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Cyclic 3’ ,5’-Monophosphate

1{AYMONm0 W/. HUI)t)ON, I)0NNA E. LUNDEEN, ANtO LOIuA L. HIKANS

Depaitnoeiot of .Pharnoacology, The (‘nii’erszty of Michigan Medical School, A /0/0 Aibo,’, .11ichigu�o 48104

(lIeceived May 10, 1973)

SUMMARY

RuinoN, RAYMOND \%., LUNtOEEN, I)0NNA K, AND RIKANS, LORA E. : Iniduio’(iounu of

tiny! hydrocarbotu hydroxylaso’ imi mouse 3’F3 cc’lls: no’lmu(ioumushuip (to (lit’ s(mufe cub co’hl �)roo-

lifer ifion and gu unuoo’�mnuc o � c ho �3/ , 5, momiophuou’�ph ito hal P/oai iiiacol 9, (u”�6-691

(1973).

‘Flue imuductioumi tof mur�’h hiydnoucmirboumu huydnoxvlmiso’ ��as studied in mu hinuo’ o)f niouse 3’F3

fibrohhasfs (Swiss) gnowni in coonfinuuous toll ounlfum’o’. ‘Flit’ bo’vo’l oob hydrox\’lmuso’ mucfiv(iv

after inductiomu by ho’niz[a-]tu.mu(hurmioo’muo’ muppo’ared (to ho’ so’vo’nal timo’s higher iii (his 3’F3

line (humun mu ootho’n (c)nu(iniuootnshv cultunc’d cc’ll limies pro’viouslv s(-uclio’d. Tho’ itucluctioumi of

a-r�’l huvdroearbootu ln’droxvlmuso’ was himuc’ar for 24 hun muf(o’r the additioumu ouf 13 p,�n ho’niz[aJ-

munu(hraco’muo’ to flit’ culture mo’dium. Ituductioun oub (hue o’nizvme by l)o’noz[a]mumi(hirtuco’mut’ was

niarkc’dly gnc’mu(c’r mu 31�3 cells grow’mi mu (ho’ pno’so’nce (himimi ito (hut’ mubso’mico’ of serum timid

was higher in nonuc’oomufluenf (hamu mu comufluo’tuf oo’lls. Mouro’oovo’n, (lot’ muc!di(ion tub 0.01 j.uM

dihutyryl cyclic G\IP (a pufativo’ sigmual boor inicnc’aso’d toll prolibo’nmu(-ioumu) (to so’numhess

medium ooun(ainimig 6 .iM hemuz[a]anfhraco’no’ mmurkedly pootc’mutia(o’d induefioni tub an\’l

hiydrocarbcomu huydrouxylase by (ho’ hydroocarboomi. These ro’sul(s suggo’s( (limit- (hut’ imuduci-

bihity cub flit’huydrooxylase sysfc’m by benz [almun( hirmuceno’ is gro’a-( o’i’ in pro ohiberaf imug than

in nounpro)hibo’rmuting co’hls.

Am’yl hydnocanlooiu hydrouxyhasc’ is mu

1 N Al) PH-ro’c1uininig, mixc’d -bunictiomu

ouxidase imuvoolvc’d in (ho’ mo’(ahoolism tub mu

numbo’n’ 0of ca-remit ogo’muic j)oulyCydhic hiydro o-

carboonus. It is presemut in mu wide vmunit’fy tub

tissu(’s frcom maniy spc’cio’s in vito (1), iii ex-

plants of nmu( hunug in orgami culturo’ (2), mind

in a iuumbc’r tub mammmihimun cells groow’mi in

cc’ll culfurc’ (1, 3-5). Tho’ usc’ of (‘stmul)lishc’d

cell culfure hinues too study microosounumul cmi-

z�me induction offers so’vo’ral advamutagc’s

over the intact- animal. Four examplo’, tluo’

This study wmus suppoorted h)y Gramut (‘A-12765

froom the Natioomual Imustitutes of health.

nic’dium amid o’oomuc’o’mi(nmi(ioumus of dm’ugs bmi(-luimig

hio’ co’lhs omumubo’ nioort’ pno’oiso’ly confm’oulbo’d. Iii

aclohifio on , oo’ll cult uro’ svsto’nus prouviolo’ (lit’

ooppour(uni(v (to s(udv dii’c’c(h’ flue mmuligmiminu(-

(nmunisfourmafioomu tub co’lls i-n’ vitro by c’xpoosuure

to chuo’miemul omum.cmnio)go’mus tumid (lit� moult’ of

nuo’(muboolism tub (he cmu’ciniogo’nuic cho’micmuls mi
(his pn’oo’c’ss. i\lmuhgmuani( (m’tunisburmmu(ioumu of

