
 

 

저 시-비 리- 경 지 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적 된 허락조건
 명확하게 나타내어야 합니다.  

l 저 터  허가를 면 러한 조건들  적 되지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 목적  할 수 없습니다. 

경 지. 하는  저 물  개 , 형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


2012년 8월

석사학 논문

Antimicrobialeffectsand

mechanism ofactionofdendrimer

peptidesagainsthumanpathogens

GraduateSchoolofChosunUniversity

DepartmentofBiotechnology

HyungjongNa

[UCI]I804:24011-200000263295



Antimicrobialeffectsand

mechanism ofactionofdendrimer

peptidesagainsthumanpathogens

항생제 기능성 방사형 구조 펩타이드의 개발

항생 활성의 작용 기작 연구

August24,2012

GraduateSchoolofChosunUniversity

DepartmentofBiotechnology

HyungjongNa



Antimicrobialeffectsand

mechanism ofactionofdendrimer

peptidesagainsthumanpathogens

Advisor:Prof.YoonkyungPark

A thesissubmittedtotheGraduateSchoolofthe

ChosunUniversityinpartialfulfillmentofthe

requirmentsforthemasterofscience

April2012

GraduateSchoolofChosunUniversity

DepartmentofBiotechnology

HyungjongNa
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록

항생제 기능성 방사형 구조 펩타이드의 개발

항생 활성의 작용 기작 연구

나 형 종

지도교수 :박윤경

생명공학과

조선 학교 학원

재 다양한 항생제가 개발이 되어 많은 질병에 사용되었다.하지만 항생제의 과다

남용으로 인하여 항성 균이 출 하 고,새로운 항생제의 체물질이 요구 되었

다.그 에 항균 펩타이드(antimicrobialpeptide)는 매우 빠른 작용과 세포막을 직

공격함으로써 내성을 가지기 어렵다는 것으로 알려져 있다.하지만 항균 펩타이드는

인체내부에 존재 하는 효소들에 의한 안정성이 약한 경우가 많아 펩타이드 결합이 끝

어지거나 박테리아에 한 활성을 잃어버려서 항균 펩타이드가 인체내부에 침입을한

균에 작용을 못 하게 되다. 한 항균 펩타이드가 박테리아뿐만 아니라 구나 동물

세포에 해서 독성을 가진 경우가 있다.그 체방법으로 펩타이드의 구조를 방사형

태(Dendrimer)로 만들면 박테리아에 한 활성이 하되지 않고, 구와 동물세포에

한 독성을 일 수 있는 것으로 보고 다.이에 박테리아에 한 활성이 좋으나

구와 동물세포에 독성이 있는 펩타이드를 디자인하여 그 구조를 방사형(dendrimer)

형태로 디자인 하여 박테리아에 한 활성을 유지하며 구 동물세포에 하여

독성을 이고자 한다.

이 논문은 KLWK를 기본으로 펩타이드 디자인하여 반복된 구조를 가진 펩타이

드를 설계하 다.즉,3종류의 일반 인 형태 Linear펩타이드(LIN1-1:(KLWK)2,

LIN1-2:(KLWK)4,LIN1-3:(KLWK)8)와 3종류의 방사형인 Dendrimer(DEN1-1:
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(KLWK)2[K], DEN1-2:(KLWK)4[K2K],DEN1-3:(KLWK)8[K2K]2K)로 디자인을 하

다.합성된 linear펩타이드와 dendrimer펩타이드를 이용하여 그람 음성 균과 양성

균에 한 항균 활성과 yeast에 한 항진균 활성을 측정을 하여 linear펩타이드와

dendrimer펩타이드가 다양한 균주에 한 활성이 있음을 확인을 하 고,항생제에

항성을 가진 S.aureus와 P.aeruginosa에 한 활성을 측정 한 결과 항생제 항성을

가진 균에서도 항생 활성을 가짐을 확인 하 다.Hemolysis와 cytotoxicytest를 하여

구와 동물세포에 한 독성이 linear펩타이드와 비교해서 dendrimer펩타이드가

독성이 은 것을 볼 수 있고. 한 P.aeruginosa의 biofilm 형성억제와 제거반응을

확인한 결과 형성에는 좋은 활성을 보 고,biofilm 제거에는 일정농도 이상에서 항생

활성 작용한다는 것을 확인할 수 있었다.이들 펩타이드의 작용 기작을 확인하기 하

여 timekilling실험과 SYTOXgreen실험을 수행하 다.그 결과 세포막에 작용 한다

는 것을 유추할 수 있었으며,주사 자 미경(SEM)을 통하여서 세포막을 작용한다는

것을 다시 한 번 확인 할 수 있었다.결과 으로 dendrimer펩타이드와 linear펩타이

드의 invitro비교 실험을 통해서 dendrimer펩타이드가 세균에 해서 강한 항생 활

성을 유지하면서 인간 구와 동물세포에 해 세포독성이 어든다는 것을 확인 하

다.기존에 알려진 항균펩타이드 설계 방법 에서 아미노산 서열을 치환하지 않고

세포독성을 일 수 있는 다른 하나의 방법이라 할 수 있다.
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Ⅰ.Introduction

