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Summary : We cloned and sequenced the ovine beta, adrenergic receptor (B,AR) gene and promoter
region. The transcription start site was localized by RNase protection and primer extension to a GC-rich
region. The predominant initiation sequence did not resemble an initiator element and there was no
upstream TATA box. Sequence analysis revealed several potential thyroid hormone and glucocorticoid
regulatory elements. Identification of the promoter structure of this important gene will help define its
novel regulation during development. ¢ 1955 academic press, Inc.

The B, adrenergic receptor is a member of the seven transmembrane, G protein-coupled receptor
family (1). While these receptors share structural and functional similarities, their gene structure and
regulatory characteristics are varied. Alpha,, B, and B, adrenergic receptors are intronless while «,, 3,
and D,, receptors have introns in their 5' untranslated regions (2-4) The (3, adrenergic receptor, which
was the first G-coupled neurotransmitter receptor to be cloned and sequenced, has been extensively
studied including, identification of its transcription start site, core promoter elements and definition of
glucocorticoid and cyclic AMP regulatory elements within the promoter region (5,6). In contrast,
attempts to characterize the ,AR gene had been hampered by the inability to define the transcription
start site (7).

We have shown that neither thyroid hormones nor glucocorticoids alter the number of B, AR in
fetal sheep, however, there is an increase in receptor number if the animals are treated in the newborn
period (8,9). This is interesting because both glucocorticoid and thyroid hormone receptors are
expressed in fetal sheep (10,11) and there are other genes which are steroid hormone responsive at these

gestational ages (12). In order to explore more precisely its mechanisms of transcriptional control, we
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sought to clone and characterize the ovine ;AR and 5' flanking region in order to begin studies of the

transcriptional control of this important gene.

METHODS

We screened a sheep genomic EMBLS3 library using a human §, receptor cDNA probe (kindly
supplied by Dr. Robert Lefkowitz) and 2 different oligonucleotides chosen to correspond to discrete
regions of the beta, receptor. Oligonucleotides corresponding to nucleotides 354-390 and 1044-1071
of the human gene and a 0.8kb Pvull fragment of the beta, cDNA, from human sequence -88 to 779,
were used to identify clones containing sequences involved in ligand specificity. Among 800,000 clones
only a single clone hybridized to all three of the probes from which a 5kb insert was excised with BglII
and subcloned. Nested deletions were created by Exolll digestion (Promega, Erase-a-Base™) and then
sequencing was carried out on the deleted inserts. All sequence assembly and analysis was carried out
on a Digital VAX computer using programs in the Genetics Computer Group (GCG) package. Standard
methods for RNA extraction and separation were used. RNase protection was carried out with a series
of an antisense ribonucleotide probes derived from sequences upstream from the translational start site
(13). The synthesized riboprobes had an average specific activity of ~2.5 x 10® cpm/pg and were
hybridized with total RNA extracted from sheep heart or brain tissue overnight at 45 C. Following
hybridization, samples were digested with RNase, (Promega). The RNase-resistant hybrids were
resolved by electrophoresis in an 8% polyacrylamide/8M urea gel. RNase protection assays were
repeated several times to confirm the results. Reverse transcription for primer extension on poly A+
RNA extracted from fetal brain frontal cortex and heart was done with MMLYV reverse transcriptase

(USB).

RESULTS

The 5kb Bglll fragment contained the entire coding sequence in a single exon and over 2 kb of
5' flanking region. Comparison of the predicted amino acid sequence of the B, AR from human, rat and
sheep revealed overall amino acid identity of 85-90% which approached 100%  within the
transmembrane spanning regions, Figure 1 (14,15). Sequence homology was only 65-70% compared to
the P, receptor of rat and human and less when compared to alpha, dopamine and serotonin receptors.

