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SUMMARY: Rat liver nuclei were incubated with either thyroid hormone or
angiotensin (AIl) at varying concentrations or with buffer (control) prior to
digestion with micrococcal nuclease. Concentrations of hormones greater than
107'°M were effective in increasing the solubilization of chromatin with
physiological levels (107°M) of AII showing an approximate 2.4 fold increase
over control. Nuclei were also isolated from animals treated in-vivo with
either AII or buffer (control) and chromatin solubility was increased in the
AIT treated nuclei even prior to the addition of exogenous nuclease, pre-
sumably from the action of endogenous nucleases. The data suggest that
hormone-induced increases in solubility are a reflection of structural changes
in chromatin which enhance the accessibility of DNA to endonuclease attack.

INTRODUCTION: The detection of intranuclear hormone receptors has directed
attention to the cell nucleus as a potential site of hormone regulation (1-
4), Of particular interest has been the isolation and characterization of
thyroid hormone (T3) nuclear receptors which are not uniformly distributed in
chromatin fractions of rat liver nuclei but are preferentially excised by

micrococcal nuclease (4). In fact, DNA adjacent to T, receptors is markedly

3
(approximately 14 fold) more sensitive to endonuclease digestion than DNA in
bulk chromatin (4). This finding and other studies utilizing specific nucleic

acid probes have promoted the view that T, receptors are situated in "active'"

3
chromatin (4-6), however, the mechanisms by which thyroid hormone-receptor
complexes exert an effect on specific genes are unknown.

The peptide hormone, angiotensin II (AII), is likewise a candidate for
binding to intranuclear receptor sites. Although binding to external

membrane loci accounts for a large part of AIl's action in the body,

there exists evidence in the literature suggesting that intracellular
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receptors for this hormone may also be impoftant (7, 8). In the present
study we add to the evidence for intranuclear hormone receptors, and in
particular for Angiontensin II receptor sites in chromatin, by reporting a
direct effect on isolated nuclei: an increased solubilization of chromatin
following treatment with hormone (either AII or T3). This effect for AIT was
observed in both in-vivo and in-vitro studies; in the latter, changes in

solubility were best detected following digestion with micrococcal nuclease.

MATERIALS AND METHODS:

Isolation of Nuclei. Nuclei were isolated from rat liver by a modifica-
tion of the procedure described by Jackson et al. (9 ). All operations were
carried out at 4°C. In in-vitro experiments livers were isolated fresh from
male Sprague-Dawley rats (about 200 grams) and homogenized in 3 volumes of
homogenization buffer (0.25 M sucrose, 50 mM Tris, 3. mM KC1, 5 mM MgClz,

0.2 mM CaClz, 0.1%Triton X-100, 1 mM PMSF, pH 7.4 w/v with a Willem's

Polytron Hofogenizer at medium speed for 30 sec to speed the filtering process.
The homogenate was first filtered through one layer of pre-washed cheesecloth
then finally through three more layers. The homogenate was then centrifuged
at 700xg for 5 min to obtain a crude nuclear pellet. The pellet was washed
twice by resuspending in the above solution and centrifuging. Further purifi-
cation was obtained by resuspending in this solution, but containing a 2 M
sucrose, and pelleting into a layer of buffered 2.3 M sucrose (without the
Triton X-100) by centrifuging at 75,000xg for 1 hr.

The purified nuclear pellet was washed by suspending in one volume of
nuclei wash buffer (10 mM Tris, 0.25 M NaCl, 50 mM NaHSO,, 1 mM PMSF, pH 7.5)
w/v, polytroning at slow speed for 15 sec, and centrifuging at 700 xg for
5 min. The pellet was then rewashed in the same solution.

Hormone Incubation and Nuclease Digestion. Washed nuclear pellet was
suspended in hormone incubation buffer (150 mM NaCl, 10 mM Tris, 5 mM DIT,
1 mM PMSF, pH 7.8) to the desired concentration and hormone was added from a
stock solution (0.1 mM AII or T3, 10 mM Tris, 1 mM MgClz, pH 7.5) to the
desired concentration. Hormone incubation was carried out at either 4°C for
nine to sixteen hours or room temperature for 15 to 30 min. After incubation
with hormone the nuclear suspension was centrifuged at 700xg for 5 min and the
supernate discarded.

The hormone treated pellet was suspended to the desired concentration in
digestion buffer (0.25 M sucrose, 15 mM Tris, 15 mM NaCl, 60 mM KCl1l, 10 mM
MgCl,, 1 mM CaCl,, 1 mM PMSF, pH 8.0 adjusted with solid cacodylic acid) by
poly%roning at 16w speed for 15 sec. The nuclear suspension was treated with
micrococcal nuclease (Sigma Chemical Co., St. Louis, MO, 0.059 units of
activity per unit of absorbance at 260 nm) as indicated in results but usually
for either 30 min at 30° C or for approximately 16 hours at 4°C and was
centrifuged again at 700xg for 5 min prior to removal of supernatant.
Aliquots of the supernatant were diluted with 8 M urea, 17 SDS, 0.05 M Tris
pH 8.0 and assayed for DNA by optical density at 260 nanometers. The pellet
was also solubilized in this 8 M urea solution and assayed for DNA.

