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amino acid substitution causes a partial processing defect
and decreased enzyme activities, which result in moderate
accumulation of GM2 ganglioside in the patient’s cells. The
structural defects well reflect biochemical and phenotypic
abnormalities of the disease.
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Introduction

�-Hexosaminidase (Hex; EC 3. 2. 1. 52) is a glycosyl hydro-
lase that catalyzes the hydrolysis of terminal �-1,4 linked
N-acetylhexosamine residues at the nonreducing ends of
oligosaccharides and their conjugates. In humans, there are
two major Hex isozymes: �-hexosaminidase A (Hex A; α�),
a heterodimer of subunits α and �, and �-hexosaminidase B
(Hex B; ��), a homodimer of �-subunits. Both isozymes
catalyze glycoproteins, glycosaminoglycans, and glycolip-
ids, although only Hex A can catalyze GM2 ganglioside,
and GM2 activator is essential for the degradation of GM2
ganglioside in vivo. The Hex α-subunit, �-subunit, and GM2
activator are encoded by HEXA, HEXB, and GM2A,
respectively. Mutations in any of the three genes lead to a
defect of GM2 ganglioside degradation, which causes GM2
gangliosidoses including the B, 0, and AB variants, resulting
from defects of HEXA, HEXB, and GM2A, respectively
(Gravel et al. 2001).

The GM2 gangliosidosis 0 variant (McKusick 268800) is
a rare autosomal recessive genetic disorder caused by muta-
tions of HEXB on chromosome 5q13. It involves both Hex
A and Hex B deficiencies, and causes accumulation of GM2
ganglioside, especially in the central nervous system. The
clinical phenotypes vary widely from the severe infantile
form (classical Sandhoff disease), which is of early onset
and fatal before the age of 4 years, to the late onset and
less severe form, which allows survival into childhood or
adulthood; subacute and chronic forms (atypical Sandhoff
disease) also occur (Gravel et al. 2001).
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Abstract To determine the molecular basis of the
GM2 gangliosidosis 0 variant, we constructed a three-
dimensional structure of the human �-hexosaminidase �-
subunit by homology modeling. It is composed of two do-
mains, domains I and II, and has three disulfide bonds. C534
is located on an extra helix in domain II and forms a
disulfide bond with C551. The extra helix is structurally
located near domain I. C534Y, identified in a patient with
the infantile form of the disease, was deduced to cause
disruption of the disulfide bond, which results in a large
conformational change of the extra helix, stabilizing the two
domains. The drastic change in the protein structure results
in a deficiency of the mature �-subunit, and deficient activi-
ties of �-hexosaminidases A (α�) and B (��), followed by
abundant accumulation of GM2 ganglioside in the patient’s
cells. R505 is located on the eighth helix of domain II.
R505Q, found in a patient with the chronic form of the
disease, is predicted to influence the surface structure of the
�-subunit, although it does not affect the active site. The
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So far, about 20 mutations, including a few missense ones
associated with the GM2 gangliosidosis 0 variant, have been
described (Gravel et al. 2001). However, molecular struc-
tural studies on the defective Hex �-subunit have not been
performed, although they are very important for clarifying
the pathogenesis of the disease.

Glycosyl hydrolases have been classified into 77 families
based on amino acid sequence similarity, and Hex is
included in family 20 glycosyl hydrolase (Davies and
Henrissat 1995). In 1996, Tews et al. (1996) refined the
structure of chitobiase from Serratia marcescens, which
belongs to family 20, and the data were deposited in the
Protein Data Bank (PDB; Brookhaven National Labora-
tory, Upton, NY, USA) (Sussman et al. 1988). They also
tried to model the homologous human Hex and clarify a
structural rationale as to the pathogenic mutations underly-
ing GM2 gangliosidoses. However, the target of the analysis
was restricted to the predicted catalytic region because of
the low sequence identity between S. marcescens chitobiase
and human Hex. The whole structure of human wild-type
Hex and the influence of missense mutations associated
with GM2 gangliosidoses on the structure have been ob-
scure. Recently, Mark et al. (2001) determined the crystal
structure of Hex from Streptomyces plicatus.

In this study, we first constructed a whole structural
model of the human wild-type Hex �-subunit by homology
modeling and then characterized the molecular defects in
Hex �-subunit caused by missense mutations identified in
our patients with infantile and chronic forms of the GM2
gangliosidosis 0 variant.

