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ABSTRACT: A Molecularmechanism ofthefusionreactionbetweenHVJ

enevelopeanderythrocytemembranewasstudied.N-terminaldomainofthe

FISubunitofF(fusion)proteinwasassignedtothefusogenicdomain from re-

sultsofseveralexperimentsincludinglimiteddigestionwithprotease,surface

labeling)andphoto-crosslinking･Thisdomain isexposedontheprotein sur-

facedespiteitshydrophobicity,andcloselyopposedtocellmembraneswhen

thevirionboundtothetargetsurface.

ComparisonofaminoacidsequencesofthefusogenicdomainsfoundinF

(orF-like)proteinofparamyxoviruseswithotherhydrophobicsequences,suchas

signalpeptidesandtransmembrane sequences,revealedthatonlyfusogenic

domainsmaintainveryhighhomologyofaminoacidsequences･ A hypothesis

thatsomemembranecomponentsmightbindtothedomainandcausemembrane

fusionwasthusproposed.Experimentaltestsofthishypothesisrevealeda

temperature-dependentbindingofcholesteroltoF protein･ Evidencesup-

portlngthenotionthatthefusogenicdomainisthebindingsiteofcholesterolwas

obtained.Furthermore,peptideswith inhibitory actlVltyagainstthefusion

reactionand infection were shown to bind tothefusogenicdomainofF

proteinandtohampercholesterolbinding. Thus,thebindingofcholesterol

inthetargetmembranewiththeN-terminalportionoftheFISubmitseems

tobeanimportantsteplnthefusionreaction.

Key words: HVJ,Membranefusion,Limited proteolysis,Hydrophobic

domain,Cholesterolbinding,Virusinhibitorypeptides

INTRODUCTJON

Thefusionofbiologicalmembranesseems

tobeanimportantandfundamentalevent

amongthecellularfunctions.Atthesubcellu-

1arlevel,membranefusionsuchasplnOCytOSIS,

DivisionofGeneralEducation,CollegeofMedical
Technology,ⅩyotoUniverslty･
ReceivedJuly･8,1988

phagocytosis,andphagosome-1ysosomefusion,

aswellasexocytoticprocessesiswidelyobserv-

ed in mostcellsl'. Fusion between plasma

membranesisknowntooccurinmyoblast

formation,fertilization,andpathologicalsyn-

cytlum formation.

Althoughthemechanism ofthesemem-

branesfusionreactions,atthecellularand

subcellularlevelsmaynotbecompletelythe

- 1-



AnnualReportsoftheCollegeofMedicalTechnology,ⅩyotoUniversityNo･81988

same,therewillbeacommonmechanism in

thefusionreaction,sincethebasicstructureof

biologicalmembranesislipidbilayers,andthe

prlnCipleto constructthisstructureishy-

drophobicinteraction,whichexhibitsnospeci-

ficity amongmembranecomponents. Thus,
closecontactoftwo membranesand some

perturbationofthebilayerstructuremaylead

to a continuation oftwo membranes,2'.e.,
membranefusion.Butcloseappositionoftwo

biologicalmembranesdoesnotalwaysresultin

fusionofthesemembranes;therefわre,there

mustalsobemechanismswhichsuppressthe

occurrenceofmembranefusionbetweenbiolog-

icalmembranes. And waysto break such

suppressionmightbeprovidedwiththefus0-

genicagents.

TheHVJ-inducedcellfusionreactiondis-

coveredbyOkada2'hasservedasagoodex-

perimentalmodelforstudiesofmembrane

fusion,becauseinthissystem rapidandex-

tensivemembranesfusion can be attained

undereasilycontrollableconditions. Human

erythrocytesareextensivelyusedforthestudy

ofmembranefusionreactions.Thefusionre-

actionofhumanerythrocytesinducedbyHVJ

canbedividedintoseveralstagesasdepicted

inFig･1･

StageIofthereactioniscellagguluti-

nation.Thisstagesisdependentonthepre-

CelL

鶴

畿 *

HVJ

(Neuraminidase
*

a.Agglutination

(HNprotein)

senceofactiveHN (hemagglutininandneu-

raminidase)proteinonthesurfaceofthevirus

particles,andthepresenceofvirusreceptors

ontheplasmamembraneofthecell. Both

glycolipidsand glycoproteinswhich contain

terminalN-acetylneuraminicacidareknownto

serveasbindingsitesfわrtheHN spikes.

StageIIisviralenvelope-cellmembrane

fusion. Inthisstep,theviralcontents(an

RNA-protein complex called nucleocapsids)

arereleasedintothecells(Fig.2).Concomi-

tantwiththisstep,hemolysISWasinduced

exceptwhenaviruspreparationharvestedata

veryearlyphaseofinfectionofembryonated

eggsisused･ InthecaseofvirtlSparticles

thusprepared,ithasbeenknownthatfreeze-

thawingofsuchviruspreparationsactivates

hemolyticactlVltyWithoutaffectingcellfusion-

inducingactivity4'. Thus,thisphenomenon

maydependontheleakinessofthevirusen-

velope.Thisstageishighlydependentonthe

reaction temperature. At200C and lower,
almostnoreactioncanproceed,whereasan

increaseinthereactiontemperatureabovethis

leveluptoabout400Cenhancesthereaction

extensively･ThepresenceofactiveFprotein

ontheviralenvelopeisabsolutelynecessary

forthisstep.

Stage IIIiscell-cellfusion ofplasma

membranesofadjacentcells.

e.Releaseofvirion f.hfection

(Nucleocapsid)

也 b.Envelopefusion

(Fprotein)

(Envelope＼
(surface
modulating
system)

d.HemolysIS,Leakofions

Fi皇･13)･SchematicrepresentationofHVJ-inducedcellfusionreaction
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spikeproteins(FandHN)

Nucleocapsid

HVJenvelopeFi貞･23' Schematicillustration

ofvirusenvelope-cellmembranefusion.Ⅰ

nthisreview,Wewilldescribeapossiblemole

cularmechanism ofthemembrane土usionwiththespecial

referencetothefusionreac-tionbetweenHVJenvelopeanderythrocytes

m

embrane.1. StructuralReguZ.remenZ∫for

HemoZyticActivityofFProteinofHVJTh

eimportanceofFproteininthefus0 -geni

cactivitiesofHVJwasfirstreportedbyH

ommaandhiscolleagues5)･ Duringstudiesonhost-dependen

tmodihcationofHVJ,theyfoundthatviruspreparationsgrowninLcells

05辛(fOとUO310%)S!SA10EaH aredif

ferentfromthosegrowninembryonatedeggs

.Although L cell-grownvirusprepamtionsexhibithe

magglutinatlngandneuramini-daseac

tivitiesand can infectembryonatedeggs,neitherfusogenicactivitiesnorinfecti

vityforcellculturescouldbedetected.C

omparlngthechemicalcompositionofegg-gr

ownHVJwithLcell-grownHVJ,theyfoundthat

twoglycoproteinbands,FlandF2,Weremis

singfrom theLcelLgrownprepara-tion,andthatinsteadanewglycoproteinband

(designatedasFo)whichmolecularweight

almostcorrespondedtothesumofFlandF2
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waspresentinLcell-grwonviruspreparations.

