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Recent results using proteases suggest that dexa- binding domain isneeded to answer questions such as
1)why
methasone 21-mesylate (Dex-Mes) labeling of the rat intact steroid-free receptors aredevoid of activity, 2) how the
hepatoma tissue culture (HTC) cell glucocorticoid re- steroid binding cavity determines which ligands display high
ceptor occurs at one or a few closely grouped cysteine affinity binding to the receptor, and 3) how the seemingly
residues (Simons, S . S., Jr. (1987) J. Biol. Chem. 262, subtle variations in steroid
ligand structure are translated
9669-9675). In this study,more
a direct approach was into one of the three major activity classes of glucocorticoid,
used both to establish that only one cysteine is labeled antiglucocorticoid, or inactivesteroid.
by[3H]Dex-Mes and to identify the
amino acid seOf the various methodsavailable to define the composition
quence containing this labeled cysteine. Various ana- of the steroid binding site of glucocorticoid receptors, the
lytical procedures did not provide the purification of
the extremely hydrophobic Staphylococcus aureus V 8 most comprehensive is x-raycystallography. This is theonly
method capable of providing details, at a resolution of -2 A,
protease digestion fragment that is required unique
for
amino acid sequencing data. Therefore, Edman deg- of the interactionsof the steroid with each amino acid in the
radation was performed on the limit protease digest binding cavity. Genetic engineering cangive variant receptor
however, this
mixtures which appeared to contain only one ‘H-la- proteins with altered steroid binding properties;
method
is
unable
to
distinguish
between
direct
and indirect
beled peptide. These degradation experiments revealed
on the binding of
the number of amino acid residues between the NH2 effects of changes inreceptorsequence
terminus of each peptide and the[3H]Dex-Mes-labeled steroid. Electrophilic affinity labeling can give high yields of
cysteine. A comparison of these amino acid spacings covalent receptor-steroid complexes (3-5) which usually conwith thepublished amino acid sequence of the HTC cell tain only 1-3 labeled amino acids (6, 7 ) . Thus, this approach
glucocorticoid receptor (Miesfeld, R., Rusconi, S., Go- is well suited to defining some of the amino acids that comdowski, P. J., Maler, B. A., Okret, S . , Wikstom, A-C., prise the steroid binding
cavity of receptors.
Gustafsson, J-A., and Yamamoto, K. R. (1986) Cell 46,
In the preceding paper ( 7 ) ,we demonstrated that theelec389-399) indicated that the one cysteine labeled by trophilicaffinity labeldexamethasone’21-mesylate(Dex[3H]Dex-Mesis Cys-656. Further analysis of the recep- Mes) (8, 9) selectively labels cysteines in the HTC cell glutor sequence for thepresence of the observed grouping cocorticoid receptor.In the present paper,
we have determined
of proteolytic cleavage sites, but without any precon- that only one cysteineof the receptor islabeled by [3H]Dexditions as to which amino acid was labeled, gave Asp- Mes and haveconclusively identified this cysteinewhich is in
122 and Cys-656as the only two possibilities. Potential the steroid bindingcavity of the rat HTC cell glucocorticoid
labeling of Asp- 122 could beeliminated on the basis of receptor.
immunological and genetic evidence. We, therefore,
conclude that the single Dex-Mes-labeled site of the
MATERIALS AND METHODS
HTC cell glucocorticoid receptor hasbeen identified as
Cys-656. Since several linesof evidence indicate that
The various reagents, the TAPS, buffer, the preparation of [3H]
[3H]Dex-Mes labeling of the receptor occurs in the Dex-Mes-labeled receptors (lo), and the details of the 15% SDSsteroid binding site, Cys-656 is the first amino acid polyacrylamide gels are described in the preceding paper (7).Antiwhich can be directly associated with a particular dexamethasone antibodies were obtained from Dr. George Chrousos
(National Institutes of Health). Purification of the activated [3H]
property of the glucocorticoid receptor.

