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Fluorenyla mine Carcinogens and Liver

Proteins during Hepatocarcinogenesis
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5t’MMAtII’

i’he eoumtitiued imugestionu of a fluon’emnylammminne hepatoean’einogeni by mats t’esimlts in a mnnai’ked

chanmge to�vard a higimiv selective inutem’aetioni i)etweenn time ean’eimugeni atn(l pmtm’tieuimu’ tmtrget

liver pu’oteitms. Adult mimale rats �vem’e fed for 5 �veeks a diet laekimug (eoiitn’oi) or eouit.mmimninng time

liver carciumogeni �\�-2-f1 uot’envlaeetaimuide (2-aeet.ylmtmmminmofl in )m’euue, 1”�\ .\.) . ‘FIme�’ were t imeni

givemi sinigle doses of �V-2-flimon’emiylat’et.anmide-9-t4( ‘ inntragmmstm’iealiv and killed 48 hr laten’.
r1�he soluble liVer l)m’oteinls ��‘em’e t’es( )lved ext.ennsive1�’ by e )humnmmm eleetm’ p1u t’esis. ( ‘ )mit n.m

liver l)rofiles displayed a difluse thistributionm of fluoi’emiyl-’4( ‘-pn’oteimim. 1mm (omitrast, tine

1)m’ofiles fn’ommuu’ats j)t’eViously fed time t’am’(’imiogetl displayed a imiglmlv localized eomneenntrationi of
bound ‘tm(’-labeled cart’inogemi at one or t�vo �veak1y 1)asiC classes of pt’�teinis (fast /u� toni ot’

slo�v In1). rl�hm regiouns eonitmunued tti)Otmt. onie-timit’tl of all time solUble f1iD)I’eIlVl-mm(’-j)I’Oteilis of
liven’, amid m’epresente(l a 3-4-fold imuen’emtse 0V(!I’ timat in t’ontt’oh pn’ofiles. i’�a(h of time t.\v()

counj ugates d isplayed a degree )f ele(’troph( )reti(’ im()nmm()gemneitv resemimbi mug timat. � �f a ‘nnmgle
nmat’ronmoleeule. �Fhe u’elative l)I’ol)()rtioul of the t\v() species vanie(l eoulsi(hem’mlblv. line mni )me

anmiounic (II1t� (slouv h1) �‘mms Ial)ile.

‘[he 1)1)SSil)ihitv that time specificity of l)m’0teiti bimidimug in i’ii’o I’eside(I mm time artivat i( )Ii of

FAA by N-hydroxylatiomi was exanmmimned by admmuinistm’atiomm of tine pt’oxinnmate eareimnogemi
N-h�droxy-FAA-9-’3(’ to rats likewise previously fed FAA. This pm’emimise was not supi)ortetl

by time finiding of a simimilam’ Ii specificity of time distributiomi of radiommetivitv.
Iii contrast to the It specificity of time pm’eneoplastic liven’s of FAA-fe(l nits, umiperfntsed

l)rimmmary livem’ tiunmors induced by FAA countaimied uimostiv soluble iluorenuyl-’’(’-pn’oteimis �vhmu’h
w’en’e weakly acidic (A proteimis) amid had a mmmobilitv simmmilar to timat of sen’unmi ahbunuinn.

INTROD1’CTION

A. funmdaumuental pu’oblemmu mm tIme mnneeina-
mmismmms of chmenmical cam’eiumogennesis is time

searcim fon’ time immtem’act iomus bet w’eemm cam’cinm-
ogemms anmd cellular miuact’onimolecules wimiciu
nmay be essenmtial fom’ tuuumou’igenmesis. Mctab-
ohites of cimemieal cau’einogens timat have

Tlmis study �s’as supported in pant by Giants

E-73 anti IN-49 froimm time Anmerican Cammeen’ So-
ciety; Grantm� CA-05945. CA-06927. amid FH-05539

from time National Institutes of Health : anm(l mini

appropriation from time (‘ommmnuommw’aht ii of

Pennsylvania.

been stit(hit(I inn (1(1)111 (‘oiuli)imue ‘ii i’mt’o

least mm ammmouint w’itim 1)�NA, immom’e w’itin

R NA., amu(I tmsuallv unmost extemmsiu.elv uvit It

Pu’Oteimms of tine target l)u’(mneoplastic org:tmms

1-3) . Fime fummetiomual u’elatiommsimip of amiy

of timese innten’actioum.s to can’cimmogeumesis imas
vet to i)d (let em’mmminme(l.Pm’oteimu commj uigmit es

of time liven’ eam’t’iumogemms (aminoazo dyes
amud fiuom’etmvlamuminnes) aml(i time skin can’eimmo-

geums (polycyclic lmydm’oeam’bonms) are isolated

nmainly in time soluble fm’action [ref’n’ennces

imm (4) J. Timese soluble conjugates be-

lonmg pu’inmciptiliy to a smmiall electropimom’etic
group of n’elativeiv basic proteinms, clesig-
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nated h2 or h2-like (4-7) . In contrast, the
subsequent primary tumors (4, 7, 8) and

transplanted highly differentiated liver
tunmors (9) do umot form h� pu’otein comuju-
gates with the carciumogemus wimich om’iginally
iuuduced time neoplasnus.

rfhis paper describes in detail the ability
of fluorenylamiumes to form specific h2 pro-

teimm-carcinogen con� ugatcs in pm’eumeoplastic
liver. Time level of target selectivity of pro-

tein bimmdiumg was previously foumid to be
low imu time livers of rats givemm a siumgle dose
of the carcinogcnm ( 10) . The pn’esemut stimdy

i’evealctl that prolommged itmgestion of time
cau’ciimogeum induces Imigiuly pu’efeu’euuti al

fom’nmation of particulam’ Im2 and/or h1 fiuo-

i’enyl-protein conj ugates. The mmmam’ked in-
crease mu time selectivity of interaction with
liu’em. proteimus (luu’imig t lie � )u’emmeoi)last ic
stage m’epresemmts a nmewlv m’eeognmized hio-

eimemical actiomi of tiuis type of imepato-

cau’cirmogen. Portiomms of timis stu(Iv have

i)eeum smnmimmarized pn’e\’iously (6, 8, 1 1 , 12)

METHODS

J?ats, (liets, (lad C(11’ciflO#{231}/eflS. Time (letails

of 13 expem’immmenmts au’e hste(l mm Table I . 1mm
time experimumenmts (A-1’� t tleahimmg with himmd-

immg of fluom’emmvl-m’C m’immg mmmetabohites to
liven’ l)m’OteiluS, adult ummale m’ats ( CFN straimm,

Carworth Farms) weigiminig 100-179 g were
fed mud hibitunmm a gn’aium diet ( 13) uvitlmout

(commtn’ol) on’ �vitim 0.036% FAA1 (Distilla-

tionm Pn’oduct.s Imm(Iustries) fon’ 5 weeks. Time

coumtm’ol m’ats gainmed eommsi(lerai)lv nuore
w’eiglmt thuaum (lid time otimem’s. Time commtrol

diet was then nmade available for 12-iS lmr
to lessenu time aumiummals’ stou’es of fluom’enmyl

mmmetabolites. Timem’eaftem’, sinmgle imutm’agastn’ic

(loses of FAA-9-1C (expem’immmenmts A-I) 01’

N-inydu’oxy-FAA-9-m4C (expem’iummemmts J amud
mm 1 ,2-pu’opanediol wem’e adnmuinmistem’ed.

Time m’ats wem’e nmmaimmtainmed onu time comutrol
diet for time followiumg 48 hu’ aumd killed.

Their weighuts at death an’e givemu mu Table

1. Initially FAA-9-14C was kiumdly dommated
by Du’s. ,John H. and Elizabeth K. Weis-
hinm’ger of time Natioumal Canmcen’ Tnmstitute.

