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Abstract
Mutations of human αB-crystallin cause congenital cataract and cardio-myopathy by protein
aggregation and cell death. How mutations of αB-crystallin become pathogenic is poorly
understood. To better understand the cellular events related to protein aggregation and cell death,
we transfected cataract and cardio-myopathy causing mutants, R11H, P20S, R56W, D109H,
R120G, D140N, G154S, R157H and A171T in HeLa cells and assessed protein aggregation and
apoptosis by laser scanning confocal microspy (LSCM) and flow cytometry. Cells individually
transfected with the mutants, D109H, R120G, D140N and R157H significantly showed more
aggregates. Cells overexpressed with HspB1 (Hsp27) significantly sequestered aggregates in all
mutants and suppressed apoptosis in mutants, P20S, D109H and A171T. Significant increases of
apoptotic cells as stained with Annexin V were observed in mutants, D109H and A171T
transfected cells. Cells positive for active caspase-3 was increased in the mutant, D109H. Thus the
previously recognized anti-apoptotic functions of αB-crystallin were compromised in these
mutants.
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Introduction
The αB-crystallin (HspB5) is a key member of the small heat shock protein (sHsp) family. It
is constitutively expressed in many cells, known to be multi-functional and involved in
many diseases [1–3]. Upon stress, αB-crystallin shows enhanced synthesis in cells [4]. In
mammals, αB-crystallin is a major polypeptide of ocular lens where it is associated with its
partner molecule, αA-crystallin (HspB4) to form a large globular heteropolymers with a
molecular size ~700 kDa [5]. The highest concentration of αB-crystallin in non-ocular
tissues was found in the heart and slow-twitch muscles [6–8]. Massive accumulation of αB-
crystallin was reported in brains of patients with Alexander’s disease, functions as
oncoprotein in breast cancer and in neurofibrillary tangles from patients of Alzheimer’s
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disease [8–10]. Abundant expression of αB-crystallin has been reported in various types of
stress in cardiac [11] and skeletal muscles [12] as well as in the brain [13]. These studies
suggest that in these organs αB-crystallin function as molecular chaperones suppressing the
aggregation of specific client polypeptides.

Missense mutations identified in αB-crystallin which led to the development of congenital
cataract were R11H [14], P20S [15], R56W [16], D109H [17] R120G [18], D140N [19] and
A171T [20]. The mutants, R11H and P20S are autosomal dominant whereas the R56W is
recessive [16] and all three of these mutations occur in the N-terminal region. The cataract
phenotype implies that presence of mutant αB-crystallin is more harmful than its absence.
αB-crystallin is expressed in striated muscle and truncated mutations cause muscular
diseases [21]. Mutations of αB-crystallin contributing to cardio-myopathy were: D109H
[17]; R120G [18] and R157H [22]. Recently, a mutant G154S has been reported in late-
onset distal myopathy [23]. All these mutations (D109H, R120G, D140N, G154S and
R157H) occur in the ‘α-crystallin domain’ and are autosomal dominant mutants. The well
recognized mutant, R120G causes both dominant cataract and adult-onset desmin related
myopathy [18]. The newly identified mutant, D109H has been described with the multi-
system phenotype similarly to R120G [17]. The autosomal dominant mutant, A171T is
located in the C-terminal domain.

HspB1 (Hsp27) is a small heat shock protein and a molecular chaperone which can
participate in folding of partially unfolded proteins under both stressed and unstressed
conditions [24, 25]. Moreover, HspB1 and αB-crystallin proteins often accumulate as
inclusion bodies in many protein conformation diseases [26]. Previously, a study [25] has
been demonstrated that HspB1 suppresses the formation of inclusion bodies formed by a
mutant of αB-crystallin, R120G, in HeLa cells. However, there is no report on anti-
aggregate function of HspB1 overexpression in other missense mutants of αB-crystallin
involved in cardio-myopathy and congenital cataract.

