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DipeptideshavingFerulicAcidMoietyforAntiviral

KatuhiroSATo*andTakuoCH肥A

(receivedNovember26)

FerulicacidanditsderivativesshOwseveralbioactivityasanticancer,antifungus,and

antioxidase. Wesynthesizedthedipeptideswithferulicacidmoietyfortheantiviral

agents・ Thestartingmaterialwas5-phenyl-2-oxazoloneviathecyclizationofhippuricacid

bythetreatmentofdicyclohexylcarbodiimide (DCC), andthenoxazolonereactedwith

4-hydroxy-3-methoxybenzaldehyde (vanilin) inthepresenceofaceticanhydridetogive

4-hydroxy-3-methoxybenzylidene-oxazolonederivarive,whichwaseasilytransformedtothe

ringopeningproductssuchasbenzylideneglycyl-aminoacidscontainingferulicacidmoiety

bythereactionofaminoacidsodiumsalts.

Thesynthesizeddipeptideshavingferulicacidmoietyweretestedfortheinhibitionof

HIV-1.

Sinceavirusdependsonitshostcell for

manyfunctionsofvirusreplication,itisdifficult

toinhibitvirusmultiplicationwithoutatthe

sametimeaffectingthehostcellitself. Because

of this, the spectacularmedical successes

followingthediscoveryofanti-bacterialagents

havenotbeenfollowedbysimilarsuccess in

thesearchforspecificantiviralagents・ Afew

antiviralcompoundsaresuccessfulincontrolling

virus infection in laboratorysituations and

certainofthesehavebeenusedinrestricted

clinical cases;butnosubstancehasyetbeen

foundwithmorethanlimitedpracticaluse.

The chemical inhibitionof virus action is

knowntooccuratthestagesofvirusreplica-

tion:forexample,Kethoxalforfreelnfluenza

virus (FLUV);Amantazine forFLUVand

Benzyloxycarbonyl peptide forMeasles at

the stage of the entry ofNucleic acid;

Benzimidazole andGuanidine forPoliovirus,

Iododeoxyuridine,Fluorodeoxyuridine, Iododeoxyuridine, and

Acyclovir for Herpesvirus (HSV), and

Azidothimidine forHumanmmunodeficiency

virus (HIV) at the . stage of theNucleic

acidreplication;Isatinthiosemicarbazone for

Smallpoxvirusatthestageofthelateprotein

synthesis・ Atthestageoftheadsorptionand

therelease, however, noneofthetherapeutic

antiviralagentsareknown.

The glycoprotein, designed F (fusion

polypeptide), is involvedinviruspenetration,

throughfusionofviralandcellmembranes,

andinvirUs-inducedcellfusionandhemolysis,

activitieswhichareactivatedbyahostprotease

toyieldtwodisulfide-linkedpolypeptideS,Fland

F2.

Theproteolyticcleavagethatactivatesthese

biologicalpropertiesofthevirusgeneratesa

newN-terminusontheF1polypePtide,whichis

thepolypeptidewhoseC-terminusisassociated

withthelipidbilayeroftheviralmembrane.'）

Thefollowinglinesofevidencesuggestedthat

thestructureofthenewN-terminusisimportant

fortheexpressionofthebiologicalactivitiesof

theFprotein,eachofwhichinvolvesmembrane

fusion:(1)asindicatedabove,theexPressionof

theactivitiesisdependentonthecleavage;(2)

thenewN-terminalregionisextremelyhydro-

phobic, raisingthepossibilitythatitcouldbe

involved ininteractionswiththetarget cell

membrane2) ;(3) theaminoacidsequenceinthis

region ishighlyconservedamongdifferent

paramyxoviruses;(4) inamutantofSendai

viruswhich is cleavedandactivatedbya*AdvancedcourseofANCT
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proteasedifferentfromthatwhichactivatesthe

