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ABSTRACT: Potential charge heterogeéneity within the glucocorticoid binding protein (GBP) of the gluco-
corticoid receptor was examined by a combination of affinity labeling, immunopurification, and high-resolution
two-dimensional (2D) gel electrophoresis. One-dimensional sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE) of [*H]dexamethasone 21-mesylate ([*H]DM) labeled cytosol identified a
major, competable, component of M, ~92000 (92K). This component was recognized by anti-human
glucocorticoid receptor antibodies but not by nonimmune serum, indicating that the 92K component was
the reduced denatured GBP. Examination of [*’H]DM-labeled GBP by conventional 2D electrophoresis
utilizing equilibrium isoelectric focusing in the first dimension failed to resolve the 92K GBP into discrete
isoelectric components. This behavior was not representative of other, nonspecifically [*H]DM-labeled proteins
or proteins in general. Nonequilibrium pH gradient electrophoresis (NEPHGE) was therefore employed
to achieve separation in the first dimension. Immunopurified, [*H]DM-labeled GBP subjected to NEPHGE
reached isoelectric equilibrium after 6 h of electrophoresis at 400 V. A single, broad peak of radioactivity
was identified at pH ~6.3. Second-dimension analysis of the NEPHGE-separated GBP by SDS-PAGE
resolved this peak into two discrete, 92K, isoforms of apparent pI = 5.7 and 6.0-6.5. The GBP charge
heterogeneity was confirmed by NEPHGE 2D analysis of [*H]DM-labeled GBP prepared directly from
crude cytosol. Two isoforms indistinguishable from those observed in immunopurified samples were identified.
An additional, more acidic, isoform (apparent pI =~ 5.2) was also identified. Thus, there are at least two,
and perhaps three, isoforms of the GBP. These data therefore suggest that there is significant charge
heterogeneity in the GBP of the glucocorticoid receptor.

Glucocortiooid steroid hormone receptors can exist in at least
four biochemically relevant forms. These include the active
and inactive steroid binding forms of the unoccupied receptor
(Sando et al., 1977) and the unactivated and activated forms
of the glucocorticoid receptor (GR)! complex (Munck et al.,
1972; Baxter et al., 1972). Activation of the GR complex has
been defined in intact cells as the temperature-dependent
conversion of cytoplasmic GR complexes to a form capable
of nuclear translocation (Baxter et al., 1972). In vitro, ac-
tivation of GR complexes results in their increased affinity for
nuclei and DNA (Baxter et al., 1972; Milgrom et al., 1973;
Kalimi et al., 1975; LeFevre et al., 1979) and their altered
chromatographic behavior on DEAE-Sephadex, DEAE-cel-
lulose, and phosphocellulose (Parchman & Litwack, 1977;

tThis work was supported by Research Grant CA 32226 from the
National Cancer Institute to J.M.H.

Sakaue & Thompson, 1977). This altered chromatographic
behavior has been used to demonstrate that in intact cells
activation precedes nuclear translocation of GR complexes
(Munck & Foley, 1979; Markovi¢ & Litwack, 1980). In
addition, we have shown that mutants defective in activation
of GR complexes are completely resistant to the biological
activity of glucocorticoids (Schmidt et al., 1980; Harmon et

! Abbreviations: B-ME, S-mercaptoethanol; DM, dexamethasone
21-mesylate; EDTA, ethylenediaminetetraacetic acid; HEPES, 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid; NEPHGE, nonequilib-
rium pH gradient electrophoresis; NP-40, Nonidet P-40; GBP, gluco-
corticoid binding protein; SDS-PAGE, sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis; GR, glucocorticoid receptor. The trival
names for the steroids used are triamcinolone acetonide for 9-fluoro-
118,21-dihydroxy-16a,17-[(1-methylethylidene)bis(oxy)]pregna-1,4-di-
ene-3,20-dione and dexamethasone for 9-fluoro-118,17,21-trihydroxy-
16a-methylpregna-1,4-diene-3,20-dione.

This article not subject to U.S. Copyright. Published 1985 by the American Chemical Society
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al., 1984a). Thus, activation is an obligatory step in the
pathway of glucocorticoid hormone action.