In this study we used biochemical and cell biological methods to investigate the function of
missense mutants of αB-crystallin.

Materials and Methods
Generation of YFP-tagged αB-crystallin mutants

QuickChange II site-directed mutagenesis kit (Agilent Technologies, CA) was used to
generate mutated YFP-tagged αB-crystallin DNA constructs. Previously generated YFP-(N-
terminus)-tagged αB-crystallin wild-type DNA [27] was used as template for PCR with the
following conditions: 95°C for 15 seconds, 95°C for 30 seconds, 55°C for 1 minute and
68°C for 5 minutes for 16 cycles. The un-mutated parental DNA molecules from the PCR
reaction was digested with Dpn I for 1 hour at 37°C and 1 μl of digested DNA was used for
transformation. The transformants were selected on LB-agar plates containing 50 μg/ml
kanamycin and validated by DNA sequencing.

Cell culture and transfection
HeLa cells, purchased from ATCC, Manassas, VA were grown in 35 mm glass bottom
dishes (Mat Tek, MA) and transfected with Lipofectamine 2000 (Life Technologies, CA).
For individual transfection experiments, 1 μg of YFP-tagged αB-crystallin-wt or its mutants
and 1 μg of empty vector were transfected. In co-transfection experiments, 1 μg each of
plasmid DNA; pCMV6-Myc-DDK-tagged-HspB1 (Hsp27) (Origene, MD) were co-
transfected with YFP-tagged mutated αB-crystallin constructs. After 48 hours, transfected
cells showing aggregates were counted at x40 magnification in a laser scanning confocal
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microscope. Fields were randomly chosen and 300 cells were counted per experiment and
repeated in three independent experiments.

Laser scanning confocal microscopic studies
An LSM 510 confocal microscope (Carl Zeiss Inc., Thornwood, NY) with 63x oil-
immersion objective (plan Apochromat, NA 1.4) (University of Arkansas for Medical
Sciences core facility) was utilized. To visualize YFP fluorescence, cells expressing
fluorescent proteins were excited at appropriate laser beam and filtered with both
dichromatic band pass filters, captured at 12 bit 512 × 512, multi-track channel images with
CCD camera. For YFP channel, the cells were excited with 514 nm filter by argon-ion laser
and the emission intensity was collected using BP 530–600 nm filters.

Flow cytometry for apoptosis assay
Cells were individually transfected with 1 μg of YFP-tagged αB-crystallin-wt and its
mutants. After 48 h transfection, cells were dislodged with accutase and first stained with
Fixable Viability Dye eFlour780 (eBioscience, CA) for 30 min at 4°C. Cells were washed
twice with PBS and subsequently stained with second stain, Annexin V-APC (BD
Biosciences, CA) for 15 min at room temperature in the dark and gated the triple positive
cells, i.e. YFP, Fixable Viability Dye eFlour780 and Annexin V-APC by BD FACSAria-IIu
using Cell Quest software (BD Biosciences, CA) (University of Arkansas for Medical
Sciences Core Facility).

Flow cytometry assay for detection of active caspase-3
For detection of active caspase-3, cells were transfected with 1 μg of DDK-tagged αB-wt
and mutants, D109H and R120G. In one set of experiments, DDK-tagged αB-crystallin-wt,
D109H, and R120G alone were transfected. In another group of experiment, transfected
cells were treated with 50 nM of staurosporine (ST) (Cell Signaling, MA) for 14 hours. The
ST treatment was started after 34 h transfection and appropriate amount of vehicle (DMSO)
was added in control groups. After 48 h transfection, cells were fixed and permeabilized
with BD Fix/Permeabilization solution (BD Biosciences, CA) for 20 minutes on ice and
washed with Fix/Permeabilization washing buffer for two times and subsequently stained
with PE-conjugated active caspase-3 (BD Biosciences, catalog # 557091) and DDK-
DyLight 488 (Origene, catalog # TA 150021) for one hour in the dark at room temperature
and washed with Fix/Permeabilization washing buffer for two times. Cells were resuspended
with FACS buffer (1x PBS supplemented with 1% BSA and 0.1% sodium azide) and
subjected to flow cytometry. Cells were gated out for double positive cells [i.e. DDK-
DyLight 488 (FL 1) and PE-active caspase-3 (FL2)] by BD FACS Calibur (UAMS core
facility) and analyzed by Cell Quest software (BD Biosciences, CA).