Theyfurtherfoundthatlimitedproteolysisof

Lcelトgrownsampleswithtrypslnresultedin

theactivationoffusogenicabilitiesinparallel

withthesplittingofFotoFlandF2.

SincenoenzymaticactlVltyWasdetectedin

FproteinandsincearatherhighdensltyOn

thesurfaceofproteoliposomeswasrequiredfor

inductionofhemolysisandcellfusionbyre-

constitutedviralenvelopes6',Wearetempted

tospeculatethatFproteinbyitselfinteracts

directlywiththetargetcellmembraneandin-

ducesstructuralperturbationswhichleadto

membranefusion.

ThissectiondescribeseffTectsoflimited

digestionofHVJbydi脆rentproteaseson

biologicalactivitiesofthevirusparticles.From

theseresultsitcanbeconcludedthattheN-

terminalhydrophobicreglOn7,8)ofFlisexpo-

sedtothesurroundingmedium,andsplittlng

offofthesegmentbyeitherchymotrypslnOr

thermolysindigestionresultsinthecomplete

cessasionofthehemolyticactlVltyOfthevirus

particle.

Whenegg-grownHVJwasdigestedby

trypsin,hemolyticactlVltyWasgreatlyreduced

whereashemagglutinationwasunimpaired9)

(Fig.3).Examinationofvirusparticlestreat-

edwithtrypsinbySDS(sodium dodecylsu1-

fate)gelelectrophoresisunderreducingcondi-

tionsrevelaedthattheFlbanddisappeared

afterthedigestion,andnewbandsdesignated

asFlaand Flわappeared. Noappreciable

changecanbedetectedintheHN andF2

bands.ThattrypsindigestionsplitsFlintoFla

andFibWasSupported bythefactthatthe

digestedsampleshaveFproteinbandwhen

electrophoresedwithoutsplittlngthedisulfide

bonds;therefore,FlaandFib(andalsoF2)

arestillconnectedwithinterpeptidebond(S),
andbreakingthedisulfidebondswithsulf-

Table19'･ PropertiesofFragmentsofFProtein.

ProteinorFragment Mr N-terminus

F(Fl-S-S-F2) 66,000 Phe

F1 51,000 Ⅰ'he

F2 15,000 blocked

Fla 32,000 Phe

Flb 19,000 Ser>Ala

hydrylcompoundsyieldsthreeglycopeptides

(Fla,FibandF2)from thedigested F pro-

teinmolecules.

TightbindingofthesefragmentsofF

proteintotheviralenvelopeevenaftersplitting

theinterchaindisulfidebondswasshownas

follows:trypsin-digestedvirusparticleswere

incubatedwith40mM dithiothreitoland8M

ureaat37oC forlh. Afterwashing the

samplestwotimeswiththesamemedium,the

treatedvirusparticlesweresubjectedtoSDS

gelelectrophoresis･No血･agmentwasremoved

bysuchtreatment〉suggestingpenetrationof

eachindividualfragmenttotheviralmem-

brane,althoughthepossibilityoftightnon-

Covalentbinding by somemembrane non-

Penetratlngfragmentstomembrane-penetrat-

ingsegmentsofFProteincannotbeentirely

excluded.

To learn the orlgln OfFlaand Flわ

fragments,Fproteinwaspurifiedfromtrypsln-

digestedvirusparticles,thensubjectedtoSDS

gelelectrophoresIS,andthebandscorrespon-

dingtoFlaandFlわWereextracted,thenthe

N-terminalaminoacidsweredeterminedby

thedansylationtechnique.SinceFlaretained

theorlglnalN-terminusofFl,aSShownin

Table1,FlaSeemed tobederivedfrom the

N-terminalsegmentofFl. Therefore,Fib,
whichhaseitherSerorAlaasitsN-terminus

wasassumedtobetheC-terminalsegmentof

Fl. From theapparentmolecularweightsof

thesetwofragments(Fla,32,000daltons;and
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49'･SelectiveinactivationofhemolyticactivityofHVJbych

ymotrypsinorthermolysinFlわ,19,000daltons),

thereisnoapparentlossofsmallfragmentsfrom Fl

upontryPticdi-gestion･Whenegg一gr

ownHVJwasdigestedwithgradedamountso

fchymotrypslnOrthermo-1ysin)hemolyticactlVlt

yWasgreatlyimpairedatlowconcentrationo

ftheprotease.Hemagglu-tinationwasnotre

ducedattheseconcentra-tionsalthoughdiges

tionbyhigherconcentra-tionsoftheseproteas

esresultedindiminishedhemaglutinationactl

VltyOfthetreatedvirusparticles(Fig.4).Cell

fusioninducingactivitywasalsolostinparal

lelwithhemolyticactiv-1ty.Unliketryptic

digestion,noappreciabledecreasein Fl,e

stimated by stainingwithCoomassie brilli

antblue,was detected byeitherchymotryptic

digestionorthermolyslndigestion･Evenatve

ryhighconcentrationsofchymotrypsln,Which

splitoffalmostalltheHN proteln,theFlandF2 bandsweren

otappreciablydecreased.Moreover,hybri

denvelopespreparedwithtrypsin-inactivatedvi

rion(HN,active;F,in-active) and chy

motrypsin-digested sample(HN,inactive;F,

unknown)wereactivefらrhemagglutinationbutinactivefらrhemolysislO'. Sincehybridenvelop