Several lines of indirect evidence suggest that covalent
charge modification of the GR complex may be involved in
activation. Activation of GR complexes is inhibited by some
phosphatase inhibitors, most notably sodium molybdate (Sando
et al,, 1979). It has also been shown that addition of exogenous
phosphatase activity promotes GR complex activation (Barnett
et al., 1980). Thus, activation may involve GR complex de-
phosphorylation. In addition, the increased affinity of activated
GR complexes for DNA, as well as other polyanions, and the
decreased affinity of activated GR complexes for DEAE-
cellulose and DEAE-Sephadex suggest that activation is ac-
companied by the exposure of positively charged residues or
the removal of negatively charged residues from the surface
of the receptor (Baxter et al., 1972; Milgrom et al., 1973;
Parchman & Litwack, 1979; Sakaue & Thompson, 1977).
Results obtained from nondenaturing isoelectric focusing of
unactivated and activated GR complexes are also consistent
with charge modification during activation. Unactivated GR
complexes have been reported to have pls in the range of
5.0-6.3, while activated GR complexes have been reported to
be more basic (Wrange, 1979; Hansson et al., 1981; Leiferman
et al., 1983; Ben-Or & Chrombach, 1983; Cidlowski & Ri-
chon, 1984).

In addition to potential charge modification during GR
complex activation, it has recently been suggested that there
may be charge heterogeneity within a given form of the re-
ceptor. Using nondenaturing isoelectric focusing followed by
SDS-PAGE to analyze affinity-labeled mouse L cell gluco-
corticoid receptors, Housely & Pratt (1983) found a hetero-
geneous charge species of approximately 92000 daltons, Using
virtually identical methods, Cidlowski & Richon (1984)
suggested that the unactivated GR complex obtained from
HelLa cells may actually be composed of five distinct isoelectric
forms.

Despite the large amount of indirect evidence that covalent
charge modification may regulate glucocorticoid receptor
function, definitive proof has not yet been obtained. All of
the data are equally consistent with a multimeric mode] of the
glucocorticoid receptor in which the various apparent charge
differences are the result of subunit dissociation. Indeed,
several laboratories have recently suggested that glucocorticoid
receptor activation involves the dissociation of a multimeric
complex (Vedeckis, 1983; Holbrook et al., 1983; Sherman et
al., 1983). If this is the case, then the multiple isoelectric forms
seen under nondenaturing conditions could simply reflect
different combinations of subunit association. To investigate
the question of receptor charge heterogeneity and potential
regulation through covalent charge modification, we have
employed a denaturing two-dimensional gel electrophoretic
procedure for the analysis of affinity-labeled glucocorticoid
receptors. This procedure is based on the nonequilibrium pH
gradient electrophoretic (NEPHGE) method of O’Farrell et
al. (1977) and allows direct examination of the denatured
steroid binding protein of the glucocorticoid receptor.

EXPERIMENTAL PROCEDURES

Cells and Cell Culture. IM-9 human lymphoid cells were
grown in RPM1 1640 in the presence of 5% fetal bovine serum
as stationary suspensions in a humidified atmosphere of 95%
air and 5% CO, as previously described (Harmon et al.,
1984b). Cells were maintained at a density of 10° to 2 X 10°
cells/mL.

Materials. Ampholytes (Pharmalyte pH 5-8 and pH 3-10)
were purchased from Pharmacia Fine Chemicals, Piscataway,
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NJ. [*H]Dexamethasone 21-mesylate ([’H]DM, 40-48
Ci/mmol) and EN*HANCE were obtained from New Eng-
land Nuclear, Boston, MA. Anti-human glucocorticoid re-
ceptor antibodies were obtained after immunization of female
New Zealand white rabbits with highly purified preparations
of IM-9 glucocorticoid receptor. The preparation and char-
acterization of these antisera have been previously reported
(Harmon et al., 1984b).

Sample Preparation. IM-9 cytosol in buffer A (10 mM
HEPES, 1 mM EDTA, 0.1 M NaCl, 10% glycerol, pH 7.6)
was prepared as previously described (Harmon et al., 1984b).
Affinity labeling was accomplished by incubation of cytosol
with 200 nM [*H]DM (Simons & Thompson, 1981; Simons
et al., 1981; Eisen et al., 1981) in the presence or absence of
50 uM unlabeled triamcinolone acetonide (TA) for 3 h at 04
°C. Unreacted [’H]DM was inactivated by the addition of
dithiothreitol (1 mM) for 30 min at 0—4 °C. Samples were
then prepared for either one-dimensional SDS-PAGE, isoe-
lectric focusing, NEPHGE, or immunoadsorption.

