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Abmact--AlowmolecularweightBenceJOnesproteinfoundinthe

urineofapatientwithmyelomawasisolatedanditschemicalandanti-

genicpropertieswerecomparedwiththatofausual3.5SL-typeBence

Jbnesproteinofthesamepatient.Sedimentationcoefficientofthelow-

molecular-weightproteinwas2.3Sanditsmolecularweightestimated

byathinlayergel-filtrationinSephadexG-75orG-100was21,500at

neutralpH・Onagel-filtrationinlMpropiOnicacidorO.5Maceticacid,

theproteindissociatedintotwosubunitswithamolecularweightof

ll,500．Antigenicanalysisof3.5Sand2．3Sproteinsshowedthatboth

theproteinssharedcommonantigenicdeterminantsandthat2．3Sprotein

lackedinsomeantigenicdetenninantsderivedfromC-tenninalhalf・This
findingwasalsosupportedbycomparisonofpeptidemapsofbothprote-

ins.Furthermore,aminoacidanalysisclearlydemonstratedthat2､3S

proteinlackedinC-terminalhalfofス-chainandhadthesameamino
acidcOmpositionasthatofN-terminalhalfof3.5S･protein・Onthebagig

oftheseresults,itwasconcludedthatthelow-molecular-weightprotein

wasthefragmentproteinderivedfromN-terminalhalfof3．5Sprotein
andthattheN-terminalhalfmoleculesassociatedtodimer･bynon-cova-

lentbondatneutralpHbutdissociatedtotwosubunitsinlMpropionic
acidorO.5Maceticacid・Theoriginofthefragmentproteinwas

discussed.

INTRODUCTmN

Existenceoflow-molecUlar-weightproteintOgetherwithBenceJOnesproteinin

eofpatientwithmyelomahaskennotedbysomeworkers'-7j.Recently,Bag-UrmeOrPatlentW1tnmyelOmanaszenno[eqDysomeworKers聖一‘'･Kecenuy,Dag-

lionietal．5),Tanetal．6)andKozuru7)reportedthatthelow-molecular-weight
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proteinswereidentifiedastheN-terminalhalfmoleculeOftheBenceJOneSprotein

bychemicalandimmunologicalstudies・Ontheotherhand,Solomonetal．8)and

Winiamsetal．4)presentedthe.possibilitythatthelow-molecular-weightprotein

wasderivedfromd4common''partofL-chain,i.e.C-terminalhalfonthebasisof

theirantigenicanalysis.

Itisaninterestingproblemwhetherthesefragmentproteinsarebreakdownprod-

uctsorbiosyntheticprecursorsofL-chain.

Inourlaboratorytwocaseswerefoundinwhichlow-molecular-weightproteins

werepresentintheurineofpatientsWhoexcretedL-typeBenceJOnesprotein・Of

thesetwocasesonecasewasextensivelystudiedtoelucidatethestructuralrelation-

shipbetweenthelow-molecular-weightproteinandBenceJonesprotein.Inthisreport,

itwasshownthatthelow-molecular-weightproteinfoundinurineofapatient(Fu)

wasderivedfromN-terminalhalfoftheBenceJOnesproteinexistingtogether.