1 The abbrevimttiomms uns(’d :mre: FA.&. YV-2-

fluorenvlacetaimmide (2-acetvlanminofluorene)

hmdroxv-FAA, .V-hydroxy-.V-2-fhmorcnylacetamide.

Samples wem’e subsequemutly oi)taiuled from
Tracerlab, as were those of N-hmydroxy-
FAA-9-14C.

Two expcrnnents (L aumd M) dealt with

the bimudimug of fluorenyl-14C metabohites to
proteins of FAA-iumduced liver tummmors. Rats

of time above descu’iptiotu, weighimmg 98-122 g

or 182-231 g, were fed the FAA diet for 13 or

15 weeks, respectively, followed by the con-

trol diet for 25-30 weeks, whuen large liver

tummuors �vei’e (liscermmible. Under light ether
anesthesia, time rats received simmghe intra-

peritonmeal doses of FAA-9-14C in I ,2-
propanediol (expeu’imumemut TA) or N-imydroxy-
FAA-9-14C suspemided iii 0.15 M NaCl

containiung 7% acacia (14) (experiment M).

They \vem’e themu mmmaimitainmed omi time control

diet fom’ 48 1mm’atid killed. Their weighuts at
death are givemm imu Table 1.

ISOlUti()fl and COlUlflfl electi’ophoi’ests of

the soluble proteins of livei’ and liver tumor.

Time sOlili)le liver imu’oteins w’em’e isolated at

2-4#{176} as described previously (4, 15) , amid
as specified in Table 1, expem’iments A-K.

Livem’s w’ere perfused with 0.08 M sodium

phuosphate buffen’, pH 7.8, comutaiuming 0.075 M

NaCl. Thuev were timemu disnmpted with a
Potter-Elveiujeumm hmoiumogenmizeu’ imm 1 ml of

this buffer fom’ eacim graumu of liver

W’(igimt . Houumogemmates were cemitn’ifuged at
105,000 X (1 for 1 hi’, yieldinmg clear cx-

tracts commt.aininug 4.3 (3.4-5.6) g of protein

per 100 nul amid 41% (38-44%) of time
nitn’ogemm of the wiuole liver imouuuogemmates.

1mm expeu’imemuts L aumd M, ummpeu’fused

tunmmou’s wen’e quickly excised, chilled, cut

inmto pieces, tm’imummed fm’ec of liven’ amid
ummaeu’oscopic nmecm’otic regions, and collected

in ice-cooled beakers. Pools of cut tumnor
weu’e i’iumsed iii time cold sodiunu pluosphate-

NaCl huffem’, blotted omm filter paper, and

them’eaften’ Processed at 2-4#{176} (4, 15). The
tissue was nmminced aumd honmogenized with

a Potten’-Elveimjemmm homuuo�emmizem’ mm 1.5 ml
of sodiunm i )imospim ate-NaC 1 bin ifen’ for each
grammm of tinuimon’ weight. Honmogenmates were
cemmtrifumged as above, yieldinmg clean’ extracts

containminmg 4.6 aumd 6.2 g of l)n’otc’imn Pen’ 100
ml ammtl 50�/ of time nitrogenm of time wiuole

imomogemm at c’s
The soluble proteiuns of liven’ and timmor

weu’e eommeenmtrated in soumue cases by dialysis
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fon’ 15-19 1mm’ agaimnst 2 voiunumes of 0.20 �i

Na( ‘I eouit ainmimng 0.01 �r odiunun l iuo.pimate
l)utfeu’, l)11 7.4. amid I 8-22�”� J)um’ifie(l ehinni-

(md tk’xtn’amm ( 4, 1 5 � . 1mm otiueu’ (‘xl)eu’inunenmts,
t Ii t’ sItl)en’nmat ammt fluids mveu’e eonmeemi t n’at(’( I I �v

fm’eeze-lm”vinmg a j uou’t ionm as ( l(�t’n’i I � I I )t’e-

viomm�iv ( 4 � , �Flue t’onmeemnt u’ate(l Pn’oteium �o-

iutiomms \\et’e (iimtl’\’Z(’(I fou’ 20 hm’ inn so(hilmmum
l)an’h)it a! buuffem’. ifl 8.6, iommic st i’enmgt In 0.02,

(‘oumtainminug 0.03 �\t a(i � 4, 1 .5, 1 6 ) , �Flue

n’(sinitannt. solut ionus ( ‘cohiutmunu (‘.\t marts

(‘01 nt mtimme I 8.2- 1 0.5 (/� ( aven’muge, 9. 7 (/ ) �

t (mm , .\,litiuots \v(’n’e fu’ozemm fon’ imit en’ �
hug mmmiii eomtnmtimug of C1(�

( )nm time se(omu(l dmtv mitten’ tln(’ anuiinnais 101(1
l)((mi killed, 4.2-7.5-miul �ammmple of fu’esin

eoiitnimnm (xt n’mtct , (‘omnt aimmimmg t lme miummounmmts of

I)n’oteimm amm(I � .)( ‘ st mit (‘(I mm �FaI )k I , \\‘et’e sul )-

:�t’(’t (1 1 to zonumi 1 (l((t u’opimon(.i. mit 2.2 #{176} onm

mi (‘t) iuumium ( 225 >( 3, 1 (mum, inn mmcm’ ( iiamumct n

()i hflmu’ifit’ I et lmanuohiz(’(l t’ellimio�t’ ( 4, 1 �5 �

lime eolinumnmu\\‘mis (ltnte(l ion’ 48-(U) umn’inuto mi
fn’aet iomn eol le(’tom’ uumaimut amume( I at 6 � , ( ‘onu-

(‘(nut u’mitiomms mem I n’e(oven’ies of � )n’ot (inns inn

I )u’Ofi Ics \\‘tn’t I l�t en’nmminm(’(I fu’omum t In ‘ ai
son’l)auiee mit 284 mum1.at I 8#{176}( 4, #{149}l5) . Fu’ae-
t ions \veu’e t hm(’nu st on’e( I at -- 1 .5 � munii i I j

(‘(sst(l fom’ (‘otmmntimug of i1(�

I mm mmmost (‘Xl )em’immmeum t S t lit’ I i�’�u uu� )eu’-

nuatanut pm’oteinis \ven’� u’esolve i immto t Imeim’

W’imole eleetn’opimom’eti(’ Pu’oflles ( 96 him’ at 90

tummtummp on’ 1 1 4 lmu’ at 80 mmm:iuumpI , lime it)ea -

t it)!1s, u’elat IV(’ aumut)mnnmts, mmmcl nuomumenmelat mmmc

(ml time at least 1 1 change classes tunis ne-

vealei 1 w’en’e simumi 1mm’ to t imo’e � )n’(’viomnsly (‘X-

iiii)it(’( I on i)t)mnmm(la m’s’ amid zoummi I (ie(’t mo-

l)Iu�n’tsi� � 4, 1 5, 1 6 � , Inn t hue I 4 ��hole

1)n’ofI h’s fn’ommm li\�m’ u’efeu’n’t I t o in u Tmtble 1

( (‘xl )en’inumemut S � -li . .J , aim 1 T�. � , n’et’oven”v 01

pu’oteium . as (Ieten’nmmimnetl fm’onmm ai)som’i)amuce at
284 mmm1, u’mummget I I )et �veenm 75 a mm( I 1 1 3’/ , minid

aven’ageml 88 ± 7C/( , 1mm 1 40 sitt’h sel)mtu’ationms
mi J)mtst inuve’tigmitiomms. 86 ± 5�% n’eeoveu’y

