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Glucocorticoid Receptor st 
Ulrich Gehring* and Agnes Hotz 

ABSTRACT: Glucocorticoid receptors of wild-type lymphoid 
cells and of two classes of glucocorticoid-resistant variants of 
"nuclear transfer deficient" (nt-) and "increased nuclear 
transfer" (nt') phenotypes, respectively, were investigated. 
Photoaffinity labeling of receptor complexes with a radio- 
labeled glucocorticoid of high affinity was used to analyze these 
receptor types by electrophoresis in sodium dodecyl sulfate 
containing gels. Wild-type and nt--variant receptors yielded 
radiolabeled polypeptide bands of MI 94000 f 5000 while 
ntbariant receptors had a molecular weight of 40 000 f 2000. 
Partial proteolysis of wild-type and nt- receptors with a-chy- 
motrypsin resulted in steroid-labeled receptor fragments of MI 
37 000-38 000 while nthariant receptors remained unchanged. 
In the case of wild-type receptors, the chymotryptic fragment 

s p e c i f i c  receptors play a pivotal role in the mechanism by 
which steroid hormones elicit physiological responses in target 
cells [for reviews, see Agarwal (1978), Higgins & Gehring 
(1978), Baxter & Rousseau (1979), and Katzenellenbogen 
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had increased affinity for DNA indistinguishable from that 
of native nt'-variant receptors. Depending on the nt- cell clone, 
the chymotryptic receptor fragments containing the steroid 
binding site had either the same low affinity for DNA as the 
undigested receptors or a slightly increased affinity. Partial 
proteolysis with trypsin of wild-type, nt-, and nt' receptors 
resulted in steroid-labeled fragments of MI 29 000 as major 
products and some fragments of MI 27000. These tryptic 
receptor fragments were devoid of DNA binding ability re- 
gardless of the original receptor types. With a lysine-specific 
protease, similar fragments were obtained from wild-type, nt-, 
and nt' receptors. In contrast, a protease specific for arginine 
residues did not produce receptor fragments detectable by our 
techniques. A model of the wild-type receptor is discussed. 

(1 980)]. Thus many cell culture lines of murine thymic lym- 
phoid cells that contain functionally active glucocorticoid re- 
ceptors respond to this class of steroids by growth inhibition 
and cell lysis. On the other hand, unresponsive cell variants 
are either deficient in receptors or contain defective receptors 
[for a review, see Gehring (1980a)l. 

Two types of receptor defects have thus far been identified 
in which hormone binding is roughly normal, but interaction 
of the receptor-glucocorticoid complexes with cell nuclei, 
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chromatin, or DNA is affected. Nuclear binding is abnormally 
low with receptors of the "nuclear transfer deficient" (nt-) type, 
while increased binding to nuclei or chromatin and abnormally 
high affinity for DNA is seen with receptors of the "increased 
nuclear transfer" (nt') type. The preliminary characterization 
of these receptor defects, as well as many biochemical studies 
with normal receptors, has led to the view that the wild-type 
receptor contains two distinct but functionally linked active 
domains: one for steroid binding and the other for nuclear 
interaction (Gehring, 1980a). More recently, however, at least 
one other domain within the receptor structure has been 
postulated from biochemical and immunological experiments 
with wild-type and variant receptors (Dellweg et al., 1982; 
Carlstedt-Duke et al., 1982). This particular area of the 
receptor molecule is involved in modulating DNA- and nu- 
clear-binding of receptor-hormone complexes such that a 
biological response is triggered, and it appears to carry the 
main antigenic determinants. 

Affinity labeling of glucocorticoid receptors with radio- 
labeled steroid ligands has recently become a powerful tool 
for studying the molecular structure of the receptors (Govindan 
& Manz, 1980; Nordeen et al., 1981; Simons & Thompson, 
1981; Westphal et al., 1981; Dellweg et al., 1982) since crude 
or partially purified receptor preparations can be analyzed by 
gel electrophoresis under denaturing conditions. In the present 
study we used this technique in combination with chroma- 
tography on DNA-cellulose. Limited proteolysis of various 
receptor types with several endoproteinases allows us now to 
more accurately define the functional domains within gluco- 
corticoid receptors of lymphoid cells. 

