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ABSTRACT

Repetitive DNA sequences in the human corticotropin-a-lipotropin
precursor gene region have been studied by blot hybridization analysis and
DNA sequencing. Six repetitive sequences are present in this gene region;
five of them are Alu family members with an approximate length of 300 base
pairs, and the other consists of a portion of an Alu family sequence. Two
of these Alu family members are located in the 5'-flanking region of the
gene, and the remaining four within the intervening sequences. These Alu
family sequences constitute inverted repeats in the intervening sequences
as well as in the 5'-flanking region of the gene.

INTRODUCTION
The human (1) as well as the bovine gene (2,3) encoding the common

precursor of the pituitary hormones corticotropin (ACTH) and B-lipotropin
(6-LPH) has recently been isolated and characterized. The two genes have
essentially the same structural organization. The human ACTH-a-LPH precursor
gene is approximately 7.6 kilobase pairs (kb) long and consists of three
exons divided by two large intervening sequences (introns); one of the introns
with an approximate length of 3.6 kb (intron A) interrupts the segment
encoding the 5'-untranslated region of the mRNA, and the other with an approx-
imate length of 2.9 kb (intron B) is inserted within the protein-coding
sequence near the signal peptide region. It has previously been shown that
the bovine ACTH-,-LPH precursor gene region contains interspersed repetitive
DNA sequences (3). Detailed mapping and nucleotide sequence analysis of these
bovine repetitive DNA sequences are described in the preceding paper.
Comparison of the repetitive sequences in this gene region of different
mammalian species may provide information concerning the possible functional
and evolutional significance of the reiterated DNA. The present work has
demonstrated that the human ACTH-S-LPH precursor gene region contains six
repetitive DNA sequences. All these sequences have been identified as members
of the Alu family of dispersed repetitive sequences (4,5).

©) IRL Press Limited, 1 Falconberg Court, London W1V 5FG, U.K. 1471

0305-1048/82/1005-1471$2.00/0

Nucleic Acids ResearchVolume 10 Number 5 1982



Nucleic Acids Research

Exon 2

Exon I

pHALI
Exon 3

EcoRI EcoRl
Pst I BomHI/indIII

5' 3'

B _=-=_ _ I

Exon I Exon 2 Exon 3

4m 0
F

ob c d e f

CeC2-tga |-R g ;t v c
L&J b~~~~~~~~~~~~~~~~~~~10bI ~~~~~~~~~IIII1>I((r'Y 1 11 1 1IOb

G bb

HIi >I(0>bI>1 p

E i * ;~ oi - t

,1 1I11I Y I I I I I IOObp
d

_-~ f~~~
1472



Nucleic Acids Research

MATERIALS AND METHODS
DNA Preparations. The cloning and characterization of a human genomic

DNA fragment containing the entire ACTH-6-LPH precursor gene was described

previously (1). Human placental DNA was prepared as described by Polsky
et al. (6).

Restriction Mapping and Sequence Analysis of Repetitive DNA.

Restriction mapping of cloned genomic DNA fragments was performed by the

procedures described in the preceding paper. For detecting repetitive

sequences, the filter hybridization procedure of Fritsch et al. (7) was

followed at 65°C as described previously (3). The recombinant plasmid pHALl

that carries the 11.5 kb EcoRI fragment containing the ACTH-S-LPH precursor

gene connected with the vector plasmid pBR322 (1) was cleaved with various

endonucleases. The resulting DNA fragments were electrophoresed and

subjected to filter hybridization analysis. The probe used was total human

placental DNA (EcoRI-digested) labelled by nick translation with [a-32P]dCTP
(the Radiochemical Centre, Amersham, England). 5'-End labelling of restric-

tion fragments and DNA sequencing were carried out by the procedure of Maxam

and Gilbert (8).