EXPERIMENTAL

Pγ"”α"りれqfメ"eBejzceJo"es〃γ0#"祁α極メルgJo"-"ZoJec"Jαγ-""〃メヵ”彪銃

UrineOfapatient(Fu)withmyelomawastreatedwithactivatedcarmn,thenfiltered

withhyflosupercel:inordertoremovethepigmentedimpurities.Thefiltratewassalted

outin3MammoniumsulfateatpH6・ThepreciPitatedproteinwasdialyzedagainst

waterand.PBS*(pH7.O).AboutlgoftheproteinwaSapPliedforgel-filtratiOntoa

SephadexG-100cOlumn(3.2×92cm)equilibratedbefOrehandwiththesamebufferand

thecolUmnwasdevelopedupwardsataflowrateof20ml/hrand5C・Transmission

tracingat280m"wasobtainedwith-aLKBUVicordultravioletabsorptiometerand

LKBrecordertype6520H.ThefractionBandCelUted(Fig.1)werecollected,conc-

entratedwithConodionbag(SartoriusMembranfilteriNo.13200),anddialyZedagainst

10mMboratebuffer,pH8.5.Theprotein(0.1-0.29）wasappliedtoDEAE-cellulose

column(1.4×15-18cm)equilibratedbefOrehandwiththesamebuffer.Stepwiseelution

withthefonowingbufferswascarriedout,successively:inthecaseofFr.B,A)30

mMboratebuffer,pH8.5;B)60mMborate,pH8.4;C)50mMsodiumcmoride-40

mMborate,pH8.4;D)0．15Msodiumthloride-60mMborate,pH8.3;E)0.5M

sodiUmCmoride-40mMborate,pH8.2.TheproteinelutedWithbufferC)wasfurther
L． ‐、

purifiedljyrechromatographyonSePhadexG-100cOlumn(3.5×93Cm)equilibrated

with20mMborate,pH8．0.ThepurifiedFr・BwascaUedFr､2(Fig.2)．､Inthecase

OfFr.C,thefollowingbufferswereused'forfUrtherpurification:a)10mMborate,

pH8.5;b)40mMborate,pH8.5;c)60mMborate,PH8.3;もd)50mMsodium

chloride-60mMborate,pH8.3.Theproteinelutedwithbuffersb)andc)wascalled

盃．3(Fig.3).

U"γ"ce""'"9α"o"UltracentrifugalanalysiswasperfOxmedat20Cand59,780

rpmbyaSpincoModelEanalyticalultracentrifuge・SamplesweredialyZedagainst

*Abbreviations・PBS,phosphatebufferedsaline.BJP,BenceJonesprotein
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0.2MsodiumchlorideandanalyzedataconcentrationoflO.4mg/ml.

Z漉冗JZy"ge/戎"γα"o"Thinlayergel-filtrationusingSephadexG-75andG-100

superfinewascarriedoutaccordingtothemethoddescribedbyMigita8)．Molecular

weightoftheproteinwasestimatedbythemethodofAndrews9),usingfollowing

proteinsasstandardsofmolecularWeight:humanalbumin(M.W､67,000);spermwhale

myoglobin(17,800);ovalbumin(45!,000;2xcryst.);chymotrypsinogenA(25,000;beef

pancreas;6xcryst.)．ThehumanalbuminwasobtainedfromNutritionalBiochemicals

Corp.andtheothermaterialsfromMannResearchLab・Inc．(NewYork).

Agm'-eZe"mp肋γesjSElectrophoresiswasperfomnedbythemethodofWiemelo》

onagelplateoflonagarNo.II(OxoidCo.)inveronalbufferbpH8.6("=0.025)at

gradientof20Volt/cmfor25min.

A""@o"""""JysiSAfterperformicacid-oxidationofproteins''),hydrolysate

OfpurifiedFr.2and3werepreparedbyheatingmaterials"ひαc"oindoublyglass-

distmed6N-hydrochloricacidatlO8Cfor24hrinasealedglassimbe・Aminoacid

commsitionsweIEdeterminedchromatographicallybytheprocedureofSpackmanet

al.12)ina･HitachiKLA-3Baminoacidanalyzer・ThecontentsofTyrandTrpwere

determinedspectrophotometricany'3》．

〃も"γwzj郷αノα""@oncidN-terminalaminoacidsweredeterminedbythedinitro-

fluorobenzenemethodofSanger'4).TwodimensionalpaperChromatographyofdinit-

rophenylaminoacidsWasperformedwiththebuffersystemofLevy'5).

PeP"de""Tenmgofperfonnicacid-oxidizedproteinwasdigestedwithtrypsin

(bovinepancreas,Ty"III,2xcryst.,Sigma)withanenzyme:substrateratioofl:50,

inlmlof5%NH4HCO3at37Cfor6hr.Twomgofthelyophilizeddigestwas

dissolvedinwaterandappliedtoaToyoroshiNo、51filterpaper.Descendingchroma-

tographyinthefirstdimensionwasperformedwithbutanol-aceticacid-water(4:1:5).

