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We have cloned and sequenced 4.5 kilobases (Kb)

of cDNA encoding the chicken progesterone recep-

tor. The complete cDNA contains an open reading

frame of 2361 nucleotides in length and encodes a

polypeptide of 787 amino acids with a mol wt of 85.9

K. At least four mRNA species have been detected

in chick oviduct cells. Direct sequencing of variant

cDNAs has suggested that two of the mRNAs (4.5

Kb and 3.6 Kb) differ only in the length of their 3 -

untranslated regions. A third mRNA (1.8 Kb) pro-

duces a truncated polypeptide which encodes the

immunoreactive NH2 terminal sequence of the recep-

tor but lacks the hormone binding regional and half

of the DNA-binding domain. The polypeptide ex-

pressed, from the receptor cDNA in progesterone

receptor negative Cos M-6 cells is indistinguishable

from oviduct progesterone receptor in terms of hor-

mone binding and antibody reactivity. Furthermore,

the cloned receptor is capable of activating tran-

scription of a target gene. This activation is proges-

terone dependent (with half-maximal stimulation at

~3.3 x 10~10 M) and specific for the target gene.

(Molecular Endocrinology 1: 517-525, 1987)

INTRODUCTION

Steroid hormones regulate gene expression in eucary-

otes by binding to specific intracellular receptors which

in turn modulate the transcription of target genes ( 1 -

3). The recent cloning of the glucocorticoid (4, 5), estro-

gen (6-8), thyroid hormone (9, 10), progesterone (11-

14), and vitamin D receptors (15) has now facilitated

examination of the structure-function relationships of

these receptors. Amino acid homologies among these

proteins suggests that they belong to a family of hor-

mone receptors (16).
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We have used the chick oviduct as a model system
to examine the molecular mechanisms involved in reg-
ulation of gene transcription by progesterone. In the
chick oviduct the interaction of progesterone with its
receptor results in increased transcription of a defined
set of genes coding for egg-white proteins (17). We
have reported previously that the chicken progesterone
receptor (cPR) is composed of two hormone-binding
proteins (18). The A protein binds to DNA with high
affinity while the B protein binds less well to DNA but
interacts with certain nonhistone chromosomal proteins
(19). In order to examine the primary structure of the
receptor and to establish the origin and functional sig-
nificance of the A and B proteins, we have isolated
previously partial cDNA clones encoding the cPR (11).
The partial cDNA sequence we reported was in agree-
ment with the partial cDNA sequence presented by
Jeltschefa/. (12).

In the present paper, we report the sequence of the
entire cPR cDNA and examine the homology between
cPR and other steroid receptors. In addition, we dem-
onstrate that the polypeptide product expressed from
the cPR cDNA displays the functional activities inherent
in the authentic progesterone receptor (PR) from chick
oviduct.

RESULTS

Chicken PR cDNA and Protein Sequence

We have reported previously the isolation of partial

cDNA clones encoding the cPR (11). In order to obtain

the sequence of the complete cPR cDNA, the longest

of these clones [cPR2, 1.3 kilobases (kb)] which en-

codes the immunoreactive domain of the receptor pro-

tein was used as a 32p-labeled probe to screen two

independent Xgt11 cDNA libraries and a pCD cDNA

library prepared from chicken oviduct poly(A)+ RNA. A

number of the overlapping cDNA clones obtained were

sequenced by the M13 dideoxy chain termination
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method (20) or by chemical degradation according to
the method of Maxam and Gilbert (21). The sequencing
strategy is shown in Fig. 1. The sequence was con-
firmed by comparison with that of genomic clones
covering the entire cDNA (Huckaby, C. S., 0. M. Con-
neely, W. G. Beattie, A. D. W. Dobson, M.-J. Tsai, and
B. W. O'Malley, 1987, in preparation).

