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The cDNA of many members of the nuclear receptor superfamily has been cloned. Recently more
effort has been expended on the analysis of these genes at the genomic level and on the factors
controlling their expression. The genomic organization of the chicken estrogen receptor gene is
presented and compared to the other members of the superfamily of hormone receptor genes with
emphasis on the relationship to the functional domains. The results show that the gene is divided
into eight exons and that the position of the intron/exon boundaries are as in the human gene but
different to the trout estrogen receptor gene. Primer extension and cDNA clone isolation was used
to determine the transcription start site and 3.0 kb of 5’ flanking sequence was generated. There is
striking sequence homology to the human estrogen receptor promoter and there is a well positioned
“typical” TATA sequence, with potential candidate CAAT box sequences close to the start site of
transcription. In transient transfection assays, subfragments of this region drove CAT expression
in chicken embryo fibroblasts, and the level was increased further with the addition of forskolin, but
not phorbal myristate acetate. Including sequences more distal to the cap site in promoter
constructs, completely abolished the promoter activity and forskolin inducibility, indicating the
presence of strong silencing activity.
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INTRODUCTION ance throughout evolution of areas of homology. Ex-
. . . tensive ‘“‘domain swapping”, DNA and hormone
Estrogens are key physiological mediators of female i, 4ing assays have allowed these areas of conservation

sexual diferentiation, development and maturation. ., pe assigned particular functional roles and domains
They act by association with ligand specific intracellu- to be delineated [2].

lar receptors. This complex in turn binds to specific cis
elements in inducible genes thereby eliciting an appro-
priate response at the transcriptional level ([1] and
references therein). This role as transcription factor has
been extended to a superfamily of nuclear receptor
genes which now includes thyroid hormone, retinoic
acid, progesterone, vitamin D, glucocorticoid, miner-
alocorticoid and androgen receptors, as well as some
orphan receptors for which ligands have not yet been
identified. The cloning of the cDNAs for these genes
has highlighted the striking conservation and mainten-

The chicken estrogen receptor (cCER) whose cDNA
was cloned and partially sequenced [3, 4] was one of the
first of this superfamily of genes to be analysed. It is
expressed in a tissue specific manner, being found
predominantly in the reproductive tissues and not in
the brain, liver, kidney or lung [4]. The mechanisms for
the control of the expression of the ER are not known.
While the ER regulates its own level to some extent
[5, 6] it is not clear whether this is an indirect mechan-
ism using other hormones or peptides, or if there is a
direct interaction between the receptors and the regu-
latory sequences of their own genes. Not only is the
*Correspondence to P. Nestor at the National Diagnostics Centre, regtﬂat%on. of the gene important as a tl.ssue specific

University College Galway, Ireland. transcription factor, but also from a practical aspect as
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levels of ER, with objective responses expected from
these on treatment with antiestrogens [7]. It appears
therefore that not only is the ER involved in the normal
growth and development of the female breast but it is
intrinsically linked to the maintenance of the malignant
state.

As part of an extended analysis of the control of the
expression of the ER gene we have cloned the genomic
gene for the ER and determined its exonic organiz-
ation, transcription start site and the sequence of its 5’
flanking region. Furthermore, we successfully define
the functional promoter by introducing subfragments
of the 5’ flanking region into the CAT expression
vector pPBLCAT3 and transfecting these into chicken
embryo fibroblasts (CEF) cells under a number of
different conditions.

MATERIALS AND METHODS

A chicken 1 gtWES library was screened initially
with a cDNA clone (12.15) which corresponds to nearly
all of the coding region of the ER gene (Fig. 1). These
were kindly provided by Dr Andree Krust and Dr
Pierre Chambon at Strasbourg.

Other subfragments of 12.15 also used in hybridiz-
ations are shown in Fig. 1. The Hind III fragment was
cloned directly into digested pGEM4Z plasmids
(Promega Corporation). An Msp 1 digest of 12.15 was
repaired using the Klenow fragment and dNTPs and
cloned into EcoR1 digested, dephosphorylated and
repaired pGEMA4Z. This treatment regenerated the
EcoR1 site and allowed this fragment to be con-
veniently isolated for labelling. Appropriate DNA frag-
ments were radioactively labelled in low melt agarose
by the random priming method [8].

