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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 
m0tilin gene was mapped to the p21.2 ~p21.3 region of chromosome 6 by hybridization of the cloned cDN'A 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 cDNAs 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 

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. 
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Japan 

Abbreviation: MLN, motilin gene 

The nucleotide sequence presented here has been submitted to 
the EMBL/GenBank database under accession no.Y07505 

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 AhMot-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, EcoRI; H, HindII]; and B, BamHI. 
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Fig.2. Partial nucleotide sequence of the human motilin gene. Exon sequences ~ e  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. 
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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 32p-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 32p-labeled phMot-1 to 
Southern blots of BamHl-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 
3H-labeled phMot-1 to normal human prometaphase lym- 
phocyte chromosomes. 

sist o f  1 15 and  119 a m i n o  acids,  respect ively.  The  
nuc leo t ide  sequences o f  the  regions encoding  these 
two  pro te ins  d i f fer  because  o f  the  a p p a r e n t  dele- 
t ion  in the  h u m a n  precursor  sequence (or converse-  
ly an  inser t ion  in the porc ine  sequence) o f  a 12 
nuc leo t ide  segment  beginning  11 nucleot ides  
u p s t r e a m  o f  the  s tar t  o f  i n t ron  4. The  charac te r iza-  
t ion  o f  mot i l in  genes f rom o ther  species might  p ro -  
v ide  a clue as to  its or igin.  The  5 ' - e n d  o f  mot i l in  
m R N A  was ident i f ied  by  p r imer  extens ion (fig.3) 
and  was loca ted  16 bases  u p s t r e a m  f rom the 5 '  -end 
o f  the  c D N A .  Thus,  the  5 ' - u n t r a n s l a t e d  region o f  
h u m a n  mot i l in  m R N A  is 72 bases .  There  is a 
T A T A  m o t i f  19 nucleot ides  u p s t r e a m  f rom the 
pu ta t ive  t r ansc r ip t iona l  in i t ia t ion  site; no o ther  ob-  
v ious  t r ansc r ip t iona l  con t ro l  signals occur  in a b o u t  

2.4. RNA blotting 
RNA was isolated from human tissues using the guanidine 

isothiocyanate/cesium chloride procedure [7]. 20/~g of total 
RNA was denatured with glyoxal, electrophoresed on a 1°70 
agarose gel and then blotted onto a nylon filter. The filter was 
hybridized with 32p-labeled phMot-1. 

3. R E S U L T S  A N D  D I S C U S S I O N  

3.1. Isolation and characterization o f  the human 

motil in gene 
F o u r  o f  1 × 106 phage  o f  the  h u m a n  genomic  

l ib ra ry  hybr id ized  with the  h u m a n  mot i l in  c D N A  
probe .  Res t r ic t ion  m a p p i n g  suggested tha t  the  in- 
serts in three  o f  these (AhMot-1, -2 and  -3) were 
ident ica l  and  ove r l apped  with  the  insert  in AhMot-4  
(fig. 1). The  inserts  o f  AhMot-1 and  -4 were i so la ted  
and  pa r t i a l ly  sequenced to ob t a in  the  exon- in t ron  
o rgan iza t i on  o f  the  mot i l in  gene. The  five exons 
encod ing  h u m a n  mot i l in  m R N A  span  a b o u t  9 kb 
(figs 1 and  2). The  nuc leo t ide  sequences o f  the  p ro -  
te in  coding  and  3 '  -un t rans la t ed  regions o f  the gene 
were ident ical  to those  o f  the c D N A ;  there  is a 
single base  d i f ference  in the  5 '  -un t r ans l a t ed  region 
be tween these two sequences (fig.2).  The  first  in- 
t r on  in ter rupts  the gene region  encoding  the 
5 ' - u n t r a n s l a t e d  region  o f  the  m R N A .  The  second 
i n t ron  in te r rupts  the  region  o f  the  gene encoding  
the 22-amino-ac id  mot i l in  sequence and  the th i rd  
and  fou r th  in t rons  are  loca ted  in the  region  o f  the  
gene coding  for  the  C- te rmina l  pep t ide  o f  
u n k n o w n  func t ion  (fig.2). 

The  h u m a n  and  porc ine  mot i l in  p recursors  con-  

Fig.3. Primer extension analysis of the 5 '-end of human motilin 
mRNA. The 32p-labeled oligonucleotide was annealed to 3/zg 
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 o f  the 5 ' - f l a n k i n g  region o f  the mot i l in  

gene.  The  nucleot ide  sequence o f  the 3 ' - f l a n k i n g  

reg ion  o f  the mot i l in  gene contains  a T-r ich seg- 

men t  which could  be involved  in t ranscr ip t ion  ter- 
m i n a t i o n / p o l y a d e n y l a t i o n  [13]. 