Three functional domains have been identified in the receptor protein for glucocorticoid steroid hormones: a steroid
binding domain, a DNA binding domain, and an antigenic
domain(1, 2). Detailedinformation regarding thesteroid
* The costs of publication of this article were defrayed in part by
the payment of page charges. This article must therefore be hereby
marked “advertisement” in accordance with 18 U.S.C. Section 1734
solely to indicate this fact.
$To whom correspondence should be addressed: Bldg. 8, Rm. B2A07,NIDDKD/LAC, NIH, Bethesda, MD 20892.
** Deceased February 7, 1987.

Dex-Mes-labeledcomplexesto essentially radiochemical homogeneity
by DNA-cellulose chromatography has been previously reported (4).
Limit protease digest of the radiochemically pure activated complexes was conducted as detailed in the preceding paper (7).Briefly,
[3H]Dex-Mes-labeledcomplexes in pH 8.2 TAPS, buffer containing
500 mM NaCl were diluted with an equal volume of pH 8.8 TAPS,
buffer, denatured at -22 “C for 30 min with 0.2% SDS, 0.5 mM
dithiothreitol, and digested with 150 pg/ml trypsin, chymotrypsin, or
Staphylococcus aureus V8 protease for 16-18 h at -22 “C.
The abbreviations and trivial names used are: dexamethasone,
9~u-fluoro-11~,17~u,21-trihydroxy-16oc-methylpregna-1,4-diene-3,20dione; Dex-Mes, dexamethasone 21-mesylate; HTC, hepatoma tissue
culture; SDS, sodium dodecyl sulfate; TAPS, 3-[tris(hydroxymethyl)methyl]aminopropanesulfonic acid; HPLC, high performance liquid chromatography.
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Chromatography of the limit protease digests was performed on
Sep-pak CIS cartridges (Waters) that were pre-wet withmethanol and
then water containing 0.1% trifluoroaceticacid (Pierce Chemical
Co.). The [3H]Dex-Mes-labeledlimit digests (100-200 PI) were diluted
to 0.5 ml with water, boiled for 5 min, and applied to the cartridges,
which were washed with 10 mlof water, 0.1% trifluoroacetic acid.
The sample was eluted with 90% MeOH, 10% water, 0.1% trifluoroacetic acid, and 0.5-ml fractions were collected. The peak fractions
were determined by scintillation counting. If further chromatography
on Cnor CIRHPLC columns (Altex) was desired, the Sep-pak-eluted
material was diluted with 10 volumes of water, 0.1%trifluoroacetic
acid, applied to columns equilibrated in10% MeOH, 90% water, 0.1%
trifluoroacetic acid, and eluted by a linear gradient of 90% MeOH,
10%water, 0.1% trifluoroacetic acid.
The computer search of the glucocorticoidreceptor amino acid
sequence for possible protease cleavage sites was performed at the
National Biomedical Research Foundation (Washington,D. C.).
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RESULTS

Purification of V8 Limit Digest Fragment($ for Sequencing-The 1790-dalton“-labeled
material*obtained by S.
FIG.1. Fractionation of VS protease limit digest of actiaurew V8 protease limit digestion of the intact, radiochemically pure, affinity-labeled 98-kDa receptor (Dex-Mes com- vated [SH]Dex-Mes-labeled HTC cell glucocorticoidreceptors.
plex (7) purified on DNA-cellulose columns (4, 10)) was Activated [’H]Dex-Mes-labeledreceptors were denatured and diat 22 “C for 17 h with V8 protease (150 pg/ml) as described
chosen for purification for tworeasons. First, it appears to begested
(lane6)was loaded
under “Materialsand Methods.” The crude digest
the most homogeneous of the ‘H-labeled limit digest fragonto a C I S Sep-pak cartridge and elutedwith MeOH (see “Materials
ments obtained from digestionof the intact 98-kDacomplex and Methods”)in fractions 7 and 8 (lanes7 and 8,respectively). The
with trypsin, chymotrypsin, or V8 protease (7). Second, the combined fractions were loaded onto a C3 HPLC column and eluted
1.8-kDa V8 limit digest material is known to contain all of as three fractions (10-12 in lanes 9-22, respectively) by an acetonithe [‘HH]Dex-Mes-labeledcysteine(s) present in the intact
98- trile/water gradient. Panel A shows the fluorograph (9-day exposure)
of a 15% SDS-polyacrylamide gel of the various fractions;panel B is
kDa labeled complex (7).