Duetotheoveruseantibiotics,multipleresistantbacteriahavedeveloped. Use

ofmethicillin wasfirstreportedin 1960,butjustyearlaterin 1961,resistant

strainsstartedtoappear.Thishasleadtoaplethoraofantibiotic-resistantstrains

sincethen[1-3].

Theemergenceofmicrobialpathogensresistanttoconventionalantibioticshas

stimulatedthesearchfornew therapeuticdrugs.Antimicrobialpeptides(AMPs)are

ofparticularinterestastheirproposedmodeofactiondoesnotappeartostimulate

rapiddevelopmentofmicrobialresistance[7-9,34].Overthepasttwodecades,

numerousAMPshavebeenidentifiedinbothprokaryotesandeukaryotes[10-12].

Common features of these peptides include a positive net charge under

physiologicalconditions,amphipathicsecondarystructureswithinmembranes,small

sizeandrapidbindingtobiologicalmembranes.Althoughtheirmodeofactionis

notwellunderstood,itis believed thatAMPs mediate theireffects through

disruptionofthecytoplasmicmembraneaswellascelldivisionandmacromolecule

synthesis[13,29].MostAMPsareknowntocauseeffluxofintercellularmaterials

by destabilizing or disrupting the cytoplasmic membrane either through pore

formationviaa“barrel-stave”and“toroidalpore[43]”mechanism oranonpore

“carpet-like”mechanism.Furthermore,toreachtheirintracellulartargets,commonly

nucleotides and functionalproteins,AMPs must permeate the cellwalland

cytoplasmicmembrane[14-16].

However,duetotheirpeptideessence,AMPssufferfrom poorbioavailability

andproteolyticstability,twowhichhavethathaveseverelyhamperedtheirclinical

progressto date.In my thesis,thenew peptidesdeveloped [31-33].Thenew

peptides,whicharehaverepeataminoacids.thatrepeataminoacidssynthesizedto
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dendrimeric structure. The dendrimeric structure repeated to the existing

antimicrobialactivities.Butdecreased the synthesited lost[17-19],as wellas

greaterstabilitytopeptidasesandproteases,possiblyduetothesterichindranceof

thebranchingcorethatwouldlimitthecleavageratesofplasmapeptidases[4-6].

AnamphipathicpeptidesdesignedandsynthesizedbasedKLWK repeatedlinear

three peptides (LIN1-1:(KLWK)2,LIN1-2:(KLWK)4,LIN1-3:(KLWK)8) and

dendrimer three peptides (DEN1-1:(KLWK)2 [K],DEN1-2:(KLWK)4 [K2K],

DEN1-3:(KLWK)8[K2K]2K).

Theantimicrobialactivitywastestedagainstvariousbacterialstrainscontaining

multi-drugresistancestrainsandyeaststrains.Hemolysisandcytotoxicityofthe

peptidesweretestedfortoxicityinhumancells.InadditionallyItestedinhibitand

reductionofbiofilm ofP.aeruginosa.TimekillingandSYTOX greenexperiments

usingsyntheticpeptidesstrainswilldeterminehow itworks,andscanningelectron

microscopy(SEM)candeterminewhetherthemechanism of actionismediated

throughthecellmembrane.Ifoundthedendrimericstructureoftheamphipathic

peptidegreatlyinfluencestargetselectionandpeameabilzationofthemicrobialcells.
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Ⅱ.MaterialandMethods