ElectrophoreticseparatioITwasperformedintheseconddimenSioninpyridine-acetic

acid-water(1:10:289)atpH3．5andavoltagegradientof50v/cmfor50min・Peptides

weredetectedwithO.2%.ninhydrininacetonesolution.

A〃〃s"""Wisterratswereimmunizedintradermallyintofootpadsandintramus-

cularlyintothethighsofthehindlegsthreetimesatlOtol4daysintervalswitheach

0.5mgofFr.2or3emulsifiedincompleteFreund'sadjuvant・Twoweekslaterthese

animalsreceivedboosterinjectionofO．5mgofantigensin.0､15Msodiumchloride

intravenously,thenwerebledbyheartpuncture5daysaftertheboosterinjection.

RESULTS

(1)PreParatiOnandpu虚ficatiOnofFr､2and3

Tneproteinssaltedoutfromtheurinein3Mammaniumsulfatewereseparated

intothreepeaj鱈onSephadexG-100gel-filtration,‘asshowninEig､1．Thefirstpeak

(Fr.A)containedaggregatedmaterials,IgGanjalbumin・Thesecondanithirdlpeaks

(Fr・BandC)wereshowntoContainthematerialswithm31ecuiarsizeofL-chain

dimerandmonomer,respectively・TherecoveryoftheseconianathirdpeakSwere78
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G-100gel-filtrationoftheurinaryproteinsofthepatientRl.画9．1．Sephadex
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1goftheurinaryproteinsalted

outin3Mammoniumsulfatewas

appliedforgel-filtrationtoacOlumn

(3.2x92cm)equilibratedwithPBS
(pH7.0).ThecolumnwaselutedMth
thesamebufferat5Candaflow

rateof20ml/hr,and6．6mlfractions

werecOllected，Ordinateisthereading

oftrahsmissionat280m狸．Thearrows

indicatethefractionspooledforfollo-

Wingstudies.
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99mgofFr・BinlOmMboratebuffer,pH8.5wasappliedtoacolumn(1.4x

15cm)equilibratedwiththesamebufferandstepwiseelutionswerecarriedout,usingthe
fOllowingbuffersaseluants:(A)30mMborate,pH8.5;(360mMborateppH8､4;.

(C)50mMNaCl-60mMborate,pH8.4;(D)0．15MNaC-60mMborate｡pH8.3;(m
0.5MNaCl-40mMborate,PH8.2.Onetubewas3ml.．
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%and6.3%,respectively・Fr・BandCwerecollectedandconcentratedwithconodion

bagwithrecoveryof97%and76%,respectively・The_elutionpatternsofFr・Band

CfromDEAE-cenulosecolumnwereshowninFig､2(a)and3．Themaincomponent

ofFr.BwaselutedwithIO・05MNaCl-60mMborate,pH8.4witharecoveryof82%,

whichwascanedFr､2.Rechromatographicprofileofthemainpeakwasshownin

Fig.2(b),indicatingthehomogeneousmolecularsize.InthecaseofFr.C,themain

Fig.2(b).RechromatographyofFr・BonaSephadexG-100cOlumn.
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381mgofthemaincomponentofFr・Belutedwiththebuffer(C)(seeFig.2(a))

wasappliedtoacolumn(3.5x93cm)equilibratedWith20mMborate,pH8.0.The
collﾛmnwaselutedwith.thesamebufferand5､5mlfractionswerecOllected.

componentwaselutedwith40-60mMborate,pH8.5-8.3fromDEAE-cenulosecolumn

witharecoveryof63%,whichwasdenominatedFr,3.Theractionelutedwith50mM

NaCl-60mMborate,pH8．3witharecoveryof26%wasshowntobecontamination

ofFr､2bytheagar-electrophoresisandthinlayergel-filtrationonSephadexG-100.