essimilalypreparedwithtrypsln-inactivateds

ampleanddithiothreitol-treatedvirion(HN,in

active;F,active)exhi･bited both hemag

glutinatingand hemolyticactlVltyJltCanbecon

cludedthattheFproteinof chymotrypsln

and thermolysin-digestedsampleshadlostitsbi

ologlCalactlVltyWithoutappreciabllychanglngItsCOnten

tandmolecu･larweight.Asthenextst

ep,wepurifiedFproteinfrom untreatedandpr

otease-treatedviruspar-ticles･ Closee

xamination oftheSDS gelelectrophoreticbe

havioroftheseF proteinpreparationsrevealed

thatthemolecularweightofFlhasdecreas

edbyabout3.500daltonsaf[erchymotrypti

cdigestion,and by about2,500daltonsaft

erthermolysindigestion.Toconfirm t

heseresults,Weused thedansylationtechnique

todeterminetheidenti-tiesoftheN-term

iniofthemodified Fl'S.Directdansylatio

n of the virus particles,followedbySDSgel

electrophoresisandiden-ti丘Cationofthedansy

latedaminoacidsofeachbandwereperforme

d.ThesplittlngOftheN-terminalsegment

ofFlbychymotrypslnandthermolysin,waseviden
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detectedadditionalaminoacidresiduesofAla

andlle,respectively.Basedontheseresults,

itistempting tO Speculatethatthe NH2-

terminalhydrophobicsegmentremovedfrom

theFIStlbunitbychymotrypslnOrthermolysln

digestionisrequiredforfusogenicactivityof

theprotein,andalsothatthesegmentisex-

posedtothesurfaceoftheprotein,andthere-

fore,preferentiallysplitsoffwiththeproteases.

ThtlS)thelossofanappreciablelengthofthe

N-terminalsegment,bytreatmentwitheither

chymotrypslnOrthermolysln,maybecorrelat-

edwiththelossofbiologicalactivitiesofF

protein.

Becausethehydrophobic NH2-terminal

segmentisstillintactafterinactivationbytrypI

sin digestionIsome explanations for this

resultwereneeded.Therefore,thesurfaceio-

dinationtechniquewasappliedtothissystem.

F protein prepared from surfaceiodinated

followedbytrypsindigestedviriondidnotlose

theiodinelabelasexpected,andtheiodine

lableisalmostequallydistributedbetweenFla

andFlb･TrypslnSplittingofiodinated〉then

cymotrypsin-digestedvirusparticlessimilarly

producedFla-andFib-likefragments,butthe

iodinelabelintheFla-likefragmentswasvery

scantinthisdoubly-digestedsamplecompared

withthatinthechymotrypsln-untreatedsam-

ples.

Ontheotherhand,iodinationofvirion

a洗ertrypsln digestionresdted inverylow

iodinationoftheFlafragment,althoughthe

iodinationlevelofFlわand theothersurface

componentsdidnotdecrease.Thiscouldbe

explained easilyifweassumethathigher-

orderstructuresofF protein arechanged

aftertrypsindigestion,andtherefore,thehy-

drophobicNH2-terminalsegmentisburriedin

thehydrophobicinterioroftheprotein･The

aboveassumptlOnWasSupportedalsobycir-

culardichroism measurementinthefarultr a _

violetreglOn OfF,trypsln digested F and

thermolysindigestedFproteins.Similarchan-

gesofthespectrainthesecondarystructure

were alsofound in thecaseofproteolytic

activationofFotoFlandF211'. Fig.5illus-

tratesthestructureofseveralderivativesofF

proteindescribedabove･

2. Fu∫ogem'cSeguence∫ofEnveloped Vz'ru∫

Hydrophobic nature ofthe N-terminal

portionofFISubunitofFproteinisknownto

beacommonfeaturewithallfusogenicpar a-

myxovirusessofarstudied7,8,12'. Furthermore,

thissegmentofFproteinofHVJseemstobe

exposedontheproteinsurfacedespitethehy-

drophobicnatureofthisportionasdescribed

NCHO CHClSS HSS CHO NCHOS S N S S CHO CHO SS CHO
CHO SS

≡F l b 浩 詩Chymo-ActiveF C Tryp sln- in q clivdledF C chymofrypsln-inoc… edFC

(ThermoLysin-in(コCIivoledF)Fig･53'.Modelofseveralderivativesof



Table213'14'･ ComparisonofHydrophobicSequencesofViralGlycoproteins.*

transmembrane

Jヽ

Ⅰ.Paramyxoviridae

l･paramyxoviruses

HVJ(Z)

SV5

NDV･MIYA

NDV.AVIC

humanP13

Mumps

2.morbilliviruses

Measles

canineDV

3･pneumovirus

Res･Syn･V

II.Inf一uenzaviruses

A/PR/8/34

A/JAP/305/57

A/AICHI/2/68

A/FPV/ROSTOCK/34

B/LEE/40

C/Cat/78

MTAYiQ旦SQCISTSLI.VVLTTLVSCQll'旦9

MGTIIQGLVVSCLLAGASI._I)
MASRSSTRIPAPLMLTWIAⅠ.ALGCV旦

MGP旦SST旦IPIPLMLTl里lALALSCV旦

MPTSII,LHTTMIMASFCQlP_

MSJMGI.旦VNVSAIFMAVLLTLQTPTGQl担

MF.LLlLKANAITrrlI/l'AVTFCFAS

MKANLLVLLCALAAAnA

MAIIYLILLFTAVRG

MKTHAI.SYIFCIJAI.AG

MNTQII.VFALVAVIPTNA

MKA-1lVLL-MVVTSNA

MFFSIJLIJMLGLTF.A

ⅠH.VesicularStomatitisViruses

NEW JERSY MI.SYLlFALAVSPILG旦

INDIANA MKCI.IJYLAPI.PIGVNCK

IV.TOGAviruses

SINDBIS

SFV

V.RETROviruses

MMTV(MOUSl二,B) 生TSQTPQNSLTLFLALLSVLGPPPVTG

MoMLV(MOUCE,Cl 些N旦VNP些GPLlPLILLML旦GVST

AKV(MOUCE,C) 些NQVNPWGPLIVLIJI.GGVNP

FMLV(MOUSE,C) RDLLIPLILFLSLKGARS

ATLV(HUMAN,C) MG旦FLATLlLFFQFCPLIFG旦

*Chargedresidueswereunderlined.