RESULTS
The structural organization of the recombinant plasmid pHALl carrying

the entire human ACTH-S-LPH precursor gene is shown in Fig. 1A, and a

restriction map of the 11.5 kb human DNA insert (1) in Fig. 1B. Hybridi-

Figure 1. Restriction mapping of repetitive sequences in the human
ACTH-8-LPH precursor gene region and strategy for DNA sequencing.
(A) Recombinant plasmid pHALl, the open box representing pBR322;
(B) 11.5 kb EcoRI fragment containing the ACTH-S-LPH precursor gene;
(C), (D), (E), (F) portions of the 11.5 kb EcoRI fragment containing
the repetitive sequences a plus b, c, d and e plus f, respectively.
The direction of transcription of the ACTH-6-LPH precursor gene is
from left to right. Scales are given on the right side of each
restriction map. For reference, the locations of the exons are shown
by closed boxes in (A) and (B), and those of the repetitive sequences
by thick arrows under the restriction maps; the direction of the arrows
has been assigned in such a way that it would indicate the direction of
in vitro transcription of Alu family sequences by RNA polymerase III
(9). The restriction fragments that yielded hybridization-positive
bands with the total DNA probe (Fig. 2) are indicated by bars beneath
the restriction map in (B). Only relevant restriction sites are
displayed for PvuII in (B), for AvaII, DdeI, HaeIII and HinfI in (C),
for AvaI, AvaII, BstNI, HaeIII, HhaI, HinfI and SphI in (D), for DdeI
and HinfI in (E) and for DdeI in7F). The thin arrows under the
restriction maps in (C), {DT, (E) and (F) indicate the direction and
extent of sequence determinations.
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zation of this DNA insert labelled with 32P to a blot of EcoRI-digested human
placental DNA fractionated by agarose gel electrophoresis gave rise to
intense autoradiographic smears. This suggested that the 11.5 kb EcoRI
fragment carrying the ACTH-6-LPH precursor gene also contains sequences that
are repeated many times elsewhere in the genome. To localize these repeti-
tive sequences in the cloned EcoRI fragment, we hybridized 32P-labelled total
human placental DNA to various restriction fragments of the recombinant
plasmid pHALl blotted on nitrocellulose filters (Fig. 2). Under these

conditions, DNA fragments containing repetitive sequences would yield a

positive hybridization signal, whereas single-copy DNA would not be detected.
The data in Fig. 2B indicated that repetitive sequences are present in the
EcoRI-PstI fragment of approximately 1.2 kb in the 5'-flanking region, in
the BamHI-BglII fragment of approximately 2.6 kb in intron A, in the PstI
fragment of approximately 1.7 kb which contains most of exon 2 and a portion
of intron B and in the HindIII-BgII fragment of approximately 0.9 kb in

A B
1 2 3 4 5 6 1 2 3 4 5 6

Origin
20000
10000
6000
4000 __
3000
2000_

.; ' ~~~a1000

Figure 2. Identification of repetitive sequences in the human ACTH-,-LPH
precursor gene region. (A) Fluorogram of ethidium bromide-stained electro-
phoresis gel. Samples of pHALl DNA (1 jig each) were digested with various
endonucleases or their combinations as follows: (lane 1) BamHI; (lane 2)
BamHI and PstI; (lane 3) PstI; (lane 4) PstI and EcoRI; (lane 5) BglII;
(lane 6) BglII and HindIII. The digestion products were electrophoresed on
0.7 % agarose gel and visualized by ethidium bromide staining. The sizes of
the DNA fragments were estimated by their mobilities with the use of HindIII-
digested X DNA as a standard; the scale is given in bp on the left side of
the fluorogram. The fragments smaller than 0.5 kb are hardly visible in the
ethidium bromide-stained gel. (B) Autoradiogram of a nitrocellulose filter
carrying the DNA transferred from the gel in (A) after blot hybridization
with the total DNA probe. The faint band for the 3.2 kb fragment on lane 6
in (B) is due to partial HindIII digestion. The corresponding band is not
visible upon ethidium bromide staining (A, lane 6).
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intron B. Further restriction and hybridization analysis located the
repetitive sequences within the fragments shown in Fig. IC, D, E and F.
These hybridization-positive DNA segments and those mapped around them were
sequenced by the procedure of Maxam and Gilbert (8) according to the strategy
indicated in Fig. 1C, D, E and F.