Experimental Procedures 
Buffers. Buffer A contained 20 mM potassium phosphate 

(pH 7.4 or 8.5, at 20 "C), 20 mM KCl, 2 mM mercapto- 
ethanol, 1 mM EDTA,' and 10% glycerol. Buffer B contained 
10 mM N-[tris(hydroxymethyl)methyl]glycine (pH 7.8 at 20 
"C), 30 mM KCl, 2 mM mercaptoethanol, 1 mM EDTA, and 
10% glycerol. NaDodSO, buffer contained 70 mM Tris-HC1, 
pH 6.8, 100 mM mercaptoethanol, 0.005% bromophenol blue, 
3% NaDodS04, and 20% glycerol. All procedures were camed 
out at 0-6 "C unless otherwise noted. 

Cell Cultures. The S49.1 mouse lymphoma sublines 
S49.1G.3 (wild type), S49.1G.3.83R (nt- type), 
S49.1TB.4.41.22R (nt- type), and S49.1TB.4.55R (nt' type) 
were those previously used (Gehring, 1979). The subline 
S49.1TB.4.143R (nt' type) was kindly provided by Dr. 0. 
Pongs. The human lymphoblastic leukemia cell line CEM-C7 
(Norman & Thompson, 1977) was kindly provided by Dr. C. 
Bird. All cell lines were recloned prior to use. Cells were 
grown in suspension culture as previously described (Gehring, 
1980b) except that line CEM-C7 was grown in medium 
supplemented with 10% fetal calf serum instead of horse se- 
rum. Cells were harvested and washed as described (Gehring, 
1980b), quickly frozen in liquid nitrogen, and stored at -90 
" C .  

Tumors. The mouse lymphomas CS P1798 and CR P1798 
(Stevens et al., 1978) were kindly provided by Drs. J. Stevens 
and S. Okret. They were grown as subcutaneous tumors in 
female Balb/c mice. About 2 weeks after inoculation, the 
tumors were excised from the animals and squeezed through 
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a tissue press. The cells were washed twice with ice-cold saline 
(buffered to pH 7.4), collected by centrifugation at lOOOg, 
quickly frozen in liquid nitrogen, and stored at -90 "C. 

Cytosol Preparations. Cytosols were prepared at 0 "C from 
frozen cell pellets in buffer A, pH 7.4, as previously described 
(Gehring, 1980b). The protease inhibitors aprotinin and 
leupeptin (Sigma, St. Louis, MO) were added to final con- 
centrations of 0.6 and 1 pg/mL, respectively, except in those 
experiments in which receptors were subsequently submitted 
to proteolysis with trypsin, Lys-C endoproteinase, or Arg-C 
endoproteinase. Cytosol preparations were incubated at 0 "C 
for 2 h with 48 nM [3H]triamcinolone acetonide (New Eng- 
land Nuclear, Boston, MA; 31 Ci/mmol). Sodium molybdate, 
10 mM, was added to cytosols prior to the steroid in those 
experiments in which receptor complexes were to be preserved 
in the nonactivated state (Leach et al., 1979). Binding of the 
hormone was assessed by the charcoal assay, and radioactivity 
was determined as previously (Spindler-Barth & Gehring, 
1982). 

Use of Proteases. Receptor complexes were routinely 
treated with proteases either prior to DNA-cellulose chro- 
matography or after photoaffinity labeling. Bovine a-chy- 
motrypsin (Serva, Heidelberg) was routinely used at a concn. 
of 10 pg/mL for 5 min in the cold. Bovine trypsin (Sigma, 
St. Louis, MO; treated with diphenylcarbamyl chloride) was 
routinely used at 20 pg/mL for 30 min in the cold. Endo- 
proteinase Lys-C from Lysobacter enzymogenes was kindly 
provided by Dr. P. Wunderwald; endoproteinase Arg-C was 
from Boehringer (Mannheim). Both enzymes were used at 
concentrations of 60-80 pg/mL for 30 min in the cold. 

DNA-Cellulose Chromatography. Cytosol preparations 
containing 100 000-300 000 cpm of specifically bound [3H]- 
triamcinolone acetonide were activated either by a 30-min 
incubation at 20 "C or by incubating with 300 mM KC1 for 
1 h at 0 "C followed by 10-fold dilution into buffer B without 
KCl. Samples were chromatographed as described (Gehring, 
1980b) except that DNA-cellulose was equilibrated with 
buffer B containing 100 pg/mL bovine serum albumin. After 
being extensively rinsed, the columns were eluted with a linear 
30-300 mM KC1 gradient in buffer B. 

