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The physicochemical parameters viz., molecular weight, stokes radius and ionic state of hepatic glucocorticoid recep-
tors from pre-(10-day) and post-(60-day) weaned mice were studied. Gel permeation studies of the crude receptors showed a
molecular mass of ~290 kDa for the unactivated receptors from both the age groups while the thermally activated receptors
showed a molecular mass of ~90 kDa. The stokes radii were ~5.8 and 3.6 for the unactivated and activated receptors, re-
spectively from both the age groups studied. Elution of the bound glucocorticoid receptors from anion-exchanger did not
reveal any charge difference in the two age groups; the unactivated receptors eluted at ~250 mM KCI whereas the activated
receptors eluted at ~100 mM KCI. Salt extraction of thermally activated nuclear bound receptors and immunological studies
on the unactivated receptors revealed no age-related variation in the two groups of mice. Our findings confirm that the
physicochemical properties of hepatic glucocorticoid receptors remain unchanged at these developmental stages of mice.

Glucocorticoids have an active role in metabolic pro-
cesses, especially those occurring during the devel-
opmental period of higher organisms'. At cellular
level, most known effects of glucocorticoids are me-
diated by a ~94 kDa intracellular protein, the gluco-
corticoid receptor (GR). GR belongs to a phyloge-
netically conserved superfamily of nuclear hormone
receptors that include other steroid receptors, thyroid
hormone receptors, oncogene products and the re-
cently discovered orphan receptors, whose ligand
requirement has not yet been identified>” This family
constitutes the largest known group of eukaryotic
transcription factors of which glucocorticoid receptor
-is the first one to be isolated and studied in detail.
The unliganded GR resides in the cytoplasm, where it
exists as a large multiprotein complex*’. Upon hor-
mone binding, a conformational change occurs lead-
ing to the dissociation of all the receptor associated
protein molecules. The hormone-bound receptor then
translocates to the nucleus, where binding of the re-
ceptors directly to specific response element(s) or to
other proteins, e.g., components of AP-1 signaling
pathway, lead to modulation of target gene activity®’.

The myriad effects of glucocorticoid depend pri-
marily on the intracellular level of receptors®® and
also on the steps following hormone binding to re-
ceptors (post-receptor events)'®'". Moreover, the on-
togeny of the glucocorticoid receptors has been cor-
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related to the appearance of glucocorticoid respon-
siveness in target tissues during development'*'*. The
physicochemical characteristics of the receptor, as
development proceeds, is important as any alteration
might have a profound influence on the glucocorti-
coid-mediated signal transduction cascade at each
stage of development.

There has been reports, albeit to a limited extent,
on the physicochemical properties of glucocorticoid
receptors during post-natal development of mice. Ka-
limi and Gupta'® have reported changes in the chro-
matographic profile of rat hepatic glucocorticoid re-
ceptors during early stages of development. The same
group, however, reported'® no change in the physico-
chemical properties between adult (2-6 months) and
old (20-24 months) hepatic receptors from Sprague-
Dawley rats. In the present study, we have character-
ized some of the physicochemical properties of the
hepatic glucocorticoid receptors from pre- (10-day)
and post- (60-day) weaned mice, to gain insight into
the developmentally related changes in glucocorticoid
responsiveness in target tissues.

Materials and Methods
Materials

Male Swiss albino mice (Balb/c strain) were used.
They were housed under normal colony conditions at
24+2°C with a 12 hr light/ dark cycle. Pelleted mice
feed (Amrut Laboratories, Pune) and tap water were
made available ad  libitum. [12,4,6,7-H]-
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Dexamethasone (specific activity- 90 Ci/ mmol), a
synthetic glucocorticoid, used for the receptor analy-
ses was from Amersham, England. Molecular weight
markers, gel permeation media and protein A-
Sepharose were obtained from Sigma Chemical Co.,
USA; anion exchanger (DE-52) was from Whatman.
All other chemicals used, were of highest analytical
grade.

Buffers of the following composition were pre-
pared in glass double distilled water, the pH adjusted
at room temperature and stored at 4°C until use.

