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Wedevelopedamonoclonalantibody(MoAb)(clone5E8)againstanantigenonthebilecanalicular
membraneofrathepatocyte.Byimmunoblotting,MoAb5E8detectedabandof110kD.Inthis
study,weusedthephagedisplaytechniquetoidentifythetargetantigenrecognizedbyMoAb5E8.
Wescreenedarandomphagedisplaylibraryexpressing12-merpeptidesequencesandidentifieda
peptidesequence,FHFNPYTGHPLT,asanepitope.Wecomparedthispeptidesequencewiththose
ofdipeptidylpeptidaseIV(DPPIV,E.C.3.4.14.5)andCell-CAM105,whichproteinswerelocatedby
adatabasesearchbasedontheinformationoftissuelocalizationandapproximatemolecularweight
oftheMoAb5E8antigen,andsequencesimilaritywitharegioninDPPIV(aminoacids225-233)
butnotwithCell-CAM105wasfound.Inaddition,weimmunohistochemicallystainedvarioustissues
(liver,smallintestine,andkidney)ofJapaneseFischer344rats,knowntobedeficientforDPPIV,
withMoAb5E8andshowedthattheexpressionofMoAb5E8antigenwasnegligibleorweak.In
contrast,tissuessampledfromthesameorgansofSprague-Dawleyrats,knowntoexpressDPPIV,
werepositivelystained.ThesefindingssuggestthattheantigenrecognizedbyMoAb5E8isDDPIV
anditsmajorepitopeislocatedinaminoacidsatpositions225-233.
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H epatocytesarepolarizedepithelialcellswith3
morphologicallyandfunctionallydistinctsurface

domains:thesinusoidal, thelateral, and thebile
canalicularsurfacedomains.Wepreviouslydeveloped3
kindsofmousemonoclonalantibodiesthatreactwith3
dierentrespectiveantigensonthesurfaceofrathep-
atocytes［1］.Oneofthem,monoclonalantibody

(MoAb)(clone5E8),recognizedanantigenpresenton
thebilecanalicularmembranebutabsentfrom the
sinusoidalandlateralplasmamembranes.Immunohisto-
chemicalstainingofotherorgansofratsshowedthatthe
antigendetectedbyMoAb5E8waspresentontheapical
surfacesofepithelialcellsinthepancreas,smallintestine,
colon,andbileduct,andontheluminalportionsofthe
proximalrenaltubulecells,and,weakly,ontheglomer-
uli.Byimmunoblotanalysis,MoAb5E8detectedaband
withanapproximatemolecularweightof110kD.
Randompeptidelibrariesconstructedbyfusionof
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randomsequencestotheamino-terminalregionofp of
filamentousbacteriophages［2］havebeenusedina
numberofapplicationsincludingidentificationofepitopes
recognizedbymonoclonalorpolyclonalantibodies(re-
viewedin［3］).Inthisstudy,weadaptedthistechnique
toidentifythetargetpeptiderecognizedbyMoAb5E8.
Inaddition,weperformedadatabasesearchforpossible
targetprotein(s)ofMoAb5E8,basedontheinformation
oftissuelocalizationandapproximatemolecularweight,
andinvestigatedsequencesimilaritybetweenthepeptide
selectedfromphagedisplaylibrariesandthepossible
targetproteinselectedfromthedatabase.

MaterialsandMethods

MoAb 5E8
(IgG1subclass)toanantigenpresentonthebile
canalicularmembraneofrathepatocyteswaspreparedas
previouslydescribed［1］andpurifiedfromasciticfluidsof
pristane (Aldrich, Milwaukee, WI, USA)-treated
BALB/Cmicebearing5E8hybridomausingprotein
G-agarosegelanitychromatography(MAbTrapKit;
AmershamPharmaciaBiotechLtd.,Buckinghamshire,
England).

