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ABSTRACT

The nucleotide sequence of an 8658-base-pa1r human genomic DNA segment
containing the entire cort icotropin-B- l ipotropin precursor gene has been
determined, and some sequence features of the gene and i t s f lanking 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'- f lanking sequences
of the human, bovine and mouse cor t icot ropin-e- l ipot ropin 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
star t s i te of other glucocorticoid-regulated genes.

INTRODUCTION

The primary structure of the common precursor of the p i tu i ta ry hormones

cort icotropin (ACTH) and 6-l ipotropin (B-LPH) has been elucidated by cloning

and sequencing a cDNA copy of i t s mRNA (1 ) , which was pur i f ied from the

bovine p i tu i ta ry intermediate lobe (2) . Subsequently, the ent ire bovine (3) ,

human (4-6) and mouse genes (7) encoding the ACTH-B-LPH precursor (designated

al ternat ively as preproopiomelanocortin) have been isolated. They exhibit

essential ly the same structural organizations, consisting of three mRNA-

coding segments (designated as exon 1, exon 2 and exon 3 in the 5' to 3'

direct ion on the message strand) divided by two large intervening sequences

(designated as intron A and intron B in the same d i rec t ion) . Intron A is

inserted within the segment corresponding to the 5'-untranslated region of

the raRNA, and intron B within the protein-coding sequence near the signal

peptide region.

The production of ACTH and related peptides in the p i tu i ta ry is

regulated negatively by glucocorticoids and posi t ive ly by cor t icot ropin-

releasing factor (8) . Studies with the rat and a mouse p i tu i ta ry tumor

ce l l l ine in culture have shown that the ce l lu la r content of ACTH-B-LPH

precursor mRNA is depressed by glucocort icoids, indicat ing that at least
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part of the hormonal ef fect is exerted at the pre-translational level (9-11).

Deletion mapping studies by mammalian-cell transfection and ce l l - f ree

transcr ipt ion approaches (12,13) have indicated that the TATA box region

(14) is required for the accurate and e f f i c ien t transcript ion of the human

ACTH-g-LPH precursor gene and that removal of the sequence ly ing between

53 and 59 base pairs (bp) upstream of the capping s i te increases the

transcript ional e f f ic iency.

In the present invest igat ion, 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 th is

gene and i t s f lanking regions are discussed.

MATERIALS AND METHODS

The plasmid pHAL1 containing the ent ire human ACTH-6-LPH precursor

gene (4,15) was used. Plasmid DNA was isolated af ter induction with

chloramphenicol as described by Kupersztoch and Helinski (16). Restrict ion

endonucleases were purchased from Takara Shuzo Co. (Kyoto, Japan), Bethesda

Research Laboratories (Rockvil le, USA) and New England Biolabs (Beverly, USA);

reactions were conducted under the conditions recommended by the suppliers.

Separation of res t r i c t ion fragments was performed by electrophoresis on poly-
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Figure 1. Restriction endonuclease sites in the human ACTH-B-LPH precursor
gene region. The sequenced region, together with nucleotide numbers (see
Fig. 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.
All existing sites for the six-base-specific restriction endonucleases shown
are indicated by vertical lines.
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CTGCTCnCACAGCATCACCCTCTCCCCATnAATGGTTTAGGTTAACAGGACTTTTTCCTTGAGGCTTGGGACACGGAA - 6 0 1