Samples for one-dimensional SDS-PAGE were diluted with
an equal volume of 2X Laemmli sample buffer and heated at
95 °C for 5 min (Laemmli, 1970). Samples to be subjected
to isoelectric focusing or NEPHGE were diluted with an equal
volume of 2D sample solution 1 [9.5 M urea, 2.0% ampholytes
(1.6% pH 5-8, 0.4% pH 3-10), 5% B-mercaptoethanol, 2.0%
NP-40].

For immunopurification of [3H]DM-labeled receptors, 250
pL of labeled cytosol was incubated with 20 uL of immune
or nonimmune anti-human glucocorticoid receptor antiserum
for 18 h at 0—4 °C. Antibody-receptor complexes were ad-
sorbed to Sepharose CL-4B immobilized protein A for 30 min
followed by centrifugation at 12000g for 2 min. The resulting
pellets were washed 4 times with 1 mL of buffer A containing
0.5 M NaCl and 2 times with 1 mL of buffer A. [*'H]DM-
receptor complexes were eluted with 1X Laemmli sample
buffer prior to SDS-PAGE. Alternatively, ['H]DM-labeled
receptors were eluted by incubation in 50 uL of 2D sample
solution 2 [0.5% SDS, 9.5 M urea, 5% 8-ME, 2% ampholytes
(pH 3-10)] for 10 min at room temperature followed by ad-
dition of an equal volume of 2D sample solution 1. All samples
were either submitted directly to electrophoresis (isoelectric
focusing or NEPHGE) or quick frozen and stored at —70 °C.

Isoelectric Focusing. Isoelectric focusing was performed,
with minor modification, by the method of O’Farrell (1975).
Polyacrylamide gels (3% T, 5% C) containing 9.2 M urea,
2.0% NP-40, and a mixture of 1.6% pH 5-7 and 0.4% pH 3-10
ampholytes were cast in glass tubes (125 mm X 3 mm) to a
height of 11.5 cm. Gels were preelectrophoresed (15 min at
200 V, 30 min at 300 V, and 30 min at 400 V), and sample
focusing was carried out from cathode to anode for 16 h at
300 V and an additional h at 800 V.

Nonequilibrium pH Gradient Electrophoresis. NEPHGE
was performed according to the method of O’Farrell et al.
(1977). Modification of gel composition was as stated above
for isoelectric focusing. Electrophoresis of samples was per-
formed on non-preelectrophoresed gels from anode to cathode
at 400 V for 2-12 h.

Measurement of pH Gradient. The pH gradient formed
by ampholyte migration during IEF or NEPHGE was mea-
sured immediately after electrophoresis. Gels were sliced into
6-mm sections and incubated in distilled H,O for 30 min. The
pH of the water was then determined.

Determination of Radioactivity. Immediately after elec-
trophoresis, NEPHGE gels were sliced into 6-mm sections and
incubated for 18 h with 0.5 mL of Protosol at 37 °C. Acetic
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FIGURE 1: Identification of GBP by one-dimensional SDS-PAGE.
Crude cytosol labeled with 200 nm [*’H]DM in the absence (lanes
a, ¢, and e) or presence (lanes b and d) of 50 uM unlabeled TA was
subjected to SDS-PAGE either directly (lanes a and b) or after
immunoadsorbtion with immune (lanes ¢ and d) or nonimmune sera
(lane ¢). The arrows on the right of the figure indicate the mobility
of the molecular weight markers myosin (M), phosphorylase b (P),
bovine serum albumin (B), ovalbumin (O), and carbonic anhydrase
(C).

acid (17 L) was added to neutralize the solution, and scin-
tillation fluid was then added. Radioactivity was determined
in a Beckman LS 7800.

SDS-PAGE. SDS-PAGE was performed as described by
Laemmli (1970). For one-dimensional electrophoresis, samples
were analyzed in 8% polyacrylamide gels with 3% poly-
acrylamide stacking gels. For second-dimension analysis,
isoelectric focusing or NEPHGE gels were placed in 5 mL of
Laemmli sample buffer (Laemmli, 1970) and either quick
frozen for storage at =70 °C or immediately equilibrated by
gentle rocking for 30 min at room temperature. After
equilibration, gels were rinsed with water and sealed with 1%
agarose in Laemmli sample buffer (without 3-ME) onto 8%
polyacrylamide gels. A small piece of agarose containing
['*C]methylated protein markers was included at one end to
facilitate determination of molecular weight. A 1-cm 3%
polyacrylamide stacking gel was routinely employed.