\\‘mt� men liz’’ 1 15 , B\’ (‘ouuml)anisonn , 94(4 mmmm(l

SS� of tint’ soitmi)le pm’otcinus of time FAA-

iumilueed liven’ tmnmnmou’s w’eu’e n’eeoveu’ed ( cx-

a’n’iuunenits L mind �\ I) . Inn pneviomms st u iRs

(‘(1mmi\’alt’mmt values wen’e 76-7S’�% inn tiu(’ ease
of ext n’aets of pu’immmau’y liven’ tunnmon’s iummlueed

1my 3’-numct 1my 1-4 � iinnmet iu�’ lot mummomizol x’nzemme

4) atu(l S 1-91 � �vitim t n’:tnusplmumteiI, luigimly

di ff’eu’en it in t (‘(1 iu(’I mmdounmas (9) -

Time solubli’ Pu’oteimms \v(’u’e ai-o subjected

to I .i�-foid gu’eat(’n’ eleetu’opluon’etie t’xl)anmsiouu
� I 92 inn’ at 90 nuuauump ) . �Fhiis achieved ad-

(litmonual Pmtn’timli sel)mlm’atiomu of tile slow /12,

uuuid(lle /m�, anud fast /� suml)eonlml)omleuuts,

w’hmich had difteu’enmees mm umuohi iitv mu fu’ee

solutionu of 0.1 1 X 10� ammcl 0.13 X 10�

cnm2 see ‘ V-� , u’esl)ecti\’elv � I 6 ) . Because

time fasten’ commml)t)mmenmts nmmigm’ate(:i off the

eolumnmnn , m’eco�i’u’v of elmmted � )m’oteinu ��‘as i’e-
tiiueeil to 55(/( ) expem’inmmenut I ) ammd 71 C/c

� mumnhiste(1 t . Fine (‘otimbiniatioum of timis amud

tint’ low’eu’ n’esoiimt iomm Pen’mmmitte(I nmom’e de-

tailed aumalyis of time fluon’enuvl-’’C-pm’oteimns

aummommg time Ii slmi)(’onmpomuenmts m’elative to time

�vhuole solubl(’ Pu’ot cinu syst(’mmu.

.48(l)/s ()f ,1Iiioi’eii �,/_14( ‘-/)I’oICills. Immas-

nmmu(lu as t me n’mtt (lots nuot ( Iegn’acle 2-flimo-

m’enmmmnmminmeto (�‘( L, mmun(1opemm m’immg ummetabolites

iuave niot becuu founud, m’a(lioactivitv inn posi-

tiomm C-9 ��‘as used a. a mimau’l�’n’ fom’ umuetabo-

hites ct)mmt ainmimig time fhmom’emue u’iuug of FAA.

2, 3, 14.

Fun-ct’ unmet iuo(l5 \�‘en’e ltt’( I to j )n’oeess �n’o-

t.cimi fu’at’t ioums �n’ion’ to commit mug. I mmtime fim’st

( I 0 � , Pu’ot eiums W’(’t’(’ (Nt n’mit’t t( I t’xt emmsivelv

to emmsmnn’(’timat I u’inuimmn’ii:�- t’t)\’altuut lv boimmid
coum,j ingot (‘5 W’(’t’t’ mtssa”(’(l , Pu’ot (‘inns w’eu’e

Pm’eciPit at (‘(1 \�‘it hi (‘Oi( 1 t m’it’iulon’aeet me at’itl,
w’asime(l w’itlm I .0 \I so(lnnmuu at’(’tat(’ i)mmffen’

I l)H ,) ) anm(I 95�4 et Immmmmol at 60#{176}, (1m’ie(l.

commml)Im�tt’(l, auud eouuut(’(l mis BaCO: �vitiu a

Geigen’ eomnmmten’ ) 1 0 ) : exl)(’u’immmenmt C w’as

eomm(luet(’(l mm timis mumammmuem’.1mm t hue seeoumtl

ui(’t hut)) 1 � 9 � , Pu’ot(’imms mvt’m’t’ I n’t’eil mtat(’(l amm(I

W’aslue(l \\‘it ii et)li I t n’ieim lon’aeet ic acid , (‘X-

t n’aete( I m�’it In hot t n’i(’lulon’mu’(’t b acitl ntnu� I

tm’ganmit’ solvemmts, mIm’i(’( 1, mmnu(I (‘t)mtuitt’d mm gt’l

as (lescrii)t’d })t’lO”i\’ ; this J)n’ot’t’duu’e �vmi’ I’ol-

low’ed in t’xi�’n’inmueuuts I (w’itim imot aci(I
ommuitted), T�. aumml \I. It \�‘as timemu fottnmd

timat coumsi(len’ai)le loss of l)noteinm�1C inn
timese imn’oceclumn’es could i�e mivoided witiuommt

qualitatively affet’tiumg tine (‘lt’(’t n’opimon’eti(’

chistributiomm of tine i)ouui(I 1’C. Aeeon’climuglv,

in all otimem’ exl)em’inlm(’mmts mm Table I . aiiqitt)ts

of Pm’oteium fu’actionus wt’u’t sinuml)lv frt’ezt’-
dm’ieil, siuspemuded mu Timixeimi gel. and as-

sniveti i)V i)t’t a seinut il lot ion speet u’omnnct ny.

Thue eoimmutinmg \vas t’an’m’ieih omut at ann effi-

eit’miCV of 62�/ w’itim a I -2�4 ‘.tanumlan’mI

deviatiomm. \STlmeni mueeessmmm’y, (‘ounmt - w’em’e
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cou’i’ected fom’ queimchinmg i)y additioni of inn-

tem’mmal stanudard.
En zy tue assa ys. Lactate dehydrogemmase

activity was assayed spectropimotoummetrically

(lurimug time reductiomm of pYi’uvate (17).

Pimosphoglucomnutase activity was mmmcmi-

sum’ed by the nmetiuod of Najjam’ (18).

RESULTS

Livet’ /luoi’en y1-’�C-pi’oteiius i’e�itl/ ing

f i’om F.4A-9-14(’ adm inistration. If mmuetal)o-

lites of FAA interact selectively with ecu’-

taimu tam’get l)m’Ot(’imms mu li�’em’, a Pn’(’l)onn(Iem’-

ammce of fn’omim onme to a few species of
fluom’enmvl Pm’0t�’imms slmoultl u’em’ult . I�elativ#{128}’ly
hitt le sek’cti\’itV � specificity � wa” foinnutl

�)m’e\’iously w’imemmrats nmmaimmtaium(’(l t)mu a eouum-
mumen’eial stoek (li(’t w’(’n’e eaeim a(ltmminmist(’u’((l

15 nmmg of FAA-9-11(’ imutm’aI)(’m’itommeahhv anm(1

killel 48 hun’ latet’ ( 1 0) . I’lueu’e m’esulted a

smimall degn’ee of localizatioum of labeled comu-

,iugates mm timm’ee classes of solui)le liven’ pm’o-
teinms q, fast h, amid fast /12), of w’hniciu tw’o

(fast /12 aum(l q) ima(I soummewimat imigiuer spe-

cific activities timanu did tlue tlmin’d.
1mm time pm’esemmt stulv, m’ats �\‘en’e fe(l time

coumti’ol diet fom’ 5 weeks, givetu appm’oXi-
nmatelv I mumgof FAA-9-14C immtu’agastm’ically,
amid killed 48 iii’ latem’ (Table 1, expem’immuemmts

A ammd B) . No comuc(’umtn’atioum of commjugate
was oi)seu’ved mm ammy class of proteins

(Fig. 1) . The immteraction of pn’oteins of

coumtm’ol liven’s w’itlm time fluom’emmyl emit citmogeum
at lo��’ (losages was a�)�)areumtly mmonmspecific

��‘it im i’espect to t lme t a u’get protein.

