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1. Introduction

The common precursor of corticotropin (ACTH)
and B-lipotropin (8-LPH) [1-8] contains multiple bio-
logicalty active peptides. We have elucidated the whole
primary structure of the bovine ACTH—3-LPH precur-
sor by determining the nucleotide sequence of
clened DNA complementary 1o the mRNA coding for
the precursor protein [9]. Using this bovine ¢cDNA as
a hybridization probe, we have then isolated the
entire bovine gene encoding the ACTH—#-LPH pre-
cursor as a sct of genamic DNA fragments and have
determined its structural organization {10,11]. We
have now isolated and characterized a human genomic
DNA {ragment containing the entire ACTH-3-LPH
precursor gene. The human gene, like the bovine coun-
terpart, consists of 3 exons (mRNA-coding sequences)
divided by 2 large introns (intervening sequences).
Nucleotide sequence analysis of the whole exons has
revealed the complete mRNA and amino acid sequences
of the human ACTH~§-LPH precursor.

2. Materials and methods

DNA was prepared from a human placenta as in
[12]. Human genomic DNA clones were isolated as in
[10,11,13]. Al cloning procedures were performed
under P2 containment by using the approved EK2
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host/vector systems, AgtWES - AB/DPS0supF and
pBR322/X1776, according to the Japanesc guidelines
tor recombinant DNA research. Restriciion mapping
was accomplished by combining data obtained by
digestion and subsequent gel electrophoresis of both
5'-end-labelled and unlabelled DNA fragments and by
blot hybridization analysis [14]; the procedures used
were asin [10,11], except that prehybridization,
hybridization and [ilter washing were conducted at
60°C. DNA sequencing was carried out by the proce-
dure in [15]. Reagents were obtained as in [11].

3. Results and discussion

Human placental DNA was digested to completion
with EcoRI and elecirophoresed on 0.7% agarose gel.
Blot hybridization analysis with the cloned bovine
cDNA (Pstl-excised insert of plasmid pSNAC20 [8])
as a probe displayed a single hybridization-pesitive
band corresponding to a size of ~11.5 kilobase pairs.
Therefore, a fraction of LeoRl-digested human pla-
cental DNA having a size of 10—12 kilobase pairs was
isolated by preparative agarose gel electrophoresis and
used for cloning into bacteriophage AgtWES. Recom-
binant phage that exhibited a positive hybridization
signal with the bovine cDNA probe were screened, and
the 11.5-kilobase pair ZcoRI fragment derived from
the phage isolated was subcloned in plasmid pBR322.

A restriction map of the cloned 11 5-kilobase pair
FeoRT fragment was constructed {fig.1A) and DNA
fragments containing an mRNA-coding sequence were
identified by blot hybridization analysis with the
bovinie cDNA or with a bovine genomic DNA frag-
ment containing exon 1 (1,7-kilobase pair BamHI frag:
ment {11]) as a probe. The 3 hybridization-positive
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Fig.1. Restriction mapping of cloned human genomic DNA containing the ACTH—3-LPH precursor gene and sequencing strategy
{A) 11, 5-kilobase pair EcoRI fragment; (B—D} portions of the 11.5-kilobasce pair EcoRI fragment containing exon 1, exon 2 and
exon 3, respectively. The direction of transcription is from left—right. Scales are given in basepairs (bp) on the right side of each
restriction map. For reference, the locations of exons are shown by closed boxes. Only relevant restriction sites are displayed fo.:
Poyll and Hinfl (A); Ddel (B); Ddel and Avall (C); and Tacl, Heelll, Rsel, Avall, Aval, BstNI, Alul and Hinfl (D). The horizontz]
arrows bencath the restriction maps in (B—D) indicate the dircetion and extent of sequence determinations,

