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Abstract

aB-crystallin is a small heat shock protein that exhibits chaperone activity and can protect
multiple cell types against oxidative stress damage. Altered levels and specific mutations of a.B-
crystallin are associated with multiple degenerative diseases. We previously found that a.B-
crystallin translocates to lens and retinal cell mitochondria upon oxidative stress exposure where it
provides protection against oxidative stress damage. To date, the role of the chaperone function of
aB-crystallin in mitochondrial translocation and protection has not been established. Here, we
sought to determine the relationship between the chaperone activity of aB-crystallin and its ability
to translocate to and protect retinal cell mitochondria against oxidative stress damage. Our data
provide evidence that three forms of aB-crystallin exhibiting different chaperone activity levels
including wild-type, R120G (decreased chaperone activity) and M68A (increased chaperone
activity) provide comparable levels of mitochondrial translocation and protection to retinal cells
exposed to oxidative stress. The results provide evidence that mitochondrial translocation and
protection by a.B-crystallin is independent of its chaperone activity and that other functions of
aB-crystallin may also be independent of its chaperone activity.
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1. Introduction

aB-crystallin is a small heat shock protein that can prevent aggregation of proteins
(Horwitz, 1992; Jakob et al., 1993). It is comprised of individual 20 kDa peptide subunits
that multimerize to form higher molecular weight complexes (Horwitz, 2003). It is mainly
found in the eye lens, retina, heart and neural tissues (Bhat and Nagineni, 1989; Dubin et al.,
1989). Altered expression and/or accumulation of a.B-crystallin is associated with the
etiology of many diseases including mammary metaplastic carcinoma (Chan et al., 2011),
hepatocellular carcinoma (Tang et al., 2009), and renal cell carcinoma (Shi et al., 2004), age
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related macular degeneration (Nakata et al., 2005; Alge et al., 2002; De et al, , 2007), age-
related cataract (Chen et al., 1997; Truscott et al., 1998), Parkinson’s disease (Braak et al,
2001), Alexander disease (Iwaki et al., 1989), Lewy body disease (Dabir et al., 2004),
Alzheimer disease (Renkawek et al., 1994), Creutzfeldt-Jakob disease (Renkawek et al.,
1992), multiple sclerosis (Ousman et al., 2007), congestive heart failure (Dohke et al., 2006)
and Huntington’s disease (Iwaki et al., 1992; Zabel et al., 2002; Dabir et al., 2004).

aB-crystallin protects multiple cell types against a variety of environmental stresses. It can
defend cells against UV-light (Liu et al., 2004), peroxide (Yaung et al., 2007; McGreal et
al., 2012) and ischemic reperfusion (Martin et al., 1997; Jin et al., 2008) damage. It
preserves the viability of lens (McGreal et al., 2012), retina (Yaung et al., 2007; McGreal et
al., 2012), cardiac myocytes (Martin et al., 1997), kidney (Arai and Atomi, 1997), and glial
cells (Kegal et al., 1996) exposed to oxidative stress treatments. The precise mechanisms
that orchestrate its protective function have yet to be fully elucidated, however, a.B-
crystallin has been demonstrated to modulate the function of key apoptotic control proteins
(Andley et al., 2000; Kamradt et al., 2002; Kamradt et al., 2005; Mao et al., 2004; Liu et al.,
2004) and to be important for cytoskeletal assembly (Ghosh et al., 2007; Houck and Clark,
2010).