GGGASCCTCCCCTAAACCASGCCCnGGAGAGCAGGCCCCAGGGGAGCAGTGCAACTCACCnCACACCCACAAGACGGCTCCTGACTTCTGCTCCCTCC - 5 0 1

TCCCCTCCCCAAAGTGGAACASASACAATAT6AnCCCCACGACnCCA£ATCACAGTTTCCAAACAATGGGGAAATCG6AGGCCTCCCCGTGTGCAGAC - 4 0 1

GGTGATATnACCGCCAAATGCGAACCAGGCAGATGCCAGCCCCABCACGCACGCAGGTAACnCACCCTCGCCTCAACGACCTCAGAGGCTGCCCGGCC - 3 0 1

TGCCCCACACGGGGGTGCTAAGCCTCCCGCCCGnCTAAGCGGAGACCCAACGCCATCCATAAnAAGTTCnCCTSAGGGCGASCGGCCAGGTGCGCCT - 2 0 1

TCGGCAGGACAGTGCTAAnCCAGCCCCTTTCCAGCGCGTCTCCCCGCGCTCGTCCCCCGTCTGGAAGCCCCCCTCCCACGCCCCGCGGCCCCCCnCCC - 1 0 1

CTGGCCCGGGSAGCTGCTCCnGTGCTGCCSGGAAGGTCAAAGTCCCGCGCCCACCAGGAGAGCTCGGCAAGTATATAAGGACAGAGGAGCGCGGGACCA - 1

|ASCGGCGGCGAAGSASGGGAASAAGA«(^CeACCGAGA6AGGCCSCCGASC6TCCCCGCCCTCAGAGASCAGCCTCCCGAGACAS6TAAGGGCGCAGCG 100

TGGGGGACCCGTGCTCTTTCCCCGGGATCCCCTGTCCCCGTCCTCGCGATGCAGTCGGCCGGCTCCGGCTCCGAAGGCGGACCTGGGCGCCTCTGGCTCT 200

CCGCGGTCCCGAGnCTCGACAAACTTTCTGCGCCGACTGCGGCATGAGAAGCCGCCAGTAGCTGAGCTGGASGGCCCACGTCCGGCCCCTGGGCGGACG 300

GCCGCSAAGCTGaGGCGCTGTCTCCASGGAGCCGGCGGCCTCCTCTCCCCCAGGGGCTCGCGGCGGTCCGGAGGCTCCGAGAGCnGCTAGGAGGTCn 400

GGGACAACCCGGTCTI111111 ITTTTTTSASACGfiASnTCGCTCnGTTGCCCATGCTGGASAGCAAAGGGGTGATCTCTGCTCACCGCAACCnCGC 500

CTCCCGG6nCAAGCGAnCTCCTGCnCA6CCTCCCGACTAGCTG6GATTACAGGCATGCGCCACCACGCCCGGCTAATTTTTGTATTTTTASTAGTGA 600

CGGACTnCTCCATGnGGTO\GGCTGGTCTD\AACTCCCGA(>ACAGGTGATCaK:CCGCCTTGGCCCCCCAAAGnCTGGCAnACACGCSCGAGCCA 700

CCGCCCCC^CCAGCCCGGTCTTTTAGTATCTCTTGCTCCCAGTTTCCAGSATAS6TGTCACATCnGAAAGTCAAAnCCATACACGCTATC6CAAAn 800

AATGTTGGAAACG(MCAGCAfiAGAAAAGGATAAAAGTCATAATGAACGCCCTGCCnCCG6ATrrTTTCGGATTCAGACCCCTGAATCCnGTTTCCn 900

GCCCACCTTAfiCGCACCCGAGGTGGCCGCGCTATGATAAnACATGATAACTGGGTCAAnACAATGCAGAATAGTTGGGTCTCnCTCTCCAAGACCTA 1000

GCTGGGGHAAAAACAGGTGKCGIKGCaKAGCTGTCCTAGATCCTGAAACGaCTGTCTM 1100

ATGGCGCAGATCCTGGGnGAGGGCACGGGCAGCCATTTGGAATGATCAAGGCTCAGGTAAGGG€CGTTTCCAGCGAAGSAeAGACAGTCCACnGGCAT 1200

nSGATTCCCCAMnCTTCATGTnAAATGGGGCAGGGAGG6nCTTACAGAATGGCTG(«AeGAGCDWGGAAAATAAAAGTGTGTGTGGAT^^ 1300

