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SUMMARY

Isp fronn [‘y-32P�-ATP uvmus rapidly innconponnuted insto phnospinopmoteimns of mit u’enntrmul pm’Ostnite

nsuchei in vitro. At least � of tine radiomuctivity (expressed pen milligram of proteimn) uvnus

pmesennt ins t me non-mist onse PhiOsI)lsOPmoteilis. Tue imucorporat ions of �P inuto h)hnOsI)hiol)rot #{128}‘imns
of nuclei isolated fmonn orchsiectonnized rats usius reduced greatly connpnsred uvitis nnuclei iso-

kited fronn orcisiectonuized rats treated uvitin testost eromse propionnmut e on from mnomnstul constrol
n-nuts. Tine effect. of testosteronne OIl tine imucorpormutions in titro of �P from [y-32P]-ATP insto
nnoni-hnistomne piuospisopmoteimss of mnuclei fronn cmustmtuted mmuts could be dennonsstmnuted as eturly

nus :�o miin folbousinng a simsghe imnjectioms of testosteromse Prolnionnate. Tinis effect could be ex-

plmuinsecl ins terms of inscremised muctivity of proteins pisosphnokinsmuse(s) inn tine mnuclei. A possible
role of nuuciemur proteins pisospinokinsmuse(s) amid the pinosphnorvimut ions of nnons-inistonne plnOsl)inO-

proteinns inn tine evensts relmuted to tine constrol of genie actions ins the prostmute inn respomsse to

testosteronne is suggested.

I xTnuom)UCTm0N

Tine nnohecinlmsr nsecinmnnsisnns umuderlyinng t inc

regtnlmutions ()i’ control of tramuscriptions ins cells

mime obscure. Ins tlnis conuisectioms, however,
connsidermuble attenstion humus beens giveus to

niucleoprot eimss for tineir 1)ossible innvolvemenst.
ins tine conntrol of RNA tramsscriptions in rico

(see, for exnumple, tine reviews cited imn nefs.

1-3). Snnggestionns inmive beens mmude tisat ens-
zvmatic modificationss suds as micetylations or
pisospisorylat ions of nsucleoprot einis (bot is isis-

tomes tumid muons-isistones) nna�- be related to

their possible roles inn tine conntrol of genne nuc-
tivitv (1-5). l”or exannple, Kleinsmitis ci al.

(5) have demomustrated tinat onse of tine
earliest respomnses of �)hiytoinemmrgglut inuinn-
stimulated lynupisocytes is ann imscretise ins tine
phosphomyiat ions of nucleoproteimss in tinese

cells. Housever, for several renusonns it is

thought unlikely tinmut inistomnes (or the bnusic

pn’oteimns of mnuclei) nulonne tire cmupmible of Cons-
plete meguhnntory constrol of genie nuctionn (2, 3).

Nonu-inistonne proteins (on nicidic pnoteinns) mire
nulso excellenst cmumudidmutes for such mi role, amid
inensce comnelmutiomu of tineir nsetabohisnn wills

genie activity is of comnsiderable instenest.

Recemsthv Bemnjmunnims mumnd Goodmams (6) have
report ed I hue muct ive pisospinoryltutions of Iit)Ii-

inistone proteinis of tine gianit cisronsosonses of

diptenain salivary glmunds, in winicis puff me-

giomus of tine p�lytenne cinromosomes are cons-
sidemed to be muctively engmuged in gemne activ-
ity.