—

Fig.2. Nucleotide scquences of the exons and theit surrounding regions of the human ACTH —g-LPH precursor gene and compar -
son with those of the bovine pene. The nucleotide sequence of the human message strand, together with the deduced amino acid
sequence, is shown, and the nucleotide and amine acid differences found in the bovine sequences {datza from [10,11]} are dis-
played under the human sequences; the absence of a nucleotide or an amino acid in the bovine sequence indicates that the humin
and bovine sequences are the same; the presence of a colon in either nucleotide sequence indicates a gap; the amino acid residurs
in the hmman sequence are numbered, beginning with the tryptophan residue encoded by the 27th codon, and the preceding resi-
ducs constituting the signal peptide are indicated by negative numbers. Large and small capital letters represent the sequences Hf
exans and their surrounding regions, respectively, The exonfintron functions are positioned according to the GT/AG rule [ 16
the redundant nucleotide residues at the junctions are underlined. The sequences at both ends of the introns that are complerien-
tary to the 5'-end of UI smull nuclear RNA are overlined. The putative sites of capping and poly(A) addition are indicated. The
‘Hogness box’ [17] is enclosed with a box. An imperfect palindrome located in the 5'-flanking region is shown by arrows starting
at its centre above the nucleotide sequence. The sequence of exon 3 of the human genc in [ 18] differs from ours as follows (the
numbers in parentheses refer to the nucleotide numbers of the human exon 3 sequence we determined, beginning with its 5'-end):
substitutions, A (the residue immediately proceding cxon 3), T {63, G (10}, C (12}, G (375}, G (414), C (4503, € (4552, A (618),
C{695), A (696}, deletions (456, 472, 477, 760); additions A (703- 704), T (722--723), G (729-730), T (796-797).
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DNA segments shown in fig.1B—D were subjected to
nucleotide sequence analysis according to the strategy
indicated.

The human DNA sequence determined is presented
in fig.2. Comparison with the nuclectide sequence of
the boving ACTH—3-LPH precursor gene [10,11]
enables us to determine the structural organization of
the human gene. The mRNA-coding sequence of the
human ACTH -8-LPH precursor gene is divided by 2
large introms into 3 exons (exon 1, exon 2 and exon 3
oriented in the direction of transcription). An intron of
~3.6 kilobase pairs (intron A) interrupts the segment
encoding the 5'-untranslated region of the mRNA
between 20 and 21 nucleotide residues upstream from
the translational initiation site, The other intron of
~2.9 kilobase pairs (intron B) is located within the
protein-coding sequence, separating the segment
encoding the amino-terminal 44 amino acid residues
including the signal peptide from that enceding the
whole remaining amino acid residues and the
3".untranslated region of the mRNA. Thus, the introns
of the human gene are located at exactly the same
positions as those of the bovine counterpart; the
lengths of intron A and intron B of the bovine gene
are ~4 and 2.2 kilobase pairs, respectively [10,11]. By
comparison with the bovine gene sequence, the cap-
ping site and the poly(A) addition site of the human
gene have been assigned teniatively. On the basis of
this assignment and the GT/AG rule for exon/intron
boundaries [16], the lengths of exon 1, exon 2 and
exon 3 of the human gene are 87, 152 and 833 base-
pairs, respectively; the lengths of the bovine counter-
parts are 108, 152 and 838 hasepairs, respectively.

The complete amino acid sequence of the human
ACTH-f-LPH precursor has been deduced from the
mRNA-coding sequence, The human precursor pro-
tein is composed of 267 amino acid residues, having a
calculated M, of 29 455; the bovine precursor pro-
tein consists of 265 amino acid residucs. The signal
peptide, i.e., the amino-terminal 26 amino acid resi-
dues (review [19]), of the human precursor protein
exhibits 2 amino acid substitutions as compared with
the bovine counterpart (Ser instead of Leu at residue
—23; Cys instead of Ser at residue —21). The follow-
ing 18 amino acid residues encoded by exon 2 are iden-
tical in the 2 species. A human genomic DNA segment
containing exon 3 has been isolated and sequenced in
[18]. There are 19 differences between their nucleo-
tide sequence data and ours as listed in fig.2. Owing
to some of these differences, our deduced amino acid
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sequence shows the substitution of Arg (residue 22)
for Gly and that of Asp—Asp—Gly—Ala—Gly -Ala
Gln—Ala (residues 170—177) for Ala—Thr—Ala-Gln- -
Gly~Pro—Gly. The latter replacement located in the
region between ACTH and S-melanotropin (3-MSH) is
due to shifts of the reading frame resulting {rom the
deletion of 3 nucleotide residues in the sequence of
[18]. The other nucleotide differences in the protein-
coding sequence lead to synonymous codons. We have
assigned an additional amino acid residue (Glu) at the
5'-end of exon 3.

