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Figure 3. Slit-lamp photographs of the
eye of the proband. Slit lamp
photographs of the eye of the proband
(III:3). A: Front view of the eye of the
proband, showing cataract phenotype.
B: Slit lamp view of the len of the
proband. Lens opacities were mainly
located in the nuclear area of lenses as
well as in the embryonal and fetal areas.

Structure predictions: Computer-assisted prediction of
human aB-crystallin was performed to better understand the
effects of the mutation on its biochemical properties and
structure. Using the proteomics program of the Expasy
Proteomics server, we compared several features between the
wild-type and the mutant protein. Results by software
Antheprot 2000 (version 6.0) showed that the R11H mutation
caused variation of secondary structure at codon 11 (Figure
5). Moreover, the program ProtScale predicted that the
hydrophilicity of the corresponding region (Figure 6) was
changed as well as the isoelectric point (pI) of the entire
protein (from pH 6.7 in the wild-type aB-crystallin to pH 6.5
in the mutated form). Even more striking was the alteration of
the electrostatic potential (from a positive potential in wild-
type to a negative potential in mutant form; Figure 7A,B) and
the tertiary structure (Table 2 and Figure 7C,D).

DISCUSSION

In the present study, we described a novel R11H mutation in
CRYAB, which was associated with cataractogenesis in a
Chinese family. Because some members of the family failed
to participate in the study, linkage analysis could not be
attempted. Since this mutation segregated perfectly within this
family and could not be found in representative controls, we
excluded the possibility of a rare polymorphism and
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Figure 4. Mutation analysis of CRYAB. Sequence chromatograms of
the partial fragment (363 bp) of CRYAB in one unaffected individual
of the autosomal dominant congenital cataract (ADCC) family
demonstrated a nucleotide sequence encoding Arg (R) at codon 11.
Sequence chromatograms of one affected individual demonstrate a
G to A transition resulting in an amino acid substitution of Arg by
His.

considered this new allele as a probable causative molecular
lesion.

Lens crystallins account for nearly 90% of the total lens
proteins and play essential roles in maintaining lens
transparency. Therefore, mutations in the crystallin genes are
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Figure 5. The predicted secondary structures of the wild-type and the
mutant aB-crystallin. The predicted secondary structures of the wild-
type form (A) and the mutant form (B) are shown. The target
sequences are labeled with white circles. White: helix, Yellow: sheet,
Pale blue: coil.
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Figure 6. Hydropathy plot of wild-type and mutated aB-crystallin.
The x-axis represents the position of amino acids. The y-axis
represents the hydropathy value in a default window size of 7. It was
obvious that the mutant form showed lower hydrophilicity in the
corresponding region compared with the wild-type form (indicated
by white arrows).
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Figure 7. Three-dimensional protein
structure. The electrostatic potentials
are shown in red (negative potential) and
green (positive potential) clouds. The
alteration from a positive in the wild-
type (A) to a negative potential in the
mutant form (B) is indicated by the
white arrows. Protein models of wild-
type aB-crystallin (C) and its mutant
form (D) are displayed. The antiparallel
{3 sheets are yellow and the o helices are
red. The blue sections are the looping
regions.

TABLE 2. STRUCTURAL CHARACTERISTICS OF WILD-TYPE 0.B-CRYSTALLIN AND THE R11H MUTANT FORM.

oB-Crystallin species H-Bonds Helices Strands Turns
Wild-type 76 8 18
Mutant 69 12 15

The protein database files, modeling results in Swiss Model server, were calculated by Rasmol (version 2.7.4.2).

strong candidates for congenital cataracts. aB-crystallin
belongs to the family of small heat-shock proteins. Their
characteristic features are their small size (12-43 kDa) and an
a-crystallin core domain flanked by an NH-terminal domain
and a COOH-terminal domain [8]. The human aB-crystallin
gene consists of three exons. The NH»-terminal domain is
encoded by the first exon and the a-crystallin/heat-shock
protein domain is encoded by exons 2 and 3. To our
knowledge, nine mutations in CRYAB have been reported in
the literature (listed in Table 3). Eight out of nine mutations
identified in human CRYAB affect exon 3. Only a few of the
eight mutations are associated with only dominant cataracts,
and some are also suggested to be causative for desmin-related
myopathy or dilated cardiomyopathy [15-22]. Based on the
structure of human aB-crystallin, the R11H mutation detected
in our present study lies in the NH,-terminal domain of aB-
crystallin and resulted in dominant cataract phenotype only,
which is like the P20S mutation reported previously [15]. The
relationship between CRYAB mutations and the clinical
phenotype is still unclear.

