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Abstract

Purpose—To identify the mutation and the underlying mechanism of cataractogenesis in a five-
generation autosomal dominant congenital lamellar cataract family.

Methods—Nineteen mutation hot spots associated with autosomal dominant congenital cataract
have been screened by PCR-based DNA sequencing. Recombinant wild-type and mutant human
aB-crystallin were expressed in Escherichia coli and purified to homogeneity. The recombinant
proteins were characterized by far UV circular dichroism, intrinsic tryptophan fluorescence, Bis-
ANS fluorescence, multiangle light-scattering, and the measurement of chaperone activity.

Results—A novel missense mutation in the third exon of the aB-crystallin gene (CRYAB) was found
to cosegregate with the disease phenotype in a five-generation autosomal dominant congenital
lamellar cataract family. The single-base substitution (G—A) results in the replacement of the
aspartic acid residue by asparagine at codon 140. Far UV circular dichroism spectra indicated that
the mutation did not significantly alter the secondary structure. However, intrinsic tryptophan
fluorescence spectra and Bis-ANS fluorescence spectra indicated that the mutation resulted in
alterations in tertiary and/or quaternary structures and surface hydrophobicity of aB-crystallin.
Multiangle light-scattering measurement showed that the mutant aB-crystallin tended to aggregate
into a larger complex than did the wild-type. The mutant aB-crystallin was more susceptible than
wild-type to thermal denaturation. Furthermore, the mutant aB-crystallin not only lost its chaperone-
like activity, it also behaved as a dominant negative which inhibited the chaperone-like activity of
wild-type aB-crystallin.

Conclusions—These data indicate that the altered tertiary and/or quaternary structures and the
dominant negative effect of D140N mutant aB-crystallin underlie the molecular mechanism of
cataractogenesis of this pedigree.

Congenital cataract is a common major abnormality of the eye, which frequently causes
blindness in children. It is clinically and genetically heterogeneous, and the phenotype varies
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considerably between and within families. . It is most commonly inherited in an autosomal
dominant manner, although recessive and X-linked forms also exist.2=4 Congenital cataract
may be isolated, be associated with other ocular developmental abnormality, or be a part of
systemic disease. To date, mutations in dozens of genes have been described in association
with isolated congenital cataract mcludlng members of the crystallin and connexin families,
5 membrane proteins MIPS and LIM2,2 cytoskeletal protein BFSP2, 7.8 and transcription
factors PITX39 and HSF4.10

Crystallins account for nearly 90% of total lens protein and, not surprisingly, mutations in the
crystallin genes represent a large proportion of the mutations identified in autosomal dominant
congemtal cataract (ADCC). These include aA cr tallln (CRYAA). 2,11 ;- crystallln
(CRYAB) ,b’Al/A3 crystallm (CRYBAl/A3) gBl crystallin (CRYBBl) ,BBZ-
crystallin (CRYBBZ) 17 yC-crystallin (CRYGC) 9 and yD-crystallin (CRYGD)
mutations. 18,20 Among the lens crystallins, a-crystallin is considered to play an important role
in maintaining the transparency of the lens. a-Crystallins are members of the highly conserved
small heat shock protein (sHsp) family. A typical mammalian lens contains approximately 35%
a-crystallin, which makes it one of the major protein components that produce the necessary
refractive index. a-Crystallin in the lens exists as hetero-oligomers composed of two
components, aA- and aB-crystallin. The subunits of aA- and aB-crystallin have molecular
masses of ~20 kDa with approximately 57% amino-acid sequence homology. The ratio of cA
to B in the lens is generally 3:1. In addition to being a major structural building block, a-
crystallin, like other members of the sHsp family, has chaperone-like activity in preventing
aggregation of other lens proteins induced by heat or other stressors.21-24

Two mutations in the CRYAB gene have been reported to be associated with cataract. A
missense mutation R120G was associated with cataract and desmin-related myopathy, and
adeletion mutation, 450del A, was associated with isolated autosomal dominant posterior polar
cataract.12 In the present study, we report a novel D140N mutation in the CRYAB gene in an
ADCC family with isolated lamellar cataract. To characterize the possible structural and
functional changes that underlie the molecular mechanism of cataract caused by this mutation,
we expressed the wild-type and the mutant aB-crystallin in vitro, and compared the secondary,
tertiary, and quaternary structures as well as chaperone-like activity between the wild-type and
mutant proteins.

