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Abstl・aet  

A phorbolester tumcrr promoterI〔3H］12－0一抽radecanoylphorbol－13－aCetate  
（〔3H；TPA）boundspecifically andwithh堵haffinitytooneclaBSOfsaturable  

bindingsitesincrudemitochondrialfractionfromr8tliver・Thedissoc融8n  

co∫lStantWaSl．4nM．Atsaturation．6，9pmolof〔3H〕TPA were boundpermg  

protein．Compセtition experimentsshoweddisplacementof〔3H〕TPAbyODC  

inducing phorbQlesters（TPA＞4P－Phorbol－12，13－didecanoate＞phDrbol－12．13－  
diben2mate）incrudemitochorLdrialrractiDn．4a－Phorbol，4P－phorbol，4a－PhorbDl－  

12，13－didee8nUaもe and phorbol－12．13－diacetate，phorbolesters devoid ofODC  

i。d、11血。n九adnoeffectonbinding．Sp鰐ific〔孟H〕TPAblndingwas由nBitiveto  

heat．These datasuggestthatOL）Cinductionc＞fphorbolestersin ratliveri8  

mediatedbythisbindingacもivltyandthatbindingactivltyCOrreSpOnd6tOpborbol  

ester targetin mou盲e Skininvolvedin tumor promotion・Specific〔3H〕T王⊃A  

bindingwasnotinhibitedbynonphorboIpmmcters，i・e・．Phenobarbital（2mM）．  
e武radiol（2mM）anddeoxycholioacid（2鱒M）．Th8SeagentSthu6apPeartOaCt  

ata targetdistinctfrom that ofphorboIe5terS，  

仁1asB Orも11TnOr Pr（）mOterSまsthatof12－0－t白けa－  

decanoylphorbol－13－aCetate（TPA）andascries  

orstnlCt11‡・ally r如もed phロrbolesters．Or this  

cla＄S．■r上｝Ais the most active．  

1t ha＄beenindicate（1Lh且t phorbQlesterscan  

promotetumo、rSinmou軸1iv甜6・7・8・15〕▲ Tf〉A  

has been shown toindt］ee Ornithin臼 decarbo－  

Ⅹylase（ODC．L－Ornithinecarboxy－1ya8e；E．C．  

4．1．1．17）activityinTnOuSCandratliverl・粗  

抽2n）． Reeently，We have observed且 Clbsモ 

lntTOdじCtiotI  

Tumor promoters are8g8n値Which．扇tho・  

uthin もhem8elves れeither carcinogenic nor  

nl山agenic，greatlyaccelerate山noroutgrowth  

in animals previousユy expose（1to a subthre 

最10i（】do6e Or a CarGinogenZ・】G・17119）・ The  

phenomemqn uf tumor promotion haぢ been  

invesLlgatedin mo6t det8．ilin mouse skin  

8y8tenl18・19）Intbat system，輔e mosL potent  
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qu駐ntitativQ相rrelation be抽¢8n血e BtrlユCtⅦre＿  