a picture of the same gel, which had been stained with Coomassie
The 1.8-kDa ”-labeled V8 limit digest fragment(s) could Blue. Lines indicate the positions of the molecular weight standards
be separated on 15% SDS-polyacrylamide gels (7) from most (molecular weights are in parentheses: P , phosphorylase b (97,400);
of theotherproteinandpeptidesinthecrude
digestion B , bovine serum albumin(66,300); 0,ovalbumin (45,000);C, carbonic
mixture (Fig. 1).However, the further purification to homo- anhydrase (30,600); S, soybean trypsin inhibitor (21,500); L, a-lacgeneity that was desirable for the amino acid sequencing of talbumin (14,400); SP, substance P (1347); 1 , myoglobin (17,200);
and 2-6, the five different cyanogen bromidefragments of myoglobin
this labeled material proved to be problematical. Lyophilizaat 14,600, 8,240, and 6,380 (unresolved,average M,= 7,310), 2,560,
tion of the digested samples caused most
of the [‘HJDex-Mes- and 1,695).
labeled peptide to stick tightly to the
walls of the tube and to
resist resolubilization by most solvents (data not shown). The
Allof theseresults
labeled material was retainedequally well by nonspecific and tion by this procedurewasminimal.
indicate
that
the
1.8-kDa
limit
digest
fragment(s)
acts as an
anti-dexamethasone antibodies and stuck Amicon
to
“Centriextremely
hydrophobic
peptide
which
remains
associated
with
con 10” ultrafiltration membranes (data not shown). All of
conditions. In all
the radioactivity in crudeV8 protease limit digests appeared other polypeptides and proteins under most
inthe void volume of Sephadex columns,regardless
of cases, fluorographyof SDS-polyacrylamide gels confirmed the
whether or not the limit digest solution was first heated a t complete digestion with V8 protease of the initial affinity100 “C for 5 min before being chromatographed (a) on LH-20 labeled 98-kDa complex to the 1.8-kDa limit digest material
columnswith p H 8.8 TAPS, buffer containing 10 mM 8- (data not shown).
Identification of the Cysteine Covalently Labeled by pH]
mercaptoethanol, (b) on LH-20 columns withTAPS,-&merDex-Mes
by Sequential Edman Degradation-In view of the
captoethanol buffer containing 4 M guanadinium hydrochlohydrophobic
properties of the ‘H-labeled 1.8-kDa V8 protease
ride, or (c) on either LH-20 or (3-25 columns with TAPS,
digestion
fragment(s)
which prevented purificationby numerbuffer containing 1% SDS and0.1 M dithiothreitol (data not
ous
methods,
an
alternative
approach
was selected. Extensive
shown). All of the [‘HJDex-Mes-labeled digest was irreversibly bound to C I A HPLC columns. Reasonable recoveries protease digestion of radiochemically pure,activated [‘HJDex(-60%) were obtained from a C3 HPLC column if the crude Mes-labeled 98-kDa receptors(7) with trypsin, chymotrypsin,
limit digest washeated (100 “C for 5 min) before being applied and V8 protease yielded limit protease fragments that also
appeared to be radiochemically pure (Fig. 1 and Ref. 7).
