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SUMMARY

Thyroid hormone(s) has diverse effects on growth and metabo-
lism, Specific "receptor" proteins which bind triiodothyronine (Ts) v
and other biologically active analogs and which may be involwed in
thyroid hormone action have been recently found in nuclei of re-
sponsive tissues, This report presents studies of these receptors
in rat liver nuclei, Confirming previous reports, a Scatchard ana-
lysis of the binding data suggests the reaction: T3 + specific
receptor == Tj-receptor complex, with an apparent equilibrium

-
dissociation constant (Kd) at 22° of about 1.9 x 10-10

M and a capa-
city of about 1 pmole of T3~binding sites per mg DNA.

The kinetics of the binding were also examined. T3-receptor
complex formation is second order and dissociation is first erder,
The apparent association (k,) and dissociation (k_,) rate constants
at 22° are respectively 4.7 x 10' M ! min~! and 7.6 x 10~3 min~1.
The apparent K3, estimated from the ratio of the rate constants
(k-l/k+1)’ was about 1.7 x 10710 M, similar to that determined from
the equilibriuw data. These data support the expression written
abeve for the interaction of thyroid hormone with its receptor,
Additional kinetic experiments indicate that some of the T3 binding
by cell-free nuclei is to sites previously occupied by hormone in
the intact animal, previding further evidence that the intact cell

and cell-free reactions are the same.






It was previously found that nuclear-bound T3 is localized
in chromatin. We found that isolated chromatin retains specific
binding activity similar to that of iselated nuclei. Thus, binding
may not require cytoplasmic, nucleo-plasmic or nuclear membrane
factors, These findings may imply that chromatin localization of
the receptor does not depend on the hormone, This idea is supperted
by an earlier finding that binding activity is present in muclei
from thyroidectomized animals. However, many stimuli such as
steroid hormones, bacterial inducers and adenosine 3':5'-menophes-

phate in bacteria influence regulatory proteins at the gene level

By promoting the protein's addition te er removal from chromatin,.
Thus, we studied the effect of thyroid hormene on the nuclear con-
tent of receptors under assay conditions ef receptor stability

and reversible binding., Receptor levels in hypethyroid animals are
identical to those in euthyreid animals. These data suggest that
the hermone does not influence the nuclear localization of receptors.
Thus, the basis for thyroid hormone action may be to regulate

the activity of receptors resident in chromatin rather than to pro-

mote receptor addition to er removal from chromatin.






INTRODUCTION

Thvroid hormones regulate numerous metabolic processes and
profoundly influence differentiation and development (1—4).
Several groups have recently found nuclear "receptor"” proteins
which bind the aetive hormenes triiodothyronine (T3)1 and thy-
roxine (T,) with high affinity (5-18). Several lines of evidence
suggest that these proteins mediate some of the hormoenal responses.
The receptors are generally present in thyreid hormone-responsive
tissues (12). They have a higher affinity for T, than fer T,
(5,8,14). The concentrations of Ty and T, required for receptor
binding and for eliciting the response are similar (5). Further,
there is a good parallel between the bielogical potency ef a number
of analogs with varied activity and the analog's ability te inhibit
T3=binding by the receptor (14).

The recepters appear to be salt extractable, acidic, chromatin

preteins (7,15,16). They have been detected after T, was administered

3
in_vive (6,8,15), incubated with cultured cells (5), incubated with
isolated nuclei (5,9,11,17) or bound in nuclear extraets (13,16),
The nuclear content of sites, and the properties of the binding
reaction suggest that the hermone is binding to similar sites in the

intact eell and cell-free conditiens (5,8,17,18).

IAbbreviations used are: T3, l=triiedethyrenine; 74. 1=thyrexine;
Tricine, N.tris-(hydroxymethyl) methylglycine.