3’F3 cells dt’nivt’cl from BALB mitt’ bias bo’c’nu

shiouwmu to ooo’o’ur mufter expousure tub (he o’c’lls (o

poolycyelic hydnoucmurbounus in vitro (6).
This ro’poorf doscnibo’s (ho’ chuarac(o’ris(ics of

(hue inuduc(ioomi of murvl hvdnoucarboiu hi\’c!roxvl-

mu-semu mu limit’oof nit ousc’ 3’F3 c’c’lls gnowni in

(186
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cootufinitnoous toll c’unlfum’o’ tumid! (lit’ n’o’lmu(ioonuship

O)b c’nzvme imidlucil)mhi(y (to (ho’ l)n’ouhibo’nmifi\’e

�;fm-u(t’ cub (lit’ c’c’lls. T’huo’ lo’vo’l tub (but’ inc!uct’d

enizvnio’ in (his co’ll litio’ muppc’ars tou ho’ sig-

nificamif by huighio’n than in ouf lion cotu(itouioously

cultured cell limit’s (1, 3-5), tumid thus if nutty

affoord a utiiciuuo’ tojoptot’futtuif�’ (to o’humurmuc’(c’nizo’

bui’fhic’r (-hut’ c’ounu(n’ool tub murvl huvdrocmurbomu liv-

droxvlase tuc(-ivifv tunic! ifs n’ooho’ in omurcinuoo-

genesis.

Bc’muz[a]minif hunmuco’no’ uvmus ool)tmuinit’dl bm’oonuu

Emustmmumi ()rgauuit Chio’miomuls. Benizo u[a]�)y -

ronic, \�2 ,02’-c!ihun(vrvl cyclic (�‘uIP, ,\03 ,O�’-

dibunfvnvl cyclic’ Ai\I P, amid! NA1)PH wo’n’e

ob(muiiuo’d fn’ooni Signumu Chuo’nuictul Couniupmunv.

�

sutlfooiuic tucici w.mis puinohumuso’d bn’uni (1mul-

b)ioclio’nu. I)m’. Hmurn’�’ ( h’hbooimu, (1huio’b oof (he

Chio’mis(nv I3rmumuohi, Nmu(iootumil Cmumioo’r Joist i-

(ui((,, go’nicnooushv supphio’cI flit’ 3-hiyc!n’o uxy

l)o’muzo4a.11)vn’o’muo’ uso’d mis mu s(munudlard boot’ (hut’

mum’\’hhuvdrooc’tunbooni hivclno oxvlmiso’ mussmuvs.

\Iouust’ ��‘F:�-\i o’o’lhs (Swiss) wo’re oobfaimot’c!

brooni 1Dm’. Gmuil \Vo’m’fz, 1)t’pmunfnuuo’muf ob Hunumu-no

Go’nuo’(ios, LTnuiversifv out \hichuigmimi \ lo’c!iomtl

So’hioooul. This limit’ om’igimimully canio’ bn’oono. (hut’

lmuboormufoomy tub Bmusihico (‘I al (7) munudl o’oomu(muimus

mu highuly imuclutibbo’ tiny! hivdnooc’minboumi huy-

drooxvlmiso’ svs(o’ni co umpmiro’d ��i( hi ( ho’ CCL-92

unit’ tub :�i�:3 fibrooblmis(s (Swiss) oob(muimuo’d from

(-lie Anuenicmin l�’�0� Cult umo’ Co ollec’( ioonu . � i”or

(his t’c’misunu, (lit’ 3’F3-\l limic’ \vmus so’lo’o’(o’d boor

but’(hien s(ud�’. Co’hIs � gn’ouwmu mis niounuolmuyo’r

culturo’s it-i Bimuko’ buoof(lo’s mu( 37#{176}in I)unl-

l)o’ccou’s nioooiific’d Emugbo”s nuo’cliuni (Gnmumid

Islmunid Bioubogio’al (1ounupmumo�’) sunpplo’mo’nuto’d

‘vi-ifhi 10 � � o’mulb so’n’unni (1�;I(’ Biooboogicmul, Imic’.,

Lo’muo’xmu, l”�imini.),100 uimuifs nil ouf po’miicilhimi

G, tunic! 100 �Lg/nuI tub s(m’o’p(oonuvoimi. ‘Flit’ cu!-

(tint’s ro’vo’muho’dtutuuniclimuo’�)hioosphuionylmuso’tic’-

(ivity, uvhuichi is l)t’t’sulflil)fivt’ t’viclt’titt’ ft on

mubsc’mioo’ tub miuyoo)I)lmusnumc ooumi(munuinmu(ioomu (8).