Asarandomphage
library,weusedthePh.D.-12PeptideLibraryKit(New
EnglandBioLabs,Inc.,Beverly,MA,USA).Thiskit
isbasedonacombinatoriallibraryofrandompeptide
12-mersfusedtoaminorcoatprotein(p )ofthe
filamentouscoliphage,M13.ThePh.D.-12peptide
libraryconsistsof1.9×10independentclones.

Phage
virions(4×10)andMoAb5E8(300ng)in200μlof
TBS-Tbuer(50mMTris-HCl,Ph7.5,150mMNaCl
(TBS),and0.1 Tween20)wereincubatedatroom
temperaturefor20min,thenthemixturewasreacted
with50μlofProteinA-Sepharosebeads(Amersham
PharmaciaBiotechLtd.)(50 suspensioninTBS)at
roomtemperaturefor15min.AfterwashingwithTBS-
T,boundphagewaselutedwith1mlof0.2Mglycine-
HCl,pH2.2,containing1mg/mlbovineserumalbumin
(BSA).Phageelutionwasimmediatelyneutralizedwith
150μlof1MTris-HCl,pH9.1,thenamplifiedin20ml
ofE.colihoststrainER2537.Aftercentrifugation,
20 polyethyleneglycol-8000,2.5MNaClwasaddedto
thesupernatant,andamplifiedphageswerecollected.
Usingtheamplifiedphage,thesecondroundofbiopan-

ningwascarriedoutusingProteinG-Sepharosebeads
insteadofProteinA-Sepharosebeads.Wecarriedout4
roundsofbiopanningintotal,usingProteinAandG
beadsalternatively.Fortuitousselectionofpeptide
sequencesthatboundproteinAorproteinGcouldbe
avoidedbythesealternatingroundsofProteinA-and
G-Sepharose.SelectedclonesweresubjectedtoDNA
sequenceanalysiswithanABI373ADNAsequencer
(AppliedBiosystems,FosterCity,CA,USA)usingthe
dyeterminatordideoxymethod(ABIPRISM Dye
TerminatorCycleSequencingFSReadyReactionKit,
AppliedBiosystems)accordingtothemanufacturer’s
protocol.

Bindingofselectedphagepep-
tidestoMoAb5E8wasfurtheranalyzedbyenzyme-
linkedimmunosorbentassay(ELISA)toconfirm the
anityandspecificity.Microtiterplates(Maxisorp,
Nunc,Denmark)werecoatedwithMoAb5E8.As
control,anti-FLAGM2MoAb(IgG1subclass,EAST-
MANKODAKCOMPANY,NewHaven,CT,USA),
whichbindstoFLAGfusionproteinsexpressingthe
aminoacidssequenceDYKDDDDL,wasused.Plates
wereblockedwith0.1M NaHCO (pH8.6),5mg/ml
BSA,0.02 NaN,andsubsequentlyincubatedwith
selectedphages(10/well).Afterwashing,boundphages
weredetected with horseradish peroxidase(HRP)-
conjugatedanti-M 13antibody(Amersham Pharmacia
BiotechLtd.)and2,2’-azino-di-3-ethylbenzo-thiazoline-6-
sulphonicacidassubstrate.Opticaldensitiesat415nm
weremeasuredonanautomatedELISAplatereader.

Based
ontheinformationoftissuelocalizationandapproximate
molecularweightoftheantigendetectedbyMoAb5E8,
wesearchedadatabaseoftheNationalCenterfor
BiotechnologyInformationforpossibletargetprotein(s)
ofMoAb5E8.Then,thesequencesimilaritybetweenthe
possibletargetproteinsandselectedcloneswasinvestigat-
edbyacomputerizedhomologysearchusingthe
homologysearchsoftware“GENETYX-MAC”(Soft-
wareDevelopmentCo.,Ltd.,Tokyo,Japan).

AdultmaleJapanese-
strainFischer344ratsandSprague-Dawleyratswere
obtainedformCharlesRiverJapan,Inc.(Kanagawa,
Japan).Cryostatsectionsofvarioustissuesoftheserats
werefixedwithcoldacetoneandreactedwithMoAb5E8.
Afterwashing,thesectionswereincubatedwithHRP-
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labeledFab’fragmentsofrabbitanti-mouseimmuno-
globulins［4］,thenwithdiaminobenzidinesolution
containinghydrogenperoxide.