Following electrophoresis, gels were fixed in 10% acetic acid
and then impregnated with EN*HANCE. Gels were then
dried, and radioactivity was visualized by fluorography at =70
°C with Kodak XAR-5 film. Molecular weights were de-
termined from standard curves constructed from the mobilities
of the ['*C]methylated proteins myosin (M, =200000),
phosphorylase b (M, ~97 000), bovine serum albumin (M,
=69 000), ovalbumin (M, ~46 000), and carbonic anhydrase
(M, =~30000).

RESULTS

Identification of the GBP by One-Dimensional SDS-PAGE.
Identification of IM-9 glucocorticoid receptors under dena-
turing conditions was achieved through use of the covalent
affinity ligand [*H]DM (Simons & Thompson, 1981; Eisen
et al., 1981). Incubation of IM-9 cytosol with 200 nM
[*H]DM for 3 h at 0—4 °C results in the covalent labeling of
multiple cytosolic proteins. However, the major labeled
component had an apparent molecular weight of 92000, and
the labeling of this component was completely abolished, if
an excess of unlabeled TA was included during the labeling
reaction (Figure 1). On the basis of the specificity of labeling
and the fact that the molecular weight of this component
corresponds to that of highly purified rat liver glucocorticoid
receptor (Wrange et al., 1984; Grandics et al., 1984), the 92K
protein is almost certainly the reduced denatured glucocorticoid
binding protein (GBP) of the IM-9 glucocorticoid receptor.

Additional evidence that the 92K-dalton component is the
reduced denatured GBP was obtained by immunoadsorption
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FIGURE 2: Two-dimensional electrophoresis of IM-9 cytosol using
equilibrium isoelectric focusing in the first dimension. [*H]DM-labeled
cytosol was denatured and subjected to two-dimensional electrophoresis
with preelectrophoresed isoelectric focusing gels as described under
Experimental Procedures. Separated proteins were visualized by
fluorography, in order to observe [’H]DM-labeled species. The arrow
indicates the position of the 92K GBP.

of the [*H]DM:-labeled cytosol with anti-human glucocorticoid
receptor antibodies. When labeled cytosol was adsorbed with
immune serum and immune complexes subjected to SDS-
PAGE, a major component of 92K daltons and a minor com-
ponent of 78K daltons were resolved (Figure 1). In contrast,
incubation of labeled cytosol with nonimmune serum or ad-
sorption with immune serum of cytosol labeled in the presence
of an excess of unlabeled TA failed to identify any [*H]DM-
labeled material (Figure 1). Thus, identification of the 92K
component is immune serum dependent. The origin of the 78K
protein is uncertain. However, on the basis of the known
susceptibility of the glucocorticoid receptor to proteolysis
(Carlstedt-Duke et al., 1979; Cidlowski, 1980; Sherman et al.,
1976, 1981; Stevens & Stevens, 1981; Vedeckis, 1983), it is
probable that the 78K protein is a proteolytic fragment of the
92K GBP.

Analysis by Two-Dimensional Electrophoresis. Initial
experiments to resolve the charge characteristics of the GBP
were performed by the widely used method of O’Farrell (1975)
for two-dimensional separation of proteins. When [*H]DM-
labeled cytosol was subjected to this procedure, the results
presented in Figure 2 were obtained. Although the 92K-dalton
GBP could be identified, it could not be resolved into a discrete
spot or series of spots (Figure 2). Instead, marked streaking
was observed in the isoelectric focusing dimension. In addition,
in many experiments, a substantial portion of the competable
[*H]DM binding remained at the origin. This was in contrast
to IM-9 cytosolic proteins in general, which could be readily
seen as discrete spots after Coomassie staining of two-di-
mensional gels (data not shown). Moreover, the inability to
resolve the 92K-dalton GBP was not a general characteristic
of nonspecifically [P’H]DM-labeled proteins. As seen in Figure
2, many nonreceptor [*H]DM-labeled proteins appeared as
discrete spots after two-dimensional separation. These proteins
are presumably labeled by the nonspecific interaction of
[*H]DM with exposed reduced sulfhydryls (Simons et al.,
1980). As can be seen from the data in Figure 1, they are
not immunoreactive, nor do they display saturable binding for
glucocorticoids. Thus, it appears that the behavior of the
92K-dalton GBP in this electrophoretic system is a charac-
teristic of the particular protein.