Bo’mizamu(hirmuoo’nio’ was olissoolvo’d iii chimo’fhiyl

sulbouxide amid middo’c! (to (lit’o’uhtum’o’mo’diuni

too ac’huio’ye mu fimumuloounioo’mu(rafioon tub 0.5

I)MS( )� mi (lit’medliulnu. This c(unuo’enufrtutioon

tub DMS() did mioO( tij)pt’mit’ (0) tufft’t’( cell prou-

IA. E. Bikmumus, tumid B. W. Bunddmomu, tmmupubhishued

oobmmem’vmut ioumus.
2 Thue abbreviat ioomus used mire : I )\ISO, climet hyl

suu!fouxide ; ili’Pl’S, _\‘-2-huyolm’ouxyc’t huvlpipermizimue-

_V’-2-et humumuesuulfoomuicticit! ; c( IMP guitumuoosimue cyclic

3’ .5‘-nuuoomioohohiuusphuate ; c .1i.�ml P tide mioosi ic cyclic

3’ ,.o’_nuioitiOI)hioomhI)himito’.

libo’rmi(iounuion.mounphoouhoogv. ()fhuo’m’drugs wont’

muddo’cl mi s(o’nilo’ nio’dia chiro’othy t to thuc’ oo’hl

c’unhtuno’s. Pniom’ t o huoomougo’muizafiooii (hit’ nie-

chiuni \��as m’o’niouvo’d, timid (hut’ co’bls w.t’mt’ nimoso’d

f hirc’e t imo’s mu ic’o’-c’o old! H EPES-buffc’ro’d sa-

hinue (HBS) soolutionu (pH 7.2) o’oomu(muimoinug

NmiCl, 140 mium; NC1, 5.4 nvum; Na2HPU1

7H20, 0.7 nu�n ; dlt’X(ttost’, 5.6 nv�um ; tumid

HEl31�S, 10 ni.�n. Abtt’r (hit’ fitumul rinuse (lie co’l!

5115j)O’tiSitOtl \\tis oetu(n’itulgo’dl mit 1000 X �j for

10 mimi mit 0#{176},m’o’siimjoo’mudo’d ito HBS, mimic! toni-

f-n’ibugo’d mugmuinu. ‘Flit’ wmushuo’d jot’lle( (m’o’pm’e-

so’mi(imig mippnouxinuumito’lv 1 X l0� coIlS limit’-

vo’sted bno oni (hunc’e i3imuko’ booff it’s loom’ o’michi

t’xpt’m’inut’mitmul Pooimuf ) \\tiS thuo’mo bnoozo’mu mit - 80#{176}.

‘Fhie brc’ezitug 5(0’!) bmuoi!ifmi(o’d (hut’ sunboseciuto’mit

o!ism’uiitiomu tot c’t’lis d!unimog hut onioogo’miizmit ioumi,

tumid o’o’ll pt’iht’(s oooinic! ho’ sfooro’cl mit - 80#{176}for

so’yo’m’muh clmuvs withuoounf boss oob tum’vl huydrooc’mum-

boooni hiyclm’oux\’lmuso’ tuo’(ivi(v. ‘Flit’ j�o’lbo’(s ivo’no’

fhimuwo’c! anud suspo’muolo’c! ito 3-4 nil oof mu btnffo’m’

(pH 7.4) o’oomufmuimuimog ‘Fnis-HCl, 10 nuim ; sin-

orooso’, 250 nu�m ; \lgCl2, 5 nrim ; tumid f�-nuo’r-

ttipfoot’thitimiool, 5 nuM. Hounuoogo’tuizmu(ioouu \�mus

P0’m’bt om’nio’c! in! ti 1)o ounnuoo’ bmull (:\‘loo’ huoonuougc’niz-
imug turbo’ by 10 stroko’s uvi(h mu louooso’ tunic! (10-

75 sfnouko’s with mutight Pt’Sfbt’. (‘o’ll c!isn’up(ioomi

Iltis b(Oll(OIVO’tl 1)\’ j)himi50� ooonu(rmusf nuic’n.ooso’opv,

tumid gn’o’mu(o’n fhumun 90 #{176} c’o’ll bro’mukmigt’ wmts

muohuio’vo’d with nuinuimuimul bm’o’mikmugc’ oof nuo’bo’i b�

(his nio’fhuoud. I �roto’imu d!o’(o’rnuiiumufitumus w’o’ne

po’nboon’nic’o! tutu (lie huouniogo’numi(o’s l��’ mu nuoodifi-
(afioulu tub (hit’ nio’(hutocl tub Louwrv c/ al. (9).