1.Material

1.1.Materialsandmicroorganisms

S.aureus(ATCC 25923),E.coli(ATCC 25922)andP.aeruginosa (ATCC

15692)were obtained from the American Type Culture Collection.C.albicans

(KCTC7965),C.catenulate(KCTC7642),C.glabrate(KCTC7219),C.intermedia

(KCTC7935),C.melibiosica(KCTC 7003),C.rugosa (KCTC7288),C.tropicallis

(KCTC7212),T.beigelii(KCTC7707)Salmonellatyphimurium (KCTC1926)and

Bacillussubtilis(KCTC 1998)wereobtainedfrom theKoreaCollectionforType

Culture.S.aureus(CCARM 0027),S.aureus(CCARM 3018),S.aureus(CCARM

3089),S.aureus(CCARM 3090),S.aureus(CCARM 3114),S.aureus(CCARM

3126)andS.aureus(CCARM 3708)wereobtainedfrom theCultureCollectionof

AntibioticsResistantMicrobesatSeoulWomen’sUniversity,Korea.P.aeruginosa

1162,4007,4891and5018wereresistantstrainsisolatedfrom patientswithotitis

mediaatChunnam NationalUniversityHospital.

2.Methods

2.1Peptidesynthesis

Linearpeptidesusedinthisstudywerepreparedusingsolid-phasemethods

withFmoc(n-(9-flurenyl)methoxycarbonyl)-protectedaminoacidsusingaLiberty

microwavepeptidesynthesizer(CEM Co.Matthews,NC).4-(2',4'-Dimethoxypheny
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l-Fmoc-aminomethyl)-phenoxyacetamido-norleucyl-MBHA resin (100-200 mesh,

Novabiochem)(0.59mmol/g)wereemployedtocreatetheamidatedpeptides.

Dendrimer peptides synthesized with same method. and I use the

Fmoc-Lys(Fmoc)-OH(Novabiochem)linkerfordendrimerpeptides[30].

Afterpeptidesynthesis,thecrudepeptideswerepurifiedonaWaterspreparative

HPLCsystem usingWaters15μm DeltapakC18column(39x300mm)usinga0

–60% acetonitrilegradientinwaterwith0.1% trifluoroaceticacid.Thepurityof

theisolatedpeptideswasdeterminedusingaShimadzuanalyticalHPLC system

equippedwithaVydacC18 column(4.6x250mm,300Å,5μm).Themolecular

massesofthepeptideswereconfirmedusing amatrix-assistedlaserdesorption

ionizationmassspectrometer(MALDIII,KratosAnalyticalIns.).

2.2Purificationofsyntheticpeptides

AliquotsoftheultrafiltrateswereinjectedintoareversephaseC18column(5μ

m,300 Å 4.6 × 250 mm;Vydac,Hesperia,CA,USA)on an HPLC system

(Shimadzu,Kyoto,Japan).Peptidesdissolvedin0.1% (v/v)TFA inHPLC grade

water (solvent A) and were then loaded onto a C18 RP-HPLC column in

equilibratedwith0.1% TFA.Peptideswereseparatedusingagradientof10–60%

acetonitrilefor50min ataflow rateof1ml/min.Elutesweremonitoredby

measuringtheabsorbanceat214nm.Eachfractionwaspooledanddriedina

freeze-dryer.

2.3MassSpectrometry

MALDI-MS (matrix-assisted laser desorption/ionization mass spectrometry)

analysis was performed in linearmode using a Voyager DE RP instrument

(PerseptiveBiosystems,Framingham,MA)asdescribedbyPouvreauetal[20].

2.4Antibacterialassay
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The antibacterial activity of the synthetic peptides was determined by

microdilutionassay.Syntheticpeptidessolutionswerepreparedbyserialdilution

using PBS(1.5mM KH2PO4,2.7mM KCl,8.1mM Na2HPO4,135mM NaCl,pH

7.2)andSP(10mM sodium phosphate,pH 7.4)supplementedwith10% appropriate

culturemedia.Peptideswithconcentrationsrangingfrom 0.5to64μgachievedby

serialdilutionwereaddedtosterile96-wellplates,afterwhichaliquotsofthecell

suspension(5x10
5
CFU/ml)wereaddedtoeachwell.Afterincubationfor24h,

theturbidityofthesuspensionswasmeasuredatawavelengthof600nm usinga

VERSAmax microplatereader(MolecularDevicesCo.,Sunnyvale,CA,USA)to

determine the minimal inhibitory concentration (MIC). The lowest peptide

concentrationthatcompletelyinhibitedgrowthwasdefinedastheMIC[21].

