
Welcometo43JPS/PEM4

Itismygreatpleasureand
honortowelcomeyoutothe
InternationalConferenceof43rd
JapanesePeptideSymposiumand
4thPeptideEngineeringMeeting
(43JPS/PEM4)to be held in
Yokohama from November 5
to8,2006(http://peptide-soc.jp/
43JPS4PEM.html).TheJapanese
PeptideSocietyhasorganized
the annual meeting named
Japanese Peptide Symposium,
and internationalsymposiums
intwoorthreeyears’inter-
val.In this year,43JPS is
held as a jointinternational
symposium withPEM4.PEM hasbeenalsoorgan-
izedasaninternationalmeetingsince1997bythe
internationalcommitteeofthismeetingincludingthe
lateprofessorMurrayGoodmanandundertheaus-
picesofAPS,EPSandJPS.ThePEM1meetingwas
heldinOsaka,Japan,1997,asapost-symposium of
1stInternationalPeptide Symposium (IPS),Kyoto,
withthechairofDr.SusumuYoshikawa,OsakaNa-
tionalResearchInstitute.PEM2washeldinCapriIs-
land,Italy,2000byDr.EttoreBenedetti,University
ofNaples,andPEM3wasinBoston,USA,2003,by
Dr.CharlesDeber,UniversityofToronto.InPEM,
engineeringaspectsofpeptidescienceandtechnol-
ogyhavebeendiscussedbyalimitednumberofat-
tendees(ca.100-200).In2006,PEM hascomeback
toJapanandisheldasajointinternationalconfer-
encewith43JPS.
We,the organizing committee of43JSP/PEM4,

canopenthisexcitingconferenceinYokohama,Japan
withthemainthemeofPeptideScienceandEngineer-
inginChemicalBiology.Inthepost-genomeera,the
world-wideresearchcompetitionhasbeenstartedto
developnovelbio-relatedscienceandtechnologyin-
novations.Inthesefields,peptidescienceandtech-
nologyisoneofthemajorandpromisingresearch
trendstounderstandcomplexpeptideandprotein
eventsinlivingorganisms.Moreover,newdiagnostic
andtherapeuticresearcheswillbeemergedfrom the

chemicalbiology with various bio-active peptides.
The related technologies including biochips,pro-
teomics,and nanobiotechnology have become also
veryimportantin thepost-genomeresearches.In
this internationalconference,the jointed meeting
bridging science and engineering willbe,forthe
firsttime,heldinYokohama,Japan.Thismeeting
willbebeneficialtodeveloptheinternationalstan-
dardsinchemicalbiologyofpeptideandprotein.
Theconferencewillhighlightmanyoftherecent

developmentsinthebroadareaofpeptidescience
andengineeringwithaparticularemphasisonhow
theseadvancesarebeingappliedtofutureprospects
inchemistryandbiology.Specifictopicstobecov-
eredincludesyntheticinnovationofpeptide& protein,
peptide& protein design andengineering,structure-
activityrelationshipforchemicalbiology,peptide& cell
engineering,peptide& drugdiscovery,peptidomics&
proteomics including post-translational modification,
peptidelibrary& protein chip,peptidein health&
medicalscience,peptide & nanobiotechnology.This
conferencewillcovercutting-edgeresearchpresented
byawiderangeofdistinguishedspeakers(53oral
presentationsincludingmorethan30invitedtalks),
aswellasposterpresentations(morethan230)by
scientistsfrom allovertheworld.Inaddition,we
havemanyexhibitorsandplantheYoungInvestigators’
Symposium and Competition with 14 distinguished
youngscientists.
Theproceedingbookof43JPS/PEM4ispublished

justattheconferencedate.Thisisthefirsttrialin
thepeptidesymposiumsintheworld.Igreatlyappre-
ciateallauthorswhohavesubmittedtheirpapersto
theproceedings,andtheco-editor,Dr.HitoshiIshi-
da,KitasatoUniversity,andMr.TsuyoshiHayashi,
ProactiveInc.,forthehardworksforediting.Ihope
thatthebookisusefulforyourunderstandingthe
highlevelsciencesintheconferenceandforyourfu-
tureresearches.
ThevenueforthisconferencewillbeatPacifico

Yokohama(AnnexHall)asaworld-classintegrated
conventioncenterintheMinato-MiraibayareainYo-
kohama (http://www.pacifico.co.jp/index_e.html). The
conferencesiteislocatedataconvenientplace(just
southofthemetroareaofTokyo,30min),andinter-
nationalhotels,the Japanese biggest Chinatown,
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manyshoppingplaces,andvarioussightstoseein-
cludingKamakura(the12thcenturyhistoricalcapi-
tal)are located nearby.Iam looking forward to
seeingyouattheinternationaltown,Yokohama,Ja-
pan,andhopethatyouenjoyJapaneseautumnatmos-
pherein2006.
Finally,Igreatly appreciate allparticipants as

wellasthemembersoftheorganizingcommittee,
theprogrammingcommittee,andthelocalorganizing
committeeof43JSP/PEM4fortheeffortsandcontri-
butionstothisinternationalconference.Ishouldex-
press my appreciation to JPS,KPS,APS,EPS,
AuPS,CPS,IPSandtomanyfoundationsandcompa-
niesforthesupportsoftheconference.

