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Nucleotide sequence of cloned cDNA for bovine
corticotropin—£-lipotropin precursor
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The nucleotide sequence of a 1,091-base pair cloned
¢DNA insert encoding bovine corticotropin—B-lipotropin
precursor mRNA is reported. The corresponding amino
acid sequence indicates that the precursor protein consists of
repetitive units and includes a third melanotropin sequence
in its cryptic portion. Pairs of lysine and arginine residues
separate the component peptides of the precursor.

THE pituitary hormones corticotropin (ACTH) and g-lipotro-
pin (8-LPH) and their gene provide a useful system for studying
the structure and regulation of hormonally regulated genes.
These two hormones, which are formed from a large common
precursor protein'™®, contain small component peptides with
biological activity; a-melanotropin (a-MSH) and corticotropin-
like intermediate-lobe peptide (CLIP) are derived from
ACTH®, whereas y-lipotropin (y-LPH), B-melanotropin (8-
MSH), endorphins and methionine-enkephalin are elaborated
from B-LPH'*''. The intracellular level of the mRNA coding
for the common precursor protein is depressed by glucocorti-
coids, which probably act at the transcriptional level by means of
the glucocorticoid receptor'”'®. As ACTH and 8-LPH together
account for only one-third to one-half of the molecular weight of
the precursor protein, there has been considerable interest
in and speculation about the primary structure and possible
biological functions of the remaining portion.

Recently developed techniques of DNA cloning'® and
nucleotide sequence analysis'>'® together provide a useful
approach to an understanding of the primary structure of
eukaryotic genes and the regulation of their expression. Pre-
viously'’, we described the construction of bacterial plasmids
that contain the nucleotide sequence for the bovine ACTH-8-
LPH precursor and presented the DNA sequence coding for
ACTH and a portion of 8-LPH. Here, we report the complete
nucleotide sequence of a 1,091-base pair cloned cDNA insert
that contains a duplex copy of the ACTH-B-LPH precursor
mRNA. Our results define the precise locations of ACTH and
B-LPH in the precursor protein and predict the amino acid

sequence of its remaining portion. They further indicate that the
precursor protein consists of several repetitive units separated
by pairs of basic amino acid residues, lysine and arginine, and
that a third melanotropin sequence is located within the cryptic
portion of the molecule.

Sequencing strategy

The bacterial plasmid pSNAC20 was constructed by inserting in
vitro-synthesised double-stranded c¢DNA for the bovine
ACTH-B-LPH precursor into the Psfl endonuclease cleavage
site of the plasmid pBR322 with the use of poly(dG)- poly(dC)
homopolymeric extensions'’. Nucleotide sequence analysis of
the inserted cDNA was carried out by the procedure of Maxam
and Gilbert'®; the sequence map is shown in Fig. 1. The restric-
tion fragments used were obtained either from intact pPSNAC20
or from the cDNA insert (including poly(dG) - poly(dC) tails),
which was isolated by cleavage of the plasmid at the regenerated
Pstl sites’’

For accurate prediction of the amino acid sequence of the
cryptic portion of the ACTH-B-LPH precursor protein, the
nucleotide sequence was determined on both strands of the
c¢DNA for all but 33 residues corresponding to the 5’ end and 47
residues corresponding to the 3’ end of the mRNA; for these
regions this was technically difficult, but the sequence data were
reliable. In addition, care was taken to overlap the sequence
data derived from different endonuclease-generated fragments.
These procedures provided a useful verification of the sequence.
Furthermore, some of the endonuclease-generated fragments
were analysed for nucleotide sequence in duplicate or in
triplicate. Thus, at least three sets of sequence data were
obtained for all segments of the cloned cDNA, thus eliminating
any ambiguity resulting from closely lying bands of chemically
degraded DNA, which were occasionally observed on elec-
trophoretic analysis.

