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ABSTRACT
Objectives: To investigate the protective role of α-crystallin against β-amyloid aggregation.

Methods: In vitro spectroscopic methods and cell culture studies were done to validate our objective.

Results:The molecular basis of alzhemiers disease has been proposed to be accumulation and aggregation of β-amyloid (Aβ). However, prevention
of β-amyloid aggregation is still a promising means to reduce its neurotoxicity. In this work, we show that α-crystallin was able to inhibit cellular
toxicity of Aβ on astrocytes and lymphocytes. Theα−crystallin (αA and αB): the two vertebrate eye lens proteins that are related to the small heat
shock protein family, was able to reverse the oxidative stress induced by Aβ 1-42. Treatment of α-crystallin enhances the activity of proteasome and it
also induces the expression of Hsp70 which is known to inhibit the intramolecular misfolding. We also demonstrate that Aβ 1-42 suppresses the
expression of TriC chaperonin subunits TCPβ and TCPε, which are known to play a role in folding of misfolded proteins.α-crystallin reverses this
effect and enhances the expression of TCPβ and TCPε.
Conclusions: Research findings in this study provide the basis for the development of novel pharmacotherapy for Alzhemier’s disease.
Keywords: Alzhemiers disease, α-crystallin, Proteasome, HSP70, TCPβ and TCPε..

INTRODUCTION
Accumulation of beta amyloid peptide (Aβ) in the brain has been
believed to be a pathological cascade that causes Alzheimer disease
(AD) [1]. Aβ peptides emerged to be the prominent form that
accumulates outside the extra cellular space of neurons in AD brains
and in transgenic mice expressing familial AD mutations [2].
Fibrillar aggregates are known to act as physical barriers to
transport and other essential neuronal functions [3]. So far, the
reasons for the neuronal degeneration have not been identified. It is
speculated that Aβs form pore in the membrane that leads to an
unregulated flux of Ca2+ [4]. Furthermore, free radical formation [5],
mitochondrial dysfunction [6] and caspase activation [7] have also
been assumed as reasons for neurotoxicity. However, the causes of
neurotoxicity and the initial events in the cascade of neuronal cell
death are still unclear. It has been reported that Aβ promotes the
toxicity by suppressing the molecular chaperones by inhibiting the
AKT signaling as chaperones play a very important role in
preventing aggregation of proteins [8].

Research findings suggest that heat shock proteins can suppress
neurotoxicity of Parkinson’s and polyglutamine diseases [9, 10].
Hsp40, Hsp90 have been implicated in maintaining tau solubility
and suppressing tau aggregate and are reported to inhibit self
assembly of polyglutamine proteins in to amyloid like fibrils [11]. In
vivo treatment of molecular chaperones in amyloid affected cells
may improve the cells to overcome the toxicity. α- Crystallin is one
such molecular chaperone that inhibits the Aβ aggregation in vitro
[12]. Apart from this, α-Crystallin has been known to inhibit the free
radicals and suppress the inflammatory reactions [13, 14]. In the
work described here, we use α-Crystallin to study its role on Aβ
toxicity induced in astrocytes and human lymphocytes.

MATERIALS AND METHODS

Peptide Synthesis and Purification
The peptide Aβ 1-42 was synthesized by manual solid phase
chemistry, using Fmoc as the protective group for N-terminal ends,
and 1-Hydroxy benzotriazole (HOBt), and N,N-dicyclohexylcarbodiimide as activators of carboxylic ends. The peptides were
cleaved from Wang resin with trifluoromethane sulphonic

acid/thioanisole/ethanedithiol/trifluoroacetic acid (1:1:1:7) [15]
and precipitated with cold ether. The composition of peptides was
determined by amino acid analysis using Phenyl isothiocyanate
(PITC) method. All reagents used in peptide synthesis were of the
purest analytical grade; t-Butyl carbazide, HOBt, N,N-dicyclohexylcarbazide and trifluoroacetic acid were purchased from ALDRICH,
GERMANY. Fmoc-amino acids were prepared using standard
procedures [16] and were characterized by thin layer
chromatography and FTIR spectroscopic studies.
Preparation of amyloid fibrils

All the following procedures were done inside the laminar hood to
avoid contamination. Aβ 1-42 was dissolved and disaggregated as
given in the procedure [17] by using a 1:1 mixture of trifluoroacetic
acid (TFA): 1,1,1,3,3,3-hexafluoro-2-isopropyl alcohol (HFIP) and
then aggregated by incubation of 0.5mg/ml solution in sterilized
PBS at 37°C for 2 weeks. The aggregation is followed by Thioflavin T
assay [18].
Isolation of α-crystallin

Lenses obtained from freshly slaughtered young bulls were washed
in cold saline and homogenized with cold 50mM Tris HCl buffer (pH
7.4) containing 0.2M KCl, 0.01% NaN3, 1mM EDTA, and 0.2mM DTT
[19]. The homogenized solution was centrifuged and the
supernatant was loaded in to Sephacryl S 200 column material.
Isolated crystallin was purified using RP-HPLC. Molecular weight
was determined by GPC.
Fluorescence Resonance Energy Transmission