Materials and Methods

Clinical Data and Sample Collection

The procurement of congenital cataract and genetic material from the ADCC-affected family
was approved by the human research ethics committees of Zhongshan Ophthalmic Center, and
Sun yat-sen University (Guangzhou, China), and informed consent was obtained from all
participants or their guardians. The research followed the tenets of the Declaration of Helsinki.
A five-generation Chinese ADCC family was referred to Zhongshan Ophthalmic Center. Nine
members of the family, including four with congenital cataract and five unaffected relatives,
underwent full ophthalmic examinations including visual acuity, slit lamp microscopy, fundus
examination with dilated pupil, intraocular pressure, and B-ultrasonic scanning. The status of
other patients in the family was obtained by family history and accessing the patients' medical
records. One hundred unaffected, unrelated individuals who came in for routine physical
checkups were enrolled in the study and underwent the same ophthalmic examination with
informed consent. Blood samples were obtained from a peripheral vein, and genomic DNA
was extracted (QIAmp Blood kit; Qiagen, Valencia, CA).
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Mutation Analysis

To identify the mutation that causes cataract in this pedigree, 19 mutation hot spots were
screened in all nine recruited family members by polymerase chain reaction (PCR) of the 10
involved gene segments and direct sequencing of the PCR product. To exclude the possibility
that polymorphism may account for the novel mutation in CRYAB, the CRYAB gene fragment
of 100 unrelated normal individuals was sequenced These mutation hot spots included
CRYAA (RllGC) 1 CRYAB (DEL450A, R120G),12:25 CRYBA1 (EX3-4 DEL),13 CRYBB2
i(ngSTER) 6 crYGC (TSP’5-BP DUP at NT226), 18 crYGD (R14C'P23T'R58H'R36S),

-20,26 G)A3 (N63S'P187 8 27,28 Gia8 (E48K'P88S,29-30 BFSP2 (R287W, DeltaE233)
78 and MIP (E134G'T138R),° which have been identified as causes of ADCC. Primers to
amplify the gene segments were designed from the published partial genomic sequence and
the full-length cDNA sequence and synthesized by Daan Genetic Diagnostic Center
(Guangzhou, China). The primers used, their locations in the genomic sequence, and annealing
temperatures are summarized in Supplementary Table S1, online at http://www.iovs.org/cgi/
content/full/47/3/1069/DC1. A sample of 100 ng human genomic DNA was used for PCRs
with 2.5 pM primer in a 50-uL reaction mixture. PCR was performed in a thermocycler
(PE9600; Applied Biosystems [ABI] Foster City, CA). PCR conditions were as follows:
predenaturing at 94°C for 7 minutes, followed by 35 cycles of denaturing at 94°C for 1 minute,
annealing at 57 to 62°C for 1 minute, and extension at 72°C for 1 minute.

PCR products were analyzed on 1% agarose gels and purified (QIAquick Gel Extraction Kit;
Qiagen) followed by ethanol-sodium acetate precipitation. Sequencing in the forward and
reverse directions with the gene-specific primers was then performed (model 3100 Prism
automated sequencer; ABI, by using an AmpliTaq FS cycle sequencing kit with dye-labeled
terminators [both from ABI]). Sequences of the 10 gene segments were compared with those
published in GenBank (http://www.ncbi.nlm.nih.gov/genbank; provided in the public domain
by the National Center for Biotechnology Information, Bethesda, MD). When ambiguous
sequences (heterozygous) were detected, the PCR products were cloned into a pCR-TOPO
vector (Invitrogen, Carlsbad, CA), and the sequences were confirmed by sequencing the cloned
products.