TGTGTGTGTGTCAGTTTATAMCTCTGCACAGAnATGGCCACTTTAATGACTTACTGTTCCTnGATGCnTTGnATAGGACTCGATGCATGTATGTC 1400

ATGGTGTAAGGACAAAACTCGGCCCCTGTGCTCCTCTAATCnTACAAAAGGTCATGGCCAGCGT(XAGTTTTAMGTAACAAGCAAAATGATnGTT^ 1500

GCTCATAGAGAGCCCCTCACACCTATGAAGnCTAATAAGTGTAGnCTACTATAAAGTTAATCTCAGGATGAGCAMTnCAAGTTTCTATTTTTCCAG 1600

AGCTTTCCATTTTTGGAnATAATACTTTCCCTACTTAAAAAA<^ACAACATTTGATATTTCCCCAATAATTTGnGCTnAAAAATGACACAAAAGGTA 1700

CTAmGffCAnGTAGAGAACTGAAMTACACATAAGCAAATACACATAaCATAAGOWAATAT^ 1800

ATCTGAAGTrn«CAATAGCAGC«TCTAACCAGTnAGCM(^WVWTATAAGCTCTGAGA(^TGGGAGTGMTATGnACCAanGTAI^ 1900

CACATASGGCATAAGGAGGGGAAATGCTCTCTGGGGCTTTCCAGGAAGGCCTGAAGTCAnGCnCTAGCAAATGGAAATCACTCCAGAGTAenATCTT 2000

TGACAAGAATTGAAATATAAnGAGGGAACTATCAMCCTGTAAGATTTTGnnTTCCTnACTAATATGnACTnACATTTGCATTTGGTGACATAC 2100

GTAACTACCATTTTTCTGTGACTGTAACATCTGGGCATTTTTCAGAGCTAAATGTGCTATGGTCAACnGeAGCnTAATCTAAnGCCTGGTCCACCAA 2200

GnCTGGCTGTGTACTTGAATA£ATCACTGGCAGGGTAC^T(»^CAGCCTGTCCCn(KAGCCAeGAGAGGACACCAAGGTTGACCAAAGCTreTTC 2300

AGnGCCCCTnAGCCGAAGCGCACCTGGGC(^TCACT(^TGCCAGTGCCATCTAATGGCTGCTCTGAAAATG£TCAGCCTTGCCCGGCAACCCnCA 2400

GAAfiCTAGCACCGTGCAfiaCCAGCGCCTGGGGAATASGGCGAGGGTGGGGTAGAGAGAAfiGAAGTGGCCTCCTGAAGTAGAAATCAGCGCnCAGAGGA 2500

CTTTCACnCCAAAaCTCCCCTATATAAAAAAGATTTGGCCCACGCCTCCCCAMTGAfiA(MTnATTnAGGCAAA£nATTTTAAAATGCCAGCGTT 2600

CATTAGGAeTGACAAGACACnAGTaTCCACGCTTTAATGTGAAnACnTTCTCATCTAAnACATTTCTTTCTAGCAGCTGGCTGAGAAGATCTTCT 2700

GAAATC«AAATGAnGTAGGGnGGCGGTGA£CTGATCTCCGGCCTCGAGeTGGCnCASGGGGCCCACCTGGnAAG6GAAATTTGGCAGTGCGAGGG 2800

TAGTGCT(KAGAGAGGG£TGSGTACAGGGGGCTAGGGGCA£CATGGATGCCCCCTCCTTACTGTCCCCTG6TGTCTTGACCTCASCTTCTGCCCACAfiGC 2900

ACnGCTG6AnCTCCAAAAGTATCTGCA6TGGaGnCCACCASGAGGTAATTCCCnCTGGTCTCnTCCaTCCACATCTGCATCCTCnCAAATCC 3000

Figure 2
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TGCCAmCAGACCACATTTGAGAGCTCT/ffiAGAACAAGACATCTGACACGTGACGTGTCCAGAAGATGAGCCAGATTTCAAAGAACTGAGATCTGCTTT 3100