Recently a.B-crystallin has been shown to protect lens and retinal pigmented epithelial cells
(RPE) against oxidative damage through its ability to translocate to and preserve the
function of the mitochondria under oxidative conditions (McGreal et al., 2012). Based on
these findings, we hypothesized that the chaperone activity of aB-crystallin would be
required for mitochondrial translocation, mitochondrial protection or both. To test this
hypothesis we evaluated the in vitro and ex vivo chaperone activities of two mutant forms of
aB-crystallin and evaluated the potential of these mutants to translocate to and preserve the
function of mitochondria in RPE cells. RPE cells were chosen for these studies over lens
cells since they have barely detectable levels of aA-crystallin allowing us to specifically
examine the function of aB-crystallin. The aB-crystallin R120G mutant that causes Desmin
related myopathy and cataract has previously been characterized and found to have
decreased chaperone function (Bova et al, 1999). Oxidation of methionine residues in a-
crystallin has been shown to abolish chaperone function (Brennan et al., 2009) while
substitution of methionine 68 in aB-crystallin has differential effects on chaperone function
depending on the hydrophobicity of the substituted residue (Schroff et al., 2001). Here, we
substituted methionine at position 68 with alanine and assessed the chaperone function of
this mutant for the first time. We demonstrate that, as previously reported, R120G a.B-
crystallin exhibits diminished chaperone activity relative to wild-type (wt) aB-crystallin and
that the novel M68A aB-crystallin mutant exhibits increased chaperone activity relative to
wt a.B-crystallin. These mutant forms of aB-crystallin exhibited similar ex vivo chaperone
activities; however, they translocate to the mitochondria with equal efficiencies and provide
equal levels of mitochondrial protection under oxidative conditions. These results provide
evidence that mitochondrial translocation and protection by aB-crystallin under oxidative
conditions is not dependent on chaperone activity levels and that other functions of a.B-
crystallin could be chaperone-independent.

2. Methods

2.1 Site directed mutagenesis

Human aB-crystallin cDNA in a pET-20b(+) expression vector was utilized to generate the
R120G and M68A missense mutations. GeneEditor" in vitro Site-Directed Mutagenesis
System (Promega, Madison, WI) was used according to the manufacturer’s instructions
using the following primers: aB R120G: 5’-GAGTTCCACGGGAAATACCGG-3’ and aB
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M68A: 5’-ACTGGACTCTCAGAGGCGCGCCTGGAGAAGGAC-3’. Sequences were
confirmed by automated sequencing.

2.2 Cloning, expression, and purification of wt aB-crystallin, eaB-crystallin R120G and aB-
crystallin M68A

pET-20b(+) expression vectors containing wt a.B-crystallin, aB-crystallin R120G and a.B-
crystallin M68A cDNA were used to produce recombinant protein. Sequences were
confirmed by automated sequencing, the vectors were transformed into BL21 (DE3)
competent E. coli (Invitrogen, Carlsbad, CA), and protein expression was induced using
Isopropyl-p-D-thio-galactoside (IPTG)(Sigma-Aldrich, St Louis, MO). The induced proteins
were purified by gel filtration chromatography using a Sephacryl G300 packed column (GE
lifesciences, Piscataway, NJ), fractions were collected, and concentrated using an Amicon®
Ultra-15 centrifugal filter device with a nominal molecular weight cutoff of 10 kDa. Protein
purity was confirmed by SDS-PAGE and concentrations of protein measured using a
Bradford protein assay with BSA as a standard.

2.3 In vitro chaperone function of wt aB-crystallin, aB-crystallin R120G and aB-crystallin

MG68A

Chaperone activity was assayed by monitoring the aggregation of lysozyme (Sigma-Aldrich)
in the presence or absence of wt aB-crystallin, aB-crystallin R120G or aB-crystallin
M68A. The ability of each aB-crystallin form to prevent DTT-induced (20 mM)
aggregation of lysozyme at 37 °C was monitored by measuring light scattering at 360 nm as
a function of time in a Shimadzu UV 1700 spectrophotometer (Columbia, MD) equipped
with a temperature regulated cell holder. Lysozyme is destabilized by reduction of its
disulfide bonds using DTT (Abgar et al., 2000). The aB-crystallin lysozyme ratio was 1:1
(w/w) for all experiments.

2.4 Cell culture

Human retinal pigmented epithelial cells (ARPE-19) (ATCC, Manassas, Va., USA) were
cultured in DMEM (Invitrogen, Carlsbad, CA) supplemented with 15% FBS (Invitrogen),
gentamicin (50 units/ml; Invitrogen), penicillin-streptomycin antibiotic mix (50 units/ml;
Invitrogen), and fungizone (5 pl/ml; Invitrogen) at 37 °C in the presence of 5% CO,.
Lentiviral over-expressing cell lines were maintained in complete medium as described
above containing blasticidin antibiotic selection (ARPE-19, 3 pg/ml).