(A): (1), 100 mM potassium phosphate (pH 7.5)/1
mM EDTA/1 mM B-mercaptoethanol; (ii), 100 mM
potassium phosphate (pH 7.5)/1 mM EDTA/1 mM B-
mercaptoethanol/20 mM sodium molybdate

(B): (1), 0.25 M sucrose/10 mM Tris-HCI (pH 7.6);
(i1), 0.25 M sucrose/10 mM Tris-HCI (pH 7.6)/0.5%
(v/v) Triton X-100.

(C): 10 mM potassium phosphate (pH 7.5)/1 mM
B-mercaptoethanol/5 mM sodium molybdate.

(D): 0.25 M sucrose/10 mM Tris-HCI (pH 7.5)/1
mM EDTA/10 mM sodium molybdate/10% (v/v)
glycerol/1 mM DTT/10 mM NaCl.

Tissue preparation
Male mice of two age groups [pre-(10-day) and
post-(60-day) weaned] were killed by cervical dislo-
cation at a fixed time of the day (11:00 hr) and the
livers were quickly excised, freed of fat and connec-
tive tissues, washed twice in ice-cold saline (0.9%
NaCl in distilled water) and minced. A 20% (w/v)
homogenate of the pooled tissues, of each age group
was prepared in buffer A (i), using a motor driven
teflon-coated pestle and a glass homogenizer. The
homogenates were then subjected to centrifugation at
2,000 x g for 10 min at 2°C and the nuclei together
with other cellular debris were processed to obtain
purified nuclei. The supernatants were further centri-
fuged at 27,500 x g for 60 min at 2°C. The fatty layer
on the surface was aspirated using a pasteur pipette
and the clear cytosol thus obtained was used for re-
ceptor characterization. All the gel filtration and ion-
exchange procedures were carried out at 2-4°C, un-
less otherwise mentioned.

Gel filtration analyses of the unactivated and ther-
mally activated receptors

To the clear, fat free cytosol, prepared in buffer A
(1), was added [3 H]dexamethasone to a final concen-
tration of 40 nM. The contents were mixed by gentle

vortexing and incubated on ice for 4 hr . At the end of
that period, half the volume of chilled DCC [4% acti-
vated charcoal plus 0.4% dextran T-70, prepared in
the buffer A (i)] was added and mixed thoroughly by
vortexing. After 10 min, the charcoal was pelleted
and the supernatants pipetted into ice-cold test tubes.
Aliquots of the cytosol, containing, [*H]dexame-
thasone-receptor complexes were incubated for 45
min, either at 2°C to maintain unactivated receptor
complexes or at 25°C to give activated receptor com-
plexes'”.

The unactivated complexes, from both the age
groups were analysed on a Sephadex G-200 column
(1.8 x 45 cm) whereas the activated receptors were
analysed on a Sephadex G-100 column (1.8 x 42 cm).
Aliquots (2 ml) containing approximately the same
radioactivity were loaded onto the column and eluted
at a flow rate of 12 ml/hr . Buffer A (ii) was used to
elute the Sephadex G-200 column while the same
buffer containing 300 mM KCl was used for
Sephadex G-100 column. Fractions (2 ml) were col-
lected and 100 pl aliquots from each fraction trans-
ferred to scintillation vials, 4 ml cocktail-W added
and the radioactivity counted for each fraction.
Marker proteins of known molecular weight and
stokes radius were used to calibrate the respective
columns.

The elution volume of [*H]dexamethasone pro-
vided the total gel volume (V;) and that of blue dex-
tran, the void volume (V,). The distribution coeffi-
cient (Ky) and the available distribution coefficient
(Ka) of the marker proteins and the unactivated re-
ceptors were calculated using the following equa-
tions:

Ks=(Ve-Vo)/ ( Vi)
Ka=(Ve-Vo) (Vi-V,)

where, Vi=V,-V,; V., elution volume of the marker
proteins and the sample and Vi=nr’l; r is radius of the
column and 1, length of the gel bed. The apparent
molecular weights and the stokes radii of unactivated
receptors, from both the ages were calculated ac-
cording to the theoretical calculations of Andrews'®
and Laurent and Killander"’.