Site-Directed Mutagenesis

To express the recombinant mutant aB-crystallin, the cDNA of human aB-crystallin was
mutated by PCR-based, site-directed mutagenesis. The «B mutant in which aspartic acid 140
was replaced by asparagine (D140N) was generated by GAT—AAT conversion at the 418th
nucleotide of the CRYAB gene. The substitution was made by incorporating the mismatch in
the PCR primer. Two pairs of primer were used in the mutagenesis, the sequences of which
are as follows: CRBN forward (F), 5'-GACATCGCCATCCACCAC-3', CRBN reverse (R),
5-GACCCCATTAGATGACAG-3’; and CRBCF, 5-CTGTCATCTAATGGGGTC-3,
CRBCR, 5-CTATTTCTTGGGGGCTGC-3'.

Two rounds of PCR were used to create the mutation. The first round produced the N-terminal
fragment with CRBNF/CRBNR as a pair of primers and the C-terminal fragment with CRBCF/
CRBCR as a pair of primers. The second round of PCR used the mixture of the N-terminal and
the C-terminal fragments as the template, and CRBNF/CRBCR as a pair of primers to generate
the full-length mutant cDNA. PCR conditions were as followed: predenaturing at 94°C for 2
minutes, followed by 35 cycles of denaturing at 94°C for 15 seconds, annealing at 60°C for 40
seconds, and extension at 72°C for 40 seconds. PCR products were analyzed on a 1% agarose
gel and purified (QIAquick Gel Extraction Kit; Qiagen).
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Expression and Purification of Recombinant Wild-Type and D140N Mutant aB-Crystallins

Purified PCR product of the mutant CRYAB gene was cloned into the pET15b vector at the
Ncol site (after fill-in with Klenow fragment) to generate the pET15b-D140NaB plasmid. The
presence of the mutation and the absence of any other base change in the coding region of the
aB-crystallin gene were confirmed by DNA sequencing. The expression plasmid pET15b-
wtaB and pET15b-D140NaB were transformed into competent Escherichia coli BL21 (DE3)
cells. Growth, induction, and lysis of cells andfurification of the recombinant proteins were
performed essentially as described previously. 1,23 protein concentrations were determined
by measuring absorption at 280 nm with the absorbance A%-1% = 0.742 for both wild-type and
mutant, calculated based on the amount of aromatic amino acids.31 Wild-type and mutant
proteins were analyzed on 15% SDS-polyacrylamide gels under reducing conditions and
stained with Coomassie brilliant blue R250 (Sigma-Aldrich, St. Louis, MO). The recombinant
proteins were electrotransferred to a nitrocellulose membrane. The primary antibody for aB-
crystallin was raised in rabbit and the secondary antibody was anti-rabbit 1gG alkaline
phosphatase conjugates (Roche Molecular Biochemicals, Indianapolis, IN). To determine the
sizes of oligomers of wild-type and mutant aB crystallins, we analyzed the aB crystallin
solutions by HPLC size-exclusion chromatography (Shodex protein KW-803) coupled with a
three-angle (45°, 90 °, and 135°) light-scattering detector coupled with an interferometric
refractometer (Wyatt Technology, Santa Barbara, CA). The mobile phase was 25 mM Tris (pH
7.5), 100 mM NaCl, 1 mM dithiothreitol (DTT), and 1 mM EDTA. The flow rate was 0.5 mL/
min.

Study of Conformational Change

Size-exclusion chromatography was performed (a Fast Protein Liquid Chromatography
[FPLC] system equipped with FPLC director software and a superose-12 column; GE
Healthcare, Piscataway, NJ). Circular dichroic (CD) spectra were obtained with a circular
dichroism spectrometer (model 60 DS; Aviv Associates, Lakewood, NJ). Five scans were
recorded and averaged, followed by a polynomial fitting program. The CD was expressed in
deg-cm2/dmol. Fluorescence was measured with a spectrofluorometer (model RF-5301PC;
Shimadzu Instruments, Columbia, MD). Tryptophan fluorescence emission was scanned with
an excitation wavelength of 295 nm. Bis-ANS fluorescence emission spectra were scanned
between 460 and 560 nm with an excitation wavelength of 395 nm. Aliquots of 50 uL of Bis-
ANS (5.5 x 10° M stock solution) were added to 1 mL of aB-crystallin solution (0.1 mg/mL
in 50 mM phosphate buffer; pH7.5) until saturation was reached. The samples were incubated
for 10 minutes at room temperature before fluorescence measurement.