2.5 Production of over-expressing ARPE-19 cell lines

Wt aB-crystallin, aB-crystallin R120G and a.B-crystallin M68A overexpressing ARPE-19
cell lines were developed using the ViraPower Lentiviral Expression System (Invitrogen),
utilizing the pLenti6/\VV5-D-Topo plasmid according to the manufacturer’s instructions.
Primers were designed to amplify full-length wt aB-crystallin, aB-crystallin R120G and
aB-crystallin M68A transcripts. The resulting cDNA inserts were cloned into the expression
vector and used to transfect HEK293-FT kidney cells to generate the viral construct. Virus
particles were harvested and used to infect ARPE-19 cells. To generate the control cell line
(N-LV), ARPE-19 cells were infected with the control virus LVP-Null (GenTarget Inc, San
Diego). Over-expressing cells were selected for using blasticidin (Invitrogen), and over-
expression was confirmed by RT-PCR and western blot analysis.

2.6 Transfection of mutant huntingtin protein in RPE cells and analysis of ex vivo protein

aggregation

Control N-LV, wt a.B-crystallin, aB-crystallin R120G and a.B-crystallin M68A over-
expressing RPE cells were plated onto coverslips in 12 well plates at a density of 200,000
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cells per well and incubated overnight in complete media. Cells were washed and media
replaced with serum free, phenol free DMEM before being transfected with a mutant
huntingtin protein (htt-103QeGFP) vector using Lipofectamine 2000 (Invitrogen) following
manufacturer’s instructions. 48 h after transfection cells were washed and fixed with 3.7%
paraformaldehyde in PBS, mounted using ProLong Gold Antifade Reagent (Invitrogen), and
visualized using the Zeiss LSM700 confocal microscope (Zeiss, Peabody, MA) for visible
signs of aggregation of the GFP labeled protein.

2.7 Monitoring of translocation of aB-crystallin R120G and aB-crystallin M68A to the
mitochondria of RPE cells

2.8 Isolation

To analyze mitochondrial translocation under oxidative stress conditions, RPE cells were
incubated for 2 h in serum free DMEM followed by treatment with either 0 uM, 100 .M or
200 .M H»09 for 1 h. After treatment, cells were immediately harvested and mitochondrial
and cytosolic fractions were isolated and analyzed by SDS-PAGE and western blotting
using an antibody for aB-crystallin.

of cytosolic and mitochondrial proteins

Mitochondria were isolated using the Mitosciences (Eugene, Or) mitochondrial isolation kit
for cultured cells according to the manufacturer’s protocol. RPE cells were detached from
the culture dish by trypsinization and centrifuged at 1,000 g for 3 min. The resulting pellet
was frozen at —80 °C to weaken the cell membrane. Cells were re-suspended with Reagent
A followed by homogenization for 30 strokes. The homogenate was centrifuged at 1,000 g
for 10 min. The supernatant was removed and the pellet was resuspended in Reagent B,
homogenized, and centrifuged at 1,000 g for 10 min. The combined supernatants were
further centrifuged at 12,000 g for 15 min. The resulting supernatant was collected as the
cytosolic fraction and the pellet was removed and resuspended in Reagent C as the
mitochondrial fraction. Protein concentrations were determined by Bradford protein assay
with BSA as a standard.

2.9 SDS-PAGE and western blotting

Unless specified, all electrophoresis reagents and apparatus were purchased from Bio-Rad
(Richmond, CA). Protein samples were mixed with 2X sample buffer at a 1:1 v/v ratio and
heated at 100 °C for 5 min. The samples were separated by electrophoresis on 15% sodium
dodecyl sulfate (SDS) gels at room temperature for 1.5 h at 120 V. Proteins were transferred
onto nitrocellulose membranes (Amersham-Pharmacia, Piscataway, NJ) using a Mini Trans-
Blot electrophoresis transfer cell apparatus. The membrane was equilibrated in Tris-buffered
saline (TBS), pH 7.4, 0.05% Tween-20 for 15 min then blocked in TBS (pH 7.4), 5%
Carnation nonfat milk, and 0.05% Tween-20, for 1 h. The membrane was incubated over
night with the primary anti-aB-crystallin (Stressgen) at a concentration of 1:20,000,
followed by incubation for 1 h with the anti-rabbit (aB-crystallin) secondary antibody (GE
Healthcare) at a concentration of 1:5,000. The blot was visualized using ECL western
blotting reagents (Amersham-Pharmacia) as specified by the manufacturer.

