Volume 11 Number 19 1983 Nucleic Acids Research

Complete nucleotide sequence of the human corticotropin-gdipotropin precursor gene

Hideo Takahashi, Yasuhiro Hakamata, Yumiko Watanabe, Reiko Kikuno*, Takashi Miyata* and
Shosaku Numa

Department of Medical Chemistry, Kyoto University Faculty of Medicine, Kyoto 606, and
*Department of Biology, Kyushu University Faculty of Science, Fukuoka 812, Japan

Received 16 August 1983; Accepted 7 September 1983

ABSTRACT

The nucleotide sequence of an 8658-base-pair human genomic DNA segment
containing the entire corticotropin-g-lipotropin precursor gene has been
determined, and some sequence features of the gene and its flanking regions
have been analysed. The gene is composed of 7665 base pairs including two
introns of 3708 and 2886 base pairs. Comparison of the 5'-flanking sequences
of the human, bovine and mouse corticotropin-g-lipotropin precursor genes
reveals the presence of a highly conserved region, which contains sequences
of 14-15 base pairs homologous with sequences located upstream of the mRNA
start site of other glucocorticoid-regulated genes.

INTRODUCTION

The primary structure of the common precursor of the pituitary hormones
corticotropin (ACTH) and g-lipotropin (8-LPH) has been elucidated by cloning
and sequencing a cDNA copy of its mRNA (1), which was purified from the
bovine pituitary intermediate lobe (2). Subsequently, the entire bovine (3),
human (4-6) and mouse genes (7) encoding the ACTH-8-LPH precursor (designated
alternatively as preproopiomelanocortin) have been isolated. They exhibit
essentially the same structural organizations, consisting of three mRNA-
coding segments (designated as exon 1, exon 2 and exon 3 in the 5' to 3'
direction on the message strand) divided by two large intervening sequences
(designated as intron A and intron B in the same direction). Intron A is
inserted within the segment corresponding to the 5'-untranslated region of
the mRNA, and intron B within the protein-coding sequence near the signal
peptide region.

The production of ACTH and related peptides in the pituitary is
regulated negatively by glucocorticoids and positively by corticotropin-
releasing factor (8). Studies with the rat and a mouse pituitary tumor
cell line in culture have shown that the celiular content of ACTH-8-LPH
precursor mRNA is depressed by glucocorticoids, indicating that at least
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part of the hormonal effect is exerted at the pre-translational level (9-11).
Deletion mapping studies by mammalian-cell transfection and cell-free
transcription approaches (12,13) have indicated that the TATA box region

(14) is required for the accurate and efficient transcription of the human
ACTH-8-LPH precursor gene and that removal of the sequence lying between

53 and 59 base pairs (bp) upstream of the capping site increases the
transcriptional efficiency.

In the present investigation, we have determined the complete nucleotide
sequence of the human ACTH-B-LPH precursor gene, which consists of 7665 bp
including 1071-bp exonic sequences. Characteristic sequence features of this
gene and its flanking regions are discussed.

MATERIALS AND METHODS
The plasmid pHAL! containing the entire human ACTH-g-LPH precursor

gene (4,15) was used. Plasmid DNA was isolated after induction with
chloramphenicol as described by Kupersztoch and Helinski (16). Restriction
endonucleases were purchased from Takara Shuzo Co. (Kyoto, Japan), Bethesda
Research Laboratories (Rockville, USA) and New England Biolabs (Beverly, USA);
reactions were conducted under the conditions recommended by the suppliers.
Separation of restriction fragments was performed by electrophoresis on poly-
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Figure 1. Restriction endonuclease sites in the human ACTH-g-LPH precursor
gene region. The sequenced region, together with nucleotide numbers (see
Eig. 2), is shown above the restriction endonuclease map; the exons are
indicated by closed boxes, the introns by open boxes, and the flanking
regions by lines. The direction of transcription is from left to right.

