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Nucleic Acid Synthesis in Intact Nuclei Isolated from

Mouse Fibroblasts
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SUMM.-0 iiY

In the course of cotitinuitig investigations out the effects of glucocorticoids Oti nucleic

acid synthesis in mouse fibrohiasts, we imave ciimiracterize(l mmtouclear system cmtI)able of carry-

ing on both DNA and RNA sytithesis. Intact nuclei isolated frotmm logarithmically growing

fibroblasts can incorporate both ril)ommucleosi(Ie mind deoxyribolmueleaside triphosphates itito)

cold acid-insoluble material umider time directioti of emidogemious emizvmmme and template. The
extent of DNA synthesis does not mupproacim that proceetliutg itt ititmuct cells. The incorporation

of bat-h ribo- and deoxyrihonucleaside tril)imosl)io at es into ummacronmolecular material is DNA

template-dependent amid requires the presence of all four complemimemit-ary nucleotides. The
DNA formed is of low molecular weight- muid does moat se(himent witim bulk DNA on alkaline

sucrose gradient centrifugation. Altimougim DNA mind IINA symitimesis is significmmrit-hy inhibited
in nuclei isolated from cells treate(I wit-h growth-ituhmibit-ory doses of glucacorticoids, the

apparent 2-fold great-er inhibition of DNA synt-imesis with respect- to I{NA synthesis as

measured i)\’ thymniditie aimd uri(htoe iutcom’pormttiomi iii whole cells is not observed. Neither

DNA tior RNA synthesis is itilmihited by direct- addit-iout of very higim levels of glucocorticoids

to Imuclear suspensiomos at’ broken whole cells. Time iumtact nuclear system has also been

examimmed wit-h respect- to enzynmatic fumoctiomos mvhich affect the stmmte of time miucleoside

triphospimate precursors amid t he RNA amid l)NA pro(lucts.

INTRODUCTION

Glucocorticoids a�’e ah)le to del)iess tite

rate of growth of tmmouse fibu-oblasts in uiti-o,
and the growtim-noimibitou-y pot-eutcy of a

series of steroids parallels their glumco-

corticoid potency ( 1-3) . The biocimetomical

basis of the growtim-inhihitory effect has

been studied iii immtact cells by Pratt atid

This investigation ��‘mis sul)porte(l by Pulhho-

Health St-rm-ice Research Grarot (‘A-05672 front

tloe Nat ional Cant-er Inst it uute -

I Predo-t-oral Fellow un(k-r Puhlic Hen-lilt
Service Training Grant GM322 fromit the Division

of General Medirol Scinno-es.
2 Postdoctoral 1�e1IOW ( No. 310) of tIn-- .-�mo’r-

ican Cancer Society.

Au’omoo’vm- ( 2 o, moot! these st-ut(Iies mommggested

timmmt mmii eaulv (-fleet was a decl’eased rate of
I)NA symothesis, as tleternmimmed by imohoibi-

tioum of time immcou-pau-atiotm of tlmyummitliuo(-.
Itt ordet’ to stul(Iy umucleic acid symotioesis

nioi’e directly thmmmn is j)Ossible imm a �vltole

cell systcutm, �ve itmive developed and cimar-
actenize(I aim isolated, mvashed nuclear

syst etim Capai)le of cotmvertitmg m’iholmucieo-

Si(le triphospioates imito RNA mind deaxy-

ribammucleoside tu-iphosphates iumto DNA.
Siumce time nuclear svsteni utilizes etmdOgelm-

ous i)olYmmmeraSes auod chromatitm, it- was

hoped t-imat comotuol mechaimislns that

ol)erate in time iumtact- cell might he detected

atod fmmu’tiier eiuci(Imite(l ut time nuclear
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systeimm. Time tmuclear system described is a
prospective tool far elucidating the mech-

anism of actioum of a variety of drugs affect-

ing nucleic acid metabolism.

MATERIALS AND METHODS

C/i e in ice is a 70d en zy in es. Tloynmiditme-
methyl-3H (6.0 Ci/”mnmole) , ui’idimme-2-1�C

(52 nmCi/mmole), IATP-3H, dTTP-3H,
ATP-3H, CTP�:oH, deaxyadenosiuie-3H, and

adelmosiume- ‘H were pimrcimmtsed fm-om Schwarz
B ioR esea u-cit , Inc . Lnlai)elecl imucleosides

ammd tiucleotides were obtaimmed fI’onm cam-

nmercial sources. 1mm a few experimeumts,

l)0lrified IATP-3H alid dCTP, fm-cc of pos-
Sii)le coumtanminatiomm w-ith dGTP am’ dTTP,
weu’e prepare(I by chromatogm-a-phy on

Whatman No. 3 paper using aim asceimd-
immg system of isobutyrie acid-i N NH1OH-

0.2rsm EDTA (100:60:0.8).

Highly polynmerized DNA froutm calf

timytmmus was botoght froumm Calbiachem.

Yeast RNA was purchased fm-am Sigma

Chemical Company . Purified Micrococcus

lysodeikticoLs DNA w-as kindly provided by
Dr. A. T. Ganesatm. polyumucleotide hipase

prel)ai’ed fm-am Escherichia (Oh w-as donated
by 1)m’. I. It. Leimnman, and PO1Y dAT was a

gift fm-am Dr. A. Korumherg, all of Staumford
University . DL-/3-GlycerOpitOsphmmtte and D-

glucose 6-phospitate �veie ol)taitmed fm-am
Sigtima Cimenmical Compammy. Glucose 6-
pimosl)imate deltydu-ogelmase ��‘as purchased

fronm Calbiocimetmm.
Deoxyrihotmuclease I , fmet- of m-ihomotuc lease,

\\‘as purchased flouoo \Vorthimogtoui Bio-

cheutoical Cot-paratioum. Ribouiumclease A from
bovine pancm’eas , I)lott-asc-fuee, cautme f mom

Sigtmma Chemical Company. Cesium chlo-
ride, optical grade, was obtained from

Harshaw Chemical Compammy, Cleveland.
Sarkosyl was obtained froumm Geigy Chmem-

ical Corporatiomm. Actinomycin I) was a gift
fratim Merck Sharp & Dohme Reseatch
Laboratories.

(‘eli culture. Mouse fibrablasts, L strain,

were maintained on #{149}Joklik nmedium ob-

tamed from Schwarz BioResearch, sup-
plemented with 10% boviume serum. Rep-
hicate groups of Roux bottles were

inoculated with approximately 2 X 106

cells/70 ml of cultum-e immediuin, mimod doe cells

were grown for 3 days at 37#{176}itm an atnma-

sphere of 95% air aumd 5% CO�.
Isola (ion and purifica tion of it ucici.

Mediunm was decatmted froumm cells ium the
logarithmic phase of grawtim, and time cells
were waslmecl twice wit-h Eam-le’s salt solu-

tiomm at 37#{176}while still adhering to the glass.

Time cells wem-e then harvested by sci’apimmg

in ice-cold 0.9% NaCl anti collected by
centrifugation jim the cold at 600 X ti All
of the follow-iumg procedures were carried
out at 0-4’�. The whole cell pellet was

suspended in a hypotommic sohmtiotm of 0.01 M

Tris buffer at pH 7.5 anti 0.4 mM EDTA
such that time final volume of suspensiotm
was approximately 5 times time volume of

the cell pellet. After 5 mm, the suspensiolm
was homogenized witim 15 stu’okes of a
tightly fittiuig l)estle in a J)oummce glass
homogeruizer. After loomogemmizat-ion, imyper-

tonic buffer (1.43 Ni NaCl. Oil rsm KCI,

0.033 M MgCl2, aumd 0.11 imi Ti-is, pH 7.5)
was added to bi-ing time broken cell sus-

pensioum to isotonicity. In expeu’imemmts in
wimicim enzynme assays were call’ied out an
the brokemm cell suspension or the super-
natant from centrifugation at 600 X g. the
brokemm cell suspension was not bi’ougiit up

to isotonicitv wit-h hypertonic buffer.

Instead, I volume of time following hyper-
tonic sumcm-ose solutiomm was added to 4

volutmoes of hioken cell homogeumate to brimmg

the final suspension to isotonicitv : I .25 M

sucm’ose, 0.005 M MgCl2, 0.005 �i CaCl,, and
0.25 �m Tuis, at pH 7.8 for RNA poiymmmerase
missay at’ at pH 7.5 for DNA polynmerase

assay.

Ol)tical tomicroscopic examtmitmatioum of time
resultiumg suspemmsion revealed cell debris,

nmmclei, amml less timamm I % whole cells. The

isotoumic hu-okeum cell suspensioit was ccum-

trifuged at 600 X g for 10 miii and

separate(i iumto a mmuclear pellet anti a cyto-

plasmic sul)ermmataumt fraction . The pellet
was wasime(I twice by suspelmdimmg it in ap-

proximately 10 ml of an isotoumic sucrose

solution tO.25 M sucrose, 0.001 �i MgCl2,

and 0.05 M Tris, at pH 7.8 for RNA polym-

erase detei-minatiomms or at pH 7.5 for
DNA polymerase assay amid in those cases
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whemi both RNA and DNA polymmmermtst

were to be assayed in the sanme mmuclei) amid
centrifugation at 600 X g. After the fitmal

wash, time nuclei were suspemmded ium time
same isotauoic sucl-ose solutioim adjusted to

the a�)prap1’iate pH for time assay to h)C

performed . The lmtmclear l)loteiut nit i’ogemm
concentratioum of the fiumal washmed mmuclt-am

suspensiomo was betwecim 100 autol 200 jtg

ml. Aliquots � 0.4 mmml) of this suspeutsiomo

were l.lSe(l for eimzynme assay, amool poutiomis

were assayed fom- proteium aimd DNA.

ASS(UJS for cytoplasm !( inc i-kci- en z�,-mcs.

Acid pimosphatase anti glucose 6-phospha-

tase wet-c assaye(i in batim put’ifieci umiuclemur

suSpelisiolms an(i l)t’Okefl cell suspeumsioums
which imad beemm 1)1-ought- to isotoumicity with

the hypertotmic NaCl salutiamo. Acid phos-

pimatase (outhophospham’ic moumoester phos-

phohydrolase, EC 3.1.3.2) was assayed by

the method of iTems, Berthet, Berthet, amid
deDuve (4) , usiumg f�-glycera�)hosphate as

substrate. Glucose 6-phospimatase was mea-

simi’ed bY time tmmetimatl of Giammetto mtuid de-

i)uve (5) . 1mm botio eases, thoe ilmal-gaumic

phosphate hil)emmtte(l ��-as memtsure(i h�’ time
method of Summmer (6).

Phosphoimexose isoumierase was tmmeasure(i

in nucleal’ suspensions atmd bi-akeum cell
homogenates which had been brought to
isot-oimicit.y with the hyp-u-toumic sumcrose
solution. Tlmis eimzvnme was iii(�tSill’e(1 LIV the

met-hod of Noltnmaimim (7�.