RNase protection was first carried out with a series of probes spanning the 5' sequence from -
1157 to +175 relative to the initiator methionine, Figure 2A-D. The largest probe did not overlap the
transcription start site and was fully protected except for deletion of vector sequences added during
transcription, 2A lanes 8-10. The smaller probes (lanes 2 & 7) yielded protected fragments (lanes 1,5,6)
which predicted the same transcription start site more than 550bp upstream from the initiator methionine.
Another probe was used in RNase protection assay, 2B lane 1. The gel was purposefully overexposed
to make sure no transcripts were overlooked. A single cluster of protected fragments corresponding to
the previous results was identified, 2B lane 2. To map the precise location of transcription initiation,
reverse transcription and then primer extension was carried out using a primer downstream from the
identified sites. The predominant start site was at -660 bp relative to the translation start site with less

prevalent start sites at -661 and -655 bp, as shown in 2D. A schematic illustration of the riboprobes and

the location of the primer employed is shown in 2C. The same sites were seen in samples from both brain
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1 50
HumB1AR MGAGVLVLGA SEPGNLSSAA PLPDGAATAA RLLVPASPPA SLLPPASESP
OvineBl MGAGALALGA SEPCNLSFAA PVPDGAATAA RLLVPXSPLR LAADLGQRGT
Ratf1AR MGAGALALGA SEPCNLSSAA PLPDGAATAA RLLVLASPPA SLLPPASEGS

51 100

HumBlAR EPLSQQWTAG MGLLMALIVL LIVAGNVLVI VAIAKTPRLQ TLTNLFIMSL

Ovinefl PLLSQQWTVG MGLLMAFIVL LIVAGNVLVI VAIAKTPRLQ TLTNLFIMSL

RatflAR APLSQOWTAG MGLLLALIVI, LIVVGNVLVI VAIAKTPRLQ TLTNLFIMSL
I

101 150
HumB1lAR ASADLVMGLL VVPFGATIVV WGRWEYGSFF CELWTSVDVL CVTASIETLC
Ovinefl ASADLVMGLL VVPFGATIVV WGRWEYGSFF CELWTSVDVL CVTASIETLC
RatP1AR ASADLVMGLL VVPFGATIVV WGRWEYGSFF CELWTSVYDVL CVTASIETLC
II III
1851 200
HumB1AR VIALDRYLAI TSPFRYQSLL TRARARGLVC TVWAISALVS FLPILMHWWR
OvineBl VIALDRYLAI TSPFRYQSLL TRARARALVC TVWAISALVS FLPIFMQWWG
RatflAR VIALDRYLAI TSPFRYQSLL TRARARALVC TYWAISALVS FLPILMHWWR
Iv
201 250
HumPB1lAR AESDEARRCY NDPKCCDFVT NRAYAIASSV VSFYVPLCIM AFVYLRVFRE
Ovinef1 DKDAKASRCY NDPECCDFII NEGYAITSSV VSFYVPLCIM AFVYLRVFRE

RatpPlAR AESDEARRCY NDPKCCDFVT NRAYAIASSY VSFYVPLCIM AFVYLRVFRE
v

251 300

HumB1lAR AQKQVKKIDS CERRFLGGPA RPPSPSPSPV PAPAPPPGPP RPAAAAATAP

Ovinef1l AQKQVKKIDS CERRFLSGPA RLPSPALS.. .......... .PGAPLPAAA

RatBlAR AQKQVKKIDS CERRFLSGPP RPPSPAPS.. .........P SPGPPRPADS

01 350

HumBlAR LANGRAGKRR PSRLVALREQ KALKTLGIIM GVFTLCWLPF FLANVVKAFH
Ovinefl VANGRANKRR PSRLVALREQ KALKTLGIIM GVFTLCWLPF FLANVVKAFH
Ratf1AR LANGRSSKRR PSRLVALREQ KALKTIL GIIM GVFTLCWLPF ol
VI

351 400
Humf1lAR RELVPDRLFV FFNWLGYANS AFNPIIYCRS PDFRKAFQGL LCCARRAARR
Ovinef1l RDLVPDRLFV FFNWLGYANS AFNPIIYCRS PDFRKAFQRL LCCARRAACG
RatB1AR RDLVPDRLFY FFNWLGYANS AFNPIIYCRS PDFRKAFQRL LCCARRAACR

VII

401 450
HumB1AR RHATHGDRPR ASGCLARPGP PPSPGAASDD DDD...DVVG ATPPARLLEP
Ovinef31 SHGAAGDPPR AAGCLAVARP SPSPGAASDD DDDDDEDDVG AAPPVRLLQP
RatBlAR RRAAHGDRPR ASGCLARAGP PPSPGAPSDD DDDD....AG ATPPARLLEP

451 500
HumBlAR WAGCNGGAAA .DSDSSLDEP CRPGFASESK V......... ..... veven
Ovinef31 WAGYNGGAAA .NSDSSPDEP SRPGCGSESK V....... v e PRI
Ratf1lAR WAGCNGGTTT VDSDSSLDEP GRQGFSSESK V......... ..... PN

Figure 1. Alignment of the amino acid sequences of human, ovine and rat B, AR. Transmembrane
domains are shown by the Roman numerals.

and heart although an additional fragment >1500 bp in length was seen doing RNase protection with
samples of RNA from heart. Becsuse this fragment was larger than the probe, we attributed the result
to an artifact of incomplete digestion.

