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nii)dmmmut’lO’i(’ aid buy 1)hmtmiomluttmluitnil. .l/of. J�/,a/�11/a(�o/ 10: 248 -25Cm (1974).

‘r’() study t huo’ t’ft(’t’t 0 if l)hmt’1m0 mlumtnbuit al 0 ins t rmt!usenil)tiomi oif hmt’pat it- mil)ouso mimial Pr(’o-urson l� NA.
( 45 S I! NA) , timro’o’ exj)o’rimmmo’nst 5 �vo’ro’ Po’rformmio’oi in a(Iult nmumslo’ u-nuts re-o’ivimmg simugle daily
iuitl-nup(’nitoms(’mil inijeo’tiounis ouf 0.9 � Na( ‘1 or 1)hmo’nmouiuani)itmtl ( I ()0 mumg kg) four 1 or 4 days:

mmmo’asum(’umutnst of time haho’linug oil lmo’luatie niu(-lo’am- I!NA. �vith L-F1/lel/iy/-311]mmmo’timiomminso’, (1(’ter-
nmmiluatic)um tif nsucleolam HN;� iioml�mimo-naso’ activity, and lmmo’asur(’uimo’nst oil mulkalinmo’ msuc’lear

nii)ommut’lo-as(- mu-I ivitv. Lalu’limig if nna-li’ar I! N A. ��it ii [nlelII!JI-’H Imnetiuio inminso’ imu-ro’ased ap-

proxiummato-ly H)() �; ausd 50 � ; inn rats tro’ato’cI four I auth 4 clays, uo’spo’etivo’ly, with phmo’mmohan-
i)itmtl. Piieliomi)mmnl)ital four 1 oum 4 clays did umomtnufio’(-t nuuelo’omlar l!NA 1)oulYmmm(’ras(’ a(-tivitv numeas-

uned iii timo’ jur(’so’nso-t’ of imigim ioumsie mimo’dia mouth a-amnamiitini. \Vithm isunlahuo’lo’d nii)oms(mmmmal I!�\�.
on 45 S [3H]IIXA as substrato’, uiuelo’ar mmlkalimso’ ribomsucleaso’ n�-tivitv um phuo’msomhanbital-treated

rats �vas UImnllto’rt’(l. Tluo’so’ cimit mmeo inufimmmm (mill ��(‘V1t ills fimsdiuug that 1)iiO’!m ul)anl mital-immoluced
stabilizations ol 4;5 S IINA mmuolo’culo’s aoo’iuuimts foum tiso’ approuxinuato’lv 2-fold immeremise ins eel-

lulan comieenmtnatioui (ml 45 5 H NA ins rats treated four 4 days witim phmt’nsoml)anbitmtl. A simugle dose

(if I)iuo’umol)ani)itmml nuay stinunlmito’ umio’thylatioum oil fl(’wl 1omrmmmecl4;5 S HNA uimimlo’c’ulo’s uiommmmahly

do’graclo’cl mi t hmo’ null(lO’mms, t hit’ro ‘l)�’ ini(-ro’misimsg t Iit!15j )O uit oil 1i1)Omsommial simimumits tom time c’yto-

plmmsmmi.

nNTRomuICTmoN

( ‘limo umui(- tn-oat nuo’ust oil mats wit is piio’nuom-

bmmnbital immO-Io’mtSO’(l Iu� mijuprouximmmmot ely 2-fomld

timo’ o’ellulau o- mmmo-enitummtions oil 4.5 S H NA, t ho’

niboisoummal jureo-un-sor HNA (1, 2). Noi iim-

(-no’ase in ins! m(’linig of 45 S H N,� no-mu-nod imu
rmsts t ro-mit o’ol wit Is j)imo’miomiumuluit mml it mm. 1 omu. 4

clmmvs milton a 10- 15-numimi pmnlso’ wit Ii [‘4CJ-

msolo’niimst’ or 1H mu_iut ic acid (1). I mi eo instrust

1 $upported mu part by a Mero’k ( �ramiI for Fac-

mmlt� I)eveloupmiseut amid by NIh 0 maui! MF121327.
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Ia! mo’Iimsg 0 ii’ eyt oiuiasniio’ riluo isouimmal I! � �vith

t hut-so’ sntmmuo’ isoto)p(’s was sigmmifi-ammtly imi-

(‘ro’mmso’ol withiimm 24 hr mtfto’n mmsitugle (lOiSO’ (1,
4) hint was unmeiuaumgeoi aito’m- 4 clays of drug

t mo-at mmuo’mit (1). Usinig moms imit-ubmit it ill systemmm

in vii ro, wo’ oil)SO ‘rvo‘oh t limit mm nmut-lo’i fn-ommmrats

trt’moto’(llou 1 aisci 4 days �vithm plio’nuombnunbital

timo’ iuro’akciouwum oil 45 S H NA was signuifi-

o-minutiv deero’ast’cI as to mmmiparo’ol to) NaCl-
tno’moto’oI c-ounutrols (1). ‘I’imo’so’ data suggo’sted
tlmat phmo’nsombanbital tn-o’mttmmmo’nst of mats failed

to imit-ro’mtse transcnilutiommi (ml 45 S HNA but
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protected no-wly synthesized molecules of

45 S RNA from intranuclear degradation,
thereby allowing more ribosomal suhuimits
to reach the cytoplasni.

In the light of two reports (2, 5) indicatinmg
increased synthesis of nibosomal RXA after
treatmemmt of rats with phenobanbital, the

present study was dc’signio’d to clarify this
issue amid to study tht’ mechanism of phemmo-

barbital-induced post-transcriptional st a-
bilization of 45 S RNA. Three studies were
performed in rats tneato-d with plienobarbital

for 1 or 4 days: labeling in vivo of nuclear
RNA with L-[methyl-3Hjmethlommme, mo-as-

uremenut of nucleolar RNA polymerase
activity, and detenmimuation of alkalimse

nuclear ribonuclease activity. These experi-

ments suggest that the phenoharbital-in-
duced elevation of hepatic 45 S RNA con-
centration arises not from its inmcreased
tramiscription but from enhanced methyla-
tion.

