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A novel missense mutation, G663A, in exon 5 of the erythroid-specific d-aminolevulinate
synthase gene (ALAS2) was identified in a Japanese male with pyridoxine-responsive
sideroblastic anemia. Activity of the mutant d-aminolevulinate synthase protein ex-
pressed in vitro was 15.1% compared with the normal control, but was increased up to
34.5% by the addition of pyridoxal 5 *-phosphate, consistent with the clinical response of
the patient to pyridoxine treatment. The same mutation was also detected in genomic
DNA from the oral mucosal membrane of the patient; however, it was not detected in
other family members. These findings suggest that this G663A mutation is responsible
for sideroblastic anemia in the proband, and may be an index mutation in this pedigree.
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Key words: X-linked sideroblastic anemia; ALAS

INTRODUCTION

The erythroid–specificd-aminolevulinate synthase
(ALAS2) gene, which is located at Xp11.21 [1], is
thought to be responsible for X-linked sideroblastic ane-
mia (SA). To date,∼20 different mutations of the ALAS2
gene have been reported in various pedigrees of X-linked
SA [2–4]. However, no mutation of the ALAS2 gene in
noninherited SA has been reported. We report here a
novel mutation of the ALAS2 gene in a patient with
pyridoxine-responsive SA, which is likely an index mu-
tation in this pedigree.

MATERIALS AND METHODS
Case Report

Proband was an eight-month-old Japanese boy who
visited Kamo Hospital, Kamo, Japan, in December,
1998, with chief complaints of pallor and reduced physi-
cal activity. Laboratory findings showed the presence of

severe hypochromic microcytic anemia (red blood cell
1.56 × 1012/l, Hb 3.5 g/dl, MCV 66.0 fl). Serum iron (433
mg/dl) was significantly increased. Bone marrow was
normocellular with a decreased M/E ratio (0.6) accom-
panied by numerous ringed sideroblasts (18%). Chromo-
somal analysis of bone marrow cells showed no abnor-
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mality. His family members showed normal complete
blood cell count (CBC), including normal RDW. The
anemia of the patient was restored almost completely to
normal (Hb 11.4 g/dl) by oral pyridoxine treatment for 2
months (50 mg/day).

Sequence Analysis of the ALAS2 Gene of
the Proband

Genomic DNA was extracted by using the genomic
DNA extraction system (DNA extraction WB kit, Wako
Corp., Osaka, Japan). Each exon of the ALAS2 gene was
amplified by using the specific primers as described pre-
viously [5]. Polymerase chain reaction (PCR) products
were subcloned into pGEM-T vector (Promega, Madi-
son, WI), and sequence analysis was performed.

ALAS Activity of the Mutant Protein

Mutation was introduced into human ALAS2 cDNA
by site-directed mutagenesis. A cDNA fragment encod-
ing the catalytic domain of ALAS2 was fused to the
38-end of glutathione S-transferase gene. The bacterially
expressed fusion protein was purified by using a Gluta-
thione Sepharose 4B affinity column (Pharmacia Bio-
tech). Enzymatic activity of the purified protein was de-
termined as described previously [5].

Allele-Specific Oligonucleotide Hybridization
(ASO) Analysis

Amplicons from exon 5 were spotted onto a nylon
membrane and hybridized with the end-labelled mutant
oligonucleotide; 58-GCATGAGCCAACACCCTC, or
the normal oligonucleotide; 58-GCATGAGCCGACAC-
CCTC. A membrane was then washed, dried, and ex-
posed to an X-ray film [6].

Restriction Analysis

Mismatch PCR was performed by using genomic
DNA of peripheral blood cells, or the oral mucosal mem-
brane cells of the proband, as well as peripheral blood
cells of his family members with 58-AGAAACAGGAT-
CACACCTAC, and 58-TCACTGTGTGGCTTG-
CAAGACCTGAGGGAG as the sense and antisense
primer, respectively. After digestion withHinfI, ampli-
cons were electrophoresed on a 2.0% agarose gel and
stained with ethidium bromide.

RESULTS AND DISCUSSION

Sequence analysis of the proband’s DNA from his
peripheral blood revealed a point mutation, G663A, in
exon 5 (Fig. 1a). To identify the mutation in his family
members, ASO analysis was performed. The results
clearly showed that, although the proband carries the
mutation, other family members of the proband do not

(Fig. 1b). For further confirmation, mismatch PCR was
carried out. Since mismatch PCR introduces a newHinfI
site only into the amplicon from exon 5 of the normal
allele, amplicons from the normal, but not from the mu-
tant allele should be shorter by 30 bp by digestion with
HinfI. In fact, amplicons from all family members of the
proband were 30 bp shorter than that of the proband with
HinfI digestion (Fig. 1c). These results are consistent
with the findings by ASO analysis. Furthermore, mis-

Fig. 1. Analysis of ALAS2 mutation in the patient. a:
Nucleotide sequence analysis. WT, Subcloned exon 5 of
normal ALAS2. Mutant, Subcloned exon 5 of the patient’s
ALAS2 in peripheral blood. Guanine at nt 663 is substituted
with adenine. b: ASO analysis. Amplicons of exon 5 was
blotted to nylon membranes, and hybridized with the end-
labeled oligonucleotide carrying the normal sequence (nor-
mal ASO), or the mutant sequence (mutant ASO). lane 1,
proband; lane 2, mother; lane 3, sister; lane 4, father. c:
Mismatch PCR analysis. The mismatch PCR product from a
mutant allele is resistant to Hinf I digestion, so that the size
is not affected by digestion with Hinf I (176bp). In contrast,
the mismatch PCR product from a normal allele is restricted
by Hinf I (146bp), since it has an artificial Hinf I site. lane 1,
marker DNA; lane 2, peripheral blood of the proband; lane 3,
oral mucosal membrane of the proband; lane 4, sister; lane
5, mother; lane 6, father.
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match PCR demonstrated that the amplicon from the oral
mucosal membrane of the proband also carries the same
mutation. The result of mismatch PCR was also con-
firmed by sequence analysis (data not shown). These
findings indicate that G663A mutation identified in the
proband may be an index (or a founder) mutation in this
pedigree, or a somatic mutation.

We then examined the enzymatic activity of the mu-
tant ALAS2 protein by bacterial expression that carries
an amino acid substitution, R204Q, that is produced by
the G663A mutation. Activities of the wild-type and the
mutant ALAS2 protein expressed inEscherichia coliin
the absence of PLP were 8181 ± 1118 nmol ALA/h/mg
protein, and 1233 ± 231 nmol ALA/h/mg protein, respec-
tively (n 4 3, p < 0.001), while activities of the wild-
type and the mutant ALAS2 in the presence of PLP (200
mM) were 10767 ± 2191 nmol ALA/h/mg protein and
3713 ± 319 nmol ALA/h/mg protein, respectively (n 4
3, p < 0.001). Thus the specific activity of the mutant
ALAS2 was 15.1% and 34.5% of the wild-type enzyme,
in the absence and the presence of PLP, respectively.
This finding is consistent with the fact that oral pyridox-
ine treatmentin vivo in the patient remarkably improved
anemia, and clearly establishes the fact that G663A mu-
tation of the ALAS2 gene is responsible for the pyridox-
ine-responsive SA in the patient.
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