The complete cDNA sequence encoded by the long-
est cPR mRNA (4.5 Kb), together with the deduced
amino acid sequence of the receptor protein is shown
in Fig. 2. The longest open reading frame is 2361
nucleotides in length and contains an initiation methio-
nine signal at nucleotide 315. The open reading frame
closes with a TGA stop signal at nucleotide 2676 in the
sequence. Upstream at nucleotide 156 and in frame
with the initiation ATG is a TGA stop signal which
suggests that translation cannot initiate 5' of this ATG.
The authenticity of this TGA stop signal has been
confirmed in two distinct cDNA clones and in the ge-
nomic DNA itself. In fact, this region has been crossed
five times from each direction using both the dideoxy
and Maxam and Gilbert methods. The 3'-end of the
open reading frame is followed by a long 3'-untrans-
lated region which contains a consensus polyadenyla-
tion signal (AATAAA) 32 nucleotides upstream from the
poly(A) addition site.

The longest open reading frame encodes a protein
of 787 amino acids in length with a predicted polypep-
tide mol wt of 85.9 K. Examination of the receptor
sequence reveals a second methionine codon 385 nu-
cleotides downstream of the most 5'-initiation signal in
the same translation reading frame. This internal ATG
is flanked by a consensus sequence consistent with
that reported optimal for initiation of translation in eu-
caryotes (22).

Receptor cDNA Variants

Three variant cDNAs were isolated during screening of
the cDNA libraries. These variants with the correspond-
ing oviduct mRNAs are shown in Fig. 3. Two of the
cDNAs (4.5 kb and 3.6 kb) contain identical coding
sequences and appear to differ only in the length of
their 3'-untranslated regions. The third cDNA variant
(1.8 kb) which was isolated from three independent
libraries produces a truncated polypeptide which con-
tains the entire immunoreactive domain of the receptor
but lacks the hormone binding domain and half of the
DNA binding domain of the protein. Northern blot hy-
bridization analysis shows that the variant cDNAs may
correspond to three mRNA species detected using
chick oviduct poly(A)+ RNA. For these analyses, a 32P-
labeled antisense RNA probe was used which is derived
from cDNA which encodes only the immunogenic region
of the receptor protein. This region is not conserved
among the steroid receptors thus minimizing the pos-
sibility of cross-hybridization of the probe with mRNAs
encoding other steroid receptors. An additional mRNA
was detected in lower concentration at approximately
8.0 kb in size. Although no cDNA clones have been
isolated to date corresponding to this band, it may
derive from alternate polyadenylation at a site further
downstream from the poly(A) site of the 4.5 kb mRNA.

Chicken PR Structural Homology with the Steroid

and Thyroid Hormone Receptors

The amino acid sequence of the cPR was deduced from

the nucleotide sequence of the complete cDNA and

I Ptt I R»t I ISmi I Pvu III Hind III

" T i l f TV T" FT
c.

D.

Fig. 1. Strategy for Sequencing of the cDNA

A, Placement of some of the cDNA clones which were used to determine the sequence of the gene. GPR-11 is a fragment from

a genomic DNA clone. B, A composite restriction map line shows the placement of relevant restriction sites. The locations of the

possible initiation codons for the A and B proteins, the stop codon and the polyadenylation signal are also shown. Numbers below

the line refer to kilobase pairs of fragment length from the 5'-end of the gene. C, D, The vertical lines for each enzyme represent

the position of restriction sites where fragments were generated for (C) ligation into the multiple cloning site region of a M13 vector

(33), or (D) labeling with [Y-3 2P] ATP and T4 polynucleotide kinase. The sequence of the fragments was determined by (C) the

dideoxy chain termination method (20) on templates derived from M13 phages, or (D) chemical degradation according to the

method of Maxam and Gilbert (21). The arrows indicate the direction and extent of sequence from these restriction sites. Eighty

one and three-tenths percent of the final sequence was determined from both strands. Ten and a half percent was determined at

least twice on one strand from overlapping restriction sites, and the remaining 8.3% was determined at least twice on one strand

from the same restriction site.
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Fig. 2. Nucleotide Sequence of the cPR cDNA and Predicted