Numerous modifications were attempted to improve the
resolution of the GBP. Use of immunoadsorbed receptor,
alteration of the conditions of sample preparation, and vari-
ation of gel concentration all failed to provide increased res-
olution of the GBP. We therefore concluded that this system
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FIGURE 3: NEPHGE of immunopurified, denatured [*'H]DM-GBP.
IM-9 cytosol labeled with 200 nM [*H]DM in the presence (a) or
absence (@, O) of competing nonradioactive steroid (50 uM TA) was
adsorbed with immune (@) or nonimmune (O, A) serum and subjected
to NEPHGE. Electrophoresis was carried out for 6 h at 400 V. Gels
were sliced and analyzed for radioactivity as well as pH (solid line).
The dashed line (--) indicates competable radioactivity, calculated
by subtraction of the results obtained for samples labeled in the
presence of competing, unlabeled, steroid from the results obtained
for samples labeled in the absence of competing steroid.

was inappropriate for the analysis of the GBP.

Two-Dimensional Analysis Using NEPHGE. In order to
obtain adequate first dimension separations and thus better
resolve the affinity labeled GBP, we adopted the NEPHGE
procedure of O'Farrell et al. (1977). To maximize the amount
of GBP loaded onto each gel, initial experiments were per-
formed with immunoadsorbed [*H]DM-labeled receptor.
When immunoadsorbed [*H]DM-labeled receptor was elec-
trophoresed for 6 h at 400 V and the gels were sliced and
counted for determination of radioactivity, the results presented
in Figure 3 were obtained. A single peak of [*H]DM radio-
activity was identified at pH ~6.3. Labeling of this peak was
virtually abolished if an excess of unlabeled TA was included
during the affinity labeling reaction, indicating that the ra-
dioactivity was associated with the GBP (Figure 3). Similarly,
when [*H]DM-labeled cytosol was adsorbed with nonimmune
serum prior to electrophoresis, no significant radioactivity was
detected in the NEPHGE gels (Figure 3). Thus, it appears
that all of the radioactivity seen in the pH 6.3 peak is asso-
ciated with the GBP. Of equal importance is the fact that no
significant radioactivity was detected at the origin of the gel,
indicating that all of the GBP had entered.

The optimal time of elecrophoresis for the [*'H]DM-labeled
GBP was determined by evaluating the electrophoreric profiles
obtained after various times of electrophoresis. The results
of these experiments demonstrated that isoelectric equilibrium
of the GBP was achieved after 6 h of electrophoresis at 400
V (2400 V h). Under these conditions, the GBP exhibited an
apparent pl of ~6.5 (Figure 4). Shorter times resulted in
incomplete migration of the GBP (Figure 4). Increased periods
of electrophoresis did not alter the apparent p/ of the GBP
(Figure 4), nor did they improve the sharpness of the profile
(data not shown). Thus, although the short electrophoresis
times used in NEPHGE are often insufficient to allow mi-
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FIGURE 4: Time course of [*'H]DM-GBP migration in NEPHGE gels.
Immunoadosrbed [*H]DM-GBP was subjected to electrophoresis in
NEPHGE gels for various lengths of time at 400 V. After electro-
phoresis, gels were sliced, and radioactivity and pH were determined
as described under Experimental Procedures. Data were analyzed
as in Figure 3 to determine the apparent pH of the steroid-competable
peak. A stable pH gradient was achieved by 4 h and was invariant
thereafter.
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FIGURE 5: Two-dimensional electrophoresis of immunopurified GBP
using NEPHGE in the first dimension. [*H]DM-labeled, immuno-
purified, denatured GBP was subjected to electrophoresis in NEPHGE
gels for 2, 4, and 6 h at 400 V, followed by second-dimension separation
by SDS-PAGE. Vertical arrows indicate the positions of the 92K
charged species.

gration of some proteins (particularly basic proteins) to their
apparent isoelectric points (O’Farrell et al., 1977), it appears
that 6 h was sufficient to allow the [*’H]DM-labeled GBP to
reach its apparent pl.