acti閏tyrequlr＆ment8forinducti｛）n Of ODCin  

r虫tliveナノand tumor－prOmOtlng aCtivity or  

pborb（）1es臨rsin mo11Se8虹n、Ⅰ4）．   

Th8preSente貫periment8Wer8CarriedpⅥtぬ  

demonstr且もe and characteri訟印edficbinding  

Of phて）rbolesters to partieuユate町epara血ns  

from raも1iver．  

Materi乱188nd鳳Ietbods  

Pど8par自伝0n′Of par翫ulate rractlons：Liv8路  

fro∬1］椚個1e WisもaトImamichir8tS．（200－2さOg）  

Wer8homogenizedin50 mM Tris・HCI（pH  

7・4，40C）withaPotter－Ⅲvebjemhomogenizer，  

Nuelei，Crude mitロChondria，and microsome  

たaetipnswere obt8inedbycentdfllgationfor、5  

min at甜0Ⅹg8t40C，20min aし9，8如Ⅹgat  

4やC，and60min atlOO，080Ⅹgat4■C．re畠peC－  

tiveユy，   

Binding8S8ay：Fof、the saもuration studi鱒㍉  

58〟g（）fprotein rrom the p8rtie111且te fracti一⊃n  

Ofliv訂WaSSⅥSpendediT1940月l（）∫BSA・Tris  

（0．4％bovine serum且1bumini1150mM Tri召′・  

HC工，pH7．4）．5〟lofethanc，1ahd5山揖48Q  

nM e地色nolic TPA were 且dded t（〕delermine  

拍talandnonspeciricbindi鴫respectively．Then  

thisis短1lowedbythe且dditionofO．2－40pmol  

〔3H〕TPÅin5直of ethanol．恥r phorbol  

閻ter C8mpetition stⅥdi聴S．50 〟嘗 Of ごru血  

mito¢hondrialfra℃tまon was a′dded8nly a触r  

dilutioTlOf2nM of r且di8且Ctive Tf】A8nd vari－  

OuS e抽Centrationsofnonr且dioactivecompモtl－  

t⊂■rSin940／Jユof BSA・Tris．Incub且tiorlWaS  

Carded Q尤t fQr20 miれ自t37dCirlEpp¢托如ヒr  

minivials．a†ter whidlthe su5penSions w町e  

quiQklyfil七色redthT一っughWhatmanGF／Ffilter＄  

and rapidly washed twiee wi址1m‘oracetone  

at－20aC．The r皿eT area包Were Clユt8Way，  

pla伐diロa dra11gbt】1nder a hood to remov息  

residualac¢tOne庄nd，after standil噌払r24hr  

iI11m～ of NCS Solubili名er′radioactivityirl  

each sample was mea＄uredl）y瓜dd山qn of川  

mioftol11ene SCinti氾ationfl11id．TheばO11nting  

efriciency r且nged rrom 37－43軌 Specific  

binding r叩reSentSthedifferencebやtWeen擁環1  
and n9nSpeCifi¢bindirlgS．   

アrotein determination：The prQtein ∽n－  
Centr且tion of the mouse skiT】eXtraCtS／W且S  

mea＄ured by the metI10d（〕fI瓜WRY et81、＝  

W山hbovineserumalbumin芦S紙and且rd．   

R相即ntS：鮎昭en惚used8nd仏eir8011reeS  

Were：4（f－pムorbol，4β－phorbol▲4（トph（）rbbト12．  

13－didecarl口裏e． ph（汀boト12．13－di且Ceねte，  

phのrl〇01－12，13Tdibenz8ate．4β－p加rbol－12．13－  

didec血nOat8， 12－0一庚tradecan、0、ylphⅢrbol－13－  

aeetate（TPA）．a】ld br）VineSerum albulnin  

（Sigma）：p血合nOb8rbiたalsodium．e5tradio】，  

aユId d¢0ⅩyCholi仁aCid（WakQ）；〔甜3け】TPA  

匝p8CifiG aCtivity，6．5Ci／mmol；New Eng18nd  

N－jCle即）：NCSS81ubilizer（Amersb8m）．  

Re且ults  

To examine the E；ub、Cellular distribution of  

speciric〔5H〕TPA binding，ratliverwasho－  

mDg8nized且血fracti（｝natedinto4parts（nuel吐，  
Crude mitochondria，microsome亭 and cyto－  

pla8m）by difrerent′Centrifllgation．A昌 de－  

SCribedln“入4ムヒerials己nd Metユ10d5■’，Spe℃1fiぢ  

〔3H〕TPA binding was deteTmined as．th稔  
differeneein〔ヨH〕TPAbindingintheabsence  

（total（3H〕TpA bindi叩）and pr閃enCe  
（norlSPeCifi亡〔3H〕TPA binding）or alarge  

モX、C¢SS（400nM）or nonradio泳etive TPA－ As  

shownin T且b181，SpeCific〔5H〕TP′Åbinding  
OfcrⅧde mltOChondrialfractiこ皿S Werehigbe5t  

in5parts（hom〔）genate，nuぢ1ei，Crude mito－  
chondria，Inicrosomes and亡yt【）plasm）．   

As shownin Fig．1．totaland n〔〉nSpeCifi〔：  
biTldinglnCrude mitochQndrialrra℃tion8WeTe  
depemknt on the concentrations withlrlthe  

ra【1gを Or O一別 nM． NorlSP8Ciric〔里〕TPA  
bindiT】g Wa眉1inear．  

1n Fi官．2．叩eeific〔触り TPA bindingin－  
Cre詮Sピd（lose－（1印印dentlyin thモrange OrO－10  

nM．and re8CIleda platea110VerlOnM（7．6nM  
offree L3＝〕TPA）＼Thisbindlngaotivity was  

－ 2 ≠   
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Tablel．Subcellnlardlstributionローspecific〔3H〕でPAもindinginratliver  
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Specincbhdlng（pmol／mgpro毎払）  
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Hこ〉mOgenate  