AAAAACGAAGCTCTCCAAAGnACTGGAGTCTGGGTAATAGTGATCACCAGAGTAATTTGTGTGCAGGACATCAAATCAGGCTGCTCGAAATGCTGCCTA 3200

AATTGGCCAGTGGTTnATnGCTmCTGTCAACCTAATAnCATAGGAAATAGAGmaGAGGAATGATAGGATCCTGG 3300

GACCATCTTGAGCAGGAGTnCAGGGTCCTCCGTTTTTCCCMGTTACTTTCACTCCTGAGATCnGCATGTTAGAACTACAGCnAATGTAGTGAAATA 3400

GGAAAGnCTCTGnAGGAGCnAGCCnACCnGTCATGGACATTAAAGTAAnGTCTCTCnTGGGCnCAAnnCCCATCTCTCATGGGAAGGGCT 3500

GAACCAAGCMTCCCCAAMTAGCTTCCAGCCTTAACCTTTTTAGGGGTCTCGTTTAMTAGAAGATAACAGGGAAATGGTCACAGTTTACCCAGGTCCA 3600

nCCCTCCTCCTTATCACAACnATACCACCGCTGTACTGCACACCTCCTTTCTCAGCAnGCTGCTGTCCnAAAATGCCTnAACTCCACAAGAGAGT 3700

GTGnGnAATGTTGGCTCAAGGTCCnCCTGGTGAGTGGCCAACATTGTTTTGCTCCnGCAGGGGTCCCACCAATCnGTTTGCnCTGCA*GCCTC 3800GCAGfcG

^GCCTGCCTG6AAGATGCCGAGATCGTGCTGCAGCCGCTCGGG6GCCCTGTTGCTGGCC^GCTGC^CAGGCCTCCATGGAAGTGCGT6GCTGGTGCC^ 3900

GGAGAGCAGCCAGTGTCAGGACCTCACCACGGAAAGCAACCTGCTG rTACGTGGGCCATGACTGCCATCTTGGCTTAGACATTAGATGGGACTGGAGCTG 4000

GGAAAGCTCAAAAGAAAAGGGTGTGGGGAAAGGGAAAnCATTCCCAGTGATAGGCGTGAnCAATCCAGGGCAGGAGCAAAACITTGaGTGAAGTAAG 4100

AAATGGGAGAAGAAATCAGGGAAGGAAGCAGCnCAGGGAGAGGGGnGAGTCCACAATTTCTGCTTGGnATCCTTACnCnGCCCCATCTnTATGG 4200

AGACCnGMCCCTTTAAGCTAGAGATGGTGCTATAAGAGCAATAATGGACCCCTCAATCTATTCTGTACTTTACATCTTrAGCnCCCAAACTAnCCT 4300

nnAAGAAGCTCATATMCTTGCCATTTTCAnCCATATTTCTTACCCTTTTATCTACTACCGGTTGCAAAACCAGCCAGGTAGTTCnCAAATCATCT 4400

CTGGAAGAAG6AAAAACCAGGGGCCC111 I I I I I I I I ICnTAATT6GTGCCAAATGTCTCATGTTTAnCT6GAGGACTG6CCnCTGCT6TGnCCTC 4500

TACAGTCTnCCAGAGCATGTGAAGGCCnTGCATCAGGCASGAGCTCCCTCCAGGTCACCACAGGGTGTATGTATCTGCCTGTGGGGGGTGTGTGTGTG 4600

TGTGTGn6GG6GGCATAAATGAGTAATGATGCCAAATCCAGAGAnAAAAG6CACACTGAGACCAGGCGAGATGGCTCATGGCTGTAATCCCAGCACn 4700

nAGATGCTAAGGTG6GAGGATTGCnSAGCCCAGGGATTCAA6ACAAGCCTGGGCAACATAGTGAGACCTCCACTTCTACAAAAAATAAAAAAGTTAGC 4800

CAGATGTGGTG6CATGTGCCTGTAGTCCTAGCTACnGGGA6GTTCACnGAGGCCAGGAGTCTGACGACACAGTAA6CTAT6ATCACACCATTGCACTC 4900

CAGTCTGGGTAACAGAATGAGACCnGTCTCAAAACAAAAOWAATGAAACAAACAAADWACAAACCCCCATACTGnAGTGTCAGTGACCSGAATTTT 5000