MATERIALS ANI) METHODS

Drug Treatment

i\Iale Sprague-Dawley rats weighing 170-

200 g, from Charles River Laboratories,

received a single intraperitoneal inuj ection
(at 5:00 p.mii.) or four daily injecticmns (at

9:00 a.ni.) of eitho-r pimenmoi)arbital (100

mg/kg) or 0.9 % NaCl. Liver w-eight was

not altered by 1 day of pho-usobarbital tnt-at-

ment, but after 4 days mf phemuobanbitai
treatment liver weight imu-ro’aso-d by 20-30 %.

Body weights of XaCl co)nutnomls amid oil drug-

treated rats were unuchaumged afto-n 1 dmiy

but were increased to tiut’ sammmo’ext-nst after
4 days of phenobanhital tn(’atniemit. In
labelimig expenimemmts, aiminmmals uvo’ro’ fasto-d

for 16 hr preceding death. 1mmo’xpo’nimenmts Oti

ribonuclease and RN A pomlynmcrasc’ ac-tivi-
ties, ov(-rmught fastimug omf amsirnals did msot

affect the results.

Isotope Labeling

[5-3H]Orotic acid (12.2 Ci/mnmuole), L-

[inethyl-3H]methioninue (4.3 Ci/mlmmole), anid

[‘4C]UTP (384 nmCi,/nmmmucule) were oubtainued
from New Englammd Nuclear Conporatiomm.
The toxin a-amanitinm, us-as a gift fnounm Pro-

fessomr T. Wieland amid uu’as also obtained

conmnmo-rcially fnommm Hemmley and Commipanuy.

In lab)ehnlg studio-s each rat received via the

portal vein 50 j�Ci of L-[/flet/iy/-3H]niiethionine

under light ether amuesthesia, and was killed
i)y aortie ex.sanmguinatiorm �5 mm after imujec-

tionu of the isotopo-. With a 5-mimi pulse usinmg
the immtnapomntal vt-ins route of immjection, L-

[nnei/iyl-3H]nmethiommimso- labels only time 45 S

RNA (6). In all outhit-n studio’s timo- rats were

killed by decapitatio)nu. IOn pn(-paration of

labelo-d nuclear 45 S RNA, each of four rats

received arm intrapenitommeal injection of 20
/.LCmof [tmHlorotic acid aumd was killed afto-r a
20-nun pulse. In all experiments excised

livers were placed in ice-cold 0.25 �m sucrose,

and furtho’n steps were carried out at 4#{176}.

ISOkLIi(Yfl (if �Vuclei

Isolation of nuclei for labeling studies and

rihonuclease assays. For each tinme point or

expenimemital grcmup, livers fronm thmree or four
rats were 1)Ooltd. i\Iinmced liven tissue was
homogenized imm 2.4 �ui sucrose (1 : 1 1 , w/v)

containing 3.3 mmvsmCaCl2 with four up-and-
down strokes mu a Tc-flomn-glas.s hcumogenuizcr

(0.015-0.020-inch pestle clearammce). After
successive filtnations through two and four
lay(-ns of cheesecloth, the imo)nmougenatc- was

cemutnifugc-d at 40,000 X g for 75 mm to

so-dimo-mit the nuclei (1, 7, 8). Imu preparation

of 2.4 M sucromso- to obtain ummdegnaded 45 S
RNA, we o’nil)Imasizo’ the need to make frt-sh

solut it mis of ‘C2, I)tcaUSe Inicroonganuisnis

cont mu mming hsigh nihomiuclemise act ivity gromw

r(’adilv ins (1aCi2.

Isolation of nuclei fcmi#{149}R.V,4 /)olynlel-ase

assay. ‘Fime mmmiumc(-dliver tissue usius placo’d iii

a freshmlv i)ro’luaro-dl solutioum oil 2.3 M sucrouse

contaituing 15 nmnu \lgCl2 amud 0.25 nmm�m

sl)ermmii!uo’ ansol hounuogenuizo-d as above (8, 9).
The imonumougenimute was cc-mmtnifugo-d at

40,000 )< q four (15 mmuini tom st-dinumenit time

mmuclo-i. Nuclei were washed once witlu 0.25 M

sucrose c-ounstainming 2 m�i MgCI2.

LTnmclen miphase comitrast numieroscopo- mmuclear

pro-pmtnatiomnus obtaint-d by t-ithmo’r time sucrose-
calc-iummm or sucrose-ummagnst-siunu proco-dure

were higluly purified. No diffenemmce was 0)1)-

servo-d betweeui the purity on gross nmorphmc)l-

ogv ouf iSoulat(’d muuclo-i of drug-treatedi rats

and NaCi comstnols.
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Exii-aeiion an(l �4 nalysis of R�VA

Nuclei were honmogo’nsizo’cl imm a solmutioii

commtaimmimmg 03 e;� sodiuumm dudecyl sulfate,

0.14 �r NaCl, and 0.05 �r sooiiunmm aoetato’, pH
5.1 (10, 11), for 1 nuin (15 stroko’s) with a
loo)sely fittiimg Tefloum pestlo’. After addition

of 0.05 M sodiummm ao-ctato’-saturato’d pimemiol

commtainuimug 0.1 % 8-imydroxyquinmoline (1 1),
timo’ samumplo’ was hoimmogemsizo’cl agaium hum- 1

nmimu. The suspo’mmsiomu was simakemu mmt. (15#{176}for

10 mumin, amu(I then fom- 20 muuini at m-cxumumto’umi-

perature (10, 12).

lime nmixtmsno’ was -o’uutriitsgo’cI at 17,()00 X

U for 10 mmiinu, anmd the mujueous phase was

neummoved ; this was followo’cl by two re-extrac-

tiouss of time aoiueous phmost’ with phemmol at

roommi temj)enatune. rfimo, HNA was precipi-
tated ovenmuighut at - 20#{176}uvithu 2.5 volunuo’s of

etimammol c-omit ainminmg 2 � jut it assiummi acet at o�

( 13). The iuno’cipitato- was (hissolvc’dl iii uvaten

amid its absorbammce at 260 muni was uno’asuned;

the radioactivity of tho’ soiutioum was then
nueasuned mi 10 mmmlof a mumixturo’ o-ommtainsimmg

7 g/liter of 2 ,5-dipheumylo mxazole amid 100 g/

liter of naphutimalene, l)outhu iii dlioXamlO’, usimmg a

Bo-ckmmmauu LS-100 liquid scimitillationi o-oummto’r.

