) 7 8 9 9 7 7

MRSA (DH 70505) 9 9 11 11 11 10

MRSA (DH 70506) 8 8 10 10 8 7

MRSA (DH 70508) 10 10 11 11 8 7

MRSA (DH 70510) 8 9 9 10 9 8

MRSA (DH 70517) 7 7 9 9 8 7

Staphylococcusaureus(KCTC1927) 7 8 9 10 9 9

Bacilluscereus(KCTC3624) 8 8 9 8 7 7

Bacillussubtilis(KCTC1028) 9 9 10 10 9 9

Escherichiacoli(KCTC1682) - - - - - -

Salmonellatyphimurium (KCTC1925) 8 9 9 9 8 8

a
MRSA,methicillinresistantStaphylococcusaureus.TheresideextractwereobtainwithethylacetateasdescribedinMaterialsandMethods.

ofeachsamplewasloadedontoadisk(6mm indiameter).Dataaretheaveragesofduplicateexperiments.-,nodetectedantibacterialactivit
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Table8. Changeofantibacterialactivity in thebutanolextractofEckloniacavaresiduefermented

Aspergillusoryzae

Strains

Zoneofinhibition(㎜)

Fermentationperiods(days)

0 1 2 3 4 5

MRSA
a
(KCCM40510) 9 8 8 7.5 7 8

MRSA (KCCM40511) 8 7.5 7.5 7.5 7 8

MRSA (DH 70503) 9 8 7.5 7.5 7.5 7

MRSA (DH 70504) 7 7 7.5 7.5 7.5 7

MRSA (DH 70505) 8 7.5 7 7 7 8

MRSA (DH 70506) - - - - - -

MRSA (DH 70508) 9 9 8 8 7.5 8

MRSA (DH 70510) - - - - - -

MRSA (DH 70517) - - - - - -

Staphylococcusaureus(KCTC1927) 7 7 7 7 7 7

Bacilluscereus(KCTC3624) 7 7 7 - 7 7

Bacillussubtilis(KCTC1028) 8 7 7 7 7 7

Escherichiacoli(KCTC1682) - - - - - -

Salmonellatyphimurium (KCTC1925) 8 8 8 7 7 8

a
MRSA,methicillinresistantStaphylococcusaureus.TheresideextractwereobtainwithbutanolasdescribedinMaterialsandMethods.1mg

eachsamplewasloadedontoadisk(6mm indiameter).Dataaretheaveragesofduplicateexperiments.-,nodetectedantibacterialactivity.
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itsMICvaluewasdeterminedbythetwo-foldserialdilutionmethod

(Table10).MICvaluesoftheethylacetatefractionagainstMRSA

stainswereintherangesof128-256μgperml(Table9).The

differenceMICvaluesamongMRSA strainswereobserved.The

fractionalsoexhibitedanantibacterialactivityintherangesof

256-512μgpermlagainstotherbacteriaincludingGram-negative

strains.Thisresultsuggestedthattheethylacetatefractionmay

containotherantibacterialsubstancesagainstGram-negativebacteria

andothers.Itiswellknownthatvancomycininterfereswithcellwall

synthesis,asdoespenicillin,eventuallyleadingtolysisofcell(Barna

andWilliams,1984).Astheresult,thisantibioticiseffectiveonly

Gram-positivebacterianotGram-negative.Consideringtheseresults,

itwassupposedthatE.cavacontainsanovelanti-MRSA substance

anditsanti-MRSAmechanism differsfrom thatofvancomycinsince

vancomycinwasnoteffectiveagainstgram-negativebacteria.

The butanolfraction also showed antibacterialactivity in the

rangesof256->512 μg permlagainstMRSA andotherbacteria.

However,theantibacterialactivity ofthefraction wasinferiorto

ethylacetatefraction(Table10).Theseresultswerealsoconsistent

withtheresultsobtainedbydiscdiffusionassay.

In an effortto discoveran alternativetherapeuticagentagainst

MRSA,severalmedicinalplantsandseaweedswerescreened.Among

them,themethanolicextractofE.cavaand itsresidueexhibited

significantantibacterialactivity.
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Strains

MIC(μg/ml)

Methanol

extract

Ethylacetate

fraction

Butanol

fraction
Vancomycin

MRSA (KCCM40510) 256 64 256 2

MRSA (KCCM40511) 128 64 256 2

MRSA (DH 70503) 128 64 256 2

MRSA (DH 70504) 256 128 512 2

MRSA (DH 70505) 128 64 256 1

MRSA (DH 70506) 128 64 256 2

MRSA (DH 70508) 256 128 512 2

MRSA (DH 70510) 128 64 256 1

MRSA (DH 70517) 256 128 256 1

Staphylococcusaureus

(KCTC1927)
256 128 256 0.5

Bacilluscereus

(KCTC3624)
512 256 512 0.5

Bacillussubtilis

(KCTC1028)
512 256 512 0.5

Escherichiacoli

(KCTC1682)
512 256 512 512

Salmonellatyphimurium

(KCTC1925)
512 256 512 512

Table9.Minimum inhibitoryconcentrations(MICs)ofEckloniacava

extractsagainstmethicillin-resistantStaphylococcusaureus

(MRSA)andotherstrains

MICofeachsolventextractandvancomycinwasdeterminedbythetwo-foldserial

dilutionmethodinMuellerHintonbroth.
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Strains