SDS-PAGE and Western blot analysis
After 48 hours transfection, cells were lysed with lysis buffer containing 50 mM Tris-HCl
(pH 7.4), 150 mM NaCl, 0.02% sodium azide, 0.1% SDS, 1% NP-40, 0.5% sodium
deoxycholate and 0.1 mM EDTA supplemented with cock-tail protease inhibitors. For each
sample, 5 μg of total protein was loaded into 12% SDS-PAGE and electro blotted to PVDF
membrane. The blots were blocked with 5% non-fat dry milk prepared in TBST (Tris-
buffered saline supplemented with 0.1% Tween 20) and subsequently incubated with
primary monoclonal antibody for DDK-tag (Origene, TA5011), αB-crystallin (rabbit
polyclonal, Abcam, ab13497, 1:2000) for one hour at room temperature. Blots were washed
with TBST for three times and incubated with appropriate HRP-conjugated secondary
antibodies (1 in 10000, Santa Cruz Biotechnology Inc., CA) for one hour at room
temperature. Enhanced Chemiluminescence substrate was used and the signal was detected
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by exposing the blots on X-ray films. For loading control, blots were stripped with Restore
Western Blot stripping buffer (Thermo Scientific Inc., IL) and re-probed with a rabbit
polyclonal antibody against β-actin (Abcam, ab8227, 1: 10000) for 1 hour at room
temperature.

Statistical analyses
Student’s t-test was used to calculate the significance between the wild-type and the mutant
group. For each group, three independent experiments were conducted and the results were
expressed as mean ± SD. The p < 0.05 was considered as statistically significant.

Results
Expression of YFP-tagged αB-crystallin mutants in HeLa cells

To determine whether mutants of αB-crystallin could generate aggregates in cells, cells
were individually transfected with YFP-tagged αB-crystallin mutants. After 48 h
transfection, cells were examined with a laser scanning confocal microscope (LSCM) and
counted the number of cells with aggregates as described in Methods. The ‘aggregates’ were
referred to as the YFP-fused mutant protein expression seen as scattered clump particles
localized in the cytoplasm. Cells having more than four such particles are considered as
positive for cells containing aggregates and scored. A homogenous expression of YFP-
tagged αB-wt protein was seen in the cytoplasm. There was no or fewer number of cells
with aggregates in the αB-wt transfected cells. The cellular morphology was significantly
altered and distorted in mutants, D109H, R120G and D140N (Fig. 1). The percent of cells
with aggregates were higher in mutants, D109H, R120G, D140N and R157H. Mutants,
R11H, P20S, G154S and A171T showed a moderate number of cells with aggregates. Cells
transfected with the mutant, R56W showed the least number of cells with aggregates. The
percent of cells (Mean ± SD) with aggregates were: 2 ± 1; 20.6 ± 4.6; 20.6 ± 4; 4 ± 2; 44 ±
9.1; 77.6 ± 8.7; 46.6 ± 10.6; 24.6 ± 6.4; 48 ± 8; 15.3 ± 3 for αB-wt, R11H, P20S, R56W,
D109H, R120G, D140N, G154S, R157H and A171T respectively (Fig. 2).