Assay for RIVA P0i!J111 (-la.s�e ( ii ucico-

sidetriphosphate : RNA nucleotidyitransfer-

(1SC, EC 2.7.7.6) . The assay system eami-

tamed tioe fallowimmg iii a fiumal volume of

1.0 ml: 0.05 /Lnmole of rauidoimmlv labeleol

ATP-31-I (81 �Ci/1oimaie) ; 1 1tmtmoie each of

unlabeled GTP, CTP, and UTP ; 70 1o.nmoles

of KCI ; 20 1tnmoles of NaCi ; 5 1tmoies of
MgC12; 10 �.tmoles of cysteimme; 100 �moles of
Tris buffer, pH 8.0; and 0.4 ml of nuclear

suspension. Any further conmpommeumts w-ere
added iii a volume of 0.05 mimi. Iii certain

cxperimemmts, when one or two of the un-

labeled tripimosphates were onmitted from

the mixture, time almloulmt of remaining un-

lai)eled nuclcoside 5’-tu’iphosphate (s’) was

a(i.lusted such that time total amount of un-

labeled toucleoside 5’-t m’ipiiosphiate u-emaimmed

at 3 p.mmmoles. This was doume imo om-dem’ that

any noumreplicative nucleoside itmcorpou-atiomm
which mmmiglmt be presetmt would toot be

selectively itmcreasetl. The assay nmixture

��‘as iimcubated ioutitielv for 10 nmimo imm a

shmukiutg water hmttim at 37#{176}.The reactiaui

was stoppeci by the additioum of 3 nil of au

ice-cold solutiomm of 5% trichlaracetic acid

witim 0.04 �i Na1P2()7. Pyrophosphate si-as

included itt all cold tmiciilou-acetic sohimtions

used fat’ wmmshmiuig time imisolubie precil)itate

in aidet- to nmimmittmize contauiminatiomm due to

umommspccifie hiuiditmg of the imidiaaetive

l)I’ecui’SOl’.

The cold acitl-immsollmi)le pt’eeipit-ate ��‘mms

centi-ifuged at 12,000 X g, washed oumce by
m’esuspemosioto in colci tm-ichlormicctic acid, and

m’ecentm-ifuged. rfime pellet was suispetided ito

colci tmiclmloi-acet-ic acid and collected by
mild suction atmto 2.4-cnm \Vimatmami glass

papel’ discs. r[oh acid-iumsoluble mmmmtterial
was w’ashmed twice with 3 imil of cold tu’i-

cimlom-mocetic mucid a-umd once with cold wateu-.
Each disc was themm dried amid placed iim a

hiquil scintillatiotm counting vial, to which

10 nol of scitmtihlator solution (4 g of 2,5-

dipheuuvlaxazole amid 0.1 g of 2,2-p-pimemmyh-

emiei)i5�3-pheuiVlaXazOle] pci liter of tahti-
ene) wete a(ided. The radioactivity wmos

deteruotiumed ium a Packam’d Tri-Carb hiqimi(h

scintihlat ioum sl)ectl’ometer. The radioact iv-

ity obtaiumed fom’ each sample was corrected

i)V siiimtractitig the radioactivity present imi

a samimple pt’ecipitated with cold trichlor-

acetic acid itnummedimutely after addit-iolm of

the uoumclei. Such zeu-o-time values, as well

as those ol)taimmed atm incubation for 10 mm
at 0#{176},weu-e less timamm 15% of those found

after time complete 10-mm iumcubation at-
370�

Assa1j for DNA poi!Jmerase (deo.r!/-

1? ucleosideti’iplmosploate .. DNA deoxyr-ibo-

nucleotidyitransferase, EC 2.7.7.7) . The re-

actiomm system contained the fallowiumg in a

final volume of 1.0 ml: 0.01 1tmole of

dATP-8-3H (1 mroCi/1tmole) ; 0.5 1zmole

cacti of dGTP, dCTP, anti dTTP ; 70
1o.males of KC1 ; 20 ttmoles of NaCl ; 5

1o.moles of I’m’IgCl2; 10 �moies of cysteine;

100 1ttiioles of Ti-is buffer, pH 7.5; and 0.4
ml of Iil.lcle(im’ suspension. Tim experiments
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ltoloeIt’oI tiiuo-Io’o--io to- 5#{176}-il’iI)II))SI)Iitot o- ) s )

tot I�uu�t to I -�mt-IitIn-ittIn--I tutu I otii))lmtittot 1mb-

ohio-let i1omtltt)�i)It’ 5’-t t’ijohn-n.iii;oto’ t’t’tin-oittt’ol
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ml) of the homogeimate wet-c iumcubated wit-hi

0.75 mg of calf thymius I)NA mmd 5 �ummo1es

of MgSO4 dissolved in 0.80 in! of 0.05 �i

acetate buffer, pH 7.5, at 37#{176}for 30 or 60
mum. Tfh reactiomm was tem-unitmated by time

additioim of 0.2 ml of 25% perchloric acid.
The mixture was centrifuged at 10,000 X q

for 10 mm, and time amouimt of DNA solo-

l)ihized was estinmated i)y deternmining the

absorbauuce of time sitpeimmatant fluid at 260
fli�o.. The amouimt of optical (lensity iii time

supeu’natammt wimich was miot- tioe iesult of

eiozynmmttic digestion of the calf timynmus

1)NA was cietet’nmimmed with appiopriate

(anti-al incui)atiotls amm(I sui)tmacte(l fu-onm
tioe total optical deumsitv presemot.

Acid RNmtse alm(l alkmoliioe RNase wem’e

umieasume(l by a timodification of time nmethod

of I\IacLea(i, King, an(I Hollaimder (20).
Wimole cell amid nuclear liomogemmates were

prepared as descrii)ed fom’ DNase, anti, imu
a(idition, the homogemmates weme frozetm atod

thawed three titmmes. Fat- acid RNase deter-

mination, 0.1 ml of whole cell or nuclear

imomogenate was a(l(leci to 0.8 ml of a
solution of yeast RNA, I mg/mimi. in 0.05 M

acetate buffer, pH 5.7. Alkaline RNase
moctivity was determined by adding 0.1 ml

of whole cell or mmuclcar ioomagenate to 0.8

ml of a salutiatm of yeast RNA, 1 mg/mb,

Ill 0.0075 M Tris buffer, pH 8.0. Both assay

bmmixt-ures weue immcui)at-ecl at 37#{176}fat’ 30 and

60 mm, anti the reaction was stopped by
the addition of 0.2 ml of a 25% percimloric

mocid sohutioim containing 0.75% uranyl

acetate. The mnixttmi-e was centrifimged at

l0,()00 X (1 fou- 10 ilOili, mutt-! time amount-

of R-NA solubihized was estimated by
determining the optical deimsity of the
supernatant solution at 260 tii1t.

RESULTS

Yield, puiity, and poiymei-ase content of
the nuclear pi’epauixtion. As determined by

henmocytometer coummt, a�)pI-oximately 60%
of the imuclei wei-e tecovered in the final

�vasimed moluclemol SlmSl)(#{176}btsiaii �vith tue mmuclear

isolation i)i0(’e(iilie employed. The suspen-

siomi toltttOiit(#{176}oI 64#{176}7;-of time am’iginal whole

cell DNA deoxyrihase. Time cytoplasmic
fraction (i.e., time supernatant obtained
after time nuclei had been ceumtu-ifuged out

of the broken cell suspension) contained

less thami 2% of the total cellular DNA

deoxym’ibose.
Time put-ified nucleam- suspeumsian con-

tamed 4.2 ± 0.5 (SD) �.tg of protein per

micragranm of DNA awl 0.37 ± 0.05 (SD)
jtnmole of RNA nitcheotide i)em’ micromole of

T)NA nucleotide. On exanmimmation under time

light nmicroscope, time final mmuclear suspetm-

sion contaitmed a small amount of cyto-

plasmic debris. Elect-ramm microscopic cx-
anminatian of the twice-washed mmucieam
suspension m-evealed that the nuclear memmm-

brane remained hit-act during the isolation

procedure, as (lid most of the pei’inuclear
membramme. There were occasional con-
tanmimmants of granular material contiguous

to the pem-inuclear membruone and ap-

pam-ently cantimmuous with it.
The extemmt of contaminatioim of time

nuclear pm-epat-ation by cyt-oplasmic cotmm-

ponemmts was imivestigat-ed by assaying time

TABLE I

oS’/)eeiJiC (ICtiO’i(!/ (�f C!/tOpla.S’fli iC (0)Z?/110C inar/cers ii) 1.-co-I! n oiclear pro-p(lo-ut!010

Preptorat ioomi o)f the horn-ken- cell hounogenotote, 1)Ilmificationl of the moomclei, tumid enzyme assay procedures tome

olescribed in MATERnAm.s .&xn) METIIOI)S. Specific activities tore expressed per nnicromole of DNA (leoxyribose.

Thoe mod ivities of mniol 1)hooosPhoatt�se timid glucose 6-pho)sploatase repm-esent- the boumh)er of niii(-ronioles of in-

organic phosplitote fornneol mu 120 mnimu. Phosphioloexose isonmemase activity is exproosseol itS the chiamoge in optical

tlemosit-y at 340 nook 1)(l mimoute at the imoitial reto(-tion rate.

Specific activity

I ‘repartot 10 0 b0 .A o-id 1)hon-sl)lutot to-c ( Ioucose (t-phio o-o1)hatase Pin )sphoo ohexose isomeroose

Brokemi (-eli honooogemoate 4 . $6 5 75 426

Nn(-lentr souspemisioomo It 73 1 - 42 <6



TABLE 2

J)o;t(riboo(ioio of J)XA-depeoodent li#{176}ZVApolynierase in L-cells

\ario)us cell fl-n-coin-los wele i)rePareol as described 110 MATERIALS ANE) METhODS. The ss’hiole cell fraction-i us

equivalent to the i.sotomoic broken cell honmogenate. The sompernatanit- of the 600 X g cenmtrifugatioto is the

cytoplasmic fraction, amid the u-esuspelicled pellet is the crude nuclear fraction. Thoe purified mou(’lei, as ousual,
represent the fimoal Ion-clear S11S1)�fl5�Ofl after two washoes in 0.25 M sucrose sn-lutio)bo. Incombalionos were carried

ootlt los described in MATERtAI.S AND METInODs, except thin-i 5 �g of actitoomycno D mu 0.05 ml of 10% et-hiomood

were added to duplicate samples of each cell fraction. Actnoomycin D-sensitive incorporationi represents i-he

mncorporatio)n 0)f ATP-#{176}H in the normal complete system mimioms the incorporat.ionm in the presence of aotimio-

mycini D. The t.()tuol proteinm nitrogen and the total DNA (leoxyribose were assayed in each frao-tiorn, amool the

specific activity of ATP--’H incorporatiomi is expressed with respect to h)othi protein (left t an-oh l)NA (right).