IJFGAVIGTIALGVATSAQI TAGIAI.A

FAGVVIGLAALGVATAAQVTAAVALV

FIGAllGSVALGVATAAQl TAASALIQA

FIGAIIGSVALGVATAAQI TAASALIQA

FFGGVIGTIALGVATSAQl TAAVALV

FAGIAIGIAALGVATAAQV TAAV

FAGVVIJAGAALGVATAAQITAGIAL

FAGVVLAGAALGVATAAQITAGIAL

FLG FLLGVGSAIASGVAVS

GLFGAIAGFIEGGWTGMIDGW YGYI一ⅠH

GLFGAIAGFI堅GGWQGMVQGWYGY旦坦
GLFGAIAGFIENGlVEGMIDGlVYGFRH

GLFGAIAGFIENGWEGLVDGW YGF昼型

GFFGAIAGFLEGGIVEGMIAGW HGYTS

IFGIDI)LIIGLLFVAIV旦AGGYLLGS

旦旦GVSFNPGFPPQSCGYGTVTPA旦A

些QGIWLNPGFPPQSCGYATVT_DA旦A

QYTC墨.VFGGVYPF WGGAQCFC!≧S里N

PYQC些VYTGVYPFMWGGAYCFC⊇S旦N

FVAAIILGISALIAIITSFAVATTALVK

旦2VSLTLALLLGGLTMGGIAAGIGTGTTALMATQAFQQL

LPVSLTLALLLGGLTMGGIAAGVGTGTTALVATQQFQQL

旦2VSLTLALLLGGLTMGGIAAGVGTGTTALVATQQFQQL

AVPVAVWLVSALAMGAGVAGGITGSMSLASGK

TVIT王lVVMVVLLVVIIVIIIVLYRLRR

VLSIIAICLGSLGLILIILLSVVVWKLL

旦LTNTSALITYLVLTVISLVCGILSLVLACYLMHK

些LTSTSALITYIALTAISLVCGILSLVLACYLMY旦

当QSSTTIIIVLIMIIILFIINVTIIIIAV旦YY旦

些GLSSTSIVYILIAVCLGGLIGIPALICCCRGR

些STTNIMITTHIVIIVILLSLIAVGLLL茎A墨

iLAIYSTVASSLVLLVSLGATSFWMC

ILAIYATVAGSLSLAIMMAGISFWMC

ILWISFAISCFLLCVVLI.GFIMWAC

ILWFSFGASCFLLLAIAVGLVFICV

ILLYYSTAASSLAVTLMTAIFIVYMV

FYWWGSSLGLAITAANLMAALVISGIA

SSLMGVLAVIIGFVILMFLIK

SSIASFFFIIGLIIGLFLVLR

LFGGASSLLIIGLMIFACSMMLTST

ISGGLGAFAIGAILVLVVVTCIGL

WTQYFIFIGVGALLLVIVLMIFPIVFQCLA墨

SPWFTTL.lSTIMGPuVLLMILLFGP CILNA

SPWFTTLISTIMGPLIILL LILLFGP CLN旦

SPWFTTLISTIMGPLIILL LILLFGP CILN旦

ALQTGITLVALLLVILAG PCILR_

K
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intheprecedingsection･Thesepropertieswere

takenastheevidencefらrthedirectinteraction

ofthesegmentswiththetargetcellmembra-

nes,andforthepartlCIPationinthefusion

reaction. Therefore,thesewere sometimes

calledfusogenicdomain.

Itwaspolntedoutpreviously,however,
thatthehomologyofsuchputativefusogenic

segmentsbetweenFproteinsoftheparamyx-

ovirusesisveryhigh〉Comparedwithother

hydrophobicstretchesofthesameFproteins,

Suchasslgnalpeptidesandtransmembrane

sequencesasshowninTable2･ Incaseof

inauenzaviruses,thehighest(about79%)

homologywasobservedforfusogenicsequen-

cesofA-typeviruses,whereastransmembrane

sequencesshowedonlyamarginalhomology

andsignalpeptidewasdevoidofhomology.

A similartendencywasalsoobservedwithin

rhabdoviruses,togavirusesandretroviruses.

Murineleukemiavirusesshowedarather

high homologyfortheirtransmembranese-

quences,butthehomologylSStillhigherfor

fusogenicsequences. Thismightmeanthat

thesevirusesviruseshavecommonancestorand

theyaredifferentiatedintorespectivestrains

notsolongagoonthegenetic(orevolution-

al)time scale,compared with the other

viruses. TogavirusElglycoproteinshave

about60residuelongputativeslgnalsequences

whicharequitedifferentfromtheothersignal

peptides,butratherhavesomesimilarlitywith

theleaderpeptide50fmitochondrialproteinsI
therefore,theyarenotcitedintheTable2.

1nterestlngly,ATLVofhumanorlglnShowed

somehomologywithFriendmurineleukemia

virus.Theveryhighhomologyinfusogenic

sequencescomparedwithotherhydrophobic

sequencesmightbesuggestthatthishydro-

phobicsequencemayberequirednotonlyfor

thesimplehydrophobicinteractionwiththe

lipidbilayersbutalsoforthespecificinterac-

tionwithothermembranecomponent(S)15'.

3. Mechanz'smofMembraneFu∫Z'onReaclz'On

DirectcontactofFISubunitwith the

targetcellmembranewasshown by uslng

photoa托nitylabelingexperiments. Forthe

studyofthepossibility〉lipidsolublephoto-

affinitylabelswereincorporatedintotheplasma

membrane,andaftercontactwiththevirus

particles at ice-cold temperatureor37oC,

photolysiswasperfわrmedandcross-linkingof

theselipidiclabelstoHN andFproteinwere

studied.Amongtheseverallabelstested,the

resultswiththesmallestlabelemployed,2'.e.

125I-TID l3-trifluoromethyl-3-(m(12SI)iodophe-

nyl)diazirine],willbedescribed.Thislabel

wasincorporatedintoresealedghostsofhuman

erythrocytes,washed and then mixed with

HVJ. Photolysiswasperformed eitherat

ice_coldconditionorafterincubationat370C

forlOmin. Thensamplesweresolubilized

withl% TritonX-100,centrifugedandthe

resultantsupernatantswereappliedtoSDSgel

electrophoresiseitherdirect･lyorafterprecIP1-

tationwithanti-Foranti-HNantibodies.HN

proteinwascross-linkedwiththephotoafhity

labelatbothtemperatures.Similarly,labeling

ofFproteinwasdetectedeitheratice-cold

temperatureor370C bythereagent･ These

resultssuggestthatF proteinarein close

contactwiththetargetcellmembraneeven

underice-coldconditiorlSatWhichrlOfusion

reactionwasknowntoproceed.