Chaperone-like Activity Measurement

Chaperone-like activity of the wild-type and mutant proteins was studied by the insulin
aggregation assay. The aggregation of insulin (0.2 mg/mL) in 10 mM phosphate buffer (pH
7.4), containing 100 mM NaCl, was initiated by the addition of 25 uL of 1 M DTT to 240 uL
of insulin at room temperature. The extent of aggregation was measured as a function of time
by monitoring light scattering at 405 nm in a plate reader (Spectra MAX-340; Molecular
Devices, Sunnyvale, CA). The extent of protection by the wild-type and mutant aB-crystallin
was studied by incubating insulin with required concentrations of aB-crystallin sample for 10
minutes at room temperature before addition of DTT.

Thermal Stability Measurements

Thermal stability was studied by time-dependent change in light scattering at 360 nm of both
wild-type and D140N mutant proteins at 65°C. The light scattering was measured using a UV-
visible spectrophotometer (BioSpec-1601; Shimadzu).
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Results
Clinical Findings

Members of a five-generation family (Fig. 1) from South China and 100 unaffected, unrelated
individuals were invited to take part in this study. All available affected individuals displayed
bilateral lamellar cataracts (Fig. 2) with variable severity and without other ocular or systemic
abnormalities. The cataracts in this family were inherited in an autosomal dominant manner.
The clinical details are summarized in Table 1.

Mutation Analysis

To identify the mutation that causes cataract in this pedigree, we screened 19 mutation hot
spots of 10 genes in all nine recruited family members by PCR-based DNA sequencing. None
of these mutation hot spots was associated with this pedigree. However, sequencing the
CRYAB gene segment revealed a novel G—A mutation in the third exon of the gene in all four
affected members of this family (Fig. 3). This single-base substitution resulted in the
replacement of the aspartic acid residue by asparagine at codon 140 (D140N). The sequence
change was not found in the 5 unaffected members of the family, nor in the 100 unaffected,
unrelated, normal individuals. This indicates that the single-base substitution, rather than a rare
polymorphism, is the cause of cataract in this pedigree.

Expression and Purification of Wild-Type and D140N Mutant aB-Crystallin

To investigate the molecular mechanisms that underlie the cataractogenesis of this mutation,
wild-type and D140N mutant aB-crystallin proteins were expressed in E. coli BL21 (DE3).
The D140N mutant a.B-crystallin cDNA was generated by PCR-based, site-directed mutation.
The expression of recombinant proteins was monitored by SDS-PAGE and Western blot
analysis. Whereas wild-type protein was mainly in the water-soluble fraction, 20% to 50% of
the D140N mutant aB-crystallin was found in the water-insoluble fraction (data not shown).
The wild-type and mutant aB-crystallins were purified from the water-soluble fraction by anion
exchange and size-exclusion chromatography to near homogeneity (95%). As shown in Figure
4A, the purified protein migrated as a single 20-kDa band on SDS-PAGE, which was
recognized by antibodies to aB-crystallin (Fig. 4B). aB-crystallin exists as noncovalently
linked oligomers with an apparent molecular mass of ~570 kDa in native state.32 The retention
times of wild-type and mutant aB-crystallins were not distinguishable on size-exclusion FPLC.
However, multiangle light-scattering measurement showed that the sizes of mutant oB-
crystallin oligomers were larger than those of wild-type. The average mass of wild-type aB-
crystallin was 5.692 x 10° (3 x 10° to 9 x 10°) and the average mass of D140N mutant aB-
crystallin was 7.938 x 105 (1 x 10° to 4 x 105; Fig. 5). The data show that sizes of oligomers
of mutant aB-crystallin were not only larger, but more heterogeneous than those of wild-type
aB-crystallin.