Another potential problem in the use of cloned cDNA for
sequence analysis of mRNA is a possible error caused by
deletion, addition or rearrangement of nucleotides during in
vitro cDNA synthesis or DNA cloning itself'**". Thus, an
independent method, such as analysis of protein sequence or
mRNA sequence, should preferably be used to verify that the
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Fig.1 Sequence map for the cDNA insert in the pSNAC20 plasmid. Nucleotide residues are numbered in the direction from 5’ to 3’ in the message strand, beginning with the first residue in the
coding region for ACTH, and the nucleotides on the 5 side of residue 1 are indicated by negative numbers. The wavy lines represent the poly(dG) - poly(dC) tails of the cDNA insert (27 and
~100 base pairs long on the left and right sides, respectively). The coding regions for ACTH and 8-LPH are indicated by closed boxes. Only the restriction sites used for seguencing are shown
and are identified by numbers indicating the 5'-terminal nucleotide generated by cleavage. DNA sequence analysis was carried out by the procedure of Maxam and Gilbert'*. The direction and
extent of the sequence determinations are indicated by horizontal arrows a-2z and a—y. The 5'-end-labelled restriction fr used for which were derived either directly from
intact pSNAC20 or from the cDNA insert obtained by ¢l ge of the pl id with Ps/I followed by electrophoretic isolation, were prepared as follows (the letters in parentheses refer to the
horizontal arrows; the labelled site is designated by an asterisk, and the ber indi the frag; chain length in base pairss . the chain lengths of fragments including the
poly{dG): poly(dC) tail on the right side are approxi ): a, b, Cl ge of pSNAC20 with EcoR, labelling, cleavage with Psil, isolation of * EcoRI-PstI-645 (a) and * EcoR1-Ps-570 (b). c-e,
Cleavage of pSNAC20 with Smal, labelling, cleavage with EcoRlI, isolation of *Smal-EcoRI-1, 241 (c), *Smal-EcoR1-160 (d) and *Smal-EcoR1-4, 100 (). f-h, Cleavage of pSNAC20 with
Aval, labelling, cleavage with Puul, EcoRI or Psi, isolation of * Aval-Poul-223 (f), * Aval-EcoR1-162 (g) and * Aval-Psil-430 (h). i, j, Cleavage of pSNAC20 with HinclI, labelling, cleavage
with Psd, isolation of * HinclI- Pstl-975 (i) and * HinclI- Psil-240 (). k—p, Cleavage of the cDNA insert with Alul, labelling, isolation of *Alul-Psil-106 (k), * Alul-PsA-150 (1), * Alul-* Alul-553
and * Alul-* Alul-340 (the Psfl site was not significantly labelled), cleavage of * Alul-* Alul-553 with Smal, isolation of * Alul-Smal-379 (m), cleavage of * Alul-* Alul-340 with Tacl, isolation of
* Alul-Tacl-105 (n) and * Alul-Tacl-235, labelling of * Alul- Tacl-235, cleavage with Hinfl, isolation of * Alul-HinfI-52 (0) and * Tacl- Hinfl-183 (p). g-y, Cleavage of the cDNA insert with
Avall, labelling, isolation of *Avall-PstI-245 (q), *Avall-Psd-710 (r), *Avall-* Avall-147 and *Avpall-*Avall-121 (in one experiment, * Avall-PsiI-245 was cleaved with Alul, and
* Avall- Alul-139 (s) was isolated), alkali treatment’? of * Avall-* Avall-147, isolation of single-stranded * Avall- Avall-147 (1, «) (in one experiment, * Avall-* Avall-147 was cleaved with
Haelll, and * Avall- Haelll-40 (v) was isolated), cleavage of * Avall-* Avall-121 either with Hhal or with Smal, isolation of * Avall-Hhal-49 (w), * Avall- Hhal-59 (x) and * Avall-Smal-93
(y). z, Cleavage of the cDNA insert with Avall, isolation followed by cleavage with Haelil of Avall-Psd-245, isolation followed by labelling of Haelll-Haelll-123, cleavage with Haell,
isolation of * Haelll-Haell-112. a, Cleavage of the cDNA insert with Avall, isolation followed by cleavage with Hinfl of Avall-Psd-710, isolation followed by labeiling of Hinfl-Hinfl-162,
cleavage with EcoRl, isolation of * Hinfl- EcoRI-138. 8, Cleavage of the cDNA insert with EcoR], isolation followed by cleavage with Tacl of EcoRI-Psil-645, isolation followed by labelling of
Tacl-Psil-441, cleavage with Hhal, isolation of * Tacl-Hhal-270. v, Cleavage of the cDNA insert with Tacl, isolation followed by cleavage with Hpall of Tacl-Psil-441, labelling, cleavage with
Hhal, isolation of * Hpall- Hhal-110. Cleavage with restriction endonucleases was carried out in the conditions described by the vendors with optimal amounts of the enzymes. Separation of the
restriction fragments was carried out by electrophoresis on either 5% or 8.3% polyacrylamide slab gel in 50 mM Tris-borate containing 1 mM EDTA (pH 8.3), except that alkali-treated
* Apall-* Apall-147 was electrophoresed on 15% gel for strand separation. Fractionated DNA was extracted from the gel by maceration. Treatment of DNA with 7 ug of bacterial alkaline
phosphatase (Worthington) was carried out at 55 °C for 1 h in 20 mM Tris-HCI (pH 8.3). Labelling of DNA was carried out at 37 °C for 1 h with 200~250 n.Ci [y-szP]ATP (~7.000 Ci mmol %,
New England Nuclear) and 0.5 pg of T4 polynucleotide kinase (Biogenics Research Corporation) in areaction mixture containing 50 mM Tris-HCl (pH 9.5), 10 mM MgCl5, 5 mM dithiothreitol
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and 0.75 mM spermidine.

