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The consensus unit of this 11-amino-acid tandem-
repeated sequence contains three proline (P) residues, one
glutamic acid (E) residue, one serine (S) residue, and one
threonine (T) residue, and is referred to as a PEST se-
quence, which acts as a signal for rapid degradation of pro-
teins (Rogers et al. 1986). PEST regions are considered to
include a potential site for O-linked glycosylation (Mas
et al. 1993). O-glycosylation of these sequences was sug-
gested to mask the PEST domain and to be required for
CEL secretion (Bruneau et al. 1997).

We here describe the variable number of tandem repeats
(VNTR) feature of this tandemly repeated region and the
characterization of allele frequencies in the Japanese and
Caucasian populations.

Subjects and methods

DNA sources. Genomic DNAs were isolated from periph-
eral leukocytes of 46 unrelated Japanese individuals by the
standard phenol/chloroform extraction method. A written
informed consent for DNA analysis was obtained from all
individuals. In addition, DNA samples from 31 unrelated
Caucasian individuals used in this study were obtained from
Centre d’Etude du Polymorphisme Humain.

PCR. On the basis of sequence information from GenBank
(accession number AF072711.1), we designed polymerase
chain reaction (PCR) primers to specifically amplify a frag-
ment containing a tandemly repeated region. PCR was per-
formed in 20µl of a mixture containing 20ng of genomic
DNA, 67mM Tris-HCl (pH 8.8), 16.6mM (NH4)2SO4, 5mM
MgCl2, 6.7µM ethylene-diamine tetraacetic acid, 10mM
�-mercaptoethanol, 1.5mM deoxyribonucleoside triphos-
phates, 2µl of dimethylsulfoxide, 10pmol of each primer,
and 1unit of Ex-Taq DNA polymerase (Takara, Tokyo,
Japan) using a set of primers (forward: 5�-ACCAGGAGG
CCACCCCTG-3� and reverse: 5�-TCCTGCAGCTTAGC
CTTGGG-3�). Cycle conditions were as follows: 94°C for
2min, then 35 cycles of 94°C for 30 s, 66°C for 30s, and 72°C
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Introduction

Carboxyl ester lipase (CEL, EC3.1.1), also called bile-salt-
dependent lipase, is a major component of pancreatic juice
(Lombardo et al. 1978). It plays an important role in hy-
drolysis and absorption of cholesterol and lipid-soluble vita-
min esters (Lombardo et al. 1980). The CEL gene contains
a GC-rich region in the 3’ portion, which encodes 16 repeats
of an 11-amino-acid unit (Nilsson et al. 1990). Southern
analysis indicated the CEL locus to be highly polymorphic
and likely to contain a hypervariable region (Taylor et al.
1991).
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for 1min, with a final extension step of 4min at 72°C, in a
GeneAmp PCR 9700 System (Applied Biosystems, Foster
City, CA, USA). The PCR products were electrophoresed
on a 3% NuSieve 3 :1 agarose gel (Takara).

Direct sequencing. Products obtained from the PCR
experiments were used as templates for direct sequencing
by the fluorescent dye-terminator cycle sequencing method
(ABI PRISM Big Dye Terminator Cycle Sequencing Ready
Reaction Kit; Perkin Elmer, Foster City, CA, USA).

Results and discussion

A tandemly repeated DNA sequence in exon 11 of the CEL
gene corresponding to an allele containing 16 repeats is
shown in Fig. 1. To investigate the polymorphic features of
this segment, we performed PCR amplification and direct
sequencing for unrelated Japanese and Caucasian individu-
als using a set of primers indicated in Fig. 1. A representa-
tive result of agarose-gel electrophoresis of PCR fragments
shown in Fig. 2 clearly demonstrated variable numbers of
this tandem repeat sequence (VNTR). Allelic frequencies
of this VNTR in 46 unrelated Japanese and 31 unrelated
Caucasian individuals were estimated from the size of the
PCR fragments (Table 1). The observed frequency of het-
erozygotes was 44% in the Japanese population and 65% in
the Caucasian population. We observed variations of 14–18
repeat units in the Japanese population and 13–18 units in
the Caucasian population. The 13-repeat allele (designated
as a6) was not observed in the 46 Japanese individuals
examined. The 16-repeat allele for which we designated an
a3 allele was the most frequent allele in the Japanese popu-
lation (allelic frequency of 0.674) and in the Caucasian
population (0.582). There seemed to be some differences in
the allelic frequencies in the two populations, but the differ-
ence was not statistically significant.

During its transport from the endoplasmic reticulum to
the trans-Golgi network, CEL is associated with intracellu-
lar membranes by means of a multiprotein folding complex.
The association of CEL with membranes is required for the
complete O-glycosylation of the protein (Nganga et al.
2000). Since this repeated sequence contains a potential site
for O-linked glycosylation, which is required for CEL secre-
tion (Bruneau et al. 1997), the difference in the number of

Table 1. Allele frequencies estimated from genomic DNA of 46
unrelated Japanese and 31 Caucasian individuals

Frequency

Allele Size (bp) Repeat (times) Japanese Caucasian

a1 770 18 0.011 0.048
a2 737 17 0.109 0.016
a3 704 16 0.674 0.582
a4 671 15 0.065 0.145
a5 638 14 0.141 0.177
a6 605 13 0.000 0.032

Fig. 1. Nucleotide sequences of the tandemly repeated region of exon
11 and its flanking introns in the CEL gene. The uppercase letters refer
to exon sequences, and the lowercase letters to intronic sequences.
Primer sequences for polymerase chain reaction (PCR) amplification
used in this study are indicated by arrows. The translation termination
codon is shown as stop

Fig. 2. Result of agarose-gel electrophoresis of PCR products corre-
sponding to the tandemly repeated sequence. PCR products of nine
Japanese and seven Caucasian individuals were analyzed. The result
clearly indicates a variable number of tandem repeats type of polymor-
phism that reveals six alleles ranging from 770bp to 605 bp. M, DNA
size marker
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repeated units may influence the function of the gene prod-
uct. Moreover, this tandem-repeated fragment includes a
mucin-like structure (Pasqualini et al. 1998). The mucin
genes contain long stretches of VNTR polymorphisms in
their coding region and the rare VNTR alleles of MUC3
and MUC7 were shown to be associated with the risk of
ulcerative colitis (Kyo et al. 1999) and asthma (Kirkbride et
al. 2001). Hence, the VNTR polymorphism in the CEL gene
may be a useful genetic marker to study diseases associated
with cholesterol absorption.
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