A1l existing sites for the six-base-specific restriction endonucleases shown
are indicated by vertical lines.
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CTGCTCTTCACAGCATCACCCTCTCCCCATTTAATGGTTTAGETTAACAGGACTTTTTCCTTGAGEC TTGGGACACGGAA
GGBABCCTCCCCTAAACCAGELCCTTGEAGAGCAGECCCCAGGGGAGCAGTGCAACTCACCTTCACACCCACAAGACGECTCCTGACTTCTGCTCCCTCC
TCCCCTCCCCAAAGTGGAACAGAGAGAATATGATTCCCCACGACTTCCACATCACAGTTTCCAAACAATGGEGARATCGRASGCCTCCCCGTTGCAGAS
GETGATATTTACCGCCAAATECEAACCAGGCAGATGCCAGCCCCAGCACGCACGCAGGTAACTTCACCC TCGCC TCAACGACC TCAGAGGC TGCCCGGLC
TGCCCCACACGEGGE TGC TAAGCCTCCCGCCCGTTCTAAGCGGAGACCCAACGCCATCCATAATTAABTTCTTCC TRAGGGCGAGCGGCCAGGTGCECCT
TCGECAGGACAGTEC TAATTCCAGCCCCTTTCCAGCGCETCTCCCCGCELTCGTCCCCCETCTGRAAGCCCCCCTCCCACGECCCRCGECCCCCCTTCCE
CTGGLCCGEEGAGCTECTCCTTETGCTGCCGGEAAGG TCAAAGTCCCGCGCCCACCAGBAGAGC TCGECAAGTATATAAGGACAGAGGAGCGCEGRACCA
(AGCGGCGECGAAGGAGLGGAAGAAGAGL LG CGAC CGAGAGAGGCCECCGAGCETCCCCRCCCTCAGABAGCAGCC TCCCGAGACAGG TAAGGGCGLAGLG
TEGEGEACCCETELTCTTTCCCCEE6ATCCCCTETCCCCGTCCTCGCGATGCAGTCGECCEGCTCCGGCTCCRAAGGCEGACCTGRELGCCTCTGECTCT
CCGCEGTCCCRAGTTCTCGACAAAC TTTCTGCECCGACTGCGECATGAGAAGCCGCCAGTAGE TEAGCTGGAGEGCCCACGTCCGECCCCTGEGEGRACG

GCCGCGAAGCTGCAGGCGCTRTCTCCAGGGAGCCGECGGLLTCCTCTCCCCCAGEGGLTCEGECGGTCCGRAGGC TCCRAGAGC TTGCTAGRAGGTCTT
GGGACAACCCGGTCTITTTTTTT T T TTGAGACGGAG TTTCGLTCTTGTTGCCCATECTEGAGAGCAAAGEGGTGATCTCTGCTCACCGCAACCTTCGE