We have recently presented evidence that the T; recepter is
a DNA-binding protein (19). Further, it appears to be preferen-
tially concentrated in the chromatin fractions which contain most
of the endogenous RNA polymerase, contain most of the template
activity for in vitro transcription and have a lewer protein te DNA
ratio (19). T3 receptors and RNA pelymerase alse share the commen
preperty of bein among the few nen-histene proteins which can be
fixed te chromatin by formaldehyde treatment (20). These proper-
ties suggest the receptor may regulate gene functiom threugh a
mechanism which invelves the DNA eempenent of chromatim.

Regulatery signals in both prekaryetic (21) and eukaryetic
(22,23) systems which directly influence gene activity threugh
their binding te regulater proteins, usually act by influencing
the pretein's addition te er removal frem DNA er chromatin. Thus,
inducers may promete the dissociation of bacterial repressors frem
the DNA (21). Conversely, cyclinc adenesine 3':5'-monophesphate
in prokaryotes (21) and steroid hormones in eukaryotes (22,23)
promote the addition of a regulatory protein to the genome. Since
the thyroid hormone receptor may be a DNA-associated chrematin pro-
tein, we investigated whether the hormone itself exerts any in-
fluence on the nuclear content of these chromatin recepters., To

do so, we further characterized Tj-receptor interaction.2

“Some of these results have been reported in preliminary ferm
(19,20).






MATERIALS AND METHODS

Many of the procedures were performed using modifications
of techniques previously deseribed by Samuels and Tsai (5,9).

Materials - (1251)T, (Abbett, 496 wCi/mg) was about 92%

pure as determined by Sephadex celumn chromatography (24), and was
either purified by this technique or used without further purifica-
tion. Identical nuclear binding results were obtained with either
preparation. Further, over 98%f of the specific radieactivity bound
to nuclei was extracted as described elsewhere (5) and found to
migrate with authentic T4 in the Sephadex celumm (24). Nonradie-
aqtive 13 purchased from Sigma, and made in solution at 5 mM with
0,1 M NaOH, was used witheut further purificatien. Dithiethreitol
was purghased from Sigma., Triton X-100 was purchased from Nuclear
Chicage.

Preparation of Nuelei - Male Sprague-Dawley rats were used.
Thyreidectomized animals were maintained for a minimum of two weeks
post-surgically prior to use. The serum level'of T4 in thyreidec-
tomiged animals was found to range frem 0 to 0.55!;/100 ml serum
(25).

To ebtain liver, rats were anesthetized with an intraperite-
neal injection of 1 m1/100 gm bedy weight of a 3.6% selutien of
chleral hydrate, or by cervical dislocation. After remeving

cardiac bleod for 74 analysis, 15 ml of ice-celd PBS (0.025 M

petassium phesphate, o.1 M NaCl, pH 7.6) was injected intracardially
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te perfuse and chill the liver, which was then placed in iee-cold
Buffer A (20 mM Tricine, 0,25 M sucrose, 2 -M CaClz, 1 mM MgCl,,
5% glycerol, 0.1 mM diithiothreitol, pH 7.6). All subsequent pro-
cedures were at 0-4°, After weighing and mincing, the tissue was
homogenized in four volumes (w:v) of Buffer A with five strokes
at 700 rpm of a motor driven teflon pestle, All volumes cited are
based on the original liver weight, After successively straining
through one, two and four layers of cheesecloth, the homogenate
was centrifuged at 1000 x g for 7 min, The pellet was washed by
first resuspending it in two velumes of Buffer A centaining 0,5%
Triton, then by adding more Buffer A containing 0,5% Triten te a
final volume to weight ratio ef 5:1, and finally centrifuging the
reauspended mixture at 800 x g for 7 min, The wash was repeated
twice, The "purified” nuclear pellet was resuspended tq 0,2 g/il
(umless specified otherwise) in Buffer B (20 mM Tris, 0,25M sucrose,
1 mM MgCl,, 0.1 mM dithiothreitel, 5% glycerol, pH 7.6) and used in
the binding experiments. This resuspended mixture contained 276
ng (t 20 S.E.M.) DNA/ml as measured by the technique of Giles and
Meyer (26). When stained with 0.1% Azure C and examined under a
light microscepe, this preparation contained intact nuclei, with

some debris and a few cytoplasmic tags.