Time specific activity of thue toutal muuclean

1�N_A is (‘xpr(’sse(l as tiisimuto’grmtt ions io�r

nuinutc po’r mimillignmmnm of 1{NA.

Pi-eparation o�f .�5 *�‘[3H11LV;1 for I?ibo,umu’lea.se

Assay

1�etwt’o’ns 1 amid 2 mmmgcml 3FT-iaiuo’lo’cl nuclear

HNA I)nePmlr(’oI as nii)OuVO’ wore lavo’no’oI oven

10-40 % sucrose grmuohienits (38 miui) mmmaole up

in a mimeohiumim t’oumtaimmiuug 0. 1 �i Nmt( ‘1, 1 .0 nm�n

EDTA, ammcl 0.01 M soohumis ao-o’tatc, iuH 5.1

(14). Time grachieumts wo’ro’ co’nstnifugo’d in a

Spimmco SW 27 rotor at 26,000 lpnm for 15 hr
at 5#{176}.Aismilysis of gradio’nmts was cmtrnied out

with time aid of mini ISC() autoummmati- frac-

tioumat(mn system. TIme frmmo-tioums counstituting

time 45 S HNA peak uvero’ pnt’t-ipitatecl with
ethammol mis abovo’, ciissoilvo’ol mt 1 .0 muul of H20,
aImalyze(1 loin sp(’(’ifi(’ ao-t ivitv, amid used for

time niluomsuc-lo’ase assay.

_\ WleO)1a 1’ Ii.\;i Poulynme i(I.S(’ �t

HNA polyummc’rase \vnls mtssayo’d o’ssemmtially

mis described iuv ,Jacob ci a!. (15, 16). The
immeuhati(mms was carried omit mi time presence

of Mum1 _(NH1)2S0.1 awl a-amuiamutims. Siimce

a-ammmamuitimi is a spec’ihc inmiuibit(un- 0)1 nucleo-

plasmumic HXA pulyrnerase (forni II), the

ro’sidual activity ouf time eumzynme assayed in

imigim ionic nmedia and iii time presence of the
toximu represents time actual nucleolar RNA

P(mlyimmenase activity (16-is) . The assay
mmiixtune conmtaimied thc’ following iii a fimmal

volumime of 0.4 mmml: Tnis-HC1 buffer, pH 7.1,

42 �zuumoles ; \IimCl2, 0.83 j.unmole ; (NH4)2S04,
150 /2mmmoles ; ATP, GT1�, and CTP, 0.30

j.mmmuole each ; [i4(l1U’j�P (354 IliCi/iTmimsole),

0.0092 /.LfliOle ; amid nuclei from 0.4 g of liV(’r,
uvet wo’ight. a-Ammmammitimm wa� imicluded in the

reaetiomm umixture at a concenmtratiomm of 1

�.ug/uuil. Time assay was carried out for 50 mimin.
Time reactiomm was tennmminated by addimug

0.1 immg of yeast RNA as carrier amid i nml of
10 �; tnichloroacetic mucid contaimmimig 0.04 iu

Na41�)7. Each enzynme assay was carried out
imi triplicate. Blamiks were ohtaimmed by adding

substrates after jurec-ipitationu uvitim tn-
eiuloroaeetic aci(l. rEhie reactid)mi mimixtures

were filtered thmrougii \Viuatumianm (1’,’C filter

paper umicler ligimt vaouumum amid wasimed four
timmmes with 1 nml o if 5 � trich1o�mnouacetic acid

conutaimming 0.02 �i Na4P2O7. Time dried filter
discs were pimiced imi glass vials, S ml of

Onmunifluor-t oluenmo’ scimmtihlmtt iomu fluid wene

adl(ledl, ammd tho’ vials �vo’ro’ c-otsmmto’ol in a

B(’o-knmami LS-100 scintihlationi counter. Data

art’ expressed as I)icOlmiOlO’s of Ui\IP imm-
couni morateol ier mmmii1igranm ()f 1)NA.

.Vwleai Ribonuclea.se Assay Using �Von-

labcle(l 1? ibosomal R.V_t (is S ubsi rate

Nmselo’i isolateol imm sucrose-calcium were

wmtsho’cI amid suspemided imm 0.25 �r sucrose

(-onltaininmg 3 mmu�r \lgCl2 mtmmd used directly

foir time assay. The fimmal \Ig� commcentnation

mi thmo’ reaction was 0.5 mmi�n. Altenmmatively,

nnselei isolated in sucro use-c-alciuumm were

washed anud suspemided ins 0.25 u sucrose

(1:0.05, w/v) ammo! were sounicated usimmg a

mni(’notip for 2 nimium in a Bransoru Sommifier

(6 amump) (19). Aftt’r aolclitiommm oil MgCl2 to a
final comicemotratioumm of 3 umm�m, tim(’ souumic ex-

tract was used mm time assay.