‘Flit’ tum’vl hoyo!rooo’mim’hounu hi\’clroux\’lmumo’ mitt iv-

i(v out’ flut’ 3�F3 o’o’hl hiooniougo’muafc’s � d!o’-

(o’m’minuo’c! o’sso’mufimuhiv joy (hit’ mc’fhuood tub No’-

1)t’tf tunic! (o’ibooimi (3), with (hit’ boubboowimig

nioodifio’mu(h otis. ‘Flit’ stmunudmimd muSsmuv nuixt inc

o’ounfmuinic’d, mu muvouhmnut’ cob 1.05 ml, 30 �moubo’s

tof ‘Fnis-HCl (iuH 7.5), 0.18 pnioobo’ ouf NAI)PH,

4 �znuoobo’s oof \lg(’l2, 0.5-1.0 nug ouf hiounuouge-

mua(e pnoo(o’imi, mimic! so mumoobo’s out Ioo’muzoo[aJ-

l)yn’t’tot’ (muc!clo’d imi 0.05 nil tub nuo’fhumumuool just

P1’iOom’ (to imit’uI)ti(i(umi). TFhuo’ ro’miotioomu mix(un’o’s
w.o’n.o’ shumuko’nu tif 37#{176}four ;�o mini imu mum. ‘Flit

imuo’uibmutio omi mimic! tub 1 sUl)50’diult’nit steps wo’mo’

cmim’nio’cl tout imu mu danko’moo’c! nouonu wi(huo out

fluouro’so’o’mu( highitinug, smnuc’(’ (lit’ rt’ac’flomi proud-

uno(, 3-huydro oxybc’mozo o[alpyno’mut’, is o’xtro’mo’lv

light -senosifivo’. ‘Fhio’ boum’mmution tub prOduct

svmus himio’turboom mit bo’mus(30 mini umider fhuo’se

c’oomudi(ionus.‘Flit’ro’muo’(iouuii�’miss(toppo’d by (hut’

tudc!i(iounu oob 1.0 nub oob could! aoc’(oomio’, boohboo�vo’cl

by 5.0 nil of huo’xmumuo’.‘Flit’samplo’s went’ (hut’mu
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shmuko’mi for 10 nuimu muf 37#{176},tramosbo’rro’d too

50-m! shiako’r bo(fbo’s, munud shako’mu four aio acldi-

(itotual 10 mini mu( roconu (t’nipo’rmu(uro’. ‘Fho’y

ivo’no’ (ho’iu c’en(m’ifugo’d at 2500 rpm mu tin

Ituto’rnumutiotimul moodo’! hi c’o’tu(rifugo four 10 nuimi,

amid a :3.0-mb mulmcjutot oub (hio’ huc’xamuo’ phuaso’ �

r(’mt)vo’d! amid phaco’d mu mumutufhoer 50-nih shmiko’r

booftho’ tountainuimug 4.0 ml tub 1 N Na( )H. The

mixturo’s wo’ro’ fhuo’n shumiko’mo for 20 nuimu mimic!

co’nofnibugo’d four 10 mimi tut 2500 rpm. 1’oo!!oow-

mug cc’ni(ribugmutitomi, mu3-nub ahiquouf tub (ho’ tibkmu-

hinue aquc’ous phimuso’ w’mus ro’nuoovo’d, tutu muc!c!i-

(io)tumil 4.0 ml cof 1 N Na( )H uvc’nc’ mucldo’c!, tumid

the stimplt’s ivo’ro’ mugmuimu shumuko’nu four 20 nuinu

and co’mifribugc’d boon’ 10 mimi mis abouvo’. Abfo’m’

fhit� sc’couiud o’xfracfion, mu4.0-nil aliciuoot tub flue

mtikmulimio’ mucluno’oous j)hasc’ wmus rc’mouvc’d mimic!

P00001t’d wi(h the first 3-ml miliqucof. This sc’c-
otid NaOH exfrmic1-icomi ��mus bounud (to improove

flit’ o’xtractioun efficio’mucv mimic! (0) nimuke flue

chuo’oks from smumpbo’ too smumple moore repro-

duciblo’. Variti(io omo1)o’t w’t’en ido’mu(ical samples

by this methuoud wtis rt)u(imuc’h’ less thami ±5 � ;

Thio’ comucemut rmuf ono oof 3-hi�’t!ro ox�’bmut c’d bo’m uzo-

I a]�)yrc’mic’ ill (ho’ milkalimoo’ phumisc’ wmis thienu do’-

fo’rnoinc’d spo’cfrcuphuootoufluouroume(nioahhv with

miofivmttiomu mit 396 mum amid fluoono’sco’nuc’e mif

522 mum in mini Amitico o-Bowman spc’ct no)phoo-

f 0 fluio oroomt’( c’n. ‘Flit’ miryl huvdroomirhoonu lii’ -

drouxylase muo(ivi(v tub o’achi cc’hl smumpho’ w’mus

dc’(o’rnoinuo’d in tnibobica(c’, munud fissuc’ bbanuks,

iticUi)tu(t’d wi huotn( subs(rmu(c’, �v(’rc’ sit!)-

tracfed broom each ouf (ho’ expenimo’nital vmiluo’s.