Amino Acid Sequence of the Receptor Protein

The longest open reading frame begins at nucleotide 315 in

the sequence (MET 1) and closes with a TGA signal at nucleo-

tide position 2676. The Met 1 codon and an additional ATG

used for internal translation initiation are blocked. The in-phase

TGA stop signal upstream of MET 1 is underlined.

was compared to that of the rabbit PR (rbPR) (13) and

human (14) PR (hPR), rat (5) and human (4) glucocorti-

coid receptors (GR), chicken (8) and human (6, 7)

estrogen receptors, chicken vitamin D receptor (15),

and chicken (10) and human (9) thyroid hormone recep-

tors. In Fig. 4, the receptors are aligned on the basis of

structural similarities produced by conserved amino

acid sequences. Two major functional regions are con-

served between cPR and all of the hormone receptors.

They comprise the DNA-binding region and a part of

the hormone-binding domains and are contained within

a 350 amino acid stretch extending from the COOH-

terminus of the receptor proteins. The region of greatest

diversity among the receptors is found in the amino

terminal region. This domain is hypervariable in terms
of both receptor size and amino acid sequence. Com-
parison of PRs between species in this domain showed
an overall amino acid homology of 24% between cPR
and rbPR and 23% between cPR and hPR. Both hPR
and rbPR contain an insertion of 146 and 143 amino
acids, respectively, which are not contained in cPR.

The most striking area of amino acid homology (C1)
is contained in the DNA binding domain of the receptors.
The domain consists of an 85 amino acid stretch in the
central portion of cPR and is characterized by a high
content of cysteines and basic amino acid residues.
The amino acid conservation with cPR in this region is
highest for the rbPR and hPR (100%) and rat and
human GR (87%). The homology between cPR and the
remaining receptors ranges from 38-53% in this do-
main.

The second most conserved region (C2) is contained
within the hormone-binding domain of the receptors.
The amino terminal portion of this domain is character-
ized by an hydrophobic region which is conserved
between all of the receptors. The degree of homology
is highest between the PR and GR in this region and
throughout the hormone-binding domain. Comparison
of the amino acid sequence of cPR with the remaining
receptors shows significant amino acid homologies
(22-25%) in the hydrophobic region and no significant
amino acid conservation in the remainder of the hor-
mone-binding domain. The remarkable structural simi-
larity between the PR and GR throughout the two major
functional domains is not surprising since there is con-
siderable similarity between the steroid ligands and the
DNA-binding specificities of the two receptors (23).

Expression of cPR cDNA in Heterologous Cells

In order to examine the hormone-binding properties of

polypeptides expressed from the receptor cDNA, we

used a 3.1 Kb cDNA construct, termed cPRA, which

contains 190 nucleotides upstream from the internal

ATG (highlighted in Fig. 2) and the remainder of the

open reading frame sequence including 1.0 kb of 3'-

untranslated region. The cDNA was inserted into the

eucaryotic expression vector, p91023(B) at the EcoRI

site downstream from the adenovirus major late pro-

moter. The salient features of this vector system have

been described elsewhere (24). The p91023(B) cPRA

construct was then transfercted into PR negative COS

M-6 monkey kidney cells. The cells were administered

with 20 nM 3H-labeled progesterone overnight before

harvesting. High salt (0.4 M KCI) nuclear extracts were

prepared from the cells 48 h after transfection and

incubated in the presence and absence of the acPR

monoclonal antibody, PR22 (25). The extracts were

then subjected to sedimentation analysis in sucrose

gradients containing 10-30% sucrose and 0.3 M KCI.