Photoaffinity Labeling. Cytosol receptor preparations 
containing up to lo6 cpm bound [3H] triamcinolone acetonide 
were preserved in the nonactivated state by addition of mol- 
ybdate, adjusted to pH 8.5, and applied onto 3-mL columns 
of DEAE-cellulose (DE-52, Whatman) equilibrated with 
buffer A, pH 8.5. After an extensive rinsing with buffer, the 
columns were washed with 5-10 mL of 110 mM KCl in buffer 
A and the receptor complexes eluted with 200 mM KCl. 
Eluates were irradiated for 50-60 min as previously described 
(Dellweg et al., 1982) with a XBO 450-W high-pressure xenon 
lamp (LX 501, Zeiss). Protein was precipitated with 10% 
TCA, collected on glass filters (Whatman GF/F), washed with 
acetone, and redissolved in NaDodSO, buffer by boiling for 
5 min. 

Gel Electrophoresis. Electrophoresis in NaDodS0,-con- 
taining polyacrylamide gels [ 10% acrylamide and 0.26% 
bis(acry1amide) or 7% acrylamide and 0.19% bis(acry1amide)l 
was carried out as described previously (Laemmli, 1970). At 
least 8000 dpm of protein-bound 3H were applied per slot. For 
protein fixation, gels were treated with TCA/acetic acid/ 
methanol/water (1:1:3:5), soaked in EN3HANCE (New 
England Nuclear, Boston, MA), dried and submitted to 
fluorography with Kodak XR5 film at -90 "C for 2-4 weeks. 
In several instances, some radiolabeled material did not enter 
the gel. This varied among preparations from the same cell 

Abbreviations: EDTA, ethylenediaminetetraacetic acid; Tris, tris- 
(hydroxymethy1)aminomethane; NaDodSO,, sodium dodecyl sulfate; 
DEAE, diethylaminoethyl; TCA, trichloroacetic acid; triamcinolone 
acetonide, 9Cr-flUOrO- 1 I~,l6a,l7a,21-tetrahydroxypregna-1,4-diene- 
3,20-dione cyclic 16,17-ketal with acetone. 
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Table I: DNA Binding Properties and Molecular Weights of Reaptor ma' 
molecular weight DNAaUulose (mM KCI required for elution) 

native after chymotrypsin native after chymotrypJin reQptor typc 
S49.1 wild type 91 700 f so00 (9) 38 000 175 f 5 (2) 236 t 9 (2) 
S49.1 nt- (done 22R) 94 000 f 4000 (6) 37400 75 f 13 (3) 129 f 9 (3) 
S49.1 nt- (done 82R) 94 000 f 3000 (3) 37400 86 f 15 (3) 87 f 8 (3) 
S49.1 nt'(clone 55R) 40 300 f ZOO0 (10) 39 000 225 f 9 (2) 229 f 9 (2) 
S49.1 nt' (clom 143R) 40 800 f ZOO0 ( 5 )  41 000 210 f 10 (2) 209 t 10 (2) 
CS P1798 193 f 10 (3) 
CR P1798 212 f 9 (2) 
r ~ ~ - r 7  05 nnn 1117 + l l I I 1  

93 000 f 3000 (2) 
38 500 f 2000 (2) 

- _ -  """ - ~ .-, 
a Mean values and range are reported (number of separate experiments in parentheses). 

clones; the results, however. were not affected. 
Marker Proreins. For NaDodSO, gel electrophoresis, the 

following polypeptide markers were uscd: &galactosidase from 
Escherichia coli (M, 116300, Fowler & Zabin, 1978). rabbit 
muscle glycogen phosphorylase b (M, 97 400; Titani et al., 
1977). bovine serum albumin (M, 66 100: Brown, 1975), rabbit 
muscle aldolase (M, 39000, hi. 1975). and bovine rrythmcyte 
carbonic anhydrase (M, 29000; Sciaky et al., 1976). Serum 
albumin was obtained from Behringwerke (Marburg). the 
other marker proteins were from Boehringer (Mannheim). A 
total of 1 mg of each marker protein was dissolved in 0.25 mL 
of 8 M guanidine hydrochloride in 50 mM Tris-HCI. pH 7.8, 
iodo[ I-"Clacetamide (New England Nuclear, Boston, MA; 
24 mCi/mmol) was added to a final concentration of 0.8 mM, 
and the mixture was incubted for 24 h at room temperature. 
Proteins were precipitated with TCA, collected, and washed 
several times with 5% TCA followed by acetone. The pellets 
were dissolved in NaDodSO, buffer, and 400 dpm of pro- 
tein-bound "C of each marker protein were applied per slot. 
l'C-Labeled 8-galactosidase was used as a marker only in 7% 
polyacrylamide gels. 