Hibomuuelo’aso’ activity �vmis oh’tenmimmecl by

a uusoiolificatiomn (20) o�f tiuo’ mumo’thoud of Short-

misaim (21). Eaclu data ptmimit was oi)taimmed in

triplio-atc’. 1mm a fimual volummie of 0.3 mmml, the

following immatenials wo’ro’ pnesemmt iii each

uo’mmotiomm tube :0.1 nml of 0.5 �n Tris buffer
(pH 7.8), 0J imml of a P1 purified nibosommmal
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RNA solution, 0.03 immi of 0.02 % bovinso-

serum aihumimi, and 0.05 ml of liver uuuelo’i
(either nomusonicated or sonicated). Nounm-

sommicated nuclei from 0.15 g of liven, wo’t

weight, were used in each tube; for hut’

sonicated nuclei, tissue fnommm 0.09 g of livc’r
was used iii each tube. 1)NA and proto-inm

were determumined as described below.

Time reaction was started by addirmg

nuclei, anmd the mixture iii each tube was

shakemu in a water bath at 37#{176}for 30 mium. Tito’
reaction was stopped by immersing the
tubes iii aim ice l)ath for 1 mmmiii, follouveci 1�u’
the additiomu c)f 0.3 mmmlof cold 76 � ethammoul in

1 N HC1. After 15 mmmiii in an ico- bathm, timo’
tubes uvo-ne co’mutnifugecl at 3000 X q for 15
huh at 4#{176}.A260 waS nmeasun(’d by dilutions of

0.2 nil of time sup(’rmuatamut fluid to 1 .0 mmml
with H20. Nuclo-i of drug-treated rats amsdl
NaCl commtro mis uvt’no’ assayo’cl simult ammt’omusly.
Blaumks were tneato’d ioh’mmti(-ntily with thu
otho’r tubes exc-ept that 11110-10-i uvo-ro’ addo’d

after incui)aticun amid additions of c mid

ethanmol-HCI. The niiuonmuolomts(’ mitt ivitv
is expnt-ssed a,s :tuGo mmnsits 0)f usourmdiiuto’d

supennuatmimut fluid pt-n muuillignamum oil 1)NA anti

per immiilignmtmmm0)f pnomt(’imm.

Nuclear Riboim uclea.se A s.say Using Labeled

�Vuclear 45 iS R�VA as Smthsti-ate

Time mmmO’thmt)dof assay was a nuodificationi of

the pn(ucedure of Rothm (22). Each (imita iuouimst
was oulmtniimmed ium triplicate. Eac-im no-mitt iomn

tube coimmtaino’d timo’ foulloovimug imm a finsal

volunme d)f 3.0 nil : 1 .0 mmml(if 5.6 mmmii \�eromumal
ac-t at (� buffer (fm-eslmlv Pro-i)anO(l ) , PH 79,

commtaiuuimmg 1.0 mmmii \Ig(112; 1�0 nil of a soilu-

tionu couumtnummiumg 50 og cml 45 S HXA (500
dpnu) ; amid nonsoimicato’ol livo-n muuch-i fromum

0.3 g of livo-r, wet weighmt, isomlate(i mi sos-

crose-calcium as descnibo’oi abovo’.
The no’nu-tiomu was earrmu-(l omit by a(l(ling the

buffo-r, RNA, amid mmuclo’i, mind simaking flit’

unixtuno- iii mu wato’r hatim at 37#{176} froumm 2.5 mmiins
to 20 umuin. Timo’ neacticuns was stouppo’oi liv

addimmg 3.0 mmmlof a solutions oil 0.1(1 M Na 1207

in 10 tnieiilonomicetic micid. Livo’n nuw-li’i ouf

drug-treated rats and sal inmo’ (-(mutt rols wo ‘no

assayed simmmultamueousiy. Blammks commit mu mit‘ci

no muuclei amid were run at zo’nou tinmuo’ anal

duninmg the assay. Tom correct four o�uenueising,

1 .0 imul of muuclei fnomn 0.3 g ouf hivc’r was adolo-ol

tom time i)laflkS with time precipitating ago’mst.

�Flso’ no’ao-tioun t nilmo’s iso-me thuo’ms plmo(t’d mm mimm

io-c’-uvato’r limit Ii four S mmmimm,filto’ro’d thmnomugh

\Viuatimmans ( ; I (2 filto’m’ pmipo’r undo-n light

vmt(-uumn, ami(i uvasiuo’d fuur tinmo’s uvitim 1 mmml

omf 5 � ; tniclmlouroiaeo’t ic a(-i(l -ountmuirminug 0.02

�n “sa P207. list’ (irio’ol filto’rs uvo’mo’ (-ouuntt’dl as

deso’nihuo’d mtlu uve bum timo- � 1)omlynuuo’nase

mtssmtv by litiuiol so-inutiliatiomms. (‘orre(-tiounms

uvo’ro- ummaclo’ for slight vminimitiomnms imm tlmt- I)NA

(_o mnstent 0 ii ii mob ‘i fro mm Nmi( ‘1 ci unit nouls mmnsd

dirlmg-tmo’ato’d rmtts. ‘Flit- olata mon(’ expnc’ssed

mis t Imo’ ammmomunt of radioactivity (disinutegra-
tioumis I��’u� miiimmuto-) ro’nummiiniinmg imi timo’ maid-

inisoltiluit’ frna-t i(mns milton immo-mibmtti mut at I hit’
tiniso’s indli(-at o’oi ins F’ig. I.

r1�hm(, io’lialmiiit� oil I)oitii nil)ounmuclease

missavs usmis t o st ( ‘0 1 1my mssimug ohiffo ‘ut-nut eo mumcen-
trat jo ins of smil ust mit o’ amu(i mmuo-io’i mm (‘much

assay svstemsm. lnm-ro-misinmg cur (ito-reusing time

mimnoumnnit ouf 1t’�;� (stsbstrato’) our uiuelt’i

(o’nizyiuio’) ro’smnlto’ol imi eourrt’s�)ounciimlg cimmimigo’s

in nmeasum-o’ol moot ivitv of thi(’ ribomsuo-lo-mise.