Co-expression of YFP-tagged αB-crystallin mutants with Myc-DDK-tagged HspB1
construct in HeLa cells

To investigate whether exogenous overexpression of HspB1 can inhibit the aggregates
caused by αB-crystallin mutants, cells were co-transfected with Myc-DDK-tagged HspB1
with the mutants and scored the percent of cells with aggregates after 48 h transfection. The
transfection efficiency of overexpressed Myc-DDK-tagged HspB1 was nearly equal as
determined by flow cytometry (not shown). Interestingly, co-expression of HspB1
significantly suppressed the aggregates caused by all the mutants of αB-crystallin (Fig. 3).
The percent of cells (Mean ± SD) with aggregates decreased significantly as given in the
following data: 1 ± 0.01; 9.3 ± 3; 8 ± 2; 1.6 ± 1.1; 18 ± 2.6; 13.67 ± 2.082; 19 ± 3.6; 10 ± 2;
9 ± 2.6; 3.6 ± 1.5 for αB-wt + HspB1; R11H+HspB1; P20S+HspB1, R56W+HspB1,
D109H+HspB1, R120G+HspB1, D140N+HspB1, G154S+HspB1, R157H+HspB1 and
A171T+HspB1 respectively (Fig. 4A).

Level of expression of YFP-tagged αB-crystallin-wt and its mutants in HeLa cells
To validate the level of expression of individually transfected YFP-tagged αB-crystallin-wt
and its mutant constructs, cells were lysed after 48 h transfection and analyzed by western
blot. The level of expression was nearly equal in each of the individually transfected
construct (Fig. 4B) suggest that aggregates caused by the mutants did not alter the level of
YFP-tagged protein expression. In mutants co-expressed with Myc-DDK-tagged-HspB1, the
blots were probed with αB-crystallin antibody and the same blot was reprobed with anti-
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DDK monoclonal antibody to detect DDK-tagged HspB1. The level of overexpressed YFP-
αB-crystallin was nearly equal in all of the transfected groups. (Fig. 4C) and the level of
overexpressed HspB1 were also nearly equal in the transfected groups (Fig. 4C). The YFP-
tagged mutant of αB-crystallin gives rise to an expected molecular mass ~48 kDa was
observed in blot probed with αB-crystallin antibody.

Increase in apoptotic cells in individually expressed αB-crystallin mutants
The αB-crystallin possesses anti-apoptotic properties [28]. To examine whether the mutants
of αB-crystallin have their anti-apoptotic function compromised, cells were individually
transfected with the YFP-tagged αB-crystallin mutants under the same culture conditions.
After 48 h transfection, cells were assessed for apoptosis by staining with Annexin V-APC
and Fixable Viability dye eFlour780. The change in Annexin V-positive/Fixable Viability
dye eFlour780-positive cell rates indicates apoptosis [29]. Mutants D109H and A171T
transfected cells showed significant increase of cells positive for apoptosis compared to
wild-type control and higher or nearly equal to positive control mutants, R120G [30] and
P20S [15] which has been demonstrated previously to induce apoptosis in rat neonatal
cardiomyocytes (RCN) and human lens epithelial cells (HLE), respectively (Table 1).

HspB1 overexpression protects cells from apoptosis only in some mutants of αB-crystallin
To investigate whether overexpression of exogenous HspB1 can suppress the number of
apoptotic cells in mutants of αB-crystallin, cells were co-transfected with Myc-DDK-tagged
HspB1 (1 μg) in YFP-tagged αB-crystallin (1 μg) mutants. After 48 h transfection, cells
were stained with Annexin V-APC and eFluor780 and subjected to multi-color flow
cytometry. Interestingly, our results indicate that overexpression of HspB1 suppressed the
number of cells positive for apoptosis in mutants P20S, D109H and A171T (Table 1). In
other mutants, there was no appreciable decrease in the number of cells positive for
apoptosis.