Patients and methods

Patients

Patient 1. Clinical and biochemical data for the patient with
the infantile form of the disease (classical Sandhoff disease)
were described previously (Kuroki et al. 1995). Briefly, the
patient was a 1-year-old girl with consanguineous Japanese
parents. Progressive muscular weakness, hypotonia, loss of
motor skills, mental retardation, and startle reaction to loud
sound were observed from 6 months of age. She developed
myoclonic attacks at the age of 1 year, and neurologic and
ophthalmoscopic evaluations revealed a defect of the pyra-
midal tract and cherry red spots, respectively. Hex A and
Hex B activities were both decreased to below 3% of the
normal control levels, and oligosacchariduria was found.
Gene analysis revealed that she was homozygous for
C534Y. The numbering was performed according to Neote
et al. (1988), although it had been reported to be C522Y
according to Proia (1988) in the previous report.

Patient 2. Patient 2 with the chronic form of the GM2 gan-
gliosidosis 0 variant was also previously described (Hara et
al. 1998). Briefly, the patient was a 31-year-old man of
Japanese origin, whose parents are consanguineous. Dete-
rioration of handwriting, speaking, and thinking was no-
ticed at the age of 25 years. Neurologic evaluation revealed

spinocerebellar degeneration. Neither cherry-red spots nor
corneal opacities were present, but marked cerebellar atro-
phy was observed on magnetic resonance imaging. The ac-
tivities of Hex A and Hex B were 15% and 6% of the
control values, respectively. Oligosacchariduria was not
found. Gene analysis revealed that the patient was homozy-
gous for R505Q, which was observed in cis with I207V.
I207V had been reported to be a disease-causing mutation
(Banerjee et al. 1991, 1994), but recent reports (Hara et al.
1998; Redonnet-Vernhet et al. 1996) have ruled this out,
and it is now thought to be a neutral polymorphism.

The study was approved by the Ethical Committee of
our institutions and informed consent was obtained from
each subject or family.

Structural modeling of human wild-type and mutant
Hex �-subunits

Structural models of the human wild-type Hex �-subunit
and its mutants (C534Y, R505Q, I207V, and R505Q in cis
with I207V) were built using molecular modeling software,
SYBYL/COMPOSER and BIOPOLYMER (TRIPOS,
Mountain View, CA, USA). As templates, the structures of
homologous Hex from S. plicatus (PDB code; 1HP4) and
chitobiase from S. marcescens (PDB code; 1QBA) were
used. The template structures were superimposed based on
the homology to determine structurally conserved regions
(SCRs). Sequence alignment of the human wild-type Hex �-
subunit and the template proteins was performed using
Clustal W1.7 (Thompson et al. 1994) and adjusted manually
to optimize the sequences of SCRs. A backbone of the
human wild-type Hex �-subunit corresponding to each SCR
was built by fitting a fragment from one of the templates,
and the rule-based procedure was used to determine the
side-chain conformations (Sutcliffe et al. 1987). Loop re-
gions were constructed with fragments selected from the
protein substructure database (Jones and Thirup 1986;
Claessens et al. 1989) and with fragments generated by a
loop generation method (Shenkin et al. 1987; Fine et al.
1986). All hydrogen atoms were added to each residue of
the molecule according to the biopolymer dictionary
(SYBYL Biopolymer Modeling Manual Ver. 6.7; TRIPOS).
The energy minimization procedure was performed to opti-
mize conformations and side-chain rotamers. The mutant
models were built in the same way as for the wild type, but
based on the primary structure with an amino acid replace-
ment. To evaluate the influence of the replacement on the
model structure, we superimposed the mutant model on
the wild-type model based on the Cα atoms by a least-
square-mean fitting method (Kabsh 1976, 1978). We
defined the structure as being influenced by the amino acid
replacement when the position of an atom of the mutant
differed from that of the wild type by more than the total
root-mean-square distance value.

Cell culture

Cultured skin fibroblasts from Patient 1, Patient 2, normal
subjects, an infantile form of GM2 gangliosidosis B variant
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(Tay-Sachs disease) patient, and a GM2 gangliosidosis AB
variant (GM2 activator deficiency) patient were established
and maintained in our laboratory. The cells were cultured
in Ham’s F-10 medium supplemented with 10% fetal calf
serum and antibiotics at 37°C in a humidified incubator
flushed continuously with a 5% CO2–95% air mixture.