HisakazuMihara
43JPS/PEM4Chair
TokyoInstituteofTechnology
hmihara@bio.titech.ac.jp

PeptidesandSustainable
Development

Sustainabledevelopmentis
an ever-increasingproblem of
oursociety.Inourlaboratory
inMontpellier,France,several
ofourresearchprogramsare
concernedby«greenchemistry»
and«sustainabledevelopment»
inrelationwithpeptides.Incol-
laboration with two French
chemicalcompaniesinvolvedinagriculture,namely
«DeSangosse»and«Agronutrition»wehavedevel-
opedaresearchprogram thatusespeptidesasnon-
toxic,biodegradablematerials,respectfulofenviron-
ment.Wewouldliketodescribeheresomeofour
effortsinthedesign,synthesisanddevelopmentof
peptidesas«elicitors»thatcanbeusedinagricul-
turefortheprotectionofplantsagainstpathogens.
Plant«elicitors» are surface moleculesfrom a

plantpathogenicmicroorganism,which,whenapplied
tohostornon-hostplantswillinducesymptomsof
resistancereactionstypicalfortheplant-pathogensys-
tem studied.Elicitorsstimulatethenaturaldefenses
ofplants1.Itwasrecentlydemonstratedthatpeptai-
bolsareabletoactasplantelicitors2.Peptaibolsare
peptidesofusuallylessthan20aminoacidresidues,
containingnon-naturalaminoacid,acylatedontheir
N-terminusandhavinganalcoholfunctionattheirC-
terminus.Theycanadoptahelicalstructure.Based
ontheseobservations,weproposedthatanelicitor
couldbeapeptideacylatedontheN-terminus,hav-
inganalcoholfunctionattheC-terminusandableto
adoptanhelicalstructure(Figure1).
BysimplepolymerizationofN-carboxyanhydrides

ofα-and β-amino acids,we have synthesized
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oligomersofaminoacidsknowntofavorahelical
structure,starting polymerization with the corre-
spondingaminoalcoholandacetylatingtheN-termi-
nusoftheoligomer(Scheme1).Amongtheseries
ofoligomerswehavesynthesized,thepoly-Alaoligo-
mer(namedLAPP6)wasamongthemostpotent
compound in stimulating the naturaldefenses of
plants3.

Theactivityoftheseoligomerswasfirsttested
inmelon,cucumber,andgrapevineleavesbyevaluat-
ingtheirabilitytostimulatetheactivityoftwoen-
zymes,chitinaseandperoxidase.Stimulationofthese
twoenzymesisknowntostronglycorrelatewith
theresistanceofplantstopathogens,andisrepre-
sentativeofan«elicitor»activity2.Theoligomersof
aminoacidswereabletostimulatetheenzymeactivi-
tiesatlow doses(7-70mg/L),atahighlevel.Par-
ticularly,LAPP6wasfoundverypotent.
LAPP6wasfurthertestedingrapevineplantsin-

fectedbythedownymildewfungusPlasmoparavitico-
la,inthefields,inthreedifferentareasofFrance,
namely Burgundy,Loire Atlantique and Languedoc
ondifferentspecies.Theresultsofthesetrialscon-
firmedtheinterestingactivityofLAPP6inreinforc-
ingthenaturaldefensesofgrapevineplantsandto
protectthem againstPlasmoparaviticola.
Sofar,LAPP6isaverypromisingoligopeptide

elicitor,exhibitinginterestingproperties.LAPP6is
easy to synthesize,is non-toxic,is biodegradable
intonon-toxicandeventuallyassimilableaminoacid
derivatives.LAPP6isnotexpensivetoproduceand
isactiveatlowdoses.Furtherdevelopmentsofthis
newclassofpeptidecompoundsactingaselicitorsthat
canbeusedinagriculturearegoingoninourlaborato-
ries,withthegoalofdevelopingpeptidecompoundsas
agrochemicalsforasustainabledevelopment.
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DeNovoDesignofMembrane-Active
AntimicrobialPeptides

Bacterialresistancetosmall
moleculeantibioticsisonthe
rise and as a consequence,
novelapproachestothetreat-
mentofmicrobialinfectionsare
urgentlyrequired.Antimicrobial
peptidesprovideaviablealter-
native.Databasescurrentlyre-
portcloseto1000sequences
fornaturalantimicrobialpep-
tidesandproteinsfrom animalsandplants(http://
www.bbcm.univ.trieste.it),whileseveralthousandoth-
ershavebeendesigneddenovoandproducedsyn-
thetically1.Whiletheydifferwidelyinsequenceand
structure, cationic antimicrobial peptides (termed
CAPs)generallyconsistof12-50residues,approxi-
mately50% ofwhicharehydrophobic,andaccord-
inglyhavethepotentialtoform anamphipathicα-
helicalstructurewhenboundtomembranes.Cationic
antimicrobialpeptidesareactiveinthenanomolarto
micromolarrangeandshowlittletargetorL-vs.D-
residuespecificity(theirD-enantiomersexhibitsimi-
laractivitytotheirL-counterparts),indicatingthat
they interactwith achiralcomponentsofthe cell
membrane2 throughamechanism ofphysicaldisrup-
tion.Accordingly,bacteriamaynoteasilydevelopre-
sistancetothesesubstances.
Understandingthemechanism ofmembranedis-

ruptionbyavarietyofpeptidesinmanydifferent
typesofmembranesisnecessarytoelucidatethe
variousfactorsdeterminingtheactivityofapeptide
andtosubsequentlydesigntherapeuticpeptideswith
the desired potency and selectivity.In prevailing
viewsofCAP mechanisms,peptidesinteractwith
the membrane,inducing relocation ofthe peptide
intoapositionparalleltothemembraneattheinter-
faceofthehydrophilicheadgroupsandhydrophobic
fattyacidchainsofthemembranephospholipids.In
the so-called“carpet”mechanism2,peptide-mediated
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packingdefectsareintroducedintothemembrane
phospholipids,causing large-scale disruption ofthe
membranebyverydenseaggregationofparallel-ori-
entedpeptides,wherein thelipidheadgroupim-
poses strain in the membrane, and membrane
permeationiseventuallyinducedatsiteswherelocal
peptide concentration reaches certain threshold
values.
Ourlaboratoryhasforseveralyearsbeenstudy-