Now,theprerequlSlteSSeemtObefulfilled

toconsiderapossibilitythatthefusogenic

sequenceofFlmayhaveaspecificafhity to

somemembranelipids･ Asacandidateof

suchcompounds,cholesterolseemstobemost

promising,sinceitwasreportedthatcholesterol

isrequiredforHVJ-inducedfusionreactionof

- 8-
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proteoliposomescontainingglycophorin.Low

pH-indLlCedfusionofliposomeswithSemliki

forestviruswasalsoreportedtorequlreCho-

lesterolor other sterols with 3-β-hydroxyl

group12･16)

Furthermore,HVJ-induced lysisofthe

liposomes under an influence ofintactF

proteinwasreportedtobeenhanced bythe

presence ofcholesterolin the liposomes17'

although effectoflipid composition ofthe

liposomesonfusionefhciencylSmuchmore

complicatedJandthecholesteroleffectisnot

alwaysobserved16)･Thus〉bindingofcholes-

terolwiththefusogenicsequenceofFprotein

wassuspected13･15'

Atthesametime,itwashypothesized

thattheinhibitionofthevirus-cellmembrane

fusionwiththeanaloguesofN-termi nalport

一ionoftheFISubunitmightbeduetothe

bindingoftheseanalogueswiththisfusogenic

sequence.Athrst,thebindingofcholestero一

with purified F protein and the action of

(sa10
∈
d

)pun
o
q
ro
L
a
t
S
a

TOLJ3

5

5

;____i__": ":_.:_千I_-_

200 400

Fprotein(pmoles/40JJI)

Fig.615)･Bindingofcholesterolto F protein･
control:Cholesterolwasaddedafterthe
incubationwithanti-F

inhibitorypeptidesonvirionsweresubstan-

tiatedbyus13･15',andthenevidencesforthe

bindingofthesecompoundswiththefusogen-

icsequencewereobtained20'.

4･ Bindz'ng of Chole∫zerolwzlth Fusogenic

HydrophobicSeguence∫OfiProzdn･

ComplexFormationofN-terminusofFIWithCholesterol

N-terminus:NIPhePheGlyAlaValIleG]yThrlleAlaLeuGlyValAlaThrAlaThrAlaAlaGlnlleThr･

N-terminal partialcomp(ex foldedform

Icho le s teroIFは･713'･Molecularmodelsofcomplexesoffusogenicdoma
inofHVJwithcholesterol･Black:carbon,White:hydrogen,Blue:nitrogen,Red:oxygen,Yellow:

sulfurorphosphorus.
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Inordertoobtainexperimentalproofs,

specificbindingof3H-cholesteroltopurifiedF

proteinwasmeasuredafterstopplngthereac-

tionbyaddingtheanti-Fantibodyandex-

haustivewashingthecomplexwithabuffer

containingTritonX-100.AsshowninFig.6,

nobindingwasdetectedifthemixturewas

incubatedat20oC,whereasextensivebinding

wasobservedafterincubationat37oC fbr2

hours. Temperature dependency observed

hereisverysimilartothatoftheoverallenve-

lopefusionreaction19'.Althoughsaturationof

Fproteinwithcholesterolisdifficulttoattain

withseveraltechnicalproblems,subquantita･

tivebindingofcholesterolwasattained.This

bindingwasstableevenafterwashingwith

serum albumin-containingbuffer.

Toknow whatpartoftheFproteincan

interactwithcholesterol,Stuart-typemolecular

modelsofN-terminaldomainofFlandits

cholesterolcomplex wereconstructed･ By

postulatinghydrogenbondformationbetween

3-p-hydroxylofcholesterolandamidegroupof

18GlnofHVJsequence,andhydrophobicin･

teractionbetweentherestofthecholesterol

structureandthefusogenicaminoacidsse-

quences〉suchacomplexcouldbeconstructed

easily13'(Fig･7)･Consequently,thecholesterol

bindingsiteofF proteincouldbethisN-

terminaldomaln,and reorganizationofthe

domaintoitscholesterolbindingfらrmcouldbe

atemperaturedependentstep. Cholestero1-

peptidecomplexcanbealsobeformedwith

SFV (SemlikiForestVirus).

RateofbindingofcholesteroltoFprotein

cannotbemeasuredbytheantibody-preclpl-

tationmethodusedfortheothermeasurements,
sinceprolongedincubationwiththeantibody

wasrequiredforprecIPltationofF protein.

Therefore,adifferentmethodofcollectionand

washingofF proteinanditscomplexwith

(LUdoToLX)P
U
n

O
q

t0
La
l
S
a

LOu3

∞
訂

10 20 30 401ncubcltionQI50℃(min)Fig･820'･ Effectofincubationt
imeonbindingofcholesterolofF-pro

tein･cholesterolwasdeveloped utilizi

ng chargemodified nylon membranefilters. By t

hismethod,bindingofcholesterolwithFprotein

cotlldbestoppedwithrelativelyshortdu

rationofincubation･ AsshowninFig･8〉bindin

greachednearlysaturatedlevelonlyaft

er2minincubation･ Thus〉therateofbinding

ofcholesterolwithFproteinisabout5-10time

sfasterthant

herateofenvelopefusionreportedbefore19･21

)5･ Bz'n

dingSPecZjc2'zyoftheSzeroZ∫ wz'thiPro

tdnTomanifestthebindingspecificityofdi-fferentsterolswithFproteln,effectofdilutio

nwithseveralsterolsonthebindingof

labelledcholesterolwithFproteinwasst

udied.Forcompetitionexperiments,radioact

ivecholesterolconcentrationwassetatpart

ialysaturatedconcentrationof7.8J▲M,andc

oldsterolswereaddedtoreachasaturatio

ncon-centrationof38.8〝M.AsshowninTable3

Part(a),additionofcoldcholesteroltoincreas

echolesterolconcentrationfrom 7.8〝M to3

8.8〝M apparentlydecreasedtheamountofradio-

activecholesterolbinding,indicatlngthatd

ilu-tionoftheradioactivespeciesoccurred,a

Lthoughcalculatedamountoftotalboundch

oles-teroldidnotdecrease.Whensameamount

of5α-
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Table320' lWectofColdSteroIAdditiononBindingofCholesterolwithFProtein

Part(a)

Coldsteroladded
toreactionmedium

TotalsteroI
concentration

(FLM)

cholesterol

+cholesterol

+5a-Cholestane-3-one

+ergosterol

8

8

8

8

7

8

8

8

3

3

3

Part(b)