1mm couuti’an�t, tiuem’e was cOtisi(Ieu’ttble tar-

get specificity’ mm tine pn’etieOI)ltlstic livers

of annimmuals fed FAA. 1mm expem�immwmmts C-I
� Iai)l(’ 1) , rats w’em’e fed utmlabeled FAA mm

time gm’aimu (li(’t for 5 \ve(’ks, anm(l tlmemm m’e-

ceiv(’d FAA-9- � ‘(� Fou’ty-eigiut hours later,
ummam’ke I localizat ioum of labeled commjugates
at tine fast /12 conil)onm(’nmt was ohsem’ved
�Fig. 2t . lime m’adioacti�’itv was confimmed

lan’geiy to a sinmglt’, tail, nnau’m’o�v, synmmnet-

n’ical i)t’mtk. IIowt’veu’, time specificity of time

(‘au’einogemm-pn’oteinm immtt’n’aet it)tus a�)pam’enmt ly

\\‘nts n’elative, simnee all otlnt’r ciman’ge classes

(‘otutmumu(’(l smimttli amimoitnits of u’adit)acti\’ity.

Time mmmam’ked mmmcn’t’ase mm specificity of

cam’eimmogeum bimu( limug to liven’ pm’oteiums bu’ouglnt
about by commtimuiued FAA itngestioun is simowum

cleanly mm Fig. 3, w’imiehn comumpares time spe-
cific activities pn’oflled mm Figs. 1 amid 2. 1mm
conmtm’mtst to tIme nmuammv muminmom’ peaks of

specific activity inn tine eommtrol liven’ pm’ofile,
pan’tieulam’ly mm time basic imalf, the liven’s
fu’onm FAA-treated mats exinibited only a fast

114
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914(’ administration to rats fed control diet for 5 weeks (experiment B)

Reprinted from mmpm’eliminary acu’omnnt ( 12), liv permissiomi.
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I”tG. 2. SpeCific fast hiflm�oreimmil-’4(’-pro1e�in.s resmmm’ti,mq from adnministratio,m a F.1.l_I)_HC in livers of rats fed

J”.l .1 diet ,for 5 weeks (experinu’nt 1”�

Heprinted from a preliminary aecouimt (12. liv peln��1on.

Ii,� l)ettk mm aum otimeu’wise ho��’, flat (histm’iI)u-

tionu. Although mu the FAA expeu’imuienmt less
tinamm oume-timird as ummucim ‘C was applied to

time colummumu at time stam’t of eleetm’opinom’esis,

thit’ specific activity of thud’ fast h2 pm’oteimns

tlmere exceeded timat of aumv peak mm time

eommt n’ol pu’oflle (Table 1 , t’xlt’n’inmmeumts B

ammd Fa)

1mm order to exanuminme time elect.n’opimom’etic

imounogemmeity of time fast 112 fluon’emuyl-14C-

proteins fmmrtimet’, time slow couumpotmeimts wen’e

additiomually resolved mmean’ly 2-fold mu an

otherwise simimilam’ cxperimemmt (experimemut

I, Table 1). Time 1)m’iumcil)al couujugate again

umuigrated as pam’t of time fast h2 component

mu a mmmommodispem’se, synmmnuetm’ical, promimiemmt
fasimioum (Fig. 4).

1mm other expem’immmeumts, imowever, witim
nmearly equal fu’equemmcy ammd for unknownm

reasoums, time specific fluoreimyl-protein was

slighutly mnou’e ammiommic amid belonged almumost
totally to time slow h1 class. Timis type of

linc. :3. Comparison of specific (activities thrOmif/hOiIt time electi’ophoretic profiles of the soluble fiuorenyl-mmC-
protcins of control livers and P.1 .1-i,mdmiced preneoplastmc liters

The distributions derive directly from the pi’ofiles in Figs. 1 and 2. Time electrophoretic columnu in the FAA

experiment containe(l onuly 31�4 of tine ‘�C present mu time control experiment (Table 1, experiments B and F5).

Ftr matching electrophoretie coniponmenuts, the FAA liver distrihutiotn simould i)e displaced 35 ml toward

greater elution volumes.
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et)mm�ugate is showum imm Fig. 5A (experimmmemmt

H,). It matched timat of time fast 112 class

�vitii respect to mumommo(lispem’sity, pn.ouumimmetmee,

ammd svmmmmumetry (see l)elow) . 1mm other mi-
stances, 1)0th S�CCiCS of commjmmgate were pu’e-
sent together in varyimug relative anmmounts.
Figure 6 shows suchu a pu’ofile (lcn’ive(l frommm

time livers of four rats � expen’immment D) . Time
last two columums immTable 2 list time relative

mmnnmounuts of fluon’enivl-’’C mm cohimniunu cx-

t m’a(’ts whmmcim �vem’c l)u’esemlt mm t im(’ fast It

anm(I slo��’ h1 commmpouuenits in all time expen’i-
mmn(’mmts u’eportel.

1mmtime profiles commt aimuimmg pm’(’dotmminmammtly
omne specific conjugate of eitimer type, time
can’cinogen-�)roteimm ad(ltuct behave(I as a

smmmgle species of ummacn’omolecu l(’. lime (I(’gree

of electrophou’etic ummoumothimpem’sity of time
fast h2 or slow h1 comijugate was conmmpan’able

to that of a simmghe pn’ott’ium. Tine simape of
tIme (listrii)utioum simow’mm mm Fig. 2 siumuuhated
timose of two siumgle enmzynmmt’ speeit’s, 1)1105-

�)imoghucornutase anmd time pm’inm(’ipal isozymum

( \:� � of mat liven’ lactate (iehnv(Im’og(’mmas(’, (‘0dm

superinmmposed fm’ommmdiffen’(’nit elect n’oplnoret ic
locationms in ummatcimimug exl)em’inumt’nnts Fig. 7

fine shapes coimmcide, except at tIme ba�e.

wlmen’e mimimmom’amnounuts of imommspeeific fluo-
remnyl-’�C-proteimms an’e localized at I1(lj aeemmt

coflml)ouiemmt S.

Time two specific eomm�mngates an’e weakly
basic pm’otems, the fast h2 imeimmg shighmtly

mmuon’e i)asic than flue slow It,. TIme protcinm

classes to wimicim tiuey belommg nmmake up onuly

a snumahi fu’actiomn of time soluble liven’ pu’o-

((‘inns. TIme fast 112 coumupotmenmt coumstitutes

1.68 ± 0.08%, amid time slow It, 3.9 ± 0.2%,

ot. almost hualf theme values if u’eferred to
tiue total anuoummt of time protemmms mm pn’eumeo-

plastic livers fronm FAA-tm’eated m’ats (16).
Their fn’ee l)OImndlarV electrol)imom’etic uuuol )i Ii-

ties are 0.699 X 10� amm(l 0.913 x i0�

cnu2 sec� � m’espectivelv. Time d(’gn’ee of
localizatiomi of fltnom’envl conmj tngates mm t liese
classes is immdicated mm Table 2 1 (coumipommeumt

1�C x I Of)) 7cohmmnmummext ract m4(� J , \Vlm�mm omme

1)m’inucipal comnjmmgate \s’as pn’est’mmt, it (‘omm-
tamnmed imp to 33� (fast h� om’ 37c/ slow

It.,) of tIme ‘ ‘(‘ of tIme extra(’t applied to tine
coluummnm. I3ot im t oget lmt’m’ (‘ouimpu’i(’( I let \�‘(‘(‘tl

32% ammd 432;� of tIme total (expem’inmienits
D-H(. ) . Ho�vevcn’, sucim division of boummtl
carcinmog(’um-14C inuto its conmponiemmts (lot’s

not adeqmuat(’ly (lt’scm’ii)e relative specifIcity,
as pn’eviously umotcd (4) . Broad conupommenmts

mmu’e exd’essi\’’iv w’(’igint(’(i, ammd iundiviIimah

51)edi(’s m’esi(li mmg I )(‘t �vt’t’um miiO( It’s it me nnot
eoummpl(’tt’Iy inudlu(le(1 mm ammy onne eonumpomm(’nmt