ingthesequence-dependentconformationsandoligo-
meric states ofdenovo designed transmembrane
peptidestosystematizethecontributionsofhydropho-
bicityandhelicitytopeptide-membraneinteractions3.
Wesubsequentlynotedthattheirsequencesandposi-
tivecharacterbroadlyresembledavarietyofnaturally-
occurringCAPs.Keyfeaturesofourdesignedpep-
tidesweretheconsecutivenon-amphipathicstretchof
hydrophobiccoreresidues,andthemulti-positively
chargedLys/Argineithersegregated(allbasicresi-
duesattheN-orC-terminus),orseparatedforms
(basicresiduesatbothtermini).TheLysorArgtags
solubilizethehydrophobicpeptidesinaqueousme-
dia4.Whentheaveragehydrophobicityofthepeptide
fullcoresegmentisaboveanexperimentallydeter-
mined‘threshold’ valuebasedapproximatelyabove
thatwhereX＝Ala3－thepeptidesspontaneouslyin-
sertintomicellarmembraneswithaccompanyingfor-
mationofα-helicalstructures.Oneseriesofhigh
antimicrobialpotencyistypifiedbythe17-residuese-
quence KKKKKKAAFAAWAAFAA-NH2,wherein the
LyschargesaretypicallygroupedattheN-terminus,
andahydrophobiccoreofonly11residues.Thisse-
riesofpeptideswasfoundtobehighlyeffective
againstawidevarietyofGram-positiveandGram-
negativebacteria,andyeast,withminimum inhibitory
concentrations(MICs)intherangeof4-128μM or
8-256μg/mL,butdisplaynohemolyticactivityagainst
rabbitorhumanredbloodcellsuptorelativelyhigh
concentrations(325μM or650μg/ml)5.From these
results,werealizedthattargetingofmembrane-active
antibioticstotheinvaders(bacteria)insteadoftothe
host(mammaliancells)mustoriginateinthesignifi-
cantdifferencesinthelipidcompositionsofthesetwo
systems.E colimembranesarehighlyanionic,and
containabout75% phosphatidyl-ethanolamine(PE),
20% phosphatidylglycerol(PG),and5% ofothercom-
ponents, including cardiolipin. The anionic head
groupsofPG＋ cardiolipininparticularrenderthis
membranesusceptibleforassociationwithpositively
chargedspeciessuchasCAPs.Incontrast,themam-
malianerythrocytemembrane(outerleaflet)typically
contains33% phosphatidylcholine,18% sphingomyelin,
9% PE,alongwith25% cholesterol,andtheirouter
leafletsconsistexclusivelyofzwitterionic(neutral)
headgroups.
Usinglipidvesiclespreparedfrom bacterialand

mammalianlipidmixtures,weindeedfoundthatthe
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designedCAPsreadilyinsertedintobacterialmem-
branes,butdid notinsertinto mammalian mem-
branes.Experimentalindication for such bacterial
membraneinsertionandevidenceofpeptideselectiv-
ityforbacterialvs.mammaliancellmembranesis
showninFig.1,wherewedisplaymeasurementsof
fluorescenceemissionintensityandblueshifts(or
lackthereof)intheλmax oftheTrpprobeincorpo-
ratedintothehydrophobiccoreofpeptidesinthisli-
brary.AsshowninFig.1,thegraybarsindicate
thatblueshiftsofTrpλmaxvaluesof17-23nm occur
whenbacteriallipidmixturesareused(LUV-bact).
Mixturescorresponding to human red cellplasma
membranes(LUV-RBC(outer)(smallblackbars)are
essentiallyinerttotheCAPs.Onlytherelativelyhy-
drophobicall-D W17-6k-(4L)insertsinzwitterionic
lipids(darkgraybars)andonlyintheabsenceof
cholesterol.
Thesefindingssupportedan initialelectrostatic

membraneinteractionstepinwhichbacterialmem-
branesattractandbindpeptidesontotheanionicbac-
terialsurface (modeled in Fig.2)similarto the

“carpetmechanism”–butin thiscasefollowedby
thefurther‘sinking’ofthecoresegmenttoadepth
ofca.2．5-8Åintothemembrane,asderivedfrom
Trpfluorescencemeasurementsinconjunctionwith
doxyllabelingoflipids6.Wenotethatthesynthetic

CAPscontainanuninterruptedstretchofhydropho-
bicresiduesconducivetomembraneinsertionwhile
themajorityofnaturalCAPssuchasmagaininhave
amphipathicsequencesthatwouldappeartopromote
anchoringonlyintothebacterialmembranesurface
perse.Thisrelativelydeepinsertionofthedesigned
peptides–likelyparalleltothemembranesurface6–
mayfacilitatemovementofthepeptidesatrightan-
glestothelongaxesofthelipidchains,andconse-
quently interfere with lipid packing.Due to the
presence ofAxxxA sequence motifsthatpromote
closeapproachofhelicesinmembranes7,thepep-
tidesarebelievedtopenetratebacterialmembranes
indimericform,asmodeledinFig.2,whichpro-
duceslargerparticlesthatmayhaveenhancedde-
structivepower.
Thehighselectivityofthesepeptidesfornon-

mammalianmembranes,combinedwiththeiractivity
towardawidespectrum ofgram-negativeandgram-
positive bacteriaand yeast–while retaining water
solubility–representsignificantadvantages ofthis
classofpeptides.Thelong-term goalofthecurrent
researchprogram isthusthedevelopmentofnovel
therapeutics.However,inordertoaidinthetreat-
mentofchronicP.aeruginosainfectionsthatoccur,
forexample,inthelungsofcysticfibrosispatients,
itwillbenecessarytodesignCAPsthatcanevade
thehighlyanionicexopolysaccharidealginatematrix
thatissecreteduponthecolonizationofbacteriainto

“biofilms”8.Successherewillbolsterourcommand
oftheunderlyingmechanism(s)astohow bacteria
resistourinterventions,andhow wecanbestde-
velopfuturestrategiestooutwitthem.
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Figure1.Blueshiftsinwavelengthmaximaemission

