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Abstract

Identification of complementary DNAs encoding the human glucocorticoid receptor predicts two
protein forms, of 777 (a) and 742 (B) amino acids, which differ at their carboxy termini. The
protein s contain a cysteine/lysine/arginine-rich region which may define the DNA -binding
domain. Pure radiolabelled glucocorticoid receptor, synthesized in vitro, is immunoreactive and
possesses intrinsic steroid-binding activity characteristic of the native glucocorticoid receptor.

TRANSCRIPTIONAL regulation of development and homeostasis is controlled in complex
eukaryotes by a wide variety of regulatory substances, including steroid hormones. The
latter exert potent effects on development and differentiation in phylogenetically diverse
organisms and their actions are mediated as a consequence of their interactions with specific,
high-affmity binding proteins referred to as receptors!~0. Many of the primary effects of
steroid hormones involve increased transcription of a subset of genes in specific cell
types’-3. The structural characterization of the steroid receptor protein and the definition of
the molecular actions of the steroid hormone/receptor complex would help to define the
biochemical events which modulate gene transcription. A series of receptor proteins, each
specific for one of several known steroid hormones, are distributed in a tissue-specific
fashion, although many cell types simultaneously express receptors for several steroid
hormones®10. It is postulated that steroids enter cells by facilitated diffusion and bind to the
specific receptor protein, initiating an allosteric alteration of the complex. As a result of this
transformation, the steroid hormone/receptor complex appears capable of binding high-
affinity sites on chromatin and modulating transcription of specific genes by a

mechanistically unknown process!!-12,
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The glucocorticoid receptor is widely distributed and expressed in many cultured cell lines,
and the control of gene expression by glucocorticoids, therefore, has been widely studied as
a model for transcriptional regulation. A number of glucocorticoid-responsive transcription
units, including mouse mammary tumour virus (MMTV)!13:14 mouse and human metal-

15-16  pat a2u-globulin17 and rat and human growth hormone!8-20

lothionein genes have been
identified. DNA sequences mediating transcriptional stimulation of several of these genes
have been localized. For MMTYV, these sequences are discrete genomic regions upstream of
the transcriptional start site which appear to exert their actions independently of orientation
and position!-22, The steroid/receptor complex appears to bind to these regulatory
sequences and purified receptor has been used to define the specific binding sites23-20.
Based on the footprinting analyses of several responsive genes, a consensus DNA binding

sequence sharing the core sequence 5" TGT/CTCT 3’ has been proposed?’.

The ability of the glucocorticoid-responsive element (GRE) to alter its position and
orientation yet still maintain promoter inducibility suggests that it resembles the class of cis-
acting regulatory sequences termed enhancers?!. First discovered in viruses and
subsequently in cellular genes, these sequences are necessary for efficient transcription in
vivo*8=31 Tt has been suggested that enhancers are recognized by trans- acting factors that
mediate regulatory effects by tissue-specific transcriptional control. Although the enhancer
factors have not been well characterized, the glucocorticoid receptor may serve as a
paradigm for these putative gene activator proteins.

The availability of radiolabelled high-affinity glucocorticoid analogues such as
dexamethasone and triamcinolone acetonide has led to the development of purification
strategies resulting in the isolation of nearly pure rat and human receptors32-33. Although the
receptor migrates as a dimer in sucrose gradients, analysis on denaturing SDS-
polyacrylamide gels detects a single polypeptide of relative molecular mass (Mr) ~94,000
(94K)3433, The native polypeptide contains intrinsic specificity for steroid binding and DNA
sequence recognition. By using as probes monoclonal and polyclonal antibodies raised

against the purified rat and human receptors36-3%

, it has been possible to identify a major
immunogenic region in the receptor residing on a portion of the molecule that is distinct
from the steroid- and DNA- binding regions3—*!. To gain further information about the
structure of this molecule and to begin an analysis of the molecular mechanisms by which it
regulates gene transcription, we set out to clone receptor cDNA sequences. By using
receptor-specific antibodies as probes, we and others have isolated clones containing human

or rat glucocorticoid receptor cDNA inserts*2:43,

Here we report the complete amino-acid sequence of the human glucocorticoid receptor
(hGR), deduced from human lymphoid and fibroblast cDNA clones. The sequence reveals
various structural features of the receptor, including the major immunogenic domain and a
cysteine/arginine/lysine-rich region which may constitute a portion of the DNA-binding
domain. We describe the use of the SP6 transcription vector system to generate analytical
amounts of full-length protein, and demonstrate that the cell-free translated protein is both
immunoreactive and possesses steroid-binding properties characteristic of the native
glucocorticoid receptor. An accompanying paper describes the homology of the hGR
sequence to that of the oncogene v-erb-A%.