In tine presemst comnnumsicmutionn, nudditionmul

evidence is j)resented to suggest a relat ion

between gene activity amnd pisospisorylmutiomn

of nuclear prot ems , es�)ecimthly non-mist one

plnospinoproteimss. Rnit vemstmal prostmute is mimi

excehlenst model for sucin a study. sinuce gemse

muctivity ins this tissue cans be pisysiohogicahly
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conutnohhed by depnivnstionn on adminnistrmution
of testosteronne to tine rmuts. Tlnat the develop-

mennt timid activity of mit venntrai prostate are
under tine strict comntnoi of minudrogemsic mom-
nnonses is well documensted (7-10). Orchniec-
tomy of mudult rats lemuds to rapid imsvolutionu

of tine prostate, uvhsicis cmun be prevensted or

reversed by nudmimsistrmstionn of androgensic

steroids, amid onne of tine earliest effects of

nudministmmitionu of testosteronue to orciniec-
tomized rats is tins inncrease in tine muctivitv of
miuclear DXA-depemsdenst H NA polymen’muse
activity (10, 11).

A prelinsimsary report of part of this work
ismus been giu’emn (12).

METH0n)s

Sprtigune-Dnuwley mntts, uveigininng 250-300 g,
were orciniectomized vimu tine scnotnsl route.
rfh5e�, uvere killed by cervical dislocnstion, mumud

vemutmmul prostnstes uvene pooled (from 8-16
rmuts) to isolate tine nsuchei mnccordinig to tine

nnetisods used by Coffey ci al. (13). TIne nu-
clear pellet was uvashned twice ins mu medium
coussistimug of 0.25 un sucrose amid 1 mum

\IgCl2 , ausd tinens suspenided ins a smmuhh vol-
ume of tine same nnediuns. Routimse exnuminsa-

tion of tine prepnurationus by ligint microscopy
revealed well-preserved nuclei. I ns conut nol
experimennts, tine extent of cytoplasmic con-

tamination � cisecked annd found to be
mimsimal by tine critenimu employed by otiner
workers (14) . Tine RNA : DNA nmutio us-as

less thuamn 0.30. Nuclei (0.2-0.8 mg of proteins)
uvere inscubated inn mu reactions medium con-
sistinsg of MgCl2 , 6 mum ; NaC1, 1 15 mum ; Tnis-

HC1, pH 7.5, 30 mum ; amid ATP (comstnuinsinng
trace amounts of [-y-32P]-ATP), 3 munun, inn a
final volume of 2 nul. This reactions medium
gave optimal inscorporationi of 32P into nun-

clear pinosphoproteinis. Tine specific activity

of the ATP mixture in tine reaction was gen-

erally 2000 dpm ‘m�tmole of ATP. Histone

annd noms-inistonse proteins were separated

from mnuclei after tine reaction by the pro-

cedures detailed previously (15, 16). In

brief, nuclei were wasined successively witin

various orgamuic solvents munud tisenn extracted

with 0.25 N HCI (pH 0.6) for 60 mins witis

continuuous miximug in tine cold. Tine HCI-imu-

soluble fractionn was separated by centnifuga-

tionn. The HCI extrmict was mixed witis 20

volumes of acetone to precipitate histone
proteins. This procedure has been slnownn to
remove histonues quamntitatively (4, 15, 16)

uvitis mimuimal contaminations. Repetuted cx-
traction of the HCI-inssoluble proteinus (muons-
histonses) with 0.25 N HCI did nsot signnifi-

canstlv alter their specific activity (counts
per minute pen milligram of proteins). Ins our

experience, about 95 % of tine radioactivity
ins tine isistone fmactioni us�a�s extracted inn the
first extraction-i of tine msuclear pnoteinns with
0.25 N HC1. Tine pmoteinss thuus separated

were used to isolate phosphoproteiuss by the
methods described in detail previously (17,

18). TInis included the us’ashimsg of tine frac-

tionss us-ith 10 % (sv/v) trichnioracetic acid
(comntaimsing 1 mum P1 mind 1 mum ATP a.s
carriers) several times to remove tine cons-

tamimsatinig radioactivity, followed by removal

of hi1)ids and nucleic acids. Whenn total nsu-
clear phsosphoproteimss were to be studied,
tine reactions was terminsated by the addition

of trichloracetic acid (10 % final comscemstra-

tions). Tine rest of the procedures for isolatinsg
the phosphuoprotein fraction were the same as
described above. Tue proteins fractions (isis-
tome, non-hnistone, on total miuclean pinospho-
proteins) were fimnally hydrolyzed in 1 N

NaOH for 17 Inn. Each expenimenstal sample
was assayed for proteimn contenst accordimsg to

Lowry el al. (19), amid the radioactivity of tine
phosphate released was measured (17, 18).