T3 Binding by Rat Liver Nuclei — Unless stated otherwise, the

incubations were at 22° for 4 hours., The reaction mixture (total
velume of 1 m1) centained: 0.5ml of the nuclear suspension; 20 mM
Tris (pH 7.6); 0.25 M sucrose; 1 mM MgClz; 2,2 mM EDTA; 0,1 mM

dithiothreitel; 50 mM NaCl; 5% glycerel; and 2 x 10-104 (1251)r,.






Parallel tubes were identical except that they alse contained 10~6
M nonradioactive Tq as a competitor for specific (1251)1'3 binding,
Pollewing incubation, samples were chilled in an ice bath and
centrifuged at 800 x g for 7 min, When appropriate, a portion
(0.2 1) was removed to determime the concentration ef free radie-
activity in the supernatant medium. The remaining supernatant
medium was then decanted. The pellet was washed by resuspending
in 2 m1 of Buffer B containing 0.5% Triton X-100, vortexing for 5
sec., centrifuging at 800 x g for 7 min., and then decanting the
supernatant medium by inversion. This was repeated, The final
pellet was assayed for radicactivity in a gamma spectremeter (effi-
ciency 42-50%). Specific binding was determined by subtracting
the beund cpm in the incubatien with excess competing T3 (nen-

specific binding) from the cpm bound in the incubatien without com-
petitor (total binding).



RESULTS

Characteristics ef the Assay - Te cempare recepter levels

im muclei frem hypethyreid amd euthyreid amimals, we wanted reac-

tiom comditiems im which recepters are stable emeugh te minimize

pessible thyreid hermeme imfluemce om recepter stability amd te

allew time for disseciatieon of emndegemously-beund hermenme,

We

alse wanted te kmew whether any emdegemeusly-beund hermenme was

disseciating im the reactiem cenditiems amd that the (1251)T3

could rebind te these same sites.

Like Samuels and Tsai (5,9), we found specific T4 binding

by muclei at 37e,

We alse foeumd similar levels of maximal bimding

at either 0°, 22° or 37®, but greater imstability was ebserved at

37° tham at the lewer temperatures (shewmim Fig. 1 fer 22°),

Mest experimemts were perfermed at 22°, since as discussed belew

the binding kimetics were foumd te be mere rapid at this tempera-

ture tham at 0'.
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The data in Pigs. 2 & 3 delineate characteristics of the
binding assay. Fig. 2 shows the influence of nuclear washing em
the assay results., Speeific binding and tetal nuclear-beund radie-
activity in ei@her cempetiter~free or cempetiter-centaining incuba-
tiems is shown. There is seme less of specifically-beund radie-
ectivity with centinued washing (as much as 30%); hewever, the
ameunt ef nonspecifically-beund radieactivity decreases much mere.
Thus, fer the best estimate of tetal recepter centent am extra-
pelated value (te zere washes) should be used; however, since
results ebtained after twe washes were highly repreducible and
yielded a lew "backgreund” ef nemspecific binding, the ameunt eof
binding after twe washes was used fer cemparative experiments and

for rate and affinity analyses.