Results 

DNA-CeNulose Chromatography. Chromatography on 
DNA-ccIlulosc as a matrix has become a convenient method 
for the distinction of wild-type, nt-. and nt' receptor typcs 
(Yamamoto et al., 1976). As shown in Table 1. wild-type 
racptor complexes of S49.1 mouse lymphoma cells eluted with 
170-190 mM KCI while nt- and nt' receptor complexes re- 
quired lower (70-90 mM) and higher (21C-230 mM) salt 
concentrations, respectively. Wild-type receptors of other 
glucocorticoid-sensitive lymphoid cells behaved similarly, as 
shown in Table I for human lymphoblastic leukemia cells of 
line CEM-C7 and for the mouse lymphoma CS P1798. In 
the case of the lymphoma P1798. a cortisol-resistant tumor 
variant (CR P1798) had been obtained by long-term steroid 
treatment of the carrier animals (Stevens et al., 1978). Re- 
aptor complexes from these CR PI798 tumors had previously 
been found to bind more tightly to DNA than thosc of the CS 
PI798 strain (Stevens & Stevens, 1981). By use of DNA- 
cellulose chromatography, we now show that CR PI798 r e  
ceptor complexes require 212 mM KCI for elution (Table I) 
and thus behave identical with the nt'variants of S49.1 origin. 

Phofwj j i i t y  Labeling. Photoactivation at X t 320 nm of 
receptor complexes with the high-affinity glucocorticoid 
triamcinolone acetonide has recently been used to covalently 
tag receptor polypeptides (Dellweg et al., 1982). We applied 
this method to receptor preparations partially purified by 
DEAE-cellulose chromatography and analyzed the cross-linked 
polypeptides by NaDodSO, gel electrophoresis (Figure I). 
Wild-type receptors of mouse lymphomas S49.1 and CS P1798 
and of human leukemia cells CEM-C7 revealed a major band 

91LOO - 
66100 - 

39030 - 

29000 - 

A B L  D E  F G  H 

FIGURE 1: Na-0, gel electrophoresis of photoaffinity-lakled 
reaptom. Cytosol reaptor complexes with ['H]triamcinolone aeG 
tonide were irradiated as described under Experimental Procedures. 
(A) S49.1 wild type; (E) S49.1 nt- (clone 2ZR); (C) S49.1 1- (clone 
83R); (D) S49.1 nt' (clone SSR); (E) S49.1 nt' (clone 143R): (F) CS 
P1798; (G) CR P1798; (H) CEM-C7 

of M, 94000 5000 (Table I). Variant receptors of the nt- 
type were investigated with use of two independent isolates 
within the S49.1 cell system. In both instances (Figure I, lanes 
B and C). the molecular weight was identical with that of 
wild-type receptors. The same result was also obtained when 
eloarophoresis was carried out in 7% polyacrylamide gels (data 
not shown). In contrast, ntkariant receptors revealed ra- 
diolabeled polypeptide bands of M, 40OOO 2000 as shown 
in Figure I for two independent S49.1 subclones (lanes D and 
E) and the CR PI798 lymphoma (lane G) .  Within the limits 
of our method (Table I), these nt'-variant receptors had the 
same molecular weights. In some nt' receptor preparations, 
a minor labeled band of about M, 37000 was observed in 
addition to the main band of 40000 (for example, Figure 1, 
lane E). 

In order to address the question whether or not receptor- 
steroid complexes retain their functional integrity upon pho- 
toactivation, we carried out the following experiment. Wild- 
type S49.1 receptor was complexed with 'H-labeled steroid, 
passcd over DEAE-cellulosc, and irradiated as in our standard 
p r d u r e .  Following dilution to 30 mM KCI and a 30-min 
incubation at 20 OC, the material was submitted to DNA- 
cellulose chromatography; the eluate was precipitated with 
TCA and analyzed by gel electrophoresis. A labeled poly- 
peptide band of M, 95000 was obtained (data not shown), 
demonstrating that the receptorsteroid complex is still able 
to interact with DNA following covalent cross-linking. 

