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The existence of two progesterone receptor forms present in crude cytosol of chick oviduct has been
demonstrated by photoaffinity labelling using [*HJR5020. On SDS—polyacrylamide gels these two forms
exhibit app. M,-values of 79000 and 109000 corresponding to the progesterone receptor forms A and B.
Peptide maps of photoaffinity-labelled steroid receptors have been established by limited proteolysis with
a-chymotrypsin. The peptide map obtained for chick oviduct cytosol progesterone receptor crosslinked
with [PHJR5020 proved to be the sum of peptides obtained from partially purified preparations of forms
A and B. The peptide maps of both progesterone receptor forms were identical for peptides below the M;-
value of form A, indicating extensive homology of the two forms. A significantly different peptide pattern
was observed for the rat liver glucocorticoid receptor crosslinked with [*H]triamcinolone acetonide.
Prolonged proteolysis with chymotrypsin gave rise to peptides with M.-values of 6000 and 10000 from the
hormone-binding domain of progesterone and glucocorticoid receptors, respectively.

Steroid hormone receptor Peptide mapping

1. INTRODUCTION

Multiple forms of the chick oviduct pro-
gesterone receptor have been described [1-4], at
least two of which appear to be the product of pro-
teolytic degradation [S]. A 6 S progesterone recep-
tor was resolved into components ‘A’ and ‘B’ by
DEAE-cellulose chromatography and it was found
that only A bound to DNA [6]. Different
characteristics of both forms with respect to their
interaction with jon-exchange resins has facilitated
their separation and isolation and on
SDS—polyacrylamide gels app. M-values of 79000
and 117000 have been determined for the A and B
form, respectively (review [1]). Recently, using af-
finity chromatography, the isolation of a molyb-
date stabilized chick oviduct progesterone receptor
has been described, consisting of either 2 bands
(90 kDa and 104 kDa) on SDS gels [4] or a single
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85-kDa polypeptide chain [3]. Both of these
reports appear to be at variance with the above
studies.

Photoaffinity labelling with unmodified ligands
containing unsaturated ketone functions has pro-
ven to be an important tool in the investigation of
steroid hormone-binding proteins [7-11] and
chromosomal binding sites of ecdysterone [12,13].
If this crosslink occurred exclusively in the
hormone-binding domain it should be possible to
establish peptide maps of receptors by limited pro-
teolysis even in crude preparations. As such pep-
tide maps are highly specific for a given protein
[14], in combination with competition studies they
would unequivocally prove the isolation of a
specific hormone receptor.

Here, we have tried to establish peptide maps of
the chick oviduct progesterone receptor
throughout a purification procedure. The aim was
to define those receptor forms which can be
detected in crude cytosol and to clarify the rela-
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tionship between these forms on the basis of the
structural information provided by the peptide
maps.

Furthermore, the applicability of this kind of
analysis to other steroid receptor systems is
reported, as well as the possibility to obtain defin-
ed peptide fragments from the hormone-binding
domain of steroid hormone receptors.

2. MATERIALS AND METHODS

2.1. Purification of progesterone receptor

The partially purified chick oviduct pro-
gesterone receptor used in this study is obtained as
an intermediate in a purification procedure derived
by modifications of standard techniques [1] which
will be detailed elsewhere (in preparation). Briefly,
cytosol from diethylstilbestrol (DES)-stimulated
chicks or laying hens was labelled using [*H]R5020
([17a-methyl-3H]-17,21 -dimethyl-19-nor-pregn-
4,9-diene-3,20-diene) (NEN) in the presence of
10~% M cortisol and 10~7 M dexamethasone (non-
specific binding of R5020 was <10%) and sub-
jected to a serial arrangement of chromatographic
steps. Final purification for the progesterone
receptor was about 770-fold for form A and
1000-fold for form B. Photoaffinity labelling
(described below) was done at various stages of the
purification. In cases where crude cytosol was to
be irradiated, samples after labelling were treated
with 1 vol. wet phosphocellulose (P11, Whatman)
for 5 min followed by dextran-coated charcoal
(0.05%/0.5%) adsorption for 30 min on ice in
order to remove coloured proteins and free ligand,
respectively.

2.2. Partial purification of glucocorticoid receptor

The 90-kDa [15] (fresh tissue) and the 40-kDa
[16] (frozen tissue) form of rat liver glucocorticoid
receptor labelled with [*H]triamcinolone acetonide
(NEN) were purified about 150-fold according to
standard procedures and crosslinked.

