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Abstract Recently, we discovered the missense muta-
tions of T to G at position 59 and of G to A at position 508
in one of the Lewis-negative (le) genes (Koda et al. 1993).
In the present study, we report a method to detect the mu-
tation at position 59 using mismaich PCR amplification
and endonuclease Mspl digestion. For this mutation, we
found that 7 out of 12 Lewis-negative, and none of 15
Lewis-positive individuals were homozygous, while 4 out
of 12 Lewis-negative, and 4 out of 15 Lewis-positive in-
dividuals were heterozygous. These results indicate that
the mutation at position 59 is a common mutation in the /e
genes.
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Introduction

Lewis gene-encoded ou(1,3/1,4)fucosyltransferase (FucT
IITI) cDNA has been isolated by Kukowska-Latallo et al.
(1990), and we have isolated one of the Lewis-negative
(le) genes from human gastric mucosa cDNA (Koda et al.
1993). This le gene showed missense mutations of T to G
at position 59 (59G) and of G to A at position 508 (508A)
from the adenine of the initiation codon. A failure in the
expression.of Lewis antigens could occur due to the 508A
mutation but not to the 59G mutation (Koda et al. 1993;
Nishihara et al. 1993). Two other /e genes have been iso-
lated and one of these also contained the 59G mutation
(Nishihara et al.1993; Elmgren et al. 1993). In the present
study, we identified the 59G mutation from genomic DNA
by PCR amplification using mismatch 5°-PCR-primer and
Mspl digestion.
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Materials and methods

Blood and saliva samples were obtained from volunteer donors
who were undergraduate students at our University. The Lewis
blood group phenotype was determined by the hemagglutination
method and by the immunoassay of Lewis substances in saliva
samples using anti-Le? and anti-Le® monoclonal antibodies (Immu-
cor, USA) (Wang et al. 1994). Genomic DNA was isolated from
peripheral leukocytes by the organic solvent extraction method
(Sambrook et al. 1989). PCR was performed on 100 ul of reaction
mixture containing 500 ng genomic DNA, 2.5 U Taq DNA poly-
merase (Promega), 50 pmol of each primer (Fig. 1) and 20 nmol
dNTPs, for 25 cycles (94° C—1 min, 65°C-0,5 min, 72°C-0,5 min).
The resulting PCR products were digested by 12 U Mspl endonu-
clease for 2 hours followed by 12 U BamHI for 2 hours and then
separated on an 8% polyacrylamide gel. The gel was the stained
with ethidium bromide. The 508 A mutation of Lewis genes was ex-
amined as described previously (Koda et al. 1994).

Results and discussion

Since there are 3 different ou(1,3)fucosyltransferase (FucT
III, V, and VI) genes having a high degree (about 90%) of
nucleotide sequence homology (Kukowska-Latallo et al.
1990; Weston et al. 1992 a, b), it is important to select a
PCR primer for the specific and exclusive amplification
of only the FucT III gene (the Lewis gene) of interest. As
shown in Fig.1, the 5"-primer was designed to create the
Mspl site (CCGG) in the PCR product from the Lewis
gene containing the 59G mutation, while the 3’-primer
was designed for the region in FucT V ¢cDNA with an
insert of 33 nucleotides and for the region in FucT VI
cDNA with a deletion of 9 nucleotides compared to FucT
III cDNA (Fig. D).

PCR amplification produced a 120 bp product as ex-
pected (Fig. 2, lane 1). To examine the 59G mutation, the
PCR products were digested by the endonuclease Mspl.
As shown in Fig. 2, 3 patterns of Mspl-digested PCR
products were subsequently observed; (1) not cleaved by
Mspl digestion (lane 2), (2) completely cleaved into 97 bp
and 23 bp (23 bp, not seen) fragments by Mspl digestion
(lane 4), and (3) heterozygous for the Mspl site (lane 3).
To rule out the possibility that the 120 bp and 97 bp DNA
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fragments were from nonspecific PCR products, Mspl-di-
gested PCR products were further digested by BamHI.
The 120 bp PCR products not cleaved by Mspl (Fig.2,
lanes 2 and 3) were cleaved into 94 bp and 26 bp frag-
ments by BamHI (lanes 5 and 6) and the MspI-digested 97
bp fragments (lanes 3 and 4) were cleaved into 71 bp and
26 bp fragments by BamHI digestion (lanes 6 and 7). The
results suggested that the PCR product did not contain ei-
ther the corresponding FucT V gene product (an expected
size was 153 bp because of the 33-nucleotide insertion) or
FucT VI gene product (without a BamHI site). Recent
studies have indicated that the 3 FucT genes (FucT III,

bp
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Fig.2 Restriction endonuclease digestion of Lewis gene PCR
products amplified between the 36th and 155th nucleotides of the
Lewis gene were digested by Mspl (12U) for 2 hours followed by
BamHI for 2 hours, and then applied onto an 8% polyacrylamide
gel. Lane M: Mspl-digested pBluescript (molecular weight
marker), lane 1: PCR product of genomic DNA, lanes 2—4: Mspl-
digested PCR products, lanes 5-7: Mspl- and BamHI-digested
PCR products of lanes 2-4. The expected DNA fragments (120,
97, 94 and 71 bp) are indicated

Table 1 The incidence of the 59G and 508A mutations in a Lewis
gene in Lewis-positive and -negative individuals

Mutations Le(+) Le(-)
59G (—/-), S08A (-/-) 11 1
59G (+/-), 508A (+/-) 4
59G (+/+), 508A (—/-) 0 1
59G (+/+), 508A (+/-) 0 4
59G (+/+), S08A (+/+) 0 2
Total 15 12

(9-nucleotide deletion)

FucT V and FucT VI) can be detected in human genomic
DNA by Southern blot analysis using FucT III catalytic
domain (Nishihara et al. 1993; Weston et al. 1992b), sug-
gesting that only the FucT V and FucT VI genes showed
a high degree of nucleotide sequence homology with the
FucT III gene. Although we cannot completely exclude
the possibility that our PCR product contained other
gene(s) similar to the FucT III gene, it was likely that only
the FucT III was specifically amplified by PCR in the pre-
sent study.

We have examined the 59G and 508A mutation in ge-
nomic DNA from 15 Lewis-positive and 12 Lewis-nega-
tive individuals (Table 1). We found that 7 out of 12 Le(—)
and none out of 15 Le(+) individuals were homozygus,
while 4 out of 12 Le(—) and 4 out of 15 Le(+) individuals
were heterozygous for the 59G mutation. We also de-
tected the 508A mutation in some Le(+) and in some
Le(-) individuals. However, 2 Lewis-negative individuals
showed no 508A mutation, suggesting another mutation
in the le genes. Although expression studies of FucT III
cDNA into COS cells previously suggested that the 59G
mutation was not responsible for the failure of the Lewis
antigen expression (Koda et al. 1993) and the o(1,3/1,4)
fucosyltransferase activity (Nishihara et al. 1993), the in-
cidence of the 59G mutation was higher than that of the
508A mutation in Lewis-negative individuals (Table 1),
suggesting that the 59G mutation plays at least some role
in the failure of the expression of Lewis antigens on red
blood cells.

Our results indicated that the 59G mutation was a com-
mon mutation in the /e gene, and that PCR was useful to
detect the 59G mutation in the Lewis gene.
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