55
o 52
3
]
gL
g 10 ['251] 1, ALONE
EE 8-
o g [SPECIFICALLY
" BOUND T3
2 A
8 4 ———
@ ['2%1)1 +cowo't_ A

2+ 3 3

L L ! L 1

0 1 2 3 4
NUMBER OF WASHES

Fig. 2 Effect of washing en nuclear binding., Nuclei frem livers eof
euthyreid rats were incubated as described in the Metheds except that
the time of incubatien was 5.5 heurs, NaCl was emitted, and the final
(1251)73 cencentration was 9.5 x 10‘10 M., Shewn is binding: A, in the
dbfenee of cempetiter (1251)T3 alene); B, in the presence of cempetiter
(( 251)?3 + 'celd' T3); and the specifically beund T3(A mimus B).
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When, nuelei frem 0.1 or less of liver are incubated in 1 ml,
the assay iq ligear with respect to the concentration of added
nuclei (Fig. 3). Altheugh the departure frem linearity abeve
0,1 g/hl is partly explained by a @ecrease in free T3 during the
reactioen peried due te binding, it dees mot explain all of the de-
viatien (see legend te Fig. 3). Thus, te study binding under con-
ditiems im which there is linearity, nuclei frem 0.1 g er less of

liver per 1 ml of incubatien were used.

LINEARITY OF THE T3 BINDING ASSAY

SPECIFICALLY BOUND T3 (cpm x1073)

0l 02 03 04
NUCLEI (g/ml)

Pig. 3. Linearity eof the assay. Binding was assayed in nuclei frem euthy-
reid rats as described in the Methads except the final incubatien cencen-
tration of (1251)P3 was 3.7 x 10710 ), and the amount ef nuclei (based en
the weight ef liver frem which they were ebtained) was varied. The free
T3 foncentrution determined frem the supernatant medium varied frem 3.7 x
1010 \ ot lewer céncentration peints, te 2,9 x 10-10 y ¢ higher cencen-
tratiens of muclei., This decrease in free T5 enly partially explains the
deviation frem linearity at higher cencentratiens ef nuclei.



Nuelear binding is highly sensitive te pH (Pig. 4) and te
salt (Fig. 5), and binding was erdinarily perfermed at the eptima
for these twe variables, The salt sensitivity is net ebserved with

recepters which have been extracted frem nuclei (16; alse cenfirmed

by us).
EFFECT OF pH ON NUCLEAR BINDING
4.—
3 —
2 o

SPECIFICALLY BOUND T5(1073x cpm/ml)

] ] | |
50 60 70 80 9.0
pH

Pig. 4. Effect of PH on nu?:learr l:ii;c_li_nn. Nuclei from_euthyroid rats
were prepared and binding was assayed as described in the Metheds except
that pH was varied.

o
1

S
T

(¢]

SPECIFICALLY BOUND T3 (103xcpm/sample

] ] l _J
0 50 100 150 200

NaCl (mM)

Fig. 5. Effect of NaCl en nuclear binding. (1251)T, binding by nuelei

frem hypethyreid rats was measured as described in Ketheds except that
NaCl was varied.

11
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Kinectic Analysis ef the Bimdimg - The data im Fig. 6 indi-
eate that the cell-free binding by iselated nuclei is reversible,.

In this experiment a pertion ef nuclei which were beund and equili-
brated with (125I)T3 received a "chase” of excess nenradieactive

Ta te prevent subsequent (1251)T3 binding, Disseciation is indi-
cated by the pregressive decline im specifically beund radieacti-
vity after the "chase” as cempared with centrel incubatiems which
remained equilibrated with (1251)T3. In three experiments, the
time required fer 1/2 @isseciatien ranged frem 82 te 140 min

(mean = 108 min), and more than 80% ef the beund cemplexes had dis-

seciated by feur heurs.

SPECIFICALLY BOUND T, (10-3chm/sample)

-
-

TIME (hours)