2.3. Photoaffinity labelling

Crosslinking of receptor preparations was per-
formed using a 1-kW Mercury-Xenon lamp (Oriel)
and a 2 mm thick long-pass filter (WG320, Schott)
in a jacketed cylindrical quartz cuvette, cooled to
—10°C. The solution was mixed with a magnetic
stirrer during irradiation (12 min for cytosolic
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preparations and 1-5 min for purified prepara-
tions). Crosslinking efficiencies varied from
5-12% of specifically bound hormone (measured
with the dextran-charcoal assay [17]) as determin-
ed by trichloroacetic acid precipitation (final conc.
10%).

2.4. Peptide mapping

Peptide maps were generated by limited pro-
teolysis with a-chymotrypsin (Worthington, 3 x
crystallized, 45—70 units/mg). A stock solution
was prepared containing 50 mg/ml chymotrypsin
and 1 mg/ml Na-4-tosyl-L-lysine chloromethyl-
ketone (TLCK) in 100 mM Na-phosphate (pH
7.2), 1 mM Na;EDTA (digest buffer) and aliquots
were frozen at —20°C. Receptor preparations
after photoaffinity labelling were precipitated at
40% ammonium sulphate or by 10% trichloro-
acetic acid (40 kDa glucocorticoid receptor pre-
parations) and the protein pellets were solubilized
in digest buffer containing 8 M freshly deionized
urea. After dilution with digest buffer to 2 M urea,
digestions of aliquots were performed at 37°C for
30 min by varying the enzyme to protein ratio
(E/P) as indicated in the figures. For complete
digestion, crosslinked receptor preparations were
incubated with an excess of TLCK-enzyme
(E/P = 3) for 1 h at 37°C.

2.5. Gel electrophoresis and fluorography

SDS—polyacrylamide gel electrophoresis of
digested samples was performed on gradient gels as
indicated in the figure legends using the high-M;
[*“Clprotein marker kit from BRL as standard.
Fluorography was carried out with EN°HANCE
(NEN) according to the manufacturer’s instruc-
tions. After complete digestions, receptor prepara-
tions were analyzed in 15% polyacrylamide gels
containing 100 mM Na-phosphate (pH 7.2), 0.1%
SDS, and 6 M urea as recommended by BRL (pro-
gesterone receptor) or in 8.75-15% SDS—poly-
acrylamide gels containing a 0—8 M gradient of
urea (glucocorticoid receptor) using prestained
low-M; proteins (BRL) as reference. The gels were
extensively washed in fixing solution and cut into
2-mm slices which were dissoived in H>O2 over-
night at 55°C. After addition of scintillation fluid
(D22, Roth), the vials were stored for 24 h in the
dark at 4°C and the radioactivity was measured in
a liquid scintillation counter.
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3. RESULTS

3.1. Progesterone receptor

When progesterone receptor in crude cytosol of
DES-stimulated chicks or laying hens is crosslink-
ed with [*’H]R5020, only two radioactive-labelled
bands are visualized on the fluorograph of SDS
gels (fig.1A, first lane), app. M;-values of about
79000 and 109000. After partial purification of
progesterone receptor according to protocols used
to separate forms A and B [1], only one of these
proteins can be detected after photoaffinity label-
ling. For example, after elution of form A from
DEAE-Sepharose with 150 mM NaCl only the
79-kDa protein can be crosslinked (fig.1B, first
lane). The same result is obtained when pro-
gesterone receptor form A was 770-fold purified
(not shown). After a 1000-fold purification of
form B, only the 109-kDa protein can be
photoaffinity-labelled with R5020 (fig.1C, first
lane). These results strongly suggest that the
cytosol of chick oviduct contains only two func-
tional forms of the progesterone receptor, having
the characteristics of the forms A and B in [1]. It
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should be noted that no difference in results was
found when the homogenization of oviducts was
performed in the presence or in the absence of
molybdate (not shown).

Fig.1A—C shows the peptide maps obtained by
limited proteolysis with TLCK—a-chymotrypsin of
photoaffinity-labelled chick oviduct progesterone
receptor at various stages of purification. The map
obtained from crude cytosol preparations (fig.1A)
evidently represents the sum of the peptides deriv-
ed from partially purified forms A (fig.1B) and B
(fig.1C). The peptides visualized by this technique
are generated by chymotryptic digestion at various
distances from the point where the radioactive
ligand has been crosslinked to the receptor
molecule. The appearance of distinct peptide
bands indicates that the steroid is exclusively
crosslinked to a specific region of the receptor pro-
tein, namely the hormone-binding domain. Dif-
ferences in the relative intensities of the peptide
bands obtained are probably due to different rate
constants of hydrolysis, as chymotryptic attack is
influenced by the nature of the amino acid residue
adjacent to the susceptible bond [18]. An influence

& o o
- 0 e B o 9 9 o
@ 9 6 o © 0 B B ==
| = n o - o ™ i Ll (11
P N S T -
e N e —200K—
i D
S e— —92 5K
Y —
.