Nature. Author manuscript; available in PMC 2018 September 30.
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Glucocorticoid receptor cDNA

A library of cDNA clones was constructed in the phage expression vector A gtl1 using
poly(A)* RNA from the human lymphoid cell line IM-9 as template, as described
previously*2. This library was initially screened with a rabbit polyclonal antiserum to the
purified glucocorticoid receptor, resulting in the isolation of several immunopositive
candidate clones from ~2.5 x 107 plaques. The 3-galactosidase fusion proteins generated
from these clones were used to affinity-purify receptor epitope-specific antibody, which was
subsequently recovered and identified by binding to protein blots of cellular extracts. Three
clones containing inserts expressing antigenic determinants of the human glucocorticoid
receptor were isolated. The inserts of these clones, although of different sizes, cross-
hybridized, indicating that they contained a common sequence which presumably delimits
the major immunogenic domain of the receptor. Together, these clones spanned 1.4 kilobase
pairs (kbp) but were clearly not long enough to code for the entire receptor, which was
estimated to require ~2,500 nucleotides to encode a polypeptide of M, 94K.

To isolate additional cDNA clones we again screened the original library and also examined
a second library (given by H. Okayama) prepared with poly(A)* RNA from human fibrob-
lasts in the vector described by Okayama and Berg**. Using one of the immunopositive
cDNA inserts (hGR1.2) as probe, 12 clones were isolated that, together, covered more than
4.0 kbp. The nucleotide sequences of these clones were determined by the procedure of
Maxam and Gilbert* according to the strategy indicated in Fig. la. RNA blot analysis
indicated that a cDNA insert of 5-7 kilobases (kb) would be necessary to obtain a full-length
clone and sequence analysis indicated that the over lapping clones OB7 and hGR5.16
spanned an open reading frame of 720 amino acids, not large enough to encode the complete
receptor. Therefore, a second human fibroblast cDNA library of ~ 2 x 10° transformants was
screened, yielding a clone (OB10) containing a large insert that extended 150 base pairs (bp)
upstream of the putative translation initiation site (see Fig. 1). Sequence analysis predicts
two protein forms, termed a and B, which diverge at amino acid 727 and contain additional
distinct open reading frames of 50 and 15 amino acids, respectively, at their carboxy termini
(see Fig. Ib). The a form, represented by clone OB7, is the predominant form of
glucocorticoid receptor because eight cDNA clones isolated from various libraries contain
this sequence.

cDNA and protein sequences

Figure 2 shows the 4,800-nucleotide sequence encoding the human a glucocorticoid
receptor, determined using clones hGR1.2, hGR5.16, OB7 and OB10. The translation
initiation site was assigned to the methionine codon corresponding to nucleotides 133—135
because this is the first ATG triplet that appears downstream from the in-frame terminator
TGA (nucleotides 121-123). However, in the absence of amino-terminal peptide sequence
information, unequivocal determination of the initiation site is not yet possible. The codon
specifying the lysine at position 777 is followed by the translation termination codon TGA.
The remainder of the coding sequence is covered by multiple overlapping clones, with OB7
containing a 4.3-kb insert that continues to the poly(A) addition site and OB10 containing
the putative initiator methionine. The 3’ regions of clones OB7 and OB10 diverge at

Nature. Author manuscript; available in PMC 2018 September 30.
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nucleotide 2,314, as shown by both restriction endonuclease and DNA sequence analysis. At
this junction, the a-receptor continues with a unique sequence encoding an additional 50
amino acids whereas the S-receptor continues for only 15 additional amino acids (Fig. 3).
The 3’-untranslated region of OB7 is 2,325 nucleotides long, while that of OB10 is 1,433
nucleotides. There is no significant homology between these two regions, as indicated by
direct sequence comparison (Figs 2, 3) or by hybridization analysis under stringent
conditions (data not shown).

In addition, we have isolated from a human primary fibroblast library another cDNA clone,
OB 12 (data not shown), which contains sequences identical to OB7 but uses the
polyadenylation signal at nucleotide 3,101 (Figs 1b, 2), giving rise to a shorter 3’-
untranslated region. Use of probes specific for the 3’-untranslated region of OB7 to screen a
human placenta cDNA library reveals that most clones terminate at the first poly(A) site in
OB7. Thus, messenger RNA variation is the apparent consequence of both alternative
polyadenylation and alternative RNA splicing (see below). The fact that the human
fibroblast library contained both cDNAs suggests that both receptor forms may be present in
the same cell.

