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                         ABBREV工AT工ONS

RSV． Rous  sarcoma  virus， DME／F12，  1 to 1 mixture of  Du1becco，s

modified Eag1e，s medi㎜and Ham，s F12medi㎜supp1emented with15㎜

HEPES （N－2－hyd．roxyethy1piperazine－N，一ethanesu1fonic acid〕、 1．2 mg／m1

NaHC0    100  u／m1 penici11in G and O．1 mg／m1 streptomycin  su1fate，
     3’

FCS，  feta1 ca1f serum3  PBS， Du］一becco，s phosphate－buffered  sa1ine

（・・1・7・…1・・…㎜・・1・・…㎜・・。…。・i…㎜・・。・・。…

7．2），  HBS．  HEPES－buffered sa1ine ｛10 mM HEPES－NaOH buffer ｛PH 7・2）

・㎝t・i・i・9137㎜胴C1・5mMKC1・O・01㎜C・C12・・d0・005㎜MgC12）1

BRL． an  epithe1ia．1  ce11  1ine estab1ished from 1iver ce11s  o二E  a

Buffa1o rat，RSV－BRL’BRL ce11s transformed by RSV，SDS．sodi㎜

dodecy1 su1fate
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                           SU㎜WARY

［I  Com arison of BRL and RSV－Transformed BRL Ce11s

    The epithe1ia1 ce11 1ine BRL． which was estab1ished from 1iver

ce11s of a n◎rma1 Buffa1o ra．t， was transformed by infection of Rous

sarcoma－ virus （RSV〕． The RSV－transformed ce11s （RSV－BRL） showed  a

variety of chara．cteristics compared to the parent BRL ce11s， such as

tumorigenicity． anchorage－independent growth and a1tered m◎rphorogy．

The  ana1ysis of ce11u1ar proteins by two－d．imensiona1 po1yacry1amide

ge1  e1ectrophoresis revea1ed the RSV－tra．nsformation  had  decreased

セhe  amounts of at 1east 13 proteins and increased those of at 1ease

16 proteins． The changes in proteins species  were more marked with

nuc1ear  proteins  tha－n  with  セ。ta1  ce11u1ar  proteins． When  the

expressi㎝ of RSV proteins in RSV－BRL ce11s was i㎜㎜o1ogica11y

ana1yzed，  Pr7692旦  （precursor of interna1 structura1 proteins） was

detecセab1e．  but ◎ther vira1 proteins inc1uding the oncogene product

   V■SrC（p60    ） was not evident．

［ユエ］ Transformed  Ce11－S ecific Growth 工nhibitor （s－TG工） in  Norma1

Rabbit Serum

    Gr◎wth  inhibitory  factors  were surveyed in sera  of  various

kinds  of anima1s using BR工1and RSV－BRL ce11s as the  tarqet  ce11s

Amonq sera of feta1 ca1f．  ca1f．  horse．  rat and rabbit．  rat serum

inhibited the qrowth◎f BRL ce11s more strong1y than that ◎f RSV－BRL

ce11s． whereas  rabbi七 serum inhibited the qrowth of RSV－BRL  ce11s

more  sセrong1y tha－n that of BRL ce11s  工he RSV－BRL－specific  growth

inhibi亡。r  （serum－derived．transf◎rmed ce11 growth inhibitor．  s－TGI〕

in rabbiセser㎜was studied extensive1y．工t existed as protein

［1］



c◎mp1exes with 150－300k and pIs of about 5 and 6．5 in the serum． エn

the  presence of 1 M NaC1 and 6 M urea．  it was dissociated into two

active components with an apparent M  of 1ower than 1．3k and with p工                                  r

7．5 and p工 9．5， respecセive1y． 工■he 1ow M  growth inhibitors did not                                       r

pass  セhrough dia1ysis membrane with M  cutoff of about  10k． s－TG工                                    r

activity   was   precipita．ted   by   incubation   with   anti－rabbit

i㎜㎜og1obu1ins （工gA＋IgG＋工g剛but not with anti－rabbit工gG

suggesti㎎ that s－TG工might be bo㎜d to i㎜㎜og1obu1in（工gA or工gM

or boセh）． s－TG工 was purified to homogeneity from norma1 rabbit serum

by anion－exchange chromatography on DEAE－Toyopear1 650M．  adsorption

t◎  Amicon Diaf1o YM5 membrane． mo1ecu1ar－sieve  chromatoqraphy  on

Ce11u1ofine  GCL－300－m  and  reverse－phase high  performance  1iquid

chromatography  ｛reverse－phase HPLC〕 on a C8 co1umn  （U1tron  N－C8）．

The  purified  s－TG工  showed  a s ing1e band with  M   〈10k  on  SDS－
                                                r

p◎1yacry1amide ge1 e1ectrophoresis． 工t showed 50毛 growth inhibition

of  RSV－BRL  ce11s  at about 40 ng／m1． but it hard1y  affected  the

gr◎wth  of BRL ce11s・  s－TG工 was stab1e against treatment with  8  M

urea or 1 M acetic acid一（pH 2．5〕。 but 1abi1e aqainst セreatment with

5 mM DL－diセhioセhreito1 （DTT〕 ◎r 1 mg／m1 trypsin． The growth of B－32

（SV40－transformed  ce11  1ine） and  HSC－3 〔cancer  ce11  1ine〕 wa．s

effective1y inhibited by s－TG工。 whereas three non一七ransf◎rmed  ce11

1ines  （BSC－1．  LLC－RK1． YH－1〕 and HeLa－S3 （cancer ce11 1ine） were

a1most insensitive セ。 the qrowth inhibitor．

工Iユエ］ Two T  es of Growth 工nhibitors Secreted from BRL Ce11s

    工t  was  found  that BRL ce11s secreted  two  types  ◎f  growth

inhibitors  into  cu1セure medium （BRL－conditioned medium）． One  was
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more  inhibitory  for  BRL ce11s  than  RSV－BRL  ce11s  （conditioned

medi㎜一derived n㎝一transformed ce11growth inhibitor，c－NG工〕、and

the  oセher vice versa ｛conditioned－medium－derived  transformed  ce11

gr◎wth  inhibitor．  c－TG工〕．  Both activities of c－NG工 and c－TGI were

s七ab1e aqainst treatment with 1 M acetic acid ｛pH 2．5〕 or 8 M  urea’

and 1abi1e against treatment wi七h 5 mM DTT or 1 mg／m1 trypsin．

     Two  c－NG工s ｛c－NG工一工 and．c－NG工一ユエ〕 were purified to homogeneity

from  BRL－conditioned  medium by mo1ecu1ar－sieve  chromatography  on

Ce11u1ofine  GCL－300－m in the presence of 1 M acetic acid ｛pH  2．5）、

ani◎n－exchange chromatography on DEAE－Toyopear1 650M in the presence

of 6 ㎜urea a－nd reverse－phase HPLC on a C18 co1umn （TSKqe1 LS－410K）．

c－NG工一工 had a M  of 53k． and c－NG工一ユエ had a M  of 20k as ana1yzed by
               r                              r

SDS－po1yacry1amide ge1 e1ectroph◎resis． c－NG工s effective1y inhibiセed．

the growth of BRL ce11s at 10－20 ng／m1， but hard．1y that of  RSV－BRL

ce11s   Among six other ce11 1ine tesセed． HSC－3 ce11s were sensitive

to c－NG工一工。  and HSC－3．  LLC－RK1 and B－32 ce11s were sensitive to c－

NGI一工工．

     ’工wo   c－TG工s  were  purified  from  BRL－cond．iセioned  medium  by

mo1ecu1ar－sieve chr◎matography on Toyopear1 HW55C in the presence of

1 M acetic a．cid and 6 M urea． mo1ecu1ar－sieve chromatography on the

same  co1umn in the presence of 0．5 M acetic acid and 6 M  urea  and

reverse－phase HPLC on u1tron N－C8．  B◎th c－TG工s showed a sing1e band

with   M   〈10k  on  SDS－po1yacry1amide  ge1  e1ectrophoresis．  The        r

chromat◎qraphic  and e1ectrophoretic behav■ors of  c－TGIs  suggested

that  they  were identica1 or c1ose1y re1ated to s－TG工  from  rabbit

serum． Both  c－TG工s  inhibited the growth of RSV－BRL ce11s  at  1－6

【3］



ng／m1． but  hard1y that of BRL ce11s． Among six ce11 1ines セested．

the  growth of HSC－3 and LLC－RK1 ce11s were significant1y  inhibited

by both c－TGI s．
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                           工NTRODUCT工ON

     There  is  increasing evidence which supports  the  possibi1ity

that the pro1iferati㎝of ma㎜a1ian ce11s is aセ1east in parセ

。◎ntr◎11ed by the tw◎ gr◎ups of protein facto二rs． qrowセh－stimu1atinq

factors  ｛growth  fact◎rs〕  and  qrowth－inhibitinq  factors  （growth

inhibiセ。rs）・ The abn◎rma1 growth of ma．1ignanセ ce11s エ里 vitro or  二旦

viv◎  can be caused by disord．er in the positive contro1 mechanism by

growth  factors  or  in セhe negative  contro1  mechanism  by  qrowth

inhibitors  or  both． Many studies ha－ve sh◎wn that in ce11  cu1ture

ma1ignant  ce11s  have a tendency to grow without  adding  exogenous

qrowth factors t◎ the cu1ture medium un1ike non－ma1iqnant ones．  and

セhat they can produce qrowth factor （1－3）． The production appears at

1east  in parセ responsib1e for the auセ。nomous qrowth of  the  ce11s．

Recent mo1ecu1ar bio1◎gy studies on carcinogenesis have shown  that

some  oncogenes  encode pr◎teins which are structura11y  re1ated  to

growth  facセ。rs  or セheir ce11 surface receptor  proteins，  such  as

p1ate1et－derived  growth  factor （PDGF）  ｛4． 5）。 epiderma1 qrowth

factor   （EGF〕  receptor  （6工。   co1ony－stimu1ating  factor  （CEF－1〕

recepセ。r  ｛7）  or tyrosine－specific protein  kinases  （8．  9）． This

suqgests that the defective qrowth contro1 in ma1iqnant ce11s is due

to  the abn◎rma1 expression of any of the e1ements invo1ved  in  the

norma1 mitoqenic pathway．

     The  negaセive contro1mechanism by growセh inhibitors was  first

prop◎sed  in  the ear1y 1950，s by Weiss 〔10〕． The  inhibitors  were

often  ca11ed  cha1ones   工n the past，  the iso1ation of the  growth

inhibitors  was  n◎t successfu1， セhus the mechanism  has  not  been
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accepセed  so wide1y  as the positive  contro1 mechanism． 目。wever，

d．uring these few years． severa1 七ypes of growth inhibitors different

in  specificity  for  targe七 ce11s have been  h■gh1y  purif■ed  from

severa1  sources．  such as ra。セ 1iver （11〕。  p1ate1ets  （12－14）。  the

condiセioned  media of African qreen monkey kidney ce11 1ine  〔BSC－1〕

（15．  16〕。  mouse  fibrob1as t ce11 1ine ｛Swiss 3T3〕 ｛17）  and  human

rhabdomyosarcoma  ce11  1ine  ｛A673） ｛18．  19〕 and  sera  of  norma1

anima1s （20－22〕．

     Recent1y． we have surveyed g－rowth 二しnhibitors present in norma1

anima1  sera． ’工he  two  ce11  1ines have been main1y  used  as  セhe

indicators， one  is the non－ma1iqnant epithe1ia1 ce11  1ine  （BRL〕、

which was estab1ished．in 1968 from norma1 Buffa1o rat 1iver by Coon

（23〕。 and  the  other is the ma1ignant （tumorous） BRL， wh■ch was

obtained  by  infecting BRL with Rous sarcoma virus （RSV〕  in  vitro

（RSV－BRL〕  （24）． In mon◎1ayer cu1ture’ the growth rate of BRL  and

RSV－BRL  ceユ1s  are  pracセicaユ1y the same and  equa11y  rapid  in  a

cu1セure med．ium containing an appropriate concentration of feta1 ca1f

serum． However． when  subcutaneous1y inj ected into syngeneic  rats

（Buffa1o  rats〕。 RSV－BR工1ce1ユs qrew forminq tumor （ma1iqnant）、 but

BRL ce11s did n◎t （non－ma1ignant）． 工n addition． RSV－BRL ce11s showed

the  fo11owinq  characteris七ics， spind．1e－shaped． morpho1ogy． 1oose

interce11u1ar  j unction． growth  in semi－so1id  medium  （anchorage－

independen七 growth）。  1oss of ce11 surface fibronecセinク and e1evated

secretion  of  proteases．  Such  characteristics  have  been  often

observed in various kinds of vira11y transformed ce11s （25－28〕．

     エセ胴s fou耐that蝸七ser㎜lhost anima1〕inhibited the growth
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of  BRL ce11s to a significant1y hiqher extent than セhat of  RSV－BRL

ce11s （24）・  Previous1y， BRL－specific growセh inhibitors were high1y

purified  from  rat seru皿 （29）・ In add■tion，  simi1ar  BRL－specific

growth inhibitors have been found in various tissues of norma1  raセs

and BRL and RSV－BRL ce11s themse1ves （14’ 30）．

     On  the  other hand，  rabbit serum，  in c◎ntrast to rat  serum，

inhibiセed the qrowth of RSV－BRL ce11s more strong1y than that of BRL

ce11s，  suggestinq the exisセence ◎f another type of qrowth inhibitor

（RSV－BRL－specific growth inhibitor） in norma1 rabbit serum ｛24， 31）．

It  was  recent1y found thaヒ the cu1ture medium conditi◎ned  by  BRL

ce11s   showed   b◎th  BRL－specific  and   RSV－BRL－specific   growth

inhibiting  activity．  工n  the  present  study、 ． we  attempted  to

characterize  growth inhibitors present in norma1 rabbit  serum  and

the  c◎nditioned  medium of BRL ce11s． The RSV－BRL－specific  growth

inhibitor was purified to homogeneity from norma1 rabbit  serum． 工t

was  an acid－stab1e protein．  工ts apparent M  was 1ower セhan 1．3k on
                                           r

mo1ecu1ar－sieve chromatography，but it did not pass throuqh dia1ysis

membrane  （M  cutoff： abou七 10，000）． In addition． four  kind．s  of            r

growth inhibitors secreセed from BRL ce11s were successfu11y purified

to homogeneity．  respective1y． Two growth inhibitors with M  53k and                                                          r

M   20k exerted BRL－specific growth inhibition．  whereas the  others r

with  apparent  M   1ower  than  1・3k  did  RSV－BRL－specific  growth                 r

inhibiti◎n 1ike the growth inhibitor purified from rabbit seru．m． The

purification  and  properties of セhese growth  inhibitors．  together

with their possib1e functions． are described in this paper．
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                      MATER工ALS AND METHODS

Ce11 Lines

     The  ce11 1ines used were as fo11ow：  BRL ｛epithe1ia1 ce11 1ine

from  Buffa1o rat 1iver〕’ BSC－1 （epithe1ia1 ce11 1ine from  African

green monkey  kidney）。 LLC－RK1 （epithe1ia1 ce11 1ine  from  rabbiセ

kidney）、 YH－1 （d・ip1◎id－fibrob1ast ce11 1ine from human embryo skin）。

B－32  （SV－40  transformant of YH－1）。 HSC－3 （human  tonque  squamous

carcinoma ce11 1ine〕 and HeLa－S3 （human uterine carcinoma ce11 1ine〕

Ce11 Cu1ture Conditions

     Ce11s  were cu1tured at 370C in a humidified aセmosphere  of  5毛

CO  and 95毛 air． The’basa1medium． DME／F12． consisted of a 1 to 1  2

mixture ◎f Du1becco，s m◎dified Eaq1e l s medium （Gibco． Grand Is1and．

NY〕 a－nd 目am．s F12 medium （Gibco〕 supp1emented wiセh 15 mM HEPES （N－2－

hyd…y・thy1pip・…i・・一N’・・th・・…1f㎝i… i引・1・2㎎／m1N・HC03・

100 U／m1penici11in G and 0．1mg／m1 sセreptomycin su1fate． 工n most

cases．  cu1tures  were supp1emented with 10毛 feta1 ca1f serum  ｛FCS）

（M．A．Bioproducts．Wa1kersvi11e．MD〕．The standard㎝1ture medi㎜

was  desiqna－ted as 1O宅 FCS ＋ DME／F12・ Fa1c◎n p1astic cu1七ure dishes

were purchased from Bect◎n． Dickinson Labware （Oxnard． CA〕・

Transformation ◎f Chicken Embr o Fibrob1asts b  RSV

     Preparation  and  tra－nsformation of  chick  embryo  fibrob1asts

（CEF〕 were performed basica11y by the meth◎d of Rubin  〔32）． Fresh

ferti1e  eggs were purchased from Nisseiken （Tokyo） and incubated aセ

37．C for 1O days・ Chicken embryos were asceptica11y removed from the

incubated egqs and セransfe】＝red into cu1ture dishes． Head． 1imbs and

viscera  were  removed from embryos with two forceps． ’］＝he  back  of
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embryos were washed wiセh Du1becco1s phosphate－buffered sa1ine ｛0，137

M NaC1’  2．68 mM KC1’ 8．10 mM Na HP0   1．47 mM KH PO   pH 7．2〕 （PBS）
                              2  4’         2 4’

and  fine1y  minced  with curved scissors． The  minced  t■ssue was

digested  with 0・25毛 ｛w／v〕 trypsin ｛Difco〕 in PBS at 37oC for  15－30

min．The reaction was teminated by the additi㎝of an equa1vo1㎜e

of  10毛 FCS ＋ DME／F12．  Sing1e ce11s were co11ected by  passinq  the

ce11 suspension thr◎uqh stain1ess stee1 fi1ters with 60 mesh and 150

mesh  and  then centrifuging the fi1trate at 10，000 rpm for 1O  min．

The CEF thus prepared were suspended in 10毛 FCS ＋ DME／F12． p1ated in

cu1セure dishes 16or7100一㎜cu1ture dishes per embryo）and

cu1tured in a CO  incubator．               2

     The  Schmidt－Ruppin strain of RSV was kind1y provided from  Dr・

M．  Yutsudo  〔Research  工nstitute  f◎r  Microbia1  Diseases．  Osaka

University． Osaka〕． To prepare secondary cu1ture of CEF， the primary

cu1tures were harvested by wa．shinq once w■th PBS and then incubating

with  PBS  containing  0．1高  trypsin  and  0．5毛  mM  EDTA  a－t   room

                                    6                 ．

temperature．The harvested ce11s110ce11s）were seededユn60一㎜

cu1ture dishes containing 4m1 of 1O宅 FCS ＋DME／F12， added with 1m1
                        7         ．    ．
of RSV st◎ck so1ution （10  focus form■nq un■t， FFU〕 and 50 μ1 of 0．2

mg／m1 po1ybrene （A1drich，Mi1waukee．Wis．〕、 and incubated ◎vernight．

Morpho1ogica11y  transformed  ce11s  appeared within one  day  after

infection． After most ce11s had been transformed （2 or 3 days after

infecti◎n〕’  the  cu1ture f1uid was harvested everyday and  rep1aced

with fresh medium． The poo1ed cu1ture medium．which contained about
  7
10  FFu／m1 ◎f RSV when the virus titter was assayed by the method of