The entire sequence of the 2300 bp 5' flanking region is shown in Figure 3 with the primary
transcription start site indicated by the #. There was no upstream TATA box. The 5' flanking sequence
was searched for nucleotide sequences of identified regulatory elements using GCG programs and the
Transcription Factor Database. The location of putative regulatory elements and sequence of interest

are identified and described in the Legend for Figure 3 (16).
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Figure 2. A) RNase protection was carried out with 3 different riboprobes (lanes 2,7,10). Protected
fragments (lanes 1,5,6) predicted the same transcription start site more than 550bp upstream from the
initiator methionine. B) RNase protection with extended version of the probe used in 2A Lane 2 (Lane
1). Cluster of protected fragments 375bp upstream (lane 2). Hincll digest of $x174 (lane M). C)
Schematic of RNase protection results. D) Primer extension fragments are seen at -655, -660 and -661bp
adjacent to sequence ladder. The major start site is at -660bp.

DISCUSSION

We describe here the cloning and sequence of the ovine beta, adrenergic receptor (f,AR) gene
and promoter region. The transcription start site was defined using RNase protection and confirmed by
primer extension, There were several closely spaced transcription initiation sites arising within a GC-rich
region. The predominant initiation sequence did not resemble an initiator element and there was no
upstream TATA box. Smale et al have demonstrated that transcription initiation in some TATAless
genes starts from an initiator element which conforms to the consensus sequence PyPyA,, NT/APyPy
(17). There is frequently an Sp1 site 40-60 bp upstream from the initiator which has been shown to
augment transcription efficiency. Nothing resembling an initiator element was identified in the region of
any of the transcription start sites of the ovine B,AR. Sp1 consensus sequences were located 10-15 and

60-70 bp upstream from the predominant start site. There were also several downstream Spl sites.
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71
141

211

351
421
491
561
631
701
771
841
911
981
1051
1121
1191
1261
1331
1401
1471
1541
1611
1681
1751
1821
1891
1961
2031
2101
2171
2241

2311

CGGTATCGAT AAGCTTGATA TCGAATTCCT GCAGCCCGGG

CCTTCCCTCA TTTCCCCTTC TCAGGCTCCC CAACTGGCAG

CAGAAACAAG
TGGATAAAGA

CTAGAGAAGG

TAATTCACCC
AAAGTTGGGC

AGATGGCAAC

GCTACAGLCC ATGGGGTTGC

TACACATTGC

TGTTAGCTCT

ACATCCACCC
TTCCCTAGTA
CCACTCTAGT
AAGAGTCAGA

CGACTTAGGG

ACTGATCATC
GCTGAGACCC
ATTCTTGCCT
CACAACTTAG

AGCTCTCTCC

MTV _GRE

GGATCTCCAG

AACTAAGCTG
AAGTTTGGGC
ATCTTCAGTC
GGAAAATCCC

CTACTAAAAC
TRE rGH

AAACTATTCT TTTTATTCCA
TGGGTAATTA GAAGCTCTTT
ACCAGTACTG TGGTGGAATT
TTCCTGTAGG TACCTCCCCA

TCAGTTGCCA ACCCAACAGC

ATGCTAGAAG. GATGIGTGAG CATTATGTAA
ATTCAATTAA AAGCTTITITA

CTTGCACACC TTTGGCTACA

CACCACTGCA GAGCTAACGA

ATTTCTCAGG
AGACAAGGGG

CATATAGTCA

CCCCCTCTTT
ACAATCCTAA
CTAAAGCAAA
CTTGGATGGG
ATAGGCAGAG
CACCACCCAT
TATGAGTTTG
CATTTTCATG

TTTTCAAGGC
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CTAGCCCTCT
GCCAGGGATG
TTTACATGTT
GGAAGATCCC
GAGCCTGGTG
GGCTTATGAA
TTCCTTTCAG
CACCCTTAAG