:N’o incorporat � valimes expressed (010 I be In-isis oof 1)NA a be i)bC5�bi ) tsl for I hoe tytt)plnLo-Ofli, 05 t lois frtootio n-u

conit-ained onoly trace monmounts of DNA.

IIuoo)bpo)rtLtio)bo of ;�T1)_aFTinto (old toojol-insohihie nmatelial

Coniplele -I-- A(Oibio)- .\(�tibi0onii\’(ibo (‘oniplete -1- Ac �booo- ,�o-til1o)roovo-ino

(‘eli fraction svstenm rnvoini 1) 1)-semusitive syseni noiveimi 1) 1)-sensitive

,uMrno!e A TP-#{176}H/�.�g protein N �4Lflloles .1 TP-W/�urnole D.VA d-ox!�r-thoqe

0. 133 - 047 0 - 086 282 9’) 183

0.058 0.051 0.007
0.173 0.051 0.122 162 47 115

0.261 0024 0237 128 12 116

1)088 0.029 0.059 S�S 33 55

0.058 0080

0140 0.018 0 122 70 21 49

0.182 0.020 0 162 53 5 4�
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specific activities of three cytoplasmic

marker enzymes in both the broken cell
homogenate amid the purified nuclear

suspension (Table 1 ) . Less than 2% of
the activity of piiosphohexose isomerase, a
soluble enzyme (21) , was recovered in the

final nuclear pi-eparat-ion. The specific
activities of acid phosphatase amid ghitcose
6-phosphatase ium time fiumal nuclear suspen-

sion were 16% amid 24%, respectively, of
those found iii time broken cell homogenate.

In rat liver, acid phosphatase activity is as-

sociated with time lysosomes amid glucose

6-phosphatase is located in the micrasaummal

fraction (21).
The intracellulam’ distribution of RNA

polymerase was assessed by measul-ing the

activity of RNA polymerase in time brokeum
cell homogenate, time cytoplasnmic fraction,

the crude nuclei, amid the washed nuclei.

To eliminate time contribution of other

enzymatic functions, present in time broken
cell homogemmate and cytoplasmic ft-mictiomms,

Experiment A

Whole cells

Cyt-opla.srn

Crude nuclei
Purified nuclei

Experiment B
Whole cells

Cytoplasni

Crude nuclei

Purified nuclei

that could transform ATP�’H imoto cold
acid-insoluble radioactivity, tue in-

corporation of ATP-3H in each fb’actjon
whicim was inhibited by actiumonmycimo I) mu-as

determimmed. Time incorpom’ation of ATP_:oH
found in the presence of 5 j�g of actitto-
mycin D per timilliliter was subtracted from

the incorporation foummd iii time absence of

atmy immimibitor, thus yielding atm assesstimeuot

of the DNA tenmplate-diuect-ed, actitmo-

nm’s’cin D-semmsitive ATP-3H incorporatioim.

There was no RNA polymem’mtse activity iti

the cytoplasmic fractiotm, essemmtially all of

the RNA polymerase activity being ac-

coummted for in the mmuclei (Table 2) . The
addition of l)urified DNA to time cyto-
plasmic fraction did umot stinmulate ATP-3H

imocorporation. The specific activity of RNA
polymerase expressed on the basis of

j)rotein increases as time nuclei are wasimed;
however, the specific activity expressed on

time basis of DNA remains constaimt during

the washing procedure.
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fmauii timat of RNA I)OlYuliemmlse. Time cyto-

plasmouic fl’action of L-cebbs could iumcou’pa-
rat-c aumly a vet-y snmall mutmount- of dATP-
:oj� into cold acid-insobimi)le moiateu-ial ; imow-

ever, time mo.dtlition of pimuified, (lemmatuu’ed

DNA teuotplate stimitulmiteol timis imicou’po-

ratiomo uota�oy fold. Tioerefam-e, heat-(ietiatum’etl

calf thynmus DNA mu-as added to all incu-
ba-t-iolm vessels in anmoumits which yielded

mmmaximimai st-iummulatiolo of dATP-3H itm-
corl)omatioui. The umajat’ I)0mtiolm of the DNA

palyniel-ase activity in these L-cell prep-

arat-iotis was fouuod ut the cell cytoplasuim,

momiolouuiy a suumaii I)uopau’tioui, miJ)plOxitToately
20%, of tioe total cellular eumzyme activity
ms’mos l’(#{176}CO\’eie(l in time i)1.II’ifietl nuclear prep-

aratiomms (Table 3) . Time �liZVllie activity

eXl)I’esse(i Oh time basis of pmoteiui was the

samome in tite cytoplasiomic an(l crude nuclear

l)l’t’i)mil’mttiOmOs. The f:tct that- time specific
activity of the cuimdo’ mmdci, expiessed atm

the I)asis of T)NA canteumt, was coimsider-

ably gu’eater thmmum that of time iturified nuclei

intiicates that- tot lo-ast a portiotm of the
DNA polyumieu-mose is solui)le and u’eadily
beached out- of the ioitclei on washibog. If

time DNA i)olymemase activity in the

vau-ious fu-actiatos i� assessed in time same

mimaumumer as tue actimiomnycitm D-sensitive iii-

cauj)au’atiaum of ATP (i.e., without adding

exogetmoims pum’ified DNA to all sanmpbes)

ap�)m’oximmiately 50% of time origiumal specific

eimzynme activity foimuid in the brokeim cell

imonmogetimote mu-as rt-covere(i in time pimrified
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To fluid out wimet-ioem- the dATP-3H in-
call)Ot’ation (lilected by endogeumous DNA
of time Imucleal’ Pt’el)mtt’atioii proceeded inside

the utucleims ou’ ms’oos (liuected by extraumucleau-

DNA 1)0lVl1m(1.tOst#{176}amool a somali anmauuit- of

DNA temiopbmite that mu’as extranuclear as a

couimeqiieuice of leakmoge or partial nucleam-
hysis, time (-xpeiitmment l)I’esetlted in Table 4

was cam-rico! otmt. A seu’ies of replicate ibiCU-

batiouos mveu’e stopped by cooling in ice, the

assay tithes ms’ei-e cemit-rifioged at -600 X g,

time supem’ioatmtutt mu-as separated fronm the
umucleau’ pellet , auool t-ioe cold acid-itisoluble
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1#{176}�xperimnemot B

Comitm’ttl 1 -“1#{176} 10(0

Nouclear l)ellet 1) . 93 Go I .�i I

Sompermotttamot 1) 51 33 12 85
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FIG. 2. Co,ovcrs-ion of tritiofln-lab(-le(l _-1 ‘I’I� (a) oz,od

tIA TP (b) to nuch-o.side mono- (010(/ (I�/)/tOS/)IOOt(’,S’ by

L-c(’li nuclei

N omclear isolatio)mo, imicioLototiomo cobidi) in-mis, timid

isolation of cold aciol-soluble radioactivity were
carried out as described in MATERIALS AND METHODS.

Each value represents the mean and standard emror

of four separate nuclear irocubtotiomis.

synthesis are not shown. There was a rather

sharp optimum at pH 7.6 for dATP in-

corporation, whereas time optimum for ATP
incorporation was broad, with a maximum
around pH 8.0.

Enzyme fanetions affecting state of

precursor. In order to determine the

anmouimt of breakdown of the ribo- and
deoxyribonucleoside t riphosphate precur-
sors by enzymes pmesemmt in time nuclear

suspension, tritium-labeled ATP or dATP
was added to the conventional i-eaction

nmixtui-e, amid after vai-ying iimtem-vais tIme

reaction was terminated. The imucleoside
mono-, di-, and triphosphates were isolated

ft-am the acici-soluble supernatant by
electrophoresis, and the amount of radio-
activity in each of time phosphom’ylated

umucleaside fu-actioums was assayed. Time

results of four sepam-ate suchm expei’ituments

are expressed in ternis of percentage of

radioactivity recovem-ed on the chro-

nmatogm’anm in Fig. 2. There was extensive

breakdown of both ATP and dATP to time

ummono- and dipimospimorylated forms. No

m’adioactivity was recovered from time

nucleoside region of time electrophoi-etograumm

in either case. Duritmg time 10-nmin reactiauo

tinme, 55% of the ATP was metabolized.

The l’eCO’Vel’S’ of ADP aumci AMP from the

superumatant fraction itmcreased to 45% and
10% of time total radioactivity, respectively
by 10 mmmiii, at which time time ADP cauo-

cetmt.m-atiomm hmad reached equilibrium. As Fig.

2h show’s, 80% of time (1ATP mvas tmmetah)-

olized to the diphosphate ammd monophos-

1)hate forums earlier timaim 30 miii after
initiation of the reaction. In time absenco-
of aticied mmuclei, theue was no bm’eakdowto

of either ATP or dATP on incuhatiouo

at 37#{176}.

To deternmine whet-hem’ nuclei coumt-mtiumeti
extemmsive kinase activity capable of phos-

pharylatimmg ribo- and deoxyribonucleosides

to the triphosphate precursor form required

fat’ polynucleotide synthesis, tritium-

labeled adeimosiume and deoxyadenositme mu-crc

added to imuclear suspeimsions in time same

amoummt amid at the same specific activity

as t-ritium-labeled ATP anti dATP added
ta control vessels. Under standard iticu-

I)atiomm coumolitioums, adenosiume was incompa-

u’ated 30%- as well as ATP, amid tleoxv-

ademmosine 25% as well as dATP (Table 5).

To find out whether the nucleoside tn-

during 10 mm. b. Incorporation of dATP-�FI dotting (10 mimi. c. Imo(-o)rporatioomo of ATP-#{176}1-1;27 �g of non-lear

protein nitrogen were added to each incubation vessel. d. Incorporatiomo n-f dATP--�iI: -Si �g o)f moomo’.lear prot-eimo

nitrogen were added to each incubation vessel. e. Incorporation of ATP-31I diurimug 10 mnin. f. Incorporatiomo

of dATP-’H during 60 mm. In experiments e and f, miuclei were isolated as described in \fATERIAI.S AN!)