Preparation of chicken genomic DN A

A chicken liver, stored at —80°C was ground to a
powder using a mortar and pestle and then homogen-
ized further in a Potter homogenizer. Nuclei were lysed
with the addition of SDS to 0.5% and proteinase K
(Boehringer) to 10mg ml~'. After 2h at 37°C the
suspension was phenol/chloroform extracted twice.
DNA was spooled from 709%, ethanol and resuspended
finally in H,O to a concentration of 1 mg ml~".

Preparation of exon 2 specific library

200 ug of genomic DNA digested with EcoR1 was
centrifuged at 26,000 rpm through a sucrose gradient
(10-40%,) prepared as described in Maniatis et al. [9]
for 14 h at 15°C in an SW41 rotor (Beckman). 200 ul
fractions were removed and ethanol precipitated. 309,
over every 3rd fraction was analysed on a 0.69%, agarose
gel which was blotted and hybridized to 12.15. DNA
from appropriate fractions (1-3 kb) was then ligated to
EcoR1 digested, dephosphorylated Agt10 arms before
being packaged in vitro and infected into E. coli C600
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HAfl. This library (2 x 10° pfu) was screened with the
Msp 1 fragment probe.

Library screening, subcloning and sequencing

Approximately 5 x 10° plaques were plated onto five,
21 x 21 cm Bioassay dishes and transferred in duplicate
to Hybond N membrane. These filters were baked and
prehybridized in 6 x SSC, 5x Denhardts, 1% SDS
and 100 ug ml~! sheared salmon sperm DNA for 1 h at
65°C. This solution was replaced with 10 mls hybridiz-
ation solution (prehybridization solution without the
salmon sperm DNA) containing 2 x 10°cpm radio-
active probe per filter and incubated at 65°C for 16 h.
The probe was carefully removed and the filters were
washed (50 mls per filter) in 2 x SSC at room tempera-
ture, 2 x SSC at 65°C and 0.2 x SSC at 65°C (30 min
each). Filters were then exposed to XARS5 (Kodak) film
at —80°C for 48 h. After three successive rounds of
screening positively hybridizing phages were isolated.
Phages were propagated, DNA isolated and subcloned
in EcoR1 fragments for fine mapping into pGEMA4Z.
Exonic sequences were identified by hybridization and
restriction mapping and subcloned into M13 mp18 or
19 or sequenced directly from pGEM4Z using oligonu-
cleotides within identified exons. Sequencing was per-
formed by the dideoxy chain termination method using
T7 DNA polymerase (Pharmacia). Sequence from the
5’ flanking region was derived from overlapping sub-
clones in M13, and also directly on double stranded
material using oligonucleotides based on the previously
determined sequence. Intronic sequence was identified
by comparison to the published cDNA sequences and
identification of consensus splice motifs.

RNA isolation and primer extension

Total cellular RNA was isolated from the oviducts of
laying chickens immediately after removal using the
guanidine thiocyanate extraction method [10].

Primer extension was essentially as outlined by
Ausubel et al. [11]. 10 ng of the oligonucleotide pExt
(Fig. 3) was 5" end labelled using T4 polynucleotide
kinase and **P dATP. Labelled oligonucleotide and
50 ug of chicken total RNA (oviduct or liver) were
coprecipitated in ethanol and then resuspended in 30 ul
of hybridization buffer (509, formamide, 40 mM Pipes
pH 6.5, 0.4 M NaCl, 1 mM EDTA) at 40°C for 12 h.
After ethanol precipitation hybrids were extended
using 40 units of AMYV reverse transcriptase (Promega
Corporation) at 40°C for 90 min. This was phenol
extracted, ethanol precipitated and loaded on a 69,
polyacrylamide sequencing gel and electrophoreses
alongside a sequence derived from a HindII genomic
subfragment (bp — 1065 to + 182) subcloned in M13 as
template and pExt as primer.

Constructs, cell culture and transfection assays

PCR was used to generate two fragments of the
promoter of the cER gene. These fragments were
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subcloned into a repaired HindIII site immediately
upstream of the CAT gene in the promoterless plasmid,
pBLCAT?3. pBL.232 contained a 232 bp fragment, ex-
tending between oligonucleotides A (_,AACTTTT-
GAGAACTCCTC_,5) and B (_,5,, TTTCAGCGT-
CCTTTCCC_,,), while pBL995 contained the
995 bp fragment between oligonucleotides A and C
(LessGAAGGTTTTCATTTAGC gy).