Parfial Proteolysis. Mild protmlysis with a-chymotrypsin 
of wild-type receptors of rat liver (Wrange & Gustafsson, 
1978) and mouse lymphoma cells (Andreasen & Gehring, 
1981; Stevens & Stevens, 1981) has previously been shown 
to create receptor forms with abnormal DNA binding prop  
erties. By use of DNA-cellulose chromatography, it became 
clear that the wild-type receptor treated with a-chymotrypsin 
binds to DNA with an affinity indistinguishable from that of 
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rtort - 

97LOO - 
66100 - 
39000 - 

29000 - 

R D L U L I  

FIOURE 2: NaDcdSO, gel electrophoresis of chymotrypsin-treated 
recepton. Cytosol receptor complexes with ['H]triamcinolonc am 
tonide were subjected to photoaffinity labeling followed by a 5-min 
treauncnt with IO pg/mL mchymotrypsin. (A) Control of S49.1 wild 
type without chymotrypsin treatment; (B) S49.1 wild typc; (C) S49.1 
nt- (clone 22R): (D) S49.1 nt- (clone 83R): (E) S49.1 nt' (clone SSR): 
(F) S49.1 nt' (clone 143R). 

F m l n  w h a < l a  I*lbc 

FIGURE 3: DNAallulmc chromatography of chymouypsin-treated 
nt-raptors. Cytosol preparations of S49.1 nt-clone 03R (A) and 
clone 22R (B) were incubated with ['H]triamcinolone acctonide, 
activated at 20 O C .  and chromatographed on DNA-alluloae either 
in the native state (0) or following a 5-min treatment with IO pg/mL 
a-chymotrypsin (0). Fractions of about 700 @L were collccted. 

the native nt' receptor (Dellweg et al.. 1982; Table I). Na- 
DodSO, gel electrophoresis revealed a major steroid-labeled 
polypeptide of about M. 38 000 (Figure 2, lane B); in some 
experiments, a faint band of about M, 29000 was also ob- 
served. The same result was obtained whether chymotrypsin 
treatment was after irradiation as in our standard procedure 
or prior to photoactivation (data not shown). 

Similar chymotryptic receptor fragments of about M, 38000 
were also recovered from two types of S49.1 nt--variant r e  
ceptors (Figure 2, lanes C and D). These receptor fragments 
had either the Same low affinity for DNA as the native r e  
ceptor (clone 83R) or slightly increased affinity (clone 22R) 
as judged from DNA-ceIlulose elution profiles (Figurr 3, Table 
I). Variant receptors of the nt' type proved to be resistant to 
chymotrypsin; the molecular size of the labeled polypeptides 
did not change (Figure 2, lanes E and F), and DNAallulose 
chromatography did not reveal any differences (Table I). 

Mild proteolysis of S49.1 wild-type receptors with trypsin 
resulted in the complete loss of DNA binding ability of the 
steroid-labeled receptor (Figure 4). suggesting separation of 
the active domains for steroid binding and for DNA interac- 
tion. The same result was also obtained with ntr- and nt'- 
variant receptors (data not shown). Under these conditions 

G E H R I N G  A N D  H O T 2  

1 20000 

Fraction Number 

FIGURE 4 DNAallulmc chromatography of native and trypsin- 
treated receptors. A cytosol preparation of S49.1 wild type was 
incubated with ['H]triamcinolone aatonidc, activated at 20 OC, split 
in halves, and chromatographed on DNAallulosc either in the native 
state (0) or following a 30-min treatment with 20 pg/mL trypsin 
(0). Fractions of about 700 pL were collected. 

start --7*77-- . 

91400 - 
66 100 - 

39 000 - 

29 000 - 

A B C  

ROW 5 NaDalSO, gel deamphacpiS of trypsin-ucated mccptom. 
S49.1 wild-type cytosol rrceptor complexes with ['H]triamcinolone 
acetonide w m  subjstcd to photwflinity labeling followed by a 30-min 
treatment with trypsin. (A) Treatment with IO pg/mL trypsin: (B) 
control without trypsin; (C) treatment with 20 pg/mL trypsin. 