In-Vivo Experiments. For in-vivo experiments rats were injected in tail
vein 30 min before sacrifice with either 0.2 ml of 0.1 mM AII in a 1 mM MgClZ,
10 mM Tris, pH 7.5 buffer or with buffer (1 mM MgClz) containing no hormone
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(control). The nuclei were washed after isolation as before, but were then
suspended directly in digestion buffer and treated as described above.

Chromatin Solubility Determination. The pellet (P) from the above isola-
tion was dissolved, in urea and the 260 nm absorbance measured along with
corresponding supernatant(S) using 8 M urea solution as a blank. Chromatin
solubility was estimated from the ratio: supernatant A /(supernatant A +
pellet A, ) x 100 or S/,. _.x 100 260 260

260 (S+P) :

Unless specified, EDTA was omitted throughout the nuclei isolation and

digestion procedures; digestion was terminated by transferring to an ice bath.

RESULTS:

In-vitro Studies

Nuclei were incubated with hormone at varying concentrations (hormone
treated) or in buffer (150 mM NaCl, 10 mM Tris, 5 mM DDT, 1 mM PMSF, pH 7.8)
without hormone (control)prior to‘digestion with micrococcal nuclease. The
extent of digestion (% solubility) was linear over 24 hrs following a 19 hr
incubation at 4°C for control (data not shown). After 4 hrs of nuclease
digestion, there was a progressive increase in solubility with hormone-treated
nuclei at T3 concentrations greater than lO—lOM. There was essentially
no change in solubility when T3 incubation concentration were less than 10_10M,
indicating a dose-related effect on solubility (Figure 1).

When nuclei were treated with angiotensin IT, increased solubilization of
chromatin was again detected (Table 1) and the effect could be demonstrated

under various hormone concentration and incubation conditions. The competitive

angiotensin IT inhibitor, saralasin, and teprotide, a nonapeptide converting
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Figure 1. Dose response curve of DNA liberated by micrococcal nuclease digestion
after treatment of nuclei (48 A26O/ml) with (molar concentrations) T3.
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Table 1
In Vitro Effects of Hormone on Solubility

Hormone or

Buffer
Incubation % d Hormone or/Buffer
Conditions Solubility (n) Inhibitor / Control
WITHOUT EDTA
107% arr® . 22.9 + 2.0 (4) 1.3 (p <0.02)
Buffer Control 17.3 £ 3.3 (3)
10y a11® 6.3 £ 0.7 (8) 2.4 (p <0.001)
Buffer Control 2.6 £ 0.6 (6)
10°M saralasin® 3.2 £ 0.9 (4) 1.2 (NS)
107 Terpotide” 3.5 % 1.3 (4) 1.3 (s)
WITH EDTA
10"%u art® 5.6 + 0.8 (8) 1.1 (NS)
Buffer Control 5.1 £ 0.7 (5
WITHOUT MICROCOCCAL NUCLEASE
1077 a1t . 0.9 + 0.4 (10) 1.1 (NS)
Buffer Control 0.8 £ 0.2 (4)

3Nuclei (39 A2 0/ml) were incubated in 10—6M AI1 or buffer (control) for 21 hrs
at 4°C prior go digestion at 20°C for 6 hrs.

bNuclei (less than 15 A26Q/m1) were incubated in 10_9M hormone for 15 min at 30°C
prior to digestion at 30°C for 30 min. In all cases the ratio of micrococcal

nuclease to nuclear DNA was constant (0.059 units/A260).

“Nuclei (less than 15 A260/ml) were incubated with hormone for 15 min at 30°C
prior to incubation at 30°C for 30 min, but without enzyme and without EDTA.

dMean values * sample standard deviation. (n) = Number of assays;
NS = No significant difference between control and hormone-treated.

enzyme inhibitor structurally unrelated to angiotensin, are shown to be
ineffective (under the conditions tested), in increasing the solubilization of
chromatin whereas, physiological levels of AII (10_9M) showed an approximate
2.4-fold increase over control. This increased solﬁbility by AII treatment,

however, was not detected when micrococcal nuclease reactions were stopped by
the addition of EDTA. Apparently, the chelation of divalent metals by EDTA
increases the solubilization of chromatin for both.control and hormone-treated

nuclei to the extent that the effect of hormone pretreatment is masked.