2.10 Analysis of mitochondrial membrane potential

Control N-LV, wt aB-crystallin, aB-crystallin R120G and a.B-crystallin M68A
overexpressing RPE cells were plated at a density of 200,000 cells/dish on 35 mm glass
bottomed dishes. The cells were incubated in serum free media for 2 h before treatment with
H»O, at either 0 M or 150 wM for 24 h. For mitochondrial membrane potential analysis,
the cells were stained with 5 mM JC-1 (Invitrogen) for 20 min. Mitochondrial membrane
potential (MMP) changes were examined using the Zeiss LSM700 confocal microscope
(Zeiss, Thornwood, NY) by observing a red to green color shift which resulted in an
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increase in yellow emission in the merged images, indicating decreased MMP. Mean
intensities, in relative light units, of the red and green channels were calculated using the
Zen 2009 software (Zeiss) and the red/green ratio calculated by dividing the red intensity by
the green intensity. Differences among red/green ratios for each cell line were determined
using Student’s t test assuming equal variance. p < 0.05 was considered statistically
significant.

3.1 R120G has decreased and M68A increased levels of chaperone activity

To survey the chaperone activities of wt aB-crystallin, aB-crystallin R120G (Bova et al,
1999) and a.B-crystallin M68A, we assayed the ability of these aB-crystallin forms to
prevent lysozyme aggregation in the presence of DTT (Horwitz, 2003). M68A is a
previously uncharacterized aB-crystallin mutant made here for the present study. Lysozyme
was incubated with wt aB-crystallin, aB-crystallin R120G, or aB-crystallin M68A ata 1:1
ratio (w/w) prior to treatment with DTT (20 mM). Wt aB-crystallin protected lysozyme
against DTT-induced aggregation (Fig. 1). aB-crystallin R120G showed reduced chaperone
activity relative to wt aB-crystallin as previously demonstrated (Bova et al, 1999) (Fig. 1).
Interestingly, the chaperone activity of aB-crystallin M68A was greater than wt aB-
crystallin or R120G aB-crystallin (Fig. 1).

3.2 The ex vivo chaperone activities of R120G and M68A aB-crystallins in RPE cells are
similar to those detected in vitro

To establish the relative ex vivo chaperone levels of the R120G and M68A mutant forms of
aB-crystallin, RPE cells stably overexpressing each mutant form of aB-crystallin were
transiently transfected with a mutant huntingtin-GFP fusion protein (htt-103QeGFP) that
spontaneously aggregates in RPE cells. Aggregation of the mutant huntingtin protein in each
cell line was visualized by confocal microscopy. As shown in Fig. 2a both cell lines
expressed significant amounts of endogenous (20 kDa) aB-crystallin, aB-crystallin R120G
or aB-crystallin M68A as evidenced by the detection of an a.B-crystallin-positive 23 kDa
(his-tagged mutant aB-crystallins) band by western analysis. Images showing visible
fluorescent htt-103QeGFP foci (aggregates) in the R120G and M68A overexpressing RPE
cells are shown in Fig. 2B. Cells over-expressing aB-crystallin R120G transfected with
htt-103QeGFP showed increased numbers of mutant huntingtin protein aggregates relative
to the cells stably overexpressing a.B-crystallin M68A, which had fewer aggregates per cell,
consistent with their respective decreased and increased in vitro chaperone activities (Fig.
1). A histogram representing the numbers of htt-103QeGFP transfected cells containing
htt-103QeGFP foci for each mutant cell line is shown in Fig 2C, where it can be seen that
the majority of stably overexpressing R120G RPE cells transfected with htt-103QeGFP
contain foci while the majority of M68A stably overexpressing RPE cells do not.

3.3 aB-crystallin R120G and aB-crystallin M68A translocate to the mitochondria of RPE
cells upon oxidative stress exposure

It has previously been demonstrated that cobalt chloride treatment of RPE cells results in
translocation of aB-crystallin to the mitochondria (Yaung et al., 2008). Mitochondrial
translocation of aB-crystallin has also been detected upon hydrogen peroxide (H,O5)
treatment of lens and RPE cells (McGreal et al., 2012). To determine the relative abilities of
the R120G and M68A a.B-crystallin mutants to translocate to the mitochondria of RPE cells
upon oxidative stress treatment, stably over-expressing aB-crystallin R120G and a.B-
crystallin M68A cells were treated for 1 h with H,O, and mitochondrial and cytosolic
cellular fractions were isolated. SDS-PAGE and western blot analysis revealed that native
aB-crystallin (20 kDa), aB-crystallin R120G (23 kDa) and aB-crystallin M68A (23 kDa)
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exhibited H,0,-dependent increases in mitochondrial localization relative to cytosolic
localization upon H,0» treatment (Fig. 3A and B). The mutant R120G and M68A a.B-
crystallin proteins migrate at 23 kDa due to the addition of a his-tag that adds about 3kD to
the molecular weight of the resulting fusion protein. Although quantitative comparisons are
not possible in this assay system, no differences in translocation efficiency are apparent
between the chaperone active aB-crystallin M68A mutant and the chaperone deficient a.B-
crystallin R120G mutant form of aB-crystallin. The translocation of endogenous a.B-
crystallin (20 kDa) is also indicated and as control, colloidal blue stained gels are shown to
demonstrate equal protein loading.