A nmore acemmn’ate mmdcx of relative speci-

ficitv is time eonnml):un’isonm of 1)(’ak levels of

1�C couut.enmt n’t’hativt’ to timat at time fast 112 or
slow 112, wimicimevt’n’ is gn’eateu’, valued a�

100. (Conmiponmennt nmonmueuuelatmmre is mnsed

ommlv to locate ummaxinima. ) Such a comiupam’isomm
is ummatle mm Table 3. Each of tIme two specific
conujugates stamutis out by a factor of at
least 3. [Thus commelusionm is ba�ed omi cx-

permmmmenmts 1)-Il,.) w’hiehm \\‘et’e processed
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time faeton’s timat comutrol �vimicim of time two
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(B)

FmG. .. Specific slow ii, fluorenyl-’m(’-proteins of rats fed FAA for 5 weeks and then qiven 11’.4A-9-’4C

A (upper) . Liver ext ract was commcent mated 1 y freeze-dn’vinug ( expem’i mmmcmI I 11.).
B (lower). Instability of time slow 1m1 conjugate. Liver extract was dial vzt’d against cold sodium phospimate-

NaC1 at pH 7.8 for 2 days, and timen fn’eeze-dried (experimenul ih�).

Ft�. 6. Bimodal dotribution of specific im fluiore,myl-’41’-protei’ns i’esiiltiny ,from F’.1.l-9-’4C administration to

rats fed FA.’I diet for �5 weeks (experiment I.))
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- A.

0

a. �

a �

. A

. A�Q &

� I . , �
KJO 75 50 25 0 25 50 75 00

ELUATE VOLUME, ml.

I’.t(;. �‘ (‘onipai’isoim of (iecti’ophoi’e’ti(’ (/d.ti’ibiIiiO1i’�

o,f 1(1St 1m2,/!uoi’emyl-#{176}(’-pi’o(cim (expei’inieiml I ) I Lu,).

slow im� ,f!miore,m yl-’ �( ‘-pi’oteiim (expei’inuii t if,, I ( A I,

rat lii’(r pimo.spimoqliiconi iit(ls( ( #{149}I, aiim! rat li i’d’ lacta0

(leimq(lroqelmas(’ 1 ( 0 ) fi’onu (liJJ’(i’(Iit pi’ofili 1OC(ltiooms

‘i”hiti’ i� ri )files am’e norinmil ize(l 05 l)(’I(’el � t ages (if

pe:mk level vi. vm)lunme of (‘mihinnilmelint’,mt 4, 17e,

�I’.hii)i1�’I) mmmcI \VO dish I’il)i)t imins of mime hivei ii fhiuiit’eim�’l-

“(�-prmiteiims, t �sri) of piuiispioighiii’imnmuta’t’. :mtmil t�vii of

lad ott’ iiehlv(lt’i)genase \‘.

w’mts foumid to i�e labile mnnmdem’ numild con-

(lit ionms. 1mm a, thnm’ec-l)mtn’t expt’m’mmumenmt, ani

aliquot of a fm’esim liver extm’act uvmts commceim-

tn’ated I)V fm’t+’ze-dm’yimug (expeninumenmt 1I�)

I t \‘it’i(lt’(l a n’elativelv hmonmmog(’nu(’omus slow’

Ii � (‘onm�ugat(’ ( Fig. 5A ) . lime secomnd saumml)le

of tIme (‘xtn’act was comuccmutm’att’l at 1-4� i�v

dialysis for I timmy against time sodnmumm pimos-
phmatt’-NaCi Ifluffem’ (1H 7.8) used for liver
hommmogemmizat.iomm , cont ainimug 18% dextran

(4, 13 t (experimmmemmt H,� . Aum idemmtical
hoummogenneomms slo�v Iu� commjtugate w’a�’. pu’es(’nmt.

}Towevt’u’, wimeum the third l)On’t moum expem’i-
ment H,,) was dialyze(l fon’ 2 days against

time same buffer (witimout (lextm’an) amid
then fn’eeze-dried, time eon,j mmgatc became
imoticeably imetem’ogemmeous, appan’emut ly dur-

ing time secomud tlay of dialysis. (1oumvel’siouu

to sui)commml)omm(’nmts mmmom’eamiionmi(’ t imamm slow’

h1, 1.11) to an(1 immclmmding fast Ii,, ��‘as ob-

served (Fig. 513 ) . This fiumdimug mnmphicate(h

some instability as m’esl)Omusible fom’ time dinah

nmatuu’e of thmt’ Sp(’CifiC Ii con�ugat(’s, ammd

suggested time possibility tinat time less

aumiommic fast 112 eonul)oumemmt mnmigimt i)e ‘due

nimore native of time two species.
Livet’ fltioreiu �jl-1’C-pi’oteiii.s’ (lel’ive(l ho 112

.V-/u ijdi’o.u’tj-FAA-9-1’C. Time questiotu

w’imet.imer time Sl)ecificity of pm’otemum bimuding

ob)sen’ve(l w’ithm lal)ele(l FAA w’ouhd apply
to its umuoi’e activ(’ mimetabohitc, N-lmydm’oxy-
FAA, timeum am’t)se. FAA w’as fed to i’ats, ammd

.V-huydu’oxv-FAA-9-’ C was adnmimmistem’ed

(expen’iuuienmts ,J anl(l 1’�) . Agaium, eomnjmmgates

w’em’e pu’esemmt uimaimmly at time fast h.2 amud slow

h1 conmpomuemmts. Figum’c 8 commtaimms a pu-ofile

iuu w’imiehm i)Ot Ii wen’e pm’omumium(’nmt(expet’itmmemmt

K) . Heu’e 227 of t.im(’ n’a(hioactivitv applied

to time eoluuiunm \�‘as associated witim time fast
/12 commuponmt’mmt . �vIiile I 7% wmus ne.sociatt’(l

w’itim time slow’ It , (Table 2) . 1mm t’xpem’immut’nnt

J, time specific conujugate ��‘as located
mumainuly at the slow’ li� commmpomieumt � 22%
slow 1i�, 7C/( fast 112) . Ini thi(’se 1)u’Ofil(’S, and

mm otimem’s �vhit’im inmvolvt’(l time secomm(l nmetimod
of J)n’ocessimmg i)(’fore counitimmg ( tmot me-

l)On’ted) , nmo otiieu’ l)m’omummum(’lmtconmjugate was
l)m’es(’nmt. a’1�’.i is eommfin’mmue(l i)’V time fimmdimigs
m’t’l)om’te(l mm Table 3, w’imen’e time i’ehativt’

speeifieitit’s of thit’ van’ious eommmpommenmts ant

simownu . Inn a� It lit iomm, t lme slow’em’ cOtmmi)Omm(’umts

were fum’tlueu’ I’esolve(l as mi expem’iummeumt I,
Fig. 4. Thud’ only specific t’onmjugate was

assoeiate(l w’itiu time fmust /12. It timen’t’fore

mip�)t’am’s timat time pn’oxiuumate (‘am’cmnmogeum V-

lmydm’oxv-FAA, like its pan’mmt FAA, gives

misc to sPecific fast 112 anmd /om’ slow Im

flluon’enm\’l-pm’otciums mm h)u’emm(’oh)last ic hivei’s of

FAA-fed i’at�.
I)i.�’ti’iLmution of liter ,f!UO)’EiI !ll-1(-P1’O-

te,ns. a-fl inmcn’ease mmspecificity of time pm’o-
tcinu eomm�ugates (‘oulti lauve n’csmmltcd eitluem’

from an elevation in the comutent of time
�1)(’(’ifi( commjtugates on’. inmveu’s(’hy. fm’oumm a

eon’n’(’s�)omm(hmmmg (l(’en’d’as(’ inn time Pm’oPon’tiomu of

nmonmsh)t’eifie eonmJitgat(’’. To a(l�must fou’ the
mtum(’(iual anumomumut of eam’cimmogeuu-14C ad-
mmumnmist(’m’e(l mm time vam’ious experimeumts, time
eonmt(’umt of bounmd can’einmogen-14C in time fast



TABLE 3

J�’elu,tive spccificities of the soluble fluiorenyl-’�C-proteins of F,1,1-indimccd preneoplastic livers

().f r(ztm (Ju’en F.1.4-9-’4C or N-hydroxy-F;1.4-uI-’4C

Values are the relative peak contents of 14c compared to time maximum level, taken as 100, in eaclu profile

(see the text).