To determine whether the width of the electrophoretic
profiles seen at apparent equilibrium was the result of poor
resolution or charge heterogeneity within the GBP, NEPHGE
gels of immunoadsorbed [*H]DM-labeled cytosol were sub-
jected to second-dimensional analysis by SDS-PAGE. The
results of these experiments demonstrate that there is signif-
icant charge heterogeneity within the GBP (Figure 5).
Analysis of second-dimension gels revealed that during NE-
PHGE the 92K-dalton GBP was progressively resolved into
at least two discrete isoelectric species. At equilibrium (6 h),
the [*H]DM-labeled GBP was resolved into a major, more
basic component (6.0 < pI < 6.5) and a minor, more acidic
component (p/ =~ 5.7). Both components are clearly derived
from the GBP since inclusion of an excess of unlabeled TA
during the affinity labeling reaction or adsorption of affini-
ty-labeled complexes with nonimmune serum resulted in the
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FIGURE 6: Two-dimensional electrophoresis of crude cytosol using
NEPHGE in the first dimension. [*H]DM-labeled cytosol was an-
alyzed by two-dimensional electrophoresis as described under Ex-
perimental Procedures. NEPHGE was carried out for 6 h at 400 V.
Vertical arrows indicate the positions of the three 92K charged species
that are resolved. Arrows to the right of the figure indicate the
positions of the molecular weight markers myosin (M), phosphorylase
b (P), bovine serum albumin (B), and ovalbumin (O).

elimination of both components (data not shown). In some
experiments, the major component appeared to be composed
of more than one spot (data not shown), suggesting additional
charge heterogeneity. However, it is clear from the data
presented in Figure 5 that the GBP of IM-9 glucocorticoid
receptors is composed of more than one isoelectric specie.

Two-Dimensional Analysis of Affinity-Labeled Cytosol.
Affinity-labeled GBP was also examined directly from crude
cytosol without immunopurification. Under these conditions,
the 92K GBP was resolved into three isoelectric forms (Figure
6). The two most basic forms (p/ =~ 5.7 and 6.0-6.5) were
indistinguishable from the two GBP isoforms seen when im-
munopurified samples were examined. However, the third,
most acidic form (p/ ~ 5.2), was unique to cytosol prepara-
tions. The labeling of each of these forms was abolished if
an excess of unlabeled TA was present during incubation with
[*H]DM, indicating that all three forms are derived from the
GBP of the IM-9 glucocorticoid receptor (data not shown).
Thus, two-dimensional analysis of crude cytosol appears to
resolve an additional isoelectric species (p/ =~ 5.2) not seen
when immunopurified complexes were analyzed. Comparison
of the data in Figure 2 with those in Figure 6, both obtained
from crude affinity-labeled cytosol, suggests that fewer non-
specifically labeled proteins are resolved if NEPHGE is used
for first-dimensional separation. Indeed, in the experiment
shown in Figure 6, there was little evidence that any [*H]-
DM-labeled proteins other than the GBP had entered the gel.
It therefore appears that not only does the use of NEPHGE
to achieve first-dimensioin separation improve the resolution
of the GBP but it also results to increased specificity.

DiscussioN

Posttranslational modification is an important mechanism
for the biological regulation of protein function. In particular,
recent evidence suggests that such modification may be in-
volved in controlling the activity of glucocorticoid receptors.
Both Housley & Pratt (1983) and Cidlowski & Richon (1984)
have reported that when [*H]DM-labeled glucocorticoid re-
ceptors are subjected to two-dimensional electrophoresis, the
GBP appears as a heterogeneous charge species of approxi-
mately 90000 daltons rather than as a discrete spot. However,
in both of these reports the isoelectric focusing procedure of
Wrange (1979) was utilized to achieve isoelectric separation.
This procedure was designed to focus native (nondenatured)
glucocorticoid receptors (Wrange, 1979) and thus cannot
differentiate between charge heterogeneity that results from
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direct covalent modification of the GBP and apparent charge
heterogeneity resulting from interaction of the GBP with other
receptor associated components.