The sedimentation profiles of the [3H]PR complex are

shown in Fig. 5. In the absence of PR22, the [3H)PR

complex sedimented at 3-4 S in the gradient. This

position corresponds to the sedimentation behavior of

authentic cPR from oviduct cytosol (18). The addition

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/m
e
n
d
/a

rtic
le

/1
/8

/5
1
7
/2

7
1
3
2
6
4
 b

y
 g

u
e
s
t o

n
 2

0
 A

u
g
u
s
t 2

0
2
2



MOL ENDO-1987

520

Vol 1 No. 8

8.0kb

4.5kb
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1.8kb -c-AAA
1kb
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Fig. 3. Schematic Representation of cPR Variant cONAs Together with Corresponding mRNAs from Chick Oviduct

Northern blot analysis was carried out using total RNA (10 ^g) from oviducts of estrogen-treated (8 h) chickens as described in

Materials and Methods.

95% 91%

95% | 91%

60% 55%

J cPR

24% | <10% | ' cER/hER

22% | <10% | ' CVDR

c-erbA(TR)

300 600 700

Fig. 4. Structural Homology between the Steroid and Thyroid Hormone Receptors (TR)

The receptors were aligned on the basis of amino acid homology with the cPR. The blocked regions represent the highly

conserved DNA- and hormone-binding domains. The numbers contained within the blocked areas refer to the regional homology

for each receptor relative to the cPR. cER, Chicken estrogen receptor; hER, human estrogen receptor; cVDR, chicken vitamin D

receptor.

of PR22 to the nuclear extracts resulted in an increase

in the sedimentation rate of all of the bound [3H]pro-

gesterone. These results indicate that all of the com-

plexed [3H]progesterone was bound specifically to the

PR. No progesterone binding was observed in the

cytosolic extracts from these cells or in untransfected

COS M-6 cells (data not shown). These results provide

direct evidence that the cloned cPR cDNA sequence

encodes the PR.

To examine the functional activity of the expressed
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Fig. 5. Sedimentation Analysis of cPR in Nuclear Extracts from

COS M-6 Cells Transfected with the p91023(B) cPRA Receptor

Expression Plasmid

A 3.1 Kb cDNA containing sequences from nucleotide 501

to 3676 was subcloned into the EcoRI site of p91023(B) 5' to

the adenovirus major late promoter, p91023(B) cPRA. Forty

micrograms of the expression plasmid was used to transfect

COS M-6 cells. The cells were administered 20 nM [3H]prc~

gesterone overnight before harvesting. At 47 h post transfec-

tion, the cells were harvested and nuclear extracts were

sedimented in 10-30% sucrose gradients containing 0.3 M

KCI as previously described (18) in the absence of acPR

antibody aPR22 and after addition of 10 fig <*PR22. The open

circles represent the sedimentation profile of [3H]cPR in the

absence of aPR22 (10 fig); the triangles represent [3H]cPR

sedimentation in the presence of «PR22. Mab, Monoclonal

antibody.

I f I
A(R) Vector -

B

O
i

O O
I I
co co
c c

1Ac

polypeptide we cotransfected with the receptor expres-

sion construct, p91023(B) cPRA,a plasmid containing a

progesterone responsive promoter-enhancer element

fused to a reporter gene into CV-1 cells. The CV-1 cell

line is derived from monkey kidney cells and does not

express SV40 T antigen. These cells do not contain

PR. The transfection was carried out in the presence

of progesterone. For these experiments, the MMTV-

LTR element was used as the progesterone responsive

element (23). The reporter gene sequences fused to

this hormone-responsive element code for bacterial

chloramphenicol acetyl transferase (CAT). The results

of such a cotransfection assay are shown in Fig. 6A.