(Δλmax)ofTrpfluorescenceinlargeunilamellar

vesicles(LUVs)preparedfrom bacteriallipid

mixtures(LUV-bact)ormammalianredblood

cellmixtures(LUV-RBC(outer)).Peptidesare:

F17＝KKKAAAFAAWAAFAKKK-NH2;F17-6K
＝ KKKKKKAAFAAWAAFAA-NH2;F17-6R＝
RRRRRRAAFAAWAAFAA-NH2;all-DW17-6K-

(4L)＝D-isomerofKKKKKKALWALWLAWLA-
NH2.TheLUV-Zwitmixtureconsistsof0%

anioniclipids,100% zwitterioniclipids,and

nocholesterol.Temperature＝44℃ tomaintain
lipidfluidity.Adaptedfrom6.

Figure2.Energy-minimizeddimermodelsshowingthe

interactionsurfacebetweenantiparallelhelical

segmentsfrom thehydrophobiccoreofthe

cationicantimicrobialpeptideF17-6K.(a)side

view;(b)endview.Themodelwasgenerated

usingtheglobalconformationalsearchsoftware

CHIwithidealizedhelicescorrespondingto

peptide residues 9-17 (FAAWAAFAA). A

dielectricconstantof1 wasused in the

calculation.Adaptedfrom6.
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AntimicrobialPeptideResearchatthe
ResearchCenterforProteineousMaterials

Antimicrobialpeptides are
being increasingly recognized
aspotentialcandidateantibacte-
rialdrugsinthefaceofthe
rapidly emerging bacterialre-
sistancetoconventionalantibi-
otics in recent years. The
actionofantimicrobialpeptide
ismediatedbyadirectinterac-
tionwithcellmembranesand
acommonfeatureoftheseinteractionsistheinduc-
tionofcationicamphipathicsecondarystructurefol-
lowing binding ofthe peptidesto the membrane
surface.Themechanismsofactionofantimicrobial
peptidesareknowntodifferdependingonthepep-
tides,namelycarpet,toroidalorbarrel-stavemodel.
Amongthemorepotentantibioticsreportedsofar
aresmallbioactivepeptideslikececropinA(CA),ma-
gainin2(MA),melittin(ME),HP(2-20),PMAP-23,
SMAP-29andplantdefensin.Theseantimicrobialpep-
tidespossessapotentantibioticactivityagainstbacte-
ria,yeastandeven certain envelopedviruses.At
present,alargenumberofantimicrobialpeptidesare
reportedandtheirantibioticactivitiesarerelatedto
joiningofphosphatidemembraneoftargetcell,and
formingofionchannelorporeincellmembrane
whichleadstocelllysisbydestroyingcellmembrane.
Peptideresearchisoneofthemajorresearchac-

tivitiesfocusedattheResearchCenterforProteine-
ous Materials (RCPM),Chosun University,Korea.
RCPM isaCenterofExcellencedesignatedandsup-
portedbytheKoreanGovernment.Thepeptidere-
searchinRCPM isbeingcarriedoutmainlybythe
PeptideEngineeringLab(Kyung-SooHahm,Ph.D.:
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kshahm@chosun.ac.krandYoonkyungPark,Ph.D.:
y_k_park@chosun.ac.kr).Theresearchhasbeenfo-
cusedonantimicrobialpeptidesrangingfrom natural
sourcesandsyntheticdesignedpeptides.Theantimi-
crobialpeptidesobtained from naturalsourcesin-
cludePotide-G1,Potide-J2,Potamin-13 andPotamin-2
from variouspotato tubers,Bacillin from bacteria,
NidulinandAN-1from fungi,andHAF-1from hu-
manamnioticfluid.Syntheticpeptidesweredesigned
asanalogsincludinghybridpeptides,CA-MA,CA-
ME,HP-MA4,5 andHP-ME6 andanalogsofHP(anal
3),CA-MA (P5),PMAP-23(P6)andHP-ME (anal
6).
Structure-activityrelationshipstudiescarriedout

usingpeptidesincludingHP(2-20)anditsanalogue
3,CA-MA analogueP5andPMAP-23anditsana-
logueP6ofantibacterialandantifungalactivities.HP
(2-20)istheantimicrobialsequencederivedfrom N-
terminusofHelicobacterpyloriRibosomalProteinL1
(RPL1).Severalanalogueswithaminoacidsubstitu-
tionsweredesignedtoincreaseordecreaseonlythe
nethydrophobicity.Inparticular,thesubstitutionof
Trpforthehydrophobicaminoacid,GlnandAspat
position17and19ofHP(2-20)(HPA3)causeda
dramatic increase in antibiotic activity withouta
hemolyticeffect.Theseresultsindicatedthatthehy-
drophobicregionofpeptidesisprerequisiteforitsef-
fective antibiotic activity and may facilitate easy
penetration of the lipid bilayers of the cell
membrane7,8,9,10.
CA-MAanaloguesweredesignedtoincreasenot

onlynetpositivechargebyLys-substitutionbutalso
hydrophobichelixregionbyLeu-substitutionfromCA
(1-8)-MA(1-12)hybridpeptide(CA-MA).Inparticular,
CA-MAanalogueP5(P5),designedbyhingeregion
(GIG