I)eiemni motion ,�/ J).V;l and 1�iOieifl

1)NA usmos o’xtraoto-ol fro:mmuu time mouo-lo’i liv

acid imy(iroulvsis amid uvmus deto’nmuiinio-d luv

J!mnrt ommu‘s limom(iifieat ioium of t lie dipimemuviannine

uimo’thmocl(23). Promto’imswas dlo’tennuimleol by time

mmic’tiuouoi oil Lomwuv vi a!. (24), usimmg bovine

so’runi alluutmiimsmis time stmtmmolamcl.

RESULTS

1.jT(,(i (if 1�/,e,uobarbiial 7’iealineni of J?al.s’ on

Labelini� oJ Ilepat l(#{149} A� uelear JLVA u’iilu

i�-{inei/u !Jl-�IIj.lI(i/i intl iiue

‘Tmilmlo’ 1 siiouvs float tr(’atlsio’nmt oil rats for

16 him- momid 4 oiavs uvitiu j)imensOluamluitai signsifl-

(-anst lv inoro’mns( ‘(1 t iu( ‘ inmeo mrl)omnat it mmmin lilt) of

L-[lfleilu!jl-1H mutt lmio imminmo-’immtou to utal iiej)mit ic

nuc-lo’mor IINA. A siniglt� oloso’ of time drug in-

ort’asod laluelinsg omf time mmuclo’nmr I�NA. l)y

uiiomo’ t untIl 2-foltl, uulu-io’mts 4 days of tmo-at-

mimo’nt mesuiteoi imi ami o’mmlsanseemmuo’nt oil ap-

proximnato’iy 50 ins imieomnponatiomns of the

isot opt’.

1�/T(�(’i of 1’/ielIOb(I,l)ii(Il Y’reaimenl of I?flt51 on\ // R.V .1 Vol 1j1iieias� _1 ci niiy

Our o’muiio’r data (1) shtmwo’d uso chmmingo’ ims

th( laluo’linsg oil 45 5 1{NA with [mHjmromtie

acid, ‘4(’]guarmimuo’, or I’4Cladeniinie alto-n

plmo’nmomluam-lmital treatuno’nmt . Jut cinch-n to) o’limi-

nato’ pomtt’nstial error mu imibo-liusg o�f 45 S H NA



7160 ± 600

(3)

3360 ± 580 2.13

(3)

Comm trul
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T�om.F: I

Effects of single and multiple oIoses of
pheouobarbi toil on labeling of rat ii mr n uclear

Il.V.l nit/u m.-(oiielhijl-311]nielhionine for 5 mm
Pluemiobarimital (100 g/kg) or 0.9 NaCl was

injected mmutrapermtomieally as a simugle (lose our four

olaily simigle (louses. Sixtcemu lniurs after the single

douse our 24 hr after the hast oIuromiic tkuse, each rat

receiveti omi imitraportal veimi imijectiomu of 50 �zCi

(if u,-[mn(’tIi �jl_uI j mumet hiomiimio’ ; t he rats were killed

by :oorti o-xsamiguimuation after a 5-nuin pulse.

Liver uiimclei were isolated, IINA was extracted,

amid specific :io-tivity was determined as described

in M.mTl�umm.mn�s �NI) Mm;TImoDS. Time nmumnber (if cx-

permnuuemits is slsoiwmm ims parenit lueses. h-ach experi-

mno’mut co)misistNl (if two to) fomur rmits. Standard errors

are indicated.

Pheno- SPeCifiC activity of total nuclear RY:�
barbital � - - ---�-- ---- -

treatment I�henoharlmital Control .� : B’

(A) (B)

dpi�: nz� R.V.l

1(X) mug/kg,

lb lum

1(X) mug/kg,

4 olavs 6080 ± 820 4020 ± 400 1 .51

(4) (6)

“ I imfTo-u(mi((� bet �ve#{128}-miexpemimmiemi tmil utuiti comi I rom

nuuo-amis: p -- 0.05 liv �t udent ‘s t-U-st

duo’ tom fluo-tuatimnss of pro-cursor ptmoml size

(25-28), tIme o-ffeots c)f piu(’mmol)arbital tr-at-

mmmo’usttin rat livc’n msucleolar HNA poiylmm(-rase
a(-tivity w-ne inmvt’stigated as an index of

transcriiutioun - Simico’ nu’asurenu-mmt of hepatic

nmu-lo’o ulmmn H NA I)olYumi(’rnist act ivitv using
loss iomumie umio’ohia c(unmtaimmiumg ‘iIg�* is affected

by isigiu mint-lear mlu(-lo-ase activity (29), this

assay was po’rf(mrmlmo’d usimsg hugh ionic mmuo’dia
mm tluo’ pn�-��’msc-�- oil a-anmammitin, which spe-

ciflo-ally innimibits the nucleoplmmsnmic- RNA
polymmu ‘nase (fornu II) (16). rFhme enmzymmme

activity, wimicim umscler timese counl(litiluums nt-pre-
senuts ouuiiy till’ niucieolan HNA polynmerase

activity, wmms uumaitero-d by tnt-nit nmmc’mmtof rats
wit ii piuo-muoil marbit al, suggest imug timmit piut’mmt)-

barbital o’xents no effo-et ems time trammscniption
of 45 S BNA (Table 2). us twom expeninmemmts,

nuuo-leolar H NA pomlymenast’ was assayed in

huw memo- md-dma o-onmtmmimuing \Ig#{176}� arid

a-amimaniitinm ; mmgntinl mmo signifieanmt imuc-rease

(<15 %) imu emmzynme activity occurred after
pimemmobanhuit mlI treatment.