In order to directly examine potential charge heterogeneity
within the GBP, we analyzed affinity-labeled GBP by using
two-dimensional separations in which the GBP was denatured
in both dimensions. The conventional two-dimensional elec-
trophoresis system of O’Farrell (1975) achieved good resolution
of nonreceptor proteins in stained as well as fluorographed gels.
However, consistently poor focusing of the [?’H]DM-GBP was
obtained, precluding estimation of a p/ for the GBP or the
determination of a specific number of receptor charge species.
We therefore chose to analyze the GBP by the alternate
two-dimensional system of O’Farrell et al. (1977) in which
NEPHGE is used to achieve separation in the first dimension.
In this system, there is no preelectrophoresis of focusing gels
prior to sample application. In addition, the direction of
migration is from anode to cathode rather than the opposite
direction in standard isoelectric focusing.

When immunopurified, denatured [*'H]DM-GBP was an-
alyzed by NEPHGE, the GBP electrophoresed to a pH in the
range of 5.7-6.5 in 6 h. The apparent p/ of the GBP did not
change after additional electrophoresis, indicating that the
[’H]DM-GBP had attained isoelectric equilibrium. Two-
dimensional analysis revealed that the peak seen in one-di-
mensional separations was actually composed of at least two
isoelectric species (p/ =~ 5.7 and 6.0-6.5). The presence of
both species was competable and immune serum dependent,
establishing that each was derived from the glucocorticoid
receptor. Interestingly, two-dimensional analysis of crude
affinity-labeled cytosol revealed the presence of three isoforms
(pl =~ 5.2, 5.7, and 6.0-6.5). Each was competable with
unlabeled steroid, establishing their receptor origin and sug-
gesting the presence of an additional charge form of the steroid
binding protein. It is unclear why the third, most acidic form
of the GBP was not detected in immunopurified samples. It
is possible that the antiserum used does not recognize this form
of the receptor. Alternatively, the antiserum may contain
phosphatase or other enzymic activity that may act on the GBP
during immunoadsorption, resulting in the loss of the p/ = 5.2
isoform.

Regardless of the precise reason for the difference in the
number of charged species detected when crude or immuno-
purified samples are examined, it is clear that use of NEPHGE
to achieve first-dimension separations is vastly superior to the
equilibrium method of O’Farrell. It also appears that the
denatured GBP of the IM-9 glucocorticoid receptor contains
significant charge heterogeneity. The source of this hete-
rogeneity is at this point undetermined. Recent evidence
suggests that the glucocorticoid receptor is a phosphoprotein
and in fact may even possess intrinsic protein kinase activity
(Housely & Pratt, 1983; Kurl & Jacob, 1984; Schmidt &
Litwack, 1985). Using nondenaturing isoelectric focusing to
achieve first-dimension separations, Housley & Pratt (1983)
found that when receptors were purified from cells grown in
the presence of [*?Plorthophosphate two receptor-specific
charge species could be identified. Although it is difficult to
compare their results to those reported here, it is tempting to
speculate that the charge heterogeneity that we have observed
reflects different phosphorylation states of the receptor.

It is also possible that the apparent heterogeneity of the GBP
is due to the presence of a small amount of sample contam-
ination with activated receptor. However, given the fact that
three isoforms were identified from crude cytosol it seems
unlikely that this could account for all of the heterogeneity
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observed. In addition, inclusion of sodium molybdate during
the labeling reaction and subsequent sample preparation did
not alter the number or distribution of the species observed
(data not shown). Thus, it appears that the charge heterog-
eneity in the GBP is intrinsic to the unactivated form of the
occupied glucocorticoid receptor.

An alternative explanation for the apparent charge hete-
rogeneity in the GBP is the presence of multiple GBP alleles.
If this is the case, it is not reflected in the presence of more
than one affinity class of glucocorticoid binding site. Analysis
of equilibrium binding of [*H]dexamethasone to intact cells
indicated the presence of a single affinity class of receptors
(A. C. Smith and J. M. Harmon, unpublished results).
However, Bourgeois & Newby (1977) have shown that the
complete loss of steroid binding activity in murine W7 cells
requires two mutational events. In addition, the mouse glu-
cocorticoid receptor has been mapped to chromosome 18 and
is thus autosomal (Franke & Gehring, 1980). Thus, resolution
of the origin of the charge heterogeneity in the IM-9 GBP will
require not only careful biochemical characterization of the
GBP but the analysis of glucocorticoid receptor mutants de-
fective in various aspects of steroid binding and activation.
These experiments are currently in progress.
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