METHODS except that the nuclear pellet was suspended after the fimoal wash imi 0.25 omsucrcose-0.05 �m Tris

without MgCl2. Aqueous divalent stilt solution (005 ml) wa adtled to 1.() ml of tluo omsoutol in-mohat-ion mixture

without- MgCI2.
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hto\m’cvem-, \�‘tOt- imohoihiteol t’o�tmaliy mvelb by

oL-\.l)P momtd tl_-\.’FP.
\‘(/(‘/f�n-5,(/( - tI’//)hLOt-/)/Ul f() 1�(-q (I 1e1/u (1) t.-) for

Ii#{176}.,\’.-l tii(�1 I).\�.-t s!iiutliesi.’�’. Tmobole 6 sloows

timmot dot’ tout-b-mu- iiico)iJ)OimOt-iOiO of A.�F1-�-3F1
0 I0’l)ebO( It’) I 010 t lot’ I )lt’t--ebot.e of all Ioiuu- m-ibo-

moimclt’osio Io�’ t bil)hOOSl)lItOtt’S. ( )uoiissiomo of tn-mv

t)it(’ tJ f t ha- t lllot’ UI I itoh )CleOI i-il On-lOUt’ itosi(!e

t iiI)ltt)sl )hltOtts i.t’t ilm((’) 1 t itt’ iiocoil)abttt 101 0 0

_.-\_,-l-,P--I.l boy mob)l)1t)xibottot ely 80�� . :�et ilio-

uooy(_-ibl I ) tot 5 1o.g otib iuuluibiteol tue cotioplete

svsteuoi I)y 87�-; - lout load 1(58 ofleet- jut tioe

ttI)t-O’bO(e of omoe n-b t�vn- llboltui)elt.’(l iih)oboucleo-

siole t uil)liOsl)itmOtes. ‘ITiot’ imtiiaheied tleaxy-

iih)ObOllCltOSitlt#{176} t li1)ito-1)lOmit(#{176}S eOub(l moot s�mb-

stitute fou- t lot’ i-iboanucleoside t-uiphmosphom-otes.

�Fioe imO(olJ)OltOtioul of OIATP_:lI iimto

I )NA. hiV L-tt’lI uniolti �u’mms moist) tiepemmo lent

t)lt tite Pb’estbote of toll foot- oieoxvi-iboioucleo-

sitle t bi�)iiOsphOtotes (Table 6) . �I”hoe ut-
(orb)oimOtiOtt of d..\.TP_1�1 � tite to-i)seuoce of
t-)uoe 01 tmmo oieoxvm-il)ououcleosiole tii1)lOOs-

Pimmites mumis 45� , touuol ut the mibsemice of all
t-hmiee uuolmol)eletl tm-ipiias�)imatt-s 20C/c, of time

ibo(-oi’pOlatiOuo slop�)Outed i)y time coitiplete

svsteuom. ‘liie (ObOiJ)btte u’emict-iomo ms’as iuo-

imihited 72C/ by ttetiumomoiycimi I) (20 /.Lg/uoml)

momod time uetoctiomos j)iOcet-diuig iii tite ttl)s-bO(e

of omme, tmmo, t)i’ tiou-ee uuilmti)eled deoxylil)o-

umut-leoso It t bil)lot)sl)lOtot(’s mvt’ie sitimilam’ly

ii 0 hoi I)it (‘0 1 . l� i I tom ohA it-osit Ic t i.ij ) I 0051 )hma t c--

t0l1l(i loot tfit’et ivebv m-epltot-o- t io( oleoxy-

u-ihoumucleositie t li1)imOs1 )ilmtt-t5.

�fo o lt-t em-utmim oc �vImo-t it(’b t itt limniteol It’-

moetiomo l)l0tet’OliIO�i� ill I Ito’ moloscboct’ of Oit(’ n-u

immome Ion lmoht-leo I ol(’t)xVmiI)Ommlmtl(’Osi(l(’ t bi-

l)l005Pl0t0tt’s \VtO- -.lul)l)Ottetl by t-uooall
toiomoumot 5 of t hoe n-limit t(#{176}tliotucbt’osit It’ I ui-

I )llOsl)lotot(’s Plt’St’10t- tos iuoopimrit i(’s ibt tlot’
ituelt’osit Ic t i-il tioospiomott’s addo’ol , t be fob lomv-

itog (‘xl)em-imtoeuit \\.tot- l)t’Ift)bimtt0 I , � L-\.I i�-� l�l

mouod tI(�’Fi� w-o’t-t’ J)Uiilit’tl by (hobOimitOtog-

m_mol)iiy tot- tlt’t-otiI ocol jut �‘.tAi’EliIALS ANI)

�I1-’l’H0l)5 ; in t Ito’ mohseioee of tlomeo’ mint-leo-

si(i(’ tbil)i000t’-b)hlmoto’t-. bout pumifleol antI nit-

1)01 uifit’ I b)it’b)to u-tot 10)05 of dA’l P- II mseu’e
imu(’oml)om-tot(’o 1 t t) t hit’ t-tOiOtt’ t’Xtt’bOt mo-hat 1V(’ to

I ito.’ (ouomplete systeuom. The relative in-

toi’l)ol’mot ioio t)f lnmiiuit’oh d_\.TFP_1 I h� the



Inco)rporation of ATP-�H Iboct)rporation of dATP-’H

+ Actiroo-
- Actib000- mycin I)

+ A(ttibOO-

- Actino- nivo-imo D

Complete system 10.52 1 43 Cn-nmplete systemom 1 . 17 0.33

-UTP 1.13 0.63 -dTTP 0.43 0.18

-GTP 1 . 59 1 . 20 - (IGTP U . 70 1) . 19

-CTP 2.65 0.76 -dCTP 0.52 0.18

-UTP, GTP 1 .30 1 . is -dTTP, dGTP 0. 5-i o. 15

-UTP, CTP 0.91 0.48 -dTTP, (ICTP 0 53 0 14

-GTP, CTP I . 74 1 . 35 - dGTP, dCTP 1) . 53 1) . 18

-UTP, GTP, CTP 2. 37 2.65 -dTTP, dGTP, dCTP 0.23 0.08

+dGTP, dCTP, dTTP I . 1 1 0. 50 +;TP, CTP, UTPb 1) 37 0 10

a Inste&l of rihoiutucleositle t riphosphiates.

b Instea(I of (Ieoxyrilo.o)100tieo)si(le I riphosphoates.
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TABLE 6

Noocleos-ide triphosphate reyoirenoents for R.\A and DNA syrotloesis

Incubation conditions were those described tinder MATERIAI.S AND METHODS, eXcel)t as mooted. ho the case

of the omission of ouoe or two) unlabeled miucleoside triphtsphiates, the amount-s of the remaining urolabeled

nucheoside triphosphates were adjomsted such that the total amount of unlabeled muocleoside triphosphates

was the same a.s in the complete system. Actinomycin 1) was added dissolved in 0.05 ml n-f 10% ethanol in

the ATP-’H imocorporation studies, and ito 40% ethanol ito the case of dATP-311. An equal amoont of ethanol

was added to all other irucuhations. Each imocubation vessel coiotaimoed 52 �g of nuclear protein nitrogen.

Components mycin I) (5 �g/ml( Coniporoemots mycimo I) (20 jig/mI)

jij,anoles

absence of dGTP and dTTP was time same
whether either purifiet! or unpurified dCTP
was added.

Evidence for template requirement for
incorporation of ATP or dATP into cold

acid- insoluble iflU te 1W 1. Time add ition of

DNase (100 1ig/immb t resulteol ito 75% in-

hibition of ATP_OH immcorporation. After
ml 5-nmimm I)rehitmmilmmmnY incui)atialm of the

mmuciei with 1)Nmtse, RNA synthesis was

inhibited inane timan 90%. That this in-
hibition was due to the actiomm of DNase

in digesting time teimmplate almd did not result

frotn digestioti of time product is supported

by the data in Table 7, which show that
only 10% of the RNA product was digested

during a 30-mum iuicui)at-iOn with the same

DNase preparation. Addition of purified

DNA template to time nuclear suspension

did not stimulate RNA syimthesis as it did
DNA syntimcsis. Canmplete sonic disruption

of time nuclei obliterated the RNA-syn-
thesizing capacity of time preparation, and
the activity could mmot be restored by ad-

dition of purified exogenous DNA.

In addition to time fact t-imat ATP in-

cOrparatiobm is DNase-sensitive, the sensi-

tivitv of RNA synthesis to low concen-

t-rations of actinomycitm D indicates that

time ai)servetl ATP incorporation was
t ettipbate-(lireCted (22 ) . Time incorporation

of ATP iumto aci(I-nmsolul)le nmatenial was
inhmibiteI mimore timaum 70% by only a 0.25
tog/nil concentratiamm of actitmotmmycimm D and

was maximally mimii)ited at a concentration

of 2 pg/mmml (Fig. 3) . DNA sytmtloesis was
also itmhibited i)Y actiioonmycimm 1) ; ioowever,

t-h(’ itohibition at 2 1zg/ml was oumly 50%.
A nmaxinmunm of 80% inimibitiomm of I)NA

syntimesis was achmieme(1 at 20 ,tg of actimmo-

mnycin D per milliliter.

Time incarporatioto of dATP_OH itito

DNA was stiniulate(I mimammy foltl i)y time

additiatm of purifie(I I)NA to the iltcl..ti)mltiOti

mixture (Table 4 atm(1 Fig. 4). Heat-dc-
nature(I 1)NA was mnore effective than

tmatim-e DNA, anti time nmaximunm stitnulation
of DNA symmtiiesis achieved l�’v addition
of (leliatured l)NA msas greater thoati timat
attmoined with native DNA. Highly pabym-
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T.omom,}� 7

Effects of (ICi(l, has-c, 010(1 C1o:yflOC loydi’Ol!/’ii-S on

cold acid-itisoluble pro(luct-s of -1 TP-3H

(2,0(1 dA TP�3IJ incorporation

Incul)totiomi t)f the nuclei was carried out as de

scribed under MATERIALS ANI) METHODS. The washed,
cold acid-irosoluble precipitate was incubated for

18 hr at 37#{176}witlo 0.3 M KOH or for 15 ruin at 90#{176}

with 6�, � perchioracetic acid, and the amount of

radiotoct ivity remainimog ibm cold acid-insoluble form

was assayed. In the case of RNase or DNase treat-

meat of the prodouct, thie imicorpoitotion of ATP-�H

or dATP-�H was stopped by loeatimog at 60#{176}for 5

n_oil). After cooling, 200 pg n-f I1Xase or DNase were

added, and the samples were incubated for 30 mm

at 37#{176}.Thie reactio)mi wa.s stopped by addition of cold

tricholoracetic acid, and tIme samples were washed

and assayed for rttdioactivit-y in the usual inmoumomer.

1#{176}achoimoctubtot U)Il en-ut toimoeol 32 jog o)f moot-loam’ l)1n-teimo

iou rogemo.