2.5Antifungal assay

Thefungalstrains[C.albicans,C.catenulate,C.glabrate,C.intermedia,C.

melibiosica,C.rugosa,C.tropicallis,C.neoformans,T.beigelii]wereevaluatedfor

antifungalactivitybyXTT assay.Briefly,fungalcells(5×105CFU/ml)thatwere

grownin100μlofyeastpeptone-dextrosemedia(yeastextract0.5%,peptone1%,

dextrose2%,pH 5.0–5.5)wereseededineachwellofamicrotiterplatecontaining

100μlof2-foldseriallydilutedpeptidesinbuffer(asdescribedearlier).Theplate

wasthenincubatedfor24hat28℃.Afterincubation,5μlofMTT solution[5

mg/mlofXTT inPBS,pH 7.4]wasaddedtoeachwell,afterwhichtheplates

werefurtherincubatedat37℃ for4h.Next,30μlof20% SDS(w/v)containing

0.02M HClwasadded,andtheplatesweresubsequentlyincubated[22].

2.6Hemolyticassay

Freshhumanredbloodcells(hRBCs)from ahealthydonorwerecentrifugedat

800 μlandwashedwithPBS untilthesupernatantwasclear.ThehRBCs[8%

(v/v)offinalconcentration]werethen added2-foldserially dilutedpeptidesin
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PBS.Afterincubationwith mildagitation for1h at37℃,thesampleswere

centrifugedat800 μlfor10min and absorbanceofthesupernatantwasthen

measuredat414nm.Onehundredpercenthemolysiswasdefinedastheabsorban

ceofhRBCscontaining1% TritonX-100,where0% hemolysisconsistedofhRBCs

suspended in PBS.Each measurement was conducted in triplicate,and the

percentageofhemolysiswascalculatedusingthefollowingequation[22].

2.7Cellcultureandcytotoxicityassay

To examine thecytotoxiceffects ofthesynthetic peptides,HaCats(human

keratinocytes) were grwon in Dulbeccòs modified Eagle medium (DMEM)

supplementedwithantibiotics(100U/μlofpenicillin,100 μg/mlofstreptomycin)

and10% heat-inactivatedfetalbovineserum (FBS)(v/v)at37℃ inahumidified

chambercontaining5% CO2.GrowthinhibitionwasevaluatedbyXTT assayto

determinecellviability.A totalof2x104 cells/wellwasseededintoa96-well

plate,whichwasincubatedfor24h.Peptidesseriallydilutedtwo-foldwithDMEM

werethenaddedtotheplate,followedbyincubationfor24hat37℃.Then,10μl

ofXTT(5μg/ml)wasaddedtoeachwell,followedbyincubationforanadditional

4h.Absorbancewasmeasuredatawavelengthof450nm usingamicrotiterreader

(MolecularDevicesEmax,CA,USA)[23]

2.8Time-killingkinetics

SuspensionsofS.aureus(5×105cells/ml)wereaddedtopeptidesolutionsof

thesameconcentrationastheseusedinthemembranedepolarizationexperiment.

ThebacteriawereexposedtothepeptidesattheMICfor0,1,2,3,4,5,6,7,8,

9,10,15,20,25,or30min,afterwhich they werediluted 2-fold,plated on

Tryptonesoyabrothagar(TSA),andincubatedovernightbeforecountingcolonies

[24].
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2.9SYTOXgreenuptakeassay

S.aureuscellsweregrowntomid-logarithmicphaseat37°C,washed,and

suspendedin SP buffer(1× 107 cells/ml)containing 10% TSB medium,after

whichtheywereincubatedwith1μM SYTOXgreenfor15mininthedark.After

additionofpeptidesattheindicatedconcentrations,thetime-dependentincreasein

fluorescence caused by binding ofthe cationic dye to intracellularDNA was

monitored.Theexcitationandemissionwavelengthswere485nm and520nm,

respectively[25].

2.10Preparationandvisualizationofgiantunilamellarvesicles

(GUVs)

GUVswerepreparedusingtheelectroformationmethodoriginallydevelopedby

AngelovaandDimitrov[26,27].Briefly,phospholipidmixtureswerepreparedin

chloroform.Forthis,250μlofthelipidmixturewasdepositedontoa25x35x

1.1mm indiumthnoxide(ITO)-coatedglassslide(Sigma-Aldrich,St,Louis, MO,

USA),followedbyspin-coatingat600rpm for2min.theresidualorganicsolvents

(onecontaining afilm oflipids)wereseparatedusing apoly(dimethylsiloxane)

spacertheform anelectroformationchamber(25x25x1mm).Thechamberwas

thenfilledwith5mM HEPERSbuffercontaining0.1M sucrosethroughaholein

thepoly(dimethylsiloxane)spacer.TheITO electrodeswereimmediatelysubjected

toa1.7V (peaktoPEak),10HzAC fieldusingafunctiongenerator(Agilent

33220A,AgilentTechnology,US).After1h,theelectronicfieldwasswitchedto4

V,4Hzfor10mininordertodetachtheformedliposomesform theelectrode.

