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ABSTRACT. We examined the variable number of tandem repeat
(VNTR) polymorphism at intron 4 of the human endogenous nitric oxide
synthase (eNOS) gene. The alleles were amplified from genomic DNA
samples by the polymerase chain reaction (PCR), and analyzed by agarose
gel electrophoresis. The PCR products showed one or three reproducible
bands and two alleles and one extra band could be identified. The
nucleotide sequence data revealed that the larger allele, allele 2, was in
good agreement with that of the VNTR region, whereas the smaller one,
allele 1, lacked one 27-bp core unit. The extra band, which showed the
largest molecule, always appeared when heterozygote samples were used as
templates, indicating a heteroduplex structure resulting from mismatch of
the heterozygous alleles during annealing.

The allele frequencies were determined for 112 unrelated Japanese
population. The estimated allele frequency was allele 2=0.87 and allele
1=0.13, and the heterozygosity was 0.226. The genotype frequencies were
in good accordance with the Hardy-Weinberg equilibrium.
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Over the last decade, the polymorphism of nuclear DNA has been used as
a new genetic marker in addition to conventional markers such as protein
polymorphism and blood groups. The genomes of eukaryotes including
humans are known to be interspersed with segments of directly repeated DNA
and some of these loci show variable numbers of the tandem repeats which
have been designated VNTR sequences.” These repeat sequences have been
applied to the forensic sciences, including paternity testing and individual
identification.2® The VNTR loci can be successfully amplified by the
polymerase chain reaction (PCR) using specific primers.

Nitric oxide has been recently implicated in a number of diverse
physiological processes, including smooth muscle relaxation, inhibition of
platelet aggregation, neurotransmission and immune regulation.®~®  There
appear to exist at least three distinct isoforms of nitric oxide synthase
(NOS), and these can be classified into two categories, constitutive and
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inducible NOSs. The constitutive NOS enzymes are continually present in such
cells as endothelial cells (eNOS) and neurons (nNOS). Recently, Miyahara et
al'® reported the complete nucleotide sequence of the human eNOS gene,
consisting of 26 exons with a total size of 21 kb. The VNTR region that we
have examined here is included in intron 4 of the gene and a 27-bp direct
repeat is located five times in tandem. In the present paper, we report VNTR
polymorphism at intron 4 of the human eNOS gene among 112 Japanese
subjects.

MATERIALS AND METHODS

DNA samples

Peripheral blood samples were obtained from 112 Japanese individuals.
DNA was prepared using a nucleic acid extraction kit (IsoQuick, MicroProbe,
CA, USA) and estimated with a spectrophotometer (Beckman DU640).

Polymerase chain reaction (PCR)

Primers were synthesized on an Applied Biosystems Model 391 DNA
synthesizer as follows: 5-TTGGCTGGAGGAGGGGAAAGAA-3 (sense) and
S-TTGGGGGAGAAGCAGCAGCCA-3’ (antisense). PCR amplifications
were performed in a total volume of 50 gl containing 100 ng of DNA template,
25 pmoles of each primer, 2.5 units of Taq DNA polymerase (Takara Shuzo,
Otsu, Japan) and 10 nmoles each of the four deoxyribonucleotide 5-tri-
phosphates (dATP, dCTP, dGTP and dTTP) in PCR buffer that contained 10
mM Tris-HCI (pH 8.3), 50 mM KCI and 1.5 mM MgCl,. PCR were carried
out using an automated Thermal Cycler (Perkin-Elmer Cetus) for 35 cycles,
with each cycle being performed for 1.5 min at 94°C (denaturing), 20 sec at
67°C (annealing) and 5 min at 72°C (extension). After the last cycle, the
samples were incubated for an additional 5 Ipin at 72°C.

Agarose gel electrophoresis
The PCR products were electrophoresed on 4% agarose gels (Seakem/
Nusieve=1/3) and stained with ethidium bromide for 20 min.

Nucleotide sequencing

DNA fragments of the PCR products were isolated using an extraction kit
(Qiaex II, Qiagen) and ligated to the Sma I-digested pGEM7Z vector. Plasmid
DNA was prepared and confirmed by electrophoresis after digestion with a
restriction enzyme, Pvu II. For nucleotide sequences, we further purified the
DNA using polyethylene glycol. Nucleotide sequences were determined by the
dideoxynucleotide chain termination method using a dye primer cycle
sequencing kit (Applied Biosystems) with a DNA sequencer (model 373A,
Applied Biosystems).