AATCTTGnGCCATCACCTGGCAGGTGCTGAGGGTGGAATGTACATAACTACAnCTGTGTATTrTGTCAATGCAGAAGCTGAGTTAAGGTGAAGATAGA 5100

ATGAGGTCCTCAAAGACACAGACCAGTTTTCATGTGTAATATAAAATAGAAACAAAGAGCCCAGGGGAnCTGTGAGTTCCAGnTGGAAAGACCCAAGA 5200

GTCTCnGACnGAGACACCCACAGCACAGCTMCMGGGAGGGTGCACTGfiACACAGTCAGGACCCATGGGnCTAGACCCAGTTTTGAGGTGTGGGAC 5300

CTTGACCAGGTCCTATCACCTCTCTGAGTCTCCTGTTTCACTATCTGTCCACGGGAGGGGAGTGTAAATTAGTTTTTTCCATTGTTAACGnCCACAGAG 5400

nGTAAnCTGAAMCCTGGAGTAGG<^TGTCCAGCTCA«^GAGTGGGTAGGATCCTTTTATTTTCTCCTTTGCTAnCCCAAGAAAGAGAGCAGCCA 5500

GTGAGCTTnCATCTTTTTATCACTGAAAACTCAAGGCTGCAGCCTATGCAGCCATTTTCCTAAGCTAATATGTACCACAATAGAGTCCTCTAGGGACAA 5600

GGAGCAGAGACACAGGTTCCACAGACGGTGCAATGfiAAATAACGCTAGCTTTCCACCCCTCCCTCCAGTCAGAATGAGAnACAGGGAAATAAGCn&CC 5700

CCAGAGCTCACTGGGGGATCTCTCAGAAATCAGCTCAGAAGTCGTGAAAGAACI^GGTGCAGTTTTGGAGGCnAGTGCAGAGATGGAGCTGGGGTAGG 5OT0

GCATAAAGTAGGTTTTCMTCACTGAGGTAAGGTTGAGGCAnATTTnTATTTTnGTTTATTTATnATTTTTTTGAGAC^SAGTCTCK 59O0

CCAGGCTGGAGTGCAGTGGCGCGATCTCCCCTCACTGCAASCTCCACCTCCCAGGTTCACACA6GTTGAAGCAnAnAAAAATATGTTTAAAAATATGG 6000

GCCCTAGTAG(XAaKnCTATCACCTGGASAGAnATCCCCCAAATTTCAGCCCCACTCCCCTCCTGGACTTGAAnAAACCATATGTATTTAnCAAT 6100

A n c n T T T A T T T A n T A n T A I 11111 IGASACGGAGTCnGCTCTGnGCCCTGGCT66AGTGTGGAGTGCAGTGGTGTGATCTTGGCTCACTGCAAC 6200

CTCTAaTCCCAGSnCAAGCGGnCTCCTG£CTCAGSCTCCAGAGTAGCTGfiGAnACA6GCGCCCGCCACCACACCCAGCnATTTATTTATnATAC 6300

TAGAGATGGTATTTCACCATAGTTGGCCAGGCTGGTCTTGAACTCCTGACCTCATGTGATCTGCCTGCCTTGGCCTCCCAAAGTGCTGGGAnATAGGTG 6400

TGAGCCACMTGCCCSGaCT(^TATT(^nAAGTGCCAACAACTACCACCCGTCTGCCTTTCnGGA6CCACTCCTTTATGTCAG6CATATGACAGTA 6500

AGACTnGGTCCTGnWCAAAAGCTAGGGGTGGCTAGATGGCTAGACAAACCATGGAATGGGATGGGAAGTGTGTTGCAGTTGCCAGCAGAAGCATGAA 6600

GGGGATGGGACAAMGAGaGGTGGCAAGATCnAGATGaaCGAGTGCCAAGAAAGCAGGTGGGCAGACCTGCTCTGTAGGGAGGCCTCGACGCnGA 6700

6850

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/11/19/6847/1067095 by guest on 23 April 2024