Western blot analysis of Hex α- and �-subunits

The sizes and amounts of Hex α- and �-subunits in cultured
fibroblasts were determined by Western blot analysis with
rabbit polyclonal anti-Hex A antibodies (Izumi et al. 1988),
which recognize both Hex α- and �-subunits, as previously
reported (Ichisaka et al. 1998). Briefly, fibroblasts were har-
vested with a rubber policeman. Proteins were extracted
with RIPA buffer (50mM Tris-HCl at pH 7.2, 150mM
NaCl, 1% NP-40, 1% deoxycholic acid, 0.05% sodium
dodecylsulfate), and then centrifuged at 12,000g for 10min
at 4°C. Aliquots of the resultant supernatants were dena-
tured, and then subjected to sodium dodecylsulfate-
polyacrylamide gel electrophoresis. Thereafter, proteins
were transferred to Immobilon P membranes (Millipore,
Bedford, MA, USA), and visualized by immunostain-
ing using anti-Hex A antibodies and an ECL system
(Amersham Pharmacia Biotech, Buckinghamshire, UK).

Immunocytochemical analysis of intracellular
GM2 ganglioside

To examine accumulation and localization of GM2 ganglio-
side in cells, we performed immunocytochemical analyses
by double staining with a monoclonal anti-GM2 ganglioside
antibody (Ig M isotype) (Kotani et al. 1992) and affinity-
purified goat polyclonal antibodies (Ig G isotype; Santa
Cruz Biochemistry, Santa Cruz, CA, USA) against lyso-
some-associated membrane protein-2 (LAMP-2). The
cultured fibroblasts grown on Lab-Tek chamber slides
(Nunc, Naperville, IL, USA) were fixed with ice-cold 2%
paraformaldehyde in phosphate-buffered saline (PBS), pH
7.4, for 10min, followed by blocking with 5% bovine serum
albumin in PBS for 1h. The cells were incubated for 1h with
the anti-GM2 ganglioside and anti-LAMP-2 antibodies
(1 :100 diluted). After washing, they were reacted for
1h with a fluorescein isothiocyanate-conjugated goat
anti-mouse IgM F(ab�)2 (1 : 100 diluted; Jackson Immuno
Research, West Grove, PA, USA) and a rhodamine-
conjugated donkey anti-goat IgG F(ab�)2 (1 :100 diluted;
Jackson ImmunoResearch). The stained cells were exam-
ined under a microscope (Axiovert 100M; Carl Zeiss,
Oberkochen, Germany) equipped with a confocal laser
scanning imaging system (LSM510; Carl Zeiss).

Results

Structural modeling of human wild-type and mutant
Hex �-subunits

According to the sequence alignment, we built a model of
the human Hex �-subunit without the N-terminal 42 resi-
dues corresponding to the signal peptide. The structure cor-
responding to the C-terminal four residues does not exist in
template structures. The model was, thus, composed of the
510 amino acids from residue 43 to terminal residue 552.
The amino acid identities with the aligned fragment of S.
plicatus Hex and that of S. marcescens chitobiase were
22.7% and 18.4%, respectively. The modeled structure of
the human Hex �-subunit is shown in Fig. 1. The human
Hex �-subunit has two domains (domains I and II), which
are similar to Hex from S. plicatus and two (domains II and
III) of four domains in chitobiase from S. marcescens. In the
human Hex �-subunit, domain I (residues 43–199) has an
α/� topology consisting of a seven-stranded antiparallel �-
sheet. Domain II (residues 200–552) is folded into a (�/α)8-
barrel with the predicted catalytic triad (E355, H294, and
D240) residing at the C termini of the eight strands of the
barrel. Different from the case of S. plicatus Hex, the
modeled domain II of the human Hex �-subunit has an-
other long loop, loop 4, which extends from the C terminus
of strand �4, in addition to the three long loops (loop 2, loop
3, and loop 7) found in S. plicatus Hex. From the energy
minimization, three disulfide bonds (C91-C137, C309-C360,
and C534-C551) and a free cysteine (C487) were predicted,
and this result is the same as that recently reported by
Schuette et al. (2001), who identified the disulfide bond
structure of the enzyme biochemically. The first disulfide
bond (C91-C137) is located in domain I, the second
disulfide bond between C309 on loop 3 and C360 on loop
4 in domain II, and the third (C534-C551) on the extra helix
in domain II. These three disulfide bonds are not observed
in the corresponding locations of S. plicatus Hex and S.
marcescens chitobiase. The model indicates that amino acid
residues comprising an active site and hydrophobic core are
conserved in human Hex �-subunit. The catalytic triad
(E314, H250, and D191) found in S. plicatus Hex is con-
served in the human Hex �-subunit (E355, H294, and D240,
respectively). Residues D354, Y450, D191, E491, and W408
identified in the human Hex �-subunit are homologous to
those responsible for the binding of a substrate in S. plicatus
Hex. Residues W405, W424, and W489, which form a
hydrophobic core for the binding of a substrate, are also
conserved. In S. plicatus Hex, V276 on loop 3 forms the
hydrophobic side of the �1 subsite with W408 on loop
7. However, it is not conserved in the human Hex
�-subunit.