cloned cDNA we have studied represents an exact copy of the
mRNA. However, the fidelity of ¢cDNA cloning in bacterial
plasmids has been amply established for several mRNA spe-
cies?' 2, We have also obtained evidence indicating that the
coding regions for the known segments of the precursor protein
(that is, the segments containing ACTH and B-LPH) are faith-
fully represented in the cloned cDNA (see below). In any case,
the conclusions reported here result from study of the cDNA
copy of a single mRNA molecule and heterogeneity of the
ACTH-8-LPH precursor mRNA cannot be excluded.

Sequence of ACTH-B-LPH precursor
mRNA and assignment of protein sequence

Figure 2 gives the sequence of 1,091 nucleotides comprising the
cDNA inserted in the bacterial plasmid pSNAC20 (excluding
poly(dG) - poly(dC) tails). Our previous work has demonstrated
that the sequence of nucleotide residues 1-207 corresponds
precisely to the amino acid sequences determined for bovine
ACTH and the first portion of bovine 8-LPH (28 amino acid
residues) plus the two amino acid residues Lys-Arg connecting
the two peptides'’. The nucleotide sequence we have deter-
mined for the remaining portion of B-LPH indicates the
presence of two additional amino acid residues, Ala-Glu,
between positions 35 and 36 of the generally accepted structure
of bovine B-LPH?. Thus, our results are consistent with a
structure of bovine -LPH that contains 93 amino acid residues,
as reported by Pankov®®; however, our finding that the residue
at position 16 is GIn agrees with the assignment at this position
made by Li et al.”’.

The nucleotide residues encoding the glutamine at the
carboxyl terminus of 8-LPH are followed by the translational
termination codon UGA. This observation indicates that there
is no peptide extension beyond the carboxyl terminus of 8-LPH
and that the 3' noncoding region of the mRNA is composed of an
untranslated region of 175 nucleotides plus a poly(A) terminal
sequence. Another significant finding is that the amino terminus
of ACTH, like the carboxyl terminus, is connected to the
adjacent peptide by a pair of basic amino acid residues, Lys-Arg.
Thus, the formation of ACTH and 8-LPH from their precursor
seems to involve proteolytic processing similar to that observed
in the conversion of proinsulin to insulin®® and proparathyroid
hormone to parathyroid hormone®®?".