Pig. 6 Rate of disseciatien 08 specifically-beund T3. Nuclei were imeu-
bated with (1251)7; (3 x 10710 M) fer 90 min at which time half ef the
tubes each received a "chase” of 20 ml of 5 x 10~5 M menradieactive T3

fn buffer B te make the final T3 cencentratiem 106 M. The incubatiem

at 22° was centinued and at the time peimts indicated, bindimg in "cemtrel”
(0) and "chase® (48) incubatien tubes was measured.
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In previeus studies, a linear Seatchard plet of the muclear
binding data was ebtained (5,9,17). Thus, the binding may cqnform
to the reaction: 73 plus receptor Ta-receptor cemplex, If
this is true, them the rate of Ty-recepter cemplex fermatioen should
be secend erder, prepertienal teo the cencentratien ef hermeme and
uneccupied receptor. TFurther, the rate of disseciatiem sheuld be
first erder, propertienal te the cencentratien of beund cemplex.
Bbtp of these predictions are verified by the kinetic anmalvsis,
Pig. 7 shews the secemd order plet (27) of the leg of the ratie
of free hermene te free recepter at very early time perieds (whem
the prepertisn ofibound recepters and thus the cemtributiem by dis-
seciatien is‘low). The linearity suggests that the reactienm is
second erder. The apparent asseciatiea rate cemstant (k,;) deter-
m@ned in feur gxperinenta frem the slepe gf the plets ranged frem

3.6 x 107 te 5.3 x 207 M lmin~! (mean = 4.6 x 107 W luin=1),
094

)

0.88

FREE T,
FREE RECEPTOR

LOG o (
o
(o]
A

] I |
5 10 15 20

TIME (min)
Pig. 7. Analysis ef the kinetics of asseciation. Binding by nuclei
frem hypethyreid rats was measured as described in the Metheds except
that time was varied. Thé final ('“°1)T, cencemtratien in the reactien
mixture was 5.4 x 10°10 M, The cencentratien of free T3 was determimed
frem the supernatant medium after centrifugatien ef the reactien mix-
ture. The tetal number of binding sites was determined frem a Scat-
chard awalysis ef a parallel experiment (Fig. 10). The comcentratiem
of free recepters was determined as the tetal minus the beund.

080
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The kinetics of disseciation (Fig. 8) are first erder amd
the apparent disseciatiem rate cemstant (k-l) determined in three
experiments (23) ranged frem 4,8 x 10~3min~1 te 8.4 x 10'3nin'1
(mean = 6,7 x 10~3min~1), The appareat equilibrium disseciatien
censtant (Kj) estimated frem the ratie of the rate censtants

(k_lfkl) was 1.5 x 10~10 y,

FIRST ORDER T3 RECEPTOR DISSOCIATION

-5 O

LOG o Bound T3 (pmoles/ml)

-2

10 30 60
TIME (min.)

Fig. 8. Analysis of the kimetics of disseciatien, Binding by muclei
frem hypethyreid animals was measursd as described im the Metheds.
After 5 heurs incubatiem, half ef the tubes received a "chase” of 50

ml of 2 .x 10~0 M radieactive T3 im buffer B se that the final memradie-
active T4 cencentration was 10-6 y, Then, binding im "echsse” amd“cen-
trel" imcubatiens was measured. After cerrection for denaturatien
(less than 5% ever the 60 min peried), the leg of the remaining speci-
fically beund T3 was pletted as a fumctiem of time,
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Influence of Thyreid Hermeme em the Nuclear Comtent of Sites -

Utilizing the eptimized reactiem cenditiems, the bimdimg capacity

in pnc}ei frem euthyreid amnd thyreidectemized animals is shewn in
Fig. 9. The concentration dependemcy amd tetal levels ebtaimed im
the twe states arevidentical. Further, a Scatchard amalysis (28)