Primary culture CEF cells were passaged in 1:1 ratio
of Coons F-12/DMEM, without phenol red, with 109,
foetal calf serum. For transfection, each 10 cm dish of
cells was trypsinized and recovered in 0.5 ml electropo-
ration buffer (phosphate buffered saline, 0.19%, glucose
and 10 ug/ml Biobrene (Applied Biosystems). This mix
was added in an electroporation cuvette (Bio-Rad) to
10 ug of construct DNA and 2 g of human #-actinhu-
man chorionic gonadotrophin ($-HCG, Hybritech
Inc.). The 8-HCG plasmid contains 4 kb of the human
actin promoter spliced to the cDNA for HCG. The
cells were exposed to 960 uF, 250 V current delivered
by a Bio-Rad electroporation unit, recovered in 12 ml
of growth medium and plated on 6 or 12 well microtitre
plates, with a final density of approx. 10° cells per well.
Hormone was added (10-®*M PMA and/or 107°M
forskolin) 2 h after plating, and incubated for 3 days.
Transiently transfected monolayers were washed twice
with PBS, then covered with 200 ul of 0.29%, Triton-X
100, 100 mM Tris, pH 7.8, and incubated at —70°C.
After thawing, lysates were collected by gentle scraping
and centrifuged at 15000 rpm for 20 min at 4°C, in
eppendorf tubes. The cleared lysate was adjusted to
100mM Tris, pH7.8, 1mM chloramphenicol,
8 uCi/ml tritiated acetyl Co-A (Du-Pont) in 250 ul
final volume and incubated for 1 h at 37°C. Aliquots
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were assayed using the two-phase liquid scintillation
system of Neuman et al. [12] and reaction products
were monitored by scintillation counting in 3ml
scintillant (Beckman). f-HCG assays were carried out
using a standard iodinated antibody kit (Tandem
B-HCG, Hybritech inc.) using 100 ul of reserved
growth medium. Transfection experiments were re-
peated at least four times, in duplicate.

RESULTS
Intron [exon boundaries

An initial screening of a total chicken genomic library
in A gt Wes with the probe for the cER (12.15), yielded
two distinct 4 clones (A A and AB). After subcloning the
positively hybridizing fragments the exonic sequence
within these were defined by mapping and hybridiz-
ation. Appropriate fragments were sequenced in M13
and AA was shown to contain exon 1 and 4B to contain
exons 6, 7 and 8. An internal HindIII fragment of 12.15
(Fig. 1) which did not hybridize to these A clones was
then used to screen the same library and selected two
other independent clones (C and D). Oligonucleotides
positioned close to the already defined exons were used
to define exonic sequences in these clones and were
then used directly as primers to analyse the boundary
sequences. Clone C and D were shown to contain exons
4 and S respectively. Finally an Msp 1 fragment of
12.15 (Fig. 1) which recognized none of these A clones
was used to screen the library and selected 1 other A
clone, E. This was shown to contain exon 3. Repeated
rounds of screening with these probes and specific
oligonucleotides failed to yield exon 2 from this
library.

1 2 3 4 5 6 7 8 Exon number
658 190 117 336 139 134 184 5119 Exon size (bp)
451 o .
145 2052“ 360406 512 Amino acid at splice
[ | I | l
'''''' AB  RRcHy b Biesi]  F Protein domain
| I |
ATG 4 TAA
+ 658 8499(!6 130214 11575 1759 Base number at splice
——— HindIIl/ HindIII (bp 820 to bp 1410)
— Mspl/Mspl  (bp750 to bp 975)
12.15 (bp 200 to bp 2332)

Fig. 1. Exon/intron organisation and domain structure of cER. This shows the cER mRNA from +1 to the