3.4 aB-crystallin R120G and aB-crystallin M68A preserve mitochondrial membrane
potential in RPE cells upon oxidative stress treatment

It has previously been demonstrated that a.B-crystallin protects lens and retinal cell
mitochondrial function upon oxidative stress treatment (McGreal et al., 2012). We therefore,
sought to determine whether the R120G and M68A mutant forms of a.B-crystallin would
provide comparable levels of mitochondrial protection to RPE cells exposed to oxidative
stress relative to RPE cells over-expressing wt aB-crystallin. As a control to account for the
protective effect of endogenously expressed a.B-crystallin, vector alone transfected cells (N-
LV) were also examined. To examine mitochondrial membrane potential (MMP), cells were
stained with JC-1 (Marchetti et al., 2006; McGreal et al., 2012). In the mitochondria JC-1
exists as an aggregate and emits red fluorescence, however, when it is released into the
cytosol due to loss of MMP, it exists as a monomer that emits green fluorescence. Therefore,
loss of MMP results in increased green fluorescence in the cytosol, and decreased red
fluorescence in the mitochondria, known as a red to green shift. In control N-LV cells
expressing only endogenous aB-crystallin, increased green fluorescence was detected when
the cells were treated with 150 pM H»0, (Fig. 4A), demonstrating decreased MMP and
therefore decreased mitochondrial function upon oxidative stress treatment. This can be
visualized by the increase in yellow in the merged image of the red and green channels.
Overexpression of wt aB-crystallin preserved MMP upon treatment with 150 uM H,0,
above that detected for endogenous aB-crystallin (N-LV) alone indicated by decreased
green fluorescence (Fig. 4B) relative to the N-LV cells. Interestingly, cells overexpressing
only aB-crystallin R120G (Fig. 4C) or a.B-crystallin M68A (Fig. 4D) were also protected
against oxidative stress induced loss of MMP when cells were treated with 150 .M H,0»,
despite their opposite chaperone activity levels. The data are summarized graphically as a
function of the red to green fluorescence shift in Fig. 4E by measuring the overall green
intensities of three separate fields of cells.

4. Discussion

In previous studies we demonstrated that preservation of mitochondrial function is required
for lens and retinal cell viability upon oxidative stress insult (Marchetti et al., 2006, McGreal
et al., 2012). Recently, we demonstrated that the small heat shock protein aB-crystallin
translocated to the mitochondria of lens and retinal cells under oxidative stress conditions
(McGreal et al., 2012) and was important for the maintenance and preservation of
mitochondrial membrane potential in these cells under oxidative stress conditions (McGreal
et al., 2012). We also demonstrated that oxidation of M68A resulted in loss of aB-crystallin
chaperone activity and that the mitochondrial enzyme MsrA could repair and restore the
chaperone activity of aB-crystallin (Brennan et al., 2009b) further implicating aB-crystallin
as an important regulator of mitochondrial function and suggesting that M68 was important
for modulating the chaperone activity level of aB-crystallin. Previous studies showed that
replacing M68 in aB-crystallin with amino acids of varying hydrophobicity resulted in
marked changes in aB-crystallin chaperone activity levels (Shroff et al., 2001).
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The chaperone activity of aB-crystallin has been shown to be essential for its ability to
prevent apoptosis in lens cells (Andley et al., 2000), and mutations in aB-crystallin that
diminish its chaperone activity result in lens cataract formation (Bova et al., 1999). In
addition, aA-crystallin has been shown to prevent apoptosis in HeLa and Chinese hamster
ovary cells through its chaperone activity (Pasupuleti et al., 2010). Based on these studies,
we hypothesized that the chaperone activity levels of aB-crystallin could modulate its
translocation to the mitochondria upon oxidative stress treatment and/or its ability to
preserve mitochondrial function under oxidative stress conditions. To test this hypothesis,
we measured the chaperone activity levels of two mutant forms of aB-crystallin, R120G and
MB68A, in vitro and in RPE cells ex vivo and correlated their respective chaperone activity
levels with their abilities to translocate to RPE mitochondria under oxidative stress
conditions and preserve mitochondrial membrane potential in these cells upon oxidative
stress treatment.