of these data (Fig. 10) alse suggests that the affimity and tetal
content of sites are identical in the twe states. The appareat
equilibrium disseciation gonstalt and -upber of sites im the euthy-
reid amimal ramged frem 1.1 x 10710 to 2.4 x 10710 ¥ (mean = 1,9 x
10~10)) and frem 0.6 te 0.8 pmele/mg DNA (meam = 0,7 pmele/mg DNA)
respectively in three exneriqents and in the hypythyroid animal
ranged frem 1.1 x 1010 ¢4 2,4 x 10‘1°_H (mean 1,9 x 10-10 ¥) and
frem 0,5 te 0.8 pmo;e/ig DNA (mean = 0,65 puole/hg DNA) respectively
in five expe;imentc. Censiderimg the appreximately 30% less durimg
washing (Fig. 2), the nuclear cemtemt of T3-binding sites may be
abeut 1 pnole/ig DNA., These data suggest that mermal levels of
thyreid hermene de net have an influence en the nuclear centent of
recepters. Simce these experiments were perfermed umder comditiems
im which a mimimum ef 70%-90%f ef amny emdegemeously-beunmd Ta weuld
have disseciated (based em the kimetic data), and im which most ef
the recepters are uneccupied at the start of the reactiom (see belew),
it is likely that the cemparative estimate of capacity is reasemable.
We slse examiled binding im amimals made thyretexic by imjectioenms

of T3 and T4. It appeared that the mumber of muclear sites was

alse unchanged im this cemditiem; hewever, umequivecal results

were mnet ebtainmed,
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Pig. 9. (122"1)'1'3 cencentration dependemcy fer nuclear binding im
muclei frem hypethyreid ( @ ) amd euthyroid ( ® ) rats. The ex-
periments were perfermed as described in the Metheds except that the
concentration of (125I)T; was varied.

BOUND/FREE

BOUND (Mx10'")

Fig. 10. Seatchard (28) analysis ef the binding data frem the experi-
ment shewn inm Pig, 9,
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Relation of the Cell-Free Sites te These in the Animal -

As mentioned earlier, it seems likely that the cell-free muclear
sites are identical te these which bind the hermone in the animal,
Hewever, conclusiens derived frem the cemparison between euthyreid
and hypethyreid animals depends on this assumptien, Further, we
were cautiened by findings in steroid recepter systems where cell-
free nuclear binding sites for recepters were not the same ones
which beund the recepter in the intact cell (29-32). We seught
additienal clarificatien ef this peint threugh a kinetic analysis,.
) § 4 (1251)T3 binds te seme sites occupied by hermene in the animal
(and which retained hermene through the nuclear preparatien prece-
dure), then, the initial cencentratien ef free recepter available
for (1251)T3 binding weuld be reduced due te occupancy ef recepters
by endogeneusly-beund hermome, Under these cenditiens, the initial
rate of (1251)13 binding should be slewer in nuclei frem euthyreid
animals than in nuclei frem hypethyreid animals. These kinetic
differences_should disappear as endegeneusly-asseciated hermene
disseciates,

As shewn in Fig, 11, the early kinetics of asseciation at
22° in nuclei frem hypothyreid and euthyreid animals are similar.3
This suggests that any remaining endogeneusly-beund formope disse-

ciates tee quickly fer kinetic differences te be ebserved. This

impression is strengthened by an analysis ef the early kinetics at

0° (when disseciation is slewed), where a clear distinctien between

OThe ameunt of tetal endegeneus hormene (T3 (33) and T4) in
the incubatien medium at the end of the reaction was determined te
be negligible as cempared te the radieactive T3 cencentratien.
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hypethyroid and euthyreid nuclei is ebserved (Fig. 11). The amount
of binding during the first hour is less in nuclei from euthyroid
animals than in nuclei frem hypothyroid animals even theugh the
ameunt ef binding which is ultimately observed (data net shewn fer
0°) and the tetal centent of sites (Fig. 10) are the same. The
kinetic data at 0° are alse shewn in Fig. 12 in the ferm of a rate
analysis, Fer this plet, the "free recepter” cencentration was
ealculated as if no endogeneusly-beund hormone were present. The
apparently slewer rate censtant (reflected by the slepe) in the
euthyreid nuclei prebably reflects a lewer cencentration ef free
reeceptor at tﬁe start of the reactien.,4 It is likely that this is
due to eccupancy by endogeneusly-beund T3 may disseciate from sites
which can later bind (125I)T3. Altheugh these data de net demen-
strate that all ef the emdogenously-beund T3 can dissociate from
sites which may rebind, this possibility seems likely. Alse, these
data de net allew an estimate of the actual profortiol of recepters
which were eccupied by T3 (or T4) in the amimal, since the quantity
of endegeneusly-beund material vhich dissociated during the muclear
preparation procedures is noet knewn, In fact, frem the data in
Fig. 12, it can be calculated that less than 10% of the recepters
were occupied by endogeneusly-beund T3 by the start of the reactienm.
If the estimate by Oppenheimer and colleagues (8) is cerrect that