Exp･No･ Washingmedium

Boundcholesterol

cpm Cpm amounts
(%) (%)

39,126 (100) (100)

8,136 21 105

8,489 22

9,791 25

I TritonX･100only

+cholesterol

+5a･Cholestane-3-one

+5α-Cholestane(A/B-trams)

+phosphatidylethanolamine

ⅠI TritonX-100only

+cholesterol

+tetrahymanol

+digitonin

+5β-choestane(A/B･cis)
+squalene

Boundcholesterol

cpm (%)

33,786 (100)

18,825 56

13,918 41

13,071 39

28,156 83

104,905 (100)

67,215 64

53,153 51

75,381 72

96,927 92

88,029 84

thebindingofradioactivecholesterolalsode･

creased.Theseresultsindicatethatthesetwo

sterolscompetewithcholesterolatthebinding

siteonFprotein･

Competitionofthebindingwithcholester-

olwasalsostudiedbvaddingseveralsterols

andotherlipidiccompoundstothewashing

medium (l〟g/ml). Asshown in Table3

Part(b),addition ofcholesterolreplaced the

Table420'･ BindingofCholesteroltoF,
Thermolysin-truncatedF and
HNProteins

Boundcholesterol
Glycoproteins

IntactF

cpm (%)

10,550 (100)

Thermolysin-digestedF 4,829 46

Thermolysin-digestedF

+Z-DIPhe-Phe-Gly 2,253 2l
IntactHN 0 0

radioactivecholesterolonFprotein. Similar

replacementwasobservedwith5α-Cholestane-

310ne,5α-Cholestane(A/Btrans)andtetrahy-

manol,andwithdigitonintoalesserextent,
whereas5β-Cholestane(A/ちcis),squaleneand

phosphatidylethanolaminewerealmostinactive

inthereplacement.

6. ChoZe∫teroIBz●ndingSz'teofiProtez●n

Tocheck thepreviouspostulation that

cholesterolbindstothefusogenicdomainofF

protein(whichlocateinN-terminalsegmentof

theFISubunit)ratherspecifically,weexamined

whethercholesterolspecificallybindwithnon-

fusogenicproteins.HN proteinoftheHVJ

is known to have hemagglutinating and

neuramillidaseactivities,butitisnotfusogenic

byitself,although intactnessofthisproteinis

required forthe fusion reac tion6'. This

- ll-
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proteinshowednocholesterolbindingactlVlty

(Table4).

WhenFproteinwasdigestedwiththermo-

1ysintoremovea2)500daltonsegmentfrom

theN-terminusofFIStlbtlnit,ltSimultaneously

lostitsfusogenicactivity9',andthismodifica-

tiongreatlydiminishedthecholesterolbinding

ability･ RemainingbindingactlVltymaybe

duetotheincompletedigestionofFISubunit

whichisusuallyobservedinthistypeofex-

periment)sincethisremainingbindingactlVlty

wasinhibited byaninhibitorypeptide(see

below).

Tochecktheotherpossibilitythatlossof

cholesterolbindingofthermolysin-truncatedF

protein (thermo-F)isdueto grossconfor-

mationalchangeofthemolecule,weusedtwo

differentmethods. Oneofthem arecom-

parisonofcirculardichroism spectraofFand

thermoIF proteins･ Thedifferenceofthese

spectrawasaslittleasexpectedfrom thefact

thatroughly 26residueswere splitted off

from theN-terminalofFlby thermolysin

digestionandremainingstructuremaykeep

thenativecomformation.

Furthermore,asaverysensitivemethod丘･r

detectionofproteinconformationalchange)we

usedlimiteddigestionbytrypsln･ Although

20Lysand 25Argresiduesarepresentin

theFISubunitofFprotein22',onlyone(ora

few nearby)residueissensitivetotrypsindi-

gestionofintactFprotein9)･ There丘,re)limit-

ed digestion by trypsln Can be used fらr

detectionofsmallconformationalchangesofF

protein･ From theexperimentalresults)de一

greeofdigestionofFandthermo-Fproteins

which wasdipicted by appearance of Fla

and Fibfragments was almost the same

undertheconditionwhereundigestedFIOr

thermo-FIWasStillremainlng.Thus,induction

ofgrossconformationalchangebytruncation

ofN-terminalportionofFIWiththermolyisn

isunlikely･ Therefore)anexperimentalsup-

portforthespecific binding ofcholesterol

withtheN-terminalhydrophobicportionof

Flisnow offered.

Moreover,ltWasreportedthathydropho-

bicityofthefusogenicdomainofFproteinis

muchlowerthantransmembranesequencesof

F protein and other transmembrane pro-

tein23). OurcalculationaccordingtoKyte良

Doolittle24',orHoop&Woods25'alsoconfirm-

ed thisconclusion. Thisresult,aswellas

thefactthathydrophobictransmembranese-

quenceofHN proteindoesnotbind with

cholesterolunderourexperimentalcondition,
indicatesthatsimplehydrophobicinteraction

maynotbesoimportantintheinteractionof

the fusogenic sequence with cholesterol.

Accordingly,ahypothesisthatthisfusogenic

sequenceofFISubunitspecificallyinteracts

withcholesterolseemstobereasonable.

Cholesterol concentration required for

bindingwasratherlow(half一maximalbinding

wasobservedat4-5FLM)underartificialTriton

X-100contalnlngCOnditions. Sinceconcen-

trationofcholesterolinplasmamembranesis

veryhigh(about20% W/W),itsconcentration

intargetmembranesmaynotbealimiting

factorforthebindingreaction.Thus,partici-

pationofcholesterol-bindingofFproteinin

thefusionreactionwithplasmamembranesis

substantiated.