MIC(μg/ml)

Methanol

extract

Ethylacetate

fraction

Butanol

fraction
Vancomycin

MRSA(KCCM40510) 256 128 256 2

MRSA (KCCM40511) 256 256 512 2

MRSA (DH 70503) 128 128 256 2

MRSA (DH 70504) 256 256 512 2

MRSA (DH 70505) 256 128 256 1

MRSA (DH 70506) 256 256 >512 2

MRSA (DH 70508) 256 128 256 2

MRSA (DH 70510) 256 256 >512 1

MRSA (DH 70517) 256 256 >512 1

Staphylococcus

aureus (KCTC1927)
256 256 >512 0.5

Bacilluscereus

(KCTC3624)
512 512 512 0.5

Bacillussubtilis

(KCTC1028)
512 256 512 0.5

Escherichiacoli

(KCTC1682)
512 512 >512 512

Salmonella

typhimurium

(KCTC1925)

512 512 >512 512

Table10.Minimum inhibitoryconcentrations(MICs)ofEckloniacava

residue extractsagainstmethicillin-resistantStaphylococcus

aureus(MRSA)andotherstrains

MICofeachsolventextractandvancomycinwasdeterminedbythetwo-foldserial

dilutionmethodinMuellerHintonbroth.
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Additionally,the activity of E.cava residue was seemed to

enhance by A. oryzae fermentation (Table 7). To evaluate

quantitativelythechangeofantibacterialactivityofE.cavaresidue

by fungalfermentation,its MIC value was determined by the

two-foldserialdilutionmethod(Table11and12).MICvaluesofthe

ethylacetate fraction againstMRSA stains over the periods of

fermentation werein therangesof64-256 μg perml(Table11).

Also,theanti-MRSA activitywasincreasedasextendedtheperiods

offermentationandtheactivitywasnotreducedovertheperiodsof

fermentationinethyacetatefraction.Thehighestanti-MRSA activity

against most MRSA strains was determined after 2-3 days of

fermentation (Table 11). However, no significant difference of

antibacterialactivity againstother food-borne pathogenic bacteria

testedinthisstudywasobserved(Table11).Incontrarytotheethyl

acetate extract, the increase of anti-MRSA activity by fungal

fermentationwasnotobservedinbutanolfractionofE.cavaresidue

(Table12).Theseresultsindicatedthataanti-MRSA substance(s)of

E.cavawasincreasedbyfungalfermentationandmanyofthem will

beethylacetatesolublecompounds.
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Table11.Minimum inhibitoryconcentrations(MICs)oftheethylacetateextractofEckloniacavaresid

fermented by Aspergillus oryzae againstmethicillin-resistantStaphylococcus aureus (MRS

andotherstrains

Strains

MIC(μg/ml)

Fermentationperiods(days)

0 1 2 3 4 5

MRSA (KCCM40510) 128 128 64 64 128 128

MRSA (KCCM40511) 256 128 128 64 128 128

MRSA (DH 70503) 128 128 64 64 128 128

MRSA (DH 70504) 256 128 64 64 128 128

MRSA (DH 70505) 128 128 64 128 128 128

MRSA (DH 70506) 256 256 128 128 256 256

MRSA (DH 70508) 128 128 64 128 128 128

MRSA (DH 70510) 256 128 64 64 128 128

MRSA (DH 70517) 256 256 128 128 256 256

Staphylococcusaureus(KCTC1927) 256 256 128 128 256 256

Bacilluscereus(KCTC3624) 512 512 512 512 512 512

Bacillussubtilis(KCTC1028) 256 256 128 128 256 256

Escherichiacoli(KCTC1682) 512 512 512 512 >512 >512

Salmonellatyphimurium (KCTC1925) 512 512 512 512 512 512

TheresideextractwereobtainwithethylacetateasdescribedinMaterialsandMethods.MIC ofeachsolventextract

vancomycinwasdeterminedbythetwo-foldserialdilutionmethodinMuellerHintonbroth.
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Table 12.Minimum inhibitory concentrations (MICs)ofthe buthanolextractofEcklonia cava resid

fermentedbyAspergillusoryzaeagainstmethicillin-resistantStaphylococcusaureus(MRSA)a

otherstrains

Strains
MIC(μg/ml)