Fr.2and3Wereusedinthefollowingstudies.

(2)PhysicochemicalpropermesofFr､2and3

Agw'-gJec"qP"o"esjsElectrophoreticpatternSofFr､2and3.atpH8.6wereshOwn

inFig､4,indicatingthatimththefractionswereelectrophoreticallyhomogeneoUsand
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Fig63dChromatographyofFr.Cona,DEABcelluloSe5
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195mgofFr，CinlOmMboratedpH8.5wasappliedtoacOlumn(1.4xl8cm),
equilibraiedwiththesamebufferandstepwiseelutionswereperformed,usingthefollow-

ingbuffersaseluants;a)10mMborate,PH8.5;b)･40mMbrate,JI8.5;c)60mM

borate,pH8．3d)50mMNaCl-60mMborate,pH8.3.3mlfractionswerecO1lecM.

differedintheelectrophoreticmobility・

"""g"ｵ“"〃"GMC""UltracentrifugalpattemsofFr.2and3!wereshownDgaz"zg犯Jα‘""co"Jz""zJUAua煙瞳、虹皿ugan;panernsoIhrozanqd1we塵snownln

Fig.5.mththefractionsshowedsymmetricalpeaksandsedimentationccefficients,

S20,w,ofFr.2and3were3.6and2.3,respectively.

nmoJ"z"""ejg";ThemolecularweightofFr､2and3wereestimated:bythin

layergel-filtration.AnexampleofchmmamgraminPBS(pH7.0)and(1Mpropionic

acidwasshowninFigb6(a,b)．ThemolecularweightvalUes.estimatedinVariOus

conditionswerelistedinTablel・Frb2showedthevalueof45,000･inbothPBS.(PH

7.0)andlMpropionicacid・However,whenFr.2wasredUced{wimO.3M2=merc"-

toethanolandalkylatedwithO.36MiOdOacetamidejitshowedtheValile:of45;000{in

PBSbut25,000inlMpmpionicacid.TheseresultsshowedthatFr62was-adimer

of:"-ChainlinkedbydisUlfidebond.
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Fig．4．Agar-gelelectrophoresisofthestartingurmaryproteins,purifiedFr，2and3
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Electrophoresiswascarriedoutona1%

IonagarNo.IIgelplateinveronalbufferpH8.6

("=0.025)for25minatagradientof20volt/

cm.Theanodeistotheleft・FuBJmeansthe

crudeurinaryproteinofpatientFu・Thesecond

sampleisthecrudeproteinincubatedinPBS

(pH7.0)for38daysat4C.Thefourthsample

isFr.2incubatedinPBS(pH7.0)for36days
at4C.
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Fig.7.OuchterlonydoublediffusiontestsofFr.2and3
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(a)DoublediffusionprecipitationreactionofFr.2and3agaillstratanti-Fr.2

serumandtheserumafterabsorptionwithL-typeBJPs.Fr.2j0.5mg/mlFr､3:0.25mg/

ml.Anti-Fr.2serumwell(left)contains40/Zloftheserumand5"lof0.15MNaCl.

Centerantiserumwell,40"lofanti-Fr.2+5"lofShBJP(2mg/ml);Rightantiserum

well,40"lofanti-Fr.2+5"lofPrBJP(3mg/ml)(b)Doublediffusionpatternof6

differentL-typeBJPsagainstanti-Fr.2serum.Centerwellscontainanti-Fr2serum.The

otherwellscontain:1,BaBJPat2mg/ml;2,ShBJP2mg/ml;3,HaB.IP2mg/ml;4,

KoBJP0.2mg/mlj5,YoBJPC.2mg/ml;6,PrBJPC.2mg/ml;Fr.2,0.2mgﾉml;Fr.