Nucleic Acids Research

CACGCCIXACACT6TGCCCTGTGTaTCGGaCGTGGCGAeGGCSeCCAeGGCCTAGGCGCAGTGACGGGCGCGGCAGCCGGGCCGGGGTGCGGGGCACG 6800

GGCTGCCCTCATGCCCTCGCGTCTTCCCCCACWGTGCATCCGGGCCTGCMGCCCGACCTCTCGGCCGAfiACTCCCATGTTCCCGGGAAATGGCGACGA

5CAaCTCTEACCGAGAAC£CCCGGMGTACGTCATGGGCCACnCCGCTGGGACCGAnCGGCCGCCGCAACAG«GCAGCAGCGGCAGCAGCGGCGCA

EGGCAGAAGCGCGAGGACGTCTCAGCGGGCGAAGACTGCGGCCCGCTGCCTGAGGGCGGCCCCGAGCCCCGCAGCGATGGTGCCAAGCCGGGCCCeCGCG

»GGGCAAGCGCTCCTACTIXATGGAGCACnCCGCTGGGG«AGCI^GTGGGCAA£AAGCGGCGCCCAGTGAAGGTGTACCCTAACGGCGCC6AGGACGA

iTCGGCCGAGGCCnCCCCCTGSAGnCAAGAGGGAGCTGACTGGCCAGCGACTCCGGGAGGGAGATGGCCCCGACGGCCCTGCCGATGACGGCGCAGGG

KCCAGGCCGACCTGGAGCAMGCCTGCTGGTGGCGGCCGAGAAGMGGACGAGGGCCCCTACAGGATGGAGCACnCCGCTGGGGCAGCCCGCCCAAGG

ftCMGCKTACGGCGGTTTCATGACCTCCGAGAAGAGCCAMCttCCCTGGTGACGCTGnCAAAAACGCCATCATOWGAACGCCTACAAGAAGGGCGA

GT&IGGGCACASC6GGCCCCAGGGCTACCCTCCCCCAGGAGGTCGACCCCAAAGCCCCTTGCTCTCCCCTGCCCTGCTGCCGCCTCCCAGCCTGGGG6G-

6900

7000

7100

7200

7300

74O0

7500

7600

^JTGSCAGATAATCA6CCTCnAAAGCTGCCTGTAGTTAGGAAATAAAACCTTTCAAATTTCACA|rCCACCTCTGACTnGAATGTAAACTGTGTGAATA 7700

AAGTAAAAATACGTAGCCGTCAAATAACAGMGCATGGATCGGAGGAGCACAGTGGTTTCCATGCGGTAGGATATTTCACAGGACnAGTGAGCGTGAAA 7800

GGAAAATGTGCTTCCTGCCCCCACCCCCAAATGGATCnCGAGGGATCA6ATAGnTGGGTGAAGGCACAGGGTGGCTCCAGCACCTCTAGGATGGCCGT 7900

ATTTTCCACACACTCCACTGAGTGGGAGACTGCTCAGCTAGCACACGTGTAAAGGCAGGATTCCTGCAAGAGTGACCC

Figure 2. Nucleotide sequence of the human ACTH-6-LPH precursor gene and its
flanking regions. The sequence of the message strand is shown. Nucleotide
residues are numbered in the 51 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 DMA 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 restr ic-

t ion endonucleases present in the 8658-bp human genomic DNA segment that was

sequenced. Al l these sites were confirmed by digestion of the plasmid pHAL1

with the respective rest r ic t ion endonucleases.

Figure 2 presents the nucleotide sequence of the entire human ACTH-e-LPH

precursor gene and i t s flanking regions. Most of the nucleotide sequence

shown was determined on both strands, and a l l sites used for end labell ing

were overlapped by at least one dif ferent sequence. On the basis of S1

nuclease mapping analysis and the fact that eukaryotic mRNAs generally start

with an A residue (reviewed in ref. 19), the putative capping si te 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 si te has been assigned

to residue 7665 by comparison with the bovine gene sequence (1,3). On the

basis of these assignments, the human ACTH-B-LPH precursor gene is 7665 bp in

length and has the following structure (in the 5' to 3' direct ion): exon 1

(86 bp) - intron A (3708 bp) - exon 2 (152 bp) - intron B (2886 bp) - exon 3

(833 bp). The 5'-f lanking sequence of 680 bp and the 3'-f lanking 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 repetit ive 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 repeti t ive