a larger preportion ef the receptors are occupied by hermone im the
euthyreid rat, it is likely that substantial dissociatiem did eccur

during eur prepgratiom precedures,

4An alternate explanatien weuld be that the asseciatien rate
censtant in euthyreid nuclei is actually lewer., The identical

affinity (Fig. 10) and disseciatien rate censtant (data net shewn)
argue against this,
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KINETICS OF T; BINDING
BY NUCLEI
8 FROM ELU*'YROID AND HYPOTHYROID RATS

HYPOTHYROID AND EUTHYROID, 22°C

HYPOTHYROID 0°C

3

EUTHYROID, 0°C

'SPECIFICALLY' BOUND T
(10°3 x CPM/sample)

| | —1
15 30 60 90 120

TIME (minutes)

Fig. 11, Early kinetics of T, binding by muclei frem hypethyreid
(0 === 0) and euthyreid (A——wA) rats at 0° or 22°, Binding was per-
fermed as described im the Metheds except that time was varied.

APPARENT ON RATE COMPARISON,
NUCLEI FROM HYPOTHYROID
053 AND EUTHYROID RATS

0.51 |-

.
.

EUTHYROID

HYPOTHYROID
0.49

0.47

log. (FREE T, / FREE RECEPTOR)
10 3

0.45 | | | | | |
10 20 30 40 50 60

TIME (minutes)

Fig. 12, Cemparisem ef the asseciation kinetics at 0°, The data are
taken frem the experiment shown in Fig. 9. The free recepter and free
T4 comcentrations were determined as described in the legend te Fig. 7.
The tetal recepter concentration was determined frem the data shewn im
Fig. 10 which were ebtained in the same experiments,



Comnarison of Nuclear and Chromatin Binding - The results

suggest that thyreid hormone does net influence the nuclear content
of recepter. Since the thyroid receptor may be lecated on the
chrematin cempenent of nuclei, an implication frem these results
could be that the hormone does not influence the chromatin lecali-
zatien of receptors, If so, free chromatin and nuclear binding
sheuld have roughly similar preperties, The data im Fig. 13 indi-
cate that the binding ef (125I)T3 by rat liver chrematin is similar
te that of nuclei, Thus, there may net be a requirement of nuclee-
plasmic or muclear membrane facters for binding. It is also likely
that the nuclear membrane dees not influence receptor accessibi-
lity by T3. These results suggest that the findings using iselated

muclei imply similar preperties with respect te chrematin.
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Fig. 13. Comparison of (1251)T; bindimng by iselated muclei and chroma-
tin froq euthyreid rats. Nuclei were prepared as described im the
metheds, Chrematin was prepared from the resuspended nuclei from 5 g
of liver by a medificatien ef the techmique of Axel, Cedar and Felsem-
feld (34). Sucrese (2 M) was added te a fimal cencentratiom of 1,75 M.
This mixture was then centrifuged at 22,000 x g for 20 min, The pellet
was resuspglded with a locge-fitting Deunce glass-glass hemegenizer in
20 ml of 0,05 M Tris (pH 7.9) and the mixture was cemtrifuged at