The MMTV-CAT construct, pAHCAT, was not ex-

pressed in CV-1 cells in the absence of the PR. How-

ever, upon cotransfection of the expression vector con-

taining the receptor cDNA sequence together with the

pAHCAT construct, the expression vector provided

Fig. 6. Transient Cotransfections of Receptor cDNA and Tar-

get Gene Plasmids into CV-1 Cells

Panel A, CAT activity expressed in CV-1 cells after cotrans-

fection of pAHCAT with: 1) 5 ^g plasmid P91023(B)CPRA in

the sense orientation (A); 2) p91023(B)cPRA in the antisense

orientation (A(R)); 3) p910239(B) without cDNA; and 4)

pAHCAT alone without receptor plasmid. Panel B, Target gene

specificity of gene activation by receptor: 1) 5 fig (A)

P91023(B)CPRA with 5 Mg pAH CAT; 2) 5 ̂ g p91023 (B) cPRA

with 5 ng Ins-CAT; and 3) 5 ^g receptor plasmid

p91023(B)cPRA in the antisense orientation with 5 ng Ins-CAT.
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functional PR which was capable of inducing the MMTV

promoter to express CAT activity. Cotransfection of the

pAHCAT construct with p91023(B) alone or with the

same receptor cDNA inserted into p91023(B) in the

reverse orientation showed no CAT activity and dem-

onstrates that the CAT activity observed with the

p91023(B) cPRA construct is dependent on receptor

expression.

To determine whether the enhancer activation seen

with the expressed receptor is specific for the target

gene, we used a construct containing the insulin pro-

moter and enhancer regions fused to CAT (Ins-CAT) in

a second cotransfection assay. The insulin gene is not

normally expressed in CV-1 cells. As shown in Fig. 6B,

no CAT activity was observed from this construct when

cotransfected with the p91023(B) cPRA construct in the

sense (A) or antisense (A(R)) orientation. A positive

control demonstrating CAT activity of the pAHCAT

construct with p91023(B) cPRA is shown in lane 1. A

similar cotransfection was carried out using pSV2CAT.

This construct expresses CAT activity in CV-1 cells

using the SV40 promoter. Transfection of receptor

sequences with this construct did not increase the basal

expression of CAT activity (data not shown). The results

indicate that the MMTV activation seen with the ex-

pressed cDNA is specific for the target gene enhancer

sequences.

The hormone dependency of target gene activation

was measured by culturing CV-1 cells which had been

cotransfected with both p91023(B) cPRA and pAHCAT

constructs in charcoal-stripped serum in the absence

of progesterone and with increasing concentrations of

progesterone added to the medium. The CAT activity

observed at each concentration of progesterone is

shown in Fig. 7, A and B. The data show that the

induction of MMTV is progesterone dependent. Analy-

sis of the relative CAT activity at the various progester-

one concentrations allowed an estimation of the equilib-

rium constant (Kd) for progesterone activation of recep-

tor at approximately 3.3 x 10~10 M. This value coincides

closely with the equilibrium constant PR binding ob-

served with the native PR in chick oviduct (18).

DISCUSSION

The data presented in this paper demonstrates that the

cDNA clones we have isolated and sequenced encode

a functional cPR. The conclusions are based on three

criteria: 1) the polypeptide product expressed from the

cloned receptor cDNA is capable of binding progester-

one; 2) the PR complex is immunoreactive with antipro-

gesterone receptor monoclonal antibodies; and 3) fi-

nally, the cloned receptor is capable of inducing tran-

scription of a target gene. The induction is both target

gene specific and progesterone dependent.

The complete open reading frame in the cPR cDNA

encodes a protein of 787 amino acids in length with a

calculated mol wt for the B form of the receptor of 85.9

K. This value is approximately 20 K lower than the

estimated mol wt of the receptor B protein using den-

aturing gel analysis (2). A possible explanation for this

discrepancy may be provided by the appearance of a

long interrupted glutamic acid track consisting of 25

amino acid residues which may result in retarded mi-

gration of the protein in sodium dodecyl sulfate acryl-

amide gels. This glutamic acid track is not contained in

the rabbit or hPR sequences (13, 14). The cDNA se-

quence reported here corresponds in length to a 4.5 kb

mRNA detected in chick oviduct. Three additional

mRNAs are detected also with sizes of 8.0, 3.6, and

1.8 kb. There is no evidence to date to suggest that

the three larger mRNAs encode functionally distinct

proteins. We have isolated a variant cDNA which may

encode the 1.8 Kb mRNA. This cDNA encodes a poly-

peptide which contains the entire immunoreactive do-

main of the receptor but lacks the hormone binding

domain and half of the DNA binding domain.