N11Clei  

CI】ude mitochondria  

hlicrosomes  

Cytoplasrn  

Fractionati（〕n WaS Carried out as describedin“Materials and  
Methods”．The5parts wereinc11bakdin duplicat白With2nM  
【3H〕TPA，L4OOnMnonradioactiveTPAandprocessedasdescribed  
in‖M息teri且1s and Mゼthods．り工ht且istaken from one experiment．  
A second¢Ⅹperiment gave similar results．  
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1【〕  

Free〔3H〕TPAこ血1j   

Fig．2．Speciric binding o！（3川TPA to the  
crude miもochondrialfraction rrom rat  
liver．Specific〔3H〕でPA bindingwere  
calclユ1ated as des虻ribedirl■■Materials  
and Methods”．Each pointi5themean  
±S．E，M．Qfsixdetゼr汀1inationswith－  

in占Lミingle experimerlt．   

rinity binding with a dissOCiati（）n COnSt且nt  

XD Orl．4rlれ1and alTlaXim且1bindlng site  

concentration RT Of6．9pmoITPA bound per  

m冨prOtein．   

Specjficityursp督Ciric〔3用TpAbinding was  

tested by incubation of crude mitochondrial 

fractionsin the presenc（きOJa half【Saturating  

amount of〔3H】TPA and variou白COnCentra－  

tions Df phorbolester c〔川npetitor．As shown  

in 上一’ig．4，Lhe 3 tumor pn）m（〕tir噂 phorbol  

eβもers，TlコA．4ノヲーph（汀boト12，13－didecanoate  

（4β－PDD）．and phorboト12，13－dibenzoate  

（PT〕f3），alユinhibited specific〔3H〕TPA bindL  

ing；tlle SIopes of their丑ibition LluI’ve・S Were   

し・3H〕TPAこ血Ⅰ）  

Fig．l．昌inding o土■〔3H〕TPAin ratliver．  
Totalbinding（0）and nonspecific  
bin（1in嘗（●）or〔3HJTf】A to erude  
mitochondrial rracciく）n Were de－  
由rmirled as de5Cribedin“Maもerials  
aTld Methods’’，Ea止pointis the mean  

±S．E．M．ofsIxdeもermiユIatiこ〉nS With＿  
in a si一昭1eexperimer】t．   

destroyed by boiling for 5Ⅰ－1in（d8te nOt  

S′hown）．   

Scatc上1ardplotofspecifict3H〕TPA binding  

was obt且ined from the experimentsin Fig．2．  

In Fig．3，Scatchard plot revealed high 自f－  

－ 3  
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T8bl8乳Effeet8、ロrnOnph即bolpromotersonspecific〔3日〕Tp′A  
bindinglnCrlldemitocbondrialfraetion白  

Addit如s  Specificbinding（pmd／mgprotein）  

None  

Pll即噂b8rbital（2mM）  

Estradioユ（2mM）  

Deoxycb81i亡acid（2mM）  

2．31±p．36  

2．45±0．0β  

2．槌±0．16  

2．33±0．23  

BiLldi噌aSSayWereCarriedoutasdescribedin“Materials且nd  
Metbod8け・Eaeh叩mp叩血wasteβkdinthree′SeP色相te轡準peri－  
ment£Withfourdeterminationspercompoundper餌Periment，  
ValuesaTem服n±S．E．M．fortheSelwelvedeterf出血雨わ隠  
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Coll托ntrationト1ugM）   

Fig．、4．Dose－reST〉OnSe仁urYeSrOrぬeinhibltit）n  
of BpeCif■ic rヨH〕TPA b主nding by  
non陀dioactiyephurbolest軒S．Bhding  
良策p巳ri汀1ent芦 W弓re Carried oulaぢ de－  
scrlt）e【1irl‘－Materials氏nd Meth－⊃ds、¶itl  

the pr七SenCe Of2nM〔5日ITPA aれd  
抽e indie昆ted e〔）nCenもratio托S Or  
nonradio8Ctiveph¢rb点18＄‡er8．Speeific  
bir】dinFinthepresenc日日f仁1増血Onr由dio－  
active phorbolestersw託SeXpナ関Sed′aS  
8fraction ofthetotalspeci技cbiTlding  
determined fprea℃hexperimenh Each  
poi山repres8n七日the口1e記n±S．軋M・Of  
six separaも8eズ、perlmモnt5Wi蝕tripli－  
cat（ヨ（一山ゼrlninations at each c8nぢeiltra－  

