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The human motilin gene has been isolated and characterized. The gene spans about 9 kilobase pairs (kb) and the 0.7

kb motilin mRNA is encoded by five exons. The 22-amino-acid motilin sequence is encoded by exons 2 and 3. The human

motilin gene was mapped to the p21.2-p21.3 region of chromosome 6 by hybridization of the cloned cDNA to DNAs

from a panel of reduced human-mouse somatic cell hybrids and by in situ hybridization to human prometaphase chro-

mosomes. RNA blotting using RNA prepared from various regions of the human gastrointestinal tract revealed high

levels of motilin mRNA in duodenum and lower levels in the antrum of the stomach; motilin mRNA could not be de-
tected by this procedure in the esophagus, cardia of the stomach, descending colon or gallbladder.

Motilin gene; Chromosome 6; (Duodenum, Stomach, Human)

1. INTRODUCTION

Motilin is a 22-amino-acid polypeptide original-
ly isolated from porcine intestine by Brown et al.
[1,2]. Physiological studies suggest that it plays an
important role in the regulation of interdigestive
gastrointestinal motility and indirectly causes
rhythmic contraction of duodenal and colonic
smooth muscle [3,4]. The isolation of cDINAS en-
coding human and porcine motilin indicates that
both are derived by proteolytic processing of
precursors consisting of 115 and 119 amino acids,
respectively [5,6]. Interestingly, a search of both
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protein and nucleic acid sequence data bases
showed that the sequences of motilin and its
precursor are unrelated to any other polypeptide
hormones. This is in contrast to most other
gastrointestinal hormones which are members of
gene families. As a first step in studying the regula-
tion of motilin gene expression, we have isolated
and characterized the gene encoding this unique
gastrointestinal hormone. We also have deter-
mined the chromosomal localization of the human
motilin (designated MLN) gene and the distribu-
tion of motilin transcripts in several regions of the
human gastrointestinal tract.

2. MATERIALS AND METHODS

2.1. Isolation of the human motilin gene

A human genomic library [7] was screened by hybridization
with the human motilin cDNA clone phMot-1 [5] by procedures
essentially as described by Maniatis et al. [8]. The exons were
located using standard procedures and sequenced using the
dideoxy chain-termination method [9].
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Fig.1. Structure of the human motilin gene. (A) Schematic representation of the extent of the inserts in AhMoi-1 and -4. {B) Map of

the motilin gene. The filled boxes indicate the positions of exons 1-5. The relationship of each exon to the mature mRNA is indicated.
UT represents the untranslated region. The restriction sites are: E, EcoRl; H, HindlIl; and B, BamHI.

3
§ccacgtocacocaa

~o
m -

-2
tcatatatttaaggaacaaaaansagaasaggetitgttanaatgacctetgagatgea
1
c

EX I TS
0=

W = ) -

tgagttttcagtggacggrgagnatgccatectggetgegageggetagettccaccgaacc

actgtcgotgttecttecaggaaagecctggaageccatageglggetagecctgec!

O m~

agtttcocacgagecttcaagaatccaggetecccctetgagggececccaaagetgtgg?t

-1

aaggttaatgggoctccaagggoageoteoccagggttgEgaggtatataagaacccgtcaga

1 k] 60

TCAGCCGGACACCAGAAGACAAGCAGAGAGACTCGCTCGCAGACGCACTCAGACGACGTGCA
T

IRt ronT (527kp)- e Bt tglecagCTCCAAGATGGTA
Metval

cGCCgtaagtageo--

g9 130
TCCCGTAAGGCTGTGGCTGCTCTGCTGGTGGTGCATGTAGCTGCCATEGCTGACCTCCCAG
SerArglLysAlavValAlaAlalLeulLeuValValHisValAlaAlaMetlLeuAlaSerGIin

15650 180
ACGGAAGCCTTCGTCCCCATCTTCACCTATGGCGAACTCCAGAGGATGCAGEtaaagaac
ThrGltuAlaPheValProllePheThrTyrGlyGluLeuGInArgMetGlin

210
Covemee At ron2 (51,74b) e s tECCCC LAEBAAAAGGAACGGAATAAAGGACAAAA
BluLysGluArgAsnlLysGlyGinlLy

240 270
GAAATCCCTGAGTGTATGGCAGAGGTCTGOEABAAGAAGGTCCTGTAGBACCECTGCGGAGECE
sLysSerLeuSerValTrpGIinArgSerGlyGluBluGlyProvalAspProAlaGluPr

1049
CATCAGAGAAGAAGAAAACGAAATGATCAAGEtEAgCAEA G-I Nt ron 3 (%3.5kb)
olieArgBluGiuGluAsnGIiuMet! ielys

i3
e 1Al t1CaCaBCTGACTGCTCCTCTREAAATTGGAATGBAGGATGAACTCCAGACAGC
LeuThrAlaProlLeuGlulleGlyMetArgMetAsnSerArgGinL

