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We present evidence hat T3 ean ulter the ADP-sibasylntion of chramalin asseciated proteing, Nuelel frem GHI cells were incubuted with [adeny-
kite-MPINAD and the rudieuclivity incorporated into hisione und non-histane proleing was quantitated and anulyzed by gel elecirapharesiz and
autoradiography. Incubation of GHI cellx far 24 1 with T3 lowered by 40-70% 1he PIPJAD P-ribnse incerporated into nuclear proteins. Howevar,
jneutation for 3 h with T3 rexulied in i stimulation insténd of & decrease of in vitra [ F]A DP-ribose incorporatian, The major ADP- -ribetylated
- component eleerophoresed us w120 000 moleeulr muss non-histane protein, und radiolabeled hixtones wers alio abserved. The sume pratein spe-
siex were nhserved for all the experimental groups und T3 alfected the extent of ADP-ribosylation but did not alter the sedimentation of the
P PIA DP—nbnsyI.ncd components exeited from: chrmmlin aller misrovoxeal nuslense duzcman‘ ‘

Thyroid hormone: Paly{ADP-ribasylution); Nuclear protein: GHI cell

l. INTROGUCTION

Rat pituitary cell lines are effective systems to study

. thyroild hormone action. In these cells physiological
concentrations of 3,5,3'-triiodo-L-thyroning (T3)
rapidly stimulate growth hormone gene transcription
[1,2] and after a lag period of 20-40 h stimulate cell
growth [3,4]. Delayed effects of thyroid hormone may

be related to the stimulation of intermediary factors or

‘to an influence of hormone on chromatin structure
‘which may modify gene expression. Hormonal effects
on chromatin structure may be secondary to. post-
synthetic modifications of chromatin proteins [5].
ADP-ribosylation  of chromatin proteins has been im-
plicated in DNA replication and repair, gene expres-
sion, cell differentiation and transformation, or

modification of chromatin structure (for review sse

[6]). We have recently shown that in pituitary GHI cells
the predominant ADP-ribose acceptor is a 120 000

" molecular mass non-histone protein, presumably the

poly(ADP-ribose) polymerase itself, and that histones
are also modified [7]. The poly(ADP-ribose) poly-
‘merase activity of chromatin'is preferentially associated
with transcriptionally active, or at Jeast extended forms
of chromatin which is more sensitive to nuclease diges-
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‘tion (8]. Since thyroid harmone is khown 10 rcgulaté

cellular events at the transcriptional level, we sought to
determine whether T3 also influences posi-synthatic
modifications of chromatin proteins, In this study we
repart that T3 incubation influences the ADP-:

" ribosylation of hnstones and non-hxstone chromatm N

protems in GHI cells.

2. MATER[ALS AND METHODS

2.1. ADP- ribosylation assays
~The experiments were ¢arried out in GHl cails dcplcled of lhyrmd

Shormones [1,3). GHI cell nuclei were isclated {9), and the ADP-

ribosylation assay was performed as described [7] by incubation for
18 min at 37°C in 0.5 ml of Q.1 M Tris-HCI, pH 7.9 a1 25°C, 2mM.
MgCly, and 1 mM dithiothseitol containing §-50 4Ci (0.3-3 aM)
[adenylate-**P|NAD. The nuclear malerial was extracted with 0.4 N
sulfuric acld and tiie extracted hisiones precipitated as deseribed {10).

The remaining nuclear material containing non-histone proteins was

~ precipitated at ~ 20°C with ethanol and dissojved in 10 mM sodium

phosphate, pH 7.4, and 1% sodium dodecyl sulfale (SDS) [7]. Anali-
quot of the samples was utllized to. analyze **P-incorporation by
Cerenkov radiation and the sample was then used for protein deter-
mination by the method of Lowry &t al. [11]. Another aliquot of the
samples was saved for analysis by gel electrophorems and
sutoradiograpliy. Histones were . electrophoresed in  15%
polyacrylamide acid-urea slab gels in the presence of 2.5 M urea and
0.9% acetic acid {12], and electrophoresis of non-histone proteins was
performed in SDS-poiyacrylamide gradient (5-15%) slab gels [13].
After electrophoresis the gels. were stained, destained, and
autoradiographed, ' C

2.2, Micrococcat nuelease digestion of muclet -
Nuclei were incubated with [adenylate-PINAD (50 pCl/SO -"1260:1111
of nuclei) for 15 min at 37°C and then digested [7] with 15 units of

‘micrococcal nuclease/l Azsonm unit of nuclear material at 0°C for 30
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min. ’l‘mé vanplen were vomnifugee w 300G e g Tor 10 min - and (v
uperEant {S1) wat adjurled o $ mM EDTA w vop 1he digention.