(20 pg of trypsin/mL). steroid-labeled receptor fragments of 
M. 29 000 * 2000 and 27 000 f 2000 were produced from the 
wild-type receptor (Figure 5C). The Same fragments were 
obtained when proteolysis was prior to rather than after ir- 
radiation (data not shown). When trypsin was used at a lower 
concentration (IO pg/mL), the receptor band of M, 27000 
was very faint; instead, a labeled fragment of M. 38 000 * 
2000 (Figure SA) appeared, which is very similar in size to 
the chymotryptic fragment described above. 

Endoproteinase Lys-C is of exquisite specificity since it 
cleaves polypeptides only at lysine residues (Steffens et al., 
1982). When we used this enzyme with S49.1 wild-type, nt-, 
and nt' receptors, we observed patterns of steroid-labeled r e  
ceptor fragments that weresimilar to those produced by trypsin 
(Figure 6) except that an additional minor band of M, 26000 
appeared. In contrast, the argininespecific endoproteinase 
Arg-C (Schenkein et al., 1969) did not produce any labeled 
receptor fragments (Figure 6, lanes B, E, and H). Receptors 
digested with endoproteinase Lys-C did not bind to DNA- 
cellulose (data not shown) as would be expected from the 
similarity with the fragments obtained by tryptic cleavage. 
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FIGURE 6 NaDcdSO. gel electmphorcsis of reaptars treated with 
proteases. Cytml receptor complexes with ['H]triamcinolone a a -  
tonide w m  subjected to photoaffinity labeling followed by a 30-min 
treatment with 20 rg/mL trypsin (lanes A, D, and G). 80 rg/mL 
endoproteinase Arg-C (lanes 6. E. and H). or 60 rg/mL endo- 
proteinase Lys-C (lanes C. F. and I). (Lanes A<) S49.1 wild type; 
( lam WF) S49.1 nt- (clone 22R); (lanes G I )  S49.1 nt' (clone 5SR). 

Discussion 
DNA has previously been used as a model for nuclear in- 

teraction of receptorglucocorticoid complexes (Barter e~ al., 
1972; Gehring & Tomkins, 1974; Yamamoto et al.. 1974, 
1976: Simons et al., 1976); in this respect, DNA is particularly 
useful when adsorbed onto cellulose (Alberts & Herrick, 
1971). Using this system of affinity chromatography, it is 
possible to distinguish between wild-type receptors and the nt- 
and nt' receptor variants by the salt concentrations required 
for elution (see Table I). The differences in elution profiles 
reflect decreased and increased affinities for DNA of nt-- and 
nthariant receptors, respectively, as compared to the wild-type 
(Yamamoto et al., 1976: Andreasen & Gehring, 1981). 
Trypsin treatment of glucocorticoid receptors of rat liver and 
of lymphoid cells has previously been shown to produce re- 
ceptor forms devoid of DNA binding (Wrange & Gustafsson, 
1978; Andreasen & Gehring, 1981; Stevens & Stevens, 1981). 
By use of DNA-xllulose chromatography, we now show that 
mild tryptic digestion of S49.1 wild-type and of both t y p s  of 
variant receptors completely abolishes their ability to bind to 
DNA, thus suggesting that trypsin either separates the domains 
for steroid binding and for DNA interaction or destroys that 
part of the receptor molecule that is involved in DNA binding. 
By contrast, proteolysis with a-chymotrypsin of the wild type 
caused a dramatic increase in the affinity for DNA; this 
partially digested receptor form behaves identical with the nt' 
variant upon DNA-cellulose chromatography. While chy- 
motrypsin treatment did not further increase the DNA binding 
ability of native nt' receptors, we found some increase in the 
affinity for DNA with one of our nt- receptors but not with 
the other. It is not clear at present what molecular differences 
there are between these two nt--variant receptors since they 
have the same polypeptide molecular weights and were de- 
graded by chymotrypsin to fragments of the same size. In- 
terestingly. they also showed some differences in the disso- 
ciation rate of their complexes with steroid (Spindler-Barth 
& Gehring, 1982). 