360 %0
TGGAAAAGTACCCGGCCACCCTGGAAGGGCTECTEAGTGAGATGCTTCCCCAGCATGEt a
euGluLysTyrProAlaThrLeuGluGlyLeulLeuSerGluMetiLeuProGinHisA

429
CEBERAE - ~--Intrond (50.7kb) -t 1 Lt et ccag CAGCCAAGTGATGGCCACGE
laAlalys™**

TGGGGAGAAGGTGGACAGA GGGAATTT

s
T
1 1
T

48
GGGAGGCCCCTCCTGCCCAAGTBAGGCCC

3

TT

O —Hs

ACAGAGCCTGCCAGCTGEAG

[

T

[
TGGAAGGAAAACACCTTTCLCAAAGGAAA CCCTCCAG
L]

A

[
CAAATAAAGCATGAAATAT t

00
Gaaatgactcttatttaatattittaaticcaaaggcaa

® P On s

7
C
3

<

660
8ctcaggtcgcaagrannnagREREeEraaagtaaagctcCagagaasagt tgECCAatl e ]

Fig.2. Partial nucleotide sequence of the human motilin gene. Exon sequences are shown in capital letters and intron and flanking
sequences are in lower case letters. Nucleotides in the exons are numbered relative to the transcriptional start site. The approximate
size of each intron is also indicated. A single base substitution relative to the cDNA sequence in the 5’ -untranslated region is indicated.

The motilin moiety, putative TATA motif and polyadenylation signal are noted. 249
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2.2. Primer-extension to map the 5'-end of motilin mRNA
The transcriptional start site was determined by extension of
the *2P-labeled 20-mer, 5'-GCGTGCACGTGGTCTGAGTG-
3’, complementary to nucleotides 44—63 of the 5/ -untranslated
region of motilin mRNA, using duodenal RNA and reverse
transcriptase as described previously [10]. A sequencing ladder
obtained using the same primer and the appropriate gene
template was run in adjacent lanes to indicate the size of the ex-
tended product and the sequence at which extension terminated.

2.3. Gene mapping

The chromosomal localization of the human MLN gene was
determined by hybridization of *P-labeled phMot-1 10
Southern blots of BamHI-digested DNA from 31 human-mouse
somatic cell hybrid cell lines involving 13 unrelated human cell
lines and 4 mouse cell lines [11). The hybrids had been previous-
ly characterized by chromosome analysis and the presence of
human enzyme and DNA markers. The regional localization of
the MLN gene was determined by in situ hybridization [12] of
’H-labeled phMot-1 to normal human prometaphase lym-
phocyte chromosomes.

2.4. RNA biotting

RNA was isolated from human tissues using the guanidine
isothiocyanate/cesium chloride procedure [7]. 20 zg of total
RNA was denatured with glyoxal, electrophoresed on a 1%
agarose gel and then blatted onto a nylon filter. The filter was
hybridized with *P-labeled phMot-1.

3. RESULTS AND DISCUSSION

3.1. Isolation and characterization of the human
motilin gene

Four of 1 x 10° phage of the human genomic
library hybridized with the human motilin ¢cDNA
probe. Restriction mapping suggested that the in-
serts in three of these (AhMot-1, -2 and -3) were
identical and overlapped with the insert in AhMot-4
(fig.1). The inserts of AhMot-1 and -4 were isolated
and partially sequenced to obtain the exon-intron
organization of the motilin gene. The five exons
encoding human motilin mRNA span about 9 kb
{figs 1 and 2). The nucleotide sequences of the pro-
tein coding and 3’ -untranslated regions of the gene
were identical to those of the ¢cDNA; there is a
single base difference in the 5" -untranslated region
between these two sequences (fig.2). The first in-
tron interrupts the gene region encoding the
5/ untranslated region of the mRNA. The second
intron interrupts the region of the gene encoding
the 22-amino-acid motilin sequence and the third
and fourth introns are located in the region of the
gene coding for the C-terminal peptide of
unknown function (fig.2).