Surface Hydrophobicity

The difference in sizes and in solubility of the mutant aB-crystallin in native state from those
of wild-type suggests that the mutant aB-crystallin adapts a different conformation. To test
this possibility, we compared the surface hydrophobicity of wild-type and the mutant oB-
crystallins. The surface hydrophobicity was determined by Bis-ANS fluorescence. Bis-ANS
(a hydrophobic probe) is nonfluorescent in aqueous solution and becomes fluorescent when
bound to the hydrophobic residues on the surface of a molecule. Figure 6 shows the
fluorescence intensity of wild-type and D140N mutant aB-crystallins after binding with Bis-
ANS at room temperature. The fluorescence intensity was much higher in mutant protein than
in the native one, which suggests an increase in hydrophobicity of the mutant protein due to
exposure of normally buried hydrophobic residues.
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Secondary and Tertiary Structure Analyses

Comparative analyses of secondary and tertiary structure of wild-type and mutant aB-crystallin
were performed by determining their CD spectra and tryptophan fluorescence, respectively.
The far UV CD spectrum reflects the secondary structure. As shown in Figure 7A, there was
no significant difference in the far UV CD spectra of wild-type and D140N mutant oB-
crystallins, indicating that wild-type and mutant aB-crystallins share a similar, if not identical,
secondary structure. Tryptophan fluorescence data reflect a protein's gross positioning of
tryptophan residues, which normally reflects the tertiary and/or quaternary structures of a
protein. Improperly folded or partially unfolded proteins usually have altered tryptophan
fluorescence intensity and a shift of the wavelength of fluorescence emission maxima.22 We
found that the D140N mutant showed higher fluorescence intensity and a shift emission
maximum from 340 nm to 345 nm (Fig. 7B), indicating a significant change in the local
environment of tryptophan residues compared with the wild-type protein, and indicating that
the mutant aB-crystallin adapted different tertiary and/or quaternary structures from that of
wild type.

Thermal Stability and Chaperone-like Activity

aB-crystallin belongs to the small heat shock protein family. Wild-type crystallins are normally
thermally stable, and they can prevent heat-induced aggregation and precipitation of other
proteins.22 To determine further the molecular mechanism by which the mutation causes
cataract, we compared the thermal stability and chaperone activity of wild-type and D140N
mutant aB-crystallins. As shown in Figure 8, the D140N mutant aB-crystallin was susceptible
to heat-induced aggregation. When incubated at 65°C, wild-type aB-crystallin remained
soluble for at least 120 minutes, whereas the mutant aB-crystallin aggregated within 15
minutes. Wild-type aB-crystallin can prevent heat-induced aggregation of many other proteins,
34 put it could not prevent thermal-induced aggregation of the mutant «B-crystallin (Fig. 8).
Because the mutant aB-crystallin was not thermally stable, we chose DTT-reduced insulin as
a substrate for the chaperone activity. When incubated at a 1:1 (wt/wt) ratio, wild-type aB-
crystallin significantly inhibited DTT-induced aggregation of insulin (Fig. 9A). However, the
same amount of D140N mutant aB-crystallin could not prevent the aggregation of insulin. In
contrast, the mutant aB-crystallin enhanced the DTT-induced aggregation of insulin (Fig. 9A).
Moreover, the chaperone-like activity of wild-type aB-crystallin was compromised when
D140N mutant aB-crystallin was added (Fig. 9B). These data indicate that the mutant o.B-
crystallin behaves as a dominant negative, which interferes with the chaperone activity of wild-
type aB-crystallin.