3,0.1mg/ml.(c)DoublediffusionpatternsofFr.2,Fr.3andother8differentL-type

BJPsagainstanti-Fr.3serum.Centerwellscontainanti-RF.3serumandtheotherwells

contain;1,Yo;2,Ko;3,As;4,Pr;5,To;6,Ba;7,Sh;8,HaBJP,0.2mg/mlof

each;Fr.2,02mg/ml;Fr3,01mg/m1.
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Tablel．MolecularweightofFr，2and3estimatedbythinlayergel-filtration

onSephadexG-75orlOOsuperfine.

Gel ’
Molecular

weight
Sample Buffer

’Fr.2

０
０

０
５
５
０
５
５
５
５
５
５
５

１
７
７
１
７
７
７
７
７
７
７

－
一
一
一
一
一
一
一
一
一
一

Ｇ
Ｇ
Ｇ
Ｇ
Ｇ
Ｇ
Ｇ
Ｇ
Ｇ
Ｇ
Ｇ

PBS

PBS

1Mpropionicacid

PBS

PBS

1Mpropionicacid

O､5Maceticacid

30mMcitrate,pH3．5

30mMborate,pH9.3

30mMborate,pH10.1

30mMborate,pH11．0

45,000士1,000

45,000

45,000

23,000

21,000=2,000

11,500r1,500

9,000

18,500EE500

26,000

26,000

22,000

Fr.3

一－

Fr.3,however,showedthevalueof21,500inPBS(pH7.0)andll,500inlM

propionicacidorO､5Maceticacid.Therefore,itwassuggestedthatFr､3waspresent

asdimerfOrmofasubunitwhichhasahalfmolecularweightofルchain,inPBS(pH

7.0)anddissociatesintothesubunitswithmolecularweightofll,500in"dissociating"

solvent,suchaslMpropionicacidorO､5･Maceticacid.ThedissociationofFr.3

intoitssubunitswasnotoccurredintheotherbuffersofpH3.5tollexaminedby

thinlayergel-filtration.

(3)ImmunologicalanalysisofFr,2and3

ArelationshipbetweenFr.2and3wasalsoelucidatedinantigenicproperties.

Fig.7(a)showedadoublediffusionprecipitationpatternsofFr､2and3testedwith

anti-Fr.2.Fr､2formedspuroverFr､3,indicatingthatFr.3wasantigenicallydeficient

comparedwithFr.2.However,whentheanti-Fr.2serumwasabsorbedwithheterolo-

gousL-typeBenceJOnesproteins,thespurofFr,2overFr､3wasnolongerobserved

butthetwoproteinsformedafusedline.Thesefactssuggestedthattheantigenical

deficiencyofFr､3wasduetothelackoftheantigenicdeterminantsofthe･.common''

partofス-Chain・Theanti-Fr､2serumused,however,reactedwithonlytwoheterolog-

ousBenceJbnesproteinsoutofsixexamined,fonningfeebleprecipitationlineand

withtheotherproteinsdidnotformprecipitationline(Fig7(b))．Withanti-Fr､3

serum,Fr.2andFr､3showedanidenticalline,indicatingthatthetwoproteinshave

the.4common''antigenicdeterminants6Theanti-Fr.3serumdidnotproduceprecipita-

tionlinewith8heterologousBenceJOnesproteinsexamined.

(4)PepademapofryphcdigestofFr､2and3

Fig.8(a)and(b)showedtheschematicdiagramsofpeptidemapsoftrypticdigest

ofpe㎡ormicacid-oxidizedFr､2and3．Somepeptides(spotsl,3,4,5,6,8,10,11,17)were
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踊9.8．Peptidemapanalysisoftrypticdigestsofperformicacid-oxidizedFr.2and3.