Analysis of a- and B receptor protein

Sequence analysis reveals that the a2 and B forms of the human glucocorticoid receptor are
777 and 742 residues long, respectively; the twoforms are identical up to residue 727, after
which they diverge. To examine the receptor levels in vivo, cytoplasmic extracts from several
human and mouse cell lines were probed by immunoblot analysis with a polyclonal antibody
directed against the human glucocorticoid receptor3’, a- And B receptor cDNAs were
inserted into the SP6 transcription vector to create synthetic mRNA for 7n vitro translation
(Fig. 4a). The RNAs were separately added to a rabbit reticulocyte lysate system and the
unlabelled products analysed by SDS-polyacrylamide gel electrophoresis (SDS-PAGE). The
two RNAs programme the synthesis of distinct translation products whose migration
differences are consistent with the predicted polypeptide lengths of the twoforms (Fig. 4b,
lanes 2, 3). Cytoplasmic extracts from untreated IM-9 cells and IM-9 cells treated with 1 uM
triam cinolone acetonide serve as markers (Fig. 4b,lanes 4, 5) for the 94K receptor (the 79K
form represents a putative receptor degradation product)*". Note that after steroid treatment,
the intensity of the 94K band is reduced, corresponding to tighter receptor/chromatin
binding and, therefore, receptor translocation to the nucleus. The a form co-migrates with
the 94K band of the native receptor while the B form migrates more rapidly (Fig. 4b,
compare lanes 2,3 with lanes 4,5). A comparison of cytoplasmic extracts from various
human and mouse cell lines reveals the presence of only the a-receptor (Fig. 4b, lanes 6-9).
Interestingly, the mouse ADR6 lymphoma cell line*®, selected for resistance to steroid-
induced lysis, contains no steroid-binding activity and shows no immunoreactive receptor
(Fig. 4b, lane 7). Therefore, based on characterization of multiple receptor cDNA clones and
receptor protein by immunoblot analysis, we conclude that the predominant physiological
form of the glucocorticoid receptor is the a (94K) species.

Nature. Author manuscript; available in PMC 2018 September 30.
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Expression of hGR in vitro

To provide additional evidence that the cloned receptor is functional, we investigated the
possibility that the in vitro-translated products might be able to selectively bind
corticosteroids. Accordingly, the rabbit reticulocyte lysate was incubated with the
radiolabelled synthetic glucocorticoid analogue 3H-triam cinolone acetonide (H-TA)
before or after addition of in vitro- synthesized a or ShGR RNA. As shown in Fig. 5, those
lysates programmed with a-hGR RNA acquired selective steroidbinding capacity;
unexpectedly, the S-receptor synthesized 7n vitro failed to bind competable *H-TA. The in
vitro-synthesized a-hGR bound radiolabelled steroid which could be competed with by
addition of excess unlabelled cortisol or dexamethasone; however, binding of 3H-TA was not
effectively competed with by addition of excess unlabelled oestrogen or testosterone. In
contrast, excess progesterone constituted an effective competitor, consistent with the
previously reported anti-glucocorticoid activities of progesterone*’. To confirm these results,
the competition experiments were repeated with native glucocorticoid receptor prepared
from extracts of human lymphoid cells. Both the in vitro-translated receptor and the natural
in vivo receptor have nearly identical properties with regard to steroid binding and
competition with excess unlabelled steroid analogue (Fig. 5).

hGR sequences map to at least two genes

The human glucocorticoid receptor gene has been functionally mapped to chromosome 5.
Analysis of somatic cell hybrids constructed by fusing receptor-deficient mouse T cells
(EL4) with human receptor-containing T cells (CEM-C7) indicated that segregants
expressing the wild-type CEM-C7 receptor maintained human chromosome 5 while
dexamethasone-resis-tant segregants had lost this chromosome™S.