Active caspase-3 was increased in αB-crystallin mutants
To examine whether the apoptotic pathway is modulated by caspase-3 in mutants of αB-
crystallin, cells were transfected with DDK-tagged αB-wt and its mutants D109H and
R120G. After 48 h transfection, cells were stained with active caspase-3 antibody and
assessed by flow cytometry as described in Methods. The mutants D109H and R120G
showed a two-fold increase of cells positive for active caspase-3 compared to αB-wt (Table
2). Furthermore, to determine whether the mutant, D109H can resist staurosporine-induced
caspase-3 activation, transfected cells were treated with 50 nM of staurosporine (ST) for 14
hours. Increased number of cells positive for active caspase-3 was observed in D109H
mutant suggests that anti-apoptotic properties were compromised in D109H mutant due to
its partial impairment.

Discussion
In this study, we have demonstrated that all the αB-crystallin mutants were showing
different level of protein aggregates and some of the mutants showing apoptosis in HeLa
cells, a highly transfectable cell line. Previously [27, 31], we showed that there was no
endogenous expression of αB-crystallin in these cells and therefore, we evaluated the
function of αB-crystallin mutants by transient transfection. The question arises as to what
makes the missense mutants of αB-crystallin to aggregate in mammalian cells. Lack of
protein stability and conformational changes could be the two major factors influencing the
formation of aggregates. Our recent studies (unpublished data) have shown that P20S,
D109H and R120G have altered secondary structure as shown by increased α-helical and
decreased β-sheet contents. The tertiary structure (tertiary fold) also appeared to be different
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as compared to αB-wt. Our results in the present study suggest that mutations located within
the ‘α-crystallin’ domain (D109H, R120G and D140N) showed higher level of aggregates
than mutations occur in the N-terminal domain. It is possible that higher level of aggregates
formed by the mutants from the core ‘α-crystallin’ domain could be due to decreased
chaperone function as reported previously [32]. And also when these mutants were
expressed individually in the present study, they formed aggregates probably due to cellular
stress in the absence of additional protective mechanism such as presence of an active small
heat-shock protein like HspB1. Interestingly, HspB1 overexpression significantly
suppressed the level of aggregates because HspB1 is a powerful chaperone and these results
agree with a previous study with the R120G mutant [25]. A protective effect of HspB1 by
sequestration of aggregates formed by the mutants is probably due to the formation of
heterooligomers of the mutants with HspB1 [33, 34]. Anti-apoptotic effect was observed in
some of the mutants; P20S, D109H and A171T with co-expression of HspB1 suggest that
over-expression of HspB1 protects through its anti-apoptotic mechanism [35, 36]. In other
mutants, HspB1 failed to protect cells from apoptosis possibly due to other mechanisms
such as post-translational modifications like phosphorylation of HspB1 did not occur
appropriately [37].

In this report, we provided evidence for apoptosis due to loss of anti-apoptotic properties in
some mutants of αB-crystallin mutants. The mutants D109H and A171T expressed cells led
to more apoptotic cell death. The cell death due to apoptosis could be one of the mechanisms
for pathogenesis of cataract and cardio-myopathy. In a previous study by another research
group [28] strong evidence has been presented that native αB-crystallin negatively regulates
apoptosis during myogenic differentiation by inhibiting caspase-3 activation. Also in the
same study, the αB-crystallin mutant (R120G) showed only partial impairment in its
cytoprotective function. Our results suggest that partially impaired anti-apoptotic effect was
observed in the mutant, D109H. It is quite possible that altered protein conformational
changes in αB-crystallin mutants result in inadequate binding and thus enabling activated
caspase-3 formation. The future studies will be focused on interaction between caspase-3
and the mutants of αB-crystallin.
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Highlights

• Mutants of αB-crystallin expression in cells cause aggregates and apoptosis.

• HspB1 co-expression suppresses aggregates in all mutants.