‘Flue kinuo’tics cof imuducfioon ouf tiryl huydrou-

carboni hvdrooxvhmuso’ in 3’F3-\I co’lls ho’ 13 j.cui

benz[ajamu(hurmuco’no’ mu (hut’ prest’muco’ tub cmubf
serum is ihlustrafo’d imu Fig. 1 . Iii all simibmur

o’xpeninic’nu(s flue ramigc’ cob incluctiomu by benz-

[a]amu(hracenc’ (13 .�-m) affo’r 24 Ion ouf treat-

menut of 3’F3 cc’hls mu so’runu w’mis 6-9-boobol.

This induced hvdroxvhase activity is ahuut

oumue-humuif (lie levo’l tub enizymo’ activity in un-

imuduco’d rmit livc’r oc’lhs in i’io’o atud is sevc’ntul

(mmc’s highuc’r (luau (hit’ induoo’d tuctivifit’s in

of-hc’r 3’F3 limit’s pro’viouushy s(udic’d (1, 5, 10).

Induoed bo’vo’bs similar to (his humuvo’ beemi tub-

servo’d, houw’evc’r, mu 3’F3-L co’bl (5) and 3T3-

H’FC cc’lh (10) hybrids.

Sinco’ aryl huvdroucarboon huvdro oxv last’ w’mus

SO) rapidly imiduciblo’ itt (he 3’F3-M coIls

(tipprouximmufo’ly � counifroul by 2 hon muf(c’r

exposure too beiuz[alamithraco’mio’), it was ouf in-

(c’rest to defc’rnuimie how rapidly go’no’ framu-

0 4 8 2 itt 20 24

HOURS

Fmo;. 1. F’.i000li(S of l/O(/01(llO)/) tuf aoi�l /o!/(lrocarbon

/0i/tlIOJ!/l(1S’e by benz[ala/ol/ooacene (13 p.)!)i/I 37’S-i!

(C//s (f/Oil/i in //ie(/i0000 oo/olao/oi/og .50101/00

Bemuz[almumuthracemie wtus dissoolved imi I )\IS() mumio!

mudc!ed too the cimiture nuedium. ‘flue cells were liar-

vesteol 2, 4, to, 8, 12, amid 24 hr tuftem’ additioomu oof t hue

luvclrmoctirlooomi. ‘Flue results mime muoormuumilizec! fm’oon� twoo

scpmii’mite t’xperinienuts (triiolicate assays at etuchu

tinue pooimut).

soniptioomu night be sfimuhmu(o’d liv (lit’ imuduo-

imig mugo’mu( in tho’se oo’hb. \Vho’mu muctinuoni\’cimu

I), I �.cg/ml (a douso’ which inhib�oi(s RXA svn-
thio’sis 95 � o �ti 3’F3-\1 c’o’lls), was midminis-

to’no’d mubounug �vifhu 13 .o�ii bo’muz[almuni(hurmioo’moo’ mit

zo’roo (imc’, inuduc’(ioomi tub (hut’ c’mozynio’ wmus ooom-

ijle(c’b�’ bboockc’d (Fig. 2). This is coomusistemut
w’ifhu ro’sub(s broom other co’ll limit’s, suggo’s(imig

thumut thuo’ imoitimul phumuse of stinuuha(iouni of tu’yl

huvdroucarbonu hiuu,’drooxvhuso’ liv poli’cvt’lit buy-

c!m’oocmun’bomus m’(’c�uir(’s (hue svnflio’sis t ob imic!uic-

(-ioomi-speeifio IRNA (1 1). Houwevc’n, mu 3’F3-\I

cc’bbs (hut’ acoumulmutioun tub (lie IRNA mo’c1uin’o’d

boon’ (n’mimuslaticon tub coompoonc’nts cub the mum’yl

hiydnouomurboomi hivdroux�’lmust’ svsto’ni nuus( he

o’xfro’mo’ly rapid. By I hr afto’r o’xjooosuro’ to)

bo’nuz [a lmunfhurac’o’nue, mill t ho’ o’ssemifimu! RNA

humid mupjomiro’mitby bc’o’n synufhuc’sizo’c!, simuco’ (huo’re

w�m-is tutu bhouckadc’ tub inudunctiouni liv tuc(imuouniv-

ditu 1) muddo’d 60 mini mib(o’r (hit’ livolm’oc’arbomu.