To confirm the authenticity of our cDNA clones, we mapped receptor cDNA sequences
using Chinese hamster/human somatic cell hybrids containing only human chromosome 5
(HHW454). DNAs extracted from human placenta, HHW454 hybrid cells and Chinese
hamster ovary (CHO) cells were digested with EcoRI or HindIlI restriction endonucleases
and separated on a 0.8% agarose gel. DNA fragments transferred to nitrocellulose were
probed with a portion of the receptor-coding region derived from nucleotides 570-1,640
(hGR1.2A; Fig. 1). In addition to CHO-specific EcoRI bands of 6.8 and 17 kbp (Fig. 6a,
lanes 2,3), DNA from the hybrid cell line also contains human-specific bands of 3.0 and 5.0
kbp. Unexpectedly, a DNA fragment of 9.5 kbp is found in total human DNA but not in the
hybrid line (Fig. 6a, lane 1). Similarly, HindIII digestion revealed a 7.5-kbp band that is not
present in the chromo some 5 hybrid cell DNA (Fig. 6a, lane 4). These results indicate that
the receptor cDNA maps to human chromosome 5, but that there are additional receptor-
related sequences elsewhere in the genome. To map these sequences, we used a dual-laser
fluorescence-activated cell sorter (FACS) to sort mitotic chromosome suspensions stained
with DIPI/chromomycin in conjunction with Hoechst 33258 chromomycin; this technique
allows separation of the 24 human chromosome types into 22 fractions*®. After the
chromosomes were sorted directly onto nitrocellulose, the chromosomal DNA was
denatured and hybridized to the hGR cDNA probe. In addition to confirming the
chromosome 5 localization, additional sequences were found on chromosome 16 (Fig. 65).

Nature. Author manuscript; available in PMC 2018 September 30.
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To confirm this localization, DNAs from mouse erythroleukaemia cells and a mouse
erythroleukaemia cell line containing human chromosome 16 (ref. 50) were digested with
HindIII and probed with hGR cDNA (Fig. 6¢); as predicted, the only DNA fragment found
in the hybrid and not in the control was the 7.5-kbp DNA fragment, thus establishing the
chromosome 16 assignment (Fig. 6¢, lanes 1, 2).

Additional Southern blot analyses using the EcoRI-Xbal fragments from OB7 and OB10 3’-
untranslated regions revealed hybridization only to chromosome 5 (data not shown). We
conclude that both the a- and B-receptor cDNAs are probably encoded by a single gene on
chromosome 5 and suggest that the two cDNA forms are generated by alternative splicing.
In addition, we conclude that another gene residing on human chromosome 16 contains
homology to the glucocorticoid receptor gene, at least between nucleotides 570 and 1,640. It
is not clear whether these sequences on chromosome 16 represent a related steroid receptor
gene, a processed gene or pseudogene, or a gene that shares a common domain with the
gene for the glucocorticoid receptor. Genomic cloning and DNA sequencing may provide
the answer.

To determine the size of the mRNA encoding the glucocorticoid receptor, Northern blot
hybridization>! experiments were performed using cytoplasmic mRNA isolated from a
human fibroblast cell line, HT1080. Using the hGR1.2 coding sequence as probe, multiple
mRNAs of 5.6, 6.1 and 7.1 kb were detected. Treatment of these cells with glucocorticoids
for 24 h leads to a 2-3-fold reduction in receptor mRNAs, suggesting a potential negative
feedback regulation.

Discussion

Structural analysis of the glucocorticoid receptor is a pre requisite for gaining insight into
the mechanisms by which this regulatory molecule exerts its effects on gene transcription.
Here, we have presented the primary sequence of the human glucocorticoid receptor
deduced from nucleotide sequence analysis of cDNA clones.

Isolation of hGR cDNAs has revealed the existence of multiple mRNAs encoding at least
two forms of the polypeptide. The predicted proteins differ at their carboxy termini by the
substitution of 50 amino acids in the case of a-hGR and 15 amino acids in the case of B
hGR. The a glucocorticoid receptor is the major form identified in several human cell lines
and cDNA libraries. However, a recent report by Northrop et al. characterizes two forms of
the receptor in mouse lymphoid cells>2. The relationship of a- and S-hGR to the mouse
doublet species remains to be established. Also, the cellular distribution and potential
function of S-hGR are unclear, although it is possible that variant receptors are used for
tissue-specific functions. We are now generating antisera to synthetic peptides specific for
each human receptor form to elucidate their tissue-specific expression.

Among the cDNAs selected using the immunopositive phage DNA insert hGR1.2A as probe
were those containing 3’ ends similar to OB7, except that polyadenylation was signalled
earlier by the use of an AATAAA at nucleotide 3,101. These clones have been isolated from
both human fibroblast and placental libraries (data not shown). Alternative poly(A) site

Nature. Author manuscript; available in PMC 2018 September 30.
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selection is a feature of many eukaryotic transcription units 3. In some instances, selection

of poly(A) sites specifies particular polypeptide products>*-7

while in other cases,
alternative poly(A) site selection produces no change in the primary structure of the
polypeptide®®. The selection of poly(A) sites during receptor transcription may (1) alter the
stability of the mRNA in a particular tissue, (2) lead to splicing changes, or (3) be random,

with no physiological consequence.