Rubin  （32）。  was  centrifuged  at 800 x g  for  2  hours，  and  the
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precipitate  of RSV was suspended in a．sma11 vo1ume of fresh cu1ture

medium and stored at －80o C．

Transformation of Rat Liver Ce11s b  RSV

     The  non一七ransformed  epithe1ia1  ce11  1ine． BRL， which  was

origina11y  c1oned from 1iver ce11s of a．norma1 Buffa1o rat by  Coon

（23）。 was  kind1y  provided by Prof． Nishikawa  ｛Kanazawa－ Medica1

University。  工shikawa）． Transf◎rmation  of the rat 1iver ce11s  was

carried．  out  accord－inq  to  the  meセhod． of  Hanafusa   ｛33）  for

tra－nsformati◎n of chicken embryo ce11s with some modifications．  2 x
  6

10 BRL ce11s were seeded in10毛FCS＋DME／F12㎝a60一㎜cu1ture

dish． 工w◎  or  three hours 1ater， when a ma］or part of  ce11s  had

atセached to p1astic surface． the cu1ture medium was sacked up． and 1
                                           7

m1 of fresh medium conta・ining abou七 5x 10 FFU of RSV and  2μg

po1ybrene  wa－s  added． After incubation at 37o C for one  hour．  the

cu1ture  was  added  with 3 m1of fresh medium  c◎ntaininq  2 μg／m1

po1ybrene ar1d further incubated   Cu1ture med．ium was refreshed twice

a  week．  One  week after infection．  the ce11s  were  harvested  by

trypsini zation  and  a  fourth  part  of  the  harvesセed  ce11s  was

transferred to a100一㎜㎝1ture dish When the dish胴s incubated

for 2 weeks．  3 to 5 sma11 foci of morpho1oqica11y transformed ce11s

（RSV－BRL ce11s〕 appeared  The cu1tured ce11s were harvested’ and．a

tenth  parセ  was further transferred to a new cu1ture  dish．  During

another incubation for one week． the number and size of foci of RSV－

BRL ce11s increased appreciab1y． ’工he transf◎rmed ce11s attached  to

su．bstratum 1oose1y  and often pi1ed up． whereas the non－transf◎rmed

】∋RL  ce11s  atセached－firm1y． Transformed ce11s were  detached  from
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cu1ture dishes by gent1e pipetセing．  transferred to another d■sh and

cu．1tured． By  repeating  this  procedure once  again，  a1most  pure

cu1ture of RSV－BRL ce11s was obtained．

     For c1oninq of RSV－BRL ce1ユs．  50 ce11s were seeded in each  of

tw0100一㎜dishes．After10days in cu1ture．15co1㎝ies were
iso1a七ed  from  the dishes and su．bcu1tured   From them  five  c1ones

which  were different from each other in appearance． designated  as

RSV－BRL  1  to 5． were chosen and ma－intained．in  cu1ture． 工n  this

study’ RSV－BRL  c1one  1  was used as  tra－nsformed  ce11s  ｛RSV－BRL

ce11s）．

Pre araセion of Sam 1es for E1ecセro horeセic Ana1 sis

    For   ana1ysis  of  ce11u1ar   proteins  by   tw◎一dimensiona1

                                ．               7
po1yacry1amide  ge1  e1ectrophores■s．  about  1  x  10   ce11s  were

ha－rvesセed  from surface of a cu1ture dish． washed twice wiセh PBS by

centrifugati◎n．  and homogenized with a Poセter－E1vehj em  homogenizer

in a mixture ◎f 8 M urea． 2毛 2－mercaptoethano1 and 2毛 Nonidet P－40．

and centrifuged at 100，000 x g for 1 hour． The resu1ting supernatant

was   added  with  Ampho1ine－carrier  ampho1ytes  （pH  3．5－10〕  ｛LKB

Produkter AB．Bro㎜a）to make a fina1c㎝centrati㎝of1ポw／v〕and

used as Nonidet P－40／2－mercaptoethano1／urea－extracセ  （NP40／2－ME／UREA

extract）．  O．75   mg   protein  was  ana1yzed  by   two－dimensiona1

p◎1yacry1amide qe1 e1ectrophoresis．
                       ．       ．                8
     For  nuc1ear  proteユn  ana1ys■s’ about  1  x  10  ce11s were

harvested fr㎝10100一㎜cu1ture dishes and washedセwice with PBS．

’工he  washed ce11s were suspended in 1O m1 of 1O mM  Tris－HC1  buffer

〔PH  7・5） containing 0・25 M sucrose・  3 mM CaC12・  0・5毛 Tr■ton X■100
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and  1  mM pheny1methy1su1fonyユ f1uoride （PMSF） and stirred  at  4．C

overniqht． This  so1uセion was centrifuqed for 10 min at 1，200 x  g．

The   resu1ting  pe11et  was  washed  with  the  above   buffer   by

centrifugaセi◎n・ The washed pe11et was 1aid on 2m1 of 10mM Tris－HC1

buffer  （pH  7．5）  conta－ining  0．88  M  sucrose．   1  mM  PMSF．  and

centrifuqed  at  1，200 x q for 30 min． The pe11eセwas wa．shed  twice

with the same buffer as above． The washed pe11et was disso1ved in 1

m1of10㎜Tris－HC1buffer（pH7．5）c㎝taining1毛（w／v〕sodi㎜
dodecy1 su1fa。セe ｛SDS）。  1毛 2－mercaptoethano1． and homoqenized with a

P◎tter－E1vehj em  hoInogenizer． The  homogenate  was  centrifuqed  aセ

100’000  x q for 5 hours．  0．45 m1 of the supernatant was mixed with

80 μ1  of Nonidet P－40，  20 μ1 of Ampho1ine－carrier  ampho1ytes  （pH

3．5．10）  and  480 mg of so1id urea．  0．4 mg protein was ana1yzed  by

two－dimensiona1  po1yacry1amide  ge1  e1ectrophoresis  as   11Nuc1ear

protein fraction” （34）．

                                   ．                       6
     For vira1protein ana1ysis withユ㎜㎜o－b1ot七ing．about1x10

ce11s  were  harvested and washed twice with PBS by  centrifugation．

The washed ce11s were suspended in 1m1 of 62．5mM Tris－HC1 buffer

（pH 6．8〕 containing 8 M urea．  1毛 SDS and 2毛 2－mercaptoeセhano1．  and

hom◎genized with a Potセer－E1vehj em homoqenizer． The homogenate  was

centrifuqed  at  100，000  x g for 3 hours．  O．2 mg  protein  of  七he

resu1tinq   supernatanセ  was  ana1yzed  by  SDS－po1yacrylamide   ge1

e1ectrophoresis．

SDS－Po1 acr 1a．mide Ge1 E1ectro horesis

     E1ectrophoresis on a po1yacry1amide ge1 s1ab containing SDS was

carried◎ut by the method of Lae㎜1i135）・工n m◎st cases．a KP工
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e1ectrophoresis  apparatus   （Mode1 E一工E  17－30TR．  Koike  Precision

Instruments， Kawasaki） was used． The separating  ge1 s1ab （240 x 150

x2㎜〕was prepared from a mixture of O．375Hr■s－HC1buffer lpH

8．8〕。  O．1毛 （w／v） SDS． acry1amide with a 1inear gradient from 10 to

20毛 ｛w／v）、 里、旦1－methy1ene－bisacry1amide （B工S〕 with a 1inear gradient

from 0．27 to 0．53毛 （w／v） and ca七a1ysts．  The sセacking ge1 s1ab （20 x

150x2㎜）was prepared from a mixture of O．125Hris－HC1buffer

（pH  6．8〕。  0．1毛  SDS．  2．5毛 acry1amide，  0．6毛  BIS  and  cata1ysts．

E1ectrophoresis was carried out at 15 mA per ge1 s1ab at 10－15o C for

30  hours．  The e1ectro1y七e cons isted of 25 mM Tris．  192 mM g1ycine

and 0．1毛 SDS ．

    工n ana1ysis ◎f purified growth inhibitors．  a sma11 size of ge1

s1abs  were used． The size and acry1amide concentration of the  ge1

s1abswere90x65x1㎜and12．5毛fortheseparati㎎ge1andgOx
15x1㎜and2．5毛forthesセacki㎎qe1．
    After e1ectrophoresis。  七he ge1 s1ab was stained in O．25毛 （w／v〕

Coomassie  Bri11iant  B1ue R－250 ｛CBB〕 containing 45毛 （v／v〕 ethano1

and 10毛 （v／v〕 acetic acid  Destaininq was carried out by washing the

ge1 s1ab with a mixture of 25．5壱 （v／v） ethano1 and 8．2毛 （v／v〕 acetic

acid  and  then with a mixture of 5毛 ｛v／v） ethano1  and  7．5毛  ｛v／v〕

acetic acid．

     工n  s◎me  experiments． the ge1 s1ab was subj ected  to  si1ver－

s七air1inq． The ge1 s1ab was soaked in 50毛 （v／v〕 ethano1 and 10毛 （v／v〕

acetic acid and washed twice with u1tra－pure water．  Si1ver－staining

wa－s  carried out with the use of si1ver－staining reagents kit ”WakoI1

〔Wa．ko Chemica1s．  Osaka） according 七〇 the technica1 manua1・ The ge1
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s1ab  was  dried under vacuum in a s1ab ge1 dryer  （Koike  Precisi◎n

Inst． Kawasaki〕．

    エhe  mo1ecu1ar  weight markers used were  phosphory1ase  b  ｛M                                                               r

94，000）。  bovine  serum a1bumin （M  68，000）。  ova1bumin ｛M  43，000〕。
                                r                        r

carb◎nic  anhydrase  （M   29，000〕。  soybean  trypsin  inhibitor  ｛M
                      r                                               r

21’500〕 and 1ysozyme （M  14’000〕．
                      r

Two－Dimensiona1 Po1 acr 1amide Ge1 E1ectro horesis

     As   the   first   dimensiona1   e1ectrophoresis．  isoe1ectric

e1ectrophoresis was carried ouセ on a cy1indrica1 po1yacry1amide  ge1

fomed in a q1ass tube1130x5㎜）in a KP工apparatus lmode1E－IE

12－10．  Koike  Precision 工nst． Kanagawa〕．  The ge1 was made from  a

mixture  of  4毛 〔w／v〕 acry1amide． 0．2毛 BIS． 2毛 Ampho1ine－carrier

ampho1ytes  ｛pH 3．5－10）。  8 M urea and cata1ysts．  A protein  samp1e

disso1ved  in a mixture ◎f 2毛 Amph◎1ine－carrier ampho1ytes ｛pH  3．5－

10）’ 1毛 2－mercapt◎ethano1 and 8 M urea was app1■ed on the t＝◎p of the

ge1  and  over1aid with 50μ1 of 2毛 Ampholine－carrier ampho1ytes  ｛pH

3．5－10〕  and  15……≡q1ycer◎1 so1uti◎n．  工n the  apparatus．  the  upper

reservoir  was  fi11ed  with  O．02 M H PO   ｛anode〕  and  the  1ower                                    3 4

reserv◎ir with 1 N NaOH （cath◎de〕．  E1ectrophoresis was carried  ouセ

at4．Cat200Vforinitia12hours． at300Vfornext16hoursand

at 500Vunセi1theco1oredpImakersused｛cytochromecofpI 10．6
and  its acety1ated derivatives of p工 4．1．  4．9．  6．3．  8．3 and 9．7〕

were   focused   at   equi1ibrium．  As   the   second   dimensiona1

e1ectrophoresis．  SDS  p◎1yacry1amide  qe1  e1ectrophoresis  on  an

acry1amide－gradient ge1s1ab胴s carried out as fo11ows．I㎜ediate1y

after the firsセ dimensiona1 e1ectrophoresis。 セhe ge1 d■sc was taken
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out of the  g1ass tube． put into a 50 m1  f1ask  containing  セhe

equi1ibrating  buffer （62．5 mM Tris－HC1 （pH 6．8〕 containing 2毛 （w／v）

SDS，  5毛 ｛v／v） 2－mercaptoethano1）、 and incubated at room temperature

f◎r  1 hour with renewa1s of the equi1ibration buffer every 20  min．

The  qe1 disc was then 1aid a．cross the top of the stacking ge1  s1ab

composed  of 62．5 mM Tris－HC1 （pH 6．8〕。  4毛 （w／v〕 acry1amid．e．  O．2毛

（w／v） B工S  and 0．1毛 ｛w／v〕 SDS． and hot 1壱 （w／v〕 agarose  so1ution

containing 62．5mM Tris－HC1 （pH6．8〕。  2毛 ｛w／v〕 SDS and 5毛 （v／v） 2－

mercaptoethan◎1  was  p◎ured  around it．  As so◎n as  the  agar  had

so1idified． e1ectrophoresis was started and carried out as described

above．

Ana1sis of工nセrace11u1ar RSV Proteins b I㎜㎜o－B1ottin

     E1ectrophoretic transfer o：E proteins fr◎m po1yacry1amide ge1 七〇

nitroce11u1ose  membrane was carried out accordinq to the method  of

T◎wbin  et a1．  （36〕。  with Trans－B1ot E1ectrophoretic Transfer Ce11

（Bio－Rad  Lab．。  Richmond．  CA）．  After  SDS－po1yacry1amide  ge1

e1ectrophoresis．  the  ge1 s1ab used was p1aced onto a sheeセ of  wet

nitroce11u1ose membrane （Sch1eicher ＆ Schu11． Dasse1， W． Germany）。

which  was  cut to the size of ge1 s1ab and supported by a sheet  of

wet fi1ter paper．  A second fi1ter paper sheet wa．s p1aced on the ge1

surface．  This sandwich was p1aced between two 0．5－cm thick scouring

pads  （Scotch－Brite〕。 which  were in turn supported  by  two  rigid

P1exiq1as  p1ates （ge1 ho1der〕 containing ho1es t◎ a11ow free access

◎f  e1ectro1yte to the ge1 sandwich and the f1ow of current  through

the   transfer   chamber   fi11ed   with   e1ectro1yte．  with   セhe

nitr◎ce11u1ose sheet facing the anode． The e1ectro1yte was consisted
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of  25  mM  Tris．  192  mM  g1ycine  and  15毛  methan◎1． After  七he

e1ectrophoresis．  a part of the nitroce11u1ose sheet was stained for

10  min in 0．1毛 amidob1ack solution containing 45毛 methano1 and  10毛

acetic a－cid． to visua．1ize the transferred po1ypeptide bands．

    The  nitr◎ce11u1ose membrane with セransferred po1ypeptides  was

soaked in PBS t◎ remove e1ectro1yte．  fo11owed by incubation in  PBS

supp1emented  with 3毛 （v／v） ca1f serum at room tempera－ture to  b1ock

protein－free  site of the nitroce11u1ose membrane． The membrane was

washed  three  七imes  with TPBS ｛O．05毛 ｛w／v） Tween 20  in  PBS）  and

incubated  with  1：200 di1uted  anti－RSV  antiserum  ｛Transformation

Research  工nc．） for 4 h◎urs at room temperature． After the antibody

so1uセion was removed。 セhe membrane was washed with three times with

TPBS．  and  then  incubate（ヨ．with  horseradish  peroxidase－conj uga．ted

anセi－rabbit 工qG anセibody ｛Bio Rad Lab．。 Richmond． CA〕 di1uted 1：1000

with TPBS for 2 hours at room temperature・ The nonspecifica11y bound

i㎜㎜og1obu1in胴s removed by washi㎎the membrane threeセimes with

PBS’ and  the  membrane was s◎aked in substrate  so1ution  at  room

temperature （about 5－20 min） unti1 co1or deve1◎pment． The substrate

so1ution was prepared as fo11ows． 60 mg ◎f 4－ch1oro－1－naphto1 （Wako

Chemica1s Co． Ltd．。Osaka〕was disso1ved in 20m1methanol and mixed

with100m1・fPBS・・d60μ1・f30毛H202・・1・ti㎝・Th・・…ti㎝w・・

sセ◎pped－by washing the membrane with water．

Assa  of Growth 工nhibitor  Activit  in mono1a er Cu1ture

     During   purifica．tion ◎f growth inhibitors，  their  activities

were  routine1y assayed by the dye reducセion meセhod of Green些  三コ＝．

〔37〕with．mi。。。。。difi。。・i㎝．1，104一。。11。。f・RL。。・・V－BRL
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ce11s  were incubated in each we11 of 24－Mu1tiwe11  p1ates  （Fa1c◎n。

＃3047〕 containing  0．5 m1 of 10毛 FCS  ＋ DME／F12 medium． Un1ess

otherwise indicated，  samp1es were dia1yzed against 1 M acetic  acid

（pH 2．5）。  and their 25一μ1 portions were added to each we11． Contro1

cu1ture  were added with the same v◎1ume of 1 M acetic acid． The pH

of  the  resu1ting  medium  in－each  we11  was  neutra1ized  with  a

correspondinq  vo1u1me  of  1 M sodium carbonate・  After  3  days  in

cu1ture． each  we11  was  add－ed wiセh 20 μ1 of 5 mg／m1  MTT  ｛3（4，5－

d．imeセhy1thiaz◎1－2－y1）一2．5－d．ipheny1tetrazo1ium   brom■de）   ｛Sigma．

Lodis， MO）  in  PBS，  and  incubated at 370C for 4  hours  to  form

inso1ub1e  MTT reductant （formazan）． The cu1ture medium  containing

unreacted MTT was removed’ and1m1of isopropano1containing 0．04N

HC1  was  added  セ。  each  we11  to  su1ubi1ize  the  MTT  formazan．

Absorbanceat565㎜胴smeasuredwiththeextract．The absorbance
of  the MTT reductant was proportiona1 to the number of BRL or  RSV－

BRL ce11s in the we11s．

     工n some cases． ce11 growth was direct1y determined by counting
                                 4

qrown  ce11s．  工n the cases’  2 x 10  ce11s of BRL or RSV－BRL  ce11s

were incubated per35一㎜p1astic cu1ture dish containing2m1of10毛

FCS ＋ DME／F12 supp1emented with test samp1es ｛〈0．2 m1〕． After 3 days

in cu1ture． the qrown ce11s were counted with a hemocytometer．

    When  the  gr◎wth of other ce11 1ines was assayed．  ce11s  were

incubated in35一㎜dishes for4days．The initia1ce11density was4
    4

x 1O  ce11s per dish for HeLa S3． HSC－1． BSC－1 and LLC－RK1 ce11s and
      4

8 x 1O  ce11s per dish for YH－1 and B－32 ce11s．
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     Lipoproteins were separaセed from chy1omicron－free norma1 rabbit

serum  according  to  the  method  of  Have1  et  a1．   （38）． After

centrifugation．  the fractions with d 〈 1，210 mg／m1 were  co11ected．

The co11ecセed fraction．  which conヒained three types of 1ipoproteins

（1ow density 1ipoprotein ｛LDL）。 very 1ow density 1ip◎protein （VLDL〕

and high density 1ipoprotein （HDLい。  was centrifuqa11y washed twice

with a sa－1t so1ution of d＝ 1，210． The washed fraction was dia1yzed

against PBS and used as 1ipoprotein fraction． The boセtom two－thirds

of  the  tube  content obtained by the centrifugation of  the  serum

so1uセion  with  d  ＝  1，210 was dia1yzed against  PBS  and  used  as

”1ipoprotein－free ser㎜ll．

A胴1sis of s－TG工一bindin Protein in Rabbit Ser㎜ b I㎜uno一

     Norma1rabbit ser㎜was di1uヒed2－fold with PBS and used for

i㎜㎜o－precipitati㎝．The fo11owing antisera of sheep were obtained

from Cappe1 （Ma1vern． PA〕： anti－rabbit 工gG （Heavy and Light cha■ns）

（1ot No．22970）。anti－rabbit i㎜unog1obu1ins l工gA＋IgG＋I釧

（H…y・・d Light・h・i・・〕（1・t N・・14100〕… ti一・・bbit・1ph・2－

macrog1obu1in （Lot No・ 21061〕 and anti－rabbit who1e  serum・ Norma1

sheep  serum ｛1ot No．  26379〕 was used as contro1．  The antisera and

norma1  sheep serum ｛0・5 m1）were individua11y mixed  wiセh  two－fo1d

di1uted  rabbiセ  serum  （O．5 m1） and incubated at  room  temperature

〔25oC〕  for  4 hours and stored at 4oC for  2  days． ’工he  resu1ting

i㎜㎜o－precipitate was removed by centrifuqati㎝ in Eppendorf

Centrifuge Type 5414 for 5 min， and the growth inhibitory  acセivity

in the supernaセant was deセermined．
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     BRL ce11s were grown to c㎝f1uency■n150一㎜cu1ture dishes