IncaseofsterolbindingwithFproteln,
requlrementOf3-hydroxylgrouporlonghy-

drophobictailswasnotobserved asabove,
unlikebindingofsterolswith severalother

membrane-penetratingproteins,suchasstrep-

tolysinO 26',orperfrinolysin27'. Butthisbind-

inglSSPeCifiCina sencethatthebinding

abilityofsterol-relatedcompoundsdependson

thepresenceofcholesterol-uncleusorthree-

- 12-



K･ASANO:FusionbetweenHVJandCellMembrane

ComplexFormati,onofN･terminusofFIOf

HVJwithlnhibitoryPeptides

N･terminus:N･Phe-Phe･Gly-(Ala-Val･-･･･)

ZIDPhe-LPhe-Gly-DAla-DVal

l

Z-DPhe-DPhe-Gly

l

Z-DPhe-LPhe-GlylZ-LPhe-LPhe-GlylFig･913'･ Complexformationofinhibitorypeptidesofvirusinfectionwithami

noterminalsegmentofFIOfHVJ20

0 400 600 800 1(:沿OPepHde(

JJM)Fig･1015'･Inhibitionofhemolytic

activityofHVJby preincubation with

Z-D-Phe-Phe･Gly･control:minuspreincuba

tionwiththepeptide dimensionallysimil

arA/Bringzransstructure,i･C.theA/Br

ingri'scompoundandsqualenewithoutring s

tructure showed no bindingaffinity oreven

so itwasgreatly reduced.Thus,thebinding

specificity ofFproteinforsterolsisdifferentfr

om anyothercasessuchas streptolysln 0 o

r SemlikiForestvirus.This

isinaccordancewiththefactthattheprl

mary SequenceOfthe putative fusogenicsequenc

eofSemlikiForestvirusE protein28'is entir
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Z-TyrZ-PheZ-Pheイyr

Z-D-Phe-Phc-GlyJ

l l60 120

180preincubQIionclI37oC(m

in)Fig･1120'･InhibitionofHVJ-inducedhemolysiswithpeptidederivati

vesZ-D-Phe-phe-Gly(Z: carbobenzoxy;am

inoacylresidueswereusuallyL-configuration,

butincaseofD-configurationtheywereprece

dedwithD)showaninhibitoryeffectonparam

yx-ovirusinfection.From thesimilarityof

thestructureoftheseinhibitorswithaminot

er-minusofFproteln,theypostulatedthep

re-senceofacellularreceptorfわraminotermi

nusofFlandcompetitionofbindingtothisrec

ep-torworksasa mechanism of inhibiti

on.Howeverクーhishypothesiscannoteasily

ex-plained fわllowingresultsthatcarbobenz

oxy(Z)groupattachedtoaminoterminusis

re-quired forefficientinhibition and pepti

descontainingD-aminoacidsaremoreinhibit

orythanthosecontainingonlyL-isome

rs.Thus,asimilarapproachdescribedin

theprevioussectionwastakenfらrstudieson

themechanism ofinhibitionofthefusionreact

ionwithapeptidicinhibitorofparamyxovirus

es･Wemademolecularmodelsofinhibitoryp

ep-tides,andfわundoutthatthosewithah

ighinhibitoryactlVltyCanmakeaseeminglysta

blecomplexeswithaminoterminalsegmentof

Fl(Fig.9).ButincaseoflessactiveZ-Phe-P

he-Glyandazidobenzoyl-｡-Phe-Phe-Glycomp

lexformationseemstobeinef6cient.Totestour newhypothesis,HVJwasincubatedwithZ

-D-Phe-Phe-Glyatdifferenttemperatures,Pelle

tedandresuspendedinfreshincubstion buf

ferwithoutaninhibitorandthehemolyticactlV

ltywasdetermined. Asdepicted in Fig.

10,hemolysis(duetoenvelopefusion)wasalm

ostcompletelyinhibitedat1mM onlywhenin

cu-bationwasdoneat37oC.Incubationatlo

wertemperaturesdidnotresultinanyapprecia

bleinhibiti

on.Tostudytheinteractionsitebetween

theinhibitorypeptideandviralcomponent,

Wesearchedforeffectivepeptide(S)amongava

il-ablepeptidederivativeswhichmaybelabe

ledwithiodine.AsshowninFig.ll,Z-Phe-

Tyrwasfound tobeinhibitory,whereas,Z-

Tyrdidnotshowinhibitoryeffectwhichmayse

rveascontrols. Sinceprolongedincubation

wasnecessarytoobtaintheappreciableinhibit

ionwithZ-D-Phe-Phe-Gly,effectofincubationw

ithZ-PheTyrwascomparedwithotherpeptid

es･TimecourseoftheZ-Phe-Tyrinhibition

en-hancementwassimilartothatofZ-D-P

he-Phe-Gly,whereasprolongedincubationw

ithZ-Tyrdidnotresultindetectableinhibiti

on･DoseresponsecurveofZ-Phe-Tyr

wassimilartothatofZ-D-Phe-Phe-Gly. Furth

er--
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more,Z-Phe-TyrorZ-D-Phe-Phe-Glyat1mM,
exhibited no e打ect (neitherinhibitory nor

stimulatory)onhemagglutinationreactionof

HVJunderthesameconditionfordetection

ofhemolysisinhibition.Thus,Z-Phe-Tyrwas

selected asa candidate forthe iodination

studies. Preliminary study showed thata

monoiodinatedderivative,Z-Phe-MITyr,was

inhibitorytothehemolvticreaction.

8. Bz●ndz'ng ofIodzlnated Dm'vatz've∫of Z-

Phe-Tyrwz'thHV/Z,3'rz'on∫andPunfedF

Protez'n

Radioiodinated peptides (Z-Phe-MITyr

andZ-Phe-DITyr)wereprepared,andwere

incubatedat30oC丘)r2hwithintactvirionsor

purifiedFprotein,andtheboundpeptidewas

quantified by a radioactlVlty measurement.

From theresultsthepeptidewasshownto

bindtobothvirionandFprotein.Tocheck

thespecificityofthisbinding,dilutionofthe

radioactivepeptidewithcoldZ-Phe-Tyrwas

studied. Asaresult,dilution wasclearly

observedwiththepurifiedFprotein (datanot

shown).AssumingthattheaffinityofZ-Phe-

TyrissimilartothoseofZ-Phe-MITyrand

Z-Phe-DITyr,amountofboundpeptidesto

thetargetcanbecalculatedateachconcenト

ration.Theresultantconcentration-dependen･

Cyofthebindingwhichshowsasaturationat

1mM wascompatiblewiththatofthehemoly-

sisinhibiton.

Sincethehydrophobicnatureofinhibi-

torypeptidederivativesisevident,someinter-

actionofthesepeptideswithlipidbilayersor

hydrophobictransmembranedomainmustbe

considered.Someanomalyandlowcompeti-

tionobservedindilutionexperimentsusing

virionsmay indicate thepresenceofsuch

interaction.Thus,fordetectionofthespecific

binding of the peptides with F proteln,

Table520'･ BindingSpecificityofZ-Phe･MITyr
withHVJGlycoproteins

Glycoprotein amount BoundPeptide
(〝g) (cpm)

Fprotein 24 792

HNprotein 28 106

proper controls are necessary. As such

control,bindingofZ-Phe-MITyrtoHN pro-

teinwhichhasahydrophobictransmembrane

domainwasmeasured. AsshowninTable

5,HN proteinshowedonlyamarglnalbind-

ingwithZ-Phe-MITyr.