The human and porcine motilin precursors con-
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sist of 115 and 119 amino acids, respectively. The
nucleotide sequences of the regions encoding these
two proteins differ because of the apparent dele-
tion in the human precursor sequence (or converse-
lv an insertion in the porcine sequence) of a 12
nucleotide segment beginning 11 nucleotides
upstream of the start of intron 4. The characteriza-
tion of motilin genes from other species might pro-
vide a clue as to its origin. The 5'-end of motilin
mRNA was identified by primer extension (fig.3)
and was located 16 bases upstream from the 5'-end
of the cDNA. Thus, the 5'-untranslated region of
human motilin mRNA is 72 bases. There is a
TATA motif 19 nucleotides upstream from the
putative transcriptional initiation site; no other ob-
vious transcriptional control signals occur in about
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Fig.3. Primer extension analysis of the 5’ -end of human motilin
mRNA. The **P-labeled oligonucleotide was annealed to 3 ug
of human duodenum poly(A)" RNA and then extended with
reverse transcriptase. The right lane is the primer-extended
cDNA. The sequence ladder obtained using the same
oligonucleotide as a sequencing primer is indicated. The
sequence around the end of the primer-extended cDNA is noted
and is complementary to the mRNA sequence. The arrow
indicates the putative transcription initiation site.
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Fig.4. Hybridization of the human motilin ¢cDNA probe to
BamHI-digested human-mouse cell hybrid DNAs. Lanes 1 and
8 contain mouse DNA and lanes 2 and 9, human DNA; note the
polymorphic 7.0 kb fragment. Lanes 4 and 5 are digests from
hybrid cell lines lacking human chromosome 6 and lanes 3, 6
and 7 are from cell lines having human chromosome 6.

300 bp of the 5'-flanking region of the motilin
gene. The nucleotide sequence of the 3’ -flanking
region of the motilin gene contains a T-rich seg-
ment which could be involved in transcription ter-
mination/polyadenylation [13].

3.2. Chromosomal localization of the human
motilin gene

The chromosomal assignment of the human
MLN gene was determined from analysis of its
segregation in a panel of reduced human-mouse
somatic cell hybrids. The motilin ¢cDNA probe
hybridized to three human BemHI fragments of
10.9, 4.6 and 2.1 kb (fig.4, lanes 2, 6 and 7); the
probe also hybridized to an additional fragment of

Table 1
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Fig.5. Ideogram of human chromosome 6 showing silver grain

distribution after hybridization with the motilin ¢cDNA. One

hundred metaphase spreads were examined and 19.6% (48/245)

of the grains were on chromosome 6 and 52.1% of these (25/ 48)

were localized in the region p21.2 — p21.3. No other human

chromosomes demonstrated a grain distribution above
background.

7.0 kb in some DNA samples which most likely
represents a restriction fragment length polymor-
phism (fig.4, lanes 3 and 9). The human ¢cDNA
probe hybridized very poorly to mouse DNA under
the conditions used. The human-specific DNA
fragments co-segregated with human chromosome
6 (table 1). In situ hybridization to human pro-
metaphase chromosomes confirmed the assign-

Segregation of the MLN gene with human chromosomes in BamHI-digested human-mouse cell hybrid DNA

Human chromosomes

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X

Concordant no. of hybrids
Discordant no. of hybrids
MLN % discordancy

1523 17 21 17 31 17 16 12 18 22 13 16 16 20 13 15 21 23 18 17 17 20
13 7111014 013 151612 8§ 18 1515 11 18 14 10 8 13 14 13 7
46 23 39 32 45 0 43 48 57 40 27 58 48 48 35 58 48 32 26 42 45 43 26

The scores were tabulated by the presence or absence of human DNA fragments in the different somatic cell hybrids.

Concordant hybrids have either retained or lost the gene together with a specific chromosome. Discordant hybrids either

retained the gene but not a specific chromosome, or the reverse, Percent discordancy indicates the degree of discordant
segregation for a marker and a chromosome. A 0% discordancy is the basis for chromosome assignment
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ment of the MLN gene to chromosome 6 and
further localized it to the p21.2 — p21.3 region
of the short arm of this chromosome (fig.5).

3.3. Distribution of motilin mRNA
Hybridization of the human motilin cDNA pro-
be to Northern blots of RNA prepared from
various regions of the human gastrointestinal tract
revealed an abundant 0.7 kb motilin transcript in
duodenum (fig.6). Lower levels of motilin mRNA
were present in RNA prepared from the gastric an-
trum. The motilin mRNA levels in the esophagus,
cardia of the stomach, descending colon and
gallbladder were below the sensitivity of our RNA
blotting assay. As discussed by Bond et al. [6],
conflicting localizations of motilin have been
reported using immunohistocytochemical pro-
cedures with some data suggesting widespread
distribution of this peptide in the gastrointestinal
tract and central nervous system. These localiza-
tion studies should be repeated using the technique
of hybridization histochemistry to identify specific
cells containing motilin mRNA since nucleotide
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Fig.6. Tissue distribution of motilin mRNA. The positions of
18 S and 28 S ribosoma! RNAs are indicated.
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probes may be more specific than antibodies
prepared against the peptide or fragments thereof.
Nonetheless, the RNA blotting data presented here
and in the report of Bond et al. [6] strongly suggest
that motilin expression is restricted to the upper
small intestine and gastric antrum.
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