｛Fa1con’ 廿3025） containing  25m1 of DME／F12 supp1emen七ed wiセh  5毛

（v／v） FCS for 2－3 days． 工he conf1uent cu1ture were washed twice with

PBS  a－nd  rep1aced with 25mユ of serum－free  DME／F12． After  3－days

cuユture． the medium was co工1ected and centrifuged at 25，000 x g  at

4．C  for 30 min． The resu1tinq supernaセant was stored．at －20oC  and

used as conditi㎝ed medi㎜．

C◎ncenセration  of Conditioned Medium and Adsor t■on to Amicon D■af1o

YM5 Membrane

     The  conditioned  medium  of  BRL  ce11s  was  concentrated  by

u1セrafi1trati◎n． For the ana．1ysis of qrowth inhibit◎rs by mo1ecu1ar－

sieve high performance 1iquid chromatography． the conditioned medium

of  BRL  ce11s  were added with so1id NaC1 and urea  to  make  fina1

concentraセions of 1 M and 6 M． respective1y． and the so1ution （about

500m1）was  concentrated．to 5m1by u1trafi1tration through  Diaf1o

W2membrane（M㎝toff：2．000125一㎜diameter）in an Amic㎝Diaf1o               r

ce11  （Danvers．  MA〕．  For  purification of growセh  inhibitors．  the

c◎nditioned  medium  （8  1iセers） was  concentrated  to  100  m1  by

u1trafi1trati㎝through Diaf1o W5membrane lM cutoff：5．000176一㎜                                             r

dia㎜eter〕 at 50 rpm at 4oC． The concentrated c◎nditioned medium was

di1uted with HBS 〔10 m㎜HEPES－NaOH buffer ｛pH 7・2〕 conセaining 137 mM

N・C1・5㎜KC1・0・01mMC・C12・・d0・O05mMMgC12け・400m1・・d
reconcentra－ted   by  the  same  me七hod  as  above．  The   dilution－

concentraセion procedure was repeated セwice． The fina11y concentrated

so1ution    was   ca11ed   ，，Concen七rated   fraction1I．   After   the
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concentration．  the  YM5 membrane  wa－s rinsed  with  HBS． and  the

proteins  adsorbed  セ。 the membrane was extracted by 50 m1  of  1  M

acetic  acid containing 6 M urea．  The extract was ca11ed ，lExtracted

fracti◎n1，．

Ana1 sis  of Growth 工nhibitors b  Mo1ecu1ar－Sieve  Hi h  Performance

     The  condiセioned  medium of BRL ce11s was concentrated  in  the

presence  of  1 M NaC1 and 6 M urea and then dia1yzed against 10  mM

HEPES－NaOH  buffer ｛pH 7．5） contain■ng 1 M NaC1 and 6  M  urea． The

dia1yzed samp1e （2．5 m1）was app1ied to a TSKge1 G3000SWG co1umn 〔30

x300㎜）（Toyo Soda．Toky◎〕and deve1oped with the same buffer at

a f1ow rate of 2 m1／min．The e1uate was co11ected in 5－m1 fractions．

Tyrog1obu1in （670K）。 ga㎜aqユ。bu1in 1158K）。 ova1b㎜■n 144K）。

myog1obu1in  （17K）  and Vitamin B－12 ｛1．35K） were used as  mo1ecu1ar

weight markers．

     Growth   inhibitor  fraction  obセained  by  mo1ecu1ar   sieve

chromat◎graphy  in  the  absence  of  denaturant   ｛non－dissociating

conditi◎n） was dia1yzed againsセ 25 mM 工midazo1e－HC1 buffer （pH 7．5）．

PBE  94  co1umn （1 x 25 cm〕 （Pharmacia Fine Chemica1s  AB． Uppsa1a．

Sweden〕was previous1y equi1ibra亡ed with 25 mM Imidazo1e－HC1 buffer

（pH 7．5） degassed．by under vacuum． After the dia1yzed samp1e ｛20 m1〕

was app1ied t◎ the co1umn， the charged co1umn was eluted with 400m1

of 8－fo1d di1u．ted Po1ybuffer 74－HC1 buffer （pH 4．0〕 （Pharmacia〕 at a

f1ow rate of 30m1／hours．  Factions of 5m1were co11ected。’ andセhe

absorbanceat280㎜ofeachfracti㎝wasmeasured．Ser■a15
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fracセi㎝s were combined and c㎝centrated by a㎜㎝ium su1fate

precipitation at a concentraセion of 70壱 saturation． The concentrated

facti◎ns were  suspended in 5m1of PBS． and 0．2－m1port■ons were

dia1yzed  aqainst  PBS and used for the assay of  growth  inhibitory

aCtiVity．

P◎1 acr 1amid－e Ge1 工soe1ectric 1≡：1ectro horesis

     工soe1ectric e1ectr◎phoresis was carried out on a ge1 formed  in

acy1indrica1g1asstube（130x5㎜工D）withaKPIapparatuslm◎de1
E一工E  12－10．  Koike Precision 工nst．  Kanagawa〕 by the same method as

for two－dimensi◎na1 ge1 e1ectrophoresis・ E1ectrophoresis was carried

◎uセaセ4oCat200Vforinitia12hours， at300Vfornext16h◎urs

andat500Vunセi1thec◎1ored．p工makerswerefocusedat
equi1ibri㎜．After e1ectr◎phoresis．the ge1was cut into5一㎜1㎝g

pieces． put  inセ◎g1ass tubes containinq 0．5m1of a mixture of 1M

acetic acid and 1 mg／m1 o＝E BSA． Each ge1 p■ece was homogenized with

a q1ass 1od and extracted by stand．ing at 4o C overnight． and f◎11◎wed

by  centrifuging  at 20，000 x q at 4oC for  30  min． The  resu1tanセ

supernatant  was  dia1yzed against 1 M acetic acid and  assayed  for

qr◎wth inhibitory activity． The conセro1 ge1， which was run without

protein samp1e，was fractionated in5一㎜1ength and exセracted with1

m1 ◎f water． The pHs of セhe ge1extracts were determined at O oC．

     Mo1ecu1a．r－sieve   chromatographies  were  carried  out   on   a

Ce11u1ofine  GCL－2000－m  co1umn  （2．6  x  97  cm）  （Chisso．  Tokyo〕

equi1ibrated with PBS or 1O mM HEPES－NaOH buffer （pH 7．2） conセaining

1 M NaC1 and 6 M urea， on a Ceユ1u1ofine GCL－300－m co1umn （2．6 x 96
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cm）  （Chisso． Tokyo） equi1ibrated with 1 M acetic ac■d  or  0．5  M

acetic  acid，  and  on a Toyopear1 HW55c co1umn （2．6 x 95 cm）  ｛Toyo

Soda，  T◎kyo〕 equi1ibrated with 1 M acetic acid c◎ntaining 6 M  urea

or with 0．5 M acetic acid containinq 6 M urea   エn most cases， about

50 m1 of proセein samp1es previous1y dia1yzed against the respective

buffer were app1ied t◎ the co1umns and deve1oped with the buffer  at

a  f1ow  rate  o：E 30m1／hour． The e1uates were co11ected  in  10－m1

fractions．

     Anion－exchange  chromatographies  were carried  out  under  two

different  c◎nditions．  For  the purification of s－TGI  from  rabbit

serum． 500 m1  ◎f ra－bbit serum was added with g1ycero1 to make  a

fina1  concentraセion of 30毛 （w／v） and di1uted with 10 mM  HEPES－NaOH

buff・・（PH7・5〕・㎝t・i・i・g1舳C・C12・1mM吻C12・・d30壱1w／・〕

g1ycero1  （HCMG buffer （pH 7．5〕〕 to make a fina1 vo1ume of 2 1iセers．

DEAE－Toyopear1  650M co1umn （5 x 30 cm〕was equi1ibrated  with  HCMG

buffer  （pH 7．5）． The di1uted serum was app1ied to セhe co1umn，  and

the  charqed  co1umn was washed with the  same  buffer  unti1  the

absorbanceat280㎜ofthee1uatedecreasedsuff■cient1y．Proteins

adsorbed  to the co1umn were e1uted w■th a 1inear gradient  of  NaC1

from  O to 1 M in 4 1iters of HCMG buffer ｛pH 7．5） at a f1ow rate of

60 m1／h◎ur． The e1uate was co11ected in 120－m1 fractions．

     For  the purification of c－NG工s from the conditioned medium  of

BRL  ce11s．  the a－ctive fractions （tota1 vo1ume 150 m1〕 obta■ned  by

mo1ecu1ar－sieve chromat◎graphy were poo1ed． dia1yzed aqa■nst 10  mM

HEPES－NaOH buffer （PH 8．O） containinq 6 M urea （HU buffer （PH 8．0）〕’
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and．  app1ied  to  a  DEAE－Toyopear1  650M  co1umn  （2．5  x  1O  cm）

equi1ibrated with HU buffer （pH 8．0〕． The charqed co1umn was washed

with  HU buffer （pH 8．0〕 and e1uted with a－1inear gradienセ  of  NaC1

fr◎m  O  t◎  0．75  M in 1 1iセer of HU buffer at a f1◎w  rate  of  30

m1／hour． The e1uate was co11ected．in 1O－m1 fracセions．

Reverse－Phase Hi h Performance Li uid Chromato ra h   〔Reverse－Phase

HPLC）

     Reverse  phase  HPLC wa－s car】＝ied ◎ut ◎n two di＝Eferent  co1umns．

using  a LKB HPLC system ｛Type 2150 HPLC pump． 2152 contro11er  and

2151  variab1e wave1enqth monitor〕．  For the purification  of  s－TGI

from rabbit and c－TG工s from the conditioned med■um of BRL ce11s’ the

samp1es  were  dia1yzed  against 1 M acetic a．cid．and． app1ied． to  a

U1tr㎝N－C8（C－8）c◎1㎜n（4．6x150㎜）（Shimwa Kagaku Inc．。

Kyoto〕．  Pr◎teins  adsorbed the co1umn was e1uted with 3－s七ep 1inear

gradients  of acetonitri1e in 1 M acetic acid from O to 20毛  for  20

min． fr◎m  20－to 60毛 for 120min and from 60 to 90毛 for 20 min at a

f1ow rate of 1．0 m1／min． The e1uate was co11ected in 2－m1 fractions．

     c－NG工s  from the conditi◎ned－medium were fractionated on a  エlS－

410K（C－18〕co1㎜n（4．6x250㎜〕（工。yo－Soda。．Tokyo）．Other

experimenta1 conditions were セhe same as above．

Treatments with Acetic acid  Dithiothreito1 and Tr  s in

     s－TG工 fracti◎n prepared by mo1ecu1ar－sieve chromatography  （see

Fiq． エエー13〕。 c－NG工s and c－TG工s frac亡ions prepared by mo1ecu1ar－sieve

HPLC were respective1y concentraセed． The concentrated so1ut■ons were

supp1emented  with  0．1 mg／m1 of BSA （Siqma〕， and dia1yzed  aga■nst

HBS． P01＝七ions of  the resu1tant s◎1utions were mixed with  0．5 M
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aceセic  acid．  5 mM DL－dithiothreito1 〔Sigma） or 1 mg／m1 of  セrypsin

from bovine pancreas ｛1280 U／mq． Type－I， Sigma）． The mixtures．with

the  acid  or  reducing reaqent were incubated at 4oC  for  1  hour．

whereas those with the enzyme at 37oC f◎r 1 hour． On1y the mixtures

with the acid were dia1yzed aqainst HBS・ The so1utions thus obtained

were  added  at  4毛  v◎1u」me to 10毛FCS＋DME／F12 for  assay  of  growth

inhibitory activity．

Determination of Pr◎tein Concentration

     Protein concentrations of purified growth ■nhib■tors ｛s－TG工。 c－

NG工s  and c－TG工s） were determined by the dye method  w■th  Coomassie

Bri11ianセ  B1ue  （CBB〕 G－250 ｛49）’  usinq bovine serum a1bumin as  a

standard protein．
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                             RESULTS

［工］ Com arison of BRL and RSV－Transformed BRL Ce11s

Transf◎rmat■on of Rat Liver E ithe1ia1 Ce11s b  RSV

     The  epiセhe1ia1 ce11 1ine BRL was estab1ished by Coon 〔23） from

1iver  of a norma1 Buffa1o rat． When BRL ce11s were  ■nfected  with

Rous  sarcoma virus 〔RSV〕 in cu1セure and further incubated for a few

weeks． f◎ci of RSV－transf◎rmed ce11s appeared in the  cu1ture． The

セransformed． ce11s’ named RSV－BRL’ were iso1ated and  c1oned． The

morpho1ogy of BRL and RSV－BR］二1ce11s are shown 二Ln F■g．  工一1．  BR1二1and

Fig．工一1

RSV－BRL  ce11s  grew  at  a1most セhe same rapid  rate  in  mono1ayer

cu1ture  wiセh  the feta1 ca1f  serum－containing  medium． BRL  ce11s

disp1ayed  f1at m◎rpho1ogy and tight interce11u1ar j unction  forming

packed mono1ayer c◎1onies． whereas RSV－BRL ce11s disp1ayed irregu1ar

ce11  a．rrangement．  1oose interce11u1ar j unction and  spind1e－shaped

morpho1ogy． BRL ce11s cou1d noセ grow in s◎ft agar  medium． whereas

RSV－BRL  ce11s  c◎u1d grow  forming co1onies in  soft  agar medium

（a．nchorage－independent  growセh）． When subcutaneous1y inj ected  into

syngeneic  rats （Buffa1o rats）。 RSV－BRL ce11s． but not BRL  ce11s．

grew f◎rmi㎎t㎜ors（t㎜◎rigeneic止y〕．工hese characteristics of RSV－

BRL  ce11s  have  been often observed in various  kinds  of  vira11y

transfor㎜ed ce11s．

1工。ta1  ce11u1ar proteins were extracted with a mixture  of  2毛
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（w／v） Nonidet P－40． 2毛 ｛v／v〕 2－mercaptoethano1 and 8 M urea （NP40／2一

㎜1≡：／urea－extracted  frac亡ion〕 from BRL and RSV－BRL ce11s and ana1yzed

by   two－dimensiona1  po1yacry1amide  qe1  e1ectrophoresis  with

isoe1ectric  e1ectrophoresis  in  the   first  dimension  and   SDS－

po1yacry1amide ge1 e1ectr◎phoresis in the  sec◎nd dimension （Fig． 工一

2〕． When the two e1ectrophoreセic patterns were compared。。 セhe amou．nt

Fig．工一2

of  at  1east  g  po1ypeptides were 1ower and those of  at  1east  7

p◎1ypeptides were higher in RSV－BRL ce11s than in BRL  ce11s． Among

these po1ypeptides。 セhe po1ypeptide of M  45k and－pI 6．3， which was                                        r

increased  in  amounセ  by the RSV－transformati◎n．  is 1ike1y  to  be

actin．These resu1ts are s㎜arized in Tab1e1－1．

Tab1e I－1

     Nuc1ear proセeins o二E BRL and RSV－BRL ce11s were ana1yzed by  セhe

same meth◎d （Fig． I－3〕．The am◎unts of a。セ 1east 13 polypepセides were

Fig．工一3

changed  by the RSV－transformation F the amounts of  g  po1ypeptides

were  higher  in RSV－BRL ce11s than BRL ce11s． whereas those  of  4

po1ypeptides were1ower．These resu1ts are s㎜arized in Tab1e1－11．
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Tab1e I一ユエ

As  a  who1e．  the chanqe ◎f ce11u1ar proteins was more marked  with

nuc1ear proteins than wiセh tota1 ce11u1ar proteins． Nuc1ear proteins

had  a tendency to increase in am◎unt by セhe  RSV－transformaセion  of

the rat 1iver epithe1ia1 ce11s．

Ana1 sis of Vira1 Proteins Ex ressed in Transformed．Ce11s

     It  is  we11 known that RSV has a oncogene  ca11ed  src． which

                 ．                   V－S rC
express  a． Prote■n  of M  60k （P60     ）  hav■ng  tyrosine・specif ic
                        r

     ．             ． ．       V－SrC  ．
pr◎セeユn  kinase  act■v■ty． p60      ■s be1ieved  to  be  prima－ri1y

resp◎nsib1e  for  the  initiat■on  and maintenance  of  neop1asヒic

transformation  ◎f  ce11s． When chick embryo fibrob1asts （CEF〕 are

セransformed－ by RSV． the transformed．ce11s produced  RSV  partic1es

into cu1ture medium・ However． RSV－BRL ce11s produced no infectious

RSV partic1es into cu1ture medi㎜．Therefore．the expressi㎝ of
   V－SrC               ．
p60      and  other v■ra1 proteins of RSV was  ana1yzed  with  non一

七ransformed and RSV－transformed BRL and CEF ce11s by the i㎜㎜o－

b1otting  method with anti－RSV anセiserum of rabbit． Tota1 ce11u1ar

proteins   of  the  two  pairs  of  ce11s  were  separated  by  SDS－

po1yacry1amide    ge1   e1ectrophoresis   and    transferred    onto

nitroce11u1ose membrane． The vira1 proteins were se1ect■ve1y co1ored

by  セreating the membrane with the anti－RSV antiserum and then  with

horseradish  peroxidase－conj ugated anti－rabbit IgG （Fig・  工一4）・  The

Fig．工一4
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     ．                             ．                    enV
prote■ns （9旦q） and reverse セranscr■ptase （P9ユ）〕．  Pr90    〔Precursor

of  enve1◎pe （env））、  Pr769ミ里 ｛precursor of the interna1  sセructura1

     ．                  V■SrC
prote■ns  〔g旦q〕〕 and p60     （oncogene product） were  evident  with

RSV－transf◎rmed  CEF ce11s． but no vira1 proセein was detected  with

non■tra－nsformed CEF and BRL ce11s  On セhe other hand． on1y Pr76g旦9二

was visib1e with RSV－BRL ce11s． H◎wever。 ■t can n〇七 be exc1uded that

                                            V－SrC
RSV・BRL ce11s express a very 1ow 1eve1 of p60     ．
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［エェ］ Transformed  Ce11－S ecific Growth ］＝nhibitor in  Norma1 Rabbit

Serum

Effecセ of Sera from Severa1 Norma1 Anima1s on Growth of BRL and RSV一

BRL Ce11s

     As described above， a1though BRL and RSV－BRL ce11s equa11y qrew

under the standard cu1ture c◎nd－iti◎n． on1y RSV－BRL ce11s cou1d grow

when injected inセ。 syngeneic rats． Growth properties of BRL and RSV－

BRL  ce11s  in vitro were investigated in more detai1 usinq  cu1ture

med．ia  supp1emented with different kinds of anima1 sera． Effect  of

sera fr◎m five kinds of norma1 anima1s on t二he qrowth of BRL and RSV－

BRL ce11s are shown in Figs．  I工一1 一 エエー5．  A11 kinds of sera 七ested

Fig． 工工一1

Fig． エエー2

Fig． エエー3

Fig． エエー4

Fig． I工一5

stimu1ated the ce11 grow七h at 1ower concentrations but suppressed it

at hiqher concentrations． indicaセing that they contained boセh qrowth

stimu1atory  substances （growth factors） and growセh inhibitory  ones

（growth  inhibitors）． With  feta1 ca1f serum （FCS〕、 which is  most
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wide1y used for anima1 ce11 cu1tures， ca1f serum or horse serum， BRL

and RSV－BRL ce11s showed a1most セhe same dose－response growth curves

of ce11 growth． They maxima11y stimu1ated the ce11 growth at  about

1毛． However。 セhe two kinds of ce11s differenセ1y responded to rat or

rabbit ser㎜． At fina1a concentrati㎝◎f1毛1v／v）rat ser㎜

maxima11y  stimu1a－ted the growth of b◎th BRL and RSV－BRL ce11s， but

at increasing concentrations i七was growth inhibitory． The growth of

BRL ce11s was inhibited more stronq1y than that of RSV－BRL ce11s  by

higher  concentra．tions of rat serum．  Rabbit serum showed an optima1

c◎ncentraセion  at 1毛 for RSV－BRL ce11s and at 2毛 f◎r BRL  ce1ユs．  In

contrasセ to raセ serum． rabbit serum was more qrowth inhibitory  for

RSV－BRL  ce11s  than for BRL ce11s at concentrations between 2毛  and

4毛．  These resu1ts sugqested セhe exisセence of at 1east two types of

gr◎wth   inhibitors  in  sera  of  norma1  anima1s，  different   in

specificiセy for BRL and RSV－BRL ce11s． One is specific for BRL ce11s

and  abundant  in raセ serum and the other is  specific  for  RSV－BRL

ce11s and abundant in rabbit serum． There are two possibi1ities that

sera of feta1 ca1f．  ca1f and horse contain equa1 activities of BRL－

specific  growth inhibitor and RSV－BRL－specific one，  and that  they

c◎ntain   a  non－specific  growth  inhibitor  as  the  major  growth

inhibitor．  BRL－specific  growth  inhibitor in rat serum  has  been

high1y  purified in our 1aboratory （30エ．  In the present  study． we

atセempted to characterize RSV－BRL－specific growth inhibitor  present

in norma1 rabbit serum．

     Since both BRL and RSV－BRL ce11s maxima11y grew in the presence

of 10毛 （v／v） FCS 〔Fig． I I－1）、 the growth inhibitory effect of norma1
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rabbit serum was deセermined in the presence of 10毛 FCS （Fig． エI－6〕．

                           Fig． 工I－6

Und．er the condition， the growセh◎f RSV－BRL ce11s was again inhibited

more  strong1y  than  that  of  BRL  ce11s， in  proportion  t◎  the

c◎ncentrati◎n  of  rabbit serum．  Thereafter activities  of  variouβ

growth  inhibitors  were assayed in the presence of 10毛  FCS  un1ess

otherwise noted．

Growth  工nhibitor   Activities of Li o rotein  and  Li o rotein－Free

Rabbit Serum

    It  has  been reported that 1ow－density  1ipoprotein  （LDL）  or

very－1ow－density  1ipoprotein （VLDL） fraction inhibits the growth of

severa1  kinds  of   ce11s in  cu1ture  （40－42〕．  Rabbit  serum  was

separated  into  1ip◎protein  fraction  and  1ipoprotein－free  serum

fraction．  and  their effecセs on the growth of BRL and．RSV－BRL ce11s

were examined ｛Fiq．  II－7）．  工t was found that the  1ipoprotein－free

                           Fig． II－7

serum  fra．ction．  simi1ar1y to who1e serum．  inhibited the growth of

RSV－BRL  ce11s  more  strong1y  tha．n  that  of  BRL  ce11s．  Growth

inhibitory  acセivity  on BRL and RSV－BRL ce11s was  hard1y  observed

with  the  1ipoproセein fraction． These resu1ts indicated  セhat  the

growth  inhibitory activity on RSV－BRL ce11s of norma1 rabbit  serum

was  most 1ike1y d．ue to a growth inhibitor oセher than LDL  or  VLDL．
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The  RSV－BRL－specific  growth  inhibitor was  tentative1y  named  as

serum－derived transformed ce11 growth inhibitor ｛s－TG工〕．

Characterization of s－TGI

    N◎rma1rabbit ser㎜was fractionated by a㎜㎝i㎜ su1fate

precipitation．  s一工G工  acセivity was recovered between 30竜一 and  50宅一

saturated a㎜㎝i㎜su1fate（30－50毛sat．AmSO fracセi㎝〕．A porti㎝                                           4

of  the  active  fraction was dia1yzed  against  PBS  overnight  and

subj ected  to mo1ecu1ar－sieve chromaセ。graphy on a  Ce11u1ofine  GCL－

2000－m  co1umn （2．6 x 97 cm） equi1ibrated wi七h PBS （n◎n－dissociating

condition） （Fig． エエー8〕． s－TG工 ac七ivity was recovered forming a broad

Fig． エエー8

peak ◎f M  150－300k． The active fractions obtained by the mo1ecu1ar－        r

sieve chromatography were poo1ed． dia1yzed against 15 mM 工midazo1e－

HC1  buffer  ｛pH 7・5） and subj ec七ed to chromatofocusinq on a PEP  74

co1umn  ｛1 x 25 cm） equi1ibrated with the same buffer． The  charged

co1umn was e1uted with 7－fo1d di1uted  Po1ybuffer 94－HC1 buffer  （pH

4．0〕 〔Fig．  I工一9〕． s－TG工 activity was separated into two peaks at pH

Fig． 工I－9

5 and pH 6．5． respective1y．

    A・・th・・p・・ti㎝・f30－50毛・・t・AmS04f…ti㎝w・・di・1y・・d

against 10 mM HEPES－NaOH buf：Eer （pH 7．2〕 containing 1 M NaC1 and 6 M

urea for 2－3 days． The dia1yzed materia1was subj ected to mo1ecu1ar一
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sieve  chromatography on a Ce11u1ofine GCL－2000－m co1umn （2・6  x  97

cmエ  equi1ibrated with 10 mM HEPES－NaOH buffer （pH 7・2〕 containing 1

M  NaC1 and 6 M urea （dissociaセing condition〕  （Fig．  工I－10〕．  Und．er

Fig． 工I－10

this condition． s－TGI activity was separated into a 1arge peak of M                                                               r