TGAGTTGAGG

TRE 14
TTGTGTGTTG A C

CTCACTAATT

TTAAACCCAT

CTTTGATATA ACTTTACATG CT4TTGGATT

TATATGTTTT

CTTCTCTCAT

CCCTCCAAAA

TTAATCCTAG AGTTTTGAGA

TTAATCTTTT

ATCTGGGAAC

TGAGTATTTA

TTGGGCAAAG

GAAGGCAA
CCTTTTTTGT
TTATTACTGA
CTAACATGCC
CATCCATCAG
AACCCCCYGC
ACGITCCTGA
%CCGI\

TTTACACACC

CGCAGCAGAC
TTGGACCGGC
ACATGACAAG
TGTCCTTAAG
CTGGGACCTG
CGTTTTCTGC
AAGATTGGCG
TCCGATCCCC

ACCCTCCTAG

RE _xrPOMC

n
GAACAGA@GGCGC

GCTCTGCTCT
AGCGGAAAGC
GGTGAAAGCC
GCGCGGGCAG
CAGAACCGCC
GGGCGTGCCT
GAGCCGRGTG
GGCAGCTGTT
Cﬁm
CCTCCGCGCG

TCCCCCGGCC

GCAGGAAACC
AAACGCCGGA
GGCCGCGGAC

GAACCCGCGA

CAAGAAATTT
CCAGCTCARG
TCTGAAAAGT
CCTCTCTCTC
GGAGTGTGTA
ATCTGCTGCC
CTCTGCTTTA
GAGCTGGCAG

GCTGCCCAAT

GAAATCTCAG TTCACTACTG

TCATACAA
GRE
AATTACAC
TCTTTACATT
TTATTCCAAC
CCGGGAAGCG
GCAAGGCGCG
GACGCGAGCT

ACAAGAAACA

APl

UTERQGLOB
GCTT

ACCGGCACAC

TGGTCCTCAG

TGTCACCCAA
CAGACCACAA
CCGTGGCGGT
ACCGGTGCAC

CATTAGCTGT

AGAAGAAGLT TGCAAGAATA

CGCTGGAAAG
GGCTGGGACT

GTCTTGCAGC

GRE_UTEROGLOB

TCCGGTGTTT CGRGAACACC GAAGTCCCCT

TGGGCACTGG AGGTAGATGG GATGGGTGGC
SP1

GGCAAAGGG GCGOAGGAGA

GGGAACTGGG CACTGGAGCC

GGGGAGATTG

GGGAACCGAG

GCGCTGGGGA

SP
GGTGG. TGCTAGG

TCGCCAGGAT TGGCTGCAGG
GEBETGGGTGC TGGGTGCCGG
CCAGCAGCGA CACCACTCCA

AGGCGCCCGG CGCCATGCCT

GGGGCTTGCT
SP1

TGGCGATCTG

AGTTGGCGGG GCCORETAqE

AGCCTGACGC

GGCTGCGGGC

GCAGCAGCCG

CCGGCCCCGC

RARE B

CcCCCGCCGTT cdGGCCTCTG

TCCGCAGCTC GGCATG

edagaTTdCC

GAGNNNCCGG
TCCGCGAGCT
CGGCGGCTGC
GCCGCGCTGC

CAACCGCGGC

TTTCTTCTAA
CCTCTTGACA
CAGACTCCTC

CCCTGCTAAA
SP1

BGCGGdraca

TR

GGTGCCGCCG
AAGCGGGCTC
CCCCGGACTC
GQGTGGGGGGG
GGGTTGGCTC
CAGAAACATG
GGCGGCGACA
GCTGACCTGG

CCAACTCCGC

AGTCAATGTA
AATCCAGGTG
GTCATTTACT
CATACTCACA
CAGATGTCAC
GCTCCCGGGA
CCGCTCACAE.
GAGGAAGGGC

CACACCCAGC

GGGCGCGTGA
[ 4
GCCGGGGCGT
E rSPOT 14
TAGGGGCCAG

CCTAGAGCCG
AACCAGAGAG
GGGGGAGTGG
CTGAGGTCCC
GGCACCGGCT
CCGCGACCTC

CACACCCCTC

Figure 3.0vine B, adrenergic receptor gene 5' flanking sequence. Putative regulatory elements in either
orientation are indicated. Abbreviations are in the text. Palindromic sequences of 8 or more bp are in
italics and underlined. Two sets of repeats are in bold. The location of the oligonucleotide used for