In assigning the amino acid sequence of the cryptic portion of
the ACTH-B-LPH precursor, the reading frame of amino acid
codons was determined from the frame corresponding to the
amino acid sequences of ACTH and g-LPH. However, the
translational initiation site on this mRNA cannot be located
definitively without knowing the amino acid sequence of the
amino-terminal region of the precursor protein. A possible
location for the translational initiation site is the methionine
codon AUG at positions —393 to —391. On the basis of this
assignment, the molecular weight of the ACTH-g-LPH pre-
cursor protein is calculated to be 29,259, a smaller value than
the previously estimated molecular weight of the cell-free trans-
lation product of bovine ACTH-B-LPH precursor mRNA
(35,000 (ref. 1) or 41,000 (ref. 2) depending on the elec-
trophoresis system used). However, the relatively large number
of basic amino acids (lysine and arginine) encoded by this
mRNA (Fig. 2) or possible glycosylation of the cell-free trans-
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lation product may result in overestimation of the molecular
weight of the protein by electrophoretic analysis*>. The assign-
ment of the translational initiation site at the methionine codon
mentioned above seems plausible because the first 20 amino
acid residues starting with this putative initiative methionine
(residue —131), which are followed by the characteristic
sequence Ser-Met-Glu---- (see below), include a large number
of hydrophobic amino acids (13 nonpolar residues including 7
leucine residues). A high content of hydrophobic amino acids is
known to be present in the signal peptides of other proteins
destined for secretion®*~*¢, On the other hand, if the previous
estimation of the molecular weight of the precursor protein is
correct, the translational initiation site would be located 1,125-
1,295 nucleotides (950-1,120 nucleotides for the coding region
plus the 175 noncoding nucleotides we have identified at the 3’
end) away from the first residue of the poly(A) sequence of the
mRNA and therefore would be absent from the cloned cDNA
segment we have analysed. In Fig. 2, we have assigned amino
acid residues up to the putative initiative methionine, although it
remains possible that the region of the mRNA proximal to this
site is translated.
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Computer analysis of the amino acid sequence determined
from the pSNAC20 clone indicates that the sequence of amino
acid residues —55 to —44 is strikingly similar to the sequences of
a-MSH and g-MSH, which are known to have common struc-
tural and biological features®” (Fig. 3). This segment of the
precursor protein shares with the known MSHs tyrosine and
methionine residues as well as the characteristic tetrapeptide
sequence His-Phe-Arg-Trp, which is required for melanotropic
activity, at equivalent positions®®. Moreover, the peptide frag-
ment discovered by our DNA sequence analysis is flanked on
both sides by a pair of basic amino acid residues. This suggests
that the new peptide, like «-MSH or 8-MSH, can be formed by
proteolytic processing of the precursor; by analogy with a-MSH,
it is possible that phenylalanine amide is formed at the carboxyl
terminus of this peptide during processing. In view of the
remarkable structural homology between the newly found
peptide fragment and «-MSH or 8-MSH, we propose to name
the peptide y-melanotropin (y-MSH). Another peptide frag-
ment within the precursor protein that exhibits some structural
similarity to the MSHs is that containing amino acid residues
—111 to —105 (Fig. 3). Note that this fragment contains