In vivo Studies

Nuclei isolated from animals previously injected with hormone or buffer
(see Methods) were suspended in digestion buffer, and digested with micrococcal
nuclease for indicated times (Figure 2A) and DNA concentrations (Figure 2B).

The extend of digestion for control was essentially a constant at DNA concen-
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Figure 2. In-Vivo effects of A II on solubility. A. Nuclei (6.74 A 6 /ml)
were digested at 30° with micrococcal nuclease for indica%eg times.
B. Nuclei (concentrations as indicated) were digested for 30 min
at 30°c.

trations less than 1 mg/ml (or 20 A260/ml) as shown in Figure 2B. Nuclei ob-
tained from AIIl-treated animals reflected increased solubility over control
after 30 min digestion at 300C; this effect of AII can best be visualized in
the time-course curve plotted in Figure 2A, where the difference in solubility
appears to remain constant throughout the course of the digestion. Differences
between AII and control could be detected at a zero time point (no digestion)
where solubility was found to be 5.01% for AITI and 2.94% for control. The ex—
tent of digestion appeared to be linear up to 72 min; a linear regression

analysis of these data (Figure 2A) showed the following:

Correlation

Intercept Slope Coefficient
Control 2.54 0.1444 0.9779
AII 5.43 0.1327 0.9878

Thus, after the initial digestion, the solubilization of chromatin in each case

appeared to proceed in parallel as evidenced by the two almost identical slopes.
The calculated intercepts reflected approximately the same difference between

AlI-treated and control, corresponding with the measured zero time point values.

DISCUSSION: Results of the present study provide further evidence that hormone-
nuclear interactions increase the solubilization of chromatin and raise the
possibility that these hormone dependent effects are brought about, at least

in part, by changes in chromatin structure. Other investigators have reported
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similar effects with the peptide hormone, TSH (6, 10). It is noteworthy that
alterations due to TSH were clearly observed only when nuclease digestion was
limited and the effects were most pronounced during the first minute of diges—
tion (10). This is in agreement with results reported in the current study
with AII, where changes in solubility were most apparent under conditions
favoring limited digestion: at DNA concentrations less than 1 mg/ml and at
less than 6% solubilization. After initial digestions, release of

solubilized chromatin into the supernatants from in-vivo AlI-treated and

control nuclei appeared to proceed in parallel, as was the case with TSH-treated
tissue slices (6, 10). Recently it has been demonstrated that early solubilized
chromatin fragments following micrococcal nuclease treatment are enriched in
actively transcribed sequences (5). Thus, our studies demonstrating a hormone
effect on solubility early digestion points, suggest a hormonal effect on

transcriptions.

Hormone mediated changes in solubility can easily be masked. In our
experiments, the addition of a chelation agent seemed to abolish the effect
which could be demonstrated over a rather wide range of conditions without EDTA.
It should be pointed out that TSH pretreatment of tissue slices was effective
in increasing solubility even when EDTA (7.5 mM) was added to terminate nuclease
digestion (10).

We have previously characterized a chelation sensitive nucleoprotein
particle (Bz) which is not readily detected in nuclease solubilized chromatin
when chelation agents are used (11, 12). Chromatographic and compositional

properties of this B, particle are compatible with an internucleosomal species

2
of linker DNA; the particle's sensitivity to chelation is one of its most
unique properties (11, 12). Preliminary and unpublished results in our lab-
oratory have indicated that AII binds with a fraction of chromatin that is

either associated with or perhaps adjacent to this chelation sensitive B2

particle which we believe to be linker DNA.

Likewise, T, receptors are found in a fraction of chromatin having some

3

of the characteristics of active chromatin. Since micrococcal nuclease is

cffective in excising over 90% of T, receptors (4), it is reasonable to

3
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postulate that T, receptors are associated with expressed regions of chroma-

3
tin. Thus, if these hormone receptor sites are located in the vicinity of a
chelation sensitive region of chromatin, they could be easily altered and as

a result, the subtle effect of hormone chromatin binding would be either masked
or abolished.

Hormone binding to active regions of native chromatin appears to bring
about a conformational change which enhances the accessibility of DNA to RNA
polymerase thereby increasing RNA initiation sites. Such a structural altera-
tion can -be inferred from an analysis of the solubilization of chromatin
following digestion with micrococcal nuclease. The observation that treat-
ment of rats with albeit large concentrations of angiotensin II increases
chromatin solubility gives additional support to our in-vitro observations. The
finding that chromatin solubility is enhanced even prior to the addition of
exogenous nuclease, implies that endogenous nuclease serves to detect hormone-
induced structural changes in chromatin.

The present study suggests that the peptide horone, angiotensin II, either
following internalization or generation within the cytoplasmic compartment, can
act directly on the nucleus. As such,it lends support to the concept that
peptide hormones or fragments generated from them may produce physiologic

effects following internalization.
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