DNA sequences are indicated in Fig. 2. Computer analysis detects no Alu

family sequences other than those mentioned above, nor other repeti t ive DNA

sequences such as the EcoRI 340-bp dimer repeats (23), the J iu id l l l 1.9-kilo-

base-pair family (24) and the Hinf family (25). Furthermore, no signif icant

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-g-LPH precursor gene and i t s flanking

regions. The A + T content of the intronic sequences (52.OS) is higher than

that of the exonic sequences (33.\%). The G + C content of the 5'-f lanking

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'-f lanking regions than in the other regions. A survey of other

mammalian genes has shown that this rare dinucleotide sequence is asymmetri-

cal ly d istr ibuted, occurring more abundantly in the protein-coding and 5 ' -

flanking regions (26). Intron A contains two sequences of alternating purine

and pyrimidine nucleotides, that i s , (TG). and (TG)5 (residues 1284-1291 and

1301-1310) at a distance of 9 bp, and intron B contains one such sequence,

that i s , (GT)g (residues 4590-4607).

Three open reading frames that could encode a reasonably large trans-

lat ion product (99 amino acids or more) are found. They start with the

ATG t r i p l e t 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 in i t ia ted at the t r i p l e t

composed of residues 6637-6639 in intron B would proceed into exon 3 using
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Table 1. Parameters of base distr ibut ion in the human ACTH-B-LPH precursor
gene and i ts flanking regions. The base composition ( in percent) and the
frequency of dinucleotides have been calculated separately for the di f ferent
regions indicated. The values of dinucleotide frequency are shown by the
rat io of the observed number to the number expected from the base composition.

Base T
composit ion C
(X) A

G

D i n u c l e o t i d e TpT
composit ion TpC

TpA
TpG

CpT
CpC
CpA
CpG

ApT
ApC
ApA
ApG

GpT
GpC
GpA
GpG

Protein-
coding
region

12.5
32.7
19.7
35.1

1.04
0.92
0.36
1.43

1.47
1.06
0.99
0.79

0.81
0.72
1.06
1.30

0.66
1.13
1.19
0.87

5 ' -
Untranslated

region

5.7
33.0
23.6
37.7

0
2.06
0
0.90

2.57
1.32
0.49
0.85

0
0.25
0.69
2.05

0.45
1.08
1.62
0.54

3 ' -
Untranslated

region

19.5
35.4
20.7
24.4

1.13
0.89
0.91
1.16

1.33
1.37
0.92
0.28

0.61
0.42
1.71
1.46

0.64
1.07
0.61
1.55

Intron A

27.1
24.0.
24.8
24.1

1.24
0.99
0.71
1.05

1.13
1.22
1.16
0.47

0.84
0.75
1.22
1.21

0.77
1.06
0.95
1.25

Intron B

26.5
22.9
25.6
25.0

1.21
0.94
0.70
1.15

1.13
1.30
1.33
0.25

0.83
0.83
1.04
1.30

0.84
0.96
0.98
1.22

5 ' -
Flanking

region

17.6
36.5
20.9
25.0

1.51
1.01
0.64
0.93

1.10
1.18
1.06
0.61

0.76
0.73
1.11
1.44

0.70
0.94
1.07
1.25

3 ' -
Flanking

region

22.4
23.3
27.8
26.5

0.96
0.98
0.72
1.35

1.04
1.24
1.29
0.41

0.88
0.94
1.00
1.17

1.08
0.88
1.00
1.05

an i l legi t imate reading frame and would terminate at the t r i p l e t composed of

residues 7051-7053.

Figure 3 shows the alignment of the nucleotide sequences upstream of the

capping si te of the human, bovine and mouse ACTH-B-LPH precursor genes. The

percent nucleotide difference along the 5'-f lanking region between each pair

of the aligned sequences is i l lus t ra ted in Fig. 4. This analysis, in con-

junction 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 s i te of the hunan, 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 TTAAgTAAGTTTAT and

AAGTGGTTTCCTGAC located 198-185 bp and 149-135 bp upstream of the raRNA star t

s i te of the mouse mammary tumor virus long-terminal repeat (27,28), respec-

t i ve ly . Such overlapping homologous sequences (TTAATCAAATCCTTCCTTTC) are
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-360 -3*0 -320
Huasn TCAGASGCTGCCC: :::: GGCCTGCCCCACACGGGGGTGCTAA6CCTCCCGCCCGTTCTAA6CGGAGACCC
Bovine TC C A GGCCA A C T ACC CT
House : : : : : : : : : A C T A T G A AC TST A T TT