Results

Atotalof11clonesobtainedafterthefourthroundof
biopanningwererandomlychosenandsubjectedtoDNA
sequenceanalysis.Thededucedaminoacidsequencesof
selectedphagesareshowninTable1.Samples2(phage
2)and7(phage7)wereidentical.These11cloneswere
subjectedtoanalysisbyphageELISA.Onlythese2
clones(phages2and7)werefoundtobereactiveto
MoAb5E8butnottocontrolanti-FLAGM2MoAbin
theELISAassay(Fig.1).Theaminoacidsequenceof
thesecloneswasFHFNPYTGHPLT.

Databasesearchidentified
dipeptidylpeptidaseIV (DPPIV,E.C.3.4.14.5)and
Cell-CAM105asproteinsthatwerepresentonthebile
canalicularcellsurfaceofrathepatocytesandhadan
approximatemolecularweightof110kD.Sequence
similaritybetweenthese2proteinsandtheselectedclones
wasinvestigated.Althoughnoclearconsensussequence
wasobservedinCell-CAM105,itwasfoundthatphages
2and7showedsequencesimilaritywitharegioninDPP
IV(aminoacids225-233;analignmentof60 /10
aminoacids)(Fig.2).

Japanese-strainFis-
cher344ratshavebeenreportedtobedeficientforDPP
IV［5-7］,whereasSprague-Dawleyratsareknownto
expressthisenzyme.Thus,weexaminedtheexpression
ofthetargetantigenofMoAb5E8inFischer344rats
andSprague-Dawleyratsimmunohistochemically.In
immunohistochemicalstainingwithMoAb5E8,staining
oftissuesofJapaneseFischer344ratswasnegligiblein
theliverandthekidney,andveryweakinthesmall
intestine.Incontrast,MoAb5E8reactedwiththebile
canalicularchannelsofhepatocytes,thebrushbordersof
epithelialcellsofthesmallintestine,theluminalportionof
theproximalrenaltubules,andtheglomeruliofSprague-
Dawleyrats(Fig.3).

Discussion

Inthisstudy,weusedthephagedisplaytechniqueto
identifyatargetantigenrecognizedbyMoAb5E8thatwe
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Fig.1 SelectionofMoAb5E8bindingphagebyanELISA.Eleven
clonesrandomlychosenafterthefourthroundofbiopanningwere
subjectedtoanalysisbyanELISA.ELISAplateswerecoatedwith
eitherMoAb5E8(solidbars)orirrelevantcontrolIgG1anti-FLAGM2
MoAb(openbars)andreactedwithclones.Twoclones(phages2and
7)specificallybindtoMoAb5E8.

Table1 Thededucedaminoacidsequencesofclonesisolated
fromaphagedisplaylibrary

Clone Sequence

phage 1 KVVPPWHSVLPG
phage2 FHFNPYTGHPLT
phage 3 SPKLLTNWHLLI
phage 4 HNWGGSDFWSFG
phage 5 FDPNNYWTPMGR
phage 6 TDMQFPGFHAAL
phage7 FHFNPYTGHPLT
phage 8 EYPDPPAWHLWF
phage 9 WSATWTLSDTWK
phage10 YTTPPFHTGWIW
phage11 YHAGRVNTMSWL

Boldfacetype,identicalclones.