Tine results were expressed as millimicro-
moles of 32p per milligram of proteins minnd
were cnuhcuhated from tue specific rmsdioactiv-
it3’ of ATP inn tine remuctioms.

RESULTS AND I)nSCUSSION

Wlsenn rat venitnal pnostmute nuuclei were

incubmuted in vitro uviths [‘y-32Pj-ATP, rttpid
incorporation of tine label into I)hnOspiuopro-

teimns was observed. Separation of tine total
msuclear phosphoproteinus into two major frac-
tionns, nson-histones and histones, revealed
tisat tine pnepondermtmnt proportions of radio-

activity was present ins the non-histone frac-

tions (Fig. 1A). Time course studies shnowed
tinat tine rates of inscorponation of tap from

[‘y-32P}-ATP into the nomn-histone numsd inistone

pinosphoprotein fractions were hinsear for 2
amud 3 mini, respectively. Similar results for
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FIG. 1. 7’ime course of incorporation of 32� into

non -histone an (1 h istone phosphop roteins

A. Normal rats: #{149},non-histone phosphopro-

teimis ; 0 , historic I)hosl)hoproteimus.

B. Cast rated comstrol rats given a simsghe iii-

jectiomi of 0.2 ml of sesame oil : #{149},nonu-histotse

phosphoproteins ; 0 , his) one phosphoproteins . At
60 amnd 120 nnims, the valines (hot showmn) for the
nons-histomie phosphoprotei mis i mu t he cast rated

comitrol ruts were 1.1 amid 1.3 mpmoles, respec-

tively. 1)aily treatment of castrated rats with 0.2

ml of sesame oil gave essentially the same result

obtained with mu single imsjectionn of sesame oil re-

ported here. Castrated rats given a simigle injection
of 2 mg of testosteromse propiomnate:A,, mnoin-hist one

phosphoproteins ;L� , histomie phosphoproteiiis.

C. Castrnuted rats givenn daily imnjectiomns of 1 nsg

of testosteromne propionate dissolved in 0.2 ml of

sesame oil: #{149},msomi-histonse phosphoproteimus; 0,

histone phosphoproteinus.

Each point represemits the nneami of three experi-

merits, with 36 rats in each group. All other experi.

mnenital details were the mime as described in the
text and iii the legend to Ttuhle 1.

the insititil mites usere observed witin nsuclei
isoltuted fmonn mmuts of vmuryinsg numndrogenic
status (Fig. lB amudC). In miormal ansd testos-

temonne-t retuted rats, the inscorpomatioms of HP
essemitially remicined equilibrium witisims S nuin
of tine nenuctioms (Fig. 1A tumid C). However,

the nnunchei fronn castrated mnuts comstimnued to
inconportute � over a lonsg j)eriod of time
(see legend I 0 Fig. 1 B), tumid I inc mmidionuct ivitv

temided to nuppnonicis tine constrol vtuhues. Thus

observations st momigly suggests I limit tine

declinse inn H� inncorportit ions mis a result of
castrationn could be due to mu dechinne inn tine
prot ciii PiiosPinokimnmise(s) tuct ivi I y nussocimut ed
uvitin nsuclei. If the dechinne observed were due

solely to tine loss of acceptor proteinss for 32p,

tine inncorpommut ions , t isoughn reduced , should

have reacined equihibriunn ins a mmunsmnem similmir

to that observed with nuclei from prostnutes
of msormnsl rats (Fig. IA). Funrtlscnmore, we

