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ABSTRACT. We have isolated a human genomic DNA
segment encoding the corticotropin-p-lipotropin precursor
peptide from a fetal DNA library, using previously cloned bo-
vine cDNA for this peptide as a probe. The human genomic
DNA was studied by electron microscope heteroduplex analysis
and gel blotting methods, and its nucleotide sequence was de-
termined and compared with that of cDNA corresponding to
bovine pro-opiomelanocortin mRNA. From this sequence, seg-
ments of interspecies conservation and divergence, punctuated
by pairs of the basic amino acid residues lysine and arginine,
were identified. No noncoding intervening sequence was ob-
served over an 830-base-pair DNA segment extending from a
position near the 5' end of the structural pro-opiomelanocortin
gene through the 3' terminus of the cDNA and including
sequences for the component peptide hormones corticotropin
and ,-lipotropin.

The pituitary hormones corticotropin (ACTH) and ,B-lipotropin
(f3-LPH) are derived from a large precursor peptide of 29,500
Mr (1-5). These two hormones are each known to include
smaller peptides having distinct biological activities: a-mela-
notropin (a-MSH) and corticotropin-like intermediate lobe
peptide (CLIP) are formed from ACTH; y-LPH and f3-en-
dorphin are peptide components of 3-LPH. f3-MSH is contained
within y-LPH (4-9). y-MSH and possibly other discrete pep-
tides are located in the previously "cryptic" pre-ACTH part
of the precursor peptide (5), which has been called pro-
opiomelanocortin (POMC) (10). Recently, the cloning in
Escherichia coli of cDNA cotresponding to full-length bovine
POMC mRNA has been described and the nucleotide sequence
of a 1091-base-pair (bp) cDNA insert has been reported (5);
from this sequence, the amino acid sequence of the pre-ACTH
part of the peptide was predicted, and the structural organi-
zation of the biologically active component peptides of the
POMC molecule was shown.
The various structural and functional domains of POMC

provide an opportunity to study the relationship of noncoding
intervening sequences to amino-acid-coding sequences of a
multicomponent peptide containing a series of repetitive DNA
units. In order to elucidate the structure of the chromosomal
DNA segment encoding POMC, and to investigate interspecies
variation, we have used the bovine cDNA clone as a probe to
isolate and characterize a POMC-encoding human genomic
DNA segment.

MATERIALS AND METHODS
A human fetal DNA library of X Charon 4A bacteriophage
containing genomic DNA fragments was a gift from T. Maniatis
(11); the phage were grown and DNA was purified as described
(12). The pSNAC20 plasmid, containing a cDNA insert en-
coding bovine POMC was propagated in E. coli strain SR1592

rj, m+ (13) or PM191 recA (P. Meacock and S. N. Cohen, un-
published data). DNA isolation and transformation have been
described (14). DNA fragments generated as described in the
text were fractionated by electrophoresis on 3% or 4.5% acryl-
amide gel in TBE buffer (15) and were eluted from the gel
electrophoretically (16). Samples (50-200 ng) of the DNA were
"nick-translated" with DNase I (1 ng/ml) and E. coli DNA
polymerase (Boehringer Mannheim) in 50 mM Tris-HCl (pH
7.8)/5 mM MgCl2/10 mM mercaptoethanol/bovine serum
albumin (50 ,ug/ml) buffer containing 5 ,M [a-32P]dCTP, 5
,MM [a-32P]dTTP (both >300 Ci/mmol; 1 Ci = 3.7 X 1010
becquerels) 12.5 uM dGTP, and 12.5 ,uM dATP and incubated
for 1 hr at 15°C (17), yielding DNA with a specific activity of
8 X 107 cpm/,ug. Phage plaque hybridization with radioactively
labeled probe was carried out essentially as described by Benton
and Davis (18).

5'-End-labeled DNA fragments were prepared, and their
sequences were determined by using the procedure of Maxam
and Gilbert (19); electrophoresis was on 0.35-mm-thick 8% and
20% polyacrylamide gels (20). Formation and analysis of het-
eroduplexes were carried out as described (21).