tionin each experimeJlt．4d－phorbol  
（▲）；4ノぎーphorも01（■）；4（トPT）Ⅰ〕（▽）；  

PDA〔△）；PDl∋（r」）；4β・Pl〕D（●＝  
でPA（0〉一  

り 4 b れ  

Bolmd〔′3H三TPA（：pmolノmgprot細山  

Fig．3．S亡atdlard plot or specifi【】binding of  
〔′8HITPA． Datais taken frこ〉m the  
expeTiment血DWnin Fig．2．  

similar．NDinhibitiひn WaS Observたd for the  

non－t11mQ∫ prOmQtlng phorbolest即S，4α－  

pI10rbol． 4β－phorbol， 4α－pborbol－12．13－  

didecaれOate（抽一PI）D），and phorbQト12，18－  

di8Cetate（PロAう．   

Effe8tS Df nonphorbolprc＝TlOね用On SPeCiric  

〔3H〕曾pAbindingwer臼eXamirled．InTabン1eg，  

島野亡iric〔白H〕TPA binding was notinhibit8d  

by phenめarbi‡点1（2mM），eBもー＆diol（2mM），  

and d印ⅩyCholic acid（2mM），the three闊m－  

pou点dskm8WnaSlivertumorprom8terS．  

1’h¢1上ね仁Ⅷ1ues of variollS phurbolesters  

一 4 一   
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TAblc3，Comparisonofspecific〔3H〕TPAbindinginhibitioTl  
and O工）CinductioninratliverbyphcLrbolesters  
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50潜心in〔linginhibjtiona）  oDC邑etivltyb）  
（nルt）  （nmoIC（）2／30rrlin／gliver）  

Treatment  
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Vehicle  

4（∠－phorbo1  

4β－Phorbo1  

4【王＿PDD  

P口A  

Pl〕、B  

岬－PDD  

TPA  

仇35±0，05  

n．39±n．06  

D．43±n．16  

0．48±0．25  

0．91±0．57  

4．61±1．13＊  

10．75±1．03♯  

14．67±0．42＊  

a）百0％birldingirlhibitiorlWaSObt8inedfroHltheresults口fFig．4．  
b）lndl】（】tionofO】⊃Cwasth日払ctiviLyしested（行DmRef．14）  
♯1）く0．ロ01versllS Ve上ユicle：N．ⅠりN（つinhibition  