5'——--AAGAGAACGAAGGGAAGAAAAGUGACCGAGAGGCCGCUGAACAUCCUCGCCCCGGCgCAGCGGGAGCCGCCCGAGGCAGCUUCCCCGUGACAGAGCCUCAGCCUGCCUGGAAG

-500

-120
Leu
CcuG

Ala
GCC

Leu Leu Ala
CUG CUG G(.ZC
-350

Met Pro
AUG CCG

Ser
UcG

Ser
AGU

Ser
AGC

Arg
AGA

Leu Cys
CUG UGC

Arg
CGU

Gly
GGC

-100
Ser Ser
AGC AGC

-300

Ala
GCG

Gln
CAG

Thr
ACC

Thr
ACG

Glu
GAA

Leu
cuG

Asn
AAC

Ser
AGU

Leu
cuc

Leu
cuG

Cys Gln
UGU CAG

Asp
GAC

-60
Glu
GAG

Thr
ACU

Pro
cce

Asn
AAC

Glu
GAG

Gln
CAG

Leu
CuUG

Pro
CCG

Phe Pro
uuc ccc

Gly
GGC

Asn Gly
AAC GGC
-200

Arg
CGG

Asp
GAU

-40
Asn Gly
AAU GGU

Ala
GCG

Ala
GCC

Gln
CAG

Ser
AGC

Ser Ser
AGC AGC

Ser
AGC

Arg
cGC

Gly
GGA

val Gly
GUQ GGG
-100

Gly
GGC

Lys
AAG

Glu
GAG

Glu
GAG

Met
AUG

Ser
ucc

Asp Ala
GAC GCC

Thr Gly
ACG GGU

Pro
CCG

Arg
CGC

Asp
GAC

Lys
AAG

Arg Ser
CGU ucu
-11

Tyr
UAC

20
Val Lys
GUG BAG

Glu
GAG

Ala
GCC

Gln Ala
CAG gCC
100

Val
GUG

Ala
GCC

Glu
GAG

Ser
ucG

Asn
AAC

Tyr Pro
UAC CCC

Gly
GGC

Asp
GAC

60
Ser
AGU

Ala
GCG

Ala
GCC

Ala
GCC

Gln
CAG

Ala
GCU

Glu
GAG

Gln Ala
CaG GCG
150

80
Ala
GCC

Glu
GAG

Ala Arg
GCC CGG

Arg
CGC

Gly Pro
GGC CCC

His
CAC

Glu
GAA

Met
AUG

Glu
GAG

Phe Arg
Uuc CGC

Pro
ccce

Ser
ucG

Lys
AAG

Lys Asp
AAG GAC
250

Gly
GGG

TyYr
UAU

Lys
AAG

120
Leu
CuG

Asn Ala
AAC GCC

Phe
uuc

val
GUC

Thr
ACG

Glu
GAG

Ser Gln
AGC CAA

Thr
ACG

Leu
cyu
350

Pro ys

cce

Ser
ucc

Lys
AAG

-450 ~400

Leu Gln
CUU CAG

Ala
GCC

Glu
GAA

Leu
uuG

Ser Met
UCC AUG

Glu
GAG

Leu
CcuG

Val Arg
GUG CGU

Gly
GGU

Trp
UGG

Cys Leu
UGC CUG

-80
Lys Pro
AAG CCC

Ala
GCC

Glu
GAG

Thr
ACG

Ile
AUC

Val
GUG

Pro
CCG

Ser
ucc

Leu
cuc

Cys
UGC

Arg Ala
CGG GCC
-250

Cys
uGC

Asp
GAC

Phe
uuc

His Phe
CAU yuC
-150

Val
GuUC

Met
AUG

Arg
CGC

Gly
GGC

Arg
CGU

Gly
GGC

Arg
CGC

Trp
UGG

Asp
GAC

Arg
CGG

Lys
AAG

Tyxr
UAC

-20
val Gly
GUG GGC

Glu
GAG

val
GUG

Ala
GCG

Glu
GAA

Pro
cce

Pro
cce
~50

Glu
GAG

Glu
GAA

Gly
GGC

Gly
GGG

Arg
CGC

Gly
GGC

Asp
GAU

Glu
GAA

Phe
uuc

val
GUG

Pro
CCG

Pro
CCG

His
cac

Gly Lys
GGC AAG

Gly
GGC

Lys
AAG

Lys
AAG

Arg
CQG

Arg
CGC

Trp
UGG

Arg
CGC

40
Lys Arg
AAG AGG

Thr
ACC

Glu
GAG

Giu
GAG

Phe
uuu

Glu
GAA

Phe
uuc

Glu
GAG

Leu
cuc

Leu
CuG

Gly
GGG

Leu
cuc

Pro
cce

Arg
AGG

val
GUG

Ala
GCG

Glu
GAG

Ala
GCG

Glu
GAG

Ala
GCU

Glu
GAG

Ala
GCG

Ala
GCU

Glu
GAG

Glu
GAG

Leu
cuG
200

Gly Leu
GGC CUG

Tyr
UAU

100

Lys Asp

AAQ GAC
300

Phe
uuc

Met
AUG

Thr
ACC

Pro
cce

Pro
CCG

Ser
AGC

Gly
GGC

Gly
GGG

Trp
UGG

Gly
GGC

Lys
AAG

Arg
CGC

TYr
UAC

Ile
AUC

Ala
GCC

Ile
AUC

Gly Gln
GGC QAG
400

Asn His Lys

CAC AAG

Lys
AAG

Lys

AAG UGA GGGCGCAGCGGGCAG

GGGCCUCUCUCCGCGGAAAGUUGACCCUGAAGGCCUCUCUUCUGCCCUCCUACCGCCUCGCAGCCUGGGUGAGGAUUCGQCCAGGCAGUGAUGGCGCCAGGUAUCCCGACUCUUAAAGC

450

UGUCUGUAGUQAAGAAAUAAAACCUUUCAAGUUUCACGAAAAAAAA————3'