To reveal the influence of the mutations, we constructed
the mutant structures and then compared them with the
wild type. C534 is located on an extra helix in domain II and
forms a disulfide bond with C551 (Fig. 1). The extra helix is
structurally located near domain I. Substitution of C534 to
Y results in disruption of the disulfide bond, and thereby
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causes a large conformational change of the extra helix,
stabilizing domains I and II (Fig. 2).

R505 is located on the eighth helix of domain II (Fig. 1).
Substitution of R505 to Q results in a conformational
change of the surface region, although it does not interfere

with the active site (Fig. 3a). The conformational change
caused by R505Q is smaller than that caused by C534Y.

I207 is located on the first strand of domain II (Fig. 1).
Substitution of I207 to V does not have any significant
influence on the structure (Fig. 3B).

Fig. 1A,B. Three-dimensional
structure of the human �-
hexosaminidase �-subunit. A
Side view of the human �-hex-
osaminidase �-subunit. B Front
view of the protein. The second-
ary structures are shown as tube
and ribbon drawings; α-helix
(magenta), �-sheet (yellow), and
coil (blue). Roman numerals
indicate domains. The residue
positions of cysteines forming
disulfide bonds (C91-C137, C309-
C360, and C534-C551) and resi-
dues comprising the catalytic
triad (D240, H294, and E355) are
indicated by arabic numerals. The
residue positions of amino acid
substitutions (C534, R505, and
I207) are presented as a space-
filling model. Domain I has an α/
� topology consisting of a seven-
stranded antiparallel �-sheet.
Domain II has a (�/α)8-barrel
structure

Fig. 2. Conformational changes
caused by C534Y. Side views of
the residues around C534 (wild
type) and Y534 (mutant)
are shown. The view is rotated
150° in an anticlockwise direction
relative to Fig. 1A. The residues
of the wild type and mutant
are colored magenta and yellow,
respectively
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R505Q in cis with I207V results in almost the same struc-
tural change as for R505Q, and no enhancement occurs with
double amino acid substitutions (Fig. 3C).

Western blot analysis of Hex α- and �-subunits

To investigate the abnormal sizes and amounts of Hex α-
and �-subunits in cultured fibroblasts from Patients 1 and 2,
we performed Western blot analysis using total cell lysates
as samples (Fig. 4). Patients 1 and 2 are homozygous for
C534Y and R505Q in cis with I207V, respectively. These
mutant genes are thought to reflect their products directly.
We used here polyclonal anti-Hex A (α�) antibodies. These
antibodies specifically recognize the precursor forms of α
(αp) and � (�p), the major part of the mature α-polypeptide
(αm), and the antigenic mature �-polypeptide (�m) under
the assay conditions used, as described previously (Ichisaka
et al. 1998).

The present study revealed that the α- and �-subunits
were synthesized in cells from both Patients 1 and 2.
However, mature � was almost completely absent and the
amount of mature α was also decreased in Patient 1. The
decrease in mature α is thought to be secondary, because an
α peptide without dimerization with � is not stable (Gravel
et al. 2001). The residual amount of mature α was almost
the same as in the case of a patient with the infantile form of
the GM2 gangliosidosis B variant (Tay-Sachs disease). In

Patient 2, mature � and also α were moderately decreased,
indicating residual activities of Hex A and Hex B.