to the column and then eluted with a water/acetonitrile or
Analysis
of the first 20 cycles in the sequential Edman degwater/methanol gradient (data not shown), but considerable
amounts of contaminating peptides co-eluted with the ‘H- radation of the CIS Sep-pak-eluted 1.8-kDa V8 limit digest
labeled fragment(s) a t a solvent composition of 40% acetoni- fragment: either before (data not shown) or after (Fig. 2 A )
revealed that mostof the
trile (Fig. 1).Good recoveries (60-70%) of the labeled material subsequent HPLC chromatography,
released radioactivity was in cycle 7. The tailing of the radiowere obtained from Sep-pak C1, cartridges by eluting with
methanol, 0.1% trifluoroacetic acid; the amount of purifica- active peak into the following fractions is normal and is due
to out-of-phase degradation. The sum of radioactivity ob‘The covalently bound steroid appears to reduce the size of all served in cycles 7-9 indicates that 286% of the covalently
[“HJDex-Mes-labeled peptides
by -680 daltons (7). When discussing
the size of the various limit digest fragments,we have not accounted
the
After correctingfor the effect of the covalently bound steroid,
for the 680-dalton difference dueto the covalently bound steroid but V8 protease fragment was calculated to contain 18 amino acids (7).
refer, instead,to the apparent size of the peptide (see Table I1 in the It was eventually determined (see below)
that this fragment contains
preceding paper(7)).
21 amino acids.

Covalent Labeling of Cys-656 in Rat Glucocorticoid Receptors
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FIG. 2. Sequential Edman degradation of limit protease digestion fragments of activated [%]DexMes-labeled HTC cell glucocorticoid receptors. Activated [3H]Dex-Mes-labeledreceptors were denatured for
30 min at 22 "C, digested with V8 protease, trypsin, or chymotrypsin at 150 pg/ml for 16-18 h at 22 "C, and
chromatographed on C18 Sep-pak cartridges. The peak fractions from the Sep-pak cartridges were subjected to
sequential Edman degradation on an Applied Biosystems model 470A protein/peptide sequenator as previously
described (12). The dpm/Edman degradation cycle wasplotted for: A , the C,, Sep-pak-chromatographed and then
C, HPLC-fractionated V8 protease limit digest (same example as in lane 10 ofFig. 1); B , a C18 Sep-pakchromatographed trypsin limit digest; and C, a C18Sep-pak-chromatographed chymotrypsin limit digest. In each
case, the complete conversion of the 98-kDa receptor to the limit protease digestion fragment was demonstrated
by electrophoresis on 15% SDS-polyacrylamide gels and detection by fluorography (data not shown).
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FIG. 3. Protease cleavage sites near ['HlDex-Mes-labeled Cys-656 of HTC cell glucocorticoid reeeptor. The single letter amino acid sequence, and numbering, of the region surrounding cys-656 of the HTC cell
receptor (11) is shown. The heauy arrows (w) indicate the cleavage sites of V8 protease, trypsin, and chymotrypsin
that were identified by sequential Edman degradation. The light arrows (1)show the probable additional cleavage
sites that would account for the observed sizes of the single protease limit digest fragments (indicated by -)
and theother small species seen in the single and double limit digests (see "Discussion"). Those aminoacids which
are different in the human (13) and mouse (14) glucocorticoid receptor are indicated.

bound [3H]steroid is attached to cysteine (7) in the 1.8-kDa
V8 limit digest peptide(s). An examination of the amino acid
sequence of the HTCcell glucocorticoidreceptor (11)revealed
that only five of the 20 cysteines are seven positions downstream ( i e . closer to the COOH terminus) from an
acidic
amino acid residue that could be cleaved by V8 protease.
Trypsin digestion of the [3H]Dex-Mes-labeled 98-kDa receptor yields a 1580-dalton fragmentb) that appears to be
slowly cleaved to still smaller
peptides. These smaller peptides
15% SDS-polyacrylamide gels during
do not remain in the
staining and destaining (7).