AlthoughbindingofthepeptideswithF

protein wassubstantiated by these studies,

evaluationoftheprevioushypothesisthatthe

N-terminalfusogenicsequenceofFISubunit

beingthebindingsiteofinhibitorypeptides

from themolecularmodeling wasnotyet

clear.Thus,bindingoftheradioactivepep-

tideswithmodi丘edFproteinwhichlackesthe

N-terminalportionofFISubunitwasmeasur-

ed. AssummerizedinTable6,bindingof

Table620). EffectofProteaseTreatmentsonZ-

Phe-MITyrandZ-Phe-DITyraBind-
ingAbility ofHVJVirionsand
Puri丘edFProtein

BoundPeptides

Virion z-phe-MITyrZ-Phe-DITyr
Cpm Cpm

Untreated

Chymotrypsin-
truncated

Thermolysln-
truncated

Protein
(pmol)

4,689 6,266

2,523 3,742

1,973 3,123

BoundPeptides/Protein

Z-Phe-MITyrZIPhe-DITyr
(mol/mol)

4

9

1

6

2

7

1

3

FOm

F

F

erhT

0.24 0.13

0.23 0.24

0.05 0

a:diiodotyrosine

- 15-
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thepeptideswithchymotrypsln-Orthermolysin-

truncatedvirionsweresubstantiallydecreased.

Furthermore,lnteraCtionofthepeptideswith

puriBedthermolysin-truncatedFproteindras-

ticallydecreased,althoughintera′ctionofanti-F

antibodywiththemodi丘edFproteindidnot

appreciablychange(datanotshown).

9. /nhz'bz'tzlonof ChoZe∫teroIBz●ndzng loi

Protez'nwz'thPeplz'deJnhz'bz'lor∫

Sincethebindingsitesofcholesteroland

inhibitorypeptideson F proteinwereboth

asslgnedasthefusogenicN-terminaldomain

oftheFISubunit,bindingofthesetwocom-

poundstoF proteinmay (ormay not)be

affectedbyeachother.Accordingly,effectof

apreincubationwithinhibitorypeptideson

cholesterolbindingwasstudied.Asshownin

Table7,Cholesterolbindingwasappreciably

inhibitedbypretreatmentwithinhibitorypep-

tides,whereaseffectofnon-inhibitoryZIGly-

Phewasnegligible.

Wehavepostulatedpreviouslyfrom the

considerationwiththemolecularmodelsthat

the N-terminalPhe-Phe sequence interacts

withtheinhibitorypeptideswiththreearomat-

icrlng13,15'･ Afterwards〉papersreportinga

notionthatseveralformsofaromatic-aromatic

interaction,lnWhich`̀herringbone"packingof

thebenzeneringspredominates,lSaCOmmOn

featureinthestabilizationofproteinstructures

Table720'. EffectofPreincubationwithPeptide
lnhibitorsonCholesterolBindingof
F-Protein

Addition Concentration

DMSOacontrol

ZID-Phe･Gly

Z-Phe-Tyr
Z･Phe

Z-Gly-Phe

6

7

7

4

1

1

2

2

mM

a:dimethylsulfoxideassolvent

Inhibition
(%)

EidO

2

3

3

4

(

4

2

2

haveappeared30,31'. Although ourprevious

modelswhichemployedparallelpackingofthe

aromaticringsthatmayalsobefavorablefor

thecarbonyloxygen-aromaticinteraction32',it

wasequallypossibletoconstructthe"herring-

bonenpackingnetworkoffivearomaticrings

whichareclusteredattheN-terminalofFI

subunitandattheinhibitorypeptides. En-

hancementoftheinhibitionbyintroductionof

carbobenzoxygrouptotheN-terminalcanbe

easilyexplainedbythisaromaticinteraction.

OurfindingthatthesepeptidesbindtotheN-

terminalportionofabout2,500daltonsofFI

subunitsupportthisnotion.

Furthermore,washing ofthepeptide-F

proteincomlexeswithanaromaticdetergent

(TritonX-loo,1%)releasedtheboundpeptides

almostcompletely,althoughnosuchdrastic

dissociationwithTritonX-100wasobserved

withcomplexofnon-aromaticringcontaining

cholesterolandFprotein･･Moreover,ltisin-

teresting in thisrespectthatnon-inhibitory

Z-Gly-Phe,Z-Glu-Pheand Z-Glu-Tyrhave

morespacein-betweenthearomaticringsthan

thatofinhibitorypeptides.

FINALREMARKS

Takentheseresultsintoconsideration,lt

canbesaidthatadirectpartlClpationofthe

N-terminalfusogenicsequenceofFland a

directinteractionofthisdomainwithmem-

brane cholesterolin the membrane fusion

reactionbetweenviralmembraneandother

cellmembranesarefurthersubstantiated.

Somecommentsmaybeaddedtoavoid

anymistlnderstanding.Amongallmembrane

fusionphenomena,membranefusionbetween

Sendaivirusenvelopeandtargetcellmem-

branesseemstobeoneofthemoststrictly

regulatedfusionreactioninasensethatthis

reactionrequiresintactnessoftwoviralpro-

-16-
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teins,F and HN. Thus,wethink thatthe

notiondescribedabove,i.e.specificbindingofa

membrane protein (F protein in thiscase)

withcholesteroloftargetmembranemaybe

importantforfusionreaction,Cannotalways

beappliedtoothermembranefusionphenom-

ena. For example,itis wellknown that

Sendaivirionsfusewithartificiallipidbilayer

membranes of quite different compositions

underdifferent(sometimesdenaturing)condi-

tionsifapproprlatebindingorcollision fre-

quencywithvirusparticleswasprovided･ It

isalsoknown thatsometypesofliposomes

canfusetogetherqulteefficientlyunderappr o -

prlateCOnditionswithoutadditionofproteins.

Inductionmechanismsofthemembranefusion

reactionscould be differentin these cases,
althoughthefinalevent,2'.e.membranefusion

dueto hydrophobicinteraction,may bethe

Same.
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