lon-exchange analysis of unactivated and activated
glucocorticoid receptors

To determine the difference in the net charge con-
tent of unactivated and thermally-activated glucocor-
ticoid receptors in the two age groups, anion ex-
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change chromatography on DEAE-cellulose (DE-52)
was done according to the procedure of Grandics et
al®. A glass syringe of 5 ml capacity, containing a
thin film of dextran coated charcoal (~2 mm) was
used as the column. The washed resin was then gently
poured over the charcoal layer and allowed to settle
under pressure to give a gel-bed height of 3 cm.
['H]Dexamethasone-receptor complexes from the
liver were prepared in buffer C and 2 ml of it was
loaded onto the column. Upon sample application, the
column was washed with 30 ml of buffer to remove
all the unbound proteins. The bound receptors were
subsequently eluted with a 50 ml linear gradient of
KCI (0-400 mM) in buffer C. Fractions (1 ml) were
collected and the radioactivity in 100 pl from each
fraction was counted. From the elution plot, concen-
tration of salt at which the unactivated receptor peak
eluted was determined. A similar set of experiments
provided the data for the thermally activated recep-
tors, except that the receptor complexes were pre-
pared and eluted in buffer C without molybdate.

Salt extraction of the nuclear bound hormone-
receptor complexes

Pooled livers from the two age groups of mice
were homogenized (20% w/v) in buffer B (i) and
centrifuged at 2,000 x g for 10 min. The nuclear pel-
lets thus obtained were further processed. To the pel-
lets was added 1 ml of chilled buffer B (ii) and the
contents gently homogenized and centrifuged at 2,000
x g for 10 min. The supernatants were discarded and
the pellets washed thrice in buffer B (i) followed by
centrifugation. The final pellets were suspended in
the same buffer to give a homogeneous slurry, ali-
quots of which containing 200-250 ng DNA were
pipetted to Eppendorf tubes and 1 ml of buffer B (i)
added to each tube. The tubes were centrifuged at
2,000 x g for 10 min to give the nuclear pellets, the
supernatants being discarded. Aliquots of the acti-
vated hormone-receptor complexes containing ap-
proximately 30,000 cpm were added in duplicate and
the nuclear pellets suspended .by gentle vortexing.
The nuclear binding was allowed to occur for 1 hr at
2°C with regular mixing of the contents to ensure
proper interaction. The amount of nuclear DNA was
determined according to the method of Burton?"%,

Extraction of the hepatic nuclear bound hormone-
receptor complexes was done using different concen-
trations of sodium chloride. The extracting solution
(100 pl) contained 0-0.5 M NaCl, added froma 1 M

stock solution prepared in buffer B (i). The extraction
was allowed to occur for 45 min at 2°C, with vortex-
ing at regular intervals of time. The reaction was
stopped by addition of 1 ml of buffer B (i) and the
extracted receptor complexes were removed by
washing the pellets, thrice with the same buffer. The
control tubes received buffer only and were processed
similar to the test samples. Bound radioactivity in the
nuclear pellets was then determined.

Immunological studies

Immunological studies were performed with the
unactivated glucocorticoid receptors from the liver of
10- and 60-day old mice. The polyclonal antibody
was from a synthetic amino acid sequence
(SVFSNGYSSPGMRPDVS) corresponding to amino
acids 407-423 of the rat glucocorticoid receptor”.
The unactivated receptors from both the ages were
prepared in buffer D, as mentioned above and 200 pl
aliquots of cytosols, containing the [*H]dexametha-
sone-receptor complexes were incubated with 5 pl of
either pre-immunized or immunized serum. The incu-
bation was carried out for 18 hr at 2°C. At the end of
this period, 50 pl of protein A-Sepharose (25%
slurry) was added to each tube and the contents were
mixed thoroughly by gentle vortexing. After an incu-
bation period of 1 hr at 2°C, the Sepharose was pel-
leted by centrifugation at 2,000 x g for 10 min. The
Sepharose pellets were further washed thrice with
ice-cold buffer and the final pellets obtained were
suspended in 4 ml of cocktail-W and the bound radio-
activity measured.