Analysis of the first20 sequencing
cycles of the 1.6-kDa trypsin limit digest material showed
that essentially all of the radioactivity was found in cycle 5
(Fig. 2B). These data also indicate that the proposed second
trypsin cleavage site must be on the carboxyl terminal side of
the labeled cysteine. There are three cysteines in the HTC
cell glucocorticoid receptor which are five amino acidsdownstream from a basic amino acid residue that would be cleaved

by trypsin. Of these three cysteines,only Cys-656 isalso
compatible with the V8 protease limit digest data of Fig. 2A
(see also Fig. 3). It should be noted that there is a second
trypsin site within 5-10 amino acids downstream of Cys-656
that would account for the further
cleavage t o a fragment that
is too small to remain on
15% gels.
Sequential Edman degradation was also performed on the
1470-dalton chymotrypsin limit digest material (7) in order
to confirm thelabeling of Cys-656. A major peak of radioactivity was seen incycle 17 (Fig. 2C). The yield of radioactivity
here was lower than with the trypsin and V8 protease digestion fragments, as expected from the cumulative
effect of less
than quantitativeyields for each stepof the Edman degradation. There are four cysteines that are 17 amino
acids downstream from a conventional chymotrypsin cutting site
( i e . the
aromatic amino acids phenylalanine, tyrosine, or tryptophan
and leucine (15)). In all cases, the cleavage site for chymotrypsin would be a leucine. Of these four cysteines, only Cys-
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labeled amino acid. These results also extend our previous
conclusions that thereactions of Dex-Mes are highly specific
for thiols (4, 7, 16) and thateach limit protease digest of [3H]
Dex-Mes-labeled receptors observed on SDS-polyacrylamide
gels contains only one labeled peptide (7).
This technique of using sequential Edman degradation of
radioactive limit protease digestion fragments to identify affinity-labeled amino acids does require knowledgeof the
amino acid sequence of the protein. However, as seen for
steroid receptors (11, 13, 14, 20, 21), protein sequences are
increasingly likely to be deduced from the cloning of genes
sooner than from the sequencing of isolated proteins. Our
approach to identifying affinity-labeled amino acids and their
position in intact proteins should thus beof general utility
and may be the only viable method with peptides that are
difficult to purify or are available only in small quantities.
Several lines of evidence have established that Dex-Mes
covalently labels glucocorticoid receptors in the binding cavity
of the steroid binding domain. Dex-Mes is an irreversible
antiglucocorticoid in HTC cells (8) and can covalently label
glucocorticoid receptors in both whole cell (4, 5 ) and broken
cell preparations (4, 8-10, 22). This wholecell antagonist
activity, whole cell labeling of receptors, and cell-free labeling
of receptors are all inhibitedby excess glucocorticoid(3-5,810,22). Thewhole celland cell-free activities of Dex-Mes and
cortisol 21-mesylate exhibit the same relative potencies as do
the parent steroids dexamethasone and cortisol, as expected
from structure-activity correlations. Furthermore, covalently
labeled receptor Dex-Mes can be activated to an apparently
normal DNA binding complex (4, 5, 22, 23). Since activation
of the receptor to a high affinity DNA binding species requires
the prior binding of steroid to receptors (24, 25), it can be
concluded that Dex-Mes labeling occurs in the steroid binding
cavity. Thus, the affinity labeling of Cys-656 by Dex-Mes
means that at least this amino acid is part of the steroid
binding site of HTC cell glucocorticoid receptors. These results also directly support the conclusions of Bodwell et al.
(26) that atleast one -SH group necessary for steroid binding
to the receptor is different from the -SH group(s) required
for receptor-steroid complex binding to DNA.