It was interesting that aB-crystallin was also widely
expressed in several non-ocular tissues including in the
cardiac and skeletal muscle, and aB-crystallin was shown to
be associated with neurologic disorders such as Alzheimer
disease, Alexander disease, and amyotrophic lateral sclerosis
(ALS); to participate in signaling pathways; and to protect
against apoptosis [23-26]. The first CRYAB mutation was
reported by Vicart et al. [16] who showed that desmin-related
myopathy and cataract are caused by a missense mutation
R120G in oB-crystallin. Animal models were generated to
resolve some of the in vivo functions of a-crystallin. Brady et
al [27,28]. demonstrated that targeted disruption of mouse
CRYAB resulted in lenses similar in size to age-matched wild-
type lenses with no cataracts reported. Thus, the exact in vivo
molecular mechanisms by which aB-crystallin maintain lens
transparency remain to be determined. More comprehensive
studies will be needed to better understand the mechanism of
cataract formation and the true function of oB-crystallin
within the cell.
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TABLE 3. MUTATIONS IN HUMAN CRYAB.

Nucleotide Base-pair Amino acid Amino acid
position exchange position exchange
32 G—oA 11 Arg—His
58 C-T 20 Pro—Ser
358 A—-G 120 Arg—Gly
418 G—A 140 Asp—Asn
450 delA 150 Frameshift
451 C-T 151 Arg—stop
460 G—A 154 Gly—Ser
464 delCT 155 Frameshift
470 G—A 157 Arg—His
514 G—A 171 Ala—Thr

Reference
Present study
[15]

[16]

[17]

[18]

[19]

Associated pathologies
Dominant nuclear cataract
Dominant posterior polar cataract
Desmin-related myopathy and cataract
Dominant lamellar cataract
Dominant posterior polar cataract
Desmin-related myopathy

Dilated cardiomyopathy [20]
Desmin-related myopathy [19]
Dilated cardiomyopathy [21]
Dominant lamellar cataract [22]

aB-Crystallin gene mutations identified in the present study and other previous studies which were associated with congenital

cataract and/or myopathy.

In this study, the mutant aB-crystallin predicted by the
Antheprot 2000 software and Swiss Model server program
showed that the R11H change not only had a significant effect
on its secondary and tertiary structures but also on the
hydrophilicity, isoelectric point, and electrostatic potential of
the protein. As shown in Table 2, a striking consequence is
the mutant form appears to have less intermolecular
hydrogen-bonds, which would reduce the solubility of mutant
aB-crystallin and cause cataract. The role of the NH,-terminal
region of aB-crystallin was reported to control the species-
specific assembly of subunits into higher level structures and
protein interactions [29]. This is in keeping with the
observation by Liu et al. [30] that the P20S mutation at the
NH;-terminus resulted in much attenuated subunit exchange
rate and chaperone activity. In addition, it was demonstrated
using site-directed mutagenesis that the second residue (Asp)
at the NHx-terminus of recombinant human aB-crystallin
influenced its chaperone-like activity and hydrophobic
interactions [31]. In regard to the R11H mutation in our study,
we speculate based on the computer-assisted predictions that
the possible mechanisms are as follows. The first possible
mechanism is the substitution of Arg by His decreasing the
thermodynamic stability of the NHx-terminal domain in a
subtle way so that the protein is more prone to denaturation.
Another possible mechanism is the improper folding of aB-
crystallin affecting its interactions with neighboring proteins
and destabilizing the complex formation critical for lens
transparency. A third possible mechanism is the mutation
lowering the solubility of the protein in the cytosol of the lens
fiber cells and causing protein aggregation and precipitation,
which would lead to cataract formation. Nevertheless, further
functional experiments are necessary to explore the
underlying mechanisms in details.

In summary, the present study has identified a novel
missense R11H mutation in CRYAB that is associated with
autosomal dominant congenital nuclear cataract in a four-
generation Chinese family. The study further substantiates the
genetic and clinical heterogeneity of congenital cataract.
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