Containment conditions were as prescribed in NIH Guide-
lines for Recombinant DNA Research.

RESULTS
Isolation of a Human Chromosomal DNA Sequence En-

coding POMC. The pSNAC20 plasmid, which contains the
1091-bp cDNA insert complementary to bovine POMC mRNA,
was used (22) to identify corresponding sequences in clones
from a human fetal DNA library. The library used (11) was
constructed by partial digestion of fetal liver DNA with Hae
III and Alu I restriction endonucleases, yielding fragments that
were cloned in E. coli, using the X Charon 4A bacteriophage
vector (23).

In total, 1.5 X 105 X plaques were screened (18) by aqueous
hybridization (24) at 600C with asP-labeled DNA produced by
nick-translation of the bovine POMC cDNA insert removed
from the pSNAC20 plasmid by digestion with Pst I endonu-
clease and separated from the vector DNA by gel electropho-
resis. This temperature, rather than 650C, was chosen to allow
hybridization to occur in the presence of possible base pair
mismatch between the bovine cDNA sequence and thehuman
genomic DNA sequence. Phage derived from each of 16 posi-
tively reacting plaques were tested with four separate probes
synthesized by nick-translation of bovine POMC cDNA frag-
ments that were generated by using combinations of Pst I, Sst
II, and EcoRI enzymes, as shown in Fig. la. Only one plaque,
designated M8A, reacted strongly with all four probes; the re-
maining 15 clones reacted strongly with fragment D of the
pSNAC20 DNA insert, which contains the 3' noncoding region

Abbreviations: ACTH, corticotropin; ,B-LPH, fl-lipotropin; a-MSH,
a-melanotropin; POMC, pro-opiomelanocortin; bp, base pair(s); kb,
kilobase(s).
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FIG. 1. Analysis of the structural organization of a 2.7-kilobase (kb) human genomic DNA fragment encoding POMC. (b) Certain restriction
endonuclease cleavage sites on cDNA corresponding to bovine POMC mRNA. The boxes show the positions of a-, fl-, and y-MSH sequences.
Broken lines flanking the Pst I site represent plasmid vector sequences. (a and c) Extent of bovine cDNA fragments that were nick-translated
into probes for localization of human genomic POMC sequences on X8A DNA and on the 2.7-kb fragment. Thickened lines show positions of
the sequences encoding ACTH, #-LPH, y-LPH, and #l-endorphin on the bovine cDNA. (d) Thickened line represents human genomic sequences
that correspond to the peptide-coding sequence of bovine cDNA; vertical lines represent endonuclease cleavage sites common to both species.
The arrow indicates the site at which poly(A) is added in bovine mRNA. (e) Endonuclease cleavage map of the 2.7-kb EcoRI fragment containing
the human POMC sequences. The block shows the extent of the POMC structural gene. Darkened segments indicate the conserved regions,
and white boxes indicate the variable regions of the peptide-coding segment. The arrows below e show the DNA fragments whose sequences
were determined and the direction of sequencing; asterisks indicate the 5'-32P-labeled ends.

of the bovine POMC cDNA, and also reacted to a much lesser
extent with fragment A. No clone other than X8A reacted with
probe fragments B or C.
DNA derived from the X8A clone was characterized further

by the DNA blotting technique described by Southern (Fig. 2a)
(26). The DNA was cleaved with EcoRI, BamHI, Pst I, or

HindIII endonuclease and analyzed with each of the
pSNAC20-derived nick-translated cDNA probes described
above; a 2.7-kb EcoRI fragment that contains a DNA sequence
common to all four probes was identified (Fig. 2a), suggesting
that this EcoRI fragment contains sequences that span most or

all of the pSNAC20 insert, including the 3' untranslated region.
However, when a Pst I/Ava I-generated fragment of pSNAC20
(fragment E, Fig. la) that corresponds to the 5' noncoding re-

gion of the bovine cDNA insert was used as a probe, no hy-
bridization was observed.
The 2.7-kb EcoRI-generated DNA fragment was isolated

from X8A phage, ligated at the EcoRI site of the pBR322
plasmid, and introduced by transformation into strain SR1592.
The resulting ampicillin-resistant transformants contained
chimeric plasmids; one of these (termed pACYC401), which
included a DNA fragment the same length as the 2.7-kb X8A
insert, was selected for study by electron microscopy and gel
analysis.