The peflet way extrdciod with  mM EIDTA andh centrituged an 3ot 2y

Far 10 min o yleld 8 secamd sapernatant feaviion (32, The $) and N2
wperRatants were cerieiluged in bekinetls sueravw geadients, feus-
tionaied. precipiiated wiiby trichloronceils acld and upalyzed ror *'p-
. Incorpaention av dewribed 7). The fmctions correvponding to difs
. ferent regions of the gradigpt were pooled and analyied By elie-
traphoresis I 3% 1 (4% Mpnmnlial pa&ya-.rylnmldc-ﬁbﬁ shats gels,

=L ﬂmrmumuun ol NAD leveh
0.5 N perchlarie acld extracty of GHI eelh |7) were auaml far
NAD using # speetrophatemeitiv teehnigue {14),

3, RESULTS

 Table I illustrates the extent of [**PJADP- rnbo*sc ins

carparation into isolated nuclei afler incubating GHI
cells for 24 h.with 0.25 nM and 2.5 aM T3. These T3
concentrations resule in approximately 35% and 80%
occupancy of the thyroid hormone receptor [3,9). As
we have previously observed (7], approximately 10% of
the radioactivity was present in the acid-soluble histone
fraction and 90% was incorporated into non-histone

proteins. T3 decreased [**PJADP-ribose incorporation

into both fractions and the reduction was more pr ..
nounced at 2.5 nM T3.. The effect of T3 was also ex-

amined with 350 4M [adenylate-2,8-*HINAD and the

same decrease was found (results not shown), thus ex-
cluding **P-labeling by an aliernative modification,
such -as’ protein phospharylation. T3 . incubation
“resulted in only a small decrease in NAD levels, the
substrate for ADP-ribosylation over the 24 h period

(from 2,.3x0.2'in control cells 1o | ‘7:1:0 1 nmol/mg

protein in T3 treated cells).

The [J P]ADP-ribose protein acceptors from control
cells and cells incubated for 3 h and 24 h with $ ntM T3
were examined. In agreement with our previous results
(71, two prominent bands electrophoresing to the same
position as stained histones H1 and H3, as well as other
radiolabeled bands having mobilities similar to the
stained high mobility group proteins HMGs were
observed (Fig. 1). The predominant acceptor among
non-histones (Fig. 2) electrophoreses with an apparent

molectilar mass (M) of 120 000 and probably represents

‘ Table |
[*’PJADP-tibose incorporation (spm/100 ug protein)

‘ - Histones Non-histones
Control 5879 =+ Si2 56 268 = 4963
L-T3 o .
0.25 nM 3917 £ 218 38 857 = 1867
2,50 nM 3280 x 243 35 756 £ 1758

Effect of L-T3 an ADP-ribosylation of histone and non-histone pro-
teins. Triplicate cultures of GH! cells were incubated with T3 for 24

h. The nuclei were {solated and {neubated with [adenylate-*P|NAD, |

and the radioactivity associated with histones and hot-histone pro-
teins was determined. The data are mean x 8D of mphcate flasks.
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L-T3 (hours)

Fig. \. Auteradiogram of the [PPIADP.ribasylated histones, GHI
cells were ineubated with § oM T3 for 0, 3, or 24 h. Afer [solation of
nucted und ineubation with [adenylare Hp|NAD, the histene and non-
histone fractions were prepared and anpalyzed by clectrophoresis and -
.\umrndmgraphy

the enzyme paly(ADP-ribose) polymerase which -is
capable of self-modification: [14,15]. In addition,
several proteins with M, values in the range of
60 000-80 000 wetre also observed. After.a 24 h incuba-
uon with T3 the lncorporallon into the different protcm ‘

L-T3 (hours)
24 3 0

S N ¥

P

Fig. 2. Autcradiogram of the [**PJADP-ribosylated non-histone pro-

- teins, Non-histone proteins from the experimen: shown in Fig. 1.