—27.7TK

—18 4K~

—!Q.JK\_

1 IYYTrTs N SR -

Fig.1. Fluorography of peptide maps of chick oviduct progesterone receptor obtained by limited proteolysis with
TLCK—a-chymotrypsin at various purification levels. (A) Form A and B from phosphocellulose treated cytosol, labelled
with [PH]JR5020 (20 nM) and crosslinked as in section 2. Aliquots were digested with increasing enzyme to protein ratios
(E/P) as indicated on top. (Exposure time was equivalent to 1.4 x 10° cpm crosslinked x days.) (B) Peptide map of
form A obtained after separation from form B on DEAE-Sepharose (exposure time: 1.8 X 10°: cpm x days). (C)
Peptide map of form B 1000-fold purified (section 2). Exposure time: 3.9 x 10° cpm x days. (D) Fluorography of
cytosolic progesterone receptor preparation crosslinked before (right) and after (left) incubation with 3 mM Ca?* at 0°C
for 10 min; (A-C) 8.75-15%; (D) 7.5-12% SDS—polyacrylamide gel containing 0—8 M urea.
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of the ternary structures of the receptor protein
may be discounted as the protein was denatured
before addition of the enzyme and digestion was
performed in 2 M urea. The radioactivity visible at
the dye front is due to free hormone which
migrates in SDS—micelles and to end-products of
the digestion which are not resolved by this gel
system. These peptide maps are consistent
throughout the purification procedure with respect
to the localization and relative intensities of label-
fed peptide bands.

A very surprising observation was that the pep-
tide maps generated from the separated forms A
and B of the progesterone receptor are identical in
terms of peptides below the M; of form A. This in-
dicates an extensive sequence homology if not the
partial identity of the two receptor forms. Indeed,
progesterone receptor form B is initially cleaved to
give a peptide of slightly higher M; than undigested
form A (see the doublet band in fig.1A, E/P =
1/250) and is then processed further in exactly the
same way as form A.

Ca?* treatment of chick oviduct cytosol is
known to convert the progesterone receptor into a
smaller ‘mero’-receptor, probably generated by
Ca?*-activated proteolytic cleavage [5]. In this
study, oviduct cytosol was subjected to a 10 min
treatment with 3 mM Ca®* on ice before photoac-
tivation and electrophoresis on an
SDS—polyacrylamide gel. Only one radioactive
peptide can be observed on the fluorograph of this
gel (fig.1D), having the same M; as one of the
predominant peptide bands seen after chymotryp-
tic digest (about 23000). This indicates that an en-
dogenous protease of a similar type, although
more specific than chymotrypsin, may be responsi-
ble for the Ca’*-activated cleavage of the pro-
gesterone receptor.

3.2. Glucocorticoid receptor

A variety of steroid hormone-binding proteins
can be photoaffinity labelled with unmodified
ligands [7~11] and therefore offer the possibility to
establish peptide maps in the same way as describ-
ed above for the progesterone receptor. Fig.2
shows a peptide map of the 40 kDa form of the
glucocorticoid receptor prepared from frozen rat
liver crosslinked with [*H]triamcinolone acetonide.
As expected, a pattern significantly different from
that of the chick oviduct progesterone receptor is
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Fig.2. Peptide map of an about 150-fold purified 40-kDa

glucocorticoid receptor from frozen rat liver (section 2};

8.75—-15% SDS—polyacrylamide gel. (Exposure time:
2.4 x 10°; cpm x days.)

visualized, demonstrating that the technique is
specific for a given steroid hormone receptor and
that each receptor can be easily identified.