The in vitro translation studies described here provide direct evidence that the cloned
molecule encodes the complete glucocorticoid receptor. First, the in vitro-translated product
is identical in size to the native glucocorticoid receptor and is immunologically reactive with
receptor-specific antiserum. Second, the 7n vitro-translated protein acts functionally as a
glucocorticoid receptor in that it is capable of selectively binding the synthetic
glucocorticoid triamcinolone acetonide. This binding is specifically competed with by
glucocorticoids, glucocorticoid analogues and progesterone but is not competed with by the
sex steroids testosterone and oestrogen. In this respect, the in vitro-translated receptor
behaves identically to the in vivo receptor from human lymphoid cells, providing the first
evidence for a function of the cloned molecule. The acquisition of steroid-binding properties
does not appear to require any specific modifications or, if it does, these modifications can
occur in the in vitro translation mix.

The results presented here provide the information necessary for studying the molecular
interactions of a eukaryotic transcriptional regulatory protein with its target genes. These
structural studies provide a basis from which the glucocorticoid receptor, its gene, and its
RNA products can be analysed. Furthermore, the ability to express receptor in vitro provides
a novel means by which the consequence of specific in vitro mutagenesis can be rapidly
tested.

In addition to the in vitro studies, the analysis of several existing rodent cell lines*9-39-61
with well-characterized receptor defects in both the DNA- and steroid-binding domains
should facilitate future analysis. Furthermore, the isolation of genes responsive to
glucocorticoids and specific regulatory elements by both mutagenic and protein-binding
studies suggests that this protein will serve as a very useful model for analysis of inducible
eukaryotic gene regulation.
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Fig. 1.

Human glucocorticoid receptor cDNA sequencing strategy and schematic representation of
cDNA clones, a, The composite cDNA for the a glucocorticoid receptor is represented at the
top, with noncoding (lines) and coding (stippled portion) sequences indicated. Common 6-
nucleotide restriction enzyme sites are shown. Overlapping cDNA inserts used to determine
the sequence are shown: arrows beneath the regions sequenced show the direction and extent
of sequencing. The dashed line at the 3* end of OB10 indicates divergent sequence.
Numbers refer to nucleotide positions in OB10 relative to the 5’-most transcribed sequence,
b, cDNAs encoding the a and B forms of the receptor (OB7 and OB10, respectively). The 5°
end of OB7 (broken lines) is contributed by the OB10 clone. Protein-coding information is
represented by wide bars; untranslated sequences are indicated by thin bars. Nucleotides and
amino acids are numbered above and below the coding sequence, respectively. Common
DNA sequences extend to nucleotide 2,313 (amino-acid residue 727), at which point the a-
and B-receptor forms diverge, with the a cDNAs (OB12, OB7) continuing in an open
reading frame for 150 nucleotides (50 amino acids) and the S cDNA (OB10) continuing for
45 nucleotides (15 amino acids; see Fig. 3). Hexanucleotide signals (AATAAA) just
upstream of the poly(A) in the clones are indicated, with the first hexanucleotide in OB7
serving as poly(A) in OB12
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Methods. The inserts hGR1.2, hGR2.9 and hGR5.16 were isolated from a A gt11 IM-9
lymphoid cell cDNA library as described previously*2. Two clones were isolated from
cDNA libraries constructed by H. Okayama in pcD (ref. 44) using poly(A)+ mRNA from
GM637 human fibroblasts (OB7) and primary human fibroblasts (OB10). Screening was
performed with the hGR1.2 cDNA, radiolabelled by nick-translation with 32P-dCTP.
Sequences were determined by the chemical cleavage method of Maxam and Gilbert*.
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AGACTAATTTAMAAAATAACTACCAAG AGGCCCTGTCTGTACCTAACGCCCTATTTT AGAAAGCTGGTA TGTCTTT TTTGAMGTAGT
TTGTATAACTTCTTAAAAG TTG TGATTCCAGATAACT, CTGAGAG TTTAATC MTMNCCTWCRCTWACCCRMMAKMMTAT
GGCAAAMATGGCTAGACACCCATTTTCACATTCCCATCTG TCACCARTTGS TTAATCTTTCCTG ATGG TACAGG AAMG CTCAG CTACTGATTTTTG TG ATTTAG AACTG TATG TCAG ACA
TCCATG TTTG TAAAACTACACATCCCTANTG TG TG CCATAGAG TTTAACACAAG TCCTGTG ARTTTCT TCACTG TTG AMAATTATT TTAMACAAAAT AG AMGCTG TAG TAGCCCTTTCTG.
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TTAAMAMTATGCAACTTCTAATATATTTTTATATTTAGTTATAGTTTC, TATTGGTATTCACT AATCTGOG AAGGG ARG GGCTACTGCAG CTTTACATG CAATTTATTA
AAMTGATTG TAAMATAGCT TG TATAG TG TAAMMATAAG AATGATTTTTAG A‘IEMATM’I“H‘TA‘I‘CAN ACATGTTATATATTTTTTG TAGGGGTCAAAG AAATG CTG ATGGATAACCTAT
ATGATTTATAGTTTG TACATGCATTCATACAGGCAG CG ATGG TCTCAG ARACCAAACAGTTTG CTCTAGGGGAMG AGGGAG ATGG AG ACTGG TCCTG TG TG CAG TG AAGG TTGCTG ACGT
TCTGACCCAG TG AGATTACAGAGCAAG TTATCCTCTG CCTCCCATTCTG ACCACCCTTCTCATTCCAACAG TG AG TETG TCAG CGCAGG TTTAG TTTACT CAATCTCCCCTTGCACT ARR
GTATG TARAG TATG TAAACAGG AG ACAGGAMGGTGE TGCTTACATCCT TAAMGGCACCATCT AATAGCGGE TTACTTTCACATACAG CCOTCCCCCAG CAGTTGAATG ACARCAGAAG CT
TCAGAMG TTTGGCARTAG TTTG CATAGAGE TACCAG CAATATG TAAATAG TGCAGAATCTCATAGG TTGCCARTAATACACTAATTCCT TTCTATCCTACAACAAGAG TTTATTTCCARN
TAAMATG AGGACATG TTTTTG TTTTCT TG AATCCT TTTTG AATG TTATTTG TTATTTTCAG TATTTTGG AGAAATTATTTAATAAAAAAACAATCATTTG CTTTTTG AAAAAAAAAAAR