Discussion

We report a novel G—A mutation in the third exon of the CRYAB gene that is associated with
cataractogenesis in an ADCC family. The data indicate that D140N is the causative mutation
in this ADCC family, rather than a rare polymorphism in the normal population. First, the
mutation cosegregated with the disease phenotype in the family and was absent in 100
unaffected, unrelated individuals screened. Second, the mutation resulted in a substitution of
a negative charged aspartic acid by a neutral asparagine residue at codon 140 within the highly
conserved a-crystallin domain. Third, the recombinant mutant aB-crystallin showed abnormal
oligomerization, reduced thermal stability, and abolished chaperone-like activity. Furthermore,
the D140N mutant aB-crystallin behaves as a dominant negative, which interferes with the
chaperone-like activity of wild-type aB-crystallin. The reduced thermal stability and the
dominant negative effects of the mutant aB-crystallin may be the direct cause of cataract,
because aB-crystallin-null mice have clear lenses.3%
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Like most sHsps, aB-crystallin contains a highly conserved sequence of 80 to 100 amino
residues called the a-crystallin domain. The crystal structure of a-crystallin is not available
currently. Based on the sequence homology to other members of the sHsp family, it is proposed
that this domain forms a variant of the seven-f-strand Ig-like fold.36-38 There are regions in
this domain that have been shown to bind substrate protein such as alcohol dehydrogenase and
the hydrogahobic probe bis-ANS. This domain is also known to be involved in intersubunit
contacts. 3940 Mutations in this domain, such as the D140N mutation that we report herein,
would have functional consequences. Consistent with this idea, several mutations in this region,
such as R49C,41 R54H,42 and R116C11 mutations in aA-crystallin and the R120G
mutationZ® or a frame-shift mutation2 in aB-crystallin, are associated with congenital
cataract.

Tryptophan fluorescence revealed that D140N mutation leads to an alteration in tertiary or
quaternary structures. This structural change is further supported by the increased surface
hydrophobicity and decreased thermal stability. This change is further corroborated in
alteration of oligomerization status, such as an appreciable increase in the sizes of oligomers
of the mutant aB-crystallin. The structural and functional changes associated with the D140N
mutation of aB-crystallin are similar, but not identical, to those of R120G or N146D mutant
aB—crystaIIin.32’4 44 Similar to the D140N mutant aB-crystallin reported herein, both R120G
and N146D mutant aB-crystallins showed increased hydrophobicity, abnormal
oligomerization, and reduced chaperone activity.32!4 44 However, unlike the D140N mutant
aB-crystallin which has a similar, if not identical, secondary structure as wild-type oB-
crystallin, R120G mutation causes alteration in the secondary structure.43:44

It is interesting to note that the aspartic acid residue at position 140 is conserved in different
species of mammals and other vertebrates, such as rabbit, bovine, rat, hamster, mouse, chicken,
mallard-duck, bullfrog, and catfish.4> The highly conserved nature of this residue indicates its
important role in maintaining the structure and functions of aB-crystallin. It has been reported
that maintenance of the net charge is critical for the chaperone activity of a-crystallins. Site-
directed mutation studies have revealed that chaperone-like activity of a-crystallins would be
compromised whenever charged residues are mutated. 3446 Although the R120 and D140
residues are not directly involved in the subunit-subunit interaction,40 R120G and D140N
mutations resulted in abnormal oligomerization. It is therefore likely that both R120 and D140
residues are necessary for maintaining the structure of aB-crystallin for proper subunit-subunit
interactions. This critical requirement may explain why the D140 residue of a-crystallins was
conserved through evolution.4’ Together with previously published data, the present study
indicates that disturbing the net charge of the aB-crystallin will alter the tertiary and/or
quaternary structures, reduce or abolish the chaperone activity, and cause severe physiological
consequences, such as congenital cataract.

It is worth noting that although both R120G and D140N mutations results in similar structure
changes, the D140N mutation causes isolated cataract phenotype whereas the R120G mutation
causes myopathy as well as cataract. We speculate that the dominant negative effect of the
D140N mutation is one of the major mechanisms of the cataract phenotype. In most cases,
dominant negative is dose dependent. Although aB-crystallin is expressed in other tissues,
particularly in muscles, the expression levels in these tissues are much lower than the
expression in lens and it may not reach the levels that are necessary for inhibiting the chaperone
activity of wild-type aB-crystallin or other sHsps. Another possibility is that the mutant aB-
crystallin was rapidly degraded in muscles, which have active proteolytic systems. A
comparison of the susceptibilities of R120G aB-crystallin and D140N aB-crystallin to
proteolytic degradation could provide an explanation for the different phenotypes between
R120G mutation and D140N mutation. This difference will be evaluated in the future.
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FIGURE 1.