Surprisingly, we found no relationship between the chaperone activity levels of aB-
crystallin and its ability to translocate to the mitochondria under oxidative conditions. We
demonstrate that aB-crystallin R120G exhibits diminished chaperone activity relative to wt
aB-crystallin in vitro and ex vivo and that M68A exhibits increased chaperone activity
relative to wt aB-crystallin in vitro and ex vivo (Fig. 1 and 2). These results are consistent
with previous studies demonstrating decreased chaperone activity for aB-crystallin R120G
(Bova et al., 1999) and they confirm the importance of M68 for modulating the chaperone
activity of aB-crystallin. Although we cannot rule out the possibility that different
chaperone levels might be detected for these mutant a.B-crystallin forms on different target
proteins and/or in different cell types or ex vivo chaperone assays, our data demonstrate that
MB68A has increased chaperone activity relative to R120G in vitro and ex vivo under our
assay conditions.

We next compared the chaperone activities of the mutant forms of aB-crystallin with their
abilities to translocate to the mitochondria of RPE cells under oxidative stress conditions by
western analysis of mitochondrial and cytosolic cellular subfractions isolated from H,0,-
treated RPE cells that separately overexpress each form of aB-crystallin. Our results
demonstrated that each form of aB-crystallin was capable of mitochondrial translocation
upon oxidative stress conditions and no differences could be detected in the translocation
ability of either R120G, M68 or wt a.B-crystallin. These data suggest that the mitochondrial
translocation ability of aB-crystallin is independent of chaperone activity levels (Fig. 3).

Lastly, we monitored the relative abilities of RPE cell mitochondria to resist oxidative
stress-induced loss of mitochondrial membrane potential when stably overexpressing wit,
R120G and M68A aB-crystallins relative to the protection afforded by endogenous a.B-
crystallin (N-LV) alone (Fig. 4). Equally increased levels of RPE mitochondrial protection
against oxidative stress were detected for all three aB-crystallin overexpressing cell lines
suggesting that mitochondrial protection by aB-crystallin is independent of chaperone
activity level (Fig. 4). We cannot rule that hetero-aggregate formation occurs at some level
between endogenous w+-type a.B-crystallin and the overexpressed mutatnt forms of a.B-
crystallin examined. Since aB-crystallin is a ubiquitously protein this possibility would
extend to all but aB-crystallin deleted cells that were not available for the present study. We
are confident that our results are indeed specific for the mutant aB-crystallin form examined
since mitochondrial changes were detected upon over-expression of the mutated a.B-
crystallin forms to higher levels than those detected for endogenous aB-crystallin alone.
Therefore, whether homo-aggregates of mutant a.B-crystallin or some percentage of hetero-
aggregates of mutant aB-crystallin containing some level of endogenous aB-crystallin
mediate altered mitochondrial function, we are still measuring the effect of the aB-crystallin
mutation on this function. Taken together the present data suggest that mitochondrial
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protection by aB-crystallin under oxidative stress conditions is independent of chaperone
activity level since both R120G, which exhibits decreased chaperone function, and M68A,
which exhibits increased chaperone function, both provide comparable levels of
mitochondrial translocation and protection of mitochondrial function in RPE cells exposed
to oxidative stress. Interestingly, a slightly higher level of mitochondrial protection was
exhibited by R120G than M68A demonstrating a possible inverse relationship between
chaperone activity and mitochondrial protection in the RPE cells (Fig. 4).