�‘iiOS�’ �\Ii(l(hle last

Expt. Carriniogerm-#{176}C 1m3 1m2 1m2 1m2

C� FA.A-9-#{176}C 21 32 56” 100 41

D FAA-9-’1C :� S 21b �“j 100

E FAA-9-’4C 7 15 28 iO()

1,-a F.&A-9-’4C 6 12 38” lOt) II

Ga FAA-9-’mC 10 21 52b 100 .52i�

1113 I’”.\...\.-9-’�(’ 4 9 9 9 100

11,, FAA-9-’mC 6 S 6 10 100

l-1� }‘,.�,\4)_14(’ :i 6 8 5 10))

Ia FAA-9-’�C 20 :I2 4s� 10)) :17

,J .\‘-H�’dn’ox�’-FAA-9-’4(’ 8 12 24b 4lb 1))))

i� .\-Hvdroxv-l’AA-9-’4(’ 14 22’ .T6� 1(X) 5.”,

25

5)

:1
.)

.)

62
:1 2

a 1mmexpen’inmenuts(� atud I, j)m’otein n’esi(lues �sren’ePt’o(’essed accom’dimugto (‘an’hier1)1’m)(’(’tInn’(’�pu’ion’to roinitiiig

of ‘4C (see METnlon)s).
1, \mtlues are eI)lmtrge(1 l)d(’OUS’ I if i 1)�1Lfb(’id11t res) hit ii � i fri umi a lj tt’�’, mt pri 1 (‘9)01 C( )Iijlngal (‘5 i Ii I in’ (‘�‘(‘-

F

-300

#{149}1.� �

284 mu

�5Oc,
h,

200 900

�0LJME. ml

600 300
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trophmoretic profiles.

h2 auud slow h1 conjugates was exl)m’esse(l as

a pem’ceumtage of time 1’C a(lummimmistem’ed
F(connpommeumt 140 )( 100) ,“ a(lnmminmmst(’re(l

� j . By this index, nmot’e � ‘C was boummd mm
time specific comijugates aftem’ FAA fce(himmg

timamu mm time com’m’espoumding couitm’ol couuu-

pomueumts (Table 2) . (Values of time sub-
(hivisiomiS of exl)em’mummeumts F, U, amm(l H

should be sunmmmlme(1 w’imemm conmmpan’imig timese

experinmetmts. Expen’iuumeumts C annd I am’e muot

Coimsidlered, situce thuev iumvohve(I tine eam’hien’

nmethnods of pu’ocessinmg pt’ott’inm h)n’t’eipit ates.)

‘.‘l()%�’ l’e’.t
iii ii, (j b ii� a, .1 .\‘

42 47 41 60 46 49

10 13 12 15 9 4

17 21 12 20 11 ‘i

1�� 16 10 17 9 4

25 34 17 26 Ui 6

9 22 13 15 10 4

2S 26 16 19 Li

1 2 9 14 8

4 1 70 ;�:�

19 19 i:� 23 8
27 24 21 32 12

Timus, time fn’actionm of time FAA-9-’ (‘ (lose

assoeiatt’(l with botiu time fast 112 amm(l slow
It � commul)onletmts mnmem’eas(’d fm’omum 0.03’-9.() �

iii tiI(’ t’ontn’ol (‘xj)em’mummeuuts (A anmd B ) to
0.06-0. 10�/ afteu’ FAA feedhimmg ( I ).-H).

Whu(’n .V-hmvtlu’oxv-FAA-9-’ ‘C ��‘as givenm,

bothu conmpouut’nmts conmtmunu(’(I st ill umuom’e
radioactivity, mmamnnely, 0.1 1-0.13% (exp(’u’i-
nmmeuuts .J anml I’Z) . Timis inmcn’t’ase occltn’m’e(l 1mm

time FAA-fed mats (lt’sl)ite time fact thmat thneir
hiveu’s act ua liv (‘ommt ainne(l less t imaum omu(’-humtl f

as nuiuelu fhmom’em uv I-’ ‘( ‘ unmet mti)Ohites m’ehat ive

�2OO

Fnc,. 8. Specific fast h, and sloe’ h, fluiornylJm(’-proteins of liier resm,ltin�’j front

adnn.inistration to rats fed FAA diet for 5 weeks (experiment K)

N-hydroxy-FA A-9-’�C
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to time (lose of FAA-9-14C as thid time commtm’ol

livers. Thus, as simowmu mm Table 2, time Pen’-

centage of homogenate 1�C u’elative to the
dose ‘�C was reduced fm’onmu I .60-1 .65% 1mm
commtm’ol livers to 0.56-0.74% in time liven’s
from animals fed FAA. Athnmitmistn’atiomm of

N-hylroxy-FAA-9-’ 4C in experinmient J
raised time value t.o time contm’ol level.

Other ium(lices of immcu’east’d fluom’cnmvl-’4C
coumtent in time specific eonmjmmgates wen’e the
increased fm’actiomms of tine ‘‘C of tint’ hivem’

imomumogenates annd supen’nmatammt flmnb Is asso-

ciated witim t ii(’ fast. 112 ammd show 1, , I)u’ott’iuis.

Time ‘‘C mm timese cvto(’im(’nlmi(’al fu’actionus
(hounogenates anu(l supen’mmatanmt fluids )

(lt’rived fromn fn’ee as ��‘ehl as h)oummd fhuom’t’nui’l

nietabolites. \Vhuem’eas time fast 112 mtmmd slow’

h1 a(i(IUCtS derived fn’ommu FAA-9-1’C to-

getimer commtairmed 2.l-2.2� of the ‘‘(‘ of

count m’oh livt’r houmiogenmat t-s ) expem’inmit’mmts 4&

amid B) , timese comu�ugat.(’m commtainmt’(l 9.3-
12.7% after FAA feedinmg (t’xpem’inmemmts

i)-G) . Admmmimmistn’atioum of .\-iuy(lroxy-

FAA-9-14C resulted mm a conmtcumt of 7.7%
�experitmuetmt ,fl . Ftnrtiuem’ummom’e, whm(’m’eas tine

fast 112 and show’ h1 (‘omm�mmgmtt(’s obst’u’v(’(l

after the admmmiumistratiomm of FAA-9-1 ‘(� comm-

tainned 2.8-3.1 % of time 14C of time (‘omit i’ol
liver supernatatmt fituids exj)eu’innmeuuts A and

B), these addiucts had 10,6-18.2% after
FAA feeding (experimmuenuts D-G. Adumminmis-
tratiomu of N-hydn’oxy-FAA-9-”C after

FAA ingestion resulted mu time association

E

0

,�
U

-J
‘0
I-
0
1-

of 9.6% of time l’atlioactivit\’ of time liver
sul)eu’nmatammt fluid �vith these two conujtugates

� expen’inmmenmt .1 )