↑

P)-substitution,Lys-(positions(4,8,14,15)
andLeu-(positions5,6,12,13,16,17,20)substitu-
tions,showedanenhancedantimicrobialandantitumor
activitywithouthemolysis.ThisP5mayhaveapoten-
tialasaspecificpharmacologicalagent,orasamodel
forthestudyofthenetpositivecharge,hydrophobicity-
antibioticrelationshipofpeptides11,12,13.
PMAP-23isa23-merpeptidederivedfrom Por-

cineMyeloid.Severalanalogues,withaminoacidsub-
stitutions, were designed to increase the net
hydrophobicitybyTrp-substitutionatpositions10,13
or14atthehydrophilicfaceofPMAP-23without
changingthehydrophobichelicalface.Theanalogue
P6showedanenhancedfungicidalactivityandantitu-
moractivity.Theresultssuggestedthattheincrease
ofhydrophobicityofthepeptidescorrelatedwithfun-
gicidalactivity15,16,17.
Structure-mechanism relationship studies were

confirmedbyHPA3,CA-MAanalogueP5andmelit-
tin.TheresultshowedthatHPA3hasahigheraffin-
ity than HP(2-20) for microbial cell wall and
membranecomponents.Transmissionelectronmicros-
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copy (TEM) and scanning electron microscopy
(SEM)revealedthatHPA3formedporesviapeptide
oligomerizationinamannersimilartothetoroidal
pore-formingmechanism ofmelittin,whereasHP(2-
20)showedthebarrel-stavemodel(submitted).
Inaddition,theeffectsofmelittinonvariouscell

wallcomponentsandvesiclesofvariouslipidcompo-
sitionsarebeingstudiedandobtainedresultsthat
theoligomericstateofmelittinvariedbetweentet-
ramersandoctamersduringtheformationoftoroidal
pores.TEM revealedthatmelittinformedporesvia
peptideoligomerizationandthetoroidalporescom-
posedof7-to8-nm diameterringsthatencircled
3.5-to4.5-nm diametercavitiesonzwitterioniclipid
vesicles18.
DesigningnovelantibioticpeptidesleadstoHPA3

and P5 which showed potentantibacterialactivity
againstbothGram-positiveandGram-negativebacte-
riabasedon minimalinhibition concentrationsde-
fined by the National Committee for Clinical
LaboratoryStandards(NCCLS).Againstmorethan
10clinicallyisolatedantibiotic-resistantstrainsinthe
presenceof0,150or300mM NaCl,thesepeptides
retained strong activity against allbacteria,yet
showednohemolyticactivityorcytotoxicityagainst
theHaCaThumankeratinocytecellline(submitted).
Aneffortwasalsogiveninordertoproduceanti-

microbialpeptidesinlargequantitiesbyusingsur-
facedisplaymethod.Lactobacilluscaseiwasusedfor
thepurpose,andthemass-culturedcellswithantimi-
crobialpeptidesattached on the surface are cur-
rentlybeingtestedascommercialproductsincluding
animalfeed.
Inconclusion,thePeptideEngineeringLaborato-

ry,RCPM isdedicatedtodeveloppeptidematerials
ascommercialproductsincluding antibiotics,agro-
chemicals,foodadditives,cosmetics,etc,byacquir-
ing intellectualproperty rights (about50 patents
werefiledorobtainedduringlast6years),technol-
ogytransferandactivelyworkingwithindustrialpart-
nersoracademiccollaboratorsofbothdomesticand
internationalinstitutions.
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ElaborationofBiologicallyActivePeptides

Duringthepastdecades,we
haveappreciatedthatpeptides
serveastheidealbridgesto
connectchemicaland biologi-
calsciences.In thePost-Ge-
nome Era,peptides willbe
able to play more important
roleforthisconnection.Thus,
activediscussionsbyscientists
workingindifferentfieldswill
beofbenefitforpromptingthepeptideresearch.
The43rd JapanesePeptideSymposium willprovide
anotherexcellentchanceforsuchdiscussion.Itis
mygreatpleasuretointroduceyouourrecentpro-
gressonthepeptide-relatedinvestigations.
Cyclicdepsipeptidehalipeptinswereisolatedfrom

thespongeHaliclonaspeciesbyGomez-Palomaand
co-workers.Thesecompoundsdisplayedpotentanti-
inflammatoryactivityandtheiractionmodemightbe
differentwithcurrentanti-inflammatorydrugs,thus
makinghalipeptinsasidealleadsforthediscovery
ofnovelanti-inflammatoryagents.Followingthesuc-
cessintotalsynthesisofhalipeptinA,1 werecently
developedamoreefficientprotocoltoassemblethis
classofnaturalproducts,whichhighlyreliedonus-
ingmethylation ofaspartatestoelaboratethere-
quiredN-methyl-δ-hydroxyisoleucineresidue.2

ApratoxinAisacyclodepsipeptidesisolatedfrom
themarinecyanobacterium Lyngbyamajuscula.This
compoundwasshowntobecytotoxicagainstLoVo
andKB cancercelllineswithIC50 valuesranging
from 0.36to0.52nM invitro,beingmostcytotoxic
among severalcyclodepsipeptides discovered from
themarinecyanobacterium.Wehavediscovereda
flexibleroutetothiscompoundanditsanalogues.3

An oxazoline analogue ofapratoxin A showed a
slightlylow potencyagainstHeLacellproliferation
incomparisonwithapratoxinA.However,aC40de-
methylated oxazoline analogue ofapratoxin A dis-
playedmuchlow cytotoxicity,whileC37-epimerand
C37 demethylation productofthis new analogue
wereinactive.Theseresultssuggestthetwomethyl
groupsatC37andC40aswellasthestereochemis-
tryatC37areessentialforthepotentcellularactiv-
ity ofoxazoline analogue ofapratoxin A.Further
biologicalanalysisrevealedthatbothsyntheticapra-
toxinAanditsoxazolineanaloginhibitedcellprolif-
erationbycausingcellcyclearrestintheG1phase.
A numberofnaturalcyclopeptidesbearadiaryl

ethermoiety,which include monocyclictripeptides
suchasK-13andOF4949-ItoOF4949-IV,bicyclic
bouvardins,and RP-664536,as wellas complex
polycyclicantibioticssuchasvancomycin,teicoplanin
andchloropeptins.TheUllmann-typecouplingreac-
tionbetweenarylhalidesandprotectedtyrosineor