TABLE 2

Effects (if single and niiolliple (loses of phenobarbital

010 hepalic iuucleolar R.V.t polyrnerase ac/italy

Rats were treated with phemuobarbital as de-

scribed imi Table 1. (1omitrol rats received a single
daily imijectiomi (if 0.9� NaC1 for 2 days. Nuclei

from three or four rats were isolated in sucrose-

muuagmiesi tmnm-spernmi mue, amid assays were performed
as described in MuTF;mtmiLS ANI) METHODS. Enzyme

activity was linear witlu imucreasimug concemstrations

of nuuuclei fronum drug-treated rats amud NaCI con-
trouls. Fach assay was carried out imu triplicate. The

results are the averages iuf three separate experi-

mumemits; stamudard errors are indicated.

N ucleolar RN A h’olvnuerase Activi t�

‘l’reatment lime UMP incorporated in

Presence of Mn�4�-
(NH4)2S04 +
a-anianitin’

pumoles, umzg DNA

650 ± 31
16 hr 702 ± 20

4 days 660 ± 17

a No sigmuificamit differemices betweerm control and

J)heno)1)murhit al -1 reated amiimuials liv Studemit’s I-

test.

Ilepaiie _Vuclear �1 ikaline Ribon 100le(t5C Ac-

I icily after Plien obarb iiai ?‘ieai men

L.r/)erimen is us’ ing ii 0/i labeled nibosomal

R�V;t as subsiraie. \Vold amid Steo’le (2)
nepcmnto’d t hat put-mu ubarbital tr(’at nmemut for 3

days immcreased aikahiume mmucIean nihommuclease

activity ; four this neasommm o’umhamu-o’d stabiliza-

tiomm of mmewlv fornimed 45 S HNA seemed

ummhikely to tho’st’ nmvestigato)rs. Alkaline

nil)omsuclease activity was m-eimmvestigated

under o-ommditiomms o’ssenmtiallv time sanme as

thosc’ o’ummplomyecl by \Vculcl amid Ste-lc- (2),
excel)t thiat rmouulal)t-ledl nibosonmal i{NA
servo-cl as sUi)stnatt- amid muuclo-i fnommm young

adult, natiuer thamu immmnmatune, rats uvero- used.
Moro’omvo-r, in additioumm to) soimicated nuclei,

nommsonmicat(’d nmuo-lt’i uvo-ro’ used mis the enzyme

sourco’. Timo results of this study arc- shmown

iii Table 3. Under these commditions phemmo-

barbital treatnmemst for 4 days had ncu effect

omi alkalimme mmuclear nihomuuclo’ase activity.
Lxperiments using labeled 45 S RXA as

substrate. The use of nihosomal RNA as a

sul)stnate for ribomiuclease can be criticized
because ribosommial RXA, having already

beeiu cleaved physiologically from 45 S



TuloI,F� 3

Effect (if 4 damjs of Ireatmneiut with phenobarbital on lii’er (1l/ali,ie n ic/ear rihon ac/ease activity with

noniabeled ribosomal ILV.l as substrate

Rats received four dmuilv single injectiomus of either OW � NmuCl or pluemo�luarlmital (100 niug/kg) 11:1(1 were

killed by decapitatioum 24 hr after the last dose. Nommsomuicateol nuclei an(l soruio-ated nuclei were prepared

in sucrose-calcitimuu, ammd the reactiomus were carried out as olescribed imo mou’ri;mtnAm�s AND METHODS. The data
are expressed as .1260 units per milligram of 1)NA amud per miuilligrammm of prouteimu; tlmree our four rats were

used for each experinment. The number of experimuemuts is showmu imu paremitheses; stamidar(l (-rrors are imsdi-

cated.

Nuclei Nuclear ril)ounuclease activitya Protein: 1)NA

�l26orng 1).V.1 .1260 nzg �rnlOn

8.64 (2) 3.00 (2) 2.82 (2)

8.51) (2) 2.86 (2) 3.05 (2)

10.26 ± 0.84 (4) 3.26 ± 0.90 (4)
10.08 ± 1.61 (4 3.00 ± 0.95 (4)

No sigmmificamst differensces hetweemo count roil and phemioluarhi tal-t real ed
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Noussonuicated

Comutrol

Phenobarital
Somuicated

Countrol

Phenobarbital

4.50 ± 0.52 (4)

4.75 ± 0.59 (4)

amiinuals by Stimdemit’s t-test.

BXA, is amm umusuitmiblo’ substrate for miii-

clease(s) actimug spo’cifieally on thme nibo-

sonmal pnc-(-ursomr RNA. Therefore timo’ ac-

tivity of alkahimme mmueio’ar niboniuclo-ase was

investigat(’d utilizmmmg iit’pnttic nuclear 45 S

RN�& pr(-pared fronm rats labeled four 20 uinn
in vita with [3Hjoromtic acid as sul)strmtto’.

Ummder tia-se conditiomus alnmost all of thmo’

label repnesenmts rii)osonmal RN A precursor.

Figure 1 shows that phenohari)mtal treat-
merit oif rats for 4 (layS had muo effect onu thue

breakdowmm of nuclear 45 S RNA by alkalino’
ribonmuclease. The same result was obtainso’d
for rats tro’miteoi for 1 day with time drug. mu

two expenimuiemmts nucleolar 43 5 RNA used as

substrate 1)roduced sinmilar results.
We elimimmated the possil)mlitv that 45 S

RNA of phenobarbital-tneato’cI rats was mmmore

stable thmamm control 45 S RNA by uSinug 45 S
RNA fnoummmdrug-treated rats as a substrate.