CTCCCHGETTCAAGCGATTCTCCTGCTTCAGCCTCCCGAGTAGCTGGGATTACAGGCATGCGCCACCACGCCCGGCTAATTTTTGTATTTTTAGTAGTGA

CEGAGTTTCTCCATETTGGTCAGECTGGTCTCAAACTCCCGACAACAGGTGATCCGCCCGCCTTRGCCCCCCAAAGTTCTGGCATTACAGGCGCGAGCCA

CCGLCCCCHGLCAGCCCGGTCTTTTAGTATCTCTTGCTCCCAGTTTCCAGGATAGETGTCACATCTTGAAAGTCAAATTCCATACACGCTATCGCAAATT

AATGTTGGAAACGGEGCAGCAGAGAAAAGGATAAAAG TCATAATGAACGCCCTGCCTTCCOGATTTTTTCGGATTCAGACCCCTGARATCCTTGTTTCCTT
GCCCACCTTAGCGCACCCBAGGTGGLCGCECTATGATAATTACATGATAACTGGGTCAATTACAATGCAGAATAGTTGEGTCTCTTCTCTCCAAGACCTA
GCTEGEGTTARAAACAGGTGGCCGGEGCGGGAGCTGTCCTAGATCC TGAAACGCACTGTCTAGTTTCGGATGCCC TCAACASAACCGGEETGGACGETTT
ATGECGCAGATCCTGGGTTGAGGGCACGEECAGCCATTTGGAATGATCAAGGC TCAGG TAAGGGELGTTTCCAGCGAAGGAGAGACAGTCCACTTGGCAT
TTGGATTCCCCAAATTCTTCATET TTAAATGG66CAGGEAGGGTTC TTACAGAATGGC TGGAAGBAGCCAAGGAAAATAAAAGTGTRTGTGGATTTTTTT
TGTGTGTGTGTCAGTTTATAAACTCTGCACAGATTATGGCCACTTTAATGACTTACTGTTCCTTTRATGCTTTTGTTATAGGACTCGATGCATGTATGTC
ATGETGTAAGGACAAAACTCBGCCCCTGTGCTCCTCTAATCTTTACAAAAGG TCATGGCCAGCG TGCAGTTTTACAGTAACAAGCAAAATGATTTGTTGA
GCTCATAGAGAGCCCCTCACACCTATGAAGTTCTAATAAGTGTAGTTCTACTATAAAGTTAATCTCAGGATGAGCAAATTTCAAGTTTCTATTTTTCCAG
AGCTTTCCATTTTTEGGATTATAATACTTTCCCTACTTAAARAAGCACAACATTTGATATTTCCCCAATAATTTETTGCTTTAAAAATGACACAAAAGGTA
CTATTTGTTCATTGTAGAGAACTGAAAATACACATAAGCAAATACACATACACATAAGCAAAATATACAATACAAACACAAGACCATCT TTCAGGGAAGA
ATCTGAAGTTTTAGCAATAGCAGCCATCTAACCAGTTTAGCAACAGAATATAAGC TCTGAGAGEGTGGGAGTGAATATGTTACCACATTGTACAACACAG
CACATAGGECATAAGGAGGGGAAATGCTCTCTGGGGC TTTCCAGGAAGGCCTGAAGTCATTGCTTCTAGCAAATGGAAATCACTCCAGAGTAGTTATCTT
TGACAAGAATTGAAATATAATTGAGGGAACTATCAGACCTGTAAGATTTTETTTTTTCCTTTACTAATATGTTACTTTACATTTGCATTTGGTGACATAC
GTAACTACCATTTTTCTGTGACTGTAACATCTGGECATTTTTCAGAGCTAAATGTGCTATGETCAACTTEEAGCTTTAATCTAATTGCCTGGTCCACCAA
GTTCTGGCTGTETACTTGAATAGATCAC TGGCAGGE TACAATGEGAACAGCC TE TCCCTTGEAGCCAGGABAGRACACCAAGGTTGACCARAGCTCETTC
AGTTGCCCCTTTAGCCGAAGCGCACCTERGCCAGTCACTGEC TECCASTGCCATCTAATGGC TGCTCTGAAAATGC TCAGCCTTGCCCGGCAACCCTTCA
GAAGCTAGCACCE TGLAGGCCCAGCECCTGEGGAATAGGGCGAGEE TGRGE TAGAGAGAAGGAAGTGECC TCCTRAAG TABAAATCAGCGC TTCAGAGEA
CTTTCACTTCCAAAGCCTCCCCTATATAAAAAAGATTTGGCCCACGCC TCCCCAAATGAGAGAT TTATTTTAGGCARACTTATTTTAAAATGCCAGCGTT
CATTAGGASTGACAAGACACTTAGTCATCCACGCTTTAATGTGAATTACTTTTCTCATCTAATTACATTTCTTTCTAGCAGC TGGC TGAGAAGATCTTCT
GAAATCCAARATGATTGTAGGGTTGGCGGTGAGCTGATCTCCGECC TCGAGG TEGCTTCAGGGGECCCACCTGRTTAAGEEAAATTTGGCAGTGCEAGGE
TAGTGLTGEAGAGABSGE TGGG TACAGEGE6C TAGGGGCACCATGEATGCCCCCTCCTTACTGTCCCCTGRTETCTTGACCTCAGCTTCTGCCCACAGEE
ACTTGCTGGATTCTCCAAAAGTATCTGCASTEGCTRTTCCACCAGEAGGTAATTCCCTTCTGGTCTCTTTCCCCTCCACATCTGCATCCTCTTCARATCC

Figure 2
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TGCCATTTCAGACCACATTTGAGAGC TCTAGAGAACAAGACATCTGACACGTGACGTG TCCAGAAGATGAGCCAGATTTCAAAGAACTGAGATCTGCTTT
AAAAACGAAGCTCTCCAAAGTTACTGGAGTCTGEGTAATAGTGATCACCAGAGTAATTTGTGTGCAGGACATCAAATCAGGLTGCTCEAAATGCTGCCTA
AATTGECCAGTGGTTTTATTTGCTTTTCTGTCAACCTAATATTCATAGGAAATAGAGT TTCAGAGGAATGATAGGA TCCTGETEGAA TAAAAAGEGAAAA
GACCATCTTGAGCAGGAGTTTCAGBGTCCTCCGTTTTTCCCAAGTTACTTTCACTCCTGAGATCTTGCATGTTAGAACTACAGC TTAATGTAGTGAAATA
GGAAAGTTCTCTETTAGGAGC TTAGCCTTACCTTGTCATGGACATTAAAGTAATTGTCTCTCTTTGGGC TTCAATTTTCCCATCTCTCATGGBAAGGGLT
GAACCAAGCAATCCCCAAAATAGCTTCCAGCCTTAACCTTTTTAGGGGTCTCGTTTAAATAGAAGATAACAGGGAAATGGTCACAGTTTACCCAGGTCCA
TTCCCTCCTCCTTATCACAACTTATACCACCGCTGTACTGCACACCTCCTTTCTCAGCATTGCTGCTGTCCTTAAAATGCCTTTAACTCCACAAGAGAGT
GTGTTGTTAATGTTGARCTCAAGGTCCTTCCTGETGAGTGECCAACATTGTTTTGCTCCTTGCAGGGGTCCCACCAATCTTETTTGE TTCTGUW

faad

CTGCCTGGAAGATGCCGAGATCGTGCTGLAGCCGC TC666GGCCCTETTEGLTGECCTTGCTGCTTCAGECCTCCATGGAAGTECETEECTGETELC

IGEAGAGCAGCCAGTGTCAGBACC TCACCACGGAAAGCAACCTGC TGGTACGTGGGCCATGACTGCCATCTTGEC TTAGACATTAGATGGRACTEGAGCTE
GGAAABCTCAAAAGAAAAGEGTGTGGGGAAAGGGAAATTCATTCCCAGTGATAGGCGTGATTCAATCCAGGGCAGGAGCAAAACTTTGCAGTEAAGTAAS
AAATGLGAGAABAAATCAGGGAAGGAAGCAGC TTCAGGGAGAGGGGTTGAGTCCACAATTTCTGCTTGGTTATCCTTACTTCTTGLCCCATCTTTTATGS