Fig. 2.
c¢DNA and predicted protein sequence of human glucocorticoid receptor. The complete a

coding sequence and OB7 3’-untranslated region are shown, with the deduced amino acids
given above the long open reading frame. An upstream in-frame stop codon at nucleotides
121-123 and putative additional polyadenylation signals in OB7 are underlined.
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a GluPheProGluMetLeuAlaGlulleIleThrAsnGlnIieProLysTyrSerAsnGly
GAATTCCCCGAGATG TTAGCTGAAATCATCACCAATCAGATACCARAATATTCAAATGGA
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r CAATCTTGGOGCTCAAAARATAGAACTCAATGAGAAAAAGAAG ATTATGTGCACTTCGTT
GTCAATAATAAG TCAACTGATG CTCATCGACAACPATAGG AGGCTTTTCATTAAATGGGAAAAG AAG CTG TGCCCTTTTAGGATACG TGGGGGAAAAGAA
MTCATCTTAATTATG TTTAATTG TGGATTTAAG TG CTATATGG TGG TG CTG TTTGAAAG CAG ATTTATTTCCTATG TATG TG TTATCTGGCCATCCCAA
CCCAAACTG TTG ARG TTTG TAG TAACTTCAG TG AG AG TTGG TTACTCACAACAAATCCTG AAAAG TATTTTTAG TG TTTG TAGG TATTCTG TGGGATACT
ATACAAG CAGAACTG AGGCACTTAGGACATAACACTTTTGGGG TATATATATCCAAATG CCTAARACTATGGGAGGAAACCTTGGCCACCCCAAAAGGAA
AACTAACATGATTTG TG TCTATG AAG TG CTGGATAATTAG CATGGGATG AG CTCTGGG CATGCCATGAAGGAAAG CCACG CTCCCTTCAGAATTCAGAGG
CAGGGAGCAATTCCAGTTTCACCTAAG TCTCATAATTTTAG TTCCCTTTTAAAAACCCTGAAAACTACATCACCATGGAATGAARAATATTG TTATACAA
TACATTGATCTG TCAAACTTCCAG AACCATGGTAGCCTTCAG TG AG ATTTCCATCTTGGCTGG TCACTCCCTGACTG TAGCTG TAGG TG AATG TG TTTTT
GTG TG TG TG TG TCTGG TTTTAG TG TCAG AAGGS, TG TAAGGAGGACACTTTAAACCCTTTGGGTGGAG TTTCG TAATTTCCCAGACTATTTT
CAMG CAACCTGGTCCACCCAGGATTAG TG ACCAG!H AGGAAAGGATTTGCTTCTCTCTAGAAAATG TCTGAAAGGATTTTATTTTCTGATGAAAGG
CTGTATGAAAATACCCTCCTCAAATAACTTGCTTAACTACATATAGATTCAAG TG TG TCAATATTCTATTTTG TATATTAAATG CTATATAATGGGGACA
AATCTATATTATACTG TG TATGGCATTATTAAGAAGCT T TTCATTATTTTTTATCACAG TAATTTTAAAATG G TAAAAATTAAAACCAG TGACTCCTG
TTT TTG TAGTTTTTTATTCATG CTGAATAATAATCTG TAG TTAAAAAAAAAG TG TCTTTTTACCTACG CAGTG AAATG TCAGACTG TAA
AACCTTGTGTGGAAATG TTTAACTTTTATTTTTTCATTTAAATTTGCTG TTCTGG TATTACCAAACCACACATTTG TACCG AATTGGCAGTAAATG TTAG
CCATTTACAGCAATGCCAARTATGGAGAAACATCATAATAABAAMATCTGCTTTTTTCAAAAAAAAARAAARARAAAAAAAARAAAA 3820