The sequence of the 76 amino acid residues follow-
ing the signal peptide of the human ACTH—8-LPH
precursor deduced fTom our nucleotide sequence isin
complete agreement with the sequence of a human
pituitary glycopeptide determined in [20]. However,
the amino acid sequence of y-lipotropin (v-LPH)
deduced from our nucleotide sequence disagrees partly
with that determined in [21], which exhibits differ-
ences in 5 residues (Gln for residue 161, Asn for resi-
due 166; Ala for residue 167; Gly for residue 168;Pro
for residue 173). The differences observed may be due
to possible polymorphism in the human gene because
the DNA sequence we report here is based on analysis
of a single DNA clone. 1t cannot be excluded either
that these differences are due to possible nucleotide
changes that have occurred during replication of recom-
binant DNA.

Fig.3 illustrates schematically the degree of nucle-
otide sequence homology in the different structural
and functional regions of the human and bovine
ACTH-#-LPI precursor genes. A high degrec of con-
servation is observed in the segment encoding the
sequence extending from the signal peptide to y-mela-
notropin (y-MSH), the ACTH region and the segment
encoding $-MSH and f-endarphin, The segments pre-
ceding and following the ACTH region as well as the
5'- and 3’-untranslated regions and the segment pre-
ceding the capping site are moderately conserved.
Less homology is found in the segment following the
poly(A) addition site [10,11,18]. The homology map
suggests that v-MSH and the amino-terminal fragment
lying between the signal peptide and v-MSH may be
of physiological importance, as is the case for ACTH
and g-endorphin. Examination of the nucleotide
sequences surrounding the sites of deletion/addition
in fig.3 reveals the presence of short direct repeats,
which may be invoived in the generation of these
divergences in the 2 genes as painted out in the case
of #-like globin genes [23]. The fact that the intron
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Fig.3. Nucleotide sequence homology in different regions of the human and bovine ACTH-g-LPH precursor genes. The mRNA-
coding segment (thick blocks) and the segment preceding it (thin block) are divided into 12 structural and functional regions indi-
cated by (A—L). Regions of high and moderate homology, based on the corrected percent divergence calewlated for each region,
are shown by closed and shaded hars, respectively. The open slits represent codons encoding paired basic amino acid residues that
sepatate the component peptides, the locations of which are displayed beneath the pene sequence. The sites of capping, transla-
tional inftiation {ATG), translational texmination {TGA} and poly(A) addition are shown. (v,¥) Positions of deletion and addition,
respectively, of »9 basepairs in the human sequence as compared with the bovine sequence. The lines indicating introns do not
represent their real lengths, The corrected percent diversences of replacement substitution sites (1), silent substitution sites (s} and
total sites (1) of the pratein-toding regions and those of the non-coding regions were caleulated as in {22]; codons corresponding
to gaps were excluded from the caloulation for replacement and silent substitution sites, whereas gaps were counted as one substi-
tution regardless of their length for the calculation for total sifes of the protein-coding regions aswell as for the non-coding regions.
The corrected percent divergences caleulated for the regions {A—-1) are as follows: A, 29.3; B, 19.5; C, 4.8 (1), 41.6 {s) 11.0 (t};
D,1.9¢r), 385 (s), 8.8 (1): £, 0 (), 46.1 (5), 5.8 {1); F, 17.6 (1}, >83.9 {s), 37.9 (1); G, 19.3 (1), 27.2 (%), 24.8 (t); H, 1.2 (1), 39.4

(), 7.2(1); 1, 30.4 (2),69.9 (5), 42.4 (1); J, 7.6 (1), 55.0 (s}, 12.0 (1:; K, 2.9 (1), 31.0(5), 7.9 (t): L, 26.0.

sequences adjacent to the exon/intron junctions are
highly conserved suggests the relevance of these
sequences to RNA splicing. The complementarity
between the 5'-terminal sequence of Ul small nuclear
RNA and the consensus sequences at both ends of
introms is considered to be involved in the processing
of hnRNA {24 25].
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