AGACCTTGAACCCTTTAAGCTAGAGATGGTGCTATAAGAGCAATAATGGACCCCTCAATCTATTCTGTACTTTACATCTTTAGCTTCCCAAMACTATTCCT
TTTTAAGAAGCTCATATCACTTGCCATTTTCATTCCATATTTCTTACCCTTTTATCTACTACCGGTTGCAAAACCAGCCAGETAGTTCTTCAAATCATCT
CTGGAAGAAGGAAAAACCAGGGGCCCTTTTTTTTTTITCTTTAATTGGTGCCAAATGTCTCATGTTTATTCTGGAGGACTGGCCTTCTGCTETGTTCCTC
TACAGTCTTTCCAGAGCATGTGAAGGCCTTTGCATCAGGLAGGAGC TCCCTCCAGGTCACCACAGGGTGTATGTATCTGCCTGTGGGEGETGTGTGTGTE
TGTGTETTGGGGGGCATAAATGAGTAATGATGCCAAATCCAGAGATTAAAAGGCACACTGAGACCAGGCGAGATGGC TCATGGCTGTAATCCCAGCACTT

TTAGATGCTAAGGTGEGAGGATTGC TTGAGCCCAGGGATTCAAGACAAGCC TGGGCAACATAGTGAGACCTCCACTTCTACAAAAAA TAAAAAAGT TAGC

CAGATGTGGTGGCATGTGLCTGTAGTCCTAGCTACTTGGGAGGTTCACTTGAGGCCAGGAGTCTGACGACACAGTAAGC TATGATCACACCATTGCACTC

CAGTCTGEGTAACAGAATGAGACCTTGTCTCAAAACAAACAAAA TGAAACAAACAAACAAACAAACCCCCATACTGTTAGTGTCAGTGACCGGAATTTT

AATCTTGTTGCCATCACCTGGCAGETGCTGAGGETGGAATGTACATAACTACATTCTGTGTATTTTGTCAATGCAGAAGC TGAGTTAAGGTGAAGATAGA
ATGAGGTCCTCAAAGACACAGACCAGTTTTCATGTGTAATATAAAATAGAAACAAAGAGCCCAGGGGATTCTGTGAGTTCCAGTTTGGAAAGACCCAAGA
GTCTCTTGACTTGAGACACCCACAGCACAGC TCACCAGGGAGGGTGLACTGGACACAGTCAGGACCCATGGGTTCTAGACCCAGTTTTGAGGTGTGGGAC
CTTGACCAGGTCCTATCACCTCTCTGAGTCTCCTGTTTCACTATCTGTCCACGGGAGGGGAGTGTAAATTAGTTTTTTCCATTGTTAACGTTCCACAGAG
TTETAATTCTGAACACCTGGAGTAGGCAATGTCCAGCTCAACAGAGTGEGTAGGATCCTTTTATTTTCTCCTTTGCTATTCCCAAGAAAGAGAGCAGCCA
GTGAGCTTTTCATCTTTTTATCACTGAAAACTCAAGGCTGCAGCCTATGCAGCCATTTTCCTAAGCTAATATGTACCACAATAGAGTCCTCTAGGGACAA
GGAGCAGAGACACAGGTTCCACAGACGGTGCAATGGARATAACGCTAGCTTTCCACCCCTCCCTCCAGTCAGAATGAGATTACAGGGAAATAAGC TTGCC
CCAGAGLTCACTGGGGGATCTCTCAGAAATCAGCTCAGAAGTCGTGAAAGAACCAAGGTGCAGTTTTGGAGGL TTAGTGCAGAGATGGAGC TGEGGTAGG
GCATAMGTAGGTTTTCCATCACTGAGETAAGGTTGAGGCATTATTTITTATTTTITGTTTATTTATTTATTTTTTTGAGACGGAGTCTCGCTCTATCAC

CCAGELTEGAGTGCAGTGGCEGCGATCTCCCCTCACTGCAAGCTCCACCTCCCAGET TCACACAGG TTGAAGCATTATTAAAAATATGTTTAAAAATATGE

GCCCTAGTAGCCAGACTTCTATCACCTGGAGAGATTATCCCCCAAATTTCAGCCCCACTCCCCTCCTGGACTTGAATTAAACCATATGTATTTATICAAT
ATTCTTTTTATTTATTTATTTATTTTTTTGAGACGGAGTCTTGCTCTGTTGCCL TGGC TERAGTGTGRAGTGCAGTEETGTRATCTTGEC TCACTGCAAC