Comiditionms wene ident ic-al with those imm
Fig. 1 exco-1)t that nuclei amid 45 S RNA fronm
rats treated with phemioharhital for 16 hr
were inicubated with 45 S RNA amid nuclo-i

from ccuimtnol rats, respectivc’ly. Thno’o�

expenimmmemmts were perfornmed; incul)at it ins

lasted 20 mini. No diffenenc-es wc-ne observed
from time values shmowum iii Fig. 1. Time avenmmgt’
radioactivity (± standard ernomr) us-as:
phenoharbital umuclem plus pheumoharbital
45 S RXA, 103 ± 4 dpnmu; countrol umuclt-i j)hmmS

phenoharbital 45 S HNA, 96 ± S dpnm;
pheflobanl)ital muuclei plus comutnol 45 S RNA,

95 ± f_u oipmis ; t-o mmstro )l nsucIei plus commutroul

45 S H NA, 100 ± 8 (l1)nlu. Fno)mum all thuo’se

o’xjuo’rinmo’umts , it mtpjuo’mtrs t hint phm(-mmol)anl)itmul

tro’atmumo-nst atmgnsmo’msts mmmethmylatiounm 0)1 45 S
ItNA but clout’s n(it mutt-n alkaiiuuo’ msuelo’ar

nil)omnnnei(’as(- mtc-tivitv.

mumseussiox

‘i’iio’ r-sults courifinnu omur previous ouiuso’rva-

tiomuss t limit piuo’nol uanl)it al tnt-at mmuemmt mm-

crc-mist-s tluo- stability amid effica-nicy oil proc-

o’ssing oil 45 5 ilNA ( 1 ) . The st tidieS also

suggest timmit a simigh (i(uS(’ our four daily dcuso’s

of plmo-nuoluanl)it mu incn(’aso- nmmethmylations ouf
nil)osc)ummmtl precursor RNA in time nmuclo’olus,

l)ut dom msomtsignnficmmnmtiy alter d’ithut’r usuclc-olar

lINA iuo)lymum(-rmiso’ at-tivity on usuchar alka-

limit’ nibommuclo’ast’ activity.

Ins our pro’vious no-point , using [‘4(’Jadensimme,

[ ‘4(’Jgumimsinmo’, and [ullioncutic micid, we oh-
scrv(’d miom imio-ro-mise ins labehimig of 45 S 1(NA.

afton a single douse or four daily doso’s of

pimemiombarbital (1 ). \Vo)ld arid Steele (2)

used as the isoutope; they no-(-(ugnized its

to2chrsical siucurt conmimsgs, but ro-porto’cI emi-

hammced labo-iimsg oil nibosomummul precursor

RNA with 32�� mofter 2 days of l)imt’muoi)arbital

tr(’atnumt’mut tuf inmunmmmoturc’ mumalo- rmits. l)is-

cno-panueio’s in time uptmoke of 32�1 munich nsucleo-

side I)rt�o-ursomrs ouf H NA luavo- fret juo’mstly

tx-c-n unomto’d (25, 27, 2S).

Our Pro-so-nit dmmta cmi time mmucheoian RNA
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(1).

a

TIME (miri)

Fic;. 1. Tmnie course of oleqra(lation omf hepatic

nuclear 45 �S’ R.VA by alkaline nuclear ribonuclease

of rats treateol wit/u ,\aCl or phenobarbital for 4 days

ilats were treated, nuclei were prepared, and

the reactiomus were carried (mint as describeol in

MATERIALS ANI) METHODS. Tue data are expressed

its radioactivity renuaining in time acid-insoluble

fraction after incubation for the times inudicated.
The results mire the averages of five separate ex-

periments. Stamudard errors are indicated.
.- - -., plucnoibarbital; o----o, NaC1 controls.

polymmmerase assay reveal that phenuobanbital

tneatmneumt pnol)dluc(-s muo signuificammt effect on

tnamms(-niptiomu of 45 5 JhNA (Table 2),
strength(-niimmg our eanlio’r data on laheiimmg

in vii’o (1). TIme 2-fold imicrease mu cellular
commcemstnation of 45 S RNA observed after

4 days oil phmenouharhital treatmmmo’nt (1)

appart’mstlv no-suits fnonm increased st abihiza-

tion of msewiv svnmthmesized 45 S RNA.

Funt imermo ire, enhammcc’cl lal)elimug of cyto-

plasimmic nihosoummal HNA oubsenved within 1

day oif tno-mttmmmt’mut witim thus drug (1, 3, 4) mumay
arise frommi inmcn(’aSd’d transport of mumone nibo-

soumal subumiits to timo’ evtouplasmmu.

Iii agrc-t’mmuemmt with Womld ammo! Steele (2),

uvo’ obso’nvo’cl no ehuammg(’ ims alkahiumo’ mmuo-lear

nibcmnmuclo’aso’ activity after 1 day (if phenmo-
i)ani)ital tnt’atmmio’mmt, motimimo’ who-nm do’gnadatiomi

(if 45 S IhNA decreases (1). However, in

commtnast to their report of increased alkaline
nucloar nii)ommmuclease activity after 3 days of

phemmobanbit al treat ummeuut (2) , wo- observed

mmo c-hausge iii time activity of this enzyme

after 4 clays of treatment withu timis drug
(Table 3 arid 1�’ig. 1). The 28 � iumcrease in

alkmmlimue mmuclear nibonuclease activity after
3 days oil twic’o’ (laily pheumobanizital treat-

Immo’nit reported by %Vold and Steo’le (2) may

1)e due mi part to effects of starvation (22). In

sevo’ral expeniummemmts wo’ observed that after

2 our nuore days uf tneatnmeimt with phemmo-

l)anluital two daily (l(useS of this drug resulted

in a reduction of sveighmt gaium iii drug-treated
rats as comumpaneol to NaCI commtrols. This

effect ons weight immay he clue to lo’thargy at
feeclimmg timmmes jim rats ro’co’iviuug two daily

doses.