AM P-�1-1 dAMP-3H
m’emntoimiimog imo renmaimoimog in

‘Fm’etotmemot of too-itl-iuoso double acid-imosoluble

product fn-m-moi form

None
�n-.onool(’s

6.2

�.ojimole

0.95

Alkaline hoydmolysis 0 0.92

Hot aci(l hydrolysis 0 0

ltNa.se 0 0.68

DNase 5.4 0.16

erized synthetic poly dAT was a more
active tenmplate than either the native or
denatured form of any DNA yet tried

(Fig. 4) . Purified, imighly polymerized

DNAs from several sources (L-cell, calf

thymus, and sea urchin sperm) all stimu-

lated dATP incolporation.
Analysis of products of ATP and dATP

incorporation. To ascertain that the radio-
active product formed on incorporation of

ATP-3H was indeed RNA and that mea-

sured by the incorporation of dATP-3H was
DNA, the experiment presented in Table 7

was cai-ried out. The cold acid-insoluble

radioactivity derived from a 10-mm

incubation with ATP-3H was completely

hydrolyzed by 0.3 M KOH, was completely

solubilized by a 30-mm incubation with
RNase, and was not affected by a 30-mm

incubation with DNase. The product of a

60-mm iImcorporation of dATP-3H was not
hydrolyzed by 0.3 �i KOH, was completely

hydrolyzed by hot tnichioracetic acid, and

was slightly digested by the purified RNase

preparation and extensively digested by a

30-mm indui)ation w-ith DNase.

The labeled RNA produced on incorpo-

ration of ATP-3H was further characterized

by sucrose deimsity centrifugation (Fig. 5).

z
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ICC
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Fm. 3. Inhibition by actinomycin D of ATP-’H and dA TP-3H incorporation into cold acid-insoluble material

by Ia-cell nuclei

Actinomycin D was added dissolved in 0.05 ml of aqueous ethanol, and equivalent amounts of ethanol
were added to all control incubations.
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FIG. 4. Comparison of the efficacy of native DNA, denatured DNA, and poly dAT as templates for dATP

incorporation by an L-cell nuclear suspension

Native and heat-denatured L-cell DNA were added to the incubation in 0.05 ml of 0.01 3 KC1. Native,

highly pohymerized b-cell DNA, purified from washed L-cell nuclei as described under MATERIALS AND

METHODS, was heated to 100#{176} for 10 mm and quickly cooled in ice. There was a 30% increase in absorhance
at 260 mji on heat denaturation. Poly dAT was added dissolved in 0.05 ml of 0.02 M KC1-O.01 M Tris, pH 8.0.

Each incubation mixture commtairued 85 jig of nuclear protein nitrogen.

0 4 8 02 06 20 24 28

mjoMOLES DNA- DEOXYRIBOSE

The optical density sedimentation profile
revealed very little 28 S and 18 S material

in comparison with the light RNA peak.

The radioactive RNA product sedimented
largely in the range from 15 to 30 S. Only
a very small fraction of the newly formed

RNA remained with the light material.

The product formed on incubation of
nuclei with dATP-3H was analyzed by

cesium chloride density gradient centrif-

ugation (Fig. 6) . Time radioactivity rep-
resenting the newly synthesized material
sedimented with the same average density
as purified L-cell DNA, which consists of a
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FRACTION NUMBER

FIG. 5. Sucrose density gradieiot analysis of the prodnct formed on incubation of an L-cell nuclear siLspension

with A TP-�H

RNA was purified from nuclei which had been incubated for 10 mm with ATP-’H and centrifuged in a
5-20% sucrose gradient a-s described under MATERIALS AND METHODS. -, Optical derosity at 260 mjs;
.- - -.., counts per minute recovered per fraction.
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l’it;. 6. (‘esioino cloloriole (-t/o1ilibr�o1no gradient analysis of i/ic prodoiclforined on i?0cuh(Il-iOn of (In L-cell nuclear

so-s-pension wit/i (1.1 TV�3H

DNA was ptmrified froroi moouclei which had beemo im)cul)ated for 60 nun with dATP-’�l-I abo(l centrifuged in

cesium chloride as described imo MATERIALS AND METHOI)S. Itosets represent optical debositometer tracings of

the recemutrifugtotioio of fr-of ion-os frn-n� the lighot and dense sitles of the DNA petok as described iii tloe text.

main peak witim a deumsity of 1.699 g./ml
atid a satellite hanoi m’epmesetmting mippuoxi-
mateby 5% of tioc total nuclear DNA �23,
24) , with a deumsity of I .687 g/nml. A secaumd
gra(lient was i’umi ibm pauahltl witim that
siiomvmi imo Fig. 6, auoo I fumoct bios cOuut’sl)Otm(i-

ing to Nos. 25 amid 33-34 were m’ecentrifuged

in an aumabytical umltbaceuitnifuge. Figure 6a

is a nmicrodensitometer tI-aciumg of time re-

ceumtnifugatioum of fu-actioti 25, exhibitimmg a
sitmgbe optical (iemm�nty l)eak at 1.699 g/ml.
Iumset 1), re�)i(’seuititmg time necetmtui fugatioto

z

2

FRACflON NUMBER

.‘i-Iol, P/O(llflO-O(Ol, 5, 507-531 (1969)

2

020 2
0-
0
4
IC.

U

90 a-

a-0

Iio;. 7. .1 lkalitoe .‘ioocro-s-(’ (l(ti,SitiJ �jroo!io’�ot (lliOl/JSiS of hoc pr-tin-ct .forinul 0,0 ilOCOIb(ItiOfl of an L-cell nuclear

.S)(spt’n.Si010 with d-1 TP-�JJ

Nouclei were ibocuh)atetl witho (IATP-l I for 6() mniio, after which t hey were cebit rifomged at 600 X �i, lysed with

0. 1 N Nio( )l-I, and cetot rifomgeol imo a 5-20% alkaline sucrose gradiemot as (lest-m-ihe(l imo MATERiALS ANI) METHODS.
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of Pooleti fu’act.ioums 33 ammtl 34, shoows time
preseimce of a lauge mtnmoummt of satellite
DNA whim a (leumsitv of 1.687 g/’nml. Time

satellite l)tCmtk mu-as eitl’icimed seveimul times

relative to its l)mesemice iii total tmucleau
DNA � 16) . Time t-adioaetivity ‘vas re-

covered witim time smotellite l)almd as well as

with time main bmtmotl. Labeled I)NA was
purified ami(I auiabyzt’tl ilt the smtine mimammimer

after incubatiomm of mmuclei uvitim dCTP-3H,

with idetmtical results.

Newly synthesized DNA was also ana-

lyzed on aim alkalitme sucrose tlemmsity

gradient (Fig. 7) . tlATp_:IH immconl)ou-mttiotm
into DNA resulteti imm a stmomtll umoolecimlmur

weigimt pro(luct tiimtt fom-immed a ban(l at tio(’

uppel’ l)Oltiamm of the gradietmt tube, ms-hteuemts

bulk tmucleai’ i)XA settled iii time center of
time gradieumt-. Adtlitiomm of NAD (iitl nat

chammge time i)mum(iimig pmuttcmmm of the tt-itiummm-
labebeti light. mmmatem’ial, nom’ did time atltlitiouo

of 1)actetimol ligmose. A(lolit-ioum of ATP
stiummubated time totmul m-eaction ( ummeasum’ed i)y

inconl)aratiaum of (IATP_:IH � hy 2(1-30%
ammd iuocreas(’d tIme u000i(’culmu mueigiit of samome

of tioe m’adioactive pro(iuct, Timis effect is
i)eing immvestigated furtimer.

RXase 010(1 I)�Vase (Lctwtties in L-cell

nuclea 1. prepa)’a tin-us. rfhI sl)ecific activity

(cxpt-essed OI� time basis of l)Ioteilo umit-rogen)

of aci(I RNase ium time nucleat’ l)mel)ttratiorl

mvtis vcm’y buy, ttp�)IOxitlmtttely 10%. of timmiot
of tite bt’okeim cell suspetosioim. r[�hIe activity

of alkaline RNmtse in time lmuclear l)I’el)-

aration was a�)proxnmmately 30% of time

etmzy�ne activity assayed iii time buakeum cell

sUspetmsiomt. Time sl)ecific moctivit-ies of DNase

mut’ie sinmilat’ iii time l)unifietl mi-cleat’ pu’e��

arat-iomm and the I)roketm cell suspeiosiotm.
Stability of the product RXA and DNA

in the nuclear preparation (It 37#{176}. To

tl(’terutmiboe the i-mute of i)m’(’akdowtl of RNA

and DNA sytmtimesized by timt’ umuclear

b)u(’pmtrmitioum, a large (Xeess of imuilmoheled
ATP ot’ (1ATP was atided to stmumtlmot’(l imocim-
i)totiOits iim �)t’ogu-ess, ttuI(1 tue cobol tocitl-

iumsobuh)le radioactivity was assayed at

\aI-ious timmie iumteivtols tioeremtfter. lime

ttttiOlllit of cold mocid-immsobuhle radioactivity

I)(�I’ iit(iil)tttiOti dtcbitmt’tl slomvly tufter time
mo(itlit jolt of excess uumlmobt’ie(i uoucleoside

tni�)imosphomote ut 1)0th tht’ Al�P_H tttO(l
oL&TP-#{176}1l iuicOul)OtmotiOlo itmixtumu’t-s ( Fig. 8 )

Appu-oximomately I 0#{176}/ of time umttliomtctimity

S

0

E

0.

I-

‘U

INCUBATION TIME (minutss)

FIG. S. ,Stal)ilit!j �tf hoe prodooct foro,oed on i,Ocul)(lliOli of L-cell nuclei wit/o .1 TP-311 (a I or d.I Tl�.�H (to)

(Jroe niicronmole of ommolabeleol A.�FP (to ) or 0.5 umno)le of dATP (h) was adtletl at 5 noimo n-moth 30 rooimo, respec-

tively, to) iiOClmh)tttioios 110 progress. At vario�us time imotervtols tloereaftei-, olouplio-tote 0-on-of rod sttnil)les anti

duplicate uiolaheled mouo-leosioie t riphos�)hIate chase imo(-uI)ttt in-bus -�-ere precipittoteth ��-it h colol t rioholorao-et Ic

acid, amid t-hoe radioactivity was a.sstiyetl imo the ousousl nitimoner. #{149}-S, Coot riol imocuhat In-los ; 0- - -0,

incubations with ad(led ocilabeled muu(-leoside triphosphate. Eat-h imocombtotiomo roiixtoure co)motailoed 44 amool 66 jig

Of nuclear pro)tein moitrogen in experiniemots a amool h, respe(-)ively.
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from ATP-3H incorporation into the
macromolecular form was solubilized in 10
mm of incubation at 37#{176}(the dui’ation of

linear RNA syntimesis) . The rate of di-
gestion of the DNA product was consider-

ably slower : approximately 10%/hr.
Effect of direct addition of fluocinolone

acetonide on nuclear RNA and DNA

synthesis. Fluocinobone acetonide, at 5 X

10� �i and at 5 x 10� M (time latter con-

centration is 500 times time maximum

growth-inhibitoi-y dose in time intact cell),

was added to crude broken cell preparations
and to isolated, washed nuclei. There were
no detectable effects on either RNA or
DNA synthesis at either concentration

(Table 8).