Fig.2 Aminoacidsequencealignmentofphage2andtheDPPIV
molecule.NumberingindicatestheaminoacidpositioninDPPIV
molecule.Asterisksandaperiodindicateidenticalandsimilaramino
acidscorrespondingtothesequenceofphage2,respectively.
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hadpreviouslygeneratedasanantibodytothebile
canalicularmembraneofrathepatocytes［1］.We
screenedarandom phagedisplaylibraryexpressing
12-merpeptidesequencesand identified apeptide
sequence,FHFNPYTGHPLT,asanepitope.This
librarycontains1.9×10independentclonesbutrepre-
sentsasmallsamplingofthepotentialsequencespaceof
20 (＝4.1×10)12-mersequences.However,the
librarypermitsanityselectionofpeptideligandrequiring
tightbinding.Additionally,theincreasedlengthofthe
displayedpeptideallowsfoldingintosmallstructure
elementssuchasshorthelicesandisolationofsequences
epitopesevenifamonoclonalantibodyrecognizesits
antigeninaconformation-dependentmanner.
Inourpreviouswork,wedefinedthetissuelocaliza-

tionandapproximatemolecularweightofthetarget

antigenrecognizedbyMoAb5E8.Thisinformation
enabledustoidentify2proteinsaspossibleantigens
recognizedbyMoAb5E8basedonadatabasesearch.
OnewasCell-CAM 105,acellsurfaceglycoprotein
involvedinintercellularadhesionofrathepatocytes［8］,
whichhasbeenpostulatedtoplayaroleinliverhis-
togenesis［9］.TheotherwasDPPIV,aserine-type
proteasethatremovestheamino-terminaldipeptidefrom
peptidesubstrateprovidedthatthepenultimateaminoacid
residueisprolineoralanine［10］.Wecomparedthe
sequencesofthese2proteinswiththepeptidesequence
FHFNPYTGHPLT,andfoundsequencesimilaritywith
aregioninDPPIV(aminoacids225-233)butnotwith
anyregioninCell-CAM105.Thesefindingssuggestthat
theantigenofMoAb5E8isDPPIV,andthatitsmajor
epitopeislocatedamongaminoacidsatpositions225-

Fig.3 ImmunohistochemicalstainingoftissuesofJapaneseFischer344ratsdeficientforDPPIVwithMoAb5E8.Cryostatsectionsoflivers
(A,D),smallintestines(B,E),andkidneys(C,F)ofadultmaleFischer344rats(A,B,C)andSprague-Dawleyrats(D,E,F)were
immunohistochemicallystainedwithMoAb5E8.StainingoftissuesofFischer344ratsisnegligible(A,C)orveryweak(B).Incontrast,the
bilecanalicularchannelsofhepatocytes(D),thebrushbordersofepithelialcellsofthesmallintestine(E),theluminalportionoftheproximal
renaltubules,andtheglomeruli(F)ofSprague-DawleyratsarepositivelystainedwithMoAb5E8.

Ariyoshietal. ActaMed.Okayama Vol.56,No.4190



233.Weconfirmedthisconclusionimmunohistochemical-
lybystainingtissuesofratswithandwithouttheexpres-
sionofDPPIV,respectively,withMoAb5E8.
DPPIViswidelydistributedinanumberofmam-

maliantissues［11-13］andissuggestedtoplayan
importantroleinvariouskindsofbiologicalprocesses.
DPPIVinthebilecanalicularmembraneisinvolvedin
themetabolismofcirculatingsubstanceP［14,15］and
fibronectin-mediatedinteractionsofhepatocyteswiththe
extracellularmatrix［11,16］.IntestinalDPPIVplaysa
roleinthehydrolysisofprolylpeptidesandassimilationof
proline-richprotein［17,18］.DPPIVintherenal
brush-bordermembranehydrolyzesthefilteredoligopep-
tides, particularlytheproline-rich,collagen-derived
peptides togeneratedipeptides,andtheresultingsmall
peptidesarethentransportedintothevesiclesbythe
transportsystem［19,20］.Thus,DPPIVplaysan
importantroleinthereclamationofpeptidenitrogenfrom
largerpeptides.Inthisstudy,wedemonstratethat
MoAb5E8recognizesDPPIV.Wehopethatthe
antibodywillbeutilizedforexploringfurtherrolesof
DPPIVinbiologicalprocessesaswellsasthemecha-
nismsbywhichtheenzymefunctions.
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