550

500

Fig.2 Primary structure of bovine ACTH-8-LPH precursor mRNA. The nucleotide sequence of the ACTH-g-LPH precursor nRNA was deduced from that of the cDNA insert in pSNAC20.

di d below the The pr:

The nucleotide numbers (see legend to Fig. 1) are i

dicted amino acid sequence up to the methionine residue encoded by nucleotide residues -393 to —391is

shown above the nucleotide sequence. Amino acid residues are numbered in the direction from amino terminus to carboxyl terminus, beginning with the first residue of ACTH, and the residues

on the amino-terminal side of ACTH are indicated by negative numbers; the amino acid numbers are given above the sequence. The sequence of nucleotide residues 1-207 was reported

px'evit)usly17 and was confirmed by sequencing additional restriction fragments as shown in Fig. 1. The ¢cDNA insert includes a poly(A) tract of ei§ht nucleotides at positions 578-585, but the
average length of the poly(A) sequence in the nRNA was previously estimated to be 68 nucleotides™.
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methionine and tryptophan residues at the positions charac-
teristic of the MSH structure and shares with «~-MSH serine and
glutamic acid residues at equivalent positions. Computer analy-
sis indicates no structural correspondence of other amino acid
sequences in the cryptic portion of the precursor with hormones
of known sequence™

From the findings described above, we conclude that the
ACTH-B-LPH precursor protein is probably composed of four
repetitive structures as shown in Fig. 4. Each unit contains a
homologous peptide core segment having an MSH sequence or
its analogue, which is followed by or lies within an individually
different sequence. Furthermore, each of the repetitive units, as
well as the MSH sequences themselves, is flanked on both sides
by a pair of basic amino acid residues (or by one of the termini of
the precursor molecule). The putative structure of the common
precursor protein suggests that each of its units is destined to be
separated from its neighbour by proteolytic processing and that
further cleavage occurs within the unit to yield smaller peptides.

The peptide fragment consisting of amino acid residues ~131
to —58 includes five cysteine residues, and the remainder of the
precursor molecule contains no cysteine residue. Other peptide
hormones, such as growth hormone and insulin, contain an even
number of cysteine residues which form disulphide bonds®
Thus, we can assume that the cysteine residue at position ~127 is
a constituent of the putative signal peptide, which is removed
during the process of secretion, although we cannot exclude the
possibility that an odd number of cysteine residues are encoded
by the missing portion of the mRNA.