Nucleic acid synthesis in whole cells and

isolated nuclei 12 hr after exposure to

fluocinolone acetonide. Cells growing in

vitro were treated with 5 X 10� M fiuo-

cinolone acetonide, and radioactive thymi-
dine and unidine incorporation into whole

cells was measured 12 hr later. It has been

determined (2) that at this time interval,
at this dose of dniug, the inhibition of thy-

midine incorporation in intact cells is
twice that of uridine. As expected, there
was marked inhibition of thymidine in-

corporation and a smaller effect on uridine
incorporation (Table 9) . Nuclei were

isolated from other cultures tm’eated

identically, and RNA and DNA synthesis
from labeled nucleoside ti-iphosphates was

measured. DNA syimtimesis (per microgram

of protein nitrogen) was inhibited to only
a small extent, atmd similar itmhibition of

RNA synthesis was observed (Table 9).

Both the control and tl-eated cultures had
very similar amounts of total cells, nuclei,

and nuclear protein. By 44 hr after treat-
ment, however, time treated group had only

32% of the nulnbel of cells per culture in

the control group, as expected.

DISCUSSION

In studies on nucleic acid synthesis in
intact nuclei, it is necessary to take into
account the activity of enzymes present,

other than the pobymerases, which can
directly affect the observed rate of nucleo-

side triphosphate uptake. Timese include the
nucleases, whicim may degrade either the

template or the product, and time phos-
phatases and kinases, which affect the

levels of the nucleotide substrates. The

intact L-cell nuclear preparation contained
some nuclease activity, which might con-

ceivably interfere with the detection and
estiummation of polynmerase activity. How-

ever, the RNase and DNase present in

the putrified nuclear preparation solubilized
less than 10% of the umewly synthesized

polynucleotide duniumg time standard incu-

TABLE 8

LffCCtS of (u/Cd (ltl(litiOti ofl!uoci,oolo,oo (icetonide on subcellular prep(zrutio)os of iioouse fibrobia.sts

Nuclei amod brokemo cells were prepared and incubated with dATP-’H and ATP-#{176}Has descm il)ed in MATERiALS

AND METHODS. The steroid, dissolved in ethanol, was added to replicate incubation vessels, and the ap-

propa-ioote amount of vehicle (maximum, 5 ��l) was added to the controls. Each broken cell incubation con-

tamed 52 jig of protein uiitrogemo ; nuclear incubations contained 60 jig of protein nitrogen.

Labeleol

Cobot-ebituation of

flomt)ciu)o)lone

Broke n cells Nuclei

- -�-�__________________________ -

Ratio of t-retttetl Ratio of treated

preo-im rsor acetonide I ncomporatiomm to co oil) ro d I I ot’om-poiat ion to control

dATP-’Il

mm

0

j.�j.znooles

1 . 57

/.L/.JfliOl(-S

i .88

5 x 10-v

5 x 10-s

1.52

1.37

0.97

0.87

2.03

2.17

1.08

1.15

ATP-3F1 0 9.4 16.4

5 x 10�-�

5 x 1o�-�
9.7

5.9

1.03

1)95

16.0

15.2
0.98

0.93
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TABLE 9

Effects on cell jrowth and nucleic acid synthesis in whole ct-I/s and i.solule(l nuclei of

mouse fibroblasts after 1L’ hr of treatment with 5 X 1O� �m fluocinolonc acetonide

The table summarizes the data from three experiments. Iiuocinolone acetonide was added to replicate

cultures during tloe logarithinmic phase of growth. Jut each experiment the number of cells per culture was

approximately the same at the time of steroid additiomo. Twelve hours after treatmnent, either 0.55 m�mole

of thymidiooe-methyl-’H (6.0 Ci/mole) or 9.6 mjimoles of uridimoe-2-’4C (52 nmCi/mnmole) were adtled to

triplicate control and treated cultures for 1 hr at 37#{176}.At the end of the incubation, the cells were counted

and assayed for radioactivity as described under MATERiALS AN!) METmIOD5. Incorporation of uridimie was

examined in omoly two of tite three experiments. The cells in the remainder of tbte replicate cultures were
harvested, amid thoe nuclei were isolated and assayed for DNA arid RNA polynmertose activity as described
under MATERIALS AND METHODS. In each experiment, two irodepemmdent nuclear susperosions were prepared

from both treated mind control cells. n refers to tloe number of individual cultures analyzed imi the case of

cell count, t-hymidimme incorporation, and uridine incorporatiomo, amid to the individual mouclear preparatiomms
wit-h respect to dATP-311 and ATP-311 incorporation. Results are expressed as nmeamo ± standard error.

Forty-four houms after steroid nmeasomremerot, thoe uooomher t)f cells per tmeated culture wtos 32 ± 2% that of

the control cultures iii tloe three experinoemits.

Preptom-tot.ion

Whole cells Nuclei

tlATl’ ATP

(n = 6) (ii - 6)
Cells/cult mire

(0-0 = 15)
Thynuidine Ioi(himoe

(-n = 9) (ii = 6)

Control
Treated
Inhibitiomm

x .lO-�

4.45 ± 0.26

4.14 ±0.22#{176}

76�

(cpm/cultoore) X 1O�

5.21 ± 0.20 1.47 ± 005

2.21 ±0.21#{176} 1.00 ±0.O4b

58% 32%

C/)?!0 /p�j prol(-in \

9.5 ± 0.5 7.2 ± 0.6

6.9 ±0.4#{176} 5.4 ±0.2b

27% 25%

a Not sigmoificantly tlitlercmot frorom the co)nt-rol.

b Significantly (hiferemot fromoi the control (p < 0.01).

bation interval. We also examined time
capacity of intact-, wasimed nuclei to de-
grade ATP and dATP, but not the otimei

complementary nucleoside triphosphatcs.
Both ATP and iATP were rapidly de-

graded to time nucleoside monophosphates
and diphospimates. No radioactivity frommm

dATP-3H was recoveied as the nucleoside,

even after extended periods of incubation,
indicating either a low level or a complete
absence of 5’-nucleotidase activity. Adeno-

sine and deoxyadenosine were about one-
fourth as active as substrates for nucleic
acid synthesis as timeir corresponding tn-
phosphates. The L-cell nuclei therefore

have nucleoside kinase, nucleoside mono-
phosphate kinase, and nucleoside diphos-
phate kinase activities. The addition of an

ATP-regenerating system to the nuclear

suspension did not enhance the rate of

incorporation of labeled nucleoside tn-

phosphate into RNA. This observation
contrasts with the rat liver nuclear system

desci-ibeci by MacGu-egor anti Maloler (25),

in which a l)hospimoenoll)yruvate-I)Ymuvate
kiimase svstenm stinmulated time ilmcompaiation

of GTP-3H into RNA.

Silmce \Vciss first delimOlmstl’ated timmit RNA
polymerase activity was present in a DNA-

protein complex of mmuclear oi-igimm (26) , time
RNA polynmerase activity in the conmplex

or in nit-act nuclei Imas been well cimaractem’-
ized. In spite of time extensive studies

dolme on RNA l)ol�nmnerasc activity in
isolated nuclei (25, 27-29) , we thought it
useful to chai’actei-ize RNA syumtitesis in

addition to DNA symmthesis in isolated L-

cell nuclei. Time intact nuclear system thus
could be employed iii the rapid identi-

fication of time site of action of growth-
inhibitory agents which exert differential

inimibition on the rate of synthesis of DNA

as opposed to that of RNA [e.g., actino-

mycitm D (30), minacil D (31), mitomycin
C (32)].

The activity of RNA polymerase in our
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systetmi ameuagel aroutmd 900 jt1tnmoles of

ATP-#{176}H itmcarparated ium I 0 nmin/mmmg of
1)NA. Tue activity of liver iouclei imas beemo

reported as 926 ��1.titmoles of ATP-3H in-
corporated iii 15 Immitm/Immg of 1)NA (33)
aumd 700 j.�tmomoles of GTP_H incorporated
itt 10 nmimo/ummg of l)NA 25). Time RNA

l)olYtmierttse moctivity of L-cell toucbei is
nmore timaum tmuice tlmat rel)orted fat’ imeam’t,
uteniuoe � 33) , aumd byuoml)imocvte iouclei (34)

StimtIies omm timto simbcellular distribution

of RNA l)OlYltmerttse revemole(1 timat all of
time atti\ity is I)i’(ostmot itt tioe mmdci, or that

atov soluble pobvuomet’ase is m-al)idlv in-

mtct.iVate(I tluriuog time umucbemtt isolation. Timis

Oh)Seu�’s’mi1tiOmt is comosisteumt muith time presemmc(
of RNA l)olYuooerase IOctiVitV ium tioe 1)NA-

prottoiuo cottmplex (iestril)etl h)y \\eiss � 26 )
mtul(l mmitim time mtssiguouomemmt of RNA polym-
eu.ast to time (imtOutmmotiiO 5l)�CC of time cell

( 2 1 ) . �‘4Oi1t( u’at- liveu- mouclemu RNA pol�m�

ernst limos i)(CtCIO sboomvuo to exist- ium mu sobi.ihle

fouumo � 3-5, 36 ) , i)tlt- ito oomu studies time tot1-
out ioto of exogetmous I )NA to any of tioe

(lifI(’u(tot tellimlar fumoetiouos of tioe uomouse
11h)rai)last ( lit! moot resom It imo atmv itoc Ietos( i It

AT#{176}P iumcorl)oratiomo.
.-\..tS sloomumm ito Fig. 5. t hoe l� N-\ � mo htmt’t� I

by fihm’ablmost uouclei lomul tomo ilOteuuOme(Iimtt-e

5t(lliOOVtitiltlOIO velocity ( I 5-30 �- � momod veuy

Iitt Ic m1t(IiOmIet ivitv moeeouoopmouoit�l bomu uooolet-
It Ito I \\(igiot RN�-\. . iioest uesim bt s mome simomi lmoi

tt) titose Oi)tmtiumtN� i)V \lmocGu-egou’ aumd

\Imoioltt’ � 25 ) mvith RNA sviot ioesizetl on oitiro

itt 23#{176}h)V sutl)elosit)Imt- t)f u-tot liveu- uouclei.