Still aunotimem’ immdication timat tine gu’eatem’
coumtemmt of flmmoremmyl-14C associate(l with the

fast 112 �mumd show h, pm’oteinms acconumpamuied
gm’eatem’ sl)eCificit�’ was time immcreased fm’ac-

tioum of thud’ columumum extn’act 1’C wimicim was

i)ounm(l to thmt’se i)m’otd’imis. i”huis mmdcx con-

sideu’(’(l omn lv l)1l)t’l(’(h nmetahohit (‘5 wimich wem’e

assot’matctl w’ithu thuc sohublt’ iiv(’m’ mmmaem’o-

iumolecules I � conuml)onmeumt ‘ ‘(‘. � J OO ,. cohmnmmmnm

extm’act 14C � . Ti additiomm of FAA to time

(liet fom’ 5 weeks elevate(l time perceumtage of
time ‘‘C of time sohimble liven’ pu’oteinus w’hmichm
w’as commtamnme(l mm time fast 112 ammd slow’ h,

commmponuemmts fm’onmu 3- to 4-fold, i.e., fm’oumu a

level of l0�7� mm time conntm’ol exh)(’n’iunm(’nnts

(A amid B) to 32-43% mi FAA-9-11(’ (‘x-

1)eu’itmut’mmts (1)-H,. � , anml 29-3�/e after .V-
imydn’ox’v-FAA-9-1 ‘C athumiuiistn’mmtionm ) cx-

pen’immuenits .J anmd I’)
Fiuoi’en �j1- ‘‘C-pi’ote Cius ii? F’L4- in c/need

lireu’ tUlllOl’.”.’. To examruinme �vhietiier .17:�A.-inm-

dhluced hivem’ tutnuou’s mvouhd fon’nm tine sJ)(’(’ific

It. (‘t)mmJugates, mats beau’inmg suciu tunmmon’s amid

mumammutaimmd’d omm time commtm’ol (li(’t w’t’n’e givetm

FAA-9-14C (expem’imuuenmt L) on’ .V-iivdm’oxv-

FAA-9-1’C � expem’iimmt’nmt. \1 ) . fime latter

commmpoumm(l ��‘as adnuinmistt’u’t’d i)ecati’e of time
possibility that time tunmuot’ cells mnight lack

time ability to absorb om’ to N-imydm’oxylate

tint’ fou’ummen’. Time fn’actionms w’en’e pn’ot’essed by

0 7CC

C

Fio. 9. Lack of it co�mju�,iit(S among the soluble fluorenyl-’4(’-proteirm.s in in’imar!, limer timniors resulting from

I�’A A ..9�’4f1 �iiliii in i�1r(!1iOfl

Hats were fed the FAA mhi(’t for 3 motmtlus, followed by tine comutn’ol diet. for 5� ummonmths (experimemmt L �
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the second irocedure (METHODS), by whuich
h specific proteins are demonstrable in

preneoplastic liver.
Both carcinogens produced similar dis-

trihutioums of time lai)eled commjugates fm’onm

liver tumors. Time pu’ofile derived fm’onm

FAA�9�m’C (expermuenut L) is shmowrm mi Fig.

9. Time omuly lal)eled commjugates l)m’esetmt mm
large amounts were those of the A couuu-

ponent, wimich nuigm’ated at a rate close to
timat of serumn albummmin. Apparenmtly, timeu’e-
fore, pm’imary liver tuummors immduced 1)y FAA

(10 imot. fou’nm specific h fluon’enyl couijugates.

DISCUSSION

F luon’enyl carcimuogeums mmt em’act imiglu ly

selectively with cem’taiuu t.am’get proteiuus to

l)m’Oduce l)rinciPahly onme 01’ two soluble liven’
fluorenyl proteins in vivo. Time specific coum-
jugate fom’mecl is a fast li2 ot’ a slow h1 pm’o-

teium, or 1)0th. Togetiuem’ thmey coumtaiui about

oume-timiu’d of all time soluble pm’oteiuu-bounud
fluou’enyl ummetai)olites of rat liven’. Time qtnamm-

tity and dut’atiomu of feedinig of time flmnom’emmyl
carcimuogens m’equiu’ed fou’ timese aldiicts to
h)ecomime mmuammifest is umot kmmownm. Al)l)roxi-

mnately 1 mmmgof FAA did mmot pm’onmote tin(’im’
accumulatioum mm commtn’ol m’ati��, I 5 lug did so

to oumly a small degu’ee ( 10 � , amm(l 5 weeks

of FAA immgestioum caused conmsiden’able ac-
cunutulationu. Tiuis n’ammge of (losage 1)n’o(lue(’(l
at these two Ii commul)oimeimts a 3-4-fold! in-

crease iuu m’elative conmtemit of bounmcl

fluorenyl-14C, a 2-folil rise 1mmspecific radio-
activity, and an elevatiomu in the relative

anmounts of pm’oteinu [fast h2, 42% ; slow’ h1,

15% (16) � . Time developmmment of this

marked enmimauicemmueumt imi time s(’lectivitv of

l)roteimm i)iuidiumg n’equires a ciuammge in tam’get
S�)ecificity, from nmamiv proteins to primarily

one or tw’o.
The two Sl)ecifiC (‘ommjugates a�)pam’en1tly

originate mm a comumnuon tan’get i�m’oteimm.
Otherwise tiuc occui’m’eumce of ouulv onme of
these species in somne expeu’inmeimt� woimid
require time ireseimce of oume type of tam’get

pn’oteium in some rats and a seconud kind mi

otimers. The dual imature presunuably re-
suIts from alten’at.ion of a commoum target

pm’oteimm or a comnuoum coumjugate. The possi-
bility of a conmnmon coumjmugat.e is supported

by the lability of the slow h, adduct, genm-

eratimmg more aumionic species. It. simould also
be noted that the electropliou’et.ic nmoh)iiitit’s

of the two conjugates are close [0.21 x
102 cuiu2 sec’ V-� ( 16) 1� amid timat only one

nmolecular size of sl)ecific fluom’enmyl-proteimm
imas beemu foutud mu such liver extracts ( 12)

It seems imuul)u’oi)abhe that time specificity
i’esulted fm’onm selectiomu mmmitau’gets timose �n’o-
t(’iuis witim (‘xceptiommahly rapid mates of tum’nu-
over. Fluoreumylanuines, azocarciunogenms ( 4)

etimionminue ( 19 � , aum(l aummiumo aci(1s2 all imave a

(listimmctive (limtn’il)utiomm of addincts amumonmg

time soluble liven’ pn’ot(’imms. If selectivity n’e-
SUlt(’(l fm’oun time exceptiommally hmigim tun’mmov(’u’

of particinlam’ pu’oteiuus, sucim cliveu’sity womnldl

umot he (‘xl)ecte(l.
Activat(’(I can’cimmog(’um , �vimichu is m’(’tluiu’e(l

fou’ covalenmt l)rott’inm i)inmdimng ( 20) , was ap-

�am’en1tly l)resenmt mi umt)rInal ( 10 ) amid coim-
trol hivt’m’s aften’ time adumuinistn’atiomm of how

levels of FAA-9-1’C. Timis was evideumct’d by

time fom’mruationm of a witle vam’ietv of fluom’emui’l-

l)n’oteimms. Nt’�’em’t imeld’ss , u’elat ively lit t l(’ on’
uno specificity resulted. That snucim st’lectivitv
numay mmot n’eside mm time inmitial activationi me-
actioum of FAA, i.e., its 4\-imydm’oxylatiomm,

is suggeste(I i)’V tim(’ fimndiumg timat. tine a(lmmmimu-

i�tn’atiomi of .V-imvclu’oxv-FAA-9-m4(� yielded

si)ecifi(’ It (‘onm,iugatt’s n’eseumui)limmg timose d(’-
n’ive(l fu’oumm FAA-9-1’C. How’even’, tine i�#{176}�-