ER open reading frame stop codon at +1992/4 and the 6 cER protein domains, A to F. The C domain is shown

as a 66 amino acid core domain. The positions of the intron/exon boundaries in relation to these domains are

shown. The exon size and the amino acid and base at the splice point are indicated. The heavy dark lines below

gives the position of the cDNA subfragments used as probes (referred to in the text) to screen the genomic
libraries.
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Exon Intron Intron Exon
Donor Acceptor
TAC AG gtaagtagggaat -1- ctgctgctaacag G CCa
Tyr Ar g Pro
(144) (146)
CAA G gtaataagctgcet -2- tctggttttacag GG CAC
Ghn G ly His
(208) (210)
GGT G gtatgtacactgc -3~ tgtgtgtctctag GA ATC
Gly G ly Dle
(247) (249)
CCA G gtaaggaaaga -4- tttattctttcag GA TTT
Pro G ly Phe
(359) (361)
GAC AG gtcagtctgtgt -5- ggtattcacgcag G AAT
g Asn
(405) (407)
TCT G gtagtggtgtgc -6- tttcctactccag GT GTG
Ser G ly Vval
(450) (452)
ATG AG gtaggagcaagca -7- taaaacccaca C AAC
Met Se d r Asn
(511) (513)
C/anG gta/gqagt t/cn11%/cag G
Donor splice Acceptor splice
COnsensus sequences. CONsensus sequences.

Fig. 2. Intron exon junctions in the cER. This shows the nucleotide sequence of the intron/exon junctions in
the cER. The relationship to the amino acid sequence at the splice site is also indicated. The consensus splice
sequences [13, 14] for intron junctions are shown below for comparison.

By comparison of the restriction map of the cER
¢DNA and the signals obtained from Southern blotting
of genomic DNA, a strategy to prepare a genomic
library enriched for a 1.8 kb EcoR1 fragment which
contained exon 2, was devised. Following the gener-
ation of this library and screening with the Mspl
fragment probe, a clone which contained exon 2 was
isolated.

Complete sequencing of subclones which contained
exons coupled with the use of oligonucleotides based on
exon sequence close to introns allowed the sequence of
each exon and that of the intron/exon boundaries to be
ascertained. The intron position in relation to the ER
protein domains and boundary sequences are presented
in Figs 1 and 2. At all the boundaries good agreement
was found with the consensus sequences for intron
donor and acceptor sequences [13, 14] (Fig. 2). Align-
ment of the chicken intronic sequence with that avail-
able from the human ER (M. Ponglikitmongkol and P.
Chambon, personal communication) shows that the
degree of conservation is not influenced by the hom-
ology within the adjacent exons and that the sequence
homology decreases rapidly in all introns (data not
shown).

Three discrepancies between the cDNA sequences
originally published were indicated by Maxwell
et al.[4] and we confirm these. It was also found that
the sequence at the 5" UTR suggested by these authors,
though incomplete, was in agreement with our results
(Fig. 3) and shows two differences from the earlier
report [3] (indicated with asterisks in Fig. 3).

Definition of the start point of transcription

A prerequisite to the identification of the promoter is
the definition of the start point of transcription. Both
Krust er al.[3] and Maxwell er al.[4] had indicated this
site on the basis of the sequence of the longest cDNA
they had isolated. To obtain a more exact start site of
transcription we used an oligonucleotide (pExt) which
is complementary to sequence towards the 5 end of
exon 1 (Fig. 3 and legend). When used as a primer with
chicken oviduct RNA one strong band was found. No
bands were visible using liver total RNA as a control,
indicating that pExt is specific to cER messages. The
use of pExt is a sequencing reaction, using a genomic
fragment subcloned in M13 covering this area as a
template, allowed the exact starting nucleotide to be
determined. This shows that the transcription start site
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(a)

Liver RNA Oviduct RNA
+ +
pEXtIII pEXtIII
G A TOC
10% cpm 10% cpm 10% cpm
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3
(b) pExt
+1 +73 +102 +224
- ) I |
1 e
|‘ \\~
-
\ s
l| “\~
] ‘\‘
1 ‘\_
\ \“
] <
+1 +31