‘Flit’ dosc’-ro’spo umuso’ m’o’btu(ioonishuip bo’( i�t’en

bo’iuz [a lmimu(huract’nuo’ tumid ar�’h hvdnoo’minboomu liv-

c!roux�’bmuse activity mi 3’F3-\1 tolls whiichu had

ho’o’mu groown with our withiouu( so’o’uini during

(hit’ 24 hr of o’xj)o)surc’ (00 henuz[a]mimufhiraoo’mue

pnitor to huarvo’stimig is illustnato’c! ito Fig. 3. lit
(lit’ pro’so’noo’ tub so’rm.mm thuo’ro’ was mu 6-bolol

imucro’ase iii o’nzvmo’ activity 24 hr mub(c’r o’x-

Poosunro’ too 12 pM bo’muz[almuro(hinmuoo’muo’. Hoow’-
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Bemiz[a]mimuthrmucemue (BA) � ttdc!ed mit zeroo

t mite too all the cuilt unres except I he commit rool tumid I hoe

cultures commitaimuimig act imioonuuu’cimi I ) (ACT-I 0)

aloomue. Act imuonis’ci mu I ) ( 1 og nut ) ss’tts tudclec! I to I hue

cultutres labeled ‘‘BA + ACT-I)’’ mit vmuriooums times

tufter the additioomu of hemuzla]tumuthurmucemue. All cut!-

tutres ivere imucuibmuted foor 24 hum’ammo! thuemi mussmived foot

huvoiroxylmise act ivit V.

t’vo’m., in thio’ mibso’moo’o’ 0 of so’muni (boo’ joo’ak no’-

5Pt0mi5t’ ��‘as tu(tmuimuo’d mit (‘u pun bot’muz[a-]munthun’mu-
co’muo’, tumid (lit’ imuc!uoo’c! ho’vo’l u�mus oonby ai)ouut

(w�ic�t� flit’ d’o)tifroub. �\. similar do’pt’nidemuco’ omi

(-hue l)m’t’st’mict’ oob so’n’umuu boor (hut’ imudluitti000 tub

aryl hydrc oc’munboumi huydro oxybmuse by �)oobydycbi(

huvclrooarboomus humus bo’c’ni shutuwn to (‘xist hi

pnimmury c’uulfunn’t’s tub bo’(mu! rat livo’i’ cells b�’
Gielc’nu amid No’bo’r(- (12). ‘Fhuc’se authuoors 1)005(11-

imited (limit- (hut’ so’rum o’ffo’c( is ro’lmu(c’d too (hue

Pr�’sc’iuce oof hut omit omit’s, tout 051)110 ulipids, cot’
other fmuc(oot’s which n.itt\’ muot symuc’rgisficmubiy

�s’it hi f hue jooolvcvoIic huyc!roooarboo ott mu flit’ ito -

c!uo’iouni tub ( his o’miz�’mo’. IFlouivo’vo’r, mumuouthuo’r

ptOssib)ili(\’ iS (limit flit’ mmu(o’ tub oo’ll pm’oulibo’nmu-

fiouti is ami iniptot’(tini( fmuc’(oor in thic’ imoduo’ibili(y

ouf mmvi hu�’drooomurhounu huyc!nouxvlmuso’ miofivity by

vtuniouus chuo’nuiomuis. b”our t’xtuml)!o’, i( humis bo’o’ni

ro’poor(c’d thimuf the o’nuzymc’ activity is much

nit ore imudu(’il)bo’ by j)toh’c\’oliC huydn’oocarboomus

mu huuman iynul)lu000vto’s w’hiichu hmivo’ l)o’o’to

sfimulafo’d to ioroolifo’rmu(o’ by (ho’ jobmunuf. lo’o1inus

phiyfoohuenutiggiutimuimo mimic! po oko’wo’o’d mit ougo’nu

(humimo imi umusfiniuulmu(o’c!, mooumupnoobibo’rafimug co’bbs

�l3, 14). ‘Fbuo’ kimuo’fics tub fluis pto(t’to(itifiooti tub

�;1o’ imuducfiooni o’ffo’t( suggo’sfs (homuf (hut’ pt’tik

h000fo’no(ia(itono ouccurs 72 hun mibtt’r o’xpousuro’ too
(hut’ lectinus. This co on’ro’sjoo umoo!s (to flit’ (mit’ oof