Theliposomesolutionintheelectroformationchamberwasgentlyremoved,and

aliquotsweredilutedwith5mM HEPERSbuffercontanining0.1M glucose.The

liposomesuspension(usually10μl)wasthendepositedandallowedtosettleonthe

bottom ofthemicroscopeslidesfor1minduetothedensitydifferencebetween

thesugarsolutionsinsideandoutsidetheliposomes.Contrastwasenhancedusing
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aninvertedfluorescencephasecontrastmicroscope(IX71,Olympus,Tokyo,Japan).

ImageswererecordedusingadigitalCCD camera(DP71,Olympus)equippedwith

avideorecorderandanalyzedusingthesoftwareprovidedbythemanufacturer.

2.11Scanningelectronmicroscopy(SEM)

S.aureusandE.colibacteriaat1x107CFU andLIN1-2,DEN1-2,DEN1-3

concentration(MIC)foreachstrainwereincubatedfor15min.Afterconcentration,

thepelletswerefixedin500μlof(v.v)5% glutaraldehyde,followedbydehydration

in 50,60,70,80,90and100% ethanol.Aftergold coating,thesampleswere

examinedusingascanningelectronmicroscope(HitachiS-2400N,Japan)
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Ⅲ.ResultsandDiscussion

1.Sequenceandcharacterizationofsyntheticpeptides

DendrimerpeptidesdesignedandsynthesizedwithKLWK repeatsequenceby

linker.Therepeattimeswere2,4,8.Also,linearpeptidessynthesizedKLWK

repeatlinearstructure.Repeatarray,increasedtheamountofpositivechargeon

theretention timeof18min,27min or37min wasincreased.However,the

dendrimerpeptides, DEN1-1,DEN1-2andDEN1-3,increasedofpositivecharge,

but16min,18min,20min,combinedwithlinearanincreaseinpeptideretention

timewerelessthan(Table1).IshowedRP-HPLCprofileofsyntheticpeptidesin

Figure1.ThesamplewasinjectedintoanHPLC system eguippedwithavydac

C18 column.Elutionwasachievedusingalineargradientofacetonitrilein0.1%

TFA (Figure 1). Molecular masses were determined as follows using

MALDI-TOF/MS:DEN1-1 1257.4 Da,DEN1-2 2627.5 Da,DEN1-3 5502.8 Da,

LIN1-11128.8Da,LIN1-22241.3DaandLIN1-34462.2Da(Figure2).
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Name Sequence
Molecular mass

(Da)
Net charge

Retention time 
(min)

a

DEN1-1 (KLWK)2[K]-NH2 1257.4 +5 16.53

DEN1-2 (KLWK)4[K2K]-NH2 2627.5 +9 18.59

DEN1-3 (KLWK)8[K2K]2K-NH2 5502.8 +17 20.82

LIN1-1 (KLWK)2-NH2 1128.8 +5 18.28

LIN1-2 (KLWK)4-NH2 2241.3 +9 27.67

LIN1-3 (KLWK)8-NH2 4462.2 +17 34.69

Table1.Sequenceandphysicochemicalparametersofsyntheticpeptides

a
SampleswereinjectedintoaC18RP-HPLCsystem andwererunusingalinear

gradientof10~60% acetonitrilecontaining0.75% trifluoroaceticacidfor50min.
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Figure1 RP-HPLCprofileofsyntheticpeptides(A.DEN1-1.B.DEN1-2,C.DEN1-3,D.LIN1-1,E.

LIN1-2,F.LIN1-3).SamplewasinjectedintoanHPLCsystem equippedwithavydacC18column.Elution

wasachievedwithalineargradientofacetonitrilein0.1% TFA.
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Figure2 Massspectrum ofsyntheticpeptides(A.DEN1-1.B.DEN1-2,C.DEN1-3,D.LIN1-1,

E.LIN1-2,F.LIN1-3).PurifiedpeptideswererunonMALDITOF/MS.
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2.Biologicalactivityofsyntheticpeptides

Todeterminetheantibacterialactivityofsyntheticpeptides,bothmicrodilution

assay was performed in low (10 mM sodium phosphate.pH 7.2) or high

(phosphate-bufferedsaline,PBS)ionicstrengthbufferagainsttwoGram-positive

andGram-negativebacteria(Table2).Low ionicstrengthbufferwasused,LIN1-2

andDEN1-2displayedsuperiorantibacterialactivityagainstalltestedstrainsat

concentrations ranging from 2.5 to 10 μg.In addition,LIN1-1,DEN1-1 and

DEN1-3displayedantibacterialactivityagainstatconcentrationsrangingfrom 10

to80μg,bothLIN1-3showedantibacterialactivity160μg.Buthighionicstrength

bufferwasusedLIN1-2,DEN1-2andDEN1-3,cameupwithsimilarantibacterial

activityresults.Ontheotherhand,LIN1-2andDEN1-1wereantibacterialactivity

decreased,butLIN1-3wasantibacterialactivityresultsimproved.