[ AGAGGGRGAGGGAGAGGGAGAATGTGCCTTT  This study

GAGAGGGAGAATGTGCCTTT  Maxwell etal, 1987

TCTCCCTTT Krust et al., 1986

* *

Fig. 3. Transcription start site of the cER and 5° UTR sequence alignment. (a) shows the result of primer
extension using pEXt oligonucleotide and oviduct or liver RNA. The A nucleotide arrowed is at +1 and the
sequence from +1 to +28 is shown alongside. DNA sequence is derived from a genomic clone covering this
area in M13 using pEXt as sequencing primer. (b) The position of the pEXt (GCAGCAATACATAGGTATTC-
CTCTGATCTC?) oligonucleotide used for primer extension is shown. The sequence up to the transcription
start site is aligned to that previously published [3,4] and the asterisks are used to indicate sequence
differences. The polypurinic sequence (containing the AGAGGG repeat shown boxed) referred to in the text
is underlined.
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is 11 nucleotides further 5’ than originally thought with
a consequent extension of the 5’ untranslated region
sequence (Fig. 3).

Sequence of the 5 flanking region

3000 bp of sequence was generated from the 5’
flanking region of the cER gene. Analysis of this
sequence showed a well positioned, typical “TATA
box” (—31 to —27bp) and potential “CAAT box”
sequences (— 133 to — 138 bp and — 149 to — 144 bp).
Using the hexanucleotide half consensus sequence for
an ERE or a G/PRE there were a number of perfect
matches but searches for complete consensus hormone
response elements failed to reveal any. The position of
the best matched sequences with consensus cAMP
(TGACGTCA) are at —238/35 (TGATTTCA) and
—124/17 (TGACTCCA). The 5’ flanking sequence is
not GC rich (~529%, over 500 bp) and doesn’t contain
any long tracts of any nucleotide combination.

Functional assays

To analyse the functionality of the proposed cER
promoter two subfragments 5’ to the start of transcrip-
tion (—1 to 232 bp and —1 to 995 bp), were subcloned
in the expression vector pPBLCAT3 (called pBL232 and
pBL.995, respectively) and CAT activity was assayed in
CEF cells. CAT levels were compared to that from
pUC, and pBLCATS3 plasmids without an insert.
pBL232 gave a 6-fold increase in activity (compare
lanes 2 and 10 in Fig. 5) in the absence of any added
inducers. This activity was potentiated to even higher
levels (~50 fold pBLLCAT3 alone, see lanes 2 and 11)
on the addition of forskolin. Forskolin is used in vitro
to stimulate cAMP production thereby activating the
catalytic subunit of protein kinase A. CAT activity for
pBL232 was not influenced however by the addition of
the phorbol ester, PMA (which is used to activate
protein kinase C) and it did not stimulate or inhibit the
activation due to forskolin alone (lanes 12 and 13 in
Fig. 5).

A parallel set of experiments with the pB1.995 gave
radically different results. CAT activity was close to
background levels (compare lanes 6 to 9 with lanes 10
to 13 in Fig. 5) irrespective of the inducer added. This
seems to imply a strong silencing activity in the region
—232 to —995 bp.

DISCUSSION

The genomic organization for the hER [15], rainbow
trout (rt) ER [16], hRARa [17] (incomplete), hRARYy
[18], hAR [19-21], hGR [22, 23], mGR [24], cPR [25],
hPR [26], c-erbA (¢cTRa) [27], c-erbA-1 (hTRa or
THRA) (28], Xenopus laevis (X1) TRf [29] and hVitD
(incomplete) [30] receptors, the hNGF1-B [31],
COUP-TF [32], as well as the drosophila DHR3 [33]
and EcR [34], genes have been previously determined.
There is complete conservation of intron position and
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number between the cER, cPR, hPR, hER and hAR,
i.e. 8 exons and 7 introns.

An extra intron has been described in one transcript
of the hER [35] which divides the 5’ untranslated
region into two exons. An intron in a similar position
is also noted in the mER [36], the hGR [22, 23], the
hVitD receptor [30], c-erbA-1 {28] and RAR
[17, 18,37, 38, 39, 40] genes. Analysis of sequence up-
stream of the hER has positioned this 5’ most untrans-
lated exon at approx. —2kb upstream from the start
site of transcription of the first transcript. Having
analysed 3.0 kb of sequence in the cER 5’ flanking
region in this study a similar exon has not been
identified in the cER.