Reference proteins (myosin, My=200 000; g-galactosidase, M,=

116 250; phosphorylase B, M= 92 500; bovine serum albumin, M, =

68 000; and ovalbumin, M, =45 000) were electrophorcsed in para]lel‘
~ lanes,
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acceptors wax lower than in control eells, in agreement
with the data shown in Table 1. However, nuelel from
¢ells Incubated far 3 h with T3 showed an inercawe
rather than a decrense ol labellna The inerease In
[¥PJADP.ribose incarporation into histones and non-
histones ranged from to 2« 1o 2.5-fald,

We  assessed the sedimentation pforitr: of the

(MP]ADP-ribosylated  components  released  from
chromatin after digestion with micracoceal nuclease,
Fig, 1 showythe isekingtic suerose gracdients of the frac.
tion released (S1) afrer nucleass digestion, and the frac-
tion obtained by extraction of the residual nuglear pellet
with 5 mM EDTA (S2) obtained from control eells and
celly treated with 3 nM T3 for 3 h. Different regions of
~the gradient were pooled, as indicated by the arrows in

the bottom of Fig. 3, and analyzed by electrophoresis,

We have previously reparted (7] that in-the S1 fraction
“most of the radioactivity sediments to the same position
-8 the bulk mononucieosome peak (11.5 8, pool 1) and

that a less abundant fraction sediments at about 4°8

(pool 2). The sedimentation profile in the S2 fraction

was similar to Sl except that [MPJADP-ribose also
migrated ta the same position as the monoa (11, 58, paol’
. 5), di(t6 S, pool 4) and tri (19 S, pool 3) nucleosomal
particles, and proportionally less sediments than 4 S
(pool 6). Incubation with 3 nM T3 for 24 h inhibited the
extent of [**P]ADP-ribosylation in both the ST and §2

fractions but did not akier the sedimentation profiles -
(not illustrated). The autoradiograms obtained from

the different regions of the gradient are shown in Fig. 4,
Only [**PJADP-ribosylated products of very low
molecular weight corresponding to hi;lone proteins
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Fig. 4. Autaradiogram of ADPriboaylaled proieing of (he pacled §1

and 82 chramalin fractlens, (A Control cells; (B} T3 incubaned cels,

“The number af each lae correspondi Lo the aumber indieated above.
the arraws in Pig, 3, :

- were identified in lanes | and 2 correspond to the 11.§

S and 4 8 region of the 81 fraction. In the S2 fraction
the abundant 120 000 M, ADP-ribosylated component

- was also present in lanes 3-5 which correspond to the

region of the gradient enriched in oligonucleasome and
mononucleosome particles. In addition, several other
radiolabeled -bands between 30 000 and 120 Q00 M. were

‘also observed, In the 4 S region of the S2 fraction (lane

6) the 120 000 M, radiolabeled component was also pre-
sent. The abundant radiolabeled material at the bottom
of the autoradiogram represents histones and HMG
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Flg 3. Gradient centnfuganon of ADP-rlbosyIaLed chronatin . after - microcoéeal nuclease dxgest:on Nuclei were incubated with
[adenylate-*2P]NAD and then digested with micrococcal nuclease, The S1 {A) and 32 (B) fractions were centrifuged in isokinetic sucrose gradients
and fractionated. Control cells (O}, cells incubated with. 5 nM T3 for 3 h (®). The fractions corresponding to differcat regions of the gradients
 were pooled and electrophoresed in 5-15% polyvacrylamide-SDS gels. The arrows at the bottom of the figure mdlcate the fractions which were pool- ‘
ed prior to electrophoresis.
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proteing. Theéte were not present in the experiment
- shawn 1n Fig. 2 sinee Uy nuelel were extrietee withy 0.4
N. Ha80, before the non- hiimnc pralcim were elee-
lwph@fesed

4. DISCUSSION

~ Nuclel from GH | cells which had been incubated for
24 h- with T3 showed decrensed incorpovation af