The repetitive nature of the amino acid sequence of the
ACTH-B-LPH precursor molecule raises interesting questions
concerning both the biological significance of its characteristic
structure and the biological functions of possible peptide frag-
ments that may be derived from it. The presence of several
partly homologous units within the same molecule suggests that
the functions of the component peptides may be related to or
coordinated with one another. It is well established that ACTH
is essential for the induction and maintenance of glucocorticoid
production in adrenocortical cells*’. However, additional pitui-
tary effects on adrenocortical cells, such as stimulation of mito-
genic activity and mineralocorticoid production, cannot be
accounted for solely by the action of ACTH*. It is an intriguing
hypothesis that other peptides which may be elaborated from
the precursor molecule are involved in these actions. Another
possibility is that these structurally related peptides are involved
in neural functions. Several studies have demonstrated that not
only endorphins and methionine-enkephalin*' but also MSHs
and related peptides*”*® are present in various regions of the
central nervous system. In addition to the potent opiate activity
of endorphins and methionine-enkephalin®*, MSH-related
peptides have been reported to exert certain effects on bram
function, such as learning and retention of new behaviour*’
Thus, it is attractive to speculate that various peptides denved
from the ACTH-B-LPH precursor may act together or
antagonistically as modulators of neural functions.

Fig. 3 Comparison of nucleotide
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Table 1 Codon usage in bovine ACTH~g8-LPH precursor mRNA

Phe UUU 1 Ser ucu 1 Tyr  UAU 2 Cys uGuU 1
uucC 8 ucc 4 UAC 4 UGC 4
Leu UUA 0 UCA 0 Ter UAA 0 Ter UGA 1
UuG 1 UcG 3 UAG 0 Trp UGG 4
Leu CUU 2 Pro CCU 0 His CAU 1 Arg CGU 4
cuc 4 cce 11 CAC 3 CGC 10
CUA 0 CCA 0 GIln CAA 1 CGA 0
CuG 13 CCG 7 CAG 9 CGG 5
lle AUU 0  Thr ACU 1 Asn  AAU 1 Ser AGU 3
AUC 3 ACC 3 AAC 6 AGC 9
AUA 0 ACA [ Lys AAA 1 Arg AGA 1
Met AUG 6 ACG 5 AAG 18 AGG 2
Val  GUU 1 Ala  GCU 3 Asp  GAU 2 Giy GGU 3
GUC 2 GCC 16 GAC 8 GGC 17
GUA 0 GCA 0 Giu  GAA 7 GGA 1
GUG 8 GCG 8 GAG 22 GGG S

The amino acid sequence of the bovine ACTH-8-LPH precursor has been predicted solely
from the nucleotide sequence of the mRNA, assuming that the translational initiation site is
located at the methionine residue at position —131. Numbers next to codons indicate the
numbers of amino acids using particular codons.

Characteristic features of ACTH-8-LPH
precursor mRNA

We have previously observed that the coding regions for ACTH
and the first segment of B8-LPH contain an unusually large
number of repeated nucleotide sequences, suggesting that these
regions of the structural gene for the ACTH-B-LPH precursor
have evolved by a series of genetic duplications'”. In the present
study, this observation has been extended to the remaining
portions of the ACTH-B-LPH precursor mRNA. Comparison
of the coding regions for a-MSH, 8-MSH and y-MSH strongly
supports the view that DNA sequence duplications have
occurred during the evolution of these genes (Fig. 3). The
nucleotide sequences encoding the common amino acids are
conserved, except for a very few silent codon changes; however,
those coding for the amino acids that are different in the three
peptides are drastically altered. In addition to showing the
extensive nucleotide sequence homology just mentioned,
computer analysis*®*” of the nucleotide sequence data presen-
ted in Fig. 2 reveals that the ACTH-B-LPH precursor mRNA
contains other segments that seem to represent direct dupli-
cations; for example, residues —~453 to —443 and 406 to 417;
—93t0 ~82and 235t0246; -65t0 —54and35t045;—-11t0 -2
and 299 to 308; 163 to 187 and 220 to 241; 400 to 411 and 506
to 517. Taken together, these findings support our concept that
the structural gene for the ACTH-8-LPH precursor protein has
evolved by a series of direct duplications of certain common
ancestral DNA segments foliowed by substitution, addition or
deletion of some regions.