Immunocytochemical analysis of intracellular
GM2 ganglioside

To investigate the localization and amount of accumulated
GM2 ganglioside in cells from Patients 1 and 2, we per-
formed double staining using a specific antibody for GM2
ganglioside and polyclonal anti-LAMP-2 antibodies. The
results are shown in Fig. 5. In normal fibroblasts, the anti-
GM2 ganglioside antibody revealed weak cytoskeletal fluo-
rescence, which indicated the intracellularly distributed
GM2 ganglioside directly bound to vimentin intermediate
filaments, as described previously (Kotani et al. 1994),
although the polyclonal anti-LAMP-2 antibodies could not
clearly show granular staining indicating lysosomes and
endosomes under the assay conditions used. In fibroblasts
from Patients 1 and 2, numerous granular inclusions were
observed in addition to the filamentous staining pattern.
They were thought to be increased and enlarged lysosomes
and endosomes with heavily accumulated GM2 ganglioside,
considering the results of double staining. The fluorescence
intensity in cells from Patient 1 was the same as that in cells
from a patient with the GM2 gangliosidosis B variant (Tay-
Sachs disease) or a patient with the AB variant (GM2 acti-
vator deficiency). In cells from Patient 2, moderate granular

Fig. 3A–C. Structural changes of the �-subunit caused by R505Q,
I207V, and R505Q in cis with I207V. The influence of amino acid
substitutions of R505Q, I207V, and R505Q in cis with I207V is shown
in A, B, and C, respectively. Each deduced mutant structure is shown
as a space-filling model. After superimposing the mutant and wild-type

structures, each atom was colored according to the distance between
the atom in the mutant and the corresponding atom in the wild-type
structure. The colors of the atoms show the distance ranges, as follows:
blue � 0.3 Å, 0.3 Å � cyan � 0.6 Å, 0.6 Å � green � 0.9 Å, 0.9 Å �
yellow � 1.2 Å, 1.2 Å � orange � 1.5 Å, and red � 1.5 Å
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staining was observed, indicating moderate GM2 ganglio-
side accumulation.

Discussion

The Hex α- and �-subunits undergo posttranslational pro-
cessing for their localization and expression (Gravel et al.
2001; Quan et al. 1989; Hubbs et al. 1989). Their amino
terminal signal peptides are removed when they are tar-
geted to the lumen of the endoplasmic reticulum (ER). In
the ER, N-glycosylation, disulfide-bond formation, and
folding occur. Dimerization essential for catalytic activity is
supposed to occur in the ER or Golgi apparatus; α� for Hex
A and �� for Hex B. In the Golgi apparatus, further
modification of sugar chains occurs and the precursor en-
zymes, which are fully active, are delivered to endosomes
via the mannose-6-phosphate pathway. In endosomes and
lysosomes, limited proteolysis results in the formation of a
mature α-subunit consisting of two peptides and a mature �-
subunit consisting of three peptides (Quan et al. 1989). This

processing is essential for the targeting and functions of Hex
A and Hex B, and a quality control apparatus exists in the
ER that removes improperly folded polypeptides. There-
fore, the three-dimensional structures of the precursor α-
and �-subunits are very important for avoiding premature
degradation and/or abnormal localization, and mutants
causing improper folding are thought to cause GM2 gangli-
osidoses. In this study, we first constructed a model of the
human Hex �-subunit using structural information on S.
marcescens chitobiase and S. plicatus Hex.

According to the crystallographic data, S. marcescens
chitobiase is folded into four domains (Tews et al. 1996),
although S. plicatus Hex is a two-domain protein (Mark
et al. 2001). The two domains of the latter have similar
structures to domains II and III of the former. Despite the
low sequence identity (22.8%) between S. marcescens
chitobiase and S. plicatus Hex, the topology of these do-
mains and the active site residues are conserved in these
proteins. The structure of the modeled human Hex �-
subunit is basically conserved. However, there are some
differences in these proteins, especially in the structures of
the loops of domain II. Domain I of the human Hex �-
subunit has an α/� topology, and domain II is folded into a
(�/α)8-barrel, which may be a common structure among
family 20 glycosyl hydrolases. A disulfide bond is very
important for proper folding and stability of the enzyme
protein. Our modeling predicted three disulfide bonds
(C91-C137, C307-C360, and C534-C551) for the human Hex
�-subunit. This is coincident with the recent report by
Schuette et al. (2001), who determined the locations of
disulfide bonds on Hex B by means of matrix-assisted laser
desorption ionization mass spectrometry, and the results
support the reliability of our model.