〈1．3k and a sma11 peak of M  40k． Litt1e activity was recovered in a                          r

M  150－300k region．When セhe major active fracセions of M  く1．3k were r                                                         r

dia1yzed   using  a  ce11u1ose  tube  ｛M   cuセ。ff  about   10k〕   or
                                      r

concentrated  with Diaf1o YM10 membrane （M  cutoff 10k）。 the growth                                        r

inhibitor did Ilot pass through both membrane．  suggesting iセs actua1

M  might be a．round 1Ok or higher． r

     The maゴ。r s－TGI fractions ◎f M  く1．3k were poo1ed． and dia1yzed                                 r

aqainst 8．5 M urea and subjected to isoe1ectric e1ectrophoresis in a

cyrindrica1  po1yacry1amide  ge1  containing  2毛  Ampho1ine  carrier

ampho1yセes （pH 3．5－10工 and．8．5 M urea （Fig．  工工一11〕．  s－TGI activity

Fig． I工一11

was again separated into two peaks of p工 7．5 and 9．5．  respective1y．

These resu1ts indicated  thaセ s－TG工 in rabbit serum can be separated

into two maj or components ｛apparenセ M  ＜1．3k． p工 7．5 ＆ apparent  M                                   r                            r

〈1．3k． pエ 9．5） and one minor component ◎f M  40k． and that they f◎rm
                                         r

pr◎tein  comp1exes  of M  150－300k with a carrier protein｛s〕 in  the
                       r

Serum．

［33］



     工n order to identify s－TGI－binding protein（s）。i㎜uno1ogica1

ana1ysis  was  carried out with the use of  sheep  antisera  against

severa1 kinds of rabbit serum proteins． The antisera used were anti－

ra．bbit 工gG ｛Cappe1）。  anti－rabbit （IgA ＋ IgG ＋ IgM〕 〔Cappe1〕。  anti一

・・bbiセ・1ph・2－m・…g1・b・1i・（C・pP・1）・・d・・ti．wh・1… bbit…㎜

（Cappe1）antisera of sheep．As the c㎝tro1ser㎜noma1sheep ser㎜

（Cappe1） was used  For the ana1ysis， rabbit serum was mixed  wiセh

each of the anti－sera or norma1ser㎜and incubaセed atぺC for2

days．After the in㎝bati㎝。i㎜㎜o－precipitate was removed by

centrifuqation． and  s－TG工 acセivity in the resu1ting supernatant was

determined  （工ab1e  エエーI〕． Both anti－rabbit wh◎1e seru．m  and  anti一

Tab1e 工I一工

rabbit i㎜㎜og1obu1in（工gA＋工gG＋工gM）antisera si卯ificant1y

decreased  s－TG工 activity of rabbit serum． but not anti－rabbit  IgG

・・d・・ti一・1ph・2・m・…q1・b・1i… セi・・・… w・11・・th・…m・1・h・ep

serum． These resu1ts suggested that s－TGI is bound with IgA or  IgM

in the serum．

Purification of s－TG工 in Rabbit Serujm

     Norma1  rabbit serum ｛500 m1〕was added with q1ycero1 to ma－ke a

fina1  concentration of 30毛 （w／v〕 and di1uセed．with 10 mM  HEPES－NaOH

b・ff・・（PH7・5）…t・i・i㎎1㎜C・C12・1・M吻C12・・d30毛g1yce「◎1

（HCMG  buffer  ｛pH  7．5〕） to make a fina1 vo1ume of  2  1iters．  The

di1uted rabbit ser㎜胴s app1ied to a DEAE－Toyopear1650M co1㎜n 15
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x 50 cm） equi1ibrated－with HCMG buffer （pH 7・5）・ The charged co1umn

was  washed with an enough vo1ume of HCMG buffer ｛pH 7．5） unti1  the

absorbanceat280㎜ofthee1uatebecameneq1igib1e．andth㎝the
proteins  adsorbed to the co1umn were e1ut二ed with a 1inear  qradient

of NaC1 from O to 1 M in HCMG buffer （pH 7・5〕 （Figure I I－12〕・ Growth

Fiq． 工I－12

inhibit◎ry activity toward RSV－BRL ce11s ｛s－TGI act■vity〕 was e1uted

most1y at NaC1 concentrations of 100－300 mM． and additiona11y at 500

mM． 700 mM and 850 mM．The major growth inhibitory fractions e1uted

at  1OO－300  mM  NaC1  and the minor ones at 700 mM and  at  850  mM

specifica11y inhibited the growth of RSV－BRL ce11s （s－TG工）。 whereas

the  active fraction e1uted 500 mM NaC1 appeared to equa11y  inhibit

the growth of BRL and RSV－BRL ce11s・

     The maj◎r s－TG工 fracセions （fraction Nos． 8－11） were poo1ed． and

the  poo1ed  materia1  （480 m1） was concentrated  to  50 m1 by

u1trafi1trati㎝throughYM5membrane（Mcutoff：5，000，76㎜                                         r

diameter） with  stirring at 50 rpm and at 4．C in  a  Amicon  Diaf1o

ce11． The  concentrated s－TGI was di1uted to 400m1with  HBS． and

】＝econcentrated  to  50  m1 under the same condition  as  ab◎ve． The

reconcentraセed  s－TGI  fracti◎n  was decanted  and  saved．  The  YM5

membrane  was rinsed with HBS． and the rinse was combined with  the

reconcentrated  s－TG工 fraction． s－TG工 adsorbed to the membrane  was

extracted  with 50 m1 of 1 ㎜acetic acid in セhe Diaf1o ce11 at  300

rpm and 4oC for 30－60 m■n （acetic acid exセracセ〕・ The combined s一工G工
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fraction  of the concentrate and the rinse was again di1uted t◎  400

m1 with  HBS and then concentrated to 50m1 as above． s一・TGI  was

reextracted  with 1 M aceセic acid from the membrane． 工’he pr◎cedures

◎f di1ution，  concentrati◎n and acetic acid extraction were repeated

once  ㎜◎re．  The three acetic acid extracts of s－TG工 were  combined．

M◎sセ  s－TG工  acセivity was recovered in  the  combined  extract． The

extracセ  showed 50毛 gr◎wth inhibition of RSV－BRL ce11s at a dose  of

0・03A280／m1・・一TG工w・・p・・ifi・d・b・・t6－f・1dbythi・…ti… id

eXtraCtiOn．

     The  a．ceセic－acid extracted s－TG工 fraction ｛50 m1） was  dia1yzed

against  0．5  M acetic acid and then  subj ected  to  mo1ecu1ar－sieve

chromatography  on  a  Ce11u1ofine GCL－300－m co1umn ｛2．6 x  96 cm〕

equi1ibrated wiセh 0．5 M acetic acid ｛Fig． エエー13）． s－TGI activity was

Figr・ エエー13

separated  into  two peaks in fractions of M  〉90k ｛void  fractions）
                                           r

and M  〈1．3k． respective1y． The 1ow M  s－TG工 （apparenセM  〈1．3k〕 was     r                             r                 r

effective1y separated from contaminatinq proteins， but not the s－TGI

at  v◎id  fracセions． The 1ow M  s－TG工  was  non－dia．1yzab1e  against
                              r

dia1ysis membrane．

     The  1ow M  s－TG工 fracセions （fraction Nos．  48－52〕 were poo1ed．
               r

add．ed  with acetic acid．to make a fina1 concentration of  1  M， and

subj ected  to  reverse－phase high performance 1iquid  chromat◎graphy

（HPLC〕㎝a U1tr㎝N－C8co1㎜n（4．6x150㎜）equi1ibrated with1M

acetic acid． The charged co1umn was washed with 1 M acetic acid． and
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then  the  pr◎teins  adsorbed－to the co1umn were e1uted  with  three

steps of acetonitri1e gradient （0－20毛 for 20 min． 20－60毛 for 120 min

and  60－90毛 for 20min〕 in 1㎜acetic acid monitoring absorba．nce  at

280㎜（Fig．I工一14）．s－TGIwase1utedformi㎎twoact■vitypeaksat

Fiq． エエー14

53も  （v／v〕  and  70毛  acetonitri1e．  respective1y． These  two  peak

fractions were respective1y concentrated 5－fo1d with a  Centricon－10

microconcentrator   and  ana1yzed  by  SDS－po1yacry1amide   ge1

e1ectrophoresis  under  non－reducing  conditions and  the  fo11owing

si1ver－staining．  The 53毛 acetoniセri1e fraction sti11 showed severa1

stained bands and the active component cou1d not be  identified． On

the  other hand。  セhe 70毛 acetoniセri1e fraction showed a s■ng1e band

（Fig． エエー15〕．  Since the protein band moved faster than Bromopheno1

Fig． I工一15

B1ue

the

｛BPB〕 as the marker dye，  iセs exact M  cou1d not be ca1cu1ated．                                    r

Effects  of  the purified．s－TGI ｛70毛 aceセ。nitri1e fracセion〕  on

growセh of BRL and RSV－BRL ce11s are shown in  Fig・  エエー16・ The

Fig． エエー16

purified

than  that

s－TGI inhibited 七he growth of RSV－BRL ce11s more  sセrong1y

  of BRL ce11s  About 40 ng／m1 of s－TGI was  required  to
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inhibit the growth of RSV－BRL ce11s by 50毛．

    The purification of1－TG1i11㎜ari1ed in Tab1e11－11．

Tab1e エエーエエ

     The  stabi1ity of s－TGエ was tested usinq the partia11y purified

s－TGI preparati◎n obtained by mo1ecu1ar－sieve chr◎matography in  the

presence of 0．5 M acetic acid （Fig．  エエー13． fraction Nos． 48－52）． エセ

was stab1e at 4oC in the presence of 8 M urea or 1 M acetic acid ｛pH

2・5） for at 1east 3 months， but 1abi1e against treatments with 5 mM

dithiothreito1． 1 mg／m1 trypsin and heat ｛Tab1e エエーIユエ〕．

Tab1e I工一エエエ

     Effects of the partia11y purified s－TG工 （Fig．  II－13．  fraction

Nos．  48－52） on BRL． RSV－BRL and．six other ce11 1ines were examined

（Tab1e エエー工V）・ Except for HeLa S3 （human carcinoma〕、 a11 the  ce11

Tab1e 工I一工V

1ines  were  more or 1ess sensitive to s－TG工．  s－TGI  inhibited  the

qrowth  ◎f RSV・BRL ce11s much more strong1y than that of BRL  ce11s．

as  described  above．  ’工he growth of BSC－1  ce11s  （non－transformed

epithe1ia1  ce11s from African green monkey kidney）。  LLC－RK1  ce11s
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（non－transformed epithe1ia1 ce11s from rabbit kidneyエ and YH－1 ce11s

（non一七ransformed  human  skin fibrob1asts〕 was inhibited to  simi1ar

extents to that of BRL ce11s  On the oセher hand’ HSC－3 ce11s （human

t◎nque  carcinoma ce11s〕 and－B－32 ce11s ｛SV40－transformants of  YH－1

ce11s〕 were  inhibited to simi1ar or higher extents  compared  with

RSV－BR工・ce11s 〔Tab1e 工I一エエエ〕． These resu1ts indicated that s－TG工 is

more effective for ma1ignant ce11s． except for HeLa S3 ce11s． than

nOn－ma1ignant OneS．
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［エエエ   Two  T  es  of  Growth  工nhibitors  Secreted  b Rat  L■Ver

Secreti◎n of Growth 工nhibit◎rs b  BRL Ce11s

     工t is we11 known thaセ in cu1セure most types of  non－transformed

ce11s  stop  gr◎wing or decrease the growth rate when  the  cu1tures

reach  conf1uency．  This  phenomenon  is  ca11ed  ，□density－dependent

gr◎wth  inhibition，， or  ，1c◎ntact  inhibition”．  There  are  reports

indicating  that  severa1 types of ce11s produce and secrete  growth

inhibitory fact◎r （15－19． 43． 44〕． The secretion and accumu1at■◎n of

growth inhibitory factors may be one of the causes for the  d．ensity－

dependent qrowth inhibition．

     BRL  ce11s a1so showed the density－dependent growth inh■b■tion．

and it was more marked than tha．t of RSV－BRL ce11s ｛Fig．  I I工一1〕． 工n

Fig． Iエエー1

the present study． autocrine growth regu1atory factors were surveyed

in  the  cu1ture  medium  of BRL ce11s・ BRL  ce11s  were  qr◎wn  to

saturati㎝ in the standard medi㎜。and the cu1ture medi㎜was

rep1a．ced  with fresh seru．m－free DME／F12 and further incubated for  3

days． The serum－free cu1ture medium condiセioned by BRL ce11s． ca11ed

，Ic◎nditioned medium，I．was po◎1ed． supp1emented with NaC1 and urea to

make  fina1  concentrati◎ns  of 1  M  and  6  M． respective1y， and

concentrated  from 500 m1 to 5 m1 by u1trafi1tration through  Diaf1o

u1trafi1trati◎n  membrane  YM2  （M  cuセ。ff：  2，000）  ｛Amicon  Corp．。
                                 r

Danvers’ MA〕．  To  test  the  growth  effecセ  of  the  concentrated
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conditioned  medium， iセwas dia1yzed－againsセ HBS and．a．dded  to  the

cu1ture  media  ◎f BRL and RSV－BRL ce11s in the presence of 10毛  FCS

（Fig． エェェー2）．  The ．qrowth  of  】∋RL and  RSV－BRL  ce11s  was  dose一

Fig． ユエI－2

一dependent1y  inhibited－ by  the conditi◎ned medium  of  BRL  ce11s．

Growth inhibition was hiqher with BRL ce11s than RSV－BRL ce11s． Both

BRL and RSV－BRL ce11s c◎u1d not gr◎w when the serum－free cond．itioned

medi㎜was added to ser㎜一free cu1ture medi㎜，suggesting that the

conditioned  medium conta．ined more growth inh■bitory  activi七y  than

growth stimu1atory activi七y．

Partia1Characterizati㎝of Growth Inhibitors in C㎝diセioned Medi㎜

     The concentrated conditioned medium of BRL ce11s was  sub］ected

to  mo1ecu1ar－sieve high performance 1iquid chromatography ｛HPLC） on

a  TSKge1 G3000SWG co1umn in the presence of 1 M NaC1 and 6  M  urea

（Fig．  エエエー3〕． Growth  inhibitory activity was separated into three

Figr． 工I工一3

maj or peaks of M  〉670k （v◎id fraction）、M  40k and M  17k．The peak                r                          r           r

fracti◎ns  of  M   〉 670k and M  40k were more  inhibitory  for  the                r               r

growth of RSV－BRL ce11s than for that of BRL ce11s．  but those of M                                                                  r

17k vice versa

     The  concentrated conditioned medium of BRL ce11s was  dia1yzed

aqainst 0・5 M aceセic acid conセaininq 6 M urea． and then subjected to
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po1yacry1amide  ge1 isoe1ecセric e1ectrophoresis ■n the  presence  of

8・5Mu「ea・The「eHu1ti㎎f「acti㎝swe「eassa・edfo「th・・「owth

inhibitory activity toward BRL and RSV－BRL ce11s． Growth inhibitory

activity toward BRL ce11s was recovered into two maj or peaks at pH 5

and  pH 7．  respective1y 〔Fig・  Iエエー4工・  Growth inhibitory  activity

Fig・ エエエー4

t◎ward RSV－BRL ce11s was recovered into two maj or peaks at pH 5  and

pH  6． and  one  minor peak at pH 8  （Fig． エエエー5）． These  resu1ts

Fig． Iエエー5

sugqested that BRL ce11s secreted．severa1 types of growth inhibitors

セ◎  the conditioned medium． and that these growth  inhibitors  were

diff・…ti・MピP工・・d・・11・p・・ifi・iセy・With…p・・セt・セh… 11

specificity．  there  appeared to be at 1east two different types  of

growth  inhibitors  in the conditioned medium of BRL ce11s’ one  is

more  qrowth  inhibitory for BRL ce11s than RSV－BRL  ce11s  and  the

other  vice  versa． 工n this report the former growth inhibitor  was

tentative1y ca11ed llconditioned medium－derived non－transformed  ce11

growth inhibitor（c－NGI）”and the1atter”c㎝diti㎝ed medi㎜一derived

transformed ce11 gr◎wth inhibitor （c－TG工〕”．

     The  stabi1ity  of c－NG工s and c－TG工 was tested usinq  partia11y

purified  c－NGI and c－TG工 preparat■ons obtained  by  mo1ecu1ar－sieve
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HPLC 〔Fiq．  I工I－3）．  c－NGIs was stab1e aセ 4oC in the presence ◎f 8 M

urea  or 1 M acetic acid （pH 2．5〕 for at 1east 3 months， but 1abi1e

against treatmenセs with 5 mM dithiothreito1 and wiセh 1 mg／m1 trypsin

（Tab1e エエエー工）．  Like c－NG工。  c－TGI was stab1e at 4oC in the presence

Tab1e エエエーI

of  8 M urea or 1 M acetic ac■d （pH 2．5〕 for at 1east 3 monセhs． but

1abi1e aqainsセ treatments wiセh 5 mM d■thユ◎threito1 and wユth 1 mg／m1

trypsin （Tab1e エエエーエエ〕．

Tab1e エエエー工I

Purification of c－NG工

     The co耐iセi㎝ed medi㎜of BRL ce11s181■ters〕was concentrated

to 150m1by u1trafi1tration through Diaf1o YM5membrane． During the

u1trafi1tration’  considerab1e  growth  inhibitory  a－ctivity  was

adsorbed  to the membrane． The membrane－bound qrowセh inhibiセ。rs were

exセracted  with  50 m1 of 1 M acetic acid containing 6  M  urea  and

saved  for an◎ther experiment． The concentrated conditioned  medium

was centrifuged at 10，000 x g f◎r 15 min セ。 remove ce11 d．ebris． The

resu1ting  supernatant  c◎ntaininq  c－NGI was dia－1yzed against  1  M

acetic  acid．  and subj ected 七〇 a mo1ecu1ar－sieve chromat◎graphy  on

Ce11u1ofine GCL－300－m co1umn equi1ibrated with 1 M aceセic acid （Fig．

エェェー6）．  Growth  inhibitory  activity towa．rd BRL ce11s  （c－NG工） was
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Fig． 工I工一6

recovered  forminq  a broad． peak in  a  M   10－40k  region． These                                          r

fractions  showed  on1y a 1itt1e qrowth inhibiセ。ry  activity  toward

RSV－BR1二・ce11s ｛c－TGI activity）・

     The  maゴ。r c－NG工 fractions 〔fraction Nos． 19－41） were  poo1ed，

concentrated  and dia1yzed aqainst 10 mM HEPES－NaOH buffer （pH  8．0）

conta．ining  6 M urea． The dia1yzed samp1e ｛100 m1〕 was app1ied セ。 a

DEAE－Toy◎pear1650M co1㎜n equユ1ibrated with the same buffer as

above． The  charged  co1umn  was washed with the 10  mM  HEPES－NaOH

buffer  （pH  8・0）  conセaininq  6 M urea and  e1uted  with  a  1inear

gradient of NaC1 from O to 600 m㎜ in the buffer （Fiq．  エエエー7〕． c－NGI

Figr． III－7

activity  was e1uted at NaC1 concentrations from 50 to 200  mM． The

fractions  of  Nos．  5－14 were co11ected and dia1yzed  against  1  M

acetic acid  ’工he dia1yzed samp1e was subj ected。セ。 reverse－phase HPLC

on  a 1二1S－410K co1umn equi1ibrated w■th 1 ㎜ acetic acid．  The charqed

co1umn  was  washed  with 1 M acetic acid  and  e1uted  with  1inear

gradients of acet◎nitri1e from O to 20毛 （v／v） for 20 min． from 20 to

60毛 for  120min and from60 to90毛 for 20min in 1 M  acetic  acid。

（Fig． ユエI－8〕． c－NG工 activity was recovered into two maj or peaks aセ

Fi9． III－8
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aceセ。nitri1e  c◎ncenセra．tions  of 35毛 and 65毛。 be■nq separated  from

most of contamina。セing Proteins．

     35毛  （c－NG工一I） and 65毛 acetonitri1e （c－NG工一ユエ）  fractions  were

respecセive1y  concentrated 5－fo1d．w■th a Centricon－10 （Amicon〕、 and

ana1yzed  by  SDS－po1yacry1amide  ge1  e1ectrophoresis  under   non－

reducing conditions and the fo11owing si1ver－staining （Figs． エエエー9 ＆

エエエー10）． Both c－NGI一工 and c－NGI一ユエ f】＝actions showed a sing1e protein

Fig． 工I工一9

Fig． I工I－10

band． The M s of c－NG工一工 and c－NG工一ユエ were estimated t◎ around  53k
            r

and 20k． respective1y．

     1≡：ffects  of purified c－NGI一工 and c－NG工一工I on the growth of  BR】二1

and  RSV－BRL ce11s were examined （Figs・ I工I－11 ＆ エエエー12）・ Purified

Fig． エエエー11

Fig・ 工I工一12

c－NG工一工 and c－NG工一ユエ inhibited the growth of BRL ce11s more stror1g1y

tha－n セhat of RSV－BRL ce11s． The amount of c－NG工一工 required for  50毛

growth  inhibiセion of BRL ce11s was about 12 nq／m1， and that of c－

NG工・II was about 15 ng／m1．

     The purifications of c－NG1－1and c－NG1－11are s㎜ari1ed in
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Tab1e 工I工一エエエ．