CTCTACCTCCCAGSTTCAAGCGGTTCTCCTGCCTCAGSCTCCAGAG TAGC TGGEATTACAGGLGCCCGCCACCACACCCAGCTTATTTATTTATTTATAC

TAGAGATGGTATTTCACCATAGTTGECCAGGCTGGTCTTGAACTCCTGACCTCATETGATCTGLCTGCCTTGECCTCCCAMGTGCTEEGATTATAGRTE
TGAGCCACCATGCCCGGCCCTCAATATTCATTAAGTGCCAACAACTACCACCCETCTGCCTTTCTTGRAGCCACTCCTTTATGTCAGGCATATGACAGTA
AGACTTTGETCC TGTTCACAAAAGC TAGGGGTEEC TAGATGEC TAGACAAACCATEGAA TGGRA TGEGAAG TETETTGCAG TTECCAGCAGAAGCATRAA
GGGGATEEGACAAAAGAGECGETGGLAAGATC TTAGATECTCACGAGTGCCAAGAAAGCAGG TGGGCAGACCTGCTC TETAGGGAGGCCTCGACGL TTEA
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CACGCCCRACACTETGLCCTGTGTCCTCEGCACGTGGCGAGBECEECCAGGGCCTAGELGCAGTGACGGECGLGHCAGCCGEGCCGEGGTGCRGGECACG 6800

GECTGCCCTCATGCCCTCGCGTCTTCCCCU*AGTGCATCC&GCCTGCMGCCCGACCTCTCGBCCGABACTCCCATETTCCCGGGMATGGCGAIZM 6300

CTCTEACCGAGAACCCCCGGAAGTACGTCATGGGLCACTTCCGL TGEGACCGATTCGECCECCGCAACAGCAGCAGCAGCEGLAGCAGCGRIGCA 7000
GAAGCGLGAGGACETC TCAGCBGGCAAAGACTGCGGCCCGLTECC TEAGGBCGECCCCEAGCCCCELAGCGATEGTGCCAAGCCGGRGCCCELGEH 7100
G66CAAGCELTCCTACTCCATGEAGCACTTCCEC TGEGGCAAGCCEGTGGGCAABAAGCGGCGCCCAGTGAAGETGTACCC TAACGGCGLCBAGGACGA] 7200
TCG6CCEAGGCCTTCCCCCTEEAGTTCAAGAGGGAGC TRACTGGCCAGCGAC TCCOGGAGGGAGATRGCCCCOACGECCCTRCCEATRACGGCGCAGE 7300
CCAGGLCGACCTGGAGCACAGCCTECTEGTGGCOGCCEAGAAGAAGGACGAGGGCCCCTACAGBATGGAGCACTTCCGC TEGEECAGCCCGCCCAAGY 7400
6LGCTACGGCGETTTCATGACCTCCGAGAAGAGCCAGACGCCCCTGETGACGL TGTTCAAAAACGCCATCATCAAGAACGCCTACAAGAAGGGCEA 7500

?&BGGCACAGCGGGCCCCAGGGCTACCCTCCCCCAGGAGGTCGACCCCAAAGCCCCTTGCTCTCCCCTGCCCTGCTGCCGCCTCCCAGCCTGGGG&T 7600

TGECAGATAATCAGCCTCTTAAAGCTGCCTGTAGTTAGGAAATAAAACCTTTCAAATTTCACATCCACCTCTGACTTTGAATGTAAACTGTGTGAATA 7700

MGTAAAAATACGTAGCCGTCAAATAACAGCAGCATGRATCGGAGGAGCACAGTEGTTTCCATGCGETAGGATATTTCACAGGACTTAGTGAGCGTGAAA 7800
GEAAAATETECTTCCTEGCCCCCACCCCCAAATGGATCTTCGAGGGATCABATAGTTTG66 TGAAGGCACAGGGTGGC TCCAGCACCTCTAGRATGGCCET 7900
ATTTTCCACACACTCCACTGAGTGGGAGACTGCTCAGC TAGCACACGTGTAAAGGCAGGA TTCCTGCAAGAGTGACCC

Figure 2. Nucleotide sequence of the human ACTH-8-LPH precursor gene and its
flanking regions. The sequence of the message strand is shown. Nucleotide
residues are numbered in the 5' to 3' direction beginning with the putative
capping site, and the nucleotides on the 5' side of residue 1 are indicated
by negative numbers; the number of the nucleotide residue at the right end of
each line is given. The sequences of the exons are boxed. The Alu family
sequences in the introns are underlined; for the orientation of these se-
quences, see ref. 15. The TATA box (14) and the CAAT box (18) are overlined.
The translational initiation and termination codons are marked with asterisks.
The sequences of the exons and adjacent regions, the 5'-flanking region and
the Alu family members were reported previously (4-6,15).

acrylamide gel in 50 mM Tris-borate buffer (pH 8.3) containing 1 mM EDTA.
Fractionated DNA on polyacrylamide gel was extracted by maceration. 5'-End
labelling of restriction fragments and DNA sequencing were carried out by the
method of Maxam and Gilbert (17).