3.3. Complete digest of progesterone and
glucocorticoid receptors

The specificity of the crosslinking reaction per-
mits the identification of a labelled peptide from
the hormone-binding domain after complete
chymotryptic digest. To determine the size of this
fragment, two gel systems were chosen that permit
the identification of peptides down to an M; of
about 2000. In order to eliminate non-crosslinked
hormone, the gels were extensively washed in the
fixing solution. Fig.3 shows the distribution of
radioactivity on a 15% SDS—urea—polyacrylamide
gel, for an extensive chymotryptic digest of pro-
gesterone receptors A and B from chick oviduct
cytosol. Only one major peak corresponding to an
M, of about 6000 is obtained. The same resuit was
observed when form A and B were separated prior
to digestion (not shown). When the 90-kDa form
of crosslinked rat liver glucocorticoid receptor
prepared from fresh tissue is chymotrypsinized,
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Fig.3. Distribution of radioactivity on a 15% SDS~urea
gel (section 2) after complete digest of crosslinked chick
oviduct progesterone receptor A and B from cytosol
with TLCK—chymotrypsin: (A) before, (@) after
digestion with TLCK-chymotrypsin for 1 h at 37°C
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Fig.4. Distribution of radioactivity on 8.75-15%
SDS—polyacrylamide gel containing an 0-8 M urea
gradient after crosslinking 150-fold purified 90 kDa
glucocorticoid receptor from unfrozen rat liver: (A)
before, () after digestion of crosslinked receptor with
TLCK—chymotrypsin for 1 h at 37°C (E/P = 3).
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the hormone-binding domain is digested to a frag-
ment with an M; of about 10000 (fig.4). A peptide
of this size is also seen on extensive digestion of the
40 kDa form (fig.2, E/P = 1/10). The small peak
in fig.4 preceding the 10 kDa fragment has a size
of about 40 kDa, indicating that the 40 kDa
glucocorticoid receptor from frozen tissue is the
result of a proteolytic degradation of the 90 kDa
form, probably induced by lysosomal breakage
during the freezing—thawing cycle [19].

4. DISCUSSION

Peptide mapping by limited proteolysis,
established by authors in [14], is a powerful techni-
que for the identification of particular proteins,
clearly differentiating even closely related proteins
like a- and S-tubulin [14]. This kind of analysis,
however, requires the isolation of the protein in
considerable amounts. Photoaffinity labelling per-
mits the identification of a protein present at a very
low abundancy in cytosolic preparations of high
complexity (e.g., chick oviduct progesterone recep-
tor). In conjunction with peptide mapping,
photoaffinity labelling permits the unequivocal
identification of steroid binding proteins at any
stage of a purification procedure, starting even
with crude cytosol.

Here, photoaffinity labelling of chick oviduct
progesterone receptor revealed two bands at M;
79000 and 109000 on SDS-polyacrylamide gels.
These proteins possess the characteristics of the
form A and form B as in [1]. Peptide mapping
showed that the partially purified forms A and B
are in fact identical with the two functional pro-
gesterone receptor forms which can be observed in
chick oviduct cytosol.

Recently the purification of chick oviduct pro-
gesterone receptor by affinity chromatography has
been reported [3,4], (displaying different
characteristics on SDS—polyacrylamide gels (see
section 1) than reported here. By means of peptide
mapping as described here, it should be simple to
ascertain whether the different purification pro-
cedures in fact yield different proteins, or, for ex-
ample, merely intermediate proteolytic fragments
of the same protein.

The glucocorticoid receptor complex contains
sites which are preferentially sensitive to pro-
teolytic attack. It has been found that these sites
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define functional subunits and 3 domains have
been identified described as steroid-binding activi-
ty (domain A), DNA-binding activity (domain B)
and immunoreactivity (domain C) [19]. The data
presented here appear to reflect this structural
composition. Whereas the intact receptor (do-
mains A, B and C) is the 90 kDa protein in fig.4,
the 40 kDa form (domain A + B) is visualized in
fig.2 (left lane) and the strong band at an M; of
about 27700 (fig.4, E/P =1/50) probably
represents domain A.

The results obtained by comparative peptide
mapping of the progesterone receptors forms A
and B indicate extensive structural homology of
the two forms. Three possible explanations could
account for this fact. The receptor forms A and B
may result from gene duplication or distinct splic-
ing events from a single gene. Alternatively, the
similarity of the peptide maps may be explained as
a consequence of post-translational proteolysis
from a unique mRNA. Cloning of the receptor
gene(s) will serve to distinguish between these
possibilities.

The single chymotryptic peptide obtained from
the hormone-binding domain of the progesterone
receptor can be easily identified after photoaffinity
labelling using radioactive hormone. Thus, the
amino acid sequence of this fragment may be
determined after further purification. This se-
quence would be particularly useful for the syn-
thesis of oligodeoxynucleotide probes which would
in turn constitute a powerful tool for the iden-
tification of the receptor gene(s).

After the completion of this manuscript, a
photoaffinity labelling study of the chick oviduct
progesterone receptor also using R5020 as ligand
appeared in [20]. Although they observed high
levels of non-specific labelling and extensive pro-
teolysis of the receptor protein in crude cytosol,
which did not allow them to identify form A and
B in cytosol preparations, there is, in general, an
excellent agreement between their results and ours.
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