F ncm. 3. 10(101 it)/iS/i ip /uoi u,’t(’n t()fl(t’Fl 10(21 10)/i oof

lie/i 2 lalaoo //i i010(’/O 0, (0/0/Ct! io ti, 11 ii it’ nootlio, on an ol

.S’/)O’(lfio’ out iu’ii!/ ouf tzri�l Ii !/olioo(I rbo�o ii !/t//oX!,/a.so

\‘mim’ioouts coomuce mit m’mutio otis omf hoe miz lalnunt hrmucetie

(BA) wo’m’e midtiec! I to cult utres ouf muommucoonifluemit cells

imu mu nuediuimuu ovithu oom’ ivithutout sem’umuu. J’tiz\’muue

mud ivit�’ %s’mis deternuuimied 24 hr tufter muddit into tof

oln’umg. Thue coomice mit rmut it mu oof be miz a mint hn’mucc tie is

1)1001ted ito mu loogan’it humuuic semule.

nutuximmul l)NA svmu(luo’sis imi li’t’(imo-st mu-
imufed luunumumi lvnuj)huou(’yfo’s (15).

mu tour studio’s flit’ rc’mouvmul tub calf st’rurn

frooni (hut’ groow(hu mc’dium dimimuishc’d the rmute

oob proohifo’ntutioumu cub 3’F3-ii\l cells. #{176}‘Fhousit ms
pOOSsiI)lo’ (limit (hut’ rooho’ oob so’rum mu (hut’ ituc!uc-

tioumi tub munvl hivdroucturbcomo huvclrooxvbmust’ l)y

bo’nz[a]mumuthuraco’mio’ is ro’bato’d (to its grtuwtho-

sfinuumhmu( oom�’ i)rouPo’r(it’s. ‘Flit’ Poossibbo’ reIn-

tiounushuip ho’f�vo’o’ni o’o’lh J)rtulmfo’rti(iounu rmuto’ tumid

o’muzvnuo’ ituc!uc’ibibi(v is furthuo’r sfro’nogt huemuo’cl

by tho’ (!mutmi pro’sc’nufo’cl mu lmul)bo’ 1. \Vhut’mu

groowmu t 0 0 00 unfluo’muc’e, umitransfo urni(’d 3’F3

o’c’lbs o’xhuibit cOOtu(tit( imihuii)i(iooni, tumid flit’ taft’

oof co’bl jono)lifo’rtu( it omu mturkt’dby diminoishuo’s

( 16) . I )o’musi(�’-clept’mudo’nit- inhuibi(iomu oof pro-

lifermitioumi nmu(e humus mubsou ho’o’no oobso’rvo’d! mu
3’F3-i\I 0(1151 \\Thio’mi the muc(ivifv ouf turyh

huvdrooc’murhoomu hi’c!rooxvlmise was coumpmured in

o’ounfmic( -imuhuibifc’d c’o’lls mumud mi mioumocoomofluo’mut-

co’lls (which c’oorutimuuie to) 1)noobibt’rtit(’ foot so’v-

crab hioouns o’vo’mi mubtc’n (lit’ remouvah oof serum)

(rc’mu(t’d with ho’nz[ajmimuthiraoo’moe four 24 hun,

(hit’ imocluct’d bo’vo’ls w’o’ro’ sevo’rah (mit’s higher

mu tiooti(o omufluo’mut. co’hhs. Anuo othior cobservmuficon

tub thic’st’ t’Xpc’nmflTlt’lOts WtiS (htuf c!ibutyryl

c(1\l P tuppo’turecltoo hotivo’ tu slight stimulmut-oury
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In these experimouemuts the cells were grown to the approopriate detusity in nuuediumou cmontairuitug 10�� calf

serummn. ‘Flue seruini-coonut aimuimug mediummuu w� thuetu remoovec! amid replaced with muuediimm wit hoout serutmui 1)111

coomutainuimug drug. ‘Fhe cell cult itres were I hen imucubmuted four au addit ioomual 24 hr hefoore hmirvest imig. (‘alcu-
latioomu oof percentage imucrease over coumutrool is based toni the 1)MSO controol four h)emmzlalatithracene imudumctioon

amid! I hue muoomi-1)MS() coomutrool for dibimtyryl cGMP. Ito experimemuts 3 and 4 bemiz[alamithracemie dihumtyryl

c(MP, tumid o!ihumtyryl cAI\IP were dissoolved in 1)MS() Pritor t(o addition too the mediutnu.