Simomilau’ tCxl)eriummemots tmoiiie( I oimt l)V \Vidmoell

tonti �Fatoo � 28 ) yielded sotmmemubotot. tuft tut tot

I_tC&;u It �, in(li(mmtimmg t lotot i�ot I ivei uout- lii syuo -

timesize nmainby RNA timat se(bilmmelmts nmore

slomuly t limomo I 8 �4 RNA - �[‘ioe l)miumomomY memo-ott

fot- time (lifie1eIOt�es in uomobeeulam- �vt-igitt of

t be l� NA.s sytot hesize(b ito t in �a�it�us sys-

t (tOtS uoiav i)e the � Ii ffeueumt levels o I ui I

mmucleast- moctivity 1)i(5(uot - 1\Ioimse fihuobbast
mont-hi loame uelmot ivelv bow i-il ouoimcbemose

levels, as evideumce(1 l)V time stmol)ibitv (-)f tue
Io(mulv svumtioet-ize(l 1� � � mond t iotuefout,

(�\�(IO t hot)ughm t io(#{176}imlcull)m!t iOti �vmis tmtiuittI out

at- 37#{176}, RINA with mu itomOsOioai)lv imiglo tooo-

lt-t-tm bmuu’ mueigiot w.tts ol )t toiuoe I . I i 0 umot liver

ioimclei ineimi)mlte(l mit 23� . time uihouiiueltomtse

activity is l)u0l)itl)IY t-omosi(Ieuahlv bess timamm

at1 37#{176},tIme immcuh)atiolm tenmperature used

by \\idmtell aumd Tata. It loas i)een stressed

i)y Nair, Rabimmowitz, atmd Tu (37) timat the

RNA sytmt Imesized by time Mg�-activated
reactiotm nut lergoes nma uked degradation
from high to low mmmobecular weight immaterial.

Although time ai)ihty of isolated nmam-

maliaim imuclei to sytmt-iiesize DNA imas beemm

demouistrated i)� several iumvestigators, the

DNA 1)OlYiimerase meactioum in isolated nuclei

has umever 1)eeum cimarmoctel-ized to atm extelmt

that waub(1 mollow- time svstcnm to he useful
in strmdying time effects of agemmts aim i)NA

synthesis. Imosteati, tioe veu’y law activity

recovered itm isolated mmuclei and time neatly
soluh)ility of time 1)111k of the enzyme have

resulted ito a (Otm(’etmtitttiott aim l)utificmotioum

and eharact-erizatiati of time soluble emmzyines

� 3g-43) . rrlu, mine several au’gunmeumts for
preferritig time use of isolated mtucbci hi

studies of time u’egulatioim of inanmnmaliaum

I)NA synthesis iuostemod of time pum’ifiecl,

soluble eio�yitie -

In commtrmust to l)immmfietl sVstelmms, time intact
nucleus j)tOvi(les aim eimvironnmeiot �vimicio

more closely apl)m-oxitmmates that of time
wimole cell wimile molboss-ing consitlerai)le

tuanipulat ioto of time reactiaum eoumtlitiotms.

rn fact tImmot time l)ObYmtOttmius(- is umot b)Iti’ifietl

Iiomoy i)(#{176}tOtO mo(lvmluotage, as ioas i)eemo simg-

geste(l by FZeiu� � 44 ) . The use of mmimclei

allows time 1)�NA tenmplmot-e to be studie(I

ito its toatimrmil stmote mos to colomi)noat iouo of
b)INA, HNA . loistouoes miumtl uooim-imistotme

l)roteiuos. Amo jut tiCt umumebe�oi’ nmenmb)mane is

lmighly desirable imm a systenm in \\hielm (lu-ug

effects oum I )�N:� sviotioesis aut#{176}studied. he-

(.ttiise tt)105D leimil )be not Iiu-ect evh Ieuoce lotus

jmo(lic.ate(1 tioat mtmemmmhu-auoe coummpoimemmts l)lmIY

a role ito I)NA svumtioesis � 45-47 � - Fiioa liv.

it is I)e(-auioiiog t-leau timmot. auxiliai-v euozymioes

such mis l)t)lYmmtl( loot i(lto ligase (48 � ammd de-

t)xyrii)ououcit.t1�to � 49 � itmay 1)e necessary foi

moottommol i)NA svumtimesis to occimu’. The cx-

isteiOCe of t Itese emtzvuomes ium a pait ially

I )tIu.ifito( I I)i’�.A. I )t)lViOm(tmOse-IOmtitmi)ittiOt (0th-

Plex ito hmu-ttm-imo siml)l)OitS time ideto titat-
t ho(5( (iOZVtOt(t-Z sm-ill he uetaiuoe(l imm isolate(b

mouclei � 50 � . ho fmi-t, l)abYlmucbeoti(be ligase
jut i)OtO( il0tOiI�)\V cells mipu)emors to he l)ut#{176}-

4 lomtmiuoaumt by to moim(-beam- eutzvumme (51 ) -

.&ltilt)ulUim �1�)�N�A l)0l�immetmo5t� is solimhlt,
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there is evidence timat time DNA poiymeu’ase

retained in isolated nuclei immay be a better
measure of time rate of DNA sytmthesis in

vivo than the activity of time soluble

enzyme. Our own results cotmfirm time fact

that time enzyme is very soluble. A large
perceimtage of time activity is easily leached

out of time Imuclei by washing imm sucrose
solution, hut continued washimmg of the

purified mmuclei results itm very little ad-
ditional loss of DNA polynmerase, aim oh-

servat-ion basically iii agreemetmt uvitim time

findings of Bazill amid Pimilpot (52) uvith
calf thymocyte nuclei. Also, DNA polym-
erase is not as readily extracte(l fm-aiim time
utuclei during washing as is a soluble cmi-

zyme such as pimospimolmexose isotomerase.
These data indicate timat a l)ortiOim of time
DNA pobymerase in time cell mmmay be firlmmby
i)ound in the nucleus. Time small anmouimt of

particulate DNA polymimerase ummay ham-c
considerable biological sigimificaum Ce ,

cause the enzymmme appears to i)ecommme bouumtl
to particulate material duu’immg l)eiiOtls of

DNA synthesis and theum m-eleased in

soluble form when DNA synthesis is riot

taking place (40, 53) . The itmhihitioim of
DNA synthesis bY porfiratnycin also u’esimbts
it-i atm increase iim soluble 1)NA l)obYmmieumose

(54) . rn expet’iitments suggest- timat- DNA
pobynmem-mose mm-ioicim is actim-cly syntioesiziuog

DNA exists imm boummd l)au’ticimlmtte forum.

One of time disadvatotages of time mouclemom
system is time low DNA pol�nmemase activ-

ity obset-ved in immmtunmmmaliarmrmtmt-lei. Tim t-mit
thymus nuclei (52) tim(� T)NA l)alYummeuast

activity has i)eeum u’epoutcd as 44 �tp.Imooles
of nucleoti(le iumcou’pom’ate(l i�er hour per
imiilligm’anm of 1)NA, mvlmicim is siummilau- to aiim’

obset-vation of atm avet-age activity of 18

�.zpinoles of dATP-3H immcoul)aumot et I peu’ imouu-

per’ nmilligm-amn of 1)iN�\. iuo L-cell mmu(-bei. Nit-
dci isalatetl fm-onm sea imucitium enml)m-vos � 55

am’e m’epom’ted to he mmmucimimbue efTi(-ient, w-ith

an activity of mm�)�)u’axiuhmmitcby 8()0 /t/C.Immobes

of umucleotitbe incarl)au-ate(1 Pei lmouu �e1 ummii-

ligranm of DNA, diuectt-d solely by emmdag-

eumoims pritmier Timis imigimet’ act ivitv nmigimt-

he (-xpecte(b. bow-em-er, siuoee sea umtiiimo
etfll)rya cells (lim-itle jut symmciou’ommy t#{176}m(#{176}t’y

100 mmmiiiwioeremis L-cells have a geumerat-iami
tiumme of 18 Imu- mtimd tlimi(le u’an(bOilmlV.

Time activity observed by us is etiuimalent

to 6 �tj�nmoles of tIATP-#{176}1i incorporated per

hour Per mnicrommmole of eum(logenous DNA
deoxyribose, or appu-oxnnateby 24 j.�nmobes

of imueleotide imocOu’l)Ormlted per ummicu’omole
of DNA deoxyribose, atid represents an

extetmt of sytitimesis of only 0.0024% of the

endogetmous tenmplate. Since time tloimbliimg

time of time cells utmtler these growtim con-

(litioums is 18 iii’, a culture after I br jim time

boganitimummic I)itttSe of gt-owtim simould sytm-

timesize atm amoittmt of new DNA equivalent

to 1/18, or 5.6%, of time total DNA immtime
culture. Time neasoum for time barge tliscm’ep-

aumcy i)etmueeIm l)t’etlict(#{176}(l ammd ai)serve(i cx-
teimts of sytmtimesis is not. kuoown. The smomall
(#{176}xt(#{176}mltof sytmtlmesis ctontoot- be attributed

tmmeuelv to lass of l)al�mmmem’ase activity fronm

the umucleus, as time mld(Iitiatm of cytoplastn

commttoiuoiuig imigim �)abymmmerase activity to time
mvasiietl umuclei (li(i moot resimit ium run increase

itt 1)NA sytmtioesis. Jim a(Iditiouo, ms-c imamto

tm’ietl s-veral nmau’e gemmtle mnetimo(Is of cell

(IiSi’Ul)tiotm, without iimcremosiumg tiu- toxtetmt

of l)NA syntimesis.
A ltioough utmost l)NA pol�ilm(#{176}rttse l)rep-

mormotloris imave exlmii)ite(l mu pm’efeu’etmce fat

(lemommtimre(l I )NA am-er lint im-e I )NA as

primomem’. semem’mol except iotos to t lois 01)-er-

v�ut bit lomovt l)eetm I)uhbislmetl (5(i-59 � . \\Iteum

mu0- motitled (#{176}�(O�Z(#{176}it0ii5l)uitmmel’ to mu nuclear

Silt,il)(tOsiOiO, tue 1)111k if umot- mull, of tioto

m’esultiumg itmcu’emosed immeoul)ou’atiout of tu’itiuuoo

lmul)eb \umts faimumtl 0t.itsi(le tile umii(lei. Timcue-

iou-c, mu-c I)t0l)mhi)1Y immemtsium(0d a u’emtctioum iuo-

m-olmimig sobtmhlt I )N:\. I)0l�Tt0t(mtu5t0 wioit-h

iomL(l btmocitetl out of time moucbtoi moult! titto cx-

ttaumutltoam’ l)umifi(tl 1 )NA teuumplmote. Imi(1(I

titest (oum(Iitiomos, (lemmtttl.muetl 1)NA mumts mu

iimoie efficietmt teitmplmtte t-ioaum ummoti\�o I )NA.
�1’lois oI)seu\mmtiomm does uoot umeccssmuuilv uomean
tbomot- tit( I )NA �)olymomeuase as it ftuumetiouos

iumsitbe time umim(-leius iomis a stm’imctitumml l)utofeu’_

emoce fou tleuomutimi-etb ovem’ umativto I )NA. as mu
teitml)btlte. lit tlt(#{176}mouebemor systtoumm exauomintd

iii tiois l)mol)tm (IAI” eopolvimieu’ mumos iiOOi(

act ive mts mu l)uiummem t hmoum eitioer uoative 01

(i(#{176}ummttlml(-(1 1)NA : imow-eveu’, it mu-as imat 20
tiummes uomou-e toct im-e . as imas 1)eeul u-cportetl fou’