Comparison of the amino acid sequence of cPR with

the steroid and thyroid hormone receptors demon-

strates two regions of striking amino acid homology

which are positionally conserved among the receptors.

They comprise the DNA-binding domain (C1) and a

hydrophobic region (C2) within the hormone-binding

domain of the receptors. The homology between the

different steroid hormone receptors is highest between

the PR and GR where the amino acid conservation

extends throughout the carboxy terminal half of these

receptors. Furthermore, analysis of hydrophobic plots

of the carboxy terminal half of these proteins demon-

strates that many of the amino acid changes observed

in the homologous regions arise from conservative

amino acid substitutions and result in a remarkably

similar hydrophobic structure in the DNA- and hormone-

binding domains of the two steroid receptors. It has

been shown that both the GR and PR bind to the same

enhancer DNA sequences on MMTV DNA (23). In ad-

dition the steroid ligands for these two receptors share

certain structural features including requirement for a

A 4-3-Keto function and the 20-Keto group (26). In light

of these observations, the high structural homology

observed in the major functional domains of these

receptors is not surprising.

Comparison of the amino acid sequences of cPR,

rbPR, and hPR showed that the primary structure of

the receptor is highly conserved between species from

the DNA-binding domain in the central portion of cPR

to the carboxy terminal end. Although the NH2-terminal

region of the protein is also highly conserved between

the rbPR and hPR (13, 14) in terms of both domain

length and amino acid sequence, this region shows low

overall amino acid homology with cPR where the do-

main is shorter by approximately 140 amino acids. The

functional significance of this domain diversity in the

cPR is unclear at the present time.

The data obtained from transient transfection exper-

iments demonstrates that the cloned receptor cDNA

construct encodes fully functional PR. The cDNA con-

struct used in these experiments used an internal me-

thionine codon to initiate translation of transcribed

mRNAs. Use of this internal methionine to express a
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Fig. 7. Progesterone Dependency of MMTV Activation by the Cloned Receptor

A, Autoradiogram of thin layer chromatographic assay for CAT activity. Cells were cultured in charcoal-stripped serum without

progesterone or with added progesterone at concentrations shown. Five micrograms of receptor and pAHCAT reporter plasmids

were used for transfections. B, Relative CAT activity as a function of progesterone concentration. The relative CAT activity was

determined by counting the radioactive products obtained at each progesterone concentration. 3AC, 3-Acetylchloramphenicol;

1AC, 1-acetylchloramphenicol.

receptor protein should yield a polypeptide of 72 kilo-

daltons in size and 659 amino acids in length. This

cloned receptor induces transcription of MMTV in a

progesterone-dependent manner and is thus a func-

tional receptor molecule. In recent studies we have

used the complete cPR cDNA including 5'-untranslated

sequences to express PR A and B proteins both in vivo

and in vitro. These data indicate that the cDNA se-

quence described in Fig. 2 codes for both the A and B

forms of the PR. The first ATG in reading frame repre-

sents the initiation codon for the larger B form. The

second ATG represents an internal codon used for

synthesis of the A form. Thus the two forms of the

receptor are generated by alternate initiation of trans-

lation from two in phase AUG codons in a single mRNA

(unpublished observations).

The expression of a functional PR protein in these

studies has now facilitated examination of the structure-

function relationships of the protein by our ability to

assay the functional activities of altered receptors gen-

erated by a site-directed mutagenesis of cPR cDNAs.

Moreover, expression of the A and B forms of the
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receptor in heterologous cells will allow us to examine
the relative functional significance of these two receptor
proteins.