Localization of the Human POMC Gene in the Cloned
2.7-kb EcoRI Fragment. To determine the extent of homology
between the bovine POMC cDNA and sequences contained in
the 2.7-kb EcoRI fragment cDNA, we formed heteroduplexes
between linearized pBR322 and pSNAC20 DNA, and then
hybridized the isolated 2.7-kb fragment (24). Visualization of

the resulting molecules by electron microscopy shows a single
duplex region that extends for 850 + 25 base pairs without in-
terruption, and that is bracketed by single-strand DNA arms
of 862 + 45 and of 935 + 37 nucleotides (Fig. 3, a and b, re-

spectively). These findings strongly suggest that the majority
of the bovine POMC cDNA sequence is contained in the 2.7-kb
EcoRI human genomic DNA fragment as an uninterrupted
segment lacking an intervening sequence.

Restriction Endonuclease Analysis of the Human Geno-
mic DNA Fragment Encoding POMC. A restriction endo-
nuclease cleavage map was constructed for the pACYC401
plasmid by cleaving the DNA with combinations of the re-

striction endonucleases shown in Fig. le; the component se-

quences of POIC were assigned to individual DNA fragments
by filter paper blotting techniques, again using fragments of
the nick-translated bovine POMC cDNA as probes. Because the
DNA sequences encoding the a-, p3-, and 'y-MSHs on the pre-
cursor peptide are similar (5), the presence of one of these se-

quences on a probe fragment was thought likely to produce
cross-hybridization with DNA fragments that include other
MSH sequences. Therefore, to enable accurate mapping, the
Pst I-generated cDNA probe was further cleaved as shown in
Fig. lc; only fragments III and V contained any overlapping
MSH sequences.

Hybridizations of the human genomic DNA fragment with
the separate bovine POMC cDNA fragments (Fig. 2 b and c)
were carried out under stringent annealing conditions (50%
formamide, 520G). Fragments I and IV of the bovine cDNA
did not hybridize to the 2.7-kb EcoRI genomic DNA fragment;
fragment II, which showed faint reactivity, had the same pat-
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FIG. 2. (a) Southern ifilter hybridization of X8A hybrid phage with
probes nick-translated from fragments of bovine cDNA insert as
shown in Fig. la. Endonuclease-generated DNA fragments were
fractionated on 0.5% agarose gels in Tris/acetate/FDTA buffer. DNA
fragments were depurinated in gels in 0.25 M HCl, denatured as de-
scribed (25), and transferred to nitroceilulose filters (26). Filters were
pretreated and hybridizations were carried out for 24 hr either at 600C
in aqueous solution or at 520C in 50%/1 (vol/vol) formamide, and filters
were washed as described (27). X8A DNA was treated with endonu-
cleases EcoRI (lane 1), BamHI (lane 2), HindIII (lane 3), and Pst I
(lane 4). The horizontal'bars represent the X8A fragments obtained
by EcoRI digestion; lengths (in kb) have been calibrated with a
HindIlI digest of a bacteriophage T5 DNA standard. (b and c)
Southern filter hybridization of endonuclease-treated pACYC401
plasmid DNA, using probes made from fragments III (gel b) and V
(gel c) (Fig. ic). Conditions were as described for a except that 1.8%
agarose was used. Endonuclease treatment was: lane 1, Ava I, EcoRI,
and HinclI; lane 2, Ava II, EcoRI, and Hincil; lane 3, Mbo II; lane 4,
Hinfl; lane 5, Hph I. The top band in lane 2 of gel b results from in-
complete digestion of the DNA sample.