RESULTS AND DISCUSSION
Figure 1 shows a map of the sites for various six-base-specific restric-

tion endonucleases present in the 8658-bp human genomic DNA segment that was
sequenced. A1l these sites were confirmed by digestion of the plasmid pHAL1
with the respective restriction endonucleases.

Figure 2 presents the nucleotide sequence of the entire human ACTH-g-LPH
precursor gene and its flanking regions. Most of the nucleotide sequence
shown was determined on both strands, and all sites used for end labelling
were overlapped by at least one different sequence. On the basis of Si
nuclease mapping analysis and the fact that eukaryotic mRNAs generally start
with an A residue (reviewed in ref. 19), the putative capping site has been
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assigned to residue 1 (12,13); the previous assignment of the capping site

to the A residue at position -1 (4-6) was based on comparison with the bovine
gene sequence (3,20). The putative poly(A) addition site has been assigned
to residue 7665 by comparison with the bovine gene sequence (1,3). On the
basis of these assignments, the human ACTH-g-LPH precursor gene is 7665 bp in
length and has the following structure (in the 5' to 3' direction): exon 1
(86 bp) - intron A (3708 bp) - exon 2 (152 bp) - intron B (2886 bp) - exon 3
(833 bp). The 5'-flanking sequence of 680 bp and the 3'-flanking sequence of
313 bp are also presented.

Previous work by our group (15) has shown that intron A contains one
member of the Alu family of dispersed repetitive sequences (21,22), while
intron B contains two Alu family sequences and a sequence corresponding to
the 3' one-third of an Alu family member. The locations of these repetitive
DNA sequences are indicated in Fig. 2. Computer analysis detects no Alu
family sequences other than those mentioned above, nor other repetitive DNA
sequences such as the EcoRI 340-bp dimer repeats (23), the HindIII 1.9-kilo-
base-pair family (24) and the Hinf family (25). Furthermore, no significant
sequence homology is noted between intron A and intron B, except for the Alu
family sequences.

Table 1 shows the base composition and the dinucleotide frequency for
the different regions of the human ACTH-8-LPH precursor gene and its flanking
regions. The A + T content of the intronic sequences (52.0%) is higher than
that of the exonic sequences (33.1%). The G + C content of the 5'-flanking
region (61.5%) exceeds that of the 3'-flanking region (49.8%). The frequency
of the dinucleotide sequence CpG is higher in the protein-coding, 5'-untrans-
lated and 5'-flanking regions than in the other regions. A survey of other
mammalian genes has shown that this rare dinucleotide sequence is asymmetri-
cally distributed, occurring more abundantly in the protein-coding and 5'-
flanking regions (26). Intron A contains two sequences of alternating purine
and pyrimidine nucleotides, that is, (TG)4 and (TG)5 (residues 1284-1291 and
1301-1310) at a distance of 9 bp, and intron B contains one such sequence,
that is, (GT)9 (residues 4590-4607).

Three open reading frames that could encode a reasonably large trans-
lation product (99 amino acids or more) are found. They start with the
ATG triplet at residues 456-458 in intron A and at residues 4246-4248 and
6637-6639 in intron B and could encode translation products of 99, 125 and
138 amino acids, respectively. The translation initiated at the triplet
composed of residues 6637-6639 in intron B would proceed into exon 3 using
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Table 1. Parameters of base distribution in the human ACTH-g-LPH precursor
gene and its flanking regions. The base composition {in percent) and the
frequency of dinucleotides have been calculated separately for the different
regions indicated. The values of dinucleotide frequency are shown by the
ratio of the observed number to the number expected from the base composition.

Protein- 5'- 3'- 5'- 3'-
coding Untranslated Untranslated Intron A Intron B Flanking Flanking
region region region region region

Base T 12.5 5.7 19.5 27.1 26.5 17.6 22.4
composition [ 32.7 33.0 35.4 24.0, 22.9 36.5 23.3
(%) A 19.7 23.6 20.7 24.8 25.6 20.9 27.8
6 350 37.7 24.4 24.1 25.0 25.0 26.5
Dinucleotide  TpT 1.04 0 1.13 1.24 1.21 1.51 0.9
composition TpC 0.92 2.06 0.89 0.99 0.94 1.01 0.98
TpA 0.36 0 0.91 0.1 0.70 0.64 0.72
Tp6 1.43 0.90 1.16 1.05 1.15 0.93 1.35
CpT 1.47 2.57 1.33 1.13 1.13 1.10 1.04
CpC 1.06 1.32 1.37 1.22 1.30 1.18 1.24
CpA 0.99 0.49 0.92 1.16 1.33 1.06 1.29
CpG 0.79 0.85 0.28 0.47 0.25 0.61 0.41
ApT 0.81 0 0.61 0.84 0.83 0.76 0.88
ApC 0.72 0.25 0.42 0.75 0.83 0.73 0.94
ApA 1.06 0.69 1.7 1.22 1.04 1.1 1.00
Ap6 1.30 2.05 1.46 1.21 1.30 1.44 1.17
GpT 0.66 0.45 0.64 0.77 0.84 0.70 1.08
GpC 1.13 1.08 1.07 1.06 0.9 0.94 0.88
GpA 1.19 1.62 0.61 0.9 0.98 1.07 1.00
6p6 0.87 0.54 1.55 1.25 1.22 1.25 1.05