Results

The results obtained are plotted either as line or
bar diagrams, each point representing the mean value
+ standard deviation. The results are also presented in
tabular form to summarize the data obtained from a
series of experiments. All the data generated were
statistically analysed and the level of significance (p-
value) between two sets of data was calculated ac-
cording to paired student's t-test.

Gel filtration characteristics

Fig. 1A depicts the elution profile of the unacti-
vated [‘H]dexamethasone-receptor complexes ana-
lysed on a Sephadex G-200 column. The receptors
from both the age groups (10- and 60-day) eluted as a
single peak at the same elution volume between the
standard molecular weight markers, ferritin and B-
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amylase. The data were plotted and from the linear
regression curves obtained, the molecular mass and
the stokes radii (R) were calculated. The plot of log
M vs V./V, showed molecular mass of 285 kDa and
283 kDa for the hepatic glucocorticoid receptors from
10- and 60-day old mice, respectively (Fig. 2A). The
stokes radii (R;), calculated from a plot of (-log K"
vs R, were found to be 5.81 and 5.76 nm for the un-
activated glucocorticoid receptors of 10- and 60-day,
respectively (Fig. 3A). The thermally activated
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Fig. 1—Gel permeation column chromatography of hepatic unac-
tivated, (A) and activated, (B) glucocorticoid receptors from pre-
(10-day) and post-(60-day) weaned mice. [The standard protein
markers used were: F, ferritin (443 kDa); A, P-amylase (200
kDa); Al, aldolase (156 kDa); B, bovine serum albumin (67 kDa);
O, ovalbumin (45 kDa) and C, cytochrome c¢-(12.5 kDa). V, and
V,, the elution volume of blue dextran and [*H]dexamethasone,
respectively. (-0-), 10-day pre-weaned; (-e-), 60-day post-
weaned. Each point in the elution profile represents the mean
value of three independent experiments conducted from pooled
tissues of 3-4 mice of each age group].

[*H]dexamethasone-receptor complexes were ana-
lysed on a Sephadex G-100 gel column. The elution
profile of the activated receptors showed that the re-
ceptors from both the age groups eluted between the
markers, alcohol dehydrogenase and bovine serum
albumin as a single peak and at the same elution vol-
ume (Fig. 1B). A small peak of radioactivity, which
eluted in the void volume is probably due to the frac-
tion of receptors remaining in the unactivated state.
From the plot of log M vs V./ V,, the molecular mass
were calculated to be 92 kDa (10-day) and 88 kDa
(60-day) (Fig. 2B). The stokes radii, calculated from
the plot of (-log Ka,)'"? vs R, gave the values of 3.55
nm (10-day) and 3.52 nm (60-day) (Fig. 3B).
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Fig. 2—Plot of log M vs V./V, for the determination of molecular
mass of unactivated, (A) and thermally'activated, (B) glucocorti-
coid receptors. [The data obtained from respective gel chromatog-
raphy were plotted to give a linear-regressed curve. GR,o and
GRg represent the positions of glucocorticoid receptors from 10-
and 60-day old mice, respectively. Each point in the curve repre-
sents the mean value of three separate experiments. (M), depicts
the respective positions of standard protein markers as used in
Fig. 1(A) and (B)].
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Ion-exchange characteristics

To study the charge difference, if any, in the unac-
tivated as well as activated [*H]dexamethasone-
receptor complexes from the liver of 10- and 60-day
old mice, ion-exchange characteristics were com-
pared. The elution profile of the unactivated receptors
did not reveal any age-related differences in the con-
centration of salt required to elute the receptors of the
two age groups (Fig. 4A). The hormone bound unac-
tivated receptors from both the age groups eluted as a
single peak at ~240 mM of KCI. Upon thermal acti-
vation, the elution of receptors from DE-52 revealed
two radioactivity associated peaks, one eluting at
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~100 mM KCl and the other at ~240 mM of KCI (Fig.
4B). The peak which eluted at ~100 mM KCl repre-
sents the fraction of glucocorticoid receptors that
have undergone thermal activation, while the peak at
higher salt concentration (~240 mM) is contributed by
the fraction of receptors that remained unactivated.
However, data did not reveal any differences in these
parameters at the two ages of mice. The data are also
presented in Tablel.