l�m m’ified pol�’miot�mmmses fu-aumm Es(�h e)’i(h am coli
ammd Bacillus i-ubtili.s- � 60) . Time ol)s(m-mmutioum

t imat exogenous DNA stiutmubates imuclear
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dATP iimcoiporation cantiasts with data

obtained by Friedman and Mueller (61),
who obsei’ved no stimulation of DNA

synthesis upon addition of exogenous DNA

to isolated nuclei of HeLa cells. The reason

for this discrepancy is unclear.
An enzyme whicim incom-ponates i-ibo- or

deoxyribonucleotides into tem-imminal posi-

tions of DNA has been identified in calf
thymus nuclei and Lammdscimutz ascites

tumor cells (62, 63) . A similar cytoplasmic

termiimai addition enzyme has been recog-

nized in calf thymus (64) . The incorpo-

ratiomi of ammy siimgle nucleotide is not
stimulated by addition of time comple-
memmtary nucleotides in these tet-nmimoal ad-

dition reactions. Because L-cell nuclear
dATP immconporation is inhibited 80% by

withdrawal of the three complenmentary

nucleotides, most of the immcamporation of

dATP dunitmg a 60-mum incubation cannot

be accounted for by terummimmal nucleotidyl-

transferase activity. Fum-thernmoie, 70-80%

of nuclear iimcorpai’atioum in L-eells is in-

imibited by actinomycin D aimd cannot rep-

reseim t tenmin al nucleotidyltransferase

activity, as this neaction is not- immhibited

by aet-inoflmyeilm D at commceumtratiomms wimicim

imihibit time neplicative emmzyuioe alummost cam-

pletely (63) . Tim adtlitiomm, time cytoplasmmmic

terminal addition emmzyme is basically a

dATP polyimmerase, while L-cell nuclei
readily iuoeorpommote 1)0th t u-it itmmmi-lmol)eleCl

dTTP amm(1 (IATP.

dATP immcompoiatecl ilmto i)NA by

termimmal addition or repair reactioims (65)
is added to a pie-existing loumg polynuclea-

tide chain, and the resulting product would

be expected to have a high nmolecular
weight. Alkaline sucrose gradient sedimen-

tation, hamvever, indicated that time newly

fonnmed DNA in isolated nuclei consisted

entirely of low molecular weight material.
It is unlikely that this mvas due to the

breakdown of DNA of high molecular

weight by nucleases, because the average
molecular weight increases with the time of
indui)ation. \�\Timile this observation is not

consistent witim tennminal addition or repair

reactions, it agrees quite well with in vivo

data coimcei-uming normal replication.

Newly synthesized DNA in viruses, bacte-

na, HeLa cells, and negenenating liver ap-

panently has a low molecular weight, in
contrast to bulk DNA (18, 66, 67) . This
suggests timat the nuclei support replicative

DNA synthesis.

It is distunbiimg that little of the DNA

product was converted to DNA with a

higimer molecular’ weight in the 1-hr incu-
batiomm, because in intact HeLa cells (66),

liven cells (67) , and L-cebls 1-hr pulse-
labeling with radioactive thymidine results

predoumminant-ly in DNA mvith a high molec-

ulmmr weight, equal to that of bulk DNA.

This may be explained by the low extent

of synthesis discussed above. In a cell
culture with a generation tinie of 18 hr,

the extent of synthesis, 0.0024%, observed

in a 1-hr incubation in isolated nuclei
would require niuch less than 1 mimi. In
this short time all of the DNA formed

would ham-c a low molecular weight. It is also
possible that time isolated nuclei were un-

able to commvem-t the DNA to a high molec-

ulat’ weight forni and that this factor

limited time extent of synthesis. We are
pnesemmtly exploring conditions necessary

for tiois conversion iii isolated nuclei.

Time immcorpamtotion of dATP itmto cold
acid-iumsobiihle nmater-ial by L-cell nuclei

(lepended atm time 1uesemmce of all four corn-

pleimmeritary deoxynibanucleoside triphos-

pimat es, was DNA t elmml)lat.e-clel)endent , and

iesult-ed imm a nmaci-onmolecular pioduct

which behaved like DNA ammd lmad the same

i)uovammt- density as time eimdogemmous nuclear

DNA tenmplate. Timese filmditmgs suggest that

incorporation of dATP is time expression of

DNA polymem-ase activity iii time nuclear

preparation. Although it is not possible to

define the type of DNA polyrnenase re-

action precisely, the low molecular weight

of time DNA synthesized suggests that it

is sinmilar to the reaction whicim occurs in

normal replication. It is quite likely that

time DNA syntimesis observed in isolated

nuclei is similar to that seen in a broken

cell pncpanation containing intact nuclei,
which has been characterized and described

i)y Fi-iedmamm ammd Mueller (61) as a model

system for replication.
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The treatment of mouse fibroblasts with

glucocorticoids resulted in profound inhi-

bition of DNA and RNA synthesis as

measured by thymidine and ui-idine in-

corporation, with no inhibition of leucine

uptake (2) .� As the inhibition of thymidine

incorporation was twice that of uniditme,

the hormone would seem to affect primarily

DNA synthesis. The inhibition of thymi-

dine and unidine incorporation apparently

did not result from changes in the pool size
of time precursors. The inhibition of DNA

synthesis was not attributable to inhibition
of the conversion of thymidine to dTTP or
to increased breakdown of DNA, and could

not be reversed by the addition of deoxy-

ribonucleosides to time culture medium.
From this evidence it was postulated that

the glucocorticoid might affect the amount
or activity of DNA polymerase or the

priming ability of the DNA template.

The present study indicates that gluco-
corticoids do not directly affect the activ-

ity of DNA or RNA polymerase or the
template activity of DNA if added directly

to isolated nuclei. This is not surprising,
in view of the fact that there is a lag period

of 6 hr before any effect on thymidine in-
conporation is observed in whole cells,
indicating some intermediate steps between
the addition of the steroid and the inhibi-

tion of DNA synthesis. It is unlikely that

metabolism of the steroid is one of the
steps involved in this delay, because

fluocinoline acetonide is riot metabolized

by L-cells (68) . The possibility remains

that the lag period may be explained by the
time needed to alter the level on amount

of DNA polymerase on another factor

which influences nucleic acid synthesis.

To test this hypothesis, nuclei were
isolated from L-cells that had been treated

for 12 hr with fluocinolone acetonide, a
procedure that results in maximal inhi-

bition of both unidine and thymidine in-
corporation in the whole cell, with the

3 It is absolutely necessary that the L-cebl

cultures be free of contamination witim Myco-

plasma for this effect of glucocorticoids to be

demonstrated.

characteristic differential effect. The inhi-
hition of RNA polynmcrase activity in these
isolated imuclei mvas of appnoxirnately the

same magnitude as the inhibition of unidine

incorporation seen in the intact cell, and
thus time administration of glucocorticoids
appears to result in depression of either the
activity of RNA polyinenase or that of the

template. Similar result-s ham-c been oh-

tamed in thymocytes after cortisol treat-

ment (69, 70).
DNA polymerase activity in time nuclei

was also inhibited, but to only half the

extent of the inhibition of timyrnidine in-
corporation in intact cells, amid no differen-

tial between ilmhibition of RNA almd DNA

synthesis was found in the nuclear prep-

aratioim. This result suggests that time in-

hibition of thymidine incorporation is quite

complex amid may be due to several factors
i’ather than to simple iimhibition of DNA

polyrnenase on DNA template activity.

Small decreases in the pool sizes of sub-

strate in the whole cell or altem-atiomms in

the transport of the pnecunsor into the cell
may be partially responsible. A second

possibility is that glucocortieoids nmight
affect a factor important in DNA symmthesis,
but not prapem-ly assayed in the isolated

nuclei. An exaniple in this respect is poly-

nucleotide ligase, Siflee, as mentioned

befone, there is apparent-by little conversion

of newly syntimesized DNA to high molec-

ular weight DNA under the assay con-

ditions described in this study. Thus, if

glucacorticoids affected the levels of ligase

in the cell, little impairment of DNA

polyrnenase activity would be seen in the
isolated nuclei.

A possibility not entir-ely ruled out is the

alteration of the cellular population by
glucocorticoids so that fewer cells are in

the synthesis phase of the cell cycle. This

is supported by the fact that the amount
of DNA per L-cell increases during treat-
ment with cortisol (3) . This would be con-

sistent with a block in the G2 phase of the
cell cycle just prior to cell division. The lag
phase of 6 hr before any inhibition is ob-

served and the 12 hr required for the

developrneimt of maximal irmhibition are
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also commsistemot- mm-itli timis ioyl)othesis. Evi-

deumee iuios i)een oi)taimme(i timmot cortisol altems

time cell cycle of 5(ltitltlmOims epitimelial cells
of the uumoimse forestoimmacim �71 ) . If timis

lmvpot-imesis is tm-i.ie, it is still quite difficult

to exl)laium the lack of camiebtotiotm betmueemm

time itOihil)itiOmo of timvnmidiuoe iumcorpoiatioim
in wimole cells mulm(I the itmimibition of DNA

poiyummem-mist- mictivity itt isolated mmuelei.

The dmotmo oi)tmuutetl fou’ fihmahiasts as mu-eli

as for tbiytmmocytes mtum(1 byun�)hatic cells are

ina(le(limate to 5u�)paIt time nitti timat alter-
atiomis of mmimcleic aci(l sytmtimesis au-c lmlinmary

effects ; in fact, tioe lag peu-iotl suggests

timat timese moltemmitiouos mom-c seeouo(lmouy to

atimei�, (mtulit�i l)io(-lletomical lesiomis. As iiieti-

tiOtoe(i i)efOmt�, tOil tffett out timomlsl)Oit umecim-

atmismits uommuy i)e iimmpou-taumt-. lit tlmyummocytes

moim emou’lv effect appemim’s to he (iecu’ease(l

tI’tiiosl)art of uommcleic acid aut(l l)uoteium

pl’cCili_sOi.s imoto tiit cell ( 72 � . Tite sanme

t’,Tl)e of l)u�t(55 mommuv tliiniiti-it tile eumergy

avmuilmuhle to tioe cell 1)\ imilmihitiimg time up-

take of glucose, mis immos htoemo (Ieuomouostu-ated

ium t-loe thvuomot�to ( 73) - \Vioetloet’ altem’-

atiomis of tout-hit- miei(b i bet mul)olisumm mmt’t#{176}

l)lithtmuuY 01’ secomitlatv iesl)Oioses to gluco-
tOutict)i( I mooIuioiumist u-tot iomo � t loev more iummpoI’-

tmitot ummolecimlmou’ e\tiots uim(I(t-lyimog time

gm-o\vtio-itoimil)itom-v effects of fboese steroids.
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