wildtypevirus, theN-terminal aminoacid

sequenceofF1 is thesameas thatof the

wildtype;i､e､, Phe-Phe-Gly-providingfurther

evidence for the requirement fOra specific

aminoacidsequenceinthatregionforbiological

activity;(5) finally, wenoteda similarity

betweenthisN-terminalaminoacidsequence

of F1 and that of an oligopeptide,

benzyloxycarbonyl-D-Phe-L-Phe-L-(nitro) Arg

wasfoundinl968tomhibitplaqueformation

bymeaslesvirus. SubsequentlyNorrby3)showed

thatthisoligopeptide, andsomeotherswith

similarobservations, inhibitedmeaslesvirus

penetrationandvirus-inducedcell fusionand

hemolysis, andwemadesimilarobservations

withanotherparamyxovirus,SV5・ Becauseof

theindicationthattheN-terminalregionofF1

wasinvolvedinthebiologicalactivitiesofthe

protein,andwiththehypothesisthatitmight

bepossible to inhibittheseactivitiesof the

protein,wesynthesizedapyrimidinebasewith

peptideswhichresembledthis regionofF1

polypeptide, andinvestigatedtheirabilityto

inhibit the replication of several different

paramyxoviruses・ Thehemagglutininprotein

ofmyxoviruses isalsocleavedbyaprotease

suppliedbythehost cell orpresent inthe

extracellularfluid, e､g.,serumplasmin,4) and

although this cleavage has no effect on

hemaglutination, itactivatestheinfectivityof

thevirus.5)Asinthecaseofparamyxoviruses,

thecleavageoftheHAProteinof influenza

virusyieldstwodisulfide-linkedsubunits,HA1

andHA2, andanewN-terminus isgenerated

ontheHA2subunit,theC-terminusofwhiChis

embeddedinthemembrane､6)Thus, thereisa

strUcturalandfunctionalanalogybetweenthe

paramyxovirusFproteinandthemyxovirus

HAprotein, ananalogythat isstrengthened

bythefactthatthesequencesofthefirstnine

aminoacidsoftheN-terminusof theHA2

polypeptideofseveralinfluenzavirusstrains

resemble that of the F1 polypeptide of

paramyxovirusesiexceptthatininfluenzavirus

there isanN-terminalglycinethatprocedes

phenylalanine,whichistheN-terminusofthe

F1polypeptide"Becauseof thesestructural

and functional similarities betweentheHA

andFproteins, dipeptideshavingferulicacid

moietyweresynthesizedwhichresembledthe

N-terminusoftheHIVpolypeptideandtested

fortheirinhibitoryactivity.

MaterialsandMethods

α脳.MT-4, aT41ymphocytelinecarring

humanT-celllymphotropictypel (HTLV-1)

andHUT-78, a T41ymphocyte line not

carringHTLV-1,wereusedfortheanti-HIV

assays. The celsweremycoplasma-negative.

Thecell linesusedforthecytostaticassays,

namely,Molt/4FandCEM,havebeendescribed

elsewhere.

J'immses.HIVtypel (HIV-1)wasobtained

fromtheculturesupernatantofHUT-78cell

linepersistentlyinfectedwithHTLV-IIIB. The

reportedmethodforpreparing[5-3H]uridine-

labelledHIV-1partcleswasapplied.

』"r〃五yAssays.Activityofthecompounds

againstHIV-1 replicationwasbasedonthe

inhibitionof virus-inducedcytopathogenicity,

determinedbytrypanblueexclusion． MT-4cells

weresuspendedat3xlO5cells/mlandinfected

withHIVatlOOOCCID50/ml. Immediatelyafter

infection, 100"l of the cell suspensionwas

brought into eachwell of flat bottomed

miCrotitertrayconteiningvariousconcentration

ofthetestcompounds・ After5daysincubation

at 37℃, the number of viable cellswas

determinedmicroscopicallyinanhemacytometer

bytrypamblueexclusion. Anti-HIVactivity

wasalsodeterminedbymoniteringviralantigen

expressioninHUT-78cellsatdayl2afterHIV-1

infection・ Indirectimmmunofluorescence,using

apolyclonalantibodyasprobe,andlaserflow

cytofluorographicanalysis,wereusedforthe

determinationofantigen-positivecells・ HUT-

78cellswereinfectedwithHIV-latamultiplicity

of infectionof O.4, and threequarters of

the culturemediumcontainingappropriate

concentrations of the compounds were

replenishedevery4thdays.

Cb"Zpo""ぬ. Startingmaterial, 5-phenyl-2-
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oxazolone<1),wasobtainedbythecyclization

of hippuric acidwith the treatment of

dicyclohexylcarbodiimide (DCC). Oxazolone

(1)reactedwithvanillininthepresenceof

acetic anhydride to afford4-(4-hydroxy-3-

methOxy-benzylidene)-5-phenyl-2-oxazolone (2)

mgoodyield. Theobtainedcompound(2)has

theferulicacidmoietyandthestructureof

intramolecularactiveester. Compound(2)was

treatedwithsodiumsalt of several amino

acids togive thedesireddipeptideshaving

ferulicacidmoiety. Usingaminoacidswere

hydrophobicaminoacidssuchasGly,Ala,Val,

Leu,Ile,Phe,DPhe,andPro.

R師"肋.Alldrugsweretestedforantiviral

activityagainstHIV-1・ Noneofallcompounds

werecytotoxicforhostcellsasCC50100"g/ml.

Unfortunately,antiviralactivedrugswerenot

foundinthisresearch.
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