tern as fragment III (Fig. 2b), while fragments III and V hy-
bridized strongly (Fig. 2 b and c, respectively). Hybridization
of the radioactively labeled probe fragments III and V was es-
sentially the same with pAgYC4O1 fragments generated by
triple digestion with Ava I/EcoRI/HinclI or Ava II/EcoRI/
HincIl endonucleases, or by single digestion with the Hph I
endonuclease (Fig. 2 b and c, lanes 1,2, and 5). However, the
Mbo II fragment, which reacted with probe fragmentde d ,
showed no hybridization with fragment V of bovine P0MC
cDNA (Fig. 2 b and c, lanes 3); the converse was true for the
Hinfl genomic DNA fragment, which hybridized with frag-
ment V but not with fragment III of the cDNA (Fig. 2 b and c,
lanes 4). Under our experimental conditions, fragments shorter
than 250 bp are not detected.
We conclude from the above results that most of the human

genomic DNA sequence corresponding to the bovineP0Mg
DNA is located between the AvaI I and HincII restriction sites
in the 2.7-kb EcoRI. fragment (Fig. ld). The lack of detectable
hybridization of the bovine fragment IV with the human
genomic DNA is consistent with known divergence of the
human and bovine fi-LPH sequences within a 40 amino acid
stretch of f3-LPH composing the substituent peptide y-LPH
(28). Although fragments III and V of the cDNA probe contain
MSH sequences, they have different and distinct hybridization
patterns with te genomic DNA (i.e., they correspond to dif-
ferent Mbo II and Hnfl fragments),, indicating that the a- and
f3-MSH sequences on these fragments do not show cross-hy-
bridization under the stringent annealing conditions used.

Structure and Nucleotide Sequence of Human Gene En-
coding POMC. The strategy used for DNA sequence-deter-
mination is shown in Fig. le. The nucleotide sequence deter-
mined for the human DNA, the differences found for the cor-
responding segment of bovine P0MG cDNA, and the predicted
amino acid sequences are shown in Fig. 4.

oj;; I N4 /'.*4~~~~~~~4

FIG. 3. Heteroduplex analysis. Plasmid DNAs of pBR322 and
pSNAC20 (3 ,g/ml each) were linearized by HindIII restriction en-
zyme, denatured by 0.1 M NaOH, and allowed to reassociate for 4 hr
at room temperature as described (21). The purified 2.7-kb EcoRI
genomicDNA fragment (previously denatured by the same technique)
was added at a final concentration of 1.5 A.g/ml, and the reassociation
was allowed to proceed in the dark overnight at room temperature.
The sample was diluted 1:20 and spread as described (21); the film
was picked onto Parlodion-coated grids, stained with uranyl acetate,
and rotary-shadowed with platinum. The samples were visualized and
photographed, using a Philips 201 microscope. pBR322 and single-
stranded bacteriophage OX174 DNAs were used as internal length
standards. The broken lines and the solid line represent single-
stranded and double-stranded DNA, respectively. The 2.7-kb frag-
ment hybridizes to the bovine cDNA for a distance of 850 ± 25 base
pairs (ds), leaving two single-stranded DNA segments of 862 4 45 (a)
and 935 + 37 (b) nucleotides. The nonhybridizing sequences of the
bovine cDNA are (1) about 100 nucleotides and (2) 320 + 35 nucleo-
tides. The bar represents 0.5 kb of double-stranded DNA.

Comparison of the genomic DNA and cDNA sequences in-
dicates continuity from a point at the 3' noncoding end of the
bovine mRNA to a position corresponding to the Cys residue
92 amino acids before the beginning of ACTH; there the two
sequences diverge. The dinucleotide A-G, which is character-
istic of the 3' terminus of an intervening sequence (29), occurs
at this point, and a pyrimidine-rich region (29, 30) is seen just
upstream from the putative intron-exon junction.