relatedaminoacidderivatives,couldaffordthede-
sireddiaryletherswithsuitableaminoacidmoieties,
inastraightforwardandeconomicmanner.However,
racemizationoftenoccurredwhentraditionalUllmann
reactionconditionswereemployed.WefoundthatN,
N-dimethylglycinecouldpromoteUllmann-typediaryl
etherformation,leadingtocompletingthereaction
at90℃.Bycombinationofthisligandeffectanda
newlydiscoveredorthosubstitutioneffectcausedby
theacetoamidogroups,werevealedthatCuI-cata-
lyzeddiarylethersynthesisbetweenL-phenylalanine-
derivedarylhalidesandL-tyrosinederivativestook
placeatroom temperature.4 Importantly,thisreaction
alsoworkedinamacrocyclizationmanner,thereby
providingafacileapproachtoassemblediarylether
embodiedcyclopeptides.
Coronaviruses–thefamilyofvirusesthatcausesthe

commoncold–gainedwidespreadrecognitionwhenthe
deadlysevereacuterespiratorysyndrome,familiarly
knownasSARS,killedatleast800peoplein2003.
Researcheffortstodesignantiviralagentstocombat
coronavirusesintensified afterthe SARS epidemic
andhavefocusedmostlyonjustthisvirus.Butbe-
causecoronavirussequencesandstructuresmutate
soquickly,achallengeistofindwide-spectrum vac-
cines,since avaccine targeting one strain would
likelybeineffectiveagainstanother.Incollaboration
withProfessorRao,werecentlydiscoveredaclassof
inhibitors that can target severalcoronaviruses.5

Thesecompoundsbindtothestructurallyconserved
substrate-bindingregionofthemainprotease,and
thereforeshowedeffectivenesstoallcoronaviruses
tested,whichincludenew coronavirusstrainsthat
causeconjunctivitis,bronchiolitis,andpneumonia.
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BiophysicalStudiesofPeptide-Protein
Interactions:TargetingtheGrb7-SH2Domain

Thedevelopmentofpeptide
ligands for targeting specific
proteinsisachallenging and
rewarding area of research.
Peptides offer the chemical
versatilityrequiredforforming
specificandhighaffinityinter-
actions and willcontinue to
beutilisedforprobingthebio-
logicalroleoftheirtargetas
wellasprovidingnew drugleads.Whenconducting
suchresearchitishighlyadvantageoustounder-
standthebasisfortheaffinityandspecificityofthe
interaction– asisnowpossibleusingacombination
ofmolecularbiologicaland biophysicaltechniques.
The43rd Japanese Peptide Symposium provides
anexcellentforum forthediscussionofpeptide-pro-
teininteractions,anditisanhonourtobeableto
summarisesomeoftheeffortsthathavebeenmade
intargetingSH2domainsandtopresentourwork
onthebiophysicalcharacterisationofpeptide-protein
interactionsasapplied to targeting the Grb7-SH2
domain.
SH2domainsaremodulesof~100aminoacid

residueswhichbindwithhighaffinityandspecificity
tophosphotyrosine(pY)containingpeptidesequences.
Theyarepresentinmanyproteinsandplayacriti-
calroleincellularsignallingpathwaysbyviatheirin-
teractionwithactivatedreceptortyrosinekinasesat
theirpYsites.Thisinitiatesdownstream eventsthat
controlcellgrowthandproliferationaswellasnu-
merousothercellularactivities1.
Beingatthejunctionofcriticalcellularevents,

theyareanattractivetargetinthedesignofthera-
peuticstargetingdiseasedcells.Designingcompeti-
tiveligandstothesedomainshasbeenproblematic,
however,duetotherequirementofpYforhighaffin-
itybindingtotheSH2domain.Theseproblemsin-
cludethesusceptibilityofthephosphategroupto
phosphatases,thepoorcellpermeabilityofphospho-
rylatedpeptidesandthelackofspecificitydisplayed
byinhibitorsdesignedtosolelytargetthepYbind-
ingpocket2.
Consequently,recentwork hasfocused on the

identificationofhighaffinity,non-phosphorylatedSH2
domaininhibitors.Onesuchapproachhasbeenap-
pliedtothedevelopmentofanon-phosphorylatedin-
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hibitor of the Grb7-SH2 domain. Grb7 is an
attractivetherapeutictargetasitisoverexpressedin
breast,oesophagealandgastriccancersandmaycon-
tributetotheinvasivepotentialofcancercells3,4.
TheGrb7-SH2domainwasthussubjectedtoapep-
tidephagedisplaylibrarytoidentifynon-phosphory-
lated peptideswith ahigh binding affinity5.This
produced seven cyclic non-phosphorylated peptides
thatwereabletobindtotheGrb7SH2domainwith
goodspecificity.Interestingly,thecyclicstructureof
thesepeptides(whichwerecyclisedviaadisulphide
bond)wasrequiredforbindingtotheGrb7SH2do-
main.Subsequentexperimentsfoundthatatruncat-
ed,thioether-cyclisedanalogueofG7-18,termedG7-
18-NoArmsThioether(G7-18NATE;Figure1),was
abletoinhibittheassociationofGrb7withmembers
oftheErbB receptorfamilyandfocaladhesionki-
nase(FAK)aswellasattenuatecellmigration4,5.G7-
18NATE isthefirstcyclic,non-phosphorylatedpep-
tideinhibitoridentifiedforGrb7andrepresentsanat-
tractivestartingpointforthedesignoftherapeutics
targetingGrb7.