The possible chaperone independent ability of aB-crystallin to preserve mitochondrial
function suggests that some in vivo functions of a.B-crystallin may be separate from its
chaperone functions. These functions could be important for the multitude of cellular roles
that aB-crystallin is known to modulate. These include a.B-crystallin’s well-established
roles cytoskeletal assembly (Ghosh et al., 2007; Houck and Clark, 2010), membrane binding
(Simon et al., 2007; Maddala and Rao, 2005), anti-apoptotic function (Andley et al., 2000;
Kamradt et al., 2002; Kamradt et al., 2005; Mao et al., 2004; Liu et al., 2004), cell cycle
control (Bai et al., 2004) and stress protection (Liu et al., 2004; Yaung et al., 2007; McGreal
et al., 2012). This potential chaperone-independent function could also play a role in many
diseases associated with aB-crystallin including age-related macular degeneration (Wang et
al., 2008; Lin et al., 2011; Liang and Godley 2003), cataract (Huang et al., 2006), Parkinson
disease (Schapira, 2011; Correia et al., 2012), Alexander disease, (Céaceres-Marzal et al.,
2006), Alzheimer disease (Zhu et al. 2006; Blass, 2000; Sheng et al., 2012; Correia et al.,
2012), Huntington’s disease (Horton et al., 1995; Costa and Scorrano, 2012; Correia et al.,
2012), and multiple sclerosis (Mao and Reddy, 2010).
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Fig. 1. aB-crystallin R120G has decreased and a.B-crystallin M68A increased chaperone activity
levelsrelativeto wt aB-crystallin

Chaperone activities of purified recombinant wt a.B-crystallin, aB-crystallin R120G, and
aB-crystallin M68A using lysozyme as a target substrate. Lysozyme was incubated in the
presence or absence of wt aB-crystallin or aB-crystallin mutants R120G and M68A in the
presence of absence of 20 mM DTT and protein aggregation monitored by measuring
absorbance (turbidity) at 360nm. Graph shows mean values of n=3 + SD. p values were
calculated using two sample Student t-test assuming equal variance. Significant differences
between wt and mutants are shown wt - R120G, p<0.05, wt - M68A, p<0.001.
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Figure 2a
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Fig. 2. aB-crystallin mutants have similar chaperone activity levelsin RPE cells ex vivo as
detected in vitro

(A) SDS-PAGE and immunoblot of protein extracts from stably over-expressing aB-
crystallin R120G RPE and aB-crystallin M68A RPE, probed with an aB-crystallin-specific
antibody. (B) RPE cells stably overexpressing a.B-crystallin R120G and aB-crystallin
M68A were transiently transfected with mutant huntingtin protein htt-103QeGFP. 48 hours
post transfection cells were fixed and imaged by confocal microscopy. Representative
images for each cell line are shown, aggregates of the GFP-tagged htt-103Qe are circled,
white circles indicate intracellular aggregates, red circles indicate extracellular aggregates
that were not counted. (C) A semi-quantitative depiction of the number of aggregates per
cell is shown in Fig 2C. Images and bar graph are representative of two independent
experiments.
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Fig. 3. aB-crystallin M68A and aB-crystallin R120G translocate to the mitochondria of RPE
cellsupon oxidative stress exposure

SDS-PAGE and immunoblot of mitochondrial and cytosolic fractions from RPE cells
overexpressing (A) aB-crystallin R120G and (B) aB-crystallin M68A treated with 0 uM,
100 M, or 200 uM H,0O, for 1 h. Immunoblots were probed using an aB-crystallin-
specific antibody and 10 g of protein was loaded. Colloidal blue staining is shown as a
control for equal protein loading. The mutant R120G and M68A a.B-crystallin proteins
migrate at 23 kDa due to the addition of a his-tag.
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Fig. 4. Over-expression of wt aB-crystallin, aB-crystallin R120G and aB-crystallin M68A
mutant proteins protects RPE mitochondria against oxidative stress damage

Confocal microscopic images of RPE cells overexpressing control N-LV (A), wt aB-
crystallin (B), aB-crystallin R120G (C), and a.B-crystallin M68A (D) treated with 0 wM or
150 M H205, for 24 h in serum free media. Cells were stained with JC-1 for 20 min to
detect changes in mitochondrial membrane potential (MMP) as indicated by red
mitochondrial staining (increased potential) or green cytosolic staining (decreased potential).
This is reflected in the merged image as increased yellow fluorescence indicating decreased
MMP. (B) Representative bar graph indicating the red/green ratio calculated from the mean
intensities of three different fields for each experiment. Error bars represent standard
deviation and p-values were calculated using the students t-test (n=3). Differences between
intensity of the control N-LV and the aB-crystallin overexpressing cell lines were
determined. p < 0.05 was considered statistically significant.
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