Despite the potential for evolutionary drift in codon usage
without alteration of the amino acid sequence, the nucleotide
sequences of three regions are seen to be well conserved within
the human and bovine POMC genes: the segment encoding
ACTH, the region extending from f3-MSH to the end of 3-LPH
and including the sequences for [Met]enkephalin and O-en-
dorphin, and the segment extending from the end of y-MSH
towards the amino terminus of the POMC protein. In these
regions, all amino acids are identical except at seven locations
where one-base substitutions result in amino-acid differences
(amino-acid positions -90, -78, +33, +80, +84, +125, and
+129 of the POMC DNA sequence). Two regions are different
in the two species: the segments encoding the amino acids im-
mediately preceding the Lys-Arg pair that separates ACTH
from the preceding segment of POMC and the segment im-
mediately following ACTH (i.e., the first 120 bp of f3-LPH).
Interspecies differences in-the latter segment were previously
known from the corresponding amino acid sequences, which
have been determined for bovine and human f3-LPH (5, 28).
A 24-bp nucleotide segment beginning 63 bp (i.e., 21 amino

acids) before ACTH and encoding the amino acids Pro-Glu-
Gly-Gly-Pro-Glu-Pro-Arg in the human gene, and the triplet
encoding the Leu at position 72 (in Rl-LPH), are absent in the
bovine sequence. However, a stretch of 18 bp encoding the
amino acids Ala-Glu-Ala-Glu-Ala-Glu of R3-LPH (position 74)

4892 Genetics: Chang et al.



Proc. Natl. Acad. Sci. USA 77 (1980) 4893

S .. CTGTTCACAAAAGCTAGGGGTGGCTAGATGGC TA6ACMMACCATGGAATGGGMAGGGMAGTGTGTTGCAGTTGCAGGCAGAAGCATGAAGGGGATGGGACA

AAAGAGGCGGTGGCAAATCTTAGATGC64ftWgt)9AGAAAGCA86T4G6A6ACCTGCC TGJAGGGAGGCC TCGACGCTTGACACGCCCGACACTG

TGCCCTGTGTCCTCGGCACGTGGCGAGGGCGGCCAGGGCCAGGCGCAGTGACGGGCGCGGCAGCCGGGCCGGGGTGCGGGGCACGGGCTGCCCTCATGCCC

-90 -80
HUMAN fA.A. Cys Ile Gly Ala Cys Lys Pro Asp Leu Ser Ala Glu Thr Pro Met Phe Pro Gly Asn Gly(GEN. DNA TCGCGTCTTCCCCCAAGAGTGT ATC GGC GCC TGC MG CCC GAC CTC TCG GCC GAG ACT CCC ATG TTC CCG GGA AAT GGC
BOVINE [cODA C CGG C G G G C C C

IA.A. Arg Val

-10 -60 -50
Asp Glu Gin Pro Leu Thr Glu Asn Pro Arg Lys Tyr Val Met Gly His Phe Arg Trp Asp Arg Phe Gly rgArg Asn Ser Ser
GAC GAG CAG CCT CTG ACC GAG AAC CCC CGG MG TAC GTC ATG GGC CAC TTC CGC TGG GAC CGA TTC GGC1CGC CGCMAAC --- AGC AGC

r G T T C T G TGGT
Gly

-40 -30 -20
Ser Ser Gly Ser Ser Gly Ala Gly Gin Lys Arg Glu Asp Val Ser Ala Gly Glu Asp Cys Gly Pro Leu Pro Glu Gly Gly Pro
AGC AGC GGC AGC AGC GGC GCA GGG CAG MG CGC GAG GAC --- GTC TCA GCG GGC GM GAC TGC GGC CCG CTG CCT GAG GGC GGC CCC

AGTT G G G CC GGAA GGG T G CC G C G --- --- --- --- ---

Val Gly Ala Glu Glu Ala Val Gly Pro Arg

-10 -1 +1 ACTH +10
Glu Pro Arg Ser Asp Gly Ala Lys Pro Gly Pro Arg Glu Gly[Lys Arg Ser Tyr Ser Met Glu His Phe Arg Trp Gly Lys Pro Val
GAG CCC CGC AGC GAT GGT GCC AAG CCG GGC CCG CGC GAG GGC1AAG CGC TCC TAC TCC ATG GAG CAC TTC CGC TGG GGC MG CCG GTG
--- --- --- G AC G A T A T A

Gly Asp Glu Thr Asp

+20 +30
Gly Lys Lys Arg Arg Pro Val Lys Val Tyr Pro Asn Gly Ala Glu Asp Glu Ser Ala Glu Ala Phe Pro Leu Glu Phe Lys Arg Glu
GGC AAG AAG CGG CGC CCA GTG MG GTG TAC CCT MC GGC GCC GAG GAC GAG TCG GCG GAG GCC TTC CCC CTG GAG TTC MG AGG GAG