E.colicellswereincubatedfor4hat37℃ intheabsenceorpresenceof

peptides. Bacterial morphological changes were visualized under inverted

microscopy.DEN1-3andLIN1-3wereaftertreatedpeptide,morphologyofE.coli

waselongatedandexpended.LIN1-2wasaftertreatedpeptidemorphologyofE.

colicellswereaggregated(Figure3A).Aswellas,S.aureuscellswereincubated

for 4 h at 37 ℃ in the absence or presence of MIC peptides.Bacterial

morphologicalchangeswerevisualized underinverted microscopy.DEN1-2 and

DEN1-3wereaftertreatedpeptide,morphologyofS.aureuswasexpandedintoa

round shape.LIN1-3 wasaftertreated peptide,morphology ofS.aureuswas

elongatedandaggregated(Figure3B).

The antiungalactivity ofsynthetic peptides.both microdilution assay was

performedinRPMI1640containingMOPS (pH 7.2)against9strainsyeastand

fungal(Table 3).Antifungalactivity againstsynthetic peptides confirmed the

resultsLIN1-2andDEN1-2showedsuperiorantifungalactivityagainstalltested

strainsatconcentrationsrangingfrom 1.25to40μg.
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ThehemolyticeffectofpeptidesweretestagainsthRBCs(Figure4A).DEN1-3

caused 15% hemolysis10 μg,respectively,whileno hemolysis showed in the

presenceof400 μg LIN1-1,DEN1-1andDEN1-2,comparingtohighhemolytic

activity ofLIN1-2 and LIN1-3.This indicated thatthey exerted a selective

antibacterialaction.Aswellas,Thecytotoxiceffectofpeptidesweretestagainst

HaCat(Figure4B).Lin1-2caused20% cellsurvivals200μg,repectively,whileno

cytotoxicshowedinthepresenceof200μgDEN1-2.

Asaresult,linearpeptidesanddendrimerpeptidesontheactivityofbacteria

and fungishow similarresults.However,human red blood cells (hRBC) and

mammaliancellsforthecytoxicity ,butaandbindicatethetoxicitydoesnot

appeartoxic,LIN1-3compared to themoretoxicDEN1-3showsavery low

position.whenyoumodifyatobtomaintaintheactivityandtoxicityforhuman

redbloodcells(hRBC) andmammaliancellsarenotrepresented.
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Peptide

MIC (μg/mL)a

Gram (-) bacteria Gram (+) bacteria

E. coli S. typhimurium S. aureus B. subtilis

DEN1-1 20 (>160) 10 (160) 80 (>160) 40 (>160)

DEN1-2 5 (10) 2.5 (2.5) 10 (20) 10 (10)

DEN1-3 10 (40) 10 (2.5) 10 (10) 5 (5)

LIN1-1 20 (>160) 40 (160) 80 (>160) 40 (>160)

LIN1-2 10 (2.5) 5 (2.5) 10 (2.5) 5 (5)

LIN1-3 >160 (20) 160 (10) 160 (40) 160 (20)

Table2.Antibacterialactivityofsyntheticpeptides

a
MICsweredeterminedwith10mM sodium phosphate(pH 7.4)containing

10% TSB medium (low ionicstrengthbuffer)andPBS containing10% TSB

medium (highionicstrengthbuffer,numberinparenthesis).
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Figure3. MicrographsofE.coliand S.aureuscellsincubated with

syntheticpeptidesE.coli(A)andS.aureus(B)cellswereincubatedfor4h

at37℃ inthepresenceorabsenceofMIC peptides. Bacterialmorphological

changeswerevisualizedbyinvertedmicroscopy.Barissizedto50㎛
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Peptide