Fermentationperiods(days)

0 1 2 3 4 5

MRSA (KCCM40510) 256 256 256 512 512 512

MRSA (KCCM40511) 512 512 512 512 >512 >512

MRSA (DH 70503) 256 256 512 512 512 512

MRSA (DH 70504) 512 512 512 512 512 512

MRSA (DH 70505) 256 256 256 512 512 512

MRSA (DH 70506) >512 >512 >512 >512 >512 >512

MRSA (DH 70508) 256 256 256 512 512 512

MRSA (DH 70510) >512 <512 >512 >512 >512 >512

MRSA (DH 70517) >512 >512 >512 >512 >512 >512

Staphylococcusaureus(KCTC1927) 512 512 512 512 512 >512

Bacilluscereus(KCTC3624) 512 512 512 512 >512 >512

Bacillussubtilis(KCTC1028) 512 512 512 512 512 512

Escherichiacoli(KCTC1682) >512 >512 >512 >512 >512 >512

Salmonellatyphimurium (KCTC1925) >512 >512 >512 >512 >512 >512

TheresideextractwereobtainwithbutanolasdescribedinMaterialsandMethods.MICofeachsolventextractandvancom

wasdeterminedbythetwo-foldserialdilutionmethodinMuellerHintonbroth.
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6.Isolation and characterization ofanti-MRSA substances

from E.cavaresidue

6.1Identification ofan antibacterialsubstanceagainst

MRSA

Asdescribedabove,themethanolicextractofE.cavaresidue

exhibitedsignificantantibacterialactivityagainstMRSA (Table2).

Additionally,ethylacetatesolublefractionsfrom themethanolic

extractevidencedaprofoundanti-MRSA activity,whichwaseven

moreprominentthanthatofthemethanolextract(Table4).Other

fractionswasdemonstratedlesspronouncedanti-MRSA activity

thanthatoftheethylacetatefractions.Also,theanti-MRSA

activityintheethylacetateextractofE.cavaresiduewas

enhancedbyA.oryzaefermentation(Table7and11).These

resultsstronglysuggestedthatethylacetatesolublecompoundsof

E.cavawouldbemainlyrelatedwiththeanti-MRSA activity.In

E.cava,phlorotanninshasbeenknowntobemajorethylacetate

solublecompounds(Fig.5and6).Phlorotanninsarepolyphenols

formed via the polymerization of phloroglucinol

(1,3,5-trihydroxybenzene)unitsandarebio-activecompounds

knowntofunctionasantioxidantcompounds(Taniguchietal.,

1991).Amongthem,dieckolarerecentlyknowntofunctionasan

anti-MRSAcompound(Leeetal.,2008).
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Fig.5.HPLC elutionprofileofstandardphlorotannins.Phlorotannins

wereisolatedandanalyzedbyHPLCasdescribedinMaterials

andMethods.
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Fig.6.Structuresofphlorotanninsisolatedfrom Eckloniacava.
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From theseresults,itwashypothesizedthattheanti-MRSA

activityobservedinE.cavamayhaveoriginatedfrom ethylacetate

solublecompounds,mainlydieckol.Inordertoverifythis

hypothesis,HPLC analysiswasconductedandthecontentof

phlorotanninsinethylacetateextractwasinvestigatedoverthe

periodsoffungalfermentation.

Ashasbeenexpected,thetotalcontentofphlorotanninsinthe

ethylacetateextractwereincreasedasextendedtheperiodsof

fermentation.Thehighestcontentofphlorotanninswasobserved

after2daysoffermentationandthenthecontentwasaptto

decreasedafterward(Table13).Thedieckolwasamajor

compoundscomparedtootherphlorotanninsoverallperiodsof

fermentation.Thehighestcontentofdieckolwasobservedafter2

daysoffermentationthatisconsistentwiththeresultsof

anti-MRSA activityofethylacetateextractagainstMRSA (Table

10).Thus,dieckolisoneofmajoranti-MRSA substanceinE.cava.

6.2. Measurement of MIC of phlorotannins against

MRSA

Asmentionedabove,dieckolisverifiedtobeoneofmajor

anti-MRSA substanceinE.cava.However,thereisnoinformation

aboutantibacterialoranti-MRSA activityofphlorotannins.
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Table13.ChangeofphlorotanninscontentsintheethylacetateextractofEckloniacavaresiduefermen

byAspergillusoryzae

Fermentationperiods

(days)

Phlorotanninscontents (mg/gdryextract)