‘I’�nLm: 1

Effect of single injection o.f testosterone on initial

rate of 32P incorporation from [�32P1_.l TV into

phosphoproleins of mi odd isolal(’(l from rat

ventral prostate

Cast rated comit rol rats (1 18 hr after orchiec-

toni)’) received sui)ctntamneous imnjectiomns of 0.2

nil of sesamuse oil ; tue testosteromse-treated (tis-

trated rats each received 2 mug of testosterone

l)ropiomiate dissolved iii 0.2 nil of sesanse oil. The
aiiinnnnuls were killed tufter 30 nsin followimig tine its-

jections, and the prostates were pooled fronu emuch

group of rats to isolate nuclei . The dmtratiomi of the

retuctiomi was 60 sec at 37#{176}.The results below are

based on five differemit experiments. Each groimp

had 14-16 rats in ami experinsemst. The values imt

the table are memumis ± stamudmsrd deviations.

Rats

.
Hmstone

J)hOS1)hO- .
protetns

Non-
.

ntstonc

phospho-
.

protet us

Castrated controls

Cmustrated, treated with

testosterone

Literemuse due. to testos-

teromie treatment

,n/Amoles 32J)/

2.8 ± 1.0

3.5 ± 0.8

25#{176}�

;,z#{231}’pro/em/hr

9.9 ± 2.2

17.8 ± 3.5

80�

observed tinmut niol mill the l)150Sh)istnte groups

of tine nsoms-hsistonne phos�)hsopmoteinns were

captuble of rapid excinmunnge. This uvnus estab-
lisised by first mihlowinng tine nninclei to retuct
usiths unmulnubeled ATP for S minn; [‘y-52P]-ATP
usnns tlnems msdded, tumid the time course of inn-

conpommutioms of � was studied. The result
uvas (fumsiitmutiu’elv similar to that sinowms ins

Fig. 1A. However, tine innitinsl n-mite of inscon-

ponnitions of :121) mumnd tine extenst of labeling
uvene aboint :�s #{182}�of tinose observed uvitlnoumt

1)ni�r inscubat ions usit ii umulabeled A’IFP.
Inn order to determinne wiietiier tine pinos-

phorylationn of nuuclear pnoteimns uvas related
to gemne muctiomn inn tine prostate inn nesponnse to

testosteromne, we investigated tine early effect

of musinsgle imnjectiomn of testostenonne. It is clear
from Tmsbhe 1 thmut nus early as 30 niinn tufter tine
imnjections (etunhiest time studied by ins) there
us’mis mu Ininge inscrease ins the initial n-mute of
phospinonyltut ions of muons-mist onie l)hosl)isopro-

teinss; tine increnise in tine Inistone pinospino-

proteins was meltitively smtulh. Tue effect. of a

single innject ions of testosteronne Ofl the time
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cOtmn�5t’ of (21) inncOrJ)om�nutionu inn tine mnonn-liistonie
annd inistomne l)inosphoPnoteimns uvmis mulso imnves-

ligated (Fig. 1B). Not omuly � there nuns

imscrease ins tIne innitial mite, but tine �inOs-

pisorylmutioms also constimsued to imscremuse wills
time. TIne break ins tine tinne course curve

miglst suggest nuore thtsns one site of J)lu05
phnonylmutions. Agmuin, tine mature of thus time
course suggests thinut tIne result counld be dune

to inscreased enzyme mictivities.
TIne pisosphioproteims nuature of tine nsonn-

huistonne mund hnistomne plnosplnoproteimu frnuctioins
was established by isolmttimng O-plnospinoryh-
serinse fmonn nucid hnvdrolysmites of tine lnubeled

proteinss (17, 18). Nuclei uvene Imubehed uvith
321) inn tine usual renuctions medium for I nuins.
Nois-hnistomne tumid mist onne phospinoprot einss
usere septurtited, tumid cads fnmuctionn uvmus tints-
lvzed for rtu(lR)tictiVitV ins the pinosphotsnsinso

micids inn micid lnvdrohvsmutes of tine proteinn
frmuctionss \lost of tine nmudiomnctivitv uvmts
foumsd ins O-plnosphnor�lserinne. The yield of