sii)ilitV cammnuot be excludt’(l that timis

siumuilan’itv st eummummed fronim n’educt iomm d)f

.V-hi’vdlroxv-FAA-9-1’C to time pam’emmt ha-
i)el(’(l commmpouumd ) 2, 20) . 8”ot’ is excel)tionmal

chmemmuicai n’(’activity of thud’ m’t’cepton’ Pm’ot cmi

time factom’ l)u’Ol)abl�’ m’esponnsible fon’ time

sl)eeifi(’itV, siuuee fully aetivatt’d flmtou’eumyl
cau’cinmog(’mi m’eacts u’(’hat ively nmonspecifically

ill m’iti’o (20 . It timerefon’e st’eumms m’easonmai)le

that. the unmusual susceptibility of time tam’-

get pm’oteium it? tWO i’esults from its specific

inmvolv(’nmemmt mi a pmmm’tiemnlmti’ biological sys-

tenum. 1mmtimis conmnmection. T)eBaumn et ol. (21 1

have sj)eculated wimethem’ time specificity
111 ?‘/2’O mnav m’esult mm pant fn’omum time imigiu
reactivity ammd simort iualf-life of tint’ fully

activated can’cinmogenm, FAA-.V-sulfate, anmd

whetluer the sulfotn’aumsfem’ase n’espoumsible fom’

its fornmat.iomm imuav itself he time l)n’inmcmpai
target. Recently, nou’mal mat liven’ h pm’o-

2 Unpublished observations.
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teitus were foumud to be devoid of this ac-

tivity (22) . Time possih)ihity exists, huowevem’,

that time target proteimm may h)e tranmsfom’med
to aim Ii 1)m’Oteiuu as a m’esult. of inmtem’action
with carcinogen. Iii anuy evenmt, the present
st udy inudicates tinat a muman’kt’ I tiuahit ativ#{128}’

amutl,om quanmtitativ(’ ehuaumg(’ o(’cun’s in me-

sponmse to t.hme commtnnuetl feediuug of tue car-

cmnuogeni, withu u’espect to thme activated cai’-

cimmogemm on’ tam’get Pn’Otemul. om’ i)otim. a-Fh

al)l)am’(’nnt tlch)enm(Ienuce of timt’ iuiem’eased
�V-imytln’ox\’-FAA exem’etionm omm u’t’geumen’ative

li\’eu’ gm’ow’tiu (23, 24) may i)e m’elevaumt mm

thuis m’egam’d. It W’t)ttldl be mmmtem’estiumg to coumm-

P��’e t hme d(’l)eum(lcmmce of t’uuiuammceumuenmt of
conmj ingat 10mm specificity aumtl liven’ gm’owthm oum

time anmmotnmmt anm(l dluu’atiomm of adnumiumistem’ed

(‘am’cimlt)genm.

a-Flue spt’cifieitv of pm’ott’mum i)mmmdimmg was
nuote(l 2 (lays aftem’ time fetdiumg of eau’t’immogeiu

for 5 weeks. Sinmce ommn’preliminary reports,

i�mtn’n�’ anm� I (‘0! It’agtnes � 25, 26 ) hum1\�’ i it’-

scril)ed early pn’eferential pn’oteiim i)inm(limmg.
I) I�;� h--ceihulose clmroummatogm’mtphmit’ fu’aetioum

B, composed of w’c’akly i)asi(’ sOlmtl)lt’ liven’

pu’ottuiums aml(I l)n’oPoseml to eomitaimm /12, me-
taiumetl mm,gu’adumtlly inmt’u’easinmg (‘oumcenmt.m’atioui

of i)ollmmd (an’eiumogenm follo�vinug tim(’ acimuuium-

istn’atioum of FAA oven’ mml)tn’Iod of 18 t:Iai,’s.

Time 4.1 S se(limilcumt.at it)nn ct)cffici(’nmt ammd time
estinmmated 60,000 nmmolecmmlmmn’ w’eigimt of time

ll’ott’iums of fn’actionm B n’epd)t’te(l by timese

atutlmou’s, imow’eveu’, diffen’ fn’onn those of time

si)t’cifi(’ It fiuon’eum\’l-pu’ottinms [ 75 S anal nmol
w’t I 50,000 ( I 2’) 1 mm thue Pn’estumt sttm(lv. Time

questiomu of time lmossii)lt’ iiltmmtity of t.hmese

two sets of conmjugates timeu’efou’e mmeeds to be
innVestigate(I, l)an’tielmlam’lY siumd’e a w’i(Ie

van’ietv of solublt’ fluou’enivl-pn’oteitms time
forummed afteu’ adminmi.tn’atiouu of a low (lose

of cai’eiumogemi. Evenu aften’ time pn’olommged

feediumg of cam’cinmogemm 1mmthud’ preseumt stindy.

all of time cimarge classes of soluble liven’

pm’oteinms conmtainued low levt’ls of comujugates,
as (11(1 all the ummoleemnlau’ size classes (121

Collect ively time nmonmspecific addiucts conum-

pm’ise a�)�)I’oximately tw’o-tiuin’ds of all timt’

soluble pn’ot cmi -hommnmtI cam’ciumogemm -‘� C

(Table 2, experiments 1)-HI. A sinmilar

situatid)Im exists witim thud’ soluble liver azo-

pn’ott’ins fom’nmetl dtnn’immg azo dlye cam’cimmo-
genesis (41. This multiplicity of species

seriously com1Il)iicatt’s fluiditugs b)ased omm
unfract.ioumat.ed conn�ugates.

IN’Iost of time soluble fiuoi’euuyl-’4C-pro-

teimus of umupem’fusetl pm’imary hivei’ tumors

induceti by FAA hmave electu’opimorctic trio-
bilities close to thuat of sem’um albuummin.

Analogous comijugates have I)eemm foumud in

the scm of timese tunmou’-i)eau’immg rats,2 time
sera of mmon’nmmal mats givenm fiuon’envl carciuuo-

genus 27, 28) , amn(l extn’acts of foumu’ trans-

plant edt . Imighu ly dli ffereumtiated hepatoumuas

(9) . Timest’ �)u’mnmummn’yanti tn’amisplammted liver

t.uuumom’s, h)Ot hm ou’igimmally caused i)y fiuom’euuyl

cam’ciumogenms. fail to fon’nm specific h

fluoremmyl-prot (‘itIS . \Vhuetimer timis iuuabihity

refiecth a lack of u’eceptor pu’oteium or acti-

vated eau’cimmogemm, ot’ bothi, is unknmow’mm.

The ai)ility of time premmeoplast.ic tissues
to fon’nmu sPed’ific It coumjugates of the
fluon’emmylannminmes, tuzo dives, aimd polycyclic

arommmatic lmv(lm’t)(’mtu’i)omis, mtnmcl time imuabihity

of the suh)seqlnenmt tumnom’� to do so (see

above) , mimav be unmrelated to eacim otimer.

Timis nmmigimt h)e thmt’ d’mise if, for example, comu-

jugatiomm iIum’iumg Pu’(’tmeoPlasia serves pri-

nman’ilv to inmitiate tenmpou’an’v i)ut tuecessai’y

hiocimemumical l)(’u’tltn’l)mitiOnms, as (lum’inmg cell

l)I’Olift’u’mttioim, w’iuiciu 1mm tumrmm nmiglmt peu’mmuit
01’ pu’onmmote (‘mtn’(inmogeum-inm(luced alten’atioius

of a gemi(’tic miatun’e, ()mm time ot.hmem’ imamud, time
iulal)ihitv of tin(’ tununuors to fom’mmmspecific h
conjugates nmight he the result of mmeoplastic

pn’ogressionm.
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