Inourlaboratorywehaveundertakentocharac-
terisetheinteractionbetweentheGrb7-SH2domain
andtheG7-18NATE peptideusingbiophysicaltech-
niques.TheG7-18NATEpeptidewaspreparedusing
Fmocchemistryandcyclizedviathioetherbondfor-
mation between achloroacetylatedN-terminusand
thefreethiolofthecysteineattheC-terminusof
thepeptideaspreviouslyreported5.TheGrb7-SH2
domain(Grb7aminoacidresidues415-532)waspro-
ducedasaglutathione-S-transferasefusionprotein,
overexpressedinanE.coliexpressionhostandpuri-
fiedusingacombinationofglutathioneaffinitychro-
matographyandcationexchangechromatography6.In
thefollowingparagraphsIhaveoutlinedsomeofthe
techniquesusedtomeasuretheaffinityoftheinter-
action and obtain structuralinformation for the
peptide:proteincomplex.
Isothermaltitrationcalorimetry(ITC)wasused

tomeasuretheaffinityoftheinteractionbetween
thepeptideandprotein.Thisinvolvedthestepwise
additionofpeptidesolutiontotheproteinandpre-
cisemeasurementoftheheatevolvedorabsorbed
duringthebindingevent.InthecaseoftheG7-
18NATE:Grb7-SH2 interaction the reaction pulses

8

JackieWilce

Figure1.Chemical structure of the cyclic, non-

phosphorylatedpeptideG7-18NATE.



werenegativeindicatingthatthebindingreactionis
exothermic (i.e heatwas released upon binding).
Theheatproducedupon each addition ispropor-
tionaltotheamountofpeptideboundandthedata
canbeanalysedtodeterminetheassociationcon-
stant,stoichiometry and enthalpy ofthe binding
reaction.
NMRspectroscopyisanidealtoolforexamining

thestructureofthepeptideinandoutofthepres-
enceoftheprotein.Aslongasthepeptideremains
solubleinsolutionathighconcentration(100μM to
mM),NMRspectracanreadilybeacquiredandused
determinestructuralanddynamicpropertiesofthe
peptide.ThechemicalshiftsoftheαH resonances
and3JNH-αH couplingconstantsareapreliminaryindica-
tionofwhetherthepeptidehasatendencytoexist
inanα-helicalorextendedsecondarystructure.The
sensitivityoftheNH chemicalshifttotemperature
changesisanindicationoftherelativeprotectionof
theNH from solvent–oftenasaresultofhydrogen
bonding. Most importantly, the measurement of
NOEs(NuclearOverhauserEffect),providesthedis-
tancerestraintsbetweenprotonsthatcanbeusedto
definethethreedimensionalstructureoftheentire
peptide.Suchinformationmaybeusefulforunder-
standing the structuralbasisforapeptide-protein
interaction.
Itis,however,mostoftenthecasethatasmall

peptidedoesnotexistinonerigidconformation,but
rapidlyinterconvertsbetweenmanystructuralspe-
cies.A cyclizedpeptideisclearlymorerestricted,
butstillmaynotadoptasinglepreferredstructure.
Whencharacterisingapeptide-proteininteraction,it
maybeofgreaterinteresttodeterminethestruc-
tureofthepeptidewhenboundtotheprotein.Here
theexchange-transferredNOEspectroscopy(et-NOE-
SY),also known as transfer NOE spectroscopy
(trNOE)canbeemployed.A typicalet-NOESYex-
perimentinvolvesthe acquisition ofa2D-NOESY
spectrum fortheligandinthepresenceofsub-stoi-
chiometric amounts ofits macromolecularbinding
partner.Undertheseconditionstheligandcanexist
ineitherthefreeorboundstates,withtherelaxa-
tionandhydrodynamicpropertiesofthepeptide-pro-
tein complex very differentto those ofthe free
peptide.Inparticular,thetumblingcorrelationtime
ofthe receptorbound ligand (τB)issignificantly
greaterthanthatoftheunboundligand(τF)andas
aresultNOEsbuildupfasterfortheligandinthe
boundstate.Dependinguponthekineticsoftheinter-
action(i.e.iftherateofexchangeisfastrelativeto
themagnetisationlife-timeintheunboundstate)the
NOEsthatbuiltupintheboundpeptidestateare
transferredtothefreepeptidestateandcanbede-
tectedatthefreeligandresonancesusingtheusual
NOESYexperiment.Inordertosatisfytheabovecon-
ditiontheboundandfreestatesneedtobeinfastex-

changewhichtypicallycorrespondstoanequilibrium
dissociationconstantgreaterthan10－6M.
NMRspectroscopycanalsobeusedforexamin-

ingtheeffectontheproteinthatthepeptidehas
uponbinding.ThecommonlyusedNMRmethodin-
volveschemicalshiftperturbationmappingtoiden-
tifyproteinbindinginterfaces.Thismethodinvolves
notinghow the 15N-1H heteronuclearsingle-quantum
coherence(HSQC)spectrumofthe15N-isotopicallyla-
belledproteinisaffectedbytheadditionofitsunla-
belled binding peptide. In the 15N-1H HSQC
experiment,cross-peaksarisefrom 15Nand1Hnuclei
thatarecovalentlylinked,hencewiththeexception
ofprolineandoftentheN-terminalaminoacid,each
aminoacidinaproteinsprimarysequenceisrepre-
sentedbyatleastonecross-peak.The15N and1H
frequencyatwhichthesignaloccursissensitiveto
thesurroundingchemicalandelectronicenvironment
ofthenuclei.Achangeinthisenvironmentcaused
forexamplebybindingtoapeptideligandwillper-
turb the position ofthe cross-peak.As long as
globalconformationalchanges do notoccurupon
binding,mappingtheresiduesthatshow significant
chemicalshiftperturbationontoaknownstructure
oftheproteincanhelpwithidentificationofthein-
teractioninterfaceandsubsequentmodellingofthe
protein-ligandcomplex.