AACGCCATCC
AA

A

-220
MAATTAAGTTCTT: CCTGAGEGC6AGCG6£CAGGT6CG: CCTTCGGCAGGACAGTGCTAATTCCAGCCCCT:::::::::::TTCCAGC
r T C : : : : T T T A A G T T CAGGSSACAGAGA

A C > C : T C G A G T T CG TC:

-200 -180 -160 -140 -120
G C G T C T C C C C G C G C T C G T : : : : : : : : : : : : : : : :CCCCCGtC:TGGAAGCCCCCCTCCCACGCCCC:GCGGCCCCC: :CTTCCCCTGGCCCGGGGAGCTG
C :C TT G A CTGCTCTCCAGCCCAG : TA C A : G CA T CG TA A G T

::: TT AG AGA GTGC:CTTGCGCTCAG :A6 A CG G : : : : : : : : A G CG CC T C TGCA A ::

- 1 0 0 - 8 0 -60 - 4 0 - 2 0 - 1
C : : : : :TCCTTGT:GCTGCCGGGAAGG::: :TaAAGTCCCGCGCCCACCA:GGA6AGCTC:GGCAAGTATATAAGGACAGAGGAGCGC::: :GGGACCA

CTGTTA G CA TCCAC C T A C G C G C C C A G C A GAGT ::
: : : : : : : : : : : : : : A T C : : : : : C AAG T C:ACCC A C :T A A G 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
i t 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-
t ive numbers beginning with the position immediately preceding the capping
s i t e . The segment comprising homologous sequences shared by the 5'-f lanking
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'-f lanking region was
determined in the present work.

also found 198-179 bp upstream of the capping s i te 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 s i te 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 s i te of the chicken ovalbumin gene (18). In addit ion, there is

a 10-bp sequence (positions -333 to -324) that is f u l l y conserved among the

5'-f lanking regions of the three ACTHT$-|_PH precursor genes and that is

homologous with the sequence AGTCAGCCTC lying 237-228 bp upstream of the

capping s i te 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 posit ively regulated by glucocorticoids,

while the production of prolactin (36), l ike that of the ACTH-0-LPH pre-

cursor (9-11), is negatively controlled by the steroids. The expression of

the chicken ovalbumin gene is also stimulated by glucocorticoids administered
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J U '

Figure 4. Percent sequence difference
along the 5'-f lanking region of the
human, bovine and mouse ACTH-$-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 1
represents the position number in the
aligned sequences (see Fig. 3); gaps
have been counted as one substitution
regardless of thei r length.
The dashed lines indicate overall
percent sequence differences
throughout the whole length of the
5'-f lanking sequences compared.

-500 -280 -200 -190 -100 -BO
Po»ltlon numbtr hi dtgiwd tt<iutnct*

after estrogen treatment (37). It has recently been shown that the ''gluco-

corticoid response element" in the mouse mammary tumor virus long-terminal

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-e-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.

Vir tual ly a l l splice junction sequences found in nuclear and v i ra l

protein-coding genes conform to well-defined consensus sequences, that i s ,

AAG/GTgAGT for donors and (.L.N-AG/G, where N can be any base, for acceptors

(41). In the processing of the RNA transcript of the mouse 6-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. I t 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-8-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 .AG/GTpAGT, not

including mismatches with the underlined GT. Acceptor sites are defined as
T Csequences with two or fewer mismatches from (-)..NyAG/N, not including

mismatches with the underlined .1AG and with no AG dinucleotide less than
C13 nucleotides upstream of the conserved J\G. In addition to the legitimate

splice s i tes, 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 res i -

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 l

these potential splice sites l ie within the introns, except the acceptor s i te

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-e-LPH precursor cDNA probe and that one of them, representing a

minor species, exhibits a size larger than that of the p i tu i tary ACTH-e-LPH

precursor mRNA by about 200 nucleotides (47). I t is possible that this

larger mRNA species may have been generated by splicing at alternative s i tes.
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