一工ab1e ユエI一エエエ

    Effects  of the purified c－NG工一工 and c－NGI一ユエ on the qrowth  of

BRL’ RSV－BRL  and six other ce11 1ines were examined （Tab1e  工I工一IV）．

’工ab1e ユエI－IV

c－NG工一工  significant1y  inhibited  the growth of  HSC－3  ce11s．  but

hard1y those of other ce11 1ines．  c－NG工一ユエ inhibited the gr◎wth  of

LLC－RK1  and B－32 ce11s in addiセion to HSC－3 ce11s．  The two  qrowth

inhibitors appeared to have different ce11 specificities

Purification ◎f c－TG工

    The growth inhibitors a．dsorbed  to the YM5 membrane during  the

u1trafi1tration  of the conditioned medium was extracted with 50  m1

of  1 M acetic acid containing 6 ㎜ urea．  as described  above．  This

exセract was subj ected．to mo1ecu1ar－s■eve chromatoqraphy on Toyopear1

冊5C c◎1㎜n （2．6 x95㎝）equi1ibrated with1M acetic acid

containing 6 M urea （Fig．  ユエI－13〕． c－NGI activity was most1y e1uted

Fig． ユエI－13

in a M  ra．nqe of 10－40k forming a 1arge peaks・ These peak fractions     r

a1so showed c－TGI activiセy． There was an add■tiona1 sma11 peak at M                                                              r
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1．3k．  which  showed  both c－NG工 and c－TGI activities at  the  same

1eve1．

     The maj or active fract■ons 〔fraction Nos． 15－34）were  poo1ed，

concentrated  by  u1trafi1tration  through Diaf1o YM5  membrane  and

dia1yzed  against  0．5 M  acetic acid  containing  6  M  urea． The

resu1tant   dia1yzed   samp1e  was  subj ected   セ◎   mo1ecu．1ar－sieve

chr㎝atography on a Toyopear1冊55C c◎1㎜n （2．6x 95 ㎝〕

equi1ibrated  with 0．5 M acetic acid containing 6 M urea ｛Fiq．  Iエエー

14）． The maj◎rity of c－NGI activity was e1uted in the same M  range                                                            r

Fiq． 工エエー14

as  in セhe precedinq mo1ecu1ar－sieve chromatography （M  10－40k〕． c－                                                     r

TG工  activity  was observed in the fractions of apparent  M   〈1．3k．                                                          r

where   contaminatinq  proteins  and  c－NG工  act■vity  were   hard1y

detected一．

     The c－TG工 fractions of apparent M  〈1．3k （fraction Nos．  49－57〕
                                     r

were c◎11ected． concentrated by u1trafi1tration and dia1yzed againsセ

1  M  aceセic acid   工t shou1d be noted that 1ike s－TG工  from  rabbit

serum．  c－TGIs   did－  not  pass  through   both   membranes   for

u1trafi1tration  and  for dia1ysis in spite of the  apparent  M  of
                                                              r

〈1．3k．  The dia1yzed－samp1e was subj ected to reverse－phase HPLC on a．

u1tr㎝N－C8co1㎜n（4．6x150㎜）equi1ibrated wiセh1M acetic acid・

The  charged  c◎1ulmn was washed wi七h 1 M acetic acid and  e1uted  by

1inea－r gradients of acetonitri1e from O to 20毛 for 20 min． 20－60毛

for 120 min and 60－90毛 for 20min in 1 M acetic ac‡d 〔Fig． エエエー15〕．
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1≡’ig． ユエI－15

c－TGI activity was e1uted in the two peak fractions at  acet◎nitri1e

concentraセions of 36毛 ｛c－TG工一工） and 42壱 （c－TG工一ユエ）、 respective1y．

     The  361…；  （c－TG工一工） and 42毛 acet◎nitri1e  （c－TG工一ユエ）  fractions

were   respective1y   concentrated  5－fo1d   with   a   Centricon－10

concenセrator  〔Amicon）、  and． ana1yzed  by  SDS－po1yacry1amide  ge1

e1ectrophoresis  under  non－reducユng  conditions and  the  fo11owing

si1ver－staininq （Figs．  エエエー16 ＆ Iエエー17）．  Both c－TGI一工 and c－TGI一ユエ

Fig’・ Iエエー16

Fig㌧ II工一17

fractions showed a sing1e band with the same mobi1ity． The M s of c－
                                                         r

TG工一工 and c－TG工一ユエ cou1d n◎t be ca1cu1aセed because they moved faster

than  BPB a－s the marker dye． 工heir e1ectrophoretic mobi1ities were

simi1ar to that of s－TGI purified from rabbit serum．

     Effects of these purified c－TG工一I and c－TG工一ユエ on the gr◎wth of

BRL and RSV－BRL ce11s were examined （Figs・  I I工一18 ＆  工I工一19）・ Both

Fig． Iエエー18

Fig・ ユエI－19

c－TG工s inhibited the growth of RSV－BRL ce11s more strong1y than t＝hat

［48］



◎f  BRL  ce11s  About 6 nq／m1 of c－TG工一工 and 1．7 ng／m1 of  c－TG工一I工

were   required  for  50毛  growth  inhibition  of   RSV－BRL   ce11s．

respective1y．

     The purification of c－TG1－1and c－TG1－11is s㎜arized inTab1e

II工・V．

Tab1e エエエ・V

     Effects  of the purified c－TGI一工 and c－TGI－I I on the growth  of

BRL． RSV－BRL  and six other ce11 1ines were examined ｛Tab1e IエエーV工〕．

Tab1e 工I工一V工

Both c－TGI一工 and c－TGI－I工 significant1y inhibited the growth of HSC－

3 and 工。LC－RK1 ce11s．  buセ their acセivities on other ce11 1ines  were

very 1ow． if any．

Com arison  of Pro erties of Gr◎wセh 工nhib■tors Pur■f■ed from  Rabbit

Serum and BRL－Conditioned Medium

    Pr◎perties  ◎f the gr◎wth inhibitors purif ied in th■s study are

s㎜ari1ed iHab1e111－V11．A11七he inhibitors were stab1e aqainst

Tab1e I工I－VII

acid  and  a  denaturing reagen七 ｛urea）、  but  unstab1e   against  a

reduci㎎ rea卿t（D工丁〕and trypsin．These properties are co㎜㎝to
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the  growth  inhibitors  purified－from  rat  serum  （30）． From  the

properties  shown． it may be c◎nc1uded セhat s－TG工 from rabbit serum

and  c－TG工s  from BRL－conditioned medium are  identica1  or  c1◎se1y

re1ative to each other． However． TGIs and NG工s are c1ear1y different

from each other in M  and target ce11 specificity．                    r
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                            D工SCUSS工ON

     工n  1911．  Rous （45〕 found the presence of セumorigenic virus in

an  extract from a sarcoma which spontaneous1y occurred ■n  ch■cken．

Since then，  this virus，  1ater named Rous sarcoma virus ｛RSV）、 has

been used－as セhe representative oncoqenic virus in numerous  studies

on cancer．  Recent studies revea1ed that the oncoqene of RSV． ca11ed

v－src， encodes a protein of M  60，000 da1tons （p60v－s「c）、 which can
                             r

phosphory1ate  tyrosine  residu－res  in its own and  other  kinds  of

proteins  （8－9）． However， the  mechanism in which p60v－s「c or  its

                              V－S rC                            ．   ．
autoph◎sphory1ated pr◎duct pp60     transforms ce11s and  ma■nta■ns

the transformed phenotype remains to be c1arified．

     BRL ce11s． which was origina11y obtained from Buffa1o rat 1iver

in  1968 by Coon （23）。  are one of we11－known 1iver ce11  1ine．  BRL

ce11s   express   epithe1ia1  and  parenchyma1－1ike  appearance   in

microscopic and e1ectro㎜icroscopic observati㎝．

     We  have previous1y transformed  BRL ce11s with RSV． 工■he  RSV－

transformed  ce11s  （RSV－BRL〕 were tumorigen■c when  inj ected  into

syngeneic  rats．  工n addition， RSV－BRL ce11s showed  the  f◎11owing

pr◎perties： morpho1oqica1 changes， anchorage－independent growth and

1oss  of contact inhibition．  工t is doubセ1ess that these chanqes  of

ce11u1ar  properties  were  caused  from  the  changes  of  ce11u1ar

proteins  by the RSV－transf◎rmation． We have previous1y f◎und  that

fibronectin． which  is the major ce11－ce11 binding protein on  ce11

surface． disappeared  by the RSV－tra．nsformation of BRL ce11s 〔to be

pub1ished〕・  工n the present stud．y． the ana1ysis by  tw◎一dimensiona1

po1yacry1amide  ge1  e1ectrophoresis showed that the amounセs  of  at
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1east   29  proteins  increased  or  deceased  as  BRL  ce11s  were

transformed by RSV． As a wh◎1e’ RSV－BRL ce11s had h■gher amounts of

n◎nhistone  nuc1ear  proteins  than BRL ce11s．  This resu1t  was  in

accordance with our previous finding that the content of  nonhistone

nuc1ear  protein is higher in cancer tissues than norma1 ones  （46〕．

The proセein o1E M  45k a－nd p工 6．3． which increased in content by the               r

RSV－transf◎rmaセi◎n． is  1ike1y to be actin． the maj or c◎mponent of

cyt◎ske1eton． 工t has been rep◎rted that neop1astic transformaセion is

accompanied  by  disorganization and  qua1itative  and  quantitat■ve

changes of cyt◎ske1eセa1 proteins ｛47－50〕． More detai1ed studies area

necessary  to  c1arify  セhe bio1ogica．1 meanings of  the  chanqes  of

ce11u1ar proteins by the RSV－transformation．

     When  RSV  is  infec七ed to host ce11s such  as  chicken  embryo

fibrob1asts  ｛CEF）。  its  RNA  qenome is converted セ。  DNA  by  RNA－

dependent  DNA po1ymerase （reverse セranscriptase〕 and then  inserted

int◎ chromosoma1 DNA of the hosts． Using the gene expressi◎n system

of  the host．  the inserted vira1 genome express a precursor of  the

interna1  structura1  pr◎teins and reverse transcriptase  （Pr1809皇」9二一

魁〕、。p。。。。。。。。。f・h。。。。。1．p。（・。90env）．。p。。。。。。。。。f・h・

int．m．1．t．u．tu。。1p。。t．i。。（P・76幽〕、・㎝・・q… p・・du・t lP60v■

SrC                      ．                   ．                 V一
   〕 and some mature prote■ns （51）． These prote■ns’ except for p60

SrC                              ．                ・
   ’  are used for the pr◎duct■on of pr◎geny v■ruses．  However． RSV－

BRL ce11s did not produ．ce any progeny virus into cu1ture medium． The

i㎜㎜。一b1．tting…1y・i・…fi・m・dth・t・t1…tP・76幽w・・b・i・g

appreciab1y expressed in the transformed ce11s． A1thouqh other vira1

proteins inc1uding p60v．s「c were undetectab1e in RSV－BRL ce11s， this
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resu1セ  does noセ e1iminate the possibi1ity セhaセ a very 1ow 1eve1  ◎f

       ．           V■SrC  ．
express■on  of  p60      ■s sufficient for the maintenance  of  the

transformed phenotype．

     工he growth and division  of norma1 ce11s are we11 regu1ated  in

viv◎．  The  contro1  mechanism  of ce11 qrowth is one  of  the  most

fundamenta－1  subj ects in bio1ogy and c1ose1y re1ated to the  pr◎b1em

of  cancer．  工t is now accepted that two groups ◎f protein  factors’

growth  factors ar1d growth inhibitors．  are invo1ved in the  contro1

mechanism  ◎f ce11 growth． Recent1y much progress has been attained

in   the  chemica1  characterization  of  growth  factors   and   in

understanding  of  their  action mechanisms  （52－55）． A1though  the

negative gr◎wth requ1ation mechanism by gr◎wth inhib■tors was  first

proposed  in  セhe ear1y 19501， it was not accepted for a 1onq  time

because of difficu1ties in purifying growth inhibitors．  1≡1or overa11

understanding  ◎f the contro1  mechanism of ce11  growth．  it  seems

essentia1  to  know mo1ecu1ar properties of growth  inhibitors， the

sites  for their production and action and their  qr◎wth  inhibition

mechanisms．

     There  are some reports ind－icat■ng that sera of norma1  anima1s

c◎ntain  qrowth  inhibitors （20－22ク  56〕 as we11 as growth  factors．

O・d・生辿・〔56）h・・… p・・t・dth・t・1ph・1・91・b・1i・f…ti㎝f・・m

norma1  ra一七  p1asma  inhibited  a  regenerating  pr◎1iferati◎n  ◎f

hepa－tocytes 二旦 vivo afセer partia1 hepatecセ。my and that this mitosis－

suppressinq  activiセy  was  1ost  by heating at  65o C  for  30  min．

Harrington et a1．  ｛21） reported the presence of a growth  inhibit◎r

f◎r  norma1  but  n◎t  neop1astic  hepatocytes  ■n  a1pha2・91obu1in
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fraction of norma1 ca1f serum．On the other hand’ Pigott et a1． （20〕

reported the presence of oセher types of growth inhibitors in  norma1

h㎜an p1asma－derived ser㎜lPDS〕、which inhibited the growth of MCF－

7  ce11s  derived from a ma－1ignant breast p1eura1 effusion  but  not

that of H肌一100ceユ1s estab1ished fr㎝h㎜an mi1k ce11s◎f a norma1

donor・  These  resu1セs suqgest セhe exis七ence of different  types  of

growth inhibit◎rs in sera of norma1 a．nima1s．

    Recent1y  we  beqan  to survey  growth  inhibitors  in  sera  of

vari◎us  kinds  ◎f  anima1s  using BRL and． RSV－BRL  ce11s  as  n◎n－

transformed  and  transformed  セarget ce11s of  epithe1ia1  oriqins．

Previous  sセudies  indicated ヒhat there are at 1east  two  types  ◎f

gr◎wセh inhibit◎rs in sera． different in the specificity for BRL and

RSV－BR工一 ce11s 〔24〕． Gr◎wth inhibitors having a spec■ficity for BRL

ce11s  was high1y purified from rat serum and human p1ate1ets  （30）．

工n the present study we attempted to characterize a growth inh■bitor

in  rabbit  ser㎜n．  which  had  a  specificity  for  RSV－BRL  ce11s

｛transformed ce11－growth inhibiセ。】＝。 s一’工G工〕． 工n rabbit serum． s－TGI

existed  as high M  pr◎teins comp1exes，  and they  were  dissociated                  r

into  active  components with apparent M  〈1．3k and with pI 7．5  and                                       r

9．5in the presence of1HaC1and6M urea．工㎜㎜o1ogica1ana1ysis

suqgested セhat s－TG工一binding pr◎tein｛s） in rabbit serum might be 工gA

◎r  エgM  or  b◎th （Ta－b1e エェーI）． We have reported  that  the  growth

inhibit◎r  in  rat serum existed forming a simi1ar  protein  comp1ex

（appa．rent  M  220k． pI 5．2〕 （24〕． In  addition． epiderma1  growth
            r

factor  （EGF） and insuユin－1ike gr◎wth factors （工GFs or Somatomedins〕

have  been rep◎rted－to exist forming comp1exes with  high－M －weight                                                           r
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carrier proteins in some siセuations （57．  58）． However． the carrier

proteins for these factors have not been identified．

     s－TG工  was pu．rified to show a sing1e band on SDS－po1yacry1am■de

ge1  e1ectrophoresis．  the apparent M  of s－TGI was 1ower than  1．3k                                    r

（Vitamin B12） on m◎1ecu1ar－sieve chromatography and 1ower than 0・67k

（Br◎mopheno1 B1ue，  BPB） on セhe e1ectrophoresis．  However． s－TGI did

not  pass  through dia1ysis membrane （M  cutoff：  about 10，000） and                                      r

Diaf1o YM10 membrane （M  cutoff：  10，000〕． Therefore． its actua1 M                       r                                            r

seems to be a．round 10－15k． The purified s－TGI effect■ve1y inh■bited

the  growth of ma1ignant （transformed or cancerous〕 ce11 1ines  such

as RSV－BRL’ HSC－3 and B－32 except for HeLa－S3． A11 non－transformed

ce11 1ines tested （BRL． BSC－1． LLC－RK1 and YH－1〕 were insensitive or

1ess sensitive to s－TG工 （Tab1eエエーIV）． Th■s target ce11 specificity

is  in contrasセ to those of the growth inhibitors pur■f■ed from  rat

serum． which  was more growth inhibitory for non－transformed  ce11s

than transf◎rmed ones ｛30）． 工一umor necrosis factor ｛TNF） is a  we11－

kn◎wn antitumor fact◎r ｛59， 60）． 工t is produced by macrophages into

serum  when  anima1s pretreated with Baci11us Ca1mette－Gu台rin  （BCG〕

are  injected  with  1ipopo1ysaccharide  （LPS）．  There  are  reports

indicating  that a TNF－1ike antitumor facセ。r exists in sera of  non－

treated norma1 anima1s ｛61， 62）． s－TG工 purified from norma1 rabbit

serum  is  simi1ar to TM≡’in targeセ ce11 specificity． but セhey  are

differen七  from each other in the fo11owinq properties： TNF  is  an

acid－1abi1e  protein  with M  40－50k ｛18k on SDS－po1yacry1amide  ge1
                            r

e1ectrophoresis〕 and pI 5．1， whereas s－TGI is an acid－stab1e protein

with  M   10－15k  and with pエ 7．5 and  9．5．  Few  s－TG工一1ike  growth
       r
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inhibit◎r has been reported so far． The amin◎ acid sequence ◎f s－TG工

is current1y  under investiqation．

    During  七he  1ast  severa1 years considerab1e  data  have  been

accu－mu1ated  indicating  the  importance of the  autocrine  negative

contr◎1mechanism◎f ce11 growth． Ho11ey et a1． （15． 16）purified a

growth  inhibitor  o＝E M  25．O00 secreted from African  green  m◎nkey                      r

kidney  ce11s （BSC－1〕． This growth inh■bitor effective1y  inhibited

the  qrowth of its pr◎ducer （BSC－1） and some  other  non－transformed

and．  transformed－ epithe1ia1 ce11  1ines．  Tucker  et  a1．  （63〕

demonstraセed  that the BSC－1 growth inhibitor is c1ose1y re1ated  to

transforming  qr◎wth factor一β 〔TGF一β）・ Hsu and Wnag （17） purified a

growth  inhibitor  of M  13k from conditioned medium◎f  3T3  ce11s．                      r

which requ1ated the gr◎wセh of its producer ce11s． On the other hand．

工wata et a1． （18〕 and Fry1ing et a1． ‘19） reported growth inhibitors

secreted  ＝Erom human rhabdomyosarcoma ce11 1ine 〔A673）． The  growth

inhibitors  （tumor grow七h inhibitory factors； 丁工Fs〕 were  acid－ and

heat－stab1e  1ow M  po1ypeptides ｛M s 10－16k and 18－22k）、  and  they                 r                 r

inhibited the growth of ma1ignant ce11s but stimu1ated that of  n◎n－

ma1ignant ce11s．

     工n  the  present  study．  we  purified  two  types  of  growth

inhibitors  secreted from BRL ce11s・ one was more growth inhibitory

for  BRL ce11s than f◎r RSV－BRL ce11s （non－transf◎rmed． ce11  growth

inhibitor’  c－NG工〕 and the oセher vice versa ｛セransf◎rmed ce11 growth

inhibit◎r．  c－TG工〕．  c－NGI was further separated into two components

with M  53k （c－NGI一工〕 and M  20k （c－NG工一ユエ〕． The gr◎wth of BRL ce11s
      r                      r

was effective1y inhibited by the purified c－NG工一工 or c－NGI一ユエ at 10一
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20 ng／m1． Their tarqet ce11 specificit■es and stabi1it■es against

acid are simi1ar to those of BSC－1 growth inhibitor ｛15）、 the growth

inhibitors  purified   from rat serum （29〕 and anima1s tissues  ｛11－

14〕。  thouqh there are differences in their M  va1ues．  These growth                                            r

inhibit◎rs may be1onq to the same fami1y．

     c－TG工  was a1so separated．into two acセive components  ｛c－TG工一工，

ユエ） by reverse－phase HPLC and individu．a11y purified to homogeneity．

Both  c－TGI一工 and c－TG工一ユエ effective1y inhibited the growth of  RSV－

BRL  ce11s  at  1－6  ng／m1  but  hard1y  that  of  BRL  ce11s    The

chromat◎qraphic behavio】＝s．  e1ectrophoret■c mobi1ities and  physica1

stabi1ities  of  c－TG工s  were  a1most the same  as  those  of  s－TGI

pu】＝ified－ from rabbit serum． though minor differences were observed

in the target ce11 specificity． These resu1ts suggest セhat s－TG工 and

c－TG工s may be identica1or c1ose1y re1ated to each other．

     工t is we11 known that ma1■gnant ce11s produce var■ous types  of

qrowセh  factors  capab1e  ◎f  stimu1aセing  their  own  ce11s  （se1f－

stimu1ation〕．  The  growth  factor  pr◎duction  is  be1ieved  to  be

responsib1e  for  the autonom◎us growセh of cancer ce11s in vivo  and

their  1esser requirement of exogenous growth factors for gr◎wth  in

cu1ture．  This type of gr◎wth contr◎1 is current1y ca11ed ”autocrine

contr◎1”。 distinguishinq from 1，endocrine contro111 for the  hormone－

1ike  action．  C1ear1y the autocrine contro1 mode1 is app1icab1e  to

the  negative  growth contro1mechanism by  growセh  inhibitors． The

present  and  previous studies indicated that different  species  ◎f

qrowth  inhibitors  are present in sera of various kinds  of  norma1

anima1s and pr◎duced by rat 1iver ce11s． Some of them seems to exist
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co㎜㎝1y in sera and condi七i㎝ed media of the ce11s．These resu1ts

demonstrate  that  ce11 growth is regu1ated by  both  endocrine  and

autocrine  acti◎ns  of  gr◎wth  inhibitors  ■n  add■ti◎n  to  growth

factors．

     It  has  been reported that BRL ce11s secrete a  qr◎wth  fact◎r

ca11ed  Mu1tip1ication－Simu1aセing  Activity  ｛MSA〕 ◎r  工nsu1in－1ike

growセh factor一ユエ （工GF一ユエ〕 （64〕． Our experimenta1 ㎜ode1 with BRL and

RSV－BRL  ce11s  seems  va1u．ab1e to study the positive  and－ negative

growセh   regu1atory  mecha．nisms  in  the  autocrine  and   endocrine

fashions．  The  chemica1 characterization of セhe  growth  inhibitors

found  in  this  study and their qrowth  inhibit◎ry  mechanisms  are

current1y under investigation．
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TABLE 工一工． comparison of contents of 16 kinds of ce11u1ar

proteins between NP／2－ME／UREA－extracts from BRL and RSV－BRL

ce11s

Proセein
     1〕    1〕
M（k）   PI r

1        120
2         100

3         70
4          66

5          46

6          46

7          45

8          42

9          39

10          37
11          36
12          34
13          29
14          29
15          25
16          9