Wehaveappliedallofthedescribedtechniques
totheG7-18NATE:Grb7-SH2interactionandinthis
waybothdelineatedthestructuralfeaturesoftheG7-
18NATEpeptideaswellasthepeptidebindingsite
onthesurfaceoftheGrb7-SH2domain.Thishasal-
lowed us to betterunderstand the basis ofthe
protein-peptideinteraction,andprovidedinsightinto
waysinwhichthepeptidemaybedevelopedtoim-
proveitsaffinityandspecificitytoitstarget.
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InMemoriesofProfessorR.BruceMerrifield

Iwasprofoundlyshockedbyanunexpectede-
mail from Professor George
Barany ofThe University of
Minnesota that Professor
BruceMerrifieldpassedaway
onMay14th,2006.Thissad
newsquicklyspreadallover
theworldbypublicandscien-
tificmedia,through Chemical
& EngineeringNews,Nature,
andthelikes.1-4

Ihadbeenandam stillverymuchimpressedby
his excellentscientific achievements.In the 8th
AmericanPeptideSymposium heldinTucson,Arizo-
na,on 1983,Ipresented a paperconcerning a
deprotectionmethodbasedonthePush-Pullmecha-
nism,andhadtheprivilegeofhavinganintensedis-
cussionwithhim aboutpeptidechemistry.Inthefall
of1984,IsentProfessorMerrifieldacongratulatory
telegram whenIheardamostwelcomingnewsthat
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hewouldbeawardedTheNobelPrizeinChemistry.
Thiswasthefirsttimeformetomakeadirectper-
sonalcontacttohim5.Withoutmuch delay,Ire-
ceivedahand-written“thankyou”letterfrom him.
From thenon,ourfriendshipgrewcloserasoneof
myformergraduatestudents,Dr.MakotoYoshida,
joinedProfessorMerrifield’sgroupasapostdoctoral
fellow(Fig.1),
Iwasonce invited by ProfessorMerrifield to

givealectureonpeptidesynthesisatRockefeller
University(Fig.2),andhadtheopportunitytovisit
hislaboratoryasmyfamilyandIsojournedatAbby
Aldrich GuestHouseatRockefellerUniversity.In
thefallof1992,Itraveledwithhim andhiswifeall
thewayfrom theChineseInternationalPeptideSym-
posium heldinHangzhou,China,tothe2ndJASPEC
(JapanSymposiumonPeptideChemistry)heldinShi-
zuoka,Japan(Fig.3).
TheMerrifieldsvisitedKyotoPharmaceuticalUni-

versitywhereProfessorMerrifielddelighteduswith
alectureentitled,“SolidPhasePeptideSynthesis”
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Fig.2.In the office of Professor Merrifield at

Rockefeller University.The photographs be-

tweenusarethatofDr.Bergmann(left),Dr.

DuVigneaud(center)andDr.Zervas(right).

Fig.1.Dr.Yoshida(left)andProfessorMerrifieldin

thelaboratoryatRockefellerUniversity.
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Fig.3.Atthe dinner table during the 2nd Japan

Symposium onPeptideChemistry.From leftto

right,Dr.MakotoYoshida(KyowaHakkoCo.),

Dr.TomishigeMizoguchi(TanabePharmaceutical

Co.),myself,Professorand Mrs.Merrifield,

ProfessorGarlandMarshall(WashingtonUniver-

sity),and Professor John Stewart(Colorado

University).

Fig.7.Scenesfrom avideoentitled,“PeptideandProteinSynthesis:OriginandDevelopment”.

Fig.4.AtKyotoPharmaceuticalUniversity

Fig.5.AutographofProfessorandMrs.Merrifield.

Fig.6.Enjoying an excursion with my graduate

students during The 16th American Peptide

Symposium heldin1999.



(Figs.4and5).
Ireallyenjoyedourmanyreunionsatvarioussci-

entificmeetingsandsymposia,whereweexchanged
greetingsandscientificdiscussions(Fig.6).
In2001,studentresearchersgraduatingfromMer-

rifield’slaboratorymadeaone-and-a-halfhourvideo
entitled,“PeptideandProteinSynthesisOriginand
Development”.Professor Merrifield enjoyed itso
muchthathesentmeacopyattachedtoahand-
writtenletter.(Fig.7)
In2004,Iwasawardedthe“CathayAward”by

TheChinesePeptideSociety,whereProfessorMerri-
fieldservedastheChairmanoftheSelectionCom-
mitteeoftheaward.LaterIheardfrom somebody
thathehighlypraisedmycontributionstopeptide
science.
ThroughmyfriendshipwithProfessorMerrifield,

Ialwaysfelthisgentle,amiablepersonality,hisdevo-
tionandmutualunderstandingofhiswifeElizabeth,
andadeep,sincereloveforscience6.Iwouldliketo
expressmymostheart-feltcondolenceontheearly
lostofProfessorBruceMerrifield.
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【Symposium & Meeting】

InternationalConference of43rd
JapanesePeptideSymposium/
4th Peptide Engineering Meeting
(43JPS/PEM4)
“PeptideScienceandEngineeringinChemicalBiology”
Yokohama,Japan,November5-8,2006
http://peptide-soc.jp/

2nd InternationalSymposium on Biomoleculesand
RelatedCompounds
(Asatellitemeetingof43JPS/PEM4)
Kyoto,Japan,November10-12,2006
http://www.kyoto-phu.ac.jp/2nd_isb/

Membrane-Permeable Peptides:Chemistry,Biology
andTherapeuticApplications
(Asatellitemeetingof43JPS/PEM4)
Kyoto,Japan,November10-11,2006
http://www.scl.kyoto-u.ac.jp/%7Ebfdc/cpp-eng.html

20thAmericanPeptideSymposium
Montreal,Canada,June26-30,2007
http://www.americanpeptidesociety.com/

4thInternationalPeptideSymposium/2ndAsia-Pacific
InternationalPeptideSymposium/7thAustralianPep-
tideSymposium
Cairns,Australia,October21-26,2007
http://www.peptideoz.org/
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