12,000 x g fer 10 min, The pellet was similarily resuspemded amd

then eemtrifuged at 27,000 x g for 15 mim, first im 20 ml of 0,01

M Tris, pH 7.9, and then in 20 ml of 0,005 M Tr#s, pH 7.9, The final
chrematin pellet was similarly resuspended im 0,001 M Tris, pH 7.9
Specific binding ef (125I)T3 te chrematin and nuclei was determimed

as described for nuclei in the metheds except that the reactien did
net contain NaCl, enly ene wash was perfermed after the reactiemn, and
the chrematin was spur at 35,000 x g fer 15 min after the reactioem amd
the wash, The graph shews the mean and standard errer of the meam of
feur ehgomatin imcubatiens and the mean and ramge eof twe muclear imcu-

batiens,






DISCUSSION

In the present studies the nature of the binding reaction of
triiedethyrenine (T3) by putative nuclear receptors has been char-
acterized. The equilibrium dissociatien censtant and quantity ef
recepters frem our data (at 22°) are in excellent agreement with
the value determined by Samuels and Tsai at 37° (5,9). These values
reflect a higher affinity than reperted by Oppenheimer and celleagues
(17) and by Themopeules and celleagues (13) determined at 0°. How-
ever, the latter werkers, using nuclear extracts, did net obtain
a linear Scatchard plet, prebably due te lack ef cerrectien for
nonspecific binding. Since the binding reaction is sensitive te
such experimental conditions as temperature, pH and salt (Figs. 3-5
and 11), it is likely that differences in the apparent affinity
determined in varieus laboratories would be observed.

Our kinetic analyses suppert the indications derived frem
the equilibrium studies, The rate of asseciation is propertional
te the concentrations of T3 and unbound recepter, whereas the rate
of dissociatien is propertional to the cencentratien ¢f beund com-
plex. PMurther, the apparent equilibrium disseciation comnstant,
calculated frem the raties of the rate constants ef 1.5 x 10"10 M,
is in excellent agreement with the value of 1.9 x 10~10 y deter-
mined by the equilibrium data. Themepelous and celleagues (13)
feund first erder kinetics of dissociatien at 0°, and reperted an

association censtant of T4 binding by nuclear extracts; however,
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an analysis of the assoeciation rate data were net presented and it
is net clear how this value was determined. The equilibrium dis-
sociatien censtant they reperted from kinetic data wa; about 3
times smaller than determined by equilibrium data. This censtant
was roughly ten times larger than we report at 22°.

The binding studies suggest that thyreid hormene, like mest
of the ether hormenes, interacts with its recepters without appa-
rent ceeperativity. However, many ligand-pretein interactiens
invelved in regulatien are ceoperative; in fact, it was anticipated
that ceoperativity in regulation might be a quite general characte-
ristic (35). Nevertheless, the thyreid hermene respense ceuld
exhibit ceoperative kinetics at steps distal te the hermone-recepter
interactien.

Our studies also suggest that the nuclear centent of thyreid
hermone recepters is net influenced by physieloegical levels of the
hermene. This finding is in apparent centradistinction te the
findings ef Samuels and celleagues (5) whe feund that thyreid
hermene administered te cultured GH; cells imcreased the quantity
of subsequent cell-free binding. Hewever, these differences may
be ebliterated whem the cell-free nuclei and chromatin appears teo
be identical, it is likely that the hermome acts neither te remeove
recepters frem ner te add them te chrematin. As indicated earlier,
this is an exceptien te a cemmen pattern whereby stimuli bind the
regulatery preteim and influence whether er not it is asseciated
with the geneme (21-23). However, there is at least eme system
where an inducer dees net alter the cencentratiom eof its binding

pretein em the geme. This eccurs in the regulatieon of the arabimese



24

eperem im bacteria where the inducer appérently causes a trans-
locatien ef the regulatery pretein (araC gene preduct) frem eme
site (where it is a represser) to anether (where it acts as a
pesitive element) (21). Of ceurse, mo infoermatiom is available

im this respect regarding thyroid hormone. Hewever, if T5 hermene
does aet through binding te these chrematim "receptors", it is
likely that the hormenal influemnce is on properties other than

whether the receptor is preseant in chrematin.
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