  7．0

  6．1

〉10
  6．1

  5．1

〈 5

  6．3

  8．8

  8．6

〉10
＞10

〉10
  8．9

  8．6

〈 5

  5．6

                       2）

Chanqe by セransf◎rmation

decrease
■nCreaSe
■nCreaSedecrease
■nCreaSe
］一nCreaSe
inCreaSe
decrease
deCreaSe
deCreaSe
decrease
decrease
decrease
decrease
■nCreaSe
■nCreaSe

1〕 The M  and p工 of each protein were determined by two－        r

dimensi◎na1 po1yacry1amide ge1e1ectrophoresis （Fig． 工一3）．

2〕 The re1ative content of each protein species was compared

between the e1ectrophoretic patセerns of BRL and RSV－BRL ce11s

after staininq with CBB ｛Fig． 工一3）．
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TABLE 工一ユエ． Comparison ◎f conセents of 14 kinds of proteins

between nuc1ear fra－ctions from BRL and of RSV－BRL ce11s

Pr◎tein
     1）    1）                 2）
M （k〕      p工   Change by セransformation
 r

1        〉100
2          72
3          69
4          64
5          50
6          48
7          46
8          45
9           39

10          33
11          33
12          30
13          26
14          25

7．0
7．5
7．2
6．9
5．4

8．1
5．8

7．5
5．3

7．5
7．1
8．3

5．3

5．5

■nCreaSe
■nCreaSe
■nCreaSe
■nCreaSedecrease
■nCreaSe
d．ecrease

■nCreaSedecrease
■nCreaSe
ユnCreaSe
■nCreaSe
decrease
decrease

1） The M  and p工 of each protein were determined by two－        r

dimensiona1 po1yacry1amid．e ge1 e1ectrophoresis （Fig． 工一4〕

2〕 The re1ative content ◎f each protein species was compared

between the e1ectr◎phoretic patterns of BRL and RSV－BRL ce11s

after staininq with CBB （Fig． 工一4）．
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Tab1e  I工一工．  Effect  of  antisera  of sheep  against

proteins on qr◎wth inhibit◎ry activity of rabbit serum

rabb■t  serum

Re1a－tive ce11 number （も）

Addiセion ｛μ1／0・5mユ）

RSV－BRL       BRL

PBS

Norma1 sheep serum

An－ti一工gG

Anti－a－1pha2■macrog1◎bu1in

Anti－i㎜㎜oq1obu1in
     （工gA ＋ 工grG ＋ 工qM）

Anti－who1e serum

10
50

10
50

10
50

10
50

10
50

10
50

（100）        （100）

（100〕        （100）

  84       100
  47         84

 70        100
  44         83

  84        100
  55         88

  95        100
  81        95

  98        100
  86        100

Experimenta1 c◎nditions are described in Materia1s and Method．s．
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I工ab1e エエーエエ． S㎜ary for purification of s－TG1 from norma1  rabbit

Serum

Step

Rabbit serum

DEAE－Toyopear1

Extract from
YM5 membrane

T◎ta1
 A
  280

 ED 1〕      ．
   50      Pur■ty
｛A280／m1）

25’000       1．5

 3’400      0．45

300      0．048

Yie1d
（宅〕

（1）      （100）

3．3     45

21       37

Ce11u1ofine
GCL－300・m

HPLC
  （U1tron N－C8〕

0．5     0．0◎01

〈0，004  〈0．00001

15’000         23

〉150’000         5

1） Amount

ce11s

・fP・・t・in〔A280） f◎r 50も growth inhibition  of RSV－BRL

【67］



Tab1e  エエー工ユエ．  Effect  of  vari◎us

inhibit◎ry acセivity of s－TG工

treatmentS ◎n  growth一

Re1ative ce11 number ｛壱）
AdditiOn

BRL        RSV－BRL

PBS

PBS ＋ 5 mM dithiothreito1

PBS＋ 1 m／m1 trypsin

S・TGI

s－TGI ＋ 0．5 M acetic acid

s－TG工 十 5 mM dithiothreito1

s－TG工 十 1mg／m1 trypsin

（100〕         （100）

  86          81

  97         101

  72          40

  69         32

  92         97

10↓       104

BRL  and  RSV－BRL  ce11s were  cu1tured  in  1．0  m1  of

10壱FCS＋DME／F12．  tg  which 80 μ1 of each samp1e was added as

indicated．   s－TG工s  had  been  treated  with  acetic  acid．

dithiothreito1  ◎r  セrypsin as d．escribed  in  Materia1s  and

Meth◎ds・  工n the contr◎1．  s－TGI was rep1aced with PBS・ The

ce11 number with PBS was regarded as 100．
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Tab1e エエー工V． Effect of purified s－TG工 on the growth of eiqht

kinds of non－ma1ignant or ma1ignant ce11 1ines

Ce11 1ine tested Ce11n㎜ber

N◎n－ma1iqnanセ

     BRL

     BSC－1

     LLC・RK1

     YH－1

Ma1ignanセ

     RSV－BRL

     HeLa－S3

     HSC－3

     B－32

75

66

57

64

23

101

30

16

〔毫 of contro1）
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’工ab1e  エエエー工．   Effect  of  various

inhibitory activity of c－NG工s

セreatmentS

Re1ative ce11

on  growth一

n㎜ber（毫）
Addition

BRL        RSV－BRL

PBS

PBS ＋ 5 mM dithiothreito1

PBS＋ 1m／m1 trypsin

c－NG工s

c－NG工s ＋ 0．5 M acetic acid

c－NG工s ＋ 5 mM dithiothreito1

c－NG工s ＋ 1 mq／m1 trypsin

（100〕        （100〕

  86          81

  97         101

  32          72

  27          71

  86          95

100         100

BRL  and   RSV－BRL  ce11s were  cu1tured  in  1．O m1  of

1OもFCS＋DME／F12’  to which 80 μ1 of each samp1e was added  as

indicated．  c－NG工s  had  been  treated  with  acetic  acid．

dithiothreito1  or  セrypsin  as described in  Materia1s  and

Methods．  工n the conセro1’  c－NG工 was rep1aced with PBS．  工he

ce11n㎜ber with PBS was regarded as100．
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Tab1e  エエエーエエ．  Effect  ◎f  various

inhibitory activity of c－TG工s

treatmentS ◎n  growth一

Re1ative ce11 number ｛毛〕
Addition

BRL        RSV－BRL

PBS

PBS ＋ 5 mM dithiothreiセ。1

PBS ＋ 1 m／m1 trypsin

c－TG工s

c－TG工s ＋ O．5 M acetic acid

c－TGIs ＋ 5 mM dithiothreit◎1

c－TG工s ＋ 1 mg／m1 trypsin

（100〕         （100）

  86         81

  97         101

  68          35

  62         35

  95         92

100        101

BRL  and  RSV－BRL  ce11s  were  cu1tured  in  1．0  m1  of

1O毛FCS＋DME／F12．  tg  which 80 μ1 of each samp1e was added as

indicated．  c－TG工s  had  been  treated  with  acetic  acid，

d－ithiothreito1  or  trypsin as described  in  ㎜ateria1s  and

Methods   工n the contro］一。  c－TG工 was replaced with PBS．  The

ce11 number with PBS was regarded as 100．
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Tab1e111－111．S㎜ary for purificat1on of c－NG1－1and c－NG1－11from

conditioned medium of BRL ce11s

Step Toセa1
  A
   280

ED501） P。。i・y
｛A280／m1）

Y■e1d
（壱）

Concentraセed
c◎nditioned medium

Ce11u1ofine
   GCL－300－m

DEAE－
   Toyopear1

300

95

3．8

0．02      ｛1）

0．005       4

0．0005      40

（100）

119

48

C－NG工一工：

HPLC ｛LS－410K〕 〈0．004 〈O．00001   〉2．000

c－NG工一ユエ：

HPLC ｛LS－410K） 〈0．004 〈0．00001   〉2’000

1）

BRL

Amount of prot6in （A   ）                    280

ce11s．

required for 50毛 growth inhibition  of

［72］



．工ab1e II工一工V・ Effecセ◎f purified c－NG工一工 and c－NG工一ユエ

。n growth of eight kinds ◎f n◎n－ma1iqnant  or ma1iqnant

ce11 1ines

Ce11 number 〔毛 of contr◎1）
Ce11 1ine

Non－ma1iqnant

     BRL

     BSC－1

     LLC－RK1

     YH－1

Ma1ignanセ

     RSV－BRL

     HeLa・S3

     HSC－3

     B－32

C－NG工一工 。－NG工一I工

22          29

73          75

79          45

80           77

71           65

111         107

53          33

92          50
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Tab1e111－V．S㎜ary forpurification of c－TG1－1andc－TG1－11

conditi◎ned medium of BRL ce11s

Sセep T．t．1  ED501） ・。。i・y
A     ｛A  ／m1）  280     280

Y■e1d
｛壱）

fr◎m

Extracted
fraCti◎n

1st T◎yopear1
       HW54C

2nd Toyopear1
        HW55C

C－TG工一I：

HPLC
〔U1tron N－C8）

C・TG工一ユエ：

HPLC

〔U1tron N－C8）

57       0．05

20       0．025

1．1      0．001

〈0，002    〈0．00001

〈0，002    〈0．00001

1）  Amount  of protein

RSV．BRL ce11s．

｛A  〕  280

（1〕        （100〕

2        73

50        100

〉5’000          18

〉5．000           18

】＝equired for 50毛 qrowth inhibition  of
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Tab1e II】＝一V工． E：Efect of purified c－TG工一I and c－TGI－II

on growth  of eight kinds of non－ma1ignant or ma1ignant

ce11 1ines

Ce11n㎜ber 〔毛 of contr◎1〕
Ce11 1ine

Non－ma1ignant

    BRL

     BSC－1

     LLC－RK1

     YH－1

Ma1ignant

     RSV－BRL

     HeLa－S3

     HSC－3

     B－32

C－TG工一工 C－TGI一ユエ

55          57

77          74

61          54

80          71

34           30

92          79

43          52

81          87
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Tab1e エエエーVユエ． Comparison of propert■es among s－TGI，

I工’ c－TG工一ユエ’ C－NG工一工 and c－NG工一I工

M
r

Stabi1ity
 1 M acetic acid

 8 M urea

 5mM DTT

 1mq／m1 trypsin

Target ce11s

s－TG工    c－TG工一工

。1．3k1） 。1．3k1〕

〈10k2〕 ＜10k2〕

stab1e

stab1e

unstab1e

unstab1e

RSV－BRL

HSC－3

B－32

stab1e

stab1e

unstab1e

unstab1e

RSV－BRL

HSC－3

C－TG工一工’ C－TGI一

C－TG工一ユエ  c－NGI一工

〈1．3k1） 17k1〕

    2）       2）
〈10k       53k

sta．b1e

stab1e

unstab1e

unstab1e

RSV－BRL

HSC－3

stab1e

stab1e

unstab1e

unstab1e

BRL

HSC－3

C－NG工一ユエ

17k1）

   2）
20k

sセab1e

stab1e

unstab1e

unstab1e

BRL

HSC－3

LLC－RK1

B－32

1） Apparent M  va1ues determined by mo1ecu1ar－sieve chromatography．             r

A11 the qrowth inhibitors were not passed through dia1ysis  membrane

and Diaf1o YM10 ｛M  10，000）．
                 r

2） M  va1u．es determined by SDS－po1yacry1amide ge1 e1ectrophoresis．    r
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Fig．  I－1． Phot◎micr◎9raphs 〔x  100〕 of BRL （N◎rma1〕 and RSV－BRL

（Transformed） ce11s
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Fig．

tota1

ce11s

 工一2． Two－dimensiona1  po1yacry1amide  ge1 e1ectrophoresis  of

  ce11u1ar  proセeins extra．cted．from BRL  ｛norma1工 and  RSV－BRL

 （transformed〕．

Experimenta1 conditions are described in Materia1s and Methods．
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Fiq． 工一3． Tw◎一dimensiona1  po1yacry1amide ge1  e1ectrophoresis  of

nu－c1ear pr◎teins ◎f BRL （norma1〕 and RSV－BRL ce11s ｛transformed〕．

     Experimenta1 conditi◎ns are described in Materia1s and Methods．
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Fiq．工一4．Am1ysis of intrace11u1ar RSV proteins by i㎜㎜o－b1otting．

     Toセa1 ce11u1ar pr◎teins of chicken fibr◎b1asts ｛CEF）  〔Chicken、

一）’ RSV－transformed CEF （Chicken， 十）、 BRL ｛Ra．t 1iver、 一） and RSV－BRL

（Rat 1iver、 十〕 were separated by SDS－po1yacry1amide ge1 e1ectroph◎一

resis． Other experi㎜enta1 c◎nditions are described in Materia1s and

Meth◎ds．

94K

68K

．      ●180K

          090K4
          ．76K
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43K
…；

皇
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221〈
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Fig．  エエー1・  Growth  response ◎f BRL ｛○O and RSV－BRL （●） to

concentrations  of feta1 ca1f seru．m．  DME／F12 was used as the

medium．
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Fig・  I工一2・  Growth  response of BRL （）） and RSV－BRL （●） to  various

concentrations of ca1f serum． DME／F12 was used as the basa1 medium．
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Fiq．  工I－3．  Growセh  response

c◎ncentraセions of horse serum．

・f BRL O・nd Rsv－BRL（●）to

 DME／F12 was used as the basa1

Var■OuS

medium．
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Fiq．  I工一4． Growth  response of BRL 一○） and RSV－BRL ｛●〕 to  various

concentrati㎝s of rat ser㎜．㎜E／F12was used as the basa1medi㎜．
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Fig．  工I－5．  Gr◎wth

concentrati◎ns  of

・esp㎝・・◎f BRL（O・・d Rsv－BRL（●〕t・

rabbit  serum．  DME／F12 was used  as  亡he

Var■OuS

ba．sa1

medium．
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Fig． エエー6． D◎se－dependent：growth inhibition of BR】二一and RSV－BRL ceユ1s

by rabbit serum in presence of 1O壱 FCS．

    BRL O・・d Rsv－BRL（●）・・11・w… g・・w・i・th・b…1m・di㎜

supp1emented with the indicated concentrati㎝s of rabbit ser㎜ in

the presence of 10毛 FCS．
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Fig．エエー7．G・・wth i・hibiセi㎝・f BRL O・・d Rsv－BRL O・・11・by

various concentrations of 1ipoprotein－free and 1ipoproセein fra．ctions

of rabbit serum in presence of 10毛 FCS．

    Lipoprotein  and．1ipoprotein一二Eree fractions were prepared－ fr◎m

rabbit serum as described．in Materia1s and Methods．
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Fiq・ エエー8・ Mo1ecu1ar－sieve chromatography on Ce11u1ofine GCL－2000－m

c◎1umn ◎f 30－50…≡≡sa七． AmSO  fraction of rabbit serum under the non－                        4

diss◎ciatinq conditi◎n．

    The30－50毛・・t・AmS04f…ti㎝・f・・bbit…㎜w・・di・1y・・d

aga．inst PBS and app1ied to a Ce11u1ofine GCL－2000－m co1umn 〔2．6 x 97

cm） equi1ibrated with PBS and deve1oped。． The e1uate was co11ected in

5．3－m1  fractions． 0．2 m1 each of every other fraction was  a．ssayed

fo・ g・owth inhibito・y・cセiviセy㎝BRL O〕and Rsv－BRL （●）・・11・．

◎・A280・
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Fig・エエー9・Chromatofo㎝sing㎝PBE94co1㎜n of growセh inhibiセ◎r

fraction  obtained  by  mo1ecu1ar－sieve  chromat◎qraphy  under  non－

diss◎ciating condition．

    Experimenta1  condiセions  are  described  in  Maセer■a1s  and

M・th6d・．O．・・1・tiv・n㎜b… f BRL・・11・，●、・・1・tiv・n㎜b… f Rsv－
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1≡’ig． I工一10． Mo1ecu1ar－sieve chr◎matoqraphy on Ce11u1ofine GCL－2000－m

co1umn  ◎f  30－50毛 sat．  AmSO  fraction of rabbit  serum  under  the                          4

dissociating c◎nditi◎n．

    The  30－50毛  sat． AmSO  fraction of rabbit serum was  dia1yzed                         4

against 10 mM HEPES－NaOH buffer （pH 7・2〕 containing 1 M NaC1 and 6 M

urea． and  app1ied to a－Ce11u1◎fine GCL－2000－m co1umn ｛2・6 x  97  cm）

equi1ibrated  with  the  same  buffer  and  deve1oped．  E1uate  was

c◎11ected－ in  10－m1 fractions．One m1each of every other  fraction

was  dia1yzed against PBS and．its 0．2－m1 portion of was assayed  for
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Fiq．  工工一11．  Po1yacry1a．mid．e ge1 e1ectrophoresis of growセh inhibitor

fraction   obtained－  by  mo1ecu1ar－sieve   chromatography   under

dissociating condition．

    25 μ1  each  of extracts from s1iced ge1 pieces was  assay  for

growth inhibiセ。ry activity on  RSV－BRL ｛●） ce11s  Other experimenta－1

conditi◎ns are described in Ma．teria1s and Methods．O．pH
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Fiq． I工一12． Anion－exchange  chromatogra．phy on DEAE－Toyopear1  650M

co1㎜n of rabbit ser㎜．

    0．5－m1 eacト。f every other fraction was dia．1yzed against 0．5 M

acetic acid and iセs 25 μ1 was assayed for growセh inhibit◎ry activity

㎝BRL1O・nd Rsv－BRL O・・11・ oth… xp・・im・nt・1・㎝diti㎝・…

described in Maセeria1s and Meセh◎ds．◎。 A   ・一一。 NaC1，
                                     280’
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Fiq． エエー13． Mo1ecu1ar－sieve chromatography on Ce11u1of■ne GCL－300－m

co1umn of acetic acid－extracts．

    The  qrowth inhibitor ex七ract with 1 M acet■c ac■d from  Diaf10

YM5 me㎜bra－ne wa．s dia1yzed against 0・5 M acetic acid．  app1ied to  a

Ce11u1ofine GCL－300－m co1㎜n（2．6x96㎝）equi1ibrated with0．5M

acetic  acid  a．nd  deve1oped． The  e1uate was  co11ected  in  10－m1

fracセi◎ns． 25 μ1 each of every oセher fraction was assayed for growth
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Fig． エエー14． Reverse－phase  high performance 1iquid  chromatography

（HPLC）  on  U1tr◎n  N－C8 c◎1umn （C－8〕 of growth  inhib■tor  fra．ction

obtained by m◎1ecu1ar－sieve chr◎matography．

     25 μ1  each  of  every oセher fraction was  assayed  for  growth

inhibitory  acセivity  on  RSV－BRL  〔●〕 ce11s   Other  experimenta1

conditions are described in Materia1s and－ Method．s．，、  A   ・ ＿一．
                                                        280’
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Fig．

TG工．

 I工一15．  SDS－p◎1yacry1amide  ge1 e1ectrophoresis of purified s－

Experimenta1 conditions are described in Ma－teria1s and Methods．
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1≡’ig． エエー16． Dose－resp◎nse of purified s一工GI to the growth of BRL and