MATERIALS AND METHODS

Isolation of cDNA Clones

Total RNA was isolated from estrogen-stimulated chickens
using guanidine thiocyanate and purified by oligo(dT) cellulose
chromatography. (Collaborative Research, Inc., Lexington,
MA). Twenty five micrograms of poly (A)+ RNA was used to
prepare oligo(dT)-primed cDNA and random oligonucleotide-
primed cDNA by the method of Gubler and Hoffman (27). The
cDNA was modified for insertion into Xgt11 as previously
described (28). Two independent Xgt11 cDNA libraries were
generated: a random primed Agt11 cDNA library containing 8
x 106 primary recombinants and an oligo(dT)-primed cDNA
library containing 6 x 106 primary cDNA recombinants. An
additional chick oviduct cDNA library generated in pCD by the
method of Okayama and Berg (34) was kindly provided by
Jeffrey Northrop and Gordon Ringold (Stanford University,
Stanford, CA). The libraries were plated at a density of 5,000-
10,000 recombinants per 150 mm Petri dish. Nitrocellulose
filters were hybridized with nick-translated cPR2 DNA over-
night at 68 C in 6x SSC (0.9 M NaCI, 0.09 M NaCitrate) and
1.0% dried milk. The specific activity of the probe was approx-
imately 3 x 108 cpm//xg. The filters were washed three times
for 30 min at 68 C with 1x SSC. The filters were then
autoradiographed overnight at -70 C. Sequence analysis was
carried out on positive clones on both strands by the methods
of Maxam and Gilbert (21) and/or the dideoxy chain termination
method of Sanger et al. (20).

Northern Hybridization Analysis

Total cellular RNA (10^g) from oviducts of estrogen-stimulated
chickens was electrophoresed in a 1.5% Agarose gel in the
presence of 2.2 M formaldehyde (29). The RNA was transferred
to nitrocellulose and hybridized with 1 x 107 cpm 32P-labeled
antisense RNA probe (30) obtained from the cPR2 cDNA (11).
Molecular sizes were determined using RNA size standards
(BRL).

Recombinant Plasmids

A 3.1 Kb receptor cDNA fragment encoding sequence from
nucleotide 501 to the EcoRI site at nucleotide 3575 in the 3'-
untranslated region of the cDN A was used for receptor expres-
sion studies. The 5'-end of the cDNA corresponded to the end
of a Agt11 cDNA clone which had been repaired using the
Klenow fragment of DNA polymerase I and EcoRI linkers
added. The cDNA was inserted into the EcoRI site of
p91023(B) downstream of the adenovirus major late promoter.
The p90123(B) expression vector was a gift from R. J. Kauf-
man (Genetics Institute, Cambridge, MA). THe pAHCAT con-
struct used in cotransfection assays was provided by Dr.
Steven Nordeen (University of Colorado Health Science Cen-
ter, Fort Colleus, CO). This construct contained MMTV DNA
sequences from -1160 to +106 fused to the bacterial CAT
gene and the (SV40) polyadenylation signal in plasmid pxf3.
The Ins-CAT construct contained enhancer-promoter se-
quences from -461 to +118 of the rat insulin II gene fused to
CAT-SV40 construct.

Cell Transfections

COS M-6 and CV-1 cells were grown at 37 C in Dulbecco's
Modified Eagle's medium supplemented with 10% (vol/vol)
fetal calf serum, 100 /xg/ml penicillin and 100 Mg/ml strepto-

mycin. CV-1 cells used for hormone dependency studies were
cultured in charcoal-stripped serum in the absence of proges-
terone or with added progesterone at the concentrations
specified in Figure 6. The 5-10 ng of plasmid constructs were
introduced into the cells by calcium phosphate precipitation
(31). For hormone-binding analysis, 40 ng receptor plasmid
were used to transfect COS M-6 cells. For the induction
studies, 5 ng receptor and reporter plasmids were cotrans-
fected into CV-1 cells. Progesterone was added to the culture
medium 24 h after transfection. At 48 h post transfection the
cells extracts were assayed for CAT activity as previously
described (32).
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