Affinity labeling of glucocorticoid receptors has in recent 
years become a valuable analytical method [as reviewed by 
Simons & Thompson (1982)j. We have previously used 
photoactivation of receptor complexes with triamcinolone 
acetonide to covalently label receptors and determine their 
molecular weights (Dellweg et al.. 1982). In the present 
investigation. a more a m r a t e  standardization of the method 
was achieved by use of radiolabeled marker polypeptides. We 
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now find a molecular weight of 94000 5000 for wild-type 
receptors of mouse and human lymphoid cells, as well as for 
nt--variant nceptors of two independent cell isolates. On the 
other hand, nt'-variant recepton of three independent isolates 
showed molecular weights of 40000 f 2000. Partial proteo- 
lysis with trypsin of wild-type, nt-, and nt' receptors yielded 
steroid-labeled fragments of M. 29 OOO and 27 000. Digestion 
with a lysine-specific protease of bacterial origin gave rise to 
the same fragments while treatment with an arginine-specific 
enzyme from mouse submaxillary glands did not cleave the 
native receptors. Chymotryptic fragments of wild-type and 
ntr-variant receptors were found to be slightly smaller (by 
2000-3000 daltons) than native nt' receptors. These results 
suggest that glucocorticoid receptors of molecular weights in 
the range of 40000 have abnormally high DNA binding af- 
finity, independent of whether they are of mutational origin 
(nt' receptors) or proteolytic products of the wild-type. The 
eliminated portion of about 54000 daltons must be involved 
in modulating the binding to DNA in a biologically meaningful 
way. It is noteworthy that Carlstedt-Duke et al. (1982) were 
able to detect by immunochemical methods a fragment of 
roughly that size in chymotryptic digests of rat liver gluco- 
corticoid receptors. Also. antibodies raised against wild-type 
receptors of rat liver did not react with the nti receptor variant 
of CR PI798 lymphoma cells (Stevens et al., 1981). 

Glucocorticoid receptors of various tissues including lym- 
phoid cells have also been analyzed by gel-permeation chro- 
matography, and molecular weights ranging from 240000 to 
320000 have been reported (Cidlowski, 1980; Niu et al., 1981: 
Weatherill & Bell, 1982). Considering the fact that the 
steroid-labeled polypeptide is of M, 94000, we regard these 
higher molecular weight receptor forms as polymeric in nature. 
It remains open, however, what other polypeptides are involved 
and how the 94000 receptor polypeptide is organized in such 
complexes. At high ionic strength (4OC-500 mM salt), these 
large complexes appear to dissociate since receptor forms of 
9000C+95000 have been detected by gel-permeation chro- 
matography and sedimentation analysis (Yamamoto et al.. 
1976; Weatherill & Bell, 1982). Also, molecular weights of 
about 90000 were reported for the highly purified gluco- 
corticoid receptor of rat liver and for one of the nceptor forms 
of rat thymus (Gouindan, 1979; Wrange et al.. 1979; Tsaw- 
daroglou et al., 1981). 

The characteristics of wild-type and variant glucocorticoid 
receptors reported and discussed in the present paper lead to 
the following molecular model for the wild-type receptor: In 
addition to the sites for steroid binding and for nuclear in- 
teraction, the 94000daIton polypeptide chain contains a third 
domain that modulates nuclear interaction and DNA binding. 
The nt' mutation results in a receptor molecule from which 
the modulating domain is missing. Similarly, proteolysis with 
chymotrypsin eliminates the modulating domain but leaves 
the steroid binding site and the nuclear interaction domain 
covalently linked. Tryptic digestion. in contrast, separates these 
domains such that a receptor fragment is recovered that only 
contains the steroid binding site. Tryptic cleavage occurs a t  
lysine residues within the polypeptide chain since a lysine- 
specific enzyme produced similar fragments. This view is in 
accordance with the recent finding that pyridoxal phosphate, 
which supposedly reacts with camino groups of lysine residues. 
partially protects receptors against trypsin such that the steroid 
binding site and the nuclear interaction domain remain linked 
(Ninh et al., 1982). The sequential order of the three active 
domains along the 94000-dalton polypeptide chain of the 
wild-type receptor remains unknown except that the modu- 
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lating domain must be located distal to the cluster of steroid 
binding and nuclear interaction sites. As to the cellular origin 
of the nt'wariant receptors, there are several possibilities that 
have been discussed recently (Nordeen et al., 1981; Dellweg 
et al., 1982). Variant receptors of the nt- type most probably 
harbor defects in the nuclear interaction domain itself since 
removal of the modulating domain does not significantly alter 
DNA binding. 
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