Salt extraction characteristics

Salt-dependent release of thermally activated, nu-
clear bound [*H]dexamethasone-receptor complexes
from hepatic nuclei also showed no age-associated
variations as depicted in Fig. 5. The per cent extrac-
tion of the complexes from both the age groups were
similar at various concentrations of sodium chloride
used. As compared to the control, 50% extraction of
the bound receptors occurred at ~0.11 M NaCl.
Moreover, almost 65% extraction of the bound com-
plexes, from both the age groups occurred at 0.2 M
NaCl and thereafter the degree of extraction was low-
ered so much so that ~70-80% extraction was possi-
ble only at a very high salt concentration of 0.5 M
NaCl.

Immunological studies

Differences, if any, in the immunological confor-
mants of the glucocorticoid receptors during post-
natal development of mice were examined. The anti-
body against rat glucocorticoid receptor was able to
recognize the mice glucocorticoid receptor. The ex-
tent of unactivated [*H]dexamethasone-receptor com-
plexes immunoadsorbed by protein A-Sepharose re-
mained almost similar in the liver of 10- and 60-day
old mice (Fig. 6).
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Fig. 3—Plot of (—]ogl(,,,)”2 vs stokes radius for the determination
of stokes radii of unactivated, (A) and activated, (B) glucocorti-
coid receptors. [The plots were obtained from data generated from
gel filtration chromatography. The protein markers, (W) of known
stokes radius were ferritin (7.0 nm), aldolase (4.5 nm), bovine
serum albumin (3.55 nm), ovalbumin (3.05 nm) and cytochrome ¢

" (1.64 nm). The positions of the receptors from two age groups are
indicated as GR, and GRgy, for 10- and 60-day old mice, respec-
tively. The values are mean of three experiments}].

Table 1—Physicochemical properties of hepatic glucocorticoid
receptor from pre-(10-day) and post-(60-day) weaned mice

Parameters 10-day 60-day
Unactivated receptor

Molecular mass (kDa) 293 x17 286 20
Stokes radius (nm) 5.85+0.04 5.84+0.09
Elution from DE-52 by KCI (mM) 2455 2524
Activated receptor

Molecular mass (kDa) 902 881
Stokes radius (nm) 3.61+£004 3.58+0.1
Elution from DE-52 by KCI (mM) 100+ 6 1127
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Fig. 4—Elution profile of the hepatic glucocorticoid receptors from anion-exchanger DE-52. [Unactivated and thermally activated
[JH]dexamethasone-receptors (500 pl) were loaded onto the column and eluted with a linear gradient of 0-400 mM KCI (---). The elution
profile of the unactivated receptors is depicted in (A) while that of the activated receptors in (B). (-0-), 10 day pre-weaned; (-e-), 60-day
post-weaned. Each point in the two profiles represents the mean value of three independent experiments].

“Discussion

Glucocorticoids, acting through their specific in-
tracellular receptors, influence a number of physio-
logically important processes viz., suppression of
immunologic and inflammatory responses, general
protein and amino acid metabolism and most impor-
tantly they act as a stress-hormone, in response to
stressful conditions®*?. Glucocorticoid receptors be-
long to a highly conserved family of nuclear hormone
receptors that include receptors for other steroid hor-
mones, thyroid hormones, retinoic acid, oncogene
products and orphan receptors®. Changes in adaptive
response to hormonal stimuli are characteristic of de-
veloping animals”. There are many reports on the
age-regulated alterations in the mechanism of gluco-
corticoid action that is reflected among others, by a

decreased ability with age, to induce many hepatic
enzymes and by a potential association of many
pathophysiological states with tissue-/age-specific
and/or acquired glucocorticoid resistance or hyper-
sensitivity®”. This decreased responsiveness may
either be due to a decline in the receptor concentra-
tion or changes in the events following hormone
binding to receptors (post-receptor events). Moreover,
the internal milieu of a cell is likely to undergo
changes, with development that may affect the physi-
cal and functional attributes of the glucocorticoid-
mediated signal transduction processes.