Due to a lack of information regarding the tertiary structure
of the receptor, it is not yet possible to say whether all of the
amino acids in the steroid binding cavity are in one contiguous
region of the receptor. The 95.8% homology between rat (11)
and human (13)
glucocorticoidreceptors, and 96.3% homology
between rat (11) and mouse (14), in the 120 amino acids on
DISCUSSION
either side of Cys-656 ofthe ratreceptor (e.g. Fig. 3) does not
Using sequential Edman degradation of small radioactive help to define the critical elements of the steroid binding site.
limit protease digest fragments of the intact [3H]Dex-Mes- This homology does, however, permit us to predict that Cyslabeled 98-kDa receptor, we have demonstrated that Dex-Mes 638 and Cys-644 are the sites of Dex-Mes labeling in the
selectively labels only one amino acid in the HTC cell gluco- human and mouse receptors, respectively. These sites arealso
corticoid receptor. Since V8 protease, trypsin, and chymo- consistent with the data from deletion mapping which inditrypsin appear to retain their usual cleavage specificity under cate that -200 amino acids at the carboxyl-terminal end of
our digestion conditions (7), we were able to identify the the receptor constitute the steroid binding domain (11,13,14,
chemical nature of several amino acids and specify their 27). The size of this domain suggests that thecorrect tertiary
position relative to the3H-labeled amino acid. A search of the structure is critical for steroid binding activity. While inforHTC cell glucocorticoid receptor sequence (11)for these ap- mation is not yet available concerning this tertiary structure,
propriately spaced amino acids identified Cys-656 as the one it is probable that the bulk of the steroid binding site is
affinity-labeled amino acid. This identification was most read- somewhat distant from Cys-656 since the reactive C-21 posiily established if one started with the extensively supported tion of Dex-Mes is at one extremity of the steroid.
premise (3, 4, 7, 8, 16) that Dex-Mes covalently labels only
Regions of amino acid homology have been noted between
cysteines. However, the current dataallowed us to unambigu- the human (and rat) glucocorticoid receptor, the human and
ously conclude that it isCys-656 that is affinity labeled even chicken estrogen receptor (28), and the chicken (20, 29) and
if no assumption was made about the chemical identity of the rabbit(30) progesterone receptor. A glycine instead of a
cysteine occurs at thatposition of the estrogen receptor which
' K. R. Yamamoto, personal communication.
corresponds to Cys-656 of the ratglucocorticoid receptor (28).

656 is also compatible with the trypsin data. Three of these
four cysteines were also identified from the V8 limit digestion
data as candidates for covalent labeling: Cys-265, CYS-492,
and Cys-656. Collectively, the sequential Edman degradation
data for the trypsin, chymotrypsin, and V8 protease limit
digests uniquely implicate Cys-656 as the single cysteine of
the HTC cell glucocorticoid receptor that is affinity labeled
by Dex-Mes (Fig. 3).
Identification of pH]Dex-Mes-labeled Amino Acid by Computer PatternAnalysis of the EdmanDegradation Data-The
above conclusions that Cys-656 of the HTCcell glucocorticoid
receptor is affinity-labeled relied on previous data indicating
that Dex-Mes was specifically labeling a cysteine (3, 4, 7, 8,
16). For confirmation of the location of the labeled amino
acid in the receptor molecule, we used an approach that did
not require knowing the chemical identity of the labeled
residue. The above Edman degradation data of the limit digest
fragments revealed the existence of a chymotrypsin site 17
amino acids upstream,a V8 protease site7 amino acids
upstream, and a trypsin site
5 amino acids upstream from the
"H-labeled amino acid. Thus, the receptor sequence in the
vicinity of the labeled amino acid(s) should be: (Phe, Tyr,
Trp, or Leu) - - - - - - - - - (Asp or Glu) - (Lys or Arg) - - - ( [3H]Dex-Mes-labeledamino acid). A computer search of the
entire HTCcell glucocorticoid receptor sequence (11)for this
pattern yielded two possible sites: positions 105-122 with Asp122 being the labeled amino acid and positions 639-656 with
Cys-656 being the labeled amino acid. Asp-122 is a chemically
viable candidate for labeling since Dex-Mes does react with
carboxylate anions, although at rates that are >500 times
slower than the reaction with thiol anions (16). However, a
combination of genetic and immunological evidence eliminates Asp-122 as the affinity-labeled amino acid. The antigenic regions in the rat liver glucocorticoid receptor for the
monoclonal antibodies 250 (17) and BUGRl (18) have been
localized to the amino-terminal end of the receptor, which
includes Asp-122 (11).4
Since Asp-122 can be removed from
dexamethasone-bound, or Dex-Mes-labeled, receptors by
mild-chymotrypsin digestion to give a 42-kDa species that
still binds to DNA and containsthe initially bound, or labeled,
steroid (1, 10, 17,19), Asp-122 cannot be the amino acid that
is labeled by Dex-Mes. Thus, we can identify Cys-656 as the
affinity-labeled amino acid in the HTC cell glucocorticoid
receptor without any prior conclusions regarding the particular amino acid(s)that is labeled.