G C C T C A
Gin

p -LPH +50 +60 +70
Leu Thr Gly Gin Arg Leu Arg Glu Gly Asp Gly Pro Asp Gly Pro Ala Ala Thr Ala Gin Gly Pro Gly Asp Leu Glu His Ser Leu
CTG ACT GGG CAG CGA CTC CGG GAG GGA GAT GGC CCC GAC GGC CCC GCC GCG ACG GCG CAG GGG CCA GGC GAC CTG GAG CAC AGC CTG

C G A G GA C C AG G C AG T A T GCC CC GG CT G T T G
Glu Glu Gin Ala Arg Glu Ala Gin Glu Ser Ala Ala Arg Ala Glu Thy Gly

+80 +90
Leu Val Ala Ala Glu|Lys Lys Asp Glu Gly Pro Tyr Arg Met Glu His Phe Arg Trp Gly Ser Pro Pro
CTG GTG --- --- --- --- --- --- GCG GCC GAG MG MG GAC GAG GGC CCC TAC AGG ATG GAG CAC TTC CGC TGG GGC AGC CCG CCC
-- GCG GAG GCG GAG GCT GAG TC G T A A

Ala Glu Ala Glu Ala Glu Ser Lys

+100 +110 +120
Lys Asp Lys Arg Tyr Gly Gly Phe Met Thr Ser Glu Lys Ser Gin Thr Pro Leu Val Thr Leu Phe Lys Asn Ala Ile Ile Lys Asn
MG GAC MG CGC TAC GGC GGT TTC ATG ACC TCC G AAG AGC CAG ACG CCC CTA GTG ACG CTG TTC AAA MC GCC ATC AIC MG MC

G A T C

+129
Ala Tyr Lys Lys Gly Glu
GCC TAC AAG AAG GGC GAG TGA GGGCACAGCGGGCCCCAGGG--CTCACCTCCCCACAGGAGGTCGACCCCAAAGTCCCCTTGGCTCTCCCCTGCCCTGCTGCCGCCTCCC

C C G --- GC T- G GG -A T-T TG G -- CTCT G C -- A- G
His Gin

AGC-TGGGGG--G--TCG---TGGCAGATMT------------- CAGCCTCTTMAGCTTGCCTGTAGTTAGGAAATAAACCTTTCAAATTTCACATCCACCTCTGACTTTGAAT
C T AG AT CCCA - G GGCGCCAGGTATC C A - T A G G

poly(A)
GTMACCGTGTGAATAMGTAAAMATACGTA ... 3'

FIG. 4. Nucleotide sequence of the human POMC genome DNA strand corresponding to POMG mRNA. Above the nucleotide sequence
is the predicted amino acid sequence; nucleotide and amino acid differences in the human vs. bovine sequences are indicated. Broken lines represent
nucleotides absent in the cDNA or genomic sequences. The pairs of basic amono acids (Lys and Arg) that separate conserved and nonconserved
regions of the POMG coding sequence are indicated by boxes. The site of poly(A) addition is indicated in the 3' noncoding region of the sequence.
Amino acids are not assigned for the region that preceeds the Cys at amino acid position -92. Amino acids are numbered with plus numbers
in the direction of the carboxy terminus ofPOMC from the first amino acid ofACTH, and with minus numbers in the direction of the amino
terminus of the peptide for the pre-ACTH segment, as in ref. 5.

and two triplets at positions -46 to -47 and -31 to -32 are
present in the bovine cDNA, but are lacking in the human
genomic DNA sequence; thus, the overall lengths for the bovine
and human peptides predicted from the nucleotide sequence
differ by only one amino acid. More than 50% of the changes
in amino acid sequence of the nonconserved region are caused
by single nucleotide substitutions in codons.
The 3' noncoding region of the bovine cDNA corresponds

closely to the human genomic DNA segment that follows the
translational stop codon terminating the POMC protein. The
distance to the poly(A) addition is approximately the same for
the two species (168 bp for the bovine, 164 bp for the human)
and the nucleotide sequence throughout the region is highly
conserved despite its noncoding nature. Twenty-one of the 30
bp immediately following the translational stop codon match
in two species, and there is greater than 95% homology in a
50-bp segment immediately preceding the poly(A) addition
site.