PG TA EK DK ES Total

0days 0.62 1.04 45.99 131.93 1.13 180.71

1days 12..3 1.60 61.82 139.42 4.43 219.40

2days 21.46 1.48 72.72 162.26 10.64 268.55

3days 34.33 3.13 107.30 119.34 2.64 266.74

4days 24.98 2.87 89.10 89.21 1.90 208.06

5days 22.66 2.39 69.39 86.91 3.32 184.67

PhlorotanninswereisolatedandidentifiedbyHPLCanalysis.DK,Dieckol;EK,eckol;ES,eckstonol;PG,phloroglucinol;TA,triphloretholA.
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Toquantitativelyevaluateanti-MRSA activityofphlorotannins,

therefore,itsMIC valuewasdetermined (Table14).Allof

phlorotanninsexhibitedsignificantanti-MRSA activity.As

expected,thedieckolshowedthestrongestactivityagainstMRSA

amongphlorotannins.TheMICsofdieckolintherangesof32-128

μgpermlwereequaltoorlessthanthoseofotherphlorotannins

againsttheMRSAstrains(Table14).

Consideringallaboveresults,theA.oryzaefermentationofE.cava

residueresultedintheincreaseofthecontentofphlorotannins,

whichisrelatedwiththeanti-MRSA activityinE.cava.Asthe

result,thehighestanti-MRSA activitywasobservedafter2-3

daysoffungalfermentation,atwhichthecontentofphlorotannins

wasdetermindedtobethehighest.Thus,thefungalfermentation

wouldexpectedtostimulateabreak-downofethylacetatesoluble

compoundsintheresidue.
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Table14.Minimum inhibitoryconcentrations(MICs)ofphlorotanninsoriginatedfrom Eckloniacava

Strains
MIC(μg/ml)

Phloroglucinol Triphlorethol A Eckol Diekol Eckstolonol

Staphylococcusaureus(KCTC1927) 256 256 256 128 528

MRSA
a
(KCCM40510) 128 64 64 32 64

MRSA (KCCM40511) 512 256 128 64 128

MRSA (DH 70503) 512 512 64 64 128

MRSA (DH 70504) 512 512 64 128 128

MRSA (DH 70505) 512 128 256 128 128

MRSA (DH 70506) 256 512 128 64 256

MRSA (DH 70508) 512 256 128 64 256

MRSA (DH 70510) 512 512 128 128 256

aMRSA,methicillinresistantStaphylococcusaureus.MICofeachsolventextractandvancomycinwasdeterminedbythetwo-foldserialdilutio

methodinMuellerHintonbroth.
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Summary

In an effortto discoveran alternativetherapeuticagentagainst

MRSA,severalmedicinalplantsandseaweedswerescreened.Among

them,theextractofE.cavaresidueexhibitedsignificantantibacterial

activity againstMRSA.Toperform moredetailed investigation on

antibacterialactivity,theextractwasfurtherfractionedwithorganic

solventssuch asn-hexane(C6H14),dichloromethane(CH2Cl2),ethyl

acetate (EtOAc),n-buthanol(n-BuOH),and water(H2O).Among

them,theethylacetatefraction showed thestrongestanti-MRSA

activityandMICvaluesofthefractionagainstMRSA stainswerein

the ranges of128-256 μg per ml.Interestingly,the anti-MRSA

activity ofE.cavaresiduewasseemed toenhanceby A.oryzae

fermentation.After2-3daysoffungalfermentationofE.cavaresidue,

theMICvaluesofethylacetateextractagainstMRSA stainsinthe

rangesof64-128μgperml.

Interestingly,the yield ofsolventsoluble compounds was also

increasedasextendedtheperiodsoffungalfermentation.Amongthe

solventextracts,theyieldofethylacetatefractionwasdramatically

increased.From these results,itwas supposed thatthe fungal

fermentation mainly resulted in the break-down ofethylacetate

soluble compounds in the E.cava residue and the ethylacetate

soluble compoundsofE.cava would be mainly related with the
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anti-MRSAactivity.

InE.cava,phlorotanninshasbeenknownasmajorethylacetate

solublecompounds.Allofphlorotanninsexhibitsignificantanti-MRSA

activity.Amongthem,dieckolshowedthestrongestactivityagainst

MRSA.TheMICsofdieckolintherangesof32-128μgpermlwere

equaltoorlessthanthoseofotherphlorotanninsagainsttheMRSA

strains.Thetotalcontentofphlorotanninswasincreasedasextended

theperiodsoffermentation.Thehighestcontentofphlorotanninswas

observedafter2daysoffermentationandthenthecontentwasapt

todecreasedafterward.Thedieckolwasamajorcompoundoverall

periodsoffermentationcomparedtootherphlorotannins.Thehighest

contentofdieckolwasobservedafter2daysoffermentationandthe

strongestanti-MRSA activity wasalso observed after2 daysof

fermentation.Consideringaboveresults,dieckolseemstobeoneof

majoranti-MRSAsubstancesinE.cava.
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