Codon choices for the ACTH-B-LPH precursor mRNA have
been assigned (Table 1), using the amino acid sequence shown in
Fig. 2. No definitive conclusion can be reached concerning
codon utilisation because the initiation site for translation has
not been established. Nevertheless, codon usage seems to occur
nonrandomly, as in the case of other eukaryotic mnRNAs”>' ™,
and specific codon choices seem to be strongly preferred for

and amino acid sequences in thle .2 1 5 18
regions including MSHs and their Lys Arg ser [Tyr]iSeri[Met Glu His Phe Arg 1rp] Le_]_y Lys {Pr; val 61y Lys Lys Arg Arg
analogue. e amino  aci e —— e
sequences are lined up, introducing AAG CGY UCU UAC UCC AUG GAA CAC UUC CGC UGG GGC AAG CCG GUG G6C AAG AAG CGG CGC
gaps so as to point out the -6 -1 20 40 54
homologies discussed in the text; 82 100 103

for the numbering of nucleotide Lys Lys Asp Ser 6ly Profiyr) Lys[Met Glu His Phe Arg TroJ-Gly Ser iPra} Pro Lys Asp Lys Arg

and amino acid residues, see G BGAC AAG CGC

legends to Figs 1 and 2. The amino AAG AAG GAC UCG GGG CCC UAU AAG AUG GAA CAC UUCZC((.;)C UGG GGC AGC CCG cce A/;\oo o

acid residues in solid-line boxes 244 260 8

occur in at least three of the four -57 -55 _ =50 -45 emn -42

structures shown and those in Arg Lys - [Tyr] val -G]V [His Phe Arg Trp] Asp Arg Phe Gly; Arg Arg
dashed-line boxes are found in two GG AAG UAC GUC AUG 6GC CAU UUC C6C UGG GAC CGC UUC 66C CGU €66

of them. Sequences of two or four a 7‘ 1 60 _140 124

consecutive basic amino acid resi-
dues are underlined. a-MSH>®
represents amino acid residues 1~
13, of which the serine residue at
position 1 is N-acetylated and the 2333
valine residue at position 13 is in
the form of an amide; B- -MSH?>®
represents amino acid residues 84—

-105
[s:grj. val Arg Gly [Trp)

UCC AUG GAA 6UG CGU GGU UGG

-320 -313
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g g ’: g ': g ': g — [} methionine, tryptophan and cysteine residues are given in
- = parentt s for the bering of amino acid residues, see
I l I l l J I l I ' legend to Fig. 2. The location of the translational initiation
site at the methionine residue at position —131 is assumed
I I ] I I " “ “ Il ’ll H “ n " (see the text). The closed bars represent the regions for
pay Ly L which the amino acid sequence was known, and the open
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> S Ak [, Pl b > > b > > > The locations of known component peptides are shown by
[6) QO LO g g J o ad« -~ — -4 — Cclosed bars; the amino acid numbers are given in paren-
theses. The locations of y-MSH and the putative signal
peptide are indicated by shaded bars; the termini of these
ngan\:e 7-MSH ACTH (1-39) B-LPH (42-134) peptides are not definitive.
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(1-13) (18-39) (42-101) (104-134)

some amino acids. Certain codons (for example, UUC for Phe,
CUG for Leu, AAG for Lys) are used repeatedly, whereas other
codon choices are either not made or are rare (for example,
UUA for Leu, AUA for Ile, GUA for Val). This mode of codon
selection reflects an apparent preference for G or C of the third
position of mammalian codons®'"**. Assuming that the initiation
site is located at the methionine residue at position —131, 116
codons (44%) terminate in G, 112 (42%) in C, 26 (10%) in U
and 11 (4%) in A.

Reflecting the selective codon usage, the ACTH-B-LPH
precursor mRNA (excluding the poly(A) region) has a high
G +C content (65%) which exceeds that of total bovine DNA
(39%)*%. Also, this mRNA exhibits nonrandom dinucleotide
frequencies. The abundance of the dinucleotide CG in this
mRNA exhibits a marked contrast to its deficiency in other
eukaryotic nRNAs?*'">* as well as in total bovine DNA®.

The 3’ noncoding region of the ACTH-B-LPH precursor
mRNA also shares some features with other eukaryotic
mRNAs?'>°° A lengthy inverted repeat (that is, region of
two-fold rotational symmetry) exists at nucleotide residues 469-
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