DISCUSSION
The isolation and characterization of the human genomic DNA
sequence encoding the POMC peptides has enabled identifi-
cation of interspecies evolutionary divergence and conservation
within the pre-ACTH segment of the precursor molecule, has
provided the genetic basis (i.e., single bp substitutions) for
known differences in amino acid sequence within human and
bovine f3-LPH, and has established the absence of intervening
noncoding sequences in the DNA region encoding the bulk of
the POMC peptide. The lack of intervening sequences at the
sites of the basic amino acid pairs that punctuate and divide the
precursor protein into a series of structural and functional do-
mains is of special interest; such sequences have been identified
at junctions of the structural domains of the immunoglobulin
genes (31).
The nucleotide sequences of human genomic DNA and bo-

vine cDNA diverge at a position 276 base pairs before the be-
ginning of ACTH; the point of divergence has been identified

Genetics: Chang et al.
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by electron microscope heteroduplex analysis, Southern blotting
gels, and DNA sequence analysis. Immediately 5' to this locus
are characteristic structural features that make it highly likely
that the point of divergence between the human genomic and
bovine cDNA sequences represents an intron-exon junction
rather than a site of interspecies dissimilarity.
The regions of interspecies similarity and divergence in

POMC are largely delineated by the pairs of basic amino acid
residues that separate the domains of the POMC protein. The
two segments of DNA sequence dissimilarity are located im-
mediately preceding and immediately following the nucleotide
sequence encoding ACTH, which is highly conserved. The
pre-ACTH sequence divergence ends near an Arg-Arg pair that
separates this segment from the carboxy-terminus of y-MSH
(position -47), and the post-ACTH divergence ends at a Lys-
Lys pair at the amino terminus of f3-MSH (position +79).

Despite interspecies differences involving base substitutions
and possible DNA sequence rearrangements, the length of the
peptide encoded by the POMC DNA segment extending from
the 3' end of the intervening sequence to the poly(A) addition
site is similar in the bovine and human species. The nucleotide
sequence of the 50 nucleotides preceeding the poly(A) addition
site is highly conserved, suggesting that this region may have
a specific functional relationship to the POMC gene that pre-
cedes it. Shorter segments of interspecies conservation of 3'
noncoding sequences have been observed for the globin (32, 33)
and insulin (34-36) genes. In ACTH itself, 95% base sequence
similarity is maintained within the two species. The few base
substitutions that do occur fail to alter the amino acid sequence
of the protein except at position +33. Similar conservation of
DNA sequence in segments of the functionally cryptic pre-
ACTH region suggests that this region may also encode peptides
of considerable biological importance.
The amino acid sequence for human f3-LPH predicted from

the nucleotide sequence shows some differences from the amino
acid sequence determined directly by Li and Chung (28). Be-
cause the human genomic DNA we have analyzed represents
the progeny of a single DNA molecule isolated from one indi-
vidual, this difference may reflect possible polymorphism
within the POMC gene [e.g., as in globin (37)]. Potentially,
spontaneously occurring nucleotide base substitutions during
replication of X or plasmid DNA might also yield such differ-
ences.
The availability of a cloned segment of human genomic DNA

encoding POMC enables the analysis of adjacent DNA seg-
ments and the assignment of the POMC gene to a particular
chromosomal location by in situ hybridization. Furthermore,
the absence of noncoding intervening sequences in component
peptide hormones of human POMC will allow the functional
expression of the genomic DNA sequence in bacterial cells.

Note Added in Proof. Seidah et al. (38) have determined the amino
acid sequence of the amino-terminal segment of human POMC. Their
data confirm our interpretation that a noncoding intervening sequence
exists in this region of the human gene. S. Nakanishi et al. (personal
communication) recently have isolated genomic DNA encoding boine
POMC and have found an intron in the same vicinity.
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