. [PPJADP-ribose into both the histone and nan-histone

protein fractions. The relazive inhibition produced by

0.25 nM ond 2.5 aM T3 soggests that this uccrease is

“medijated through the interaction of T3 with its nuclear
receptor, [n contrast with the 24 h study, shorter T3 in-
eubation times (3 h) resulted in an inerease rather than
a decrease of (**PJADP-ribase incorparation inta both
‘the ‘histone and non-histone protein fractions, The

decrease in in vitro MP)ADP-ribose incarporation .

abserved after 24 h af T3 incubation ¢ould resulr from

a reduction of poly(ADP-ribose) polymerase -activity

secondary to self-modification of the enzyme (16].
Administration of T3 by 4 days has been reparted Lo

decrease [*PJADP-ribosylation in isolated cardiac
nuclei by about 40% (17]. This occurred without any

change inthe level of poly(ADP-ribose) glycohydrolase
activity which can cleave paly(ADP-ribose) chains. This
in vivo study is in keeping with our observations 24 h
after T3 incubation in GHI ‘cells. Our stuglies in
cultured GH1 celis indicate that the effect of thyroid
hormone on ADP-ribasylation in rat heart nuclei pro-
bably reflects a cellular action of T3 and is not secon-
. dary to an altered metabolic state which ¢ould increase
the secretion of other factors and/or hormones (e.g.
glucocarticoid hormones or growth hormone) which

are. also known to modulate nuclear poly(ADP)

ribosylation [18],

~ The influence of T3 on ADP- nbosylanon showed a
- similar alteration in both histone and non-histone pro-
- tein fractions, and the hormone produced a generalized
¢ffect in the different protein acceptors which were the
same in all experimental conditions studied. To explore
whether selective changes in the exient of [**P]JADP-
ribosylation might be restricted to specific chromatin
domains we examined different chromatin fractions ex-
¢ised by micrococcal nuclease. We have found that in
the 82 fraction ADP-ribosylated proteins are associated
with the regions of the gradient corresponding to
olizcnucleosomes, . mononucleosomes, and  sub-

nucleosomes, with the 120 000 M; radiolabeled compo-

nent present in all regions of the gradient. In-contrast,
" the 120 000 M; component band was not detected in the

‘81 fraction and only ADP-ribosylated proteins of very

low molecular weight were identified. Again, T3 altered
the extent of labeling but not the sedimentation prolile
or composition of the ADP~rlbosylated chromatin par—
ticles.
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ADP.ribosylition or other post=syntheliv moditica.
tiony of nuclear proteins may play a role in gene TRPrev
sion [8). We fingd detectable changes in [PPIADP.
ribose: incorporation veveral hours after growih her-
mane gene transeription is maximatly simulated (1 hy
by thyroid harmane (1], This suggess that alterutions

- in ADP-ribosylation reflect a secondary rather than &
primary action of the thyratd hormone/receptor com.

plex on gene expression and may influence d:clayed‘
responses to thyroid hormone,
We do not find evidence thut ADP-ribasylation of a

-protein ar group of proteing is preferentially alfected by

T3, whicl suygests that the ghangex observed reflect an
alteration in 1he activity of the paly(.&DP-ribnse)

polymerase. Qur stuclies, however, do not exclude the
possibility that thyroid hormone rapidly alters the
ADP- nbasyhuun of -2 minor subser of nuclear
regulatory proteing which are essential for contral of

_gene expression by thyroid hormane, Tanuma et al, [19)

have reported that dexamethasone causes i selective
and vapid reduction of ADP-ribiose from HMG 14 and
17 over the sume time frame at which glucocorticoid
stimulated. mouse mammary tume:. viral RNA syn-
thesis. In addition, Kimura et al, {20 reported that N'-
methylnicotinamide, which lowers cellular NAD levelsy
but does not inhibit poly{ADP-ribose) polymerase, in-
creases the rate of growth hormone production in GH3
cells about 2-fold and enhances .the effect of T3.
Therefore, some influence of ADP-ribosylation on the
control of gene cxpression by T3 is suggested and the
role of this post-synthetic modification event in certain
actions of the thyralkl hormones in cultured cells [20]
and rat tissues m vivo [17] warrants further investiga-
tion. :
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