The Chinese autosomal dominant congenital cataract pedigree. Square symbols: males; round
ones: females; shaded symbols: ophthalmologist-confirmed congenital cataract; arrow:
proband. Individuals in the dashed box were screened for mutations. The transmission pattern
suggests the cataract is inherited in an autosomal dominant manner.
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FIGURE 2.

Anterior segment photograph of the proband in the ADCC pedigree through slit lamp
microscope. The opacification of the lens is restricted to discrete lamellae and the inner
embryonic nucleus. The surrounding cortex remains clear.
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FIGURE 3.

Sequence analysis of the CRYAB gene in one unaffected (A) and one affected (B) individual
of the ADCC family. Arrow: a G—A base change in the gene segment. The data show the
sequences of representative clones of wild-type and mutant CRYAB.
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FIGURE 4.
SDS-PAGE and Western immunoblot analysis of wild-type and D140N mutant aB-crystallin.

(A) Coomassie blue stain; (B) Western blot analysis. Lane 1: low-molecular-weight protein
standards; lane 2: purified wild-type aB-crystallin; lane 3: purified D140N mutant oB-
crystallin.
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FIGURE 5.

Size-exclusion HPLC-multiangle light-scattering analysis of wild-type and D140N mutant
aB-crystallins. (A) Wild-type aB-crystallin. The average mass was 5.692 x 10° Da, ranging
from 3 x 10° to 9 x 10° Da. (B) D140N mutant aB-crystallin. The average mass was 7.938 x
10° Da, ranged from 1 x 10° to 4 x 10° Da.
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FIGURE 6.

Surface hydrophobicity of wild-type and D140N mutant aB-crystallins. Bis-ANS fluorescence
of wild-type aB-crystallin (solid line) and D140N mutant aB-crystallin (dashed line) measured
at room temperature. The fluorescence intensity was much higher in mutant than in native
protein, indicating the increase in surface hydrophobicity.
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FIGURE 7.

CD and tryptophan fluorescence (A) shows far UV CD spectra of wild-type (solid line) and
D140N mutant (dashed line) aB-crystallin. The lack of significant difference in CD spectra of
wild-type and the mutant aB-crystallin suggests that the mutation did not cause detectable
alterations in the secondary structure. (B) Tryptophan fluorescence spectra of wild-type (solid
line) and D140N mutant (dashed line) aB-crystallin measured at room temperature. The
fluorescence emission spectrum of wild-type had the Amax at 340 nm. The D140N mutant
showed higher fluorescence intensity than wild-type and a shift of the Amax from 340 to 345
nm. The increased fluorescence intensity and the shift of the Amax of the mutant aB-crystallin
indicate an alteration of the tertiary and/or quaternary structures.
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FIGURE 8.

Thermal stability of wild-type and mutant aB-crystallins. The thermal stability was determined
by time-dependent change in light scattering as monitored at 360 nm at 65°C. By 12 minutes
of incubation under this condition, the D140N mutant aB-crystallin began to aggregate. In
contrast, wild-type aB-crystallin remained soluble up to 120 minutes. When mixed with mutant
aB-crystallin at 1:1 (wt:wt) ratio, wild-type aB-crystallin could not prevent the aggregation of
mutant aB-crystallin.
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FIGURE 9.

Chaperone-like activity of wild-type and D140N mutant aB-crystallins. The chaperone-like
activity was evaluated by prevention of DTT-induced aggregation of insulin at room
temperature. Wild-type aB-crystallin with a 1:1 (wt/wt) ratio to insulin significantly inhibited
DTT-induced aggregation of insulin. In contrast, D140N mutant «B-crystallin at the same ratio
promoted, rather than inhibited, the aggregation of reduced insulin (A). Moreover, chaperone-
like activity of wild-type aB-crystallin was compromised when 1:1 (wt/wt) mixed with D140N
mutant aB-crystallin (B).
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