(a)

(＋）

(b)

(＋）

(ウ

Electrophoresis （一）

Electrophoresis （－）

Paperchromatographyinthefirstdimensionwasperformedwithbutand-aceticacid-

water(4:185).ElectroPhoresiswascarriedoutintheseccnddimensioninpyridine-acetic

acidFwater(1810:289)atpH3．5andavoltagegradientof50V/cmfor50min．(a),
peptidemapofFr､2.(b),peptidemapofFr､3．

foundinbothmaps.However,themapofFr.31ackedinsomepeptideswhichwere

observedinFr､2．Thepeptidespotsl3,15andl8whichwerefOundinthemapof

Fr､2butnotinFr.3,werealsoseeninalloffOurotherL-typeBenceJbnespro"ns

examined・Thesepeptideswereconsideredtobe"common''peptidesofス-chaininclud-

ingC-terminalpeptidewhichwasidentifiedasspotl5fromcriteriaofthemsition20)d
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(5)AminoacidanalysisofFr.2and3

TheaminoacidcommsitionofFr､2and3werepresentedinTable2・Thetotal

aminoacidresiduesofsubunitchainsofFr.2and3aresupmsedtobe213andlO8,

Table2．Aminoacidcompositionof趾．2and3.

Ⅱ11Ⅱ】U

可fR1P！

－

Lys

His

Arg

CySO3H

Asp

Thr

Ser

Glu

Pro

Gly

Ala

Val

Ileu

Leu

Phe

Tyr

Trp

11.8

2．4

7．7

5.0

12.1

19.6

85.6

19.3

17.2

17.0

16.6

14．3

5．6

15．1

4．4

5．5

4．2

３
－
２
〃
β
２
〃
β
〃
β
処
５
４
０
〃
心
↓
３

２
７
１
６
８
８
８
８
３
７
５
４
９
２
２
２

１
１

５
４
５
３
５
４
９
０
５
７
５
８
２
１
７
５
９

●
●
Ｑ
■
ｃ
■
●
。
●
●
●
●
●
●
●
●
で
。

９
２
０
３
５
１
６
１
８
３
９
８
１
６
１
３
１

１
１
１

８
２
１
３
５
１
６
２
９
３
１
９
１
６
２
４
２

１
１
１
１

’
｜”。｜“．’‘”’

Total

residlleg
105

respectively,fromthemolecularweightobserVedandtheknownsequenceoftheBence

JOnesprotein(Sh)16)．IfsubunitchainofFr.8cOrrespondsto"variable''partofス-chain

ofFr.2,theaminoacidcompositionofCRterminalhalfofス-chainisobtainedby

subtractingthatofFr.3fromthatofFr.2.AsseenintheTable2,Fr､2minusFr､3

wasalmostidenticalwiththeaminoacidcompositionofthe･ccommon''partofルchain

CalculatedfromtheaminoacidsequenceofL-typeBenceJbnesprotein(Sh)decided

byTitanietal.16).

(6)TheN-terminalaminoacidsofFr.2and3

TheN-terminalaminoacidsweredeterminedonFr､2and3&bythemethodof

Sanger・比thfractionsshowednofreeN-terminus,buttraceamountofPhewasfou-

nd:0.026molesofPhe/22,000ofFr､2;0.024/11,000ofFr､3.

DISCUSSION

Fromtheurineofapatient・withmyeloma,twokindsofprotein,Fr､2and3由

wereisolatedbySephadexG-100andDEAE-cenulosechromatography・Thesefractions
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werehomogeneousonagar-electrophoresisandultracentrifugation・Sedimentationco-

efficientswere3.6SfOrFr､2and2.3SforFr.3ataconcentrationoflO.4mg/ml.

MolecularweightofFr.2and3were45,000and21,000,respectivelywhenestimated

onSephadexG-75orG-100thinlayergel-filtrationinneutralpH・Ongel-filtration

inlMpropionicacid,Fr､3wasdissociatedintotwosubunitswithamolecularweight

ofll,000,while･Fr､2showedthesamemolecularweightasinneutralpH・These

resultsindicatedthatFr.2wasastabledimerofス-chainandthatFr.3waspresent

asadimerofthesubunitwithamolecularweightofll,000atpH7､0.

Ouchterlonytestwithratanti-Fr.2serumshowedthatFr､3sharescommonanti-

genicdeterminantswithFr.2butisantigenicallydeficientcomparedwithFr.2．This

antigenicdeficiencywasduetothelackofantigenicdeterminantsderivedfrom"co-

mmon''partofス-chaini.e.C-terminalhalf,sinceanti-Fr.2seraabsorbedwithheter-

ologousL-typeBenceJonesproteinshowedidenticalreactionwithbothFr.2and3.