Region A/B of the cER extending to the boundary of
the DNA binding region at aa 173, is over 709%
conserved with the hER and is encoded in 1 exon up
to aa 145 (Fig. 1). This contrasts to the hRAR and TR
genes where the intron divides the A/B region at
exactly the N terminal end of the B domain, thereby
delineating each domain into separate exons. A further
variation amongst the vertebrates is the NGF1-B gene
which has its A/B domain and CI finger encoded within
one exon [31]. The A/B region varies in length amongst
family members with 173 amino acids for cER, 602 for
hMR, 416 for cPR, 88 for hRAR« and a mere 16 for
hVitD receptor. While this divergence could seem to
imply a functionless first exon, this is not the case as in
the hER, the A/B domain contributes as a cell and
promoter specific transactivation domain with proper-
ties distinct from those described for the ER and GR
hormone binding domains and elsewhere ([41] for
discussion).

The DNA binding domain C, of the cER (66 amino
acid core from aa 174-239) (Fig. 1) is 1009, conserved
between chicken and human and is encoded by two
exons. It is an area of significant divergence of intron
splice site positioning within this family of genes with
at least five variations noted (see [42] for discussion)
and in drosophila DHR3 and EcR genes there is no
intron between the CI and CII fingers [33, 34]. This
division of this domain is consistent with the model of
the superfamily’s evolutionary lineage recently pro-
posed by Laudet er al.[42] and highlights further the
structural and functional difference between the zinc
fingers.

Exon 4 encodes one of the less well conserved areas,
the D domain (Fig. 1). This is very hydrophillic being
composed largely of arginine and lysine residues and
may, as a result, be exposed at the surface of the
protein. Interestingly in the cER this exon contains 9
amino acids of the DNA binding domain (aa 248 to
256) and this intron position is the most highly con-
served amongst all the members of the superfamily. In
the rabbit progesterone [43] and rat glucocorticoid [44]
receptor this region encodes a constitutive nuclear
localization signal (INLS) and also a domain associated
with interactions with Hsp90 [45]. This strict intron
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position conservation reinforces the intolerance of
mutation in this area and highlights the importance of,
and the conservation of, the functional domains to
either side.

Exon 4 also contains part of the hormone binding
domain (aa 296-359) which encodes the 72 transactiva-
tion domain in the GR. An extra intron, positioned
at the beginning of this region in the c-erbA [27],
c-erbA-1 (hWTRa or THRA) [28] and XITRf [29] genes
delineates the E domain. This intron is also present in
the trout ER [16], but is not found in the cER. This
would indicate that this feature may have been lost
from the cER and hER genes early in evolution and
reaffirms the evolutionary relatedness of this family of
genes.

The highly conserved E domain (aa 296-546) (Fig. 1)
is encoded by 5 exons (4-8). The ligand binding
activity of all receptors, the major ligand inducible
transactivation function [41] in the hER (and pre-
sumably the cER), a second nuclear localization signal
(NLS) of the GR [44] as well as the area of interaction
with HSp 90 [45] encoded with this domain are almost
certainly not confined to one particular exon but com-
posed of amino acids from different exons appropri-
ately juxtaposed after hormone binding, dimerisation
or other intracellular events [46].

In strict contrast to these, the dimerization domain
has been well defined as an area of heptad repeated
hydrophobic amino acids in the mER [47,48] and a
similar candidate repeated structure is present in the
c¢ER and hER. The N terminal portion of this domain
is thought to form part of the dimer interface while the
C terminal part may be responsible for giving the
complex stability. It is interesting to note that the
intron position in the ER genes separates these func-
tional subdomains (exons 7 and 8 in the cER). This
region has also been shown to be intimately involved in
binding ligand in the mER [48]. Furthermore, it has
been implicated in heterodimerization between the
RAR and TR [49]. The very high conservation of
intron position in this region, amongst this superfamily
reflects further its multifunctional importance.

Finally, exon 8 extends from amino acid 541 through
the translation stop codon to the end of the 3° UTR
(our results, manuscript in preparation). The 3 UTR
encoded as one large exon is a recurring theme in the
steroid hormone receptor family.