O-pinosphnorylserimne fronn t lie nsonn-is 1st omit

proteins fractions svtus 0.85 m�mole�mg of

proteins, wlsenenus it � 0.13 m�mole/mg of

hnistomse PlsosPhopnoteims. Tinese values mine of

tine same order mis thnose observed using
alkmuli-ltubile pinospismute as tu measure of tue
phuosplnopnot ciii fractiomus. F’unt henmore , witin
S-’4C-lnubeled ATP ins tine nenuctionu, tine rtute of
imscorpormutions of tine label into tine nsucleopno-
teinns usits less thams 4 % imn comparisomn to tinmnt
with [y-32P1-ATP.

It may be argued tismut tine radiomuctivity in

tine “nsoms-isistonne” frmnctionn migint have beemn
due to thne presemnce of mu highly plsospinoryl-
muted Isistonse. Such muhistomne would Innuve had

to be presenut ins very smaih mnmoinnts nsmnd be
resistant to repeated extractionss witin HC1 in

tine procedures used by us. The histomue annd
nonu-histomse proteimss extrtucted by the proce-

dures outlined above gave tine smume propon-
tionss of two types of proteinns ins zero-time
samples (uvhnich would msot be plnosphoryl-

ated) mis uvell as inn the experimenstnui samples.

Thsus, it is umnhikely tinmit tine presensce of a

large amounit of ti part iculmur inistonse would
accounst for tine rmudiomictivitv inn tine ‘‘muons-

isistonie” fmnuctionn described above. We hope

to fmtuctionsat e these mnoms-inistonne proteinss
funtiser to isolate tine plnosphnonylated compo-
nsenuts.

Tine effect of testosteromne onn nnsncletsr pinos-

Pln0PI’oteinns is ‘‘tmugel tissUe’’-sj)ecifiC. No
chntimnges were observed ins tine ability of liver

nuclei, isolmuted from castnnited or testos-
teronne-t retuted cmiustrnnted rnuts, to insconporate
mmtdiomuct ivitv inst o phuosplnoprot ems frmtct ionss.
Therefore, nyc sunggest tinmut tine tnctivitv of
SOflSC nnimclean proteins pinospinokinsase(s) is
inscremeed emurly duninig tine action of testos-

teronne ins tue prostate. Also, tinere may be a

possible nehnutiomnsinip between tine increased

phnosphnon�’ltt t ionn of some prot einss (inn part icu-
lam, those of tine nnomn-inistomne type) timid genie

tnction inn flue prostate in responnse to testos-
teromne. Ins this regard, our results comrob-
orate tine fmmndimsgs of Benjansins tumid
Goodrnmunn (6) ons tine pinospinorylmitioms of
nnonn-inistomne pnoteinus of tine gimsnnt chiromo-
sonnes of diptermuns smshivany ghumnds.

Tine tuddit ions of test ost eromne, diinydno-
t est ost crone ( 1713-hvdnoxv-5a-munsdnost ann-3-
omse), cyclic 3’, 5’-AMP, on dibutyryl cyclic

3’, ;�)‘-A:’ul1’ �t various comucemntmmutiomss in vitro

did nnot stimulmute tine pinospinonylationu reac-

tiomus inn nntnclei isolated from prostnutes of

either nnormnuh on castrmuted mmuts. It is nsote-
worthy tlntit Rosenfeld and O’i\Ialley (20)

observed nm stimulations of the adennyl cvchase
of itut J)r�stnute tus Ii result of imnjectiomss of
testosteromse insto tine tunuimals. Houvever,
several cyclic A’uIP-stimulated proteins pinos-

l)is�kinnmuses cmuptuble of pinosplnoryhmit inng his-
tonnes mire knnownn to be present ins the cell
cvtoplmusm, tumid they nnay be of impontnumnce ins
specitul types of genne constrol (21-23).
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