Fig. 3.
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Restriction map and nucleotide sequence of the 3’ end of the human glucocorticoid receptor

BcDNA. a, The common 6-nucleotide restriction enzyme sites are shown for the 3’-

untranslated region of OB10. b, The cDNA sequence of the 8 form (OB10) from nucleotide

2,281 to 3,820 compared with the protein-coding information found in the 3’-terminal
coding portion of the a form (OB7). Amino acids encoded by each of the cDNAs are

presented above the nucleotide sequences. Putative polyadenylation signals (AATAAA) in

the 3’-untranslated sequence of OB10 are underlined.
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Immunoblot comparison of hGR translated in vitro with in vivohGR from cell extracts, a,
The vectors constructed for in vitro transcription of the hGR cDNA sequence. The complete
a (pGR107) and B (pGR108) coding sequences were placed under the transcriptional
control of the SP6 promoter in pGEMI. Vector sequences, noncoding cDNA sequences and
coding sequences are indicated by thin lines, thick bars and boxed regions, respectively. The
poly(A) tract of ~60 nucleotides is indicated by A.,. Divergent coding sequences are
indicated by striped and stippled regions, b, Western blot analysis of in vitro translation
products and cell extracts. Unlabelled translation products synthesized in a rabbit
reticulocyte lysate system with no added RNA (lane 1) or with RNA synthesized from
pGRI108 (B, lane 2) or pGR107 (a, lane 3) were fractionated on a 7.5% SDS-polyacrylamide
gel. Additional lanes are: cytoplasmic extracts from IM-9 (lane 4), IM-9 treated with 1 uM
triamcinolone acetonide (lane 5), HeLa (lane 6), ADR6.M1890.AD1 mouse lymphoma (lane
7), S49 mouse lymphoma (lane 8) and EL4 lymphoma (lane 9). Proteins were transferred to
nitrocellulose and probed with anti-hGR antibody, followed by 12I-labelled Staphylococcus
aureus protein A as described previously*Z.

Methods. To construct an expression vector containing the entire a coding sequence shown
in Fig. 2, the 3’ coding sequence of OB7 was fused to OB10 5’ coding information. OB7
was partially digested with EcoRI, completely digested with X bal, and the 1.2-kbp
fragment was gel-purified and ligated with EcoRI/bal-digested OB10 to produce the
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intermediate pOB107. The entire pOB107 cDNA sequence including the 5’ poly(G) tract (11
nucleotides, nt) and 3’ poly(A) tract (~ 6 0 nt) was excised by partial PstI/complete Bam HI
digestion. The resultant 3.5-kb fragment was gel-purified and inserted between the PsA and
Bam HI sites of pPGEM 1 (Promega Biotec) to yield pGR107. Plasmid GR108 was directly
constructed from pOB10 by partial Psd/com plete Bam HI digestion and insertion of the
resulting cDNA insert into the corresponding sites of pGEMI. Capped SP6 transcripts were
synthesized from Pvull-linearized pGR107 and pGR108, as described by Kjieg and
Melton®2, with simultaneous capping effected by reduction of the GTP concentration from
400 to 100 uM and addition of m’GppG (Pharmacia) to 500 uM. Transcripts were purified
by P60 chromatography and translated with micrococcal nuclease-treated rabbit reticulocyte
lysate (Promega Biotec) in conditions suggested by the manufacturer. Preparation of IM-9
cytosol from steroid-treated cells was as described previously*2. Size markers are
phosphorylase B (97K), bovine serum albumin (66K.) and ovalbumin (45K).
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Fig. 5.