Analysis of 5 flanking sequences

To explore the potential regulatory signals which
control the transcription of the cER, 3.0kb of 5’
flanking sequence was generated. The sequence of the
5" end of the mRNA transcribed from this gene had
previously been published [3, 4], but as can be seen
from Fig. 3 there are differences in sequence and length
between the two original publications. Primer exten-
sion indicated that the transcription start site was
another 11bp more 5" to the most 5 nucleotide
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published by Maxwell et al. [4] which extends the 5’
UTR to 224 bp. Chicken liver RNA was used in
parallel reactions as a negative control and gave no
visible bands even after prolonged exposure. To
confirm that a mRNA existed with this start point, a
chicken oviduct cDNA library in A Zap (Stratagene)
was screened with a 250 bp fragment at the 5" end of
12.15. This yielded a clone which extended to the new
predicted start point (data not shown).

Interestingly the extended sequence at the start of
the 5 UTR makes up a stretch of 22 purines with an
AGAGGG repeat (underlined in Fig. 3). Similar
(albeit longer) sequences have been implicated in un-
usual DNA structures referred to as the “H form” of
DNA sometimes associated with the control regions of
genes. A similar sequence is not present at the cap site
of other receptor genes and its significance and function
in the cER, if any is unknown [50].

Analysis of the 5’ flanking sequence shows a well
positioned potential TATA box and CAAT box
sequences. Alignment of human and chicken ER 5’
flanking sequences shows extensive homology over two
stretches in particular (—405 to —290 and — 157 to
— 1, both shown boxed in Fig. 4) separated by areas of
intermediate homology. When the mER is included in
these promoter alignments the overall homology is
reduced as the mER promoter sequence is derived from
the 5" flanking region of a transcript which is homolo-
gous to transcript 2 of the hER [35, 36]. A more valid
alignment would involve the region at the 3’ end of
intron 1 in the mouse, but this is not available.

When the ¢ER and hER 5’ flanking regions are
compared, their transcription start sites do not align
and consequently candidate TATA box sequences [51]
are not at the same position (Fig. 4). These genes may
have evolved different transcription start sites and
different sequences and positions for “TATA factor”
binding or alternatively the start site currently ascribed
for the hER [51] is incorrect. In the latter case the
TATGA sequence aligning to the chicken TATTA
sequence is in the appropriate position. It is unlikely
that this TATGA sequence is active with the current
hER + 1 as it is positioned at —46/42 and this would
be an unusual distance to the Cap site.

Although there is noticeable conservation of modular
structure in the receptor proteins, a striking feature of
receptor promoters characterized to date is the distinct
lack of conserved features. Presumably this reflects
the different parameters influencing each receptor in
the many environments in which they are active and the
means of achieving a differential response. The human
and mouse RARS2 genes and the cER are distinctive
in that they show good candidate TATA motif se-
quences. A survey of the promoters for other members
of this family of genes shows that candidate TATA and
CAAT sequences have not been identified for many
others including the cPR [25], rat AR [52], hAR [53],
hRARa1 {17], mRARx«1 [38], mRARx«2 [54] or the
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Chicken -439 GATGCATGCGCTTGCACACGCATTTTGCTTTACCATCTCAGTTACAGCATAGTCCTACCE
Human -476 ACCGCACACCC -« == CATTCTATCTGCC - - CTATCTCGGTTACAGTGTAGTCCTCCCC
E 2 2] - w *e - * SO® I* fvwee seceree (1222221 R X
Chicken -379 AGGGTCATTACAATGTACACATTACATATTTCTAGCAAAC-ATGAAAATGAATCAAGCAG
Human -424 AGGGTCATC-CTATGTACACACTACGTATTTCTAGCCAACGAGGAGGGGGAATCAAACAG
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Fig. 4. Alignment of the cER and hER 5’ flanking regions. This shown an alignment of the cER and hER

flanking regions. Dashes were introduced to improve the alignment and the asterisks represent conserved

sequence. The areas showing highest homology and referred to in the text are boxed. The candidate TATA

and CAAT sequences are underlined. TATA and CAAT sequences for the hER are taken from Green et al.
[51]. The human sequence (TATGA) aligning to the chicken TATA box is also shown underlined.