an illegitimate reading frame and would terminate at the triplet composed of
residues 7051-7053.

Figure 3 shows the alignment of the nucleotide sequences upstream of the
capping site of the human, bovine and mouse ACTH-8-LPH precursor genes. The
percent nucleotide difference along the 5'-flanking region between each pair
of the aligned sequences is illustrated in Fig. 4. This analysis, in con-
Jjunction with inspection of the aligned sequences, reveals that the region
corresponding to positions -353 to -267 (for the numbering of positions in
the aligned sequences, see the legend to Fig. 3) is more highly conserved
than the other regions and exhibits almost no deletion/addition. This highly
conserved region represents the sequences lying 304-219 bp, 344-258 bp and
298-213 bp upstream of the capping site of the human, bovine and mouse genes,
respectively. Computer analysis shows that this region contains two over-
lapping sequences of 14 bp (positions -290 to -277) and 14-15 bp (positions
-284 to -270) that are homologous with the sequences TTAAéTAAGTTT;T and
AAGTGGTTTCCTGAC Tocated 198-185 bp and 149-135 bp upstream of the mRNA start
site of the mouse mammary tumor virus long-terminal repeat (27,28), respec-
tively. Such overlapping homologous sequences (TTAATCAAATCCTTCCTTTC) are
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Human  TCAGAGGCTGECLC: ::::GECCTGCCCCAC:?EGGGETGCTMBCCTCCCGSCCGTTCTMBCGGA&\CCC
A [ T ACC cT

Mouse st tACTA Te A AC TGT A T T

- -280 -260 -240 -ééo
ngGCLATC #TA]TTAAGIICII:CCT" BGCGAGCEEL CAGGTGOG : CCTTCRGCAGRACAGTECTAATTCCAGCCCCT 2z :z 1 i : 2 TTCCAGL
T d T TT A A6 T T CASGGGACAGAGA

A A
A M ; AQAC TCG AGTT o5} TCeooorizarzzzarce
-2g -180 -160 -140 -#o
GTCTCCCCECOLTCET: c sz zsszz ez : :CCCCLETC : TBRAAGCCCCCLCTCCCACGCCCC : 6CGELLLLC: : CTTCCCCTGECCCGELEAGLTE
C:C TT 6 A CTGCTCTCCAGCCCAE : TA C A : 6 CA T C6 TA A6 T
100 TT A6 AGA GTGC:CTTGCGCTCAG :AG A C6 GzixiiicA GCGCC TC TeCA A :
-100 -80 -60 40 -2 -
8:::::TCCTTGT:GCTGCCGGGMGE::::TCAAAGTCCCGCGCCCACCA:GGA&AGCTC:GGCAAGTATATMGGACA&GGAGCGC::::GGGACCA
CTGTTA 6 CA TCCAC C TA 6 C6 CccCC A &C A GAGT H
trrrszsriorian A TC::::: C MG T C:AMCCC AC :T A AG A A GACA :

Figure 3. Alignment of the 5'-flanking sequences of the human, bovine and
mouse ACTH-B-LPH precursor genes. The sequences of the message strand are
shown. The absence of a nucleotide in the bovine or mouse sequence means that
it is identical with the human sequence. The presence of a colon in either
sequence indicates a gap; gaps have been inserted to achieve maximum homology.
The positions in the aligned sequences including gaps are indicated by nega-
tive numbers beginning with the position immediately preceding the capping
site. The segment comprising homologous sequences shared by the 5'-flanking
regions of other glucocorticoid-regulated genes is boxed. The bovine and
mouse sequences have been taken from refs. 3 and 7, respectively, except that
the most upstream 159-bp sequence of the bovine 5'-flanking region was
determined in the present work.

also found 198-179 bp upstream of the capping site of the rat prolactin gene
(29). Furthermore, the sequence corresponding to positions -284 to -270
exhibits homology with the sequences GAGATCTTGCGTGAC and GTGGTATTTTCTGGC

(or TATTTTCTGGCTGAC) lying 238-224 bp and 235-221 bp (or 231-217 bp) upstream
of the capping site of the rat (30) and human growth hormone genes (31),
respectively, and the sequence corresponding to positions -290 to -277 is
homologous with the sequence TTAAATGATTTCTA located 101-88 bp upstream of
the capping site of the chicken ovalbumin gene (18). In addition, there is
a 10-bp sequence (positions -333 to -324) that is fully conserved among the
5'-flanking regions of the three ACTH-g-LPH precursor genes and that is
homologous with the sequence AGTCAGCCTC lying 237-228 bp upstream of the
capping site of the rat prolactin gene.