Southern-blot analysis'V

Based on the nucleotide sequences, the Band-2 DNA fragment (Fig 2-A)
was selected as a specific probe. The probe was labelled with
digoxigenin (DIG)-dUTP by the PCR method using the same primers described
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above. The reaction mixture contained 25 pmoles of each primer, 2.5 units of
Taqg DNA polymerase, 4 nmoles each of three deoxyribonucleotide
5’-triphosphates (dATP, dCTP and dGTP) and 2.6 nmoles dTTP containing 1.4
nmoles DIG-dUTP in a total volume of 50 gl. The DNA samples examined
were amplified by the PCR, separated by gel electrophoresis and transferred to
nylon membranes (Hybond-N, Amersham). Hybridization was carried out
using the DIG-labelled probe and a detection kit (Boehringer Mannheim).

RESULTS AND DISCUSSION

The 27-bp tandem repeat observed at intron 4 of the human eNOS gene is
shown in Fig 1. The five repeat region can be divided into two groups from
5’ to 3’ side, three and two repeats each. The difference between the groups is
substitution of a single base at position 19 in the 27-bp core, being A in the
three groups, but G in the two groups (Fig 1). Under our PCR conditions, the
amplified product was predicted to be 239 bp. However, as shown in Fig 2A,
gel electrophoresis of the PCR products showed reproducible patterns of one or
three bands, which corresponded to those detected by Southern hybridization
analysis (Fig 2B). We designated these bands as Band-1, Band-2 and Band-3
from smaller to larger fragments (Fig 2A). As shown in Fig 3, the sequencing
analysis revealed that the nucleotide sequence for Band-2 (m.w.=239) was
consistent with that reported by Miyahara et al.!® The allele size of Band-1
was 27-bp smaller than that of Band-2. Although we did not analyze the
sequences of all Band-1 samples examined, the sequence analysis of Band-1
from 5 persons showed that the allele lacked one 27-bp core containing A at
position 19, resulting in four tandem repeat (Fig 3). On the contrary, we could
not obtain the clone showing the nucleotide sequence that was compatible with
the repeat region for Band-3. It is well-known that there often exist extra
bands in the typing of MCTI118, one of the VNTRs of human genome, which
has been used most frequently in the field of forensic medicine.!?~!? Watanabe
et al'® reported that the extra bands were DNA heteroduplex caused by
mutual cross-annealing and that the extra bands could easily take the
high-order structure due to a non-complimentary sequence of bases. We extracted
each band allele from agarose gels and re-amplified these DNA fragments as
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Fig 1. Nucleotide sequences of the VNTR region examined at intron 4 of the human eNOS
gene by Miyahara et al.'® The oligonucleotide primers used are boxed, and each 27-bp
repeat core unit is underlined. Arrow shows the position 19 in each repeat core.
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Fig. 2 (A) Agarose gel electrophoretic pattern of amplified products of genome DNA. M;
size-marker (BioMarker™Low). (B) Southern hybridization results of amplified products
of genome DNA. See text in detail.

Band-1:  TTGGCTGGAGGAGGGGAAAGAAGTCTAGANCTGCTGCAGGGGTGAGGAAGTCTAGACCTGCTGCAGGGGTGAG///////////11111//1///1/7//
FELCEETETEE R e et b e e e e e e e e e e
eNOS:  TTGGCTGGAGGAGGGGAAAGAAGTCTAGACCTGCTGCAGGGGTGAGGAAGTCTAGACCTGCTGCAGGGGTGAGGAAGTCTAGACCTGCTGCAGGGGTGAG
RN R N RN RN RN R N RN RN N N RN RN RN R RN R RN RN RN R RN AR AR NN RRRRA RN RN
Band-2:  TTGGCTGGAGGAGGGGAAAGAAGTCTAGACCTGCTGCAGGGGTGAGGAAGTCTAGACCTGCTGCAGGGGTGAGGAAGT CTAGACCTGCTGCAGGGGTGAG
AARGTE TALALETHE TLEASLALTOAY A