primer extension is overlaid by

. The predominant transcription initiation site is indicated by

an overlying bold arrow. The large box indicates the location of the 98 bp element common to both the
ovine and human $§,AR genes.
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Transcription start sites have recently been identified for the B, AR in the mouse and rat (18,19).
In the mouse, reverse transription of brain RNA was used to identify an apparent start site in a GC rich
region 451 bp upstream from the initiator methionine codon (18). Rnase protection was not used to
confirm transcript sizes in any other tissue. The transcription start site of the rat 3,AR promoter in C6
glioma cells has been identified by RNase protection to reside in a TATAless region 250 to 280 bp
upstream from the translation start site (19). Primer extension using several different primers over this
region gave contradictory results, however, and deletion of the start site and surrounding sequences did
not affect basal transcriptional activity. The region -306 to -232 in the ovine $,AR promoter has 76%
nucleic acid homology with the sequence surrounding the cluster of start sites identified in the report on
the rat gene. We examined the areas identified in the mouse and rat genes in detail with two of our
riboprobes (Figure 2A lanes 5-10) and, even with overexposed gels, we saw no evidence for
transcription initiation in these regions. These contradictions may be explained by differences in the
initiation site of the rat B, AR gene in C6 cells or it may be due to species differences.

TATAless promoters and multiple transcription initiation sites are common to "housekeeping"
genes but they are also seen in other important, polymerase II promoters including: the human androgen
receptor (20), rat IGF binding protein 2 (21), the human integrin ; gene (22), mouse neurofilament
heavy gene (23) and the Wilm's tumor gene (24). General transcription factors, including Sp1 and AP2,
are important in regulation of core promoter activity of several of these genes. The human D, , receptor
promoter lacks both TATA and initiator elements (4). Core promoter activity has been localized to a 240
bp stretch of sequence which contains AP2 and Sp1 binding sites, and both of these general transcription
factors appear to be involved in D,, regulation (25).

The sequence *TGTTCT?, which is the most conserved portion of well-characterized
glucocorticoid response elements (GRE), was found at -584 bp and an MTV-GRE important for
glucocorticoid mediated repression of MTV transcription was found at -1155 bp. Half GRE's have been
demonstrated to mediate the negative regulation of rat proopiomelanocortin gene expression (26),
enhanced mouse a-amylase 2 gene expression (27) and delayed glucocorticoid responsiveness of the rat
o, globulin gene (28). We identified the rat POMC "negative" GRE at -126. We also found several
elements that could bind thyroid hormone receptor including: an elements partially homologous to the
TRE of the rat Spot 14 gene located at -982 bp and to rat growth hormone at -1213 bp (29). We also
noted a number of 8-10 bp palindromic sequences and several 11-13 bp repeats, some of which may be
binding sites for yet uncharacterized transcription factors.

Overall sequence homology of the ovine promoter with the human $,AR promoter sequence was
62% and with the rat B, AR promoter sequence it was 58% when compared by the GAP program from
GCG. The *TGTTCT? portion of the GRE consensus sequence was present in all three B, promoters.
We also identified a 98 bp region with 87% identity between the ovine and human sequences, Figure 3.
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The functional significance of this region is not known and this region of the rat gene has not been
sequenced.

In summary, we report the cloning and sequence analysis of the ovine B, adrenergic receptor and
its 5' flanking region. We demonstrated that transcription initiation begins from a region well upstream
(~660 bp) from the translation start site arising within an area with surrounding Sp1 sites. There is no
consensus TATA box or initiator element within the transcription start site. Studies from our laboratory
and others' demonstrate that this gene is hormonally regulated however the timing of hormone
responsiveness is delayed compared to other genes. We identified several putative regulatory elements
in the proximal promoter. The role of any of these elements will await definitive identification by
functional assays. These results provide the basis for study of this potentially unique form of

developmentally regulated transcription.
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