The expression of the mouse mammary tumor virus gene (32,33) as well as
the growth hormone gene (34,35) is positively regulated by glucocorticoids,
while the production of prolactin (36), 1ike that of the ACTH-g-LPH pre-
cursor (9-11), is negatively controlled by the steroids. The expression of
the chicken ovalbumin gene is also stimulated by glucocorticoids administered

6854

20z |Mdy g uo 3senb Aq G6602901/.789/61/1 L/o101E/IEU/WOD dNO"dlWpEDE//:sdRY W4 papeojumo(



Nucleic Acids Research

Figure 4. Percent sequence difference
along the 5'-flanking region of the
human, bovine and mouse ACTH-g-LPH
precursor genes. Comparison is made
between the human and bovine sequences
(A), between the human and mouse
sequences (B) and between the bovine
and mouse sequences (C). The percent
sequence difference of a segment
comprising positions i - 24 to i + 25
has been plotted against i, where i
represents the position number in the
aligned sequences (see Fig. 3); gaps
B have been counted as one substitution
regardless of their length.

The dashed 1ines indicate overall
percent sequence differences
throughout the whole length of the
5'-flanking sequences compared.

Percent sequence difference
38 8 ¢
L 4
=

A

-850
Position number in digned sequences

-300 -280 -200 -I1%0 -100

after estrogen treatment (37).
corticoid response element® in the mouse mammary tumor virus long-terminal

It has recently been shown that the "gluco-

repeat is located within a segment extending between 449 bp and 109 bp
upstream of the mRNA start site and that this segment contains specific
binding sites for purified glucocorticoid receptor protein (38,39). There is
also evidence indicating that the 202-bp segment preceding the mRNA start site
of this long-terminal repeat is competent to confer glucocorticoid responsive-
ness (40). Thus, the region responsible for the hormone sensitivity of mouse
mammary tumor virus gene expression includes the above-mentioned sequences
homologous with the conserved upstream sequences shared by the ACTH-g-LPH
precursor gene, prolactin gene, growth hormone gene and ovalbumin gene. It
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is tempting to speculate that these conserved sequences may be involved in
the modulation of expression of the glucocorticoid-regulated genes.

Virtually all splice junction sequences found in nuclear and viral
protein-coding genes conform to well-defined consensus sequences, that is,
gAG/GTéAGT for donors and (2)11N$AG/G, where N can be any base, for acceptors
(41). 1In the processing of the RNA transcript of the mouse g-globin gene (42)
as well as the chicken a2-collagen gene (43), excision of intronic sequences
occurs in a stepwise fashion; at each step only a portion of an intronic
sequence is removed. It has also been reported that alternative splicing
pathways generate protein polymorphism, for example, in mouse immunoglobulin
heavy chains (44,45), chicken ovomucoid (46) and human growth hormone (31).
The DNA sequence of the human ACTH-g-LPH precursor gene was therefore searched
for potential splice sites other than the legitimate ones. Donor sites are
defined as sequences with two or fewer mismatches from gAG/QIéAGT, not
including mismatches with the underlined GT. Acceptor sites are defined as
sequences with two or fewer m1smatches from (C 11NTAG/N not including
mismatches with the underlined TAG and w1th no AG dinucleotide less than
13 nucleotides upstream of the conserved TAG In addition to the legitimate
splice sites, 12 potential donor sites and 13 potential acceptor sites were
found by this search; the donor sites are located at residues 646-654,
1280-1288, 1391-1399, 2638-2646, 2946-2954, 3447-3455, 3730-3738, 4379-4387,
5087-5095, 5805-5813, 5825-5833 and 6659-6667, and the acceptor sites at resi-
dues 340-355, 517-532, 729-744, 1586-1601, 2664-2679, 3531-3546, 3643-3658,
3750-3765, 4491-4506, 5654-5669, 6199-6214, 6223-6238 and 7524-7539. Al
these potential splice sites lie within the introns, except the acceptor site
at residues 7524-7539. Previous work by our group has shown that a human
ectopic ACTH-producing tumor contains two mRNA species hybridizable with a
bovine ACTH-g8-LPH precursor cDNA probe and that one of them, representing a
minor species, exhibits a size larger than that of the pituitary ACTH-g-LPH
precursor mRNA by about 200 nucleotides (47). It is possible that this
larger mRNA species may have been generated by splicing at alternative sites.
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