MIC (μg/mL)a

C. 
albicans

C. 
catenulate

C.
 glabrate

C. 
intermedia

C.
 melibiosica

C.
 rugosa

C. 
tropicallis

C. 
neoformans

T. 
beigelii

DEN1-1 >160 >160 >160 >160 >160 >160 40 160 10

DEN1-2 40 20 40 20-40 <1.25 40 2.5-5 10 <1.25

DEN1-3 160 2.5 80 >160 40-80 80 <1.25 10 <1.25

LIN1-1 >160 >160 >160 160 160 >160 40 80 20

LIN1-2 5 <1.25 10 5 2.5 10 2.5-5 5 <1.25

LIN1-3 80 5 5 80-160 80 2.5 10 40 20

Table3.Antifungalactivityofsyntheticpeptidesagainstyeastandfungal

aMICsweredeterminedwithRPMI1640containingMOPS(pH7.2).
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Figure4.Hemolyticandcytotoxiceffectofsyntheticpeptides

(A)Hemoglobinreleaseactivitywasdose-dependentlymeasuredafterincubation

for 60 min with human erythrocytes (8% hematocrit).Absorbance of the

supernatantwasmeasuredat414nm.(B)Cytotoxicitiesofthetwopeptideswere

detemined by XTT assay.HaCatcells (2 x 104 cells/well)were exposed to

DEN1-2andLIN1-2for24h.XTT (50μg)wasaddedtoeachwell,andtheplate

incubatedfor4h.Absorbanceofthesupernatantwasmeasuredat450nm.
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3.Drug-resistantactivityofsyntheticpeptides

To determine the drug resistance bacteria activity of synthetic peptides.

Drug-resistantS.aureus7strainsused(Table4).LIN1-2,DEN1-2andDEN1-3

displayedsuperiorantibacterialactivityagainstalltestedstrainsatconcentrations

rangingfrom 4to16μg.Inaddition,LIN1-3displayedantibacterialactivityagainst

atconcentrationsranging from 16to64 μg,bothLIN1-1andDEN1-1showed

antibacterialactivity64μg.

Anti-biofilm activity of synthetic peptides against non-drugresistant and

drugresistantP.aeruginosa4strinsplanktoniccells.LIN1-2andDEN1-2displayed

superiorantibacterialactivityagainstalltestedstrainsatconcentrationsranging

from 20to80 μg.Inaddition,DEN1-3displayedantibacterialactivityagainstat

concentrations ranging from 40 to 80 μg,both LIN1-1,LIN1-3 and DEN1-3

showedantibacterialactivity160 μg(Table5).Inhibitionofbiofilm formationof

syntheticpeptidesagainstdrug-resistanceP.aeruginosa.Cellswereincubatedfor

12h at37℃ oftreatedpeptides.Theresultshow thatLIN1-2,DEN1-2and

DEN1-3caused100% activityataconcentrationrange20to40 μg(Figure5).

Biofilm reduction activity of synthetic peptides against drug-resistance P.

aeruginosa.Cellswereincubatedfor24hat37℃ andtreatedpeptidesincubated

12 h.The resultshow thatDEN1-2 and DEN1-3 caused 60% activity ata

concentration160μg(Figure6).

As a result,linear peptides and dendrimer peptides on the activity of

drug-resistant bacteria showed similar results.However,biofilm formation

inhibitionandbiofilm reductionactivitytestedresults.Activityofthe dendrimer

peptide thanlinearpeptideswereimmiscible[7].
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Table4.Antibacterialactivityofsyntheticpeptidesagainstdrug-resistantS.

aureusstrains

Peptide

MIC (μg/mL)
a

S. aureus
0027

S. aureus
3018

S. aureus
3089

S. aureus
3090

S. aureus
3114

S. aureus
3126

S. aureus
3708

LIN1-1 64 64 16 16 >64 2 64

LIN1-2 4 4 4 4 8 4 8

LIN1-3 16 32 32 32 >64 32 >64

DEN1-1 32 >64 >64 64 >64 8 16

DEN1-2 8 16 4 16 >64 8 2

DEN1-3 8 8 8 8 >64 8 4

Drug-resistant S. aureus strains were distributed from Culture Collection of 
Antibiotics Resistance Microbes at the Seoul Women`s University, Korea
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Table5.Antibacterialactivityofsyntheticpeptidesagainstdrug-resistantP.

aeruginosastrains

Peptide
MIC  (μg/mL)

a

P. aeruginosa
ATCC 15692

P. aeruginosa
1162

P. aeruginosa
 4007

P. aeruginosa
 4891

P. aeruginosa
 5018

DEN1-1 >160 >160 >160 >160 >160

DEN1-2 20 20-40 80 40 20-40

DEN1-3 40 40 80 80 80

LIN1-1 >160 >160 >160 >160 >160

LIN1-2 40 20-40 20 40 20-40

LIN1-3 >160 160 160 160 160

P. aeruginosa 1162, 4007, 4891 and 5018 were resistant strains isolated from 
patients with otitis media in a Chunnam National University Hospital.