• HspB1 co-expression decreases apoptosis in P20S, D109H, R120G and A171T.
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Figure 1.
Expression of individually transfected YFP-tagged αB-wt and its mutant constructs in HeLa
cells: Cells were transfected with 1 μg each of YFP-tagged αB-wt and its mutant constructs,
R11H, P20S, R56W, D109H, R120G, D140N, G154S, R157H and A171T with 1 μg of
empty vector. After 48 h transfection, cells were observed under a confocal microscope.
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Figure 2.
Percent of cells with aggregates in individually transfected YFP-tagged αB-wt and its
mutants: The graph depicts the percent of cells with aggregates after 48 h transfection
computed from Fig. 1. The mutants, D109H, R120G, D140N and R157H showed more cells
with aggregates. The mutants, R11H, P20S, G154S and A171T showed modest number of
cells with aggregates. The p value is * < 0.05; ** < 0.005 and *** < 0.0005 compared to
wild-type. NS= not significant.
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Figure 3.
Co-expression of Myc-DDK-tagged-HspB1 inhibited aggregates formed by the mutants of
αB: Mutants of αB-crystallin were co-transfected with Myc-DDK-tagged HspB1. After 48
h transfection, HspB1 co-expression significantly suppressed the cells with aggregates
caused by the mutants. The cells were examined and images were captured with a laser
scanning confocal microscope.
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Figure 4.
HspB1 co-expression sequestered aggregates. Figure 4A: Percent of cells with aggregates in
YFP-tagged αB-wt and its mutants co-expressed with HspB1. The graph depicts the percent
of cells with aggregates after 48 h transfection computed from Fig. 3. The p value is * p <
0.05; ** p < 0.005; *** p< 0.0005 compared to mutant alone. NS indicates the value is not
significant. Figure 4B: Western blot analysis. Cells were individually transfected with YFP-
tagged αB-wt and its mutant constructs. After 48 h transfection, cell lysates were subjected
to immunoblot probed with anti-αB-crystallin polyclonal antibody. The actin blot was
shown as loading control. Figure 4C: Western blot analyses for cells co-expressed with
Myc-DDK-tagged HspB1 in YFP-tagged-αB-wt and its mutant constructs. The blot was
probed with polyclonal αB-crystallin antibody (top panel). The same blot was stripped and
re-probed with a monoclonal anti-DDK antibody to detect HspB1 (middle panel). The actin
blot was shown as loading control (lower panel).
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Table 1

Percent of apoptosis (Mean ± SD) detected in individually expressed αB-wt and its mutants and or co-
expressed with HspB1.

Constructs
% of apoptosis

No HspB1 with HspB1

αB-wt 8.7 ± 0.5 8.3 ± 0.3NS

R11H 9.5 ± 0.5NS 8.6 ± 0.2NS

P20S 12.5 ± 0.6** 9.9 ± 0.7**

R56W 8.6 ± 0.5NS 8.2 ± 0.2NS

D109H 18.1 ± 1.9** 13.3 ± 0.4**

R120G 20.4 ± 2.3** 14.1 ± 1.4**

D140N 10.6 ± 1.5NS 9.9 ± 0.8NS

G154S 9.8 ± 0.4NS 9.1 ± 0.8NS

R157H 10.1 ± 1.1NS 9.9 ± 1.2NS

A171T 11.8 ± 0.3** 7.9 ± 0.3**

**
indicates p < 0.005.

NS indicates the values are not significant. The individually expressed mutant groups were compared to αB-wt. The mutant co-expressed with
HspB1 was compared to corresponding individually expressed mutant.
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Table 2

Percent of active caspase-3 positive cells in αB-wt and its mutant constructs transfected cells in the presence
or absence of staurosporine (Mean ± SD).

Constructs % of active caspase-3 positive cells

No staurosporine with staurosporine

αB-wt 1.2 ± 0.2 1.48 ± 0.16

D109H 2.5 ± 0.2** 3.69 ± 0.31**

R120G 2.6 ± 0.2** 3.02 ± 0.27**

The ** indicates p < 0.005. The individually transfected mutant groups were compared to αB-wt without staurosporine treatment. The mutants
expressing cells treated with staurosporine were compared to αB-wt expressing cells treated with staurosporine.
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