Treatmemit

1;xh)erituiemit 1
(‘omut tool

Commit roil - NAI )P11’

Comutrol + 1)I\IS() (0.5#{176}�T()
Bemuz[ajamitlurmucemie (13 u�u1)

1)ibtmtvryl cGINIP (0.1 �.eui)

1�xl)erimuuemut 2

(�oomut m’ool

Coontrool 4- l)N’ISO (0.5#{176};

Bemuzla]amuthracemue (13 j.uii)

1:xJ)erirnetut 3
(‘omit roil (-4-l)IN-ISO)

Bemuzla]amuthracemue (12 pM)

I)ilouutyryl c( I1�1P (0.1 Oor’.t)

Bemiz[a}amuthracenue (12 jiM) + (lihuumtyryl c(INIP (0.1 jiM)

Exioerinuemut 4

Coomut roil (+1 )MSO)

Benzla]munthra-cenie (6 pM)

Dibutyryl cOMP (0.01 /LM)

Bemizlajmuuuthracemue (6 jiM) + olihountyryl c(UVIP (0.01 jL�t)

1)ibutvryl cAi�-IP (0.01 jiM)

I3enz[a]amuthoracene (6 j.omui) + dibuitvryl cA1�lIP (0.01 pM)

Specific activity

Confluent Nonconfluent

p/;zooles/min long prootein

Imu this control, NAI)PII was oonuit ted from the incumbatioomu nuixtumre emplouved too deternuimue cii-

zynie activity. In one othuer additional controls, I)MS() was added too the culture medium.

effect omi hvdroxylase activity. c’GMP has

l)eeti reported to be eho’vafc’d in lymphocytes

which have beemu stimulated (o shift from a

nonprohifc’nmu(ive too a prohiberative state by

j)hytouhemmtgghutiruini cur ooncanavaliiu A (17).

Thus it wtus comusidc’ro’d (hat eleva(c’d cG�s1P

concen(rmu(ionos may huavc’ a permissive effecf

0011 (-hue imuduction oof arvl hydrocmurbon hy-

droxvlmtsc’. Thus appears to be the case, as

Shuow’ni imu o’xpo’nimc’nts 3 munud 4 cob ‘Fmubhe 1 . Iii

(huo’so’ o’xpo’t’imo’mu(s t’xoogo’mitouslv middc’d dihu-

tvrvl c( \ I P (0.1 our 0.01 p�n) prouduco’d mu-

marked pout o’nf imi(ioomu tub (hut’ iniduc’tioon of huy-

droxvbmtso’ muctivitv liv ht’niz [a]anuthum’muco’nuo’ (12

our 6 � 1)ibut-yryb cAM P at a c’oumoco’n(rmu-

(ion cuf 0.01 ;.LM had no o’ffect alcumue arid in-

hibited the iruc!imotion tub huvdroxvlase by the

hvdrocarbcuiu.

Three limit’s cof evidenoe suggest (lint the

inducihili(-\’ tub aryl hvdrouc’arhon hvdrcoxylase

l�, hc’nuz[a]anthurac’emue is rc’ba(ed (to (he state

ouf 1)roliberation of 3T3-M cells. Tho’ c’mizyme

is much moore inducible in the pro’sc’nco’ thiamu

mi (he absence of serum, in nouncornfluent

thimuni mu coomifluent- co’lls, mimic! imu (lit’ pro’��’nco�

tub o’xoogc’micuushy addo’d dihutyryb cGi\l P. The

rouho’ tub c’Gi\lP mu ro’gula-(inug (lit’ bc’vt’hs tub

aryb huydroucarhcoru hydroxylase in tho’so’ cc’lls

is unucbo’ar. Its direct effect appears to) ho’

mimuimmub, and it Ions bo’c’n rc’ported (hat it
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does not induce (ho’ hivdrooxvlaso’ aofivifv iii

fetal rat liver cc’lls (12). Thus it may act itt

some u�’a�’ liko’ f-hut’ addifiounu tub strum, it�.,
as o�e c)f flue signals invoolved mu (ho’ stimula-

tio)n ouf cell probifo’raficunu, as proupcuso’d by Had-

den et al. (17).

Rc’cen(ly Whithoock arid Gc’!hoimu (1M) nt-

portc’d (hat tc’mpoorary imihihifioun cub prouto’imu
synthesis in cultured ce!!s by cvclo)hio’ximidc’

our purcomycimu poufeni(iafc’s flit’ inductioumu ouf

arvl hydrocarbounu hydroxylase by bt’nz[a]an-

thracc’nue mif(c’r (lit’ inhihittur has ho’t’mi rc’-

moved frcum flue mo’dium. ‘Fho’�’ poos(u!ated

the prc’sc’nco’ tub mi labile proufo’in which ro’-

versibly inhibits (ho’ induc(icunu tub hydroxyhaso’

activity at a post-franscrip(ioumua! !evel. It

max’ ho’ (-hat- (ho’ lc’vo’l of poust -fransc’ript.iomual

inhibitcr is highuc’r in nonuprobiferating than

in prcuhiferating c’c’bls. At aniy rate, the rc’la-

tionship between co’!l prouhiferafioun amid tnt-

zyme inuducibility is an itufrigtning oono’ and

warrants furthuo’r c’xamimua( it umi.
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