The nucleotide sequences determined (Fig. 3) revealed the presence of
five homologous sequences of approximately 300 base pairs (bp) (designated as
a, b, c, d and f in the direction of transcription of the ACTH-a-LPH
precursor gene), which were identified as members of the Alu family of
dispersed repetitive sequences (4,5). In addition, a 116 bp sequence corre-
sponding to the 3' one-third of an Alu family sequence (e) was found in
intron B. The localization and orientation of the six Alu family members are
summarized in Fig. lB. The two Alu family members a and b, found in the
5'-flanking region of the qene, are centred approximately 2.2 kb and 1.8 kb
upstream from the 5' end of exon 1, respectively, and are separated by an

approximately 100 bp DNA segment. The remaining four Alu family members are
located within the introns of the gene; the sequence c within intron A is
centred approximately 0.5 kb downstream from the 3' end of exon 1, and the
sequences d, e and f within intron B are centred approximately 1.0 kb
downstream from the 3' end of exon 2 and approximately 0.9 kb and 0.6 kb
upstream from the 5' end of exon 3, respectively. The sequences e and f are
separated by an approximately 150 bp DNA segment. The direction of the
arrows representing Alu family sequences in Fig. 1 indicates the direction of
in vitro transcription by RNA polymerase III (9), although we have not
examined whether the repetitive sequences in the ACTH-6-LPH precursor gene
region are actually transcribed by RNA polymerase III. The Alu family
members b and d are oriented in the direction of transcription of the

ACTH-a-LPH precursor gene, whereas the remaining four members a, c, e and f
are in reverse orientation. All the Alu family sequences in this gene
region, including the sequence e, are flanked on both sides by non-conserved

short direct repeats (Fig. 3), as pointed out by Bell et al. (10).
The sequence e was incidentally found when the DNA segments surrounding

the Alu family member f were sequenced despite the fact that they yielded no
positive hybridization signal. DNA fragments containing only a small portion
of repetitive sequences like e would fail to give rise to hybridization-
positive bands upon blot hybridization analysis. Therefore, the possibility
that such small portions of repetitive sequences or extensively divergent
repetitive sequences other than those found in this study are present in the
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ACTH-S-LPH precursor gene region cannot be excluded.

DISCUSSION
In the genomes of higher organisms, repeated DNA sequences are inter-

spersed with longer single-copy sequences (11,12) and are considered to be
involved in DNA replication or in gene expression (13,14), as discussed in
the preceding paper. In the present study, we have identified six repetitive
DNA sequences of the Alu family in the human ACTH-6-LPH precursor gene
region. Three of the four Alu family sequences found within the introns of
this gene are oriented in the direction opposite to that of transcription of
the gene. Therefore, the human ACTH-a-LPH precursor hnRNA would interact
with low molecular weight RNAs that are yielded by possible transcription of
Alu family sequences (9,15-17). This is probably the case also for the
bovine counterpart as discussed in the preceding paper. Thus, it is
conceivable that repetitive sequences may play some role in the processing
of the ACTH-S-LPH precursor hnRNA. Another possible involvement of repeti-
tive sequences in the expression of the ACTH-6-LPH precursor gene is that
their transcripts may interact with the repetitive DNA segments in this gene
region, thus affecting the transcription of the gene. It is also noteworthy
that the four Alu family sequences within the introns of the human ACTH-S-LPH
precursor gene constitute inverted repeats, so that the hnRNA molecule could
form a secondary structure which might be involved in its processing. The
human ACTH-a-LPH precursor gene provides the first example of Alu family
sequences that give rise to inverted repeats within a particular gene.
Apart from the possible roles discussed above, the Alu family sequences may
represent some kind of selfish or parasite DNA which makes no specific
contribution to the phenotype of the organism (18,19).

The extent of homology between the Alu family sequences of approximately
300 bp in the ACTH-6-LPH precursor gene region (69-82 %) is no larger than
that between them and the other Alu family sequences documented (5,9,10,
20-22); percent homology was calculated for the sequences extending from
position 1 to position 321 (see Fig. 3) according to the formula described by
Pan et al. (20), except that gaps were counted as one substitution regardless
of their length. Hence, there appears to be no subgroup of Alu family
sequences specific for this gene region, although more extensive analysis of
Alu family sequences in different gene regions is required to confirm this
conclusion.

The presence of non-conserved short direct repeats flanking both sides
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of Alu family sequences implies that the repetitive sequences may have been
dispersed in the genome by transposition events (23-26). The Alu family
sequences may represent the whole of a transposable element or one of the
long direct repeats which are essential parts of transposable elements (23).
Single copies of such long direct repeats which are flanked at both ends by
non-homologous short direct repeats would be generated by homologous
recombination between the long direct repeats of a transposable element
(27,28). Most of the Alu family sequences may represent remnants of such
sequences which formerly played an essential role in transposition and had
the structure necessary for this function, whereas some members of the Alu

family may really possess the ability of transposition.
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