RSV－BRL ce11s in presence of 10毛 FCS・

     Purified． s－TG工  was  added  to test medium  at  the  ind■cated

co㏄ent・ati㎝s、・・d it・growth inhibitory・・セi・・ty㎝BRL O 帥d

RSV－BRL （●） ce11s was determined．
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Fiq．  エエエー工．  Growth

presehce of 10…姜…FCS．．
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Fig． エエエー2． Effecセ of concentrated  conditioned medium of  BRL

・・11・㎝g・・wth of BRL O・・d Rsv－BRL（●）・・11・i・p・・・・・… f1o壱

FCS

    Experimenta1 condiセi◎ns are described in Maセeria1s and Method－s

（＊
）
」
Φ
．o

ε

コ
⊆

Φ
O
Φ
＞

■箏

⑩

で
O：

100

80

60

40

20

／
BRL

RSV BRL
／

○

0
0 2 4    6   8

A2801ml of medium（x102）

［98］



Fiq．  エエエー3．  Mo1ec一早1早r－s ieve  HPLC  ◎n  TSKge1 G3000SWG  co1umn  ◎f

conditioned  medium  of BRL ce11s in presence of 1 M NaC1  and  6 M

u平ea・

    0．5  m1 each of every other fraction was dia1yzed against  PBS’

and－its 0．2 m1 portion was assayed for growth ■nhibitory activity on

BRL O）・・d Rsv－BRL O・・11・ oth・… p・・im・・t・1…diti㎝・…

described in Materia1s and Methods・◎・ A280・
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Fiq．  エエエー4．  Po1yacry1amide  qe1  isoe1ectric  e1ectr◎phoresis  of

conditi◎ned medium of BRL ce11s in presence of 8．5 M urea．

     G・owth inhib止。・y acセivity㎝BRL1O ce11・胴・a・・ayed．othe・

experi㎜enta1 conditions are described in Materia1s and  Methods．
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Fig．  エエエー5． Po1yacry1amide  ge1  isoe1ectric  e1ectrophoresis  of

condiセioned medium of BRL ce11s in presence of 8．5 M urea．

    Growセh  inhibiセ。ry activity on RSV－BRL ｛●） ce11s wa・s  assayed・・

Other  experimenセa1  conditions  are  described  in  Materia1s  and

Meセh◎ds・O．PH・
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Fig．  エエエー6． Mo1ecu1ar－sieve chromatography on Ce11u1ofine GCL－300－m

co1㎜n of concentrated conditi㎝ed medium of BRL ce11s．

    The  conditioned  medium  of  BRL ce11s  was   concentrated  as

described  in Materia1s and Methods．  The  concentrated  c◎ndiセioned

medium  was dia1yzed．against 1 M acetic acid， and its 50 m1 porセion

陥s app1ied t◎a Ce11u1ofine GCL－300－m co1㎜n （2．6x96㎝）

equi1ibrated with 1 M acetic acid and deve1oped． 25 μ1 each of every

oth・r f・acti㎝胴・… ay・d fo・g・owth inhibit・・y・・tivity㎝BRL O

and RSV－BRL （●） ce11s．◎’ A
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Fig．  エエエー7．  Anion－exchange  chr◎matoqraphy on DEAE－Toyopear1  650M

c◎1㎜n of gr◎wth inhibiセ。r fracセi㎝obtained by mo1ecu1ar－sieve

chromat◎qraphy．

     0．5  m1 each of every other ：Eraction was dia1yzed against  1  M

acetic  acid，  and  its  25  1  was assayed  for  growth  inhibitory

・・セi・ity㎝BRL O・・d Rsv－BRL（●）．oth・… p・・i…t・1・㎝diti㎝・

are d－escribed in Materia1s and．Meセhods O，A  ・‘一、NaC1，
                                          280’
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Fig．  工I工一8．  Reverse－phase HPLC ◎n LS－410K （C－18〕 co1umn of  growth

inhibitor  fraction obtained．by anion－exchange chromatography．

     Growセh    inhibit◎r   fraction   obtained   by   ani◎n－exchange

chr◎matography wa－s dia1yzed against 1 M acetic acid and app1ied to a

LS・410K co1㎜n14．6x250㎜）．25μ1of each fracti㎝was assayed

f◎・g・◎wth inhibiセ◎・y・・tivity㎝BRL O・・11・．oth… xp・・im・nt・1

c◎nditions are described in Materia1s and  Methods． 一。  A   ・＿＿。                                                          280’
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Fiq．  I工I－9． SDS－p◎1yacry1amide ge1 e1ectr◎phoresis of purified  c－

NGI一工 under non－reducinq conditions．

     Experimenta1 conditi◎ns a－re described in Materia1s and Methods．
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Fiq．  エエエー10．  SDS－p◎1yacry1amide ge1 e1ectrophoresis of purified c－

NG工一ユエ under non－reducing condiセionS．

     Experimenta1 conditions are described in Materia1s and Meth◎ds．

・・し叩

68k⇒
     。．▲．

43k⇒

；一

… 29k→

22k“        ■

14k“
8P8⇒L

←c NGl l1

［106］



Fiq・ エエエー11・ Dose－resp◎nSe curves of purified c－NGI一工 for the growth

◎f BRL and．RSV－BRL ce11s in presence of 10毛 FCS．

    Purified  c－NG工一工  was  added to test med■um at  the  ■ndicaセed

c㎝・・nt・・ti㎝・and… ay・d fo・g・owth inhibito・y・・tivity㎝BRL lO

and RSV－BRL （●） ce11s．
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Fig． エエエー12． D◎se－resp◎nse curves ◎f purified c－NGI一工工 t◎ the growth

of BRL and RSV－BRL ce11s in presence of 10壱 FCS．

    Purified  c－NG工一I I was added to test med■um at  the   indユ。ated

・㎝…t・・ti㎝… d・…y・d f・・g・・wth i・hibiセ・・y・・tivity㎝BRUO

and RSV－BRL ｛●） ce11s．
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F■q．  工I工一13．  Mo1ecu1ar－sieve  chromaセ。graphy  on  Toyopear1  HW55C

co1umn  in presence of 1 M acetic acid and 6 M urea of extract  from

YM5 membrane in presence of 1 ㎜ acetic acid

     c－TG工  ads◎rbed  t◎ YM5 memb】＝ane was extracted as described  in

Ma－teria1s  a．nd  ㎜ethods． Af七er dia1ysis against a mixture  ◎f  1  M

acetic acid a．nd 6 M urea． extract （55 m1）was app1ied to a T◎yopea．r1

HW55C  co1umn  （2．6 x 95 cm） equi1ibrated w■th セhe sa．me mixture  and

deve1oped．  E1uate was co11ecセed in 1O－m1 fracセions・  O・5 m1 each of

every other fracセion was dia1yzed against 1 M acetic acid．  and  its

25μ1wa・a・・ayed g・owth inhibit◎・y activity㎝BRL O and Rsv－BRL

｛●〕ce11s．O．A              280’
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1≡’iq．  ユエI－14． Mo1ecu1ar－sieve  chromatography  on  Toyopear1  HW55C

co1umn  in  presence  of O．5 M acetic acid and 6 M  urea  of  growth

inhibitor fraction ◎btained by mo1ecu1ar－sieve chromatography．

     Growth   inhibitor   fraction   obセained．  by   mo1ecu1ar－sieve

chromatography   （1≡’ig． II－13． fraction  Nos． 15－34〕was  dia1yzed

aqainst  a mixture ◎f 0．5 M acetic acid．and 6 M urea． app1ied to  a

T◎yopear1目W55C co1㎜n12．6x95㎝）equi1ibrated a mixture of0．5M

acetic acid and 6 M urea and deve1oped．  1≡：1uate was co11ected in 1O－

m1 fractions． 0．5 m1each of every◎ther  fraction was dia1yzed

against  1  M  acetic acid． and its 25 μ1 was  assayed  for  gr◎wセh

inhibiセ。・y activity㎝BRL Ol and Rsv－BRL O c・11・・o・A280・
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Fig・  エエエー15・  Reverse－pha・se  HPLC  on U1tr◎n N－C8 （C－8〕  c◎1umn  ◎f

growth  inhibiセ。r  （c－TGI）  fracセion  obtained  by   mo1ecu1ar－sieve

chromat◎9raphy．

    c－TG工 fraction obtained by mo1ecu1ar－sieve chromatography （Fig．

エエエー14． Nos． 49－57〕 was dia1yzed aga■nst 1 M acet■c a．cid and apP1ied

to a U1tr㎝N－C8co1㎜n（4．6x150㎜）．25μ1porti㎝of each
fraction  wa－s assa．yed for qrowth inhibiセ。ry activity on RSV－BRL  ｛●）

ce11s  Other experimenta1 conditions are described in Materia1s and

Methods． 一’ A   ・    acet◎nitri1e．
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Fig．  エエエー16．  SDS－po1yacry1amide ge1 e1ectrophoresis of purified c－

TG工一工．

     Experimenta1 c◎nditions are described in Ma．teria1s and Meth◎ds．
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Fig．  エエエー17． SDS－po1yacry1amide ge1 e1ectrophoresis of purified c－

TG工・ユエ．

     Experimenta．1 c◎nditions are d．escribed in Ma－teria1s and Methods．
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Fig．  I工I－18． Dose－response curves of purified c－TG工一I for growth of

BRL and－RSV－BRL ce11s in presence of 10毛 FCS．

     Purified  c－TG工一工  was  a－dd－ed to セest medium at  the  indicated

・・㏄・ntr・セi㎝・㎝d a…y・d f・・g・・wth i・hibiセ・・y・・t・・岬㎝BRL O）

and RSV－BRL （●） ce11s
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Fig． エエエー19． Dose－response curves of purified c－TGI一ユエ for growth of

BRL and RSV－BRL ce11s in presence of 10壱 FCS．

     Purified  c－TG工一ユエ  was add．ed to test medium a．t  七he  ind■cated

conce此rati◎ns and．assayed growセh inhibitory activity on BRL （O〕

and．RSV－BRL （●） ce11s was determined．
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                             SUMMARY

The spec■es and amounts of mRNA ユn various normal and tumorous ce11s

of  rats  were in vitro translated．into proteins in the presence  of

 35       ．                        一            ．
［  S］methion■ne．  and the radioactive prote■ns tbus synthes■zed were

analyzed by sodium dodecy1su1fate－po1yacry1amide qe1 e1ectrophoresis

and f1uorography． The k■nd of ce11s used were the  n◎rma1s：  1ivers

with  and  without regenera亡■on， kidney． sp1een  and  musc1e． and

tumors： Rhodamine  fibrosarcoma． Yoshida ascites sarcoma and AH130

hepatoma． Of  the  tumors examined，  the proteins were  simi1ar  in

species and amounts f◎r a11 the kinds． A protein with M  of 37k and                                                       r

p工  of  7．5 （p37〕was detected with the tumors． but  not with  the

norma1s． In addition． the tumors had eiqht proteins （p34． p32． p27．

p20． p18． p17．5． p17’ p16 and p15）。 セhe amounts of which were three

to  ten  セimes  hiqher  than wi七h the  norma1s． With  the  norma1s．

however． p34 ｛p工 10） was detected in regenerating 1iver and sp1een．

p32 （p工 6．1） ■n regeneratinq 1■ver． p20 in kidney． and p18 in muscle

and p16 （p工 5．0） in sp1een．

     Cu1tured  ce11s  of Rhodamine fibrosarcoma  were  pu1se－1abe1ed

 ．    14     ．
W■th  ［  C］1euc■ne．  and  the radioactive proセeins thus formed  were

ana1yzed． The results were simi1ar セ。 those by in viセro セrans1ation．

p37 was even1y 1ocated between nuc1ei and extra－nuc1ei．

（！〕



                           工NTRODUCτ工ON

Different  kinds of ce11s carry out metabo1isms． which are more  or

ユess  different  from  one  kind  to  ano亡her．  On  acquisition  of

tumorigenicity． ce11s change some of the properties． so as to become

simi1ar to the feta1 ce11s ‘エ、 2，． Obvious1y， these differences are

caused  by  changes  in the gene expression．  工t  is  reasonab1e  セ。

consider that the rapid grow七h of norma．1 ce11s such as  regeneraセing

ユiver  are  achieved  wiセhout aユterati◎n of the  genes．  There  are．

however．many findings indicating that tumoregenicity is a．cquired by

a1teration  of one or more genes3  the a1tered genes are ca11ed  onc

genes （旦一旦）．  工n any cases， chanqes of the qene expression sh◎u1d be

ref1ected on differences of the species and amounts of mRNA and then

those of proteins present in the ce11s．

    Differences  of セhe proteins present in norma1  （non－tumor〕  and

tumorous  ce11s have been studied for セhese severa1 years，  and  the

resu1ts became more precise as the ana1ytica1methods were improved．

SDS－po1yacry1amide  ge1  e1ectrophoresis  was app1ied to  study  セhe

tissue－specific  distribuセioη  of nonhistone p】＝oteins in  nuc1ei  of

various  tissues  of rats inc1uding  a  tumor  （6）． Two－dimensiona1

po1yacry1amide  ge1  e1ectrophoresis （7〕 was a1so app1ied  to  study

differences in protein species between norma1 and tu」morous ceユ1s （旦．

9）． The  hybridization of DNA and the c1oning ◎f comp1emenセary  DNA

were  used t◎ study the differences 〔ユ旦一ユ三） and to ana1yze onc genes

（3－5〕． Meth◎ds  for iso1ation of mRNA and fo】＝ its trans1ation  into

the corresponding protein were a1so improved significant1y 〔ユ三、 エ五〕．

    工n the present paper． the species and amounts of mRNA  dominanヒ

in  various norma1 and tumorous ce11s of raセs were compared  through

［2】



ana1ysis of the proteins trans1a亡ed in vitro with the tota1 RNA from

セhe  ce11s with attempts for surveying the proセeins associaセed  with

セhe rapid growth of norma1 and tumorous ce11s．

［3i



                      MATERIALS AND METHODS

    Animaユs  and  亡umors         Adu1セ ma1e a1bino rats  of  Donryu

strain were used．  Rhodamine sarcoma was subcutaneous1y imp1anted on

セhe back of anima1s by the method of Matuo皇主星ユ． （ユ三）． 0n the other

hand．  ce1工s   of   AH130  and． Yoshida  sarcoma．  were   imp1anted

in亡raperitonea11y．  Regenerating  1iver  was obtained by  a  partia1

hepatectomy．  in  which about 70毛 of セhe セ。ta1 1iver was removed  by

th・m・セh・d・fHi♀9i・・畦辿一里〕・

    Ce11s and ce11 cu1ture         A ce11 1ine of Rh◎damine sarcoma

（RdF4〕 was  a  gift  from  Prof．  K．  Nishikawa  （Kanazawa  Medica1

∪r1iversity． 工shikawa）． Ce11s were grown routine1y in p1asセic tissue－

cu1ture dishes ｛＃3002．  Fa1con P1asセic Co．’  Oxnard．  Caユif◎rnia） at

37．Ci・・h・midifi・d・t…ph・… f5毛C02i・th・・i・・Th・㎝1t…

medium used was a mixture of equa1vo1㎜es of Du1be㏄o，s modified

Eag1e1s mediu』T1and Ham1s F12 mediu皿 （Gibco’ Grand 工sユand’ New York〕’

which  was  supp1emented  with 10毛 （v／v） feta1  ca1f  serum  （M． A．

Bioproducts’ Wa1kersvi11e’ Mary1and〕。 100 units／m1 of peniciユ1in G

（Mei j i Seika Co．、 Ltd．。 Tokyo〕 and 100μg／m1 of streptomycin su1fate

（Meij i Seika Co．’ Ltd．。 Tokyo）．

    Pre araセion  of tota1 RNA from various ce11s         The  tota1

RNA  was  prepared  from various tissues and cu1セured ceユ1s  by  the

method of Chirgwin 虫三ユ．  ‘ユ三，． Wiセh a Potter－Eユvehj em h◎mogenizer，

fresh  tissue  or cu1tured ce11s were homoqenized ih  a  quanidinium

thiocyanate so1ution． the voユume of which was sixteen times as much

as that of the oriqina1materiaユ The guanidini㎜ セhiocyanaセe

s◎1ution consisセed of 4 M guanidinium thi◎cyanate． 0．5壱 （w／v〕 sodium

N－1auroy1sarcoside’ 25 mM sodium citrate and 0．1 M 2－mercaptoeセhano1

［4】



（pH  7．0〕  and  was steri1ized with  an  autoc1ave．  The  homogenate

described  above was centrifuged at 10．C for 10 min aセ 10，000  x  旦・

The  resu1tant supernatant was mixed with 0，025 vo1ume of 1 M aceセic

acid and O．75 vo1ume of ethano1． One vo1ume is the same as セhe tota1

vo1u∫ne   of   the   guanidinium  thiocyanate   so1uセion   used   for

homogenization． The mixture was a11owed セ。 stand overnighセ at －200C，

fo11owed  by centrifuqation at －10oC at 6’000 x旦 f◎r  10  min． ．The

resu1tant  precipiセate  was suspended in 0．5 vo1uJ11e of  a  guanidine

hydroch1oride so1uti㎝’and mixed with0，025vo1㎜e◎f1M acetic

acid and0．5vo1㎜e of ethano1．The quanidine hydroch1oride so1uセi㎝

consisted of 7．5 M quanidine hydroch1oride．  25 mM sodium citraセe． 5

mM dithiothreit◎1 （pH 7．0〕 and was steri1ized with an autoc1ave． The

mixture was a11owed to stand at －20．C for 3 h and centrifuged aセ 一

10 oC  at  6，000  x 旦for 10min． The  resu1tanセ  precipitate was

suspended  in 0．25 vo1u」me of the guanidine  hydroch1oride  so1ution’

and  mixed  with 0，025 vo1ume of 1 M aceセic acid  and 0．5 vo1ume  of

ethano1． The mixture was a11owed to starld aセ 一20oC fo】＝ 3 h  and

centrifuged  at  －10 oC  at  6，000 x亘  for  5・min． The  resu1tanセ

precipitate  was  dispersed  in ethano1 at a room  temperature  （20－

25oC〕、 and  centrifuged  a七  10 o C at 6，000 x  旦  for  5  min． The

precipitate thus obtained was p1aced under a sセream of nitrogen  gas

in ◎rder to remove the remaininq ethano1’ and then disso1ved in 1．0

m1 of  steri1e water per q of the  origina1  tissue． f◎11◎wed  by

centrifugati◎n  aセ  10 oC aセ 28，000 x亘for 10 min・ The  resu1tant

supernatant  was co11ected by decantation．  For  re－exセraction’  the

resu1tant precipitate was suspended in 0．5m1of steri1e waセer per g

of the origina1 tissue’ fo11owed by centrifugation at ユ0oC aセ 28’000

［5］



x旦for 10 min． The re－ex七raction was repeated once more． The three

supernatants thus obtained were mixed． The mixture was supp1emented

with  0．1 vo1ume of 2 M potassium acetate （pH 5・0〕 and 2 vo1u皿es  of

ethano1，  and  a11owed  to stand overnight at  －20 o C，  fo11owed  by

centrifuqation  at  －10．C aセ 16，O00 x旦for 20 min． The  resu1tant

precipitate was washed with 95毛 （v／v〕 ethano1． dried under a stream

of  n■trogen  qas  and disso1ved in  steri1e  water・  The  resu1tant

so1ution  was  used  as  totaユ RNA．  The concentration  ◎f  RNA  was

determined，  reqarding  that  an  1毛  〔w／v）  RNA  wou1d  exhibiセ  an

absorbance at 260 nm of 200．

    工n  vitro  セrans1ation of tota1 RNA       The  セ。ta1  RNA  was

subj ected  to  in vitro trans1ation by the method of Pe1ham  呈生  良ユ．

（17〕 with some modifications． The reaction mixture consisted of 16μ1

of rabbiヒ reticu1ocyセe 1ysate ｛code N． 90’ Amersham－Japan， Tokyo〕’
          35
4 μ1  of  ［  S］methionine  ｛0．02μCi） （specific  acセivity  of  1’280