ThesefindingswerealsosupportedbycomparisonofFr,2withFr､3bymeansof

peptidemaps.Furthermore,aminoacidanalysisclearlydemonstratedthatFr､31acks

inC-terminalhalfofルchain.

Onthebasisofthesedata,itwasconcludedthatFr.3wasthefragmentprotein

derivedfromN-terminalhalfofFr.2andthatatneutralpH,Fr､3existedindimer

formofN-terminalhalfmoleculebutinmonomerforminlMpropionicacidorO.5
Maceticacid.

ThefactthatFr､2and3hadnofreeN-terminuswascompatiblewiththefinding

byHoodetal.'7)thatN-terminusofス-chainismosdypyrrolid-2-one-5-carlmxylic
acid.

Asmentionedabove,Fr.3hadthecharacteristicpropertythatitwaspresentin

dimerformofsubunitsatneutralpHbutmonomerforminlMpropionicacid・In

thepreviouspapers,thesamepropertiesofBenceJOnesproteinweredescribed5-7)●

TanandEpsteinreportedthatthefragmentderivedfromN-terminalhalfofK-type

BenceJOnesproteinhadthesedimentationcoefficientofl.9SatpH8.0butl・OSin

1Mpropionicacid・ThefragmentproteindescribedbyKozuruwasdemonstratedto

beN-terminalhalfofK-typeBenceJbnesproteinandhadahalfmolecularweight

ofL-chainmonomerinlMaceticacid,thoughmolecularsizeofthefragmentat

neutralpHwasnotdescribed.Baglionietal.observedthedissociationofthefragment

proteini.e・dimerofN-terminalhalf,intoitssubunitsatpHabove9､8．Fr.3,howe-

ver,didnotdissociateatalkalinepH.

Generally,BenceJOnesproteinexistsindimerformofL-chainexceptforstable

"-chainmonomer・WhentwokindsofBenceJonesproteinmonomerobtainedbyredu-

ctionwith2-mercaptoethanolaremixed,preferentialdimerizationofhomologousBence

JOnesproteinmonomerisobservedbutdimerizationbetweenheterologousBenceJOnes

proteinmonomersisneverobserved'8)・Insuchpreferentialdimerizationofhomolog-

ousL-chain,theinteractionbynon-covalentlmndbetweenhomologousL-chaininthe

moietyofvariablepartmayplayanimportantrole,becauseitappearsthatN-termi-

nalhalfmoleculehasatendencytoformdimeratneutralpH.
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Astotheoriginofthefragmentprotein,wehavenoreliableinformationat

present.Itisanattractivehypothesisthatthefragmentproteinisabiosyntheticunit

andaprecursoroftheL-chain.Theotherpossibilityisthatthefragmentisabreak-

downproduct2)．Recently,CioliandBaglioni'9)demonstratedthatsomefragment

proteinscouldbeconsideredtobeproductsofcatabolismofBenceJOnesproteindimer

duringexcretionthroughthekidneyandthatthisbreakdowndidnotoccurinthe

serumorurineofthepatientwhoexcretedthefragment.

Itisaninterestingproblemtostudywhatisthemechanismofthespecificcleav-

ageofpeptidebondatmiddlepointofL-chain.WhenthecrudeBenceJOnesprotein

(Fu)andFr.2wereincubatedinPBS(pH7.0)at4Cfor38and36days,respectiv-

ely,partialconversionofthemintoFr.3occurredandwasdetectedbyagar-electroph-

oresis(Fig.4).ThisobservationsuggestedthatFr､3occurredbysomeenzymaticdeav-

ageofFr.2．Inourpreliminaryexperiment,however,wecouldnotobtainthefragment

correspondingtoFr.3byenzymaticdigestionofFr.2withanyoftrypsin,chymotrypsin,

pepsin,papain,pronaseandNagarse.
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