Stgroid—binding of a-hGR (GR107) translated in vitro. Binding to IM-9 cytosol extract
(stippled bars) and to reticulocyte lysate containing SP6-generated a-hGR RNA (GR107;
open bars) are shown. Bars represent bound 3H-triamcinolone acetonide (TA) determined
with a 100-fold excess of various steroid competitors; 100% competition was determined
using unlabelled TA as competitor. The values represent the mean of triplicate
determinations, with error bars showing P< 0.05. Steroid competitors are dexamethasone
(Dex), cortisol (Cort), progesterone (Prog), testosterone (Test), and oestradiol (Oest).

M ethods. Binding assays were performed in 100 ul containing 10 mM Tris-HC1 pH 7.4, 100
mM NaCl, 1 mM EDTA, 10 mM sodium molybdate, 10 dithiothreitol, 150 mM 3H-TA (20
Ci mmol~!; Amersham) and 10 pl translation mixture or 100 g fresh IM-9 cytosol.
Unlabelled steroid competitor (15 uM ) was added as indicated. After 2 h at 0 °C, samples
were extracted twice for 5 min each with 5 ul of 50% dextran-coated charcoal to remove
unbound steroid, and counted. Uncompeted and fully competed values for the a
glucocorticoid receptor (GR107) were 490 and 290 c.p.m., respectively. Reticulocyte lysate
translation mixtures without added transcript or programmed with S-receptor SP6 RNA
(GR108) contained no competable H-TA binding.
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Fig. 6.

Ck?romosome mapping analysis of hGR cDNA. A, 10 ug of DNA from human placenta
(lanes 1, 4), CHO/human somatic cell hybrid (HHW454, lanes 2, 5) containing chromosome
5 as its only human complement, or CHO (lanes 3, 6), was digested with EcoRI (lanes 1-3)
or Hindlll (lanes 4-6) to completion, fractionated on a 0.8% agarose gel and transferred to
nitrocellulose paper. b, Chromosomes (3 x 10%) prepared from a human lymphocyte cell
line, stained with 4,6-bis(2”-imadazolinyl-4H,5H)-2-phenylindole (DIPI)/chromomycin A3
and sorted using a dual-laser custom FACS IV chromosome sorter®3, were denatured and
neutralized on nitrocellulose paper. Note that Hoechst/chromomycin-stained chromosome 9
was sorted with chromosomes 10-12. ¢, 10 pg of DNA from the parental mouse cell line
MEL (lane 1) or the parentally derived somatic cell hybrid carrying human chromosome 16
(ref. 50; lane 2) was digested with Hindlll and separated on a 0.8% agarose gel then
transferred to nitrocellulose paper. All filters were probed with the 1,100-bp insert from hGR
1.2, nick-translated to a specific activity of 3 x 108 c.p.m.ug™ and hybridized in 5 x SSPE, 1
x Denhardt’s, 0.1% SDS, 50% formamide, 100 ug ml~! denatured salmon sperm DNA, 50%
dextran sulphate at 42 °C for 18 h. Filters were washed twice (for 30 min each) in 2 x SSC
at 68 °C and exposed to X-ray film at =70 °C with an intensifying screen.
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Fig. 7.

Ngrthern blot analysis of hGR mRNA. 10 pg of poly(A)* mRNA from human HT1080
fibroblast cells, collected after 24 h without ( — ) or with ( + ) treatment with 10 uM
dexamethasone, was electrophoresed through a 0.8% agarose/1% formaldehyde gel, stained
with acridine orange (120 ug ml~!) and transferred to nitrocellulose. The filter was
hybridized overnight with nick-translated hGR1.2 (10° c.p.m. ml~!, specific activity 108
c.p.m. ug~!) and washed with 2 x SSC at 68 °C. Sizes were estimated from human
fibronectin mRNA (7.8 kb), and 28 S (5.0 kb) and 18 S (2.1 kb) ribosomal RNAs.
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