Ci／㎜o1．code SJ．204’Amersham－Japan’Tokyo〕。2μ1of the tota1㎜A

（172 μg  as  RNA〕 and water to make the tota1  vo1u」me  22 μ1．  The

reaction was carried out at 30oC for 1 h’ and st◎pped by 1owering t◎

an   ice－co1d  temperature．   For  determining  the  extent  of  セhe

セrans1ation，  1 μ1 of the resu1tanセ reaction mixture was mixed  with

O．5  m1  ◎f  1  N  sodium hydroxide  containinq  5毛  （w／v〕 hydroqen

peroxide，  and incubated at 37 o C for 10 min． The incubated so1ution

was co◎1ed in an ice bath’ mixed with 1m1of ice－co1d  25毛  〔w／v，

TCA，  and a11owed to stand in an ice bath for 30 min．  The resu1tant

so1ution was fi1tered through on Whatman g1ass fi1ter 〔GF／A． Whatman

Ltd．、  Springfie1d Mi11，  Eng1and〕．  The TCA－inso1ub1e materia1 thus

trapped  on  the fi1ter was washed 亡wice with 5m1 in each  time  of

［6］



ice－co1d  8毛 ｛w／v） TCA and once with 5m1 of ethano1． The  toqether

with  the fi1ter，  i七 was dried，  put into a scinセi11aセion cockセai1，

which   consisted   of   to1uene   containing    0．4毛   ｛w／v〕   2．5－

dipheny1oxazo1e   and  0．01毛  （w／v）  1．4－bis［2一（5－pheny1◎xazo1y1〕］一

benzene’  and   measured  of  セhe  radioacセivity  w二th   a   1iquid

scinti11ation  spectrometer  （mode1  LSC－900，  A1oka’  Co．． 1二一td．，

 ．                       35                         ．
M■taka）． Ab◎ut  5，000 cpm ◎f ［ S］methionine was incorporated  ユnセ◎

the  TCA－inso1ub1e  fraction  （trans1ated proteins） per μ1  of  the

reaction mixture． About  5 and10μ1of the】＝eac七ion mixture were

used for ana1yzing the trans1ated proteins by SDS－po1yacry1amide ge1

e1ectrophoresis    and    two－dimensiona1    ge1    e1ecセrophoresis’

respecセive1y．

    工n   some   experiments’  the  tota1  RNA  was   subj ected   セ。

chromatography  on a po1y‘u〕一Sepharose 4B co1umn・ The  mRNA  having

po1yadenine  tai1  was co11ected and used for in vitro  tra．nslation．

The  resu1セs thus obtained were essenセia11y the same as  those  with

the total RNA．

    幽    工n a35一㎜p1asセic
セissue－cu1セure  dish  〔器3002’  Fa1con．   Oxnard．  Ca1ifornia〕  were

incuba七ed  at 37oC for 1 h in 1eucine－free Eag1e l s ㎜inimum essenセia1

medium   （1eu．cine－free MEM．  Gibco．  Grand  工s1and．  New  York，

supp1emented with 10毛 （v／v〕 of feta1 ca1f serum previous1y  dia1yzed

                         14     ．                       ．
agains1二PBS｛一）、 and L一［旦一 C］1euc■ne ｛10  Ci／m1） ｛specific activ■ty

of330mCi／㎜o1， code CFB．183．Amersha㎜一Japan．Tokyo〕．The

incubated  ce11s were harvested  by exposing to  1 m1 of PBS（一〕

containinq 0．5 mM EGTA and 0．5 mM 1≡：DTA．  They were washed twice with

PBS〔一）  by centrifugation．  The washed ce11s were subゴecセed セ。  SDS一

［7］



po1yacry1amide ge1 e1ectrophoresis．  工n some cases。 セhe washed ce11s

were  subゴecセed to ce11u1ar fractionation （18〕．  They were suspended

ユn  0．5 m1  of 10mM Tris－HC1buffer ｛pH  7．5， containing  0．25 M

sucrose， 3 mM CaC1  and 0．5毛 （w／v〕 Triton X－100， and stirred at 4oC                   2

for  30 min．  fo11owed by centrifugation at 40C at 1，200 x旦 for  10

min． The resu1tant superna七ant is ca11ed ，Iextranuc1ei fracセionl，．The

resu1tant  precipitate  was suspended in 0．5 m1 of the  same  buffer

・㎝t・i・i・q・・・・・… C・C12・・dT・it㎝X－1001・・d1・y…d㎝t・0・5m1

of  0．88 M sucrose in a eppendorf 1．5 m1 tube （Eppendorf’ Homburg）’

fo11owed  by  centrifugation at 4oC aセ 1，200 x 旦  for  10  min．  The

resu1tant  precipitate is ca11ed ，1nuc1ei fraction”．  The nucユei  and

extranuc1ei  fractions  were measured of radioacセivity as  described

above．

    SDS－ o1 acr 1amide   e1 electro horesis         E1ectroph◎resis

in a po1yacry1amide ge1 containinq SDS was carried out by the method

of Lae㎜1i（與usi㎎a KPI e1ectrophoresis apparatus（Mode1E一工E

17－30TR． Koike Precision 工nst・’ Kanagawa）’  as reported previous1y

1亘〕．The separaセi㎎ge1s1ab1240x150x2㎜〕was prepared fr㎝a

mixture  of  0，375 M  Tris－HC1buffer ｛pH  8．8〕’ 0．1壱  （w／v〕 SDS’

acry1amide  with  a  1inear gradient from 10  to  20毛  （w／v〕。 N．N，一

methy1ene－bisacry1amide  （Bis〕 with a gradient from 0・27  to  0．53毛

（w／v）舳d0．0175毛～／v〕a㎜㎝i㎜ persu1fate and O．05毛 （w／v〕

N，N，N・。N■一tetraethy1methy1enediamine ｛TEMED〕． The stacking ge1 s1ab

120x150x2㎜）胴s prepared fr㎝a mixture of0，125M Tris－HC1

buffer  （pH 6．8）。  0．1毛 SDS．  2．5毛  acry1amide’  O．6毛  Bis．  0．0375毛

a㎜㎝i㎜ persu1fate and0．1けEMED．Samp1es were disso1ved in62．5

mM  Tris－HC1  buffer  （pH  6．8〕 containinq  2毛  SDS．  5壱  （v／v〕  2一

［8］



mercaptoethano1 and 7毛 ｛v／v〕 glycero1． and the一§o1utions were heaセed

at ユ00oC for 2 min・ Eユectrophoresis was carried ou七 at 15 mA per g61

s1ab at 10．C for 30 h． using a mixセure of 25 mM Tris． 192 mM qユycine

and  0．1毛  SDS  as the electrode buffer． The M  makers  used  were                                           r

phosphory1ase ’b  （M  94，000）’ bovine serum  a1bumin  （M   68’000）’                  r                                 r

ova1bumin  ｛M   43，000〕。 carbonic  anhydrase  （M   29’000〕’  s◎bean
            r                                     r

trypsin inhibitor ｛M  21，500〕 and 1ysozyme （M  14，000）．
                  r                       r．

    Two－dimensina1  o1 acr 1amide  e1 e1ectro horesis        Two一

dimensina1  po1yacry1amide ge1 e1ectrophoresis was performed by  the

method  of O，Farre1 as modified by Tsuj i eセ  a1．  （20〕． The  firsセー

dimensiona1  isoe1ectric  e1ectrophoresis  was  carried  ouセ  in

cy1indricaユgeユ1ユ30x5㎜〕c㎝taini㎎4毛1v／v〕acry1amide．2毛
（v／v〕 Ampho1ine （pH 3．5－10〕。 8 M urea and 2も 〔v／v〕 Nonidet P－40． The

second－dimensiona1 SDS－ge1 e1ecセroph◎resis was carried out  in  a

separaセi㎎qe1s1ab1240x150x2㎜〕with aユinear gradi㎝セ。f

acry1amide concentration from 10 to 20壱 （w／vジ as described above．

    星ユ里g幽X         After e1ectrophoresis’  the ge1 s1ab  was

subj ected to f1uorography by the method of Bonner 畦亘ユ． （2ユ。）、 usinq

dimethysu1foxide and 2．5－dipheny1◎xazyo1e． It was exposed to Fuj i X－

ray fi1m ｛RX〕 （Fuj i Photo Fi1m C◎．． Ltd．， Minami－Ashiqara） at －80oC

for  about  1 week．  un1ess otherwise  stated．  Densiセ。gram  of  the

exposed  fi1m  was  measured  with a  Shimadzu  Dua1－Wave1ength  TLC

Sca．nner  ‘Mode1  CS－910’  Shimadzu Seisa．kush◎ Ltd．’  Kyoto）  at  セhe

sing1e wave1e㎎th mode with a samp1e wave1e㎎th of550㎜．

［91



RESULTS

Com arison  of  s ecies and amounts of  roteins in vitro  trans1ated

with  セ。ta1  RNA from various ce11s        Tota1  RNA  preparations

were  made  from  the five kinds of norma1 ce11s  （1ivers  with  and

without  regeneration’  sp1een． kidney and musc1e〕。  and the  three

kinds  of  tu』ηorous ce11s （Rhodamine sarcoma． Yoshida  sarcoma  and

AH130  hepatoma）．  The  ㎜RNAs  present  in  the  preparations  were

trans1ated  in vitro into the correspondinq proセeins in presence  of

 35                               ．
［  S］me亡hionine．  The  radioactive  prote■ns thus  synセhesi zed  we】＝e

separated  by  SDS－po1yacry1amide  ge1  e1ecセrophoresis’   and  then

ana1yzed by 1E1uorography 〔Figs． 1 ＆ 2〕． With the kinds ◎f norma1

Fig．1

Fig．2

ce11s examined．  the proteins detected were significant1y  different

in  species and amount from one kind to arlother3  some of them  were

specific  to  the respective tissues．  The nomenc1ature of  proセeins

                            ・3                  ．
refers to セhe M  va1ues （x 10  〕 affixed to ・1p” 〔Prote■n〕．  Re1ative
               r

to the other tissues’ sp1een was most abundanセ in p34’ p32 and p16’

kidney in p27 and p20’ and musc1e in p18． On the other hand． with

the  kinds of tumorous ce11s examined’  t二he proteins  detected  were

simi1ar  to  one  kind to anoセher boセh in species  and  amounセ。 but

siqnificant1y  different  f】＝om  those  of  a11  the  normaユ   ce11s．

Ubiquitous in a11 tumors．  p37 was detected in a significant amounセ。

but not in the norma1s． The other nine proteins． p34． p32’ p27’ p20’

［10］



p18，  p17．5，  p17，  p16  and p15 were significant1y highe】＝ in amounセ

with the tumors than with the norma1s．

     In  order to examine which of the ten proteins were  associaセed

wi th the rapid growth．  tota1 RNA preparations  were a1s◎ made  from

regeneratinq 1iver． and subjected t◎エ里vitro trans1ation 〔Fiq． 3，．

Fig．3

The p34’ p32’ p27’ p17 and p15’which had not been detected before

hepatectomy．  became  detecセab1e． a1though  the  amounセs  of  these

pro1二e■ns were significant1y 1ower than those in the セumors． p37 was

not detected with regenerating 1iver’ either．

     工n  some experiments’ mRNAs were co11ected from the tota1 RNA．

and  subjected to二旦 vitro transユation．  The resu1ts  thus  obセained

were essenセia11y the same as those with the セ。ta1 RNA・

     Two－dimensiona1  o1 acr 1amide  e1 e1ectro horesis of  roteins

trans1ated  in vitro with tota1 RNA from Rhodamine  sarcoma

The  proteins trans1ated in vitro wiセh the t◎ta1 RNA form  Rhodamine

sarcoma  were   ana1yzed  by  two－dimensiona1  po1yacry1amide   ge1

e1ectroph◎resis and f1uorography・ The p工 va1ues determined were 7・5

for  p37’ 10 for p34’ 6．1 for p32 and 5．0 for p16． The other  six

proteins． p27． p20． p18’ p17．5’p17 and p15were not deセectabユe in
  l

the first－dimensina1 ge1 for isoe1ectric  e1ectrophoresis． perhaps．

due to their too high or 1ow p工 va1ues．

     Tab1e 工 summarizes the resuユts described above．

Tab1e 工

［11］



     旦幽         The ce11  1ine  of
Rhodam■ne  sarcoma  （RdF4） was cu1tured． The cu1セured  ce11s  were

                       ．  ’14
pu1se－1abe1ed for 1 h w■th ［  C］1eucine’  and then ana1yzed by  SDS・

po1yacry1amide ge1 e1ectrophoresis and f1uorography ｛Fig． 4〕． The

Fiq．4

pu1se－1abe1ed  proteins we】＝e simi1ar in species and amounセ  to  the

trans1ated  proteins，  indicating  that  the ana1ysis  by  二旦  vitro

t】＝ans1ation ref］一ected the rates of protein synthesis rather than the

amounts of the proteins presenセ in the ce11s．

     The  cu1tured  tumorous ce11s． previous1y  pu1se－1abe1ed  with
 14
［  C］1eucine．  were  divided into nuc1ei and extranuc1ei  fractions’

and  then  ana1yzed  by SDS－po1yacry1amide ge1  e1ectrophoresis  and

f1uorography  （Fig．  5〕．  It was found thaセ p37 and p18 were  even1y

Fig．5

1ocated in both fractions’ p34’ p32’ p27’ p20 and p16 in extranuc1ei

fraction’  and p17．5．  p17 and p15 in the nuc1ei fraction．  Tab1e エェ

su㎜arizes the resu1ts described above．

Tab1e ユエ
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                            D工SCUSSION

By isoe1ectric e1ectrophores is． polyacrylamide ge1  e1ectrophoresis

■n   the   presence   and  absence  of   SDS   and   two－dimensiona1

po1yacry1amide  ge1  e1ectrophoresis．  we  studied  differences  of

pyruvate  kinase  isozymes  ｛22。’  2三）’  cata1ase  ｛2王）  and  nuc1ear

proteases （25〕’  nuc1ear nonhis七〇ne proteins ｛6〕’ and serum pr◎teins

｛26〕  among  various  norma1 and tumorous tissues of rats  with  and

without  bearing  tumor． By  two－dimensiona1  ge1  e1ectrophoresis．

Leavitt  and Kakunaga ｛8） reported that at 1east 24 proセein  species

are   differenセ   between  hu皿an  fibrob1asts   before   and   a－fセer

transformation  in vitro by a sinq1e chemica1 treatment．  and that a

variant  from  of  actin with M  44k and p工 5．2  is  formed  to  the
                              r

highest extent after transformation． By mo1ecu1ar hybridization with

comp1ementary DNA’  Hirsh皇生旦ユ． ‘ユエ。） found quantitative differences

◎f  mRNA  species  amonq  ユivers before and  afセer  hepatecセ◎my  and

Novikoff hepatoma． A simi1ar study was carried out with L－ce11s and

various  tissues  of mice by Ryffe1 and McCarthy  ｛10〕． There have

been’  however’  few reporセs on the comparis◎n of mRNA species among

norma1 and tumorous ce11s

     Conceivab1y’  the pr◎teins associated with the rapid growth  of

ce11s  are synthesized at rates faster than the ◎ther  pr◎teins．  In

the present study． the species and amounts of mRNA in various norma1

and tu皿。rous ce11s of rats were measured by the me七hod’ in which the

mRNAs  present in tota1RNA preparations from ce11s were  trans1ated

in  vitro into the corresponding proteins and then the proteins thus

synthesized   were   ana1yzed   by   SDS－ge1   e1ectrophoresis   and

f1uorography．  工t was f◎und that this method gave differences  amonq
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norma1 and tumorous ce11s to an extent sユgnificant1y more pronounced

than the ana1ysis of the prote■ns present in ce11s

     The  proteins synセhesized by ■n vitro セrans1ation were  simi1ar

in  species and amount for a11 the kinds of tumorous ce11s examined’

a1though they were siqnificant1y different from those ◎f the  norma1

ce11s  examined．  工n  the tumors examined． the ten species of mRNA

coding p37． p34， p32． p27． p20． p18’ p17・5． p17． p16 and p15 existed

at amounts siqnificant1y hiqher than those in the norma1s  examined．

Of  the ten species of mRNA． that codinq p37 was detectab1e on1y in

the  tumors．  a1most even1y distributinq in both of the outside  and

inside of the nuc1ei・ The species of mRNAs codirlq p34． p32 and p27

were not detectab1e in norma1 1iver． but they were in  reqenerating

1iver． Probably， p17．5． p17 and p15 were histones． because their

migrations  in  SDS－ge1  e1ectrophoresis corresponded  to  those  of

histone H3．  H2A and H2B．  respec七ive1y．  and they were 1oca1ized in

the  nuc1ei fraction．  The amounts of the histones per weight of DNA

are essentia11y the same for a11 the ce11s． n◎rma1 and セumorous （6〕．

This  indicates  thaセ the mRNA species codinq  these  histones  were

present  in the tumors t◎ a significant1y higher extent than in  the

norma1s’ thus， their amounセs increased in para11e1 to the increasing

amount of DNA in the tumor．

     Miyazaki  皇二旦コニ・  ｛亘〕 reported that nuc1ear proteins with M  of
                                                               r

54k and 34k are inherent t◎ Rhodamine sarcoma．  Possib1y’ their 34k－

protein corresponded セ。 the nuc1ear p37 in the presenセ  study，  with

some  difference in M ． By in vitro trans1aセion with the toセa1 mRNA
                     r      －

of norma1 arld reqenerating 1iver． and Novikoff hepatoma． Wu et a1．

‘2エ）  reported  that  the amounts of the six  proセeins  of  the  40S
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ribosoma1 subun］一t （M ： 35k’ 34k． 33k． 32k’ 30k and 25k） were 3 to 5＿                    r

fo1d  h■qher with the hepatoma and regenerating 1iver than with  the

norma1  1■ver．  エビ seems 1ikely セha1＝ some of 七he ribosoma1  proteins

corresponded to p34’ p32 and p27．

     Recent1y． various  onc  genes  and their  producセs  have  been

characterized  （8－10〕．  It is not known． however’ how the proセeins

coded on oΩc qenes can contro1 the phenotype of tu㎜orous  ce11s．  in

particular  their  abi1ity  to  grow in  the  host  anima1s．  工t  is

important，  therefore，  to  find  the  functions  of  セhe  proteins

assoc■ated with rapid qrowth and tumorigenicity．
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Table 工．

relative

Figs．1．
S arCOma

  Re1aセ■ve a皿01ユnts and p工 va．1ues of pr oteins a．bundant in tumors． than The

 amounセs of the proセeins were measured’ヒhe areas from the densiセ。grams in

  2 a nd  3． takinq the amounts of the r espec七iv e p〇七eins in  Rhoda二m ine

as 100． nd， n〇七 detectableラ re generating 1iver， 20 h after hepatecセ。my．

Re lative amount

PrOセein

（P工）

Rhodamine  Yosh］一da  AH130

  SarCOma  Sa－rCOma

Liver Spleen  Kidney  Mu sc le Regenera・
ting 1iver

p37

p34

p32

p27

p20

p18

p17－5

pエフ

p16

p15

7．5

10

6．1

5．0

（100）

（100）

（100）

（！00）

（100）

（100）

（100）

（100）

（100）

（100）

 70

120

110

140

120

 60
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110

140
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80

30

90
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70

nd

nd

nd

nd

10

10

10

nd

20

nd

nd

50

20

20

nd．

10

！0

30

50

30

nd

1O

nd

50

20

10

20

20

20

30

nd

1O

nd

30

nd

20

nd

10

10

30

nd

40

40

30

10

10

10

20

20

10
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Table ユエ． 工n七race11uユar distribut■on of proセeins abundan七 in

Rhodam■ne sarcoma． The re1atコーve aエnoun七s of セhe proセeins were

densitograms in Fig． 4 in the same meセhod as 七hat for Table 工。

of p37 in the nuc1e■ fracセion as 100・ nd’ n〇七detectable．

cultured cells of

measured from the

taking the amount

Rela七ive amount

FraC七■On

Nuclei

Exセranucle■

p37   p34   p32

（100）    20     nd

1O0    100     80

p27   p20   p18  p17．5

 5    nd    20   60

40     20     30     nd

p17   p16   p15

60    nd   30

nd    50   nd
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Fig．  1．

trans1ated

and．musc1e．

with 1iver，

SDS－po1yacryユamide   qe1  e1ectrophoresis  of  in  vitro

35
  S－proセe■ns with total RNA from 1iver，  sp1een，  k■dney

 Exper■menta1 conditions are described in the  text．  L．

S’ with sp1een， K． with kidney， M． with musc1e．
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F］一9． 2． SDS－Po1yacry1amide   gel  e1ectrophoresis  of  二旦  vitro

          35      ．
trans1aセed   S－prote■ns w■th Rhodamユne sarcoma， Y◎shida sarcoma and

AH130． Experimenta1 conditユ。ns are described in the text・ R， with

Rhodamine  sarcoma， Y， with  Yoshida sarcoma， AH130． with  AH130

hepa．toma．
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F■g． 3． SDS－po1yacry1amide   ge1  e1ectrophoresis  of  ユn  vitro

            35      ．    ．
trans1aセed    S－prote■ns  w■th  contro1  and  regenerating   1ivers．

Regenerating 1ivers were obtained 20 h （20－R） and 26 h （26－R）  after

hepatectomy． Contro1  1ivers  （C） were obtained 20 h  after  Sham一

◎perat■on． Other experimenta1 c◎nditions are the same as for Fiq． 1．
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Fig．  4．  SDS－polyacry1am■de  ge1  e1ectrophoresis  of  エ里   viセro

            35’      ．       ．   1   14                    ．

translated    S－prote■ns and二二 v■vo   C－pu1se－1abe二Led proteユns with

cu1tured  ce11s of Rhodamine sarcoma RdF4． Tota1 RNA  was  prepared

from  cu1tured  ce11s  of Rhodamine sarcoma RdF4 and  セrans1ated  in

vitro． 工n para11e1， the cu1tured ce11s were incubated for 1 h in the

                    ． ．   14
cu1ture med■um conta■nユng ［  C］1eucine． Both the エ里viセro trans1aセed

35       ．                ．   ．   14                     ．
  S－prote■ns  （TR〕 and the 二旦v■vo   C－pu1se－1abe1ed  proセe■ns  （PL〕

were  ana1yzed．  Other exper■mental condiセions are described in  the

teXt．
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                                                         14

F■q． 5． SDS－Po1yacry1amide geユ electroph◎resis of in viv◎   C－Pulse－

1abe］一ed  prote■ns in nuc1ei and extranuc1ei fractions with  cu1tured

ce11s  of Rhodamine sarcoma．  Pu1se－1abe1ing was carried out in  the

same  manner as for Fiq． 4． The resu1ta．nt ce11s were divided  int◎

nuc1e■   and  extranuc1ei  fractions．   These  two  fractions   were

respective1y anaユyzed．  Oセher experimentaユ conditions are  described

in the text． N， nuc1ei fract■on， EX． extranuc1ei fraction．
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