Earlier studies from this laboratory have reported
changes in the glucocorticoid receptor level, with
post-natal development in the liver and kidney of

mice®*. Also, the nuclear binding of thermally acti-
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Fig. 5—Extraction of the nuclear bound [3H]dexamethasone-
receptor complexes by salt. [Thermally activated, hepatic nuclear
bound receptor complexes were extracted using increasing con-
centrations of NaCl for 45 min at 2°C. Curve I, 10-day pre-
weaned; curve 2, 60-day post-weaned. The values are mean *
standard deviation of three independent experiments].
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Fig. 6—Immuno adsorption of glucocorticoid receptors by protein
A-Sepharose. Hepatic unactivated [*H]dexamethasone-receptor
complexes (200 ul) were incubated with 5 ul of either preimmu-
nised or immunized serum for 18 hr at 2°C, followed by addition
of 50 pl of protein A-Sepharose. After 1 hr, the Sepharose was
pelleted, washed thrice, suspended in cocktail and the bound ra-
dioactivity measured. The results are mean + standard deviation of
three independent experiments].

vated receptors, from the same-tissues, showed a dif-
ference at these two ages (10- and 6O—day)29‘3°. The
difference was attributed primarily to the changes in
the chromatin organization that allow greater binding
of the activated receptors at early post-natal ages of
mice. Our present study aimed at understanding
changes, if any, in the physicochemical parameters of
the hepatic glucocorticoid receptor at two ages (pre-
and post-weaned) during post-natal development of
mice. Gel permeation analyses indicate that the he-
patic glucocorticoid receptors eluted as a single peak
from both the ages of mice. The molecular mass and
stokes radii of the unactivated and thermally activated
glucocorticoid receptors are in general agreement
with the values reported earlier for the crude as well
as purified receptors from the liver and other tissues
of rats'®%,

Our findings also indicate no charge differences in
the unactivated as well as thermally activated gluco-
corticoid receptors, from the two post-natal ages of
mice. as evident from the elution pattern from anion-
exchanger. Moreover, the concentrations of salt re-
quired to elute the unactivated as well as activated
receptors are similar to that reported by other workers
for the rat liver glucocorticoid receptors’ . Our ear-
lier work did reveal a difference in the degree of acti-
vated receptor binding to nuclear DNA at these two
ages, that was shown to be due to developmentally
related changes in the chromatin organization to a
higher ordered structure®. To check if there was
any alteration in the binding affinity of the receptors
to chromatin, primarily through ionic interactions,
salt extraction of the bound receptor complexes from
hepatic nuclei was done. Data did not reveal any age-
related differences in the percentage of extraction at
various salt concentrations used. About 70-80% ex-
traction could be achieved even at a high salt concen-
tration of 0.5 M NaCl from both the age groups. This
suggests that a small percentage of the activated re-
ceptors is involved in high affinity (specific) binding
whereas, a major fraction is involved in low affinity
(non-specific) interaction with nuclear chromatin.
Non-specific DNA-binding facilitates the interaction
of trans-acting factors to specific sequences and this
probably acts as a buffer to prevent saturation of a
small number of high affinity sites, thereby prevent-
ing full induction or repression of cognate genes over
a narrow concentration o£ hormone™**.

The high affinity of the anti-rat GR antibody to the
mice glucocorticoid receptor, reflects a high degree of
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structural homology as far as the immunologic do-
main is concerned. Furthermore, the immunoprecipi-
tation and adsorption studies showed no variation in
the immunological conformant of the glucocorticoid
receptor during pre- and post-weaned post-natal age
of mice. Taken together, these findings reveal no
change, per se , in the physical and chemical proper-
ties of the hepatic glucocorticoid receptor during pre-
and post-weaned stages studied.
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