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Dex-Mes bound to, but did not affinity label, the chicken
progesterone r e ~ e p t o r Consistent
.~
with this is the fact that
progesterone receptor contains a serine in place of the Cys656 of rat glucocorticoid receptors (30).5 Similarly Dex-Mes
displayed little if any binding or labeling of rat mineralocorticoid receptors? and human mineralocorticoid receptors have
an alanine instead of the Cys-656 of rat glucocorticoid receptor~.~
The receptor sequence in the vicinity of the labeled Cys656 (Fig. 3) can account for all of the limit protease digestion
patterns with [3HJDex-Mes-labeled98-kDa receptors (7). The
-50% recovery of radioactivity in the trypsin limit digest
fragment of Met-652 to Arg-673 would result from slow cleavage at the internal trypsin site
(Lys-662) to give an 11-residue
fragment that would not remain on the gel during staining
and destaining (7). Predictions of which chymotrypsin sites
will actually be cleaved by chymotrypsin are known to be
difficult (7, 15). The dataof Fig. 2C indicate that chymotrypsin cuts inefficiently at Leu-638, Phe-641, and Met-652 (see
Ref. 15 for infrequent cleavage after methionine) and not at
all after Leu-645; the lack of cleavage at Leu-654 is expected
due to the following proline (15). There are also numerous
chymotrypsin sites outside of the limit digest fragment (Cys640 to Tyr-658) that could give rise to the multiple small
chymotrypsin fragments that are seen (7). Further cleavage
of the V8 protease limit digest peptide (Gln-650 to Glu-670)
at Asp-659 does not occur, perhaps due to steric inhibitionby
the covalently bound steroid at Cys-656.Cleavage of the
chymotrypsin limit digest peptide at Asp-644 by added V8
protease, and of the V8 limit digest fragment at Leu-665 by
added chymotrypsin, would yield the still smaller fragments
that were occasionally observed during double protease digestion (7). The fact that all of these peptides are larger than
was observed (7) could easily derive from the observed extreme hydrophobicity of the V8 limit digest fragment and
probably also of the chymotrypsin and trypsin limit digest
fragments.
The present dataallow the precise identification of the first
components of any of the three functional domains of the
glucocorticoid receptor, i.e. antigenic domain, DNA binding
domain, and steroid binding domain. Homology with the DNA
binding protein erb A, or TBreceptor (31, 32), has led to
proposing the cysteine-rich region corresponding to positions
440-500 of the rat receptor (11)as being intimately involved
in DNA binding (27, 33). The facts that 41% of the overlapping sequence of 486-517 is composed of basic amino acids,
which could form ionic bonds with the DNA phosphate backbone, and that structures in this sequence can be formed that
are similar to theproposed DNA-binding "fingers" of TFIIIA
(34) further strengthen this tentative
assignment. An antigenic site that is missing in a biologically inactive variant
W. T. Schrader, personal communication.
L. P. Eisen and J. M. Harmon, personal communication.
R. M. Evans, personal communication.

receptor has been localized to the amino-terminal end of the
receptor (11, 27). Thus, considerable progress has been made
recently in defining the functional activity of the glucocorticoid receptor at a molecular level. The present data should be
particularly helpful in fully describing the steroid binding
domain of the receptor and understanding steroid-receptor
interactions.
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