6 
Fig.5. Ideogram of human chromosome 6 showing silver grain 
distribution after hybridization with the motilin cDNA. One 
hundred metaphase spreads were examined and 19.6070 (48/245) 
of the grains were on chromosome 6 and 52.1070 of these (25/48) 
were localized in the region p21.2 --~ p21.3. No other human 
chromosomes demonstrated a grain distribution above 

background. 

3.2. Chromosomal localization o f  the human 
motilin gene 

The  c h r o m o s o m a l  ass ignment  o f  the h u m a n  

M L N  gene was de te rmined  f r o m  analysis o f  its 
segregat ion  in a panel  o f  reduced h u m a n - m o u s e  

somat ic  cell hybrids.  The  mot i l in  c D N A  probe  

hybr id ized to three h u m a n  BamHI f ragments  o f  

10.9, 4.6 and 2.1 kb (fig.4, lanes 2, 6 and 7); the 

p robe  also hybr idized to an addi t iona l  f ragment  o f  

7.0 kb in some D N A  samples which most  likely 
represents  a restr ict ion f r agment  length po lymor -  

phism (fig.4, lanes 3 and 9). The  h u m a n  c D N A  

probe  hybridized very poor ly  to mouse  D N A  under  

the condi t ions  used. The  human-spec i f ic  D N A  

f ragments  co-segregated with h u m a n  c h r o m o s o m e  

6 (table 1). In situ hybr id iza t ion  to  h u m a n  pro-  

me taphase  c h r o m o s o m e s  con f i rmed  the assign- 

Table 1 

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 070 discordancy 

15 23 17 21 17 31 17 16 12 18 22 13 16 16 20 13 15 21 23 18 17 17 20 
13 7 11 10 14 0 13 15 16 12 8 18 15 15 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°7o discordancy is the basis for chromosome assignment 
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men t  o f  the  M L N  gene to c h r o m o s o m e  6 and  
fur ther  local ized it to the p21.2 ~ p21.3 region 
o f  the  shor t  a rm o f  this c h r o m o s o m e  (fig.5).  

3.3. Distribution o f  motilin mRNA 
H y b r i d i z a t i o n  o f  the  h u m a n  mot i l in  e D N A  pro-  

be to  N o r t h e r n  blots  o f  R N A  p repa red  f rom 
va r ious  regions o f  the  h u m a n  gas t ro in tes t ina l  t rac t  
revealed  an a b u n d a n t  0.7 kb  mot i l in  t r ansc r ip t  in 
d u o d e n u m  (fig.6). Lower  levels o f  mot i l in  m R N A  
were present  in R N A  p r e p a r e d  f rom the gastr ic  an-  
t rum.  The  mot i l in  m R N A  levels in the  esophagus ,  
ca rd ia  o f  the  s tomach ,  descending  co lon  and  
ga l l b l adde r  were be low the sensi t ivi ty o f  our  R N A  
b lo t t ing  assay.  As  discussed by  Bond  et al.  [6], 
conf l ic t ing  loca l iza t ions  o f  mot i l in  have been 
r e p o r t e d  using immunoh i s tocy tochemica l  p ro-  
cedures  with some da t a  suggest ing widespread  
d i s t r ibu t ion  o f  this pep t ide  in the  gas t ro in tes t ina l  
t rac t  and  centra l  nervous  system. These  local iza-  
t ion  studies should  be repea ted  using the technique  
o f  hyb r id i za t ion  h i s tochemis t ry  to  iden t i fy  specific 
cells con ta in ing  mot i l in  m R N A  since nucleot ide  

28S '~ 

18S,,* 

0.7kb~ 

E .m 
~" 2 o 
o ~ m 

(Human)  

Fig.6. Tissue distribution of motilin mRNA. The positions of 
18 S and 28 S ribosomal RNAs are indicated. 

p robes  m a y  be more  specific than  an t ibodies  
p r e p a r e d  agains t  the pep t ide  or  f r agments  thereof .  
Nonethe less ,  the  R N A  blo t t ing  d a t a  presented  here 
and  in the  r epor t  o f  Bond  et al .  [6] s t rongly  suggest 
tha t  mot i l in  express ion  is res t r ic ted to  the  upper  
smal l  intes t ine and  gastr ic  an t rum.  
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