 P. aeruginosa (ATCC 15692) were obtained from American Type Culture 
Collection.
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Figure5.Biofilm inhibition ofsyntheticpeptidesagainstnon-resistant

anddrug-resistantP.aeruginosastrainsCellswereincubatedfor12hat

37℃ withsyntheticpeptides(A.P.aeruginosa15692B.P.aeruginosa1162

C.P.aeruginosa5018).Theabsorbanceofthesupernatantwasmeasuredat

450nm.
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Figure6.Biofilm reduction ofsyntheticpeptidesagainstnon-resistant

anddrug-resistantP.aeruginosastrainsCellswereincubatedfor24hat

37℃ withsyntheticpeptidesincubated12h.(A.P.aeruginosa15692B.P.

aeruginosa1162C.P.aeruginosa5018).Absorbanceofthesupernatantwas

measuredat450nm.
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4.Membrane-permeableactioninS.aureus

Bactericidalactivityofthepeptidewasevaluatedinatime-dependentmanner.

Attheindicatedtime,S.aureus(ATCC 25923)cellswereexposedtoLIN1-2,

DEN1-2andplatedonanagarplate.InFigure7,LIN1-2andDEN1-2completely

killedbacteriawithinattheMICfor0,1,2,3,4,5,6,7,8,9,10,15,20,25,and

30min.Theresultsshow thatthenumberofCFUsdrasticallydecreased.This

furthersuggeststhatthepeptidesinteractiedwiththebacteralmembrane.Using

SYTOX greenuptakeassay.whichisbasedonthe interactionbetweenthedye

andnucleicacids.weinvestigatedwhetherornotthepeptideaffentsthebacterial

innermembrane.TheSYTOX greenuptakeassayshowedresultsbetweentreated

with MIC ofthepeptides.Theresultshow fluorescenceincreased (Figure.7).

Theseresultsindicatethatsyntheticpeptides rapidlyinteractswithGram-positive

bacteriaattheinnermembrane.
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Figure 7.Time-killing kinetic and flouresence ofsynthetic peptides

againstS.aureus(ATCC 25923)cells.(A)Toexaminetheinteractionof

syntheticpeptideswiththeinnerbacterialmembrane,S.aureus(ATCC25923)

cells were incubated with 1 μM SYTOX green for15 min in the dark.

syntheticpeptidewasaddedwhenbasalfluorescencereachedaconstantvalue,

and the increase in fluorescence was monitored ata corresponding time.

Excitationandemissionwavelengthswere485nm and520nm,respectively.

(B)Toexaminetime-killkineticofLIN1-2andDEN1-2,S.aureus(ATCC

25923)cellswereincubatedwith2μM ofpeptides(MIXs)andtransferredto

anagarplateattheindicatedtime.
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5.Preparationandvisualizationofgiantunilamellarvesicles

(GUVs)

GUVswerepreparedtoobservetheeffectsofsyntheticpeptidesonartificiallipid

vesicles.TheresultsofGUVsLIN1-2andDEN1-2actsonthecellmembrane.

AfteradditonoftheLIN1-2andDEN1-2,BothLIN1-2andDEN1-2in10seconds

wasthemembraneaction(Figure.8).GUVdebristhensettledtothebottom ofthe

slideglass[8].Therefore,thepeptidesinteracted with and lysed theliposomal

membrane.
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Figure8. Microscopicimagesofliposomes(PE/PG)Morphologicalchangesin

PE/PGliposomeintheabsence(AandB)orpresenceofsyntheticpeptide(C.

LIN1-2,D.DEN1-2)wereexaminedusingadigitalcamera(DP71,Olympus).Side

bar50μm
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6.Scanningelectronmicroscopy(SEM)

In ordertoinvestigatetheaction ofsyntheticpeptides,thepeptideswerefor

incubated15min withS.aureusatMIC.Scanning electron microscopy (SEM)

confirmed thatDEN1-2.Thatpeptides were action by similar method.The

membraneofS.aureuswasformedblebsbyDEN1-2.
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Figure9 MorphologicalchangesofS.aureusbyscanningelectron

microscopy(SEM) S.aureuswereincubatiedwithpeptidefor15minatMICA:

onlyS.aureus,B:celslwithDEN1-210μg,x5000C:cellswithDEN1-210μg

x10000
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