On the basis of the structural information, we tried to
gain insight into the pathogenesis of the GM2 gangliosidosis
0 variant resulting from amino acid substitutions. C534 is
deduced to form a disulfide bond with C551, which is essen-
tial for stabilization of domains I and II of the Hex �-
subunit. C534Y can cause disruption of the disulfide bond
and thereby a drastic change in the protein structure.
Western blot analysis showed a deficiency of the mature �-
subunit and a reduction in the amount of mature α-subunit.
The data indicate that the mutation causes a structurally
unstable change in the �-subunit and/or a maturation de-
fect. As a result, degradation of the mutant �-subunit could
occur, resulting in a secondary decrease in the α-subunit,
which cannot be associated with the �-subunit in intracellu-
lar processing. The enzyme activities of both Hex A and
Hex B are deficient in Patient 1, and the amount of accumu-
lated GM2 ganglioside in her cells is high. The patient has
oligosacchariduria and the severe infantile form of the
disease.

On the other hand, R505Q is deduced to cause a confor-
mational change in the surface region of the �-subunit. The
deduced structural change does not influence the catalytic
site but is likely to cause a folding defect. The structural
change caused by R505Q is smaller than that caused by
C534Y. The expressed �-subunit with R505Q was partly
processed to the mature form, and showed residual enzyme

Fig. 4. Western blot analysis of the �-hexosaminidase α- and �-
subunits. Cell lysates of cultured fibroblasts from a patient with the
infantile form of the GM2 gangliosidosis B variant (Tay-Sachs), Patient
1 with the infantile form of the GM2 gangliosidosis 0 variant (Sandhoff,
infantile), Patient 2 with the chronic form of the GM2 gangliosidosis 0
variant (Sandhoff, adult), a patient with the GM2 gangliosidosis AB
variant (GM2 activator deficiency), and a normal control (Normal
subject) were analyzed by Western blotting using polyclonal antibodies
for �-hexosaminidase A (α�). The precursors of the α- and �-subunits
are denoted as αp and �p, respectively. The mature forms of the α- and
�-subunits are denoted as αm and �m, respectively
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activity. Patients with this mutation show a clinically mild
type of the disease. Bolhuis et al. (1993) has described a
patient with R505Q, who developed a chronic form of the
GM2 gangliosidosis 0 variant. They reported that a cDNA
construct with R505Q transfected to COS cells expressed a
labile form of Hex. Furthermore, Hou et al. (1998) de-
scribed how P504S, which is located next to the R505 resi-
due, decreases the level of heterodimer transport out of the
ER by about 45% and lowers the heat stability, although
it does not affect the Km values for natural or artificial
substrates. We constructed a structural model of the Hex �-
subunit with P504S. P504S is predicted to cause a confor-
mational defect in the same region as that caused by R505Q

Fig. 5. Immunocytochemical ana-
lysis of intracelluar GM2 ganglio-
side. Double staining of cultured
fibroblasts was carried out using
a monoclonal antibody for GM2
ganglioside (GM2, green) and
polyclonal antibodies for LAMP-
2 (LAMP-2, red). Overlapping
images with these two fluorescent
probes are shown in yellow
(GM2/LAMP-2). Normal sub-
ject, cells from a normal
subject; Tay-Sachs, cells from a
patient with the infantile form
of the GM2 gangliosidosis B
variant; Sandhoff, infantile, cells
from Patient 1 with the infantile
form of the GM2 gangliosidosis 0
variant; Sandhoff, adult, cells
from Patient 2 with the chronic
form of the GM2 gangliosidosis 0
variant; GM2 activator defi-
ciency, cells from a patient with
the GM2 gangliosidosis AB
variant. Bar 50 µm

(data not shown). Amino acid substitutions causing a fold-
ing defect around this lesion may result in a transport defect
and the expressed mutant protein is likely to be degraded
quickly.

I207V was previously reported as a disease-causing mu-
tation (Banerjee et al. 1991; Banerjee et al. 1994), but it is
now thought to be a silent polymorphism from the results of
recent analyses (Hara et al. 1998; Redonnet-Vernhet et al.
1996). In this study, we constructed a mutant model with
I207V and the results revealed that an amino acid substitu-
tion does not have any significant influence on the protein
structure. Furthermore, the predicted change caused by
R505Q in cis with I207V is almost the same as in the case of
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the R505Q mutant. This indicates that I207V does not exac-
erbate the structural change caused by R505Q, and this is
compatible with the clinical expression of Patient 2 who has
developed a chronic and mild form of the disease.

In conclusion, we characterized the molecular basis of
the GM2 gangliosidosis 0 variant with missense mutations
from structural viewpoints. The data show that a molecular
structural study can well explain the pathogenesis of the
disease. Future determination of the crystal structures of
the human Hex α- and �-subunits will facilitate further
clarification of the complicated molecular pathologies of
GM2 gangliosidoses.
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