Band-1:  GAAGTCTAGACCTGCTGCGGGGGTGAGGAAGTCTAGACCTGCTGCGGGGGTGAGGACAGCTGAGCGGAGTTCCCTGGGCGGTGCTGTCAGTAGCAGGAGC
RN RN NN NN NN RN RN RN RN RN R AN RN RN RN RN R RN NN RN AN RRARARRAAY

eNOS:  GAAGTCTAGACCTGCTGCGGGGGTGAGGAAGTCTAGACCTGCTGCGGGGGTGAGGACAGCTGAGCGGAGTTCCCTGGGCGGTGCTGTCAGTAGCAGGAGC
RN NN NN NN N NN RN NN RN RN NN RN NN RN RN RN R RN RN R NN RRRARRAAY

Band-2:  GAAGTCTAGACCTGCTGCGGGGGTGAGGAAGTCTAGACCTGCTGCGGGGGTGAGGACAGCTGAGCGGAGTTCCCTGGGCGGTGCTGTCAGTAGCAGGAGC

Band-1:  AGCCTCCTGGAAAAGCCCTGGCTGCTGCTTCTCCCCCAA

FEEVEEEEEL R R e et

eNOS:  AGCCTCCTGGAAAAGCCCTGGCTGCTGCTTCTCCCCCAA
PEEVETEEEEEE R r e et

Band-2:  AGCCTCCTGGAAAAGCCCTGGCTGCTGCTTCTCCCCCAA

Fig 3. Comparison of nucleotide sequences of Band-1, Band-2 and the VNTR region of the
human eNOS gene. Each repeat core unit is underlined and the arrow shows the
position 19 in each repeat core. The sequence of Band-2 was consistent with that of the
VNTR region. Band-1 lacked one 27-bp core containing A at position 19, resulting in
four tandem repeat.

templates under our PCR conditions (Fig 4). Agarose gel electrophoresis of
the PCR products using Band-1 or Band-2 as a template showed only a single
band equivalent to each band, respectively. On the contrary, when a mixture
of Band-1 and Band-2 was used as a template for PCR, three bands, Bands-1,
-2 and -3, were acquired. Similar results were also obtained when Band-3 was
used as a template. In addition, incubation of Band-1 and Band-2 at 94°C for
5 min and then at 67C for 2 min resulted in the appearance of Band-3 (data
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Fig 4. Agarose gel electrophoretic pattern of amplified products using (a)
Band-1, (b) Band-2, (c) Band-3, (d) heterozygote DNA and (e) a mixture of
Band-1 and Band-2 as a template for PCR. M ; size-marker (BioMarker™Low)

not shown). These results suggested that the extra band, Band-3, would be
formed by binding Band-1 with Band-2. The mismatch would occur during
annealing when the two alleles having similar sequences co-existed, resulting in
the production of the extra band with a double hetero structure, as reported
elsewhere.!®

The genotype and allele frequencies observed at the VNTR are summarized
in Table 1. Allele 1 is coincident with band-1 at gel electrophoresis and allele
2 is band-2. Therefore, there logically exist three genotypes, genotype 1-1, 2-1
and 2-2. In this population study, two different genotypes were observed,
genotype 2-2 and 2-1. Genotype 2-2, being homozygote, was detected in 83 out
of the 112 Japanese samples and showed a frequency of 74.1%. On the other
hand, heterozygote, genotype 2-1, was detected in 25 samples (25.9%).

TABLE 1. Distribution of genotype and allele frequencies

Genotype  Number observed(%) Number expected* (%) Allele frequency**

22 83 (74.1) 85 (75.7) 2-087
1=0.13

21 29 (25.9) 25 (22.6)

1-1 0 ( 0.0) 2 (1) £2=2.687"%"

0.10<P<0.12 (d.f.=1)

Total 112 (Japanese)
*The number expected of genotype frequencies was calculated from allele frequency data
on the basis of Hardy-Weiberg equilibrium.
* x Allelic designations are the same as those of bands obtained at agarose gel electro-
phoresis.
*x*Chi® test for Hardy-Weinberg equilibrium of the VNTR allele frequencies
d.f.=degree of freedom.
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Genotype 1-1 was not detected in the present study. As shown in Table 1, the
estimated frequency of allele 2 was 0.87, whereas that of allele 1 was 0.13. The
genotype frequencies were in good accordance with the Hardy-Weinberg
expectations'® and the index of heterozygosity was estimated to be 0.226.
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