∫or sp鰐ific〔3川TPA bindingwerecompared  

with ratliver Or）C ac信vILy thatwedetermin8d  

previnusly．1n でable 3，theID5n Values of  

Variou6 phoTも01esters cc・rrelaLed well扇trl  

thejT ODCinductive E）bility jn raLliver．  

nis仙SSion  

W9 determined thc subcelユular distribution  

ofspecific r3HJTPA bindingちO eXamine the  

eellularsites ofactionorphdrboユestersinT・aL  

liver．Specific t3H〕TPA binding or crude  

mitocll【Hlし山8】r用Ctlonswere上Iigh鴨tln5p且rtS  

（homc留enate，nl】仁1ej．crude rIlit（〉dⅥJndI■ia，  

micro冒OmeS and cytopla占m）， Tt has been  

demonstrated もhat specific binding sites f（〕r  

〔3HJTPA existin the ratliver．   

Speciricし3一日TPA binding ofcru由 mi佃－  

ch9ndrialfractionsincr巳aSeddosかdcpcndently  

irlthe rar唱eO＝ト10nh′1，and r由紀h融＝＝直射鹿川  

OVerlO nM．This binding was sensitive to  

h由t．As Scatchard pユot on this binding re－  

yeal単t11jne月r r■egI’やSぶion，iL has t）een SuggeHte【王  

that thiホ バpeCiFi【二【3H〕「rPA binding tlaH a  

51nglF binding site．   

Speclfic〔3H〕TPA binding of crude nlito－  

chondrial行acti〔〉nSin the presence ofah81f  

saturating amoullt Of〔3H二TPA wasinhibi七ed  

bytumor－pTOmOtirlgPhorbolesterE，（TPA＜4β－  

Pl）0くPDB）． The non－tu汀10r prOmOting  

phorboユ esters（摘－phorbol．叫－pborboユ．摘一  

PI〕l）．Pl）A）had no err帥t On this binding．  

We have already demanstrated that there is a 

Close quantitative correlation b′etWeen もumor－  

promoting abilityin skin by ph⊂〉rbolesters  

鋸Id their abiliもy or ODC 止ducti（）nin rat  

liverl射．Thisexperimenthasalsodemon＄trated  

thatい1ereis a clear rlOI・T・ビ1ation between com－  

petition fこ）r TPA binding sites by variou卓  

phol、bf1le釦ers and血eir al吊ity of ODCindu〔ト  

tioninliver．From this result，it has been  

Sug那Sted that atlef［St theinduction of ODC  

t）y Ph（）rt）01estersis rTledititedthrough binし1ing  

もO the receptor detectod withし＝iII〕TPA．  

1t has been shown that phenobarbiしa】10・13）  

estradio14・川）且nd deoxycholic acid5）b且Ve the  

promotlng abilityim hepatocarcinpgenesis．  

Since speciflc〔3H〕T壬）A bin■iing was mot  

inhibited by らheseliver tumor promotefs，  

the8e agentg aPpear tO aCt at a target dlstinct  

l■Ⅰ◆りm th飢r〕f ph以■bole盲もerS．   

Microtubule－COntainiIlg StruCtureS may  

COnStitute a generalme亡hanism ror thc traflS－  

mission of slgnals gcneratcd at the plasma  

membranein七O theinとerior of the cellwhere  

these飢gnalseffect（つ¶geneeXpreSSioTl12）．As  

Cく〉1（血i（】inヒ， rrlic川Lul）tjle－（1isruptlng agentS．   
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inhib主ted significantly theinか面的n of rat  

liv七r OI〕C by Tf’Å．itis suggest¢d that th℃  

fir8taC山IgSit80rTPAisth8mβmbfanやDrrat  

liver川．F辻r組8rStlヱdies conc餌nlng the cpn－  

sLitlユeIl臨in the 仁rude mit8ぬdndri且1fracti（〕n  

むfr且tliv即註r瞥Currently bei11g Carried馴止  
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ラット肝臓における発癌プロモーター  

である PhorboIEsters の  

Specific Binding  

佐藤栄輝・清水祥夫・出村俊二  
帯広畜産大学獣医学科家畜薬理学教案  

（北海道帯広市稲田町）  

駒 井  亨  
三共株式会社分析代謝研究所  
（東京都品川区広町12－58）  

摘  要  

ラット肝臓の細脚下画分 （Nuclゼi， Cru〔k  

Mitochondria，Microsome＄およぴCytoplasin）  

において，発癌プロモーターである ［3iiJ12－ロー  

Tctradecanoylphorbol－13LAcetate（〔3H〕TPA）  

のSpet】iric王；indingについて廠討Lた。   

こ3H】TPA の Specific 貢inding は Cfude  

h′1ito（加】nし1ria 画分に多かった。以下，この阿分に  

ついて実験を行った。DissociationConstant（KD）  

は1．4正Mで，MaximalBinding Site C〔〉nCen・  

tration（RT）は6．9pmdUmg pr（〕kinであった。  

〔二†‖〕TPAのSpe－二iFi－：Binく1i－1gは肝臓のオルニ  

テン脱旗酸酵素（OL）C）を誘導する非標識のPhorboI  

Es仁紆S：でPA，叩－Phorbol－12，13－Dide℃anOate  

（4β→PDD）およぴ Phorbol－12，13－1〕ibenzo8上官  

（PDB）により抑制された（TPA＞4β－PDD＞PDB）。  

それらの王inding抑制率とODC誘導能とは良く対  

応したpこのBindingは0Ⅰ〕Cを誘導しねいPhorboI  

Est打S：4（ゴーPhorbol，4β一Phof，bol．4（㌶一Phorbol－  

12，13－Did即anOate（4（叉－PDD）およぴP王10rbol  

12，1み1〕iarフピーaしe（上JUA）により抑制きれなかった。   

以卜の成績から．Ph⊂げbol耳ster・β には肝城に  

Specific Bindi】lg か存在すること．さらにこの  

SiLeへのBi11dingを介してODCが誘導されるこ  

とが示唆される。  

〔3H〕TfÅのSpeciricI〕indingは月十発癌プロモ  

ーター＝Phenob白rbital，Estradiolおよぴ De－  

0ⅩyCholic Acidによって抑制されなかった。これら  

の発病プT」モーター（まPh〔）rt－01IIster㍍のBindirIg   
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Site′と異なったS董teに作用すると推察される。   

帝大研報I，15（19拷7）：栂～弧   
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