A nmajon diflicultv imu this aro’a of research

cunnemmtly is that time exo)mulmclcases amid emmdo-

nu-lo-ast’s that process and c-leavo’ 45 S ItNA

or the nuessemmger llN1� precursor o’ammmmot be

distimiguished front mmucleases timat destroy
newly formed imuclear RNA rammclommmly (30-
34). Moreover, the possibility exists that the

sanme enzymes process on destromy time pre-

cursour, depemmding cmi time specificity ouf the
sui)strate (33, 34). Our results do not rule

out the possibility that snmall anmounuts of
physiologically active subspecies of nuclear

rihommuclease are mmmasked ins our assay.
Phmemuobanhital imihmibit ion of these iuuelo’ases
could result iii ina-neased HNA polymmmenase

activity whemm assayed mu low iommic mmmedia.
Meisler arid Tropp (35) do’iumoumstnated that
immcreasimmg c-ommcemmtratio umms of (NH4)2S04

can indeed imuimil)it nii)omuuclease activity.
This obsenvatmoum partially explaimms imu-

creased RNA polynmenase activity measured

in imigh ionic mmm(’dia. Possibly pimenobarbital
imscneases R NA po mlyummo’nase activity assayed
iii low iommic nmedia by decneasimmg nibommuclease

activity. TIme pimenobarbital-inmduced immcrease
in Mg+±_depeuudemit 1{NA polymmuerase ac-

tivity observed by Gelboimi ci a!. (5) mumight
have anisemi by this mmuechanisumm. Such a con-
c(’pt is suppountc’d by the abso’mmce ouf army
sigmmiflcant increase in tho’ nucleolan RNA

poulyumuenase activity assayed iii higim iommic
nmedia commtaining a-aniammit imu. Funthermmmore,

the shigimt incno’ase iii tht- activity of the

�\ Ig�-depemideumt emmzylmio’ caummuot (‘Xplamfl

time alnmost 2-fold imucrease in 45 5 RNA

content after phenobarbital admmuinistration
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Our experimumemmts omm metimylationi of

nuclear RNA (Table 1 ) go-muerally agree with
those of \\‘old and Steele (2) ; imuterpnetatiomms
differ. We believe timat increased nmethyla-

tion of the nibosonmal iwecunsor HNA cart
support either of two hypotheses : emulianced

metabolic stabilization or imucreased symmthe-

sis of this RNA. Synthesis and ni(’thylation

of 45 S RNA occur alnmost simultaneously;

methylationm protects 45 S RNA from intra-
nuclear degradatiomi arid results imi increased
production of 28 S ammcl 15 S ril)osouumal RNA
(30, 36). 1mm additkmmu to the fact that omuly

about half the 45 S I�NA molecule is con-

served during pnoco’ssing (30, 36), 50-80 %
of 45 S RNA nmolecules svuuthmesized in
eukaryotic cells are imiefficiemmtly proco-ssed
and never reach the cytoplasm as nmature
ribosomal RNA (1 , 37-43).

Our results suggest either increas(’d

methylatiomi of each 45 5 RXA molecule

(hypermethylation) , without an increase
in time number of moulecules, or else the nmethi-
ylation of a greater muunmher of 45 5 RNA
molecules. If cacti nmolecule of 45 S RNA
produced after pho’mmoharbital stinmulation

contained sigmuificantly mmmore methyl groups
than commtrul 45 5 HNA, phenmobanbital

45 S RNA should be mmmore resistant to
degradation by nuclear nibommuclease than

control 45 S HXA (30, 36). That the nuclear
ribonuclea.se assays revealed muo such chaumge
suggests that no increase in the mmumnber of
methyl groups pen molecule of 45 S RNA

occurs. Furthermore, if significantly more
methyl groups were immcorporated into each
molecule of 45 S 1JNA, the sedimentation

characteristics of ribosommual precursor RNA
on agarose-acrylanmide would he altered be-
cause of conformationual changes. Pheno-

barbital treatment produces rio difference
in sedimentation rates c)f 45 S RNA, or
35 S, 28 S, or 18 S lANA. Consequemitly, en-
hanced stabilization of 45 S lANA after
phemiobarbital treatniemut (1) ummay arise from

an increase in the nunitx-n of 45 S lANA

molecules that are methylated.

Little is known about the size and location

of S-adenosylmethiomuirue pools withimi the

hepatocyte, particulanly in the muucleolus,

where 45 S RXA is tnamuscnibed. Measure-

ment of these pools did not appo’an practical

because such data wouuld be exeeedimmgly

(hiflicmilt to) immto’rpro’t ouvimig to time nsumsuerouus

muethvl tmminisfo’m ro’ao’tiomis uvithimi tluo’ imt’pato-

c-vto’. )olcmneomver, m-iluoisomnual ii NA mnethmvla-

tions rt’pro’so’uits emily mi sumiall pro�uortiouni of

these reactiounss. \Vo’ are coustinnuimig oumsn mm-

vestigathumi omf timo’ poissil)l(’ noule oil imso’tiuyla-

tiomias a negmmimiturv miie-iimtmiismsm four tm-minispourt

of nihoisommuual 1hN�� to time evtoplasns.
( )timo’r niio’o-imnmniisnis, stm(-h as mmlto’natiouns in

timo’ symmtimo’sis of io-gulatonv lurouto-ins (39)

amid/our nibosommial l)momto’mnis (42), mnav iula� a

role mi time pluemiol)anl)ital-imsduc-o ‘oh st abihiza-

tiomu of 45 S RNA. Eumengy-do’penclo’mit m-o-gu-

latony rnecimamuisnis iuave beemi reiuomn-ted

whicim nmav ho’ imuvolved mni time sele-t iV(’ tnmtuus-

pc)nt oil mu-why fonmiieol muio’ssemmger (44) mss such

as nii)osouulal lANA (37, 39).
�\Ior(’ nibosonmal HXA (1, 37-43) ammd

messo’rmgo’r lANA precursor (34, 45-49) are

synmtiiesiZ(’ol than are msounnmmally requiro’d in

nommohivichiumg our o’v(’nm actively dividing (-(‘us.
Time presenmt studies muolol tim the rapidly grow-

immg body oil eviclo’uu-e suggo’stimig thmit poust-
tramisenmptio)umal st aI)ihzat loll oil muewiy fi mrnmmed
precursors of nibosommmal (1, 37-43) amid
messeumger lANA (45-SO) ummay jmrovicli’ a

regulatory immechmamuism for time iusc-neaSed

synthesis of specific I)noto-inls.
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