hGR [22, 23], although InR elements have in some
cases (hRARa1 and mRARa«1). Recent reports using
the hPR to transactivate genes showed that, in the
absence of a TATA sequence, transcription was not
inhibited but the correct transcription start site was not
always used [55]. This may explain the heterogeneity of
the transcription start sites described in many cases.
The functional implications of this are not known.
The complex regulatory interactions between differ-
ent hormones might suggest a direct interaction be-
tween the regulatory region of the gene and the
receptor encoded by that gene. Analysis of the sequence
of the cER 5’ flanking region failed to reveal any perfect
consensus sequence for hormone response elements.
Several half EREs were found but examination of the
sequence on either side revealed no resemblance to the
expected dyad symmetrical TGACCT spaced 3
nucleotides away. This was equally true with G/PREs.
This lack of complete hormone response elements is
consistent with most other members of this family of
genes. Notable exceptions are the hRARS [56],
mRAR«2 [54] and -f2 [57] genes. These have a
complete functional retinoic acid response element in
their promoters and have been shown to be responsive
to retinoic acid (RA). The failure to identify response

elements may have indicated simply that not enough
sequence data was available to identify hormone re-
sponse elements (HREs) active over longer stretches of
DNA. Alternatively these incomplete HREs could be
active individually or cooperatively with reiterated
copies as has been demonstrated in the chicken oval-
bumin gene [58, 59].

Functional analysis

This is the first report of a functional ER promoter
and as CEF cells are thought not to express ER, it
would support the idea that ER is not directly involved
in its own regulation, in this species at least. Instead
these studies have shown an indirect mechanism for the
regulation of ER levels mediated in part at least by
a phosphorylated dependent protein. This clearly
categorizes the cER, amongst the family of cAMP
inducible genes. This is supported by the recent
elucidation of a functional CREB element in the pro-
moter for the RARS2 gene which enhances RA depen-
dent activation [60]. Although there are two imperfect
candidate cAMP response elements close to the start of
transcription, their involvement has not yet been
shown. While it is noted that the pBLLCAT3 plasmid
has shown some response to forskolin previously, there
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is very little induction in CEF cells (compare lanes 2
and 3 in Fig. 5), which would seem to exclude this as
a source of the induction seen here.

The lack of sensitivity to added phorbal esters
implies a lack of involvement of a protein kinase C
dependent transcription factor, and as there was no net
increase in activity on the addition of PMA and
forskolin in combination it would seem there is no
direct cooperativity between these kinases or inter-
action between transcription factors stimulated by
them.

The inclusion of 5 flanking sequence more distal
to the cap site in promoter constructs, completely
abolished the promoter activity and forskolin inducibil-
ity. This indicated a strong silencing activity between
bp —232 and —995. Having examined a panel of
known silencing sequences one candidate matching
sequence was identified which showed similarity to a
silencer characterized in the human I1.-3 gene [61].
However this sequence is at bp —194 to —186 in
the cER and is not contained within the larger con-
struct displaying the silencing activity. This may
suggest a novel sequence mediating this activity. It is
reasonable to speculate that the region between — 277
and —407, which shows even higher sequence hom-
ology (>859%, over the 150 bp shown boxed in Fig. 4)
between the cER and hER than the area proximal to the
cap site, harbours important functional elements
involved in the regulation of this gene. Extensive
studies are now underway on this promoter to define
fully the elements mediating the response to cAMP
and to characterize the silencing elements. Parallel
studies with the hER promoter will demonstrate the
degree of conservation of the functional elements in
these genes.

20
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Fig. 5. Transfection in CEF cells. This shows the relative
normalized CAT activity of pBL332 and pBL995 after the
addition of forskolin and/or PMA compared to the plasmid
pUC or the CAT vector pBLCAT3 without an insert. Lane 1,
pUC; Lane 2, pBLCAT3, no added inducer; Lane 3,
pBLCATS3 + forskolin; Lane 4, pBLCAT3 +PMA; Lane 5,
pBLCAT3 + PMA + forskolin; Lane 6, pBL995, no added in-
ducer; Lane 7, pBL995 + forskolin; Lane 8, pBL995 + PMA;
Lane 9, pBL995 4+ PMA + forskolin; Lane 10, pBL232, no
added inducer; Lane 11, pBL232+ forskolin; Lane 12,
pBL232 + PMA; and Lane 13, pBL232 4+ PMA + forskolin.
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