Labeling of Pyrene to Aβ was performed by following a method used
by Liang [20]. To label mainly the terminal amine, a buffer close to
neutral pH was used. In brief, 2mg of Aβ was dissolved in 1ml of
0.1M sodium phosphate buffer pH 7.4. 100µl of Pyrene solution
(0.5mg in 0.5 ml DMSO) was added and incubated at room
temperature for 1hr. The reaction was stopped by adding 100µl of
fresh 1.5M hydroxylamine. The conjugated Aβ was separated from
unconjugated Aβ in a column of Sephadex G-10. The presence of
pyrene does not interfere the formation of fibril. Upon excitation at
340nm, an emission spectrum with three emission peaks at 370, 390
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and 420nm were observed for pyrene. In the fluorescence resonance
energy transfer experiment, the tryptophan in the unlabeled αcrystallin served as a donor and Pyrene in the labeled Aβ act as an
acceptor. Both the excitation and emission slits were set at 10nm.
Acrylamide Quenching

Fluorescence quenching experiments [21] were performed using
pyrene labeled Aβ with/without crystallin. Concentration of pyrene
Aβ and crystallin used was 10µM . Samples were excited at 335nm
and emission observed from 375-500nm.

Induced Circular dichroism

Induced circular dichroism spectra was recorded using a Jasco J-175
circular dichroism spectropolarimeter (Japan). Spectra were
recorded with 1nm bandwidth and 0.2nm step resolution at a scan
speed of 50/min over the range of 300-450nm. Concentration of
pyrene Aβ used was 100µM . Concentration of crystallin used was 515 µM (5, 7.5, 10, 15 µM )
h io fla vin T b in d in g a ss a y

The rates of fibril formation in Aβ 1-42 in presence and absence of αcrystallin was analysed using the Thioflavin T binding assay [18].
Concentration of Aβ 1-42 and α-crystallin used in this experiment was
10µM.
Light scattering

Light scattering measurements were conducted on Aβ 1-42 aggregates
in the presence and absence of α-crystallin. The aliquots of
aggregation reactions were transferred to a fluorescence cuvette
and read as apparent fluorescence in a Perkin Elmer Luminescence
spectrometer with excitation and emission wavelengths both set at
600nm. The concentration of Aβ 1-42 and α-crystallin used in this
experiment was 10µM.
Preparation of primary astrocytes cultures

Cultured astrocytes were prepared from the cerebral cortex of 1-2
days old Sprague–Dawley rats) [22]. Briefly, brain was aseptically
removed, then placed on ice in sterile culture dishes containing
phosphate-buffered saline (HBSS; Gibco-BRL, Invitrogen, Paisley,
UK). The midbrain, meninges and blood vessels were removed by
dissection. The remaining cerebral cortices were treated in 1%
trypsin-EDTA. Every ten minutes (for 40 minutes), solution was
removed and centrifuged to pellet the released cells. Pelleted cells
were washed thoroughly in HBSS and resuspended in DMEM-F12
(Dulbecco’s modified Eagle medium, Gibco-BRL, Invitrogen, Paisley,
UK) containing 4 ml/litre of a mixture of penicillin/streptomycin
10000 U/10000 lg/ml (Gibco-BRL). Then, the cells were plated in
culture flask (25 cm2, TPP, Techno Plastic Products, Trasadingen,
Switzerland) and maintained in DMEM-F12 supplemented with 10%
fetal bovine serum (FBS; Gibco-BRL) at 37ºC in an humidified
atmosphere of 5% CO2 and 95% air. The culture medium was
changed three times a week with the incubation medium
supplemented with 10% FBS. After one week, the flasks were
shaken at 200 rpm for 2 h to dislodge microglia. The medium was
immediately removed and replaced with a fresh medium containing
10% FBS. Then, up to confluence, the culture medium was used with
10% FBS.
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MTT was added to 200 µl of cells plus medium in a 96-well plate.
The cells were incubated with MTT for 4hr in a CO 2 incubator. Then,
100 µl of a 5:2:3 N, N-dimethylforamide (DMF): sodium dodecyl
sulfate (SDS): water solution (pH 4.7) was added to dissolve the
formed formazan crystals. After 18hr incubation in a humidified CO 2
incubator, the results were recorded by using a Microplate reader at
585 nm.
Assessment of free radicals in Astrocytes and Lymphocytes

The level of radical generated in Astrocytes and Lymphocytes
treated with 7 µM of Aβ 1-42 and 6.75 µM of α-crystallin was
measured with DCFH-DA (Sigma, St Louis, USA) as a fluorescence
probe [23]. Cells were incubated for 4hr with DCFH-DA and
recorded spectrofluorimetrically with excitation at 488nm and
emitted at 530 nm.
Proteasome assay in Astrocyte and lymphocytes [25]

Aβ 1-42 (7 µM) and α-crystallin (6.75 µM) treated astrocytes and
lymphocytes were washed thrice in PBS and lysed using lysis buffer
without proteasomal inhibitor. The crude extract was pelleted. The
50 µl of the supernatant was assayed for the chymotrypsin like
activity of the proteasome using 20 µM of suc-LLVF as substrate.
Determination of chaperone expression using ELISA

The ELISA was used to determine the expression of Hsp70,
Tcp cp in the Astr ocytes and lym phocytes. Br iefly cells wer e
lysed using the lysis buffer. The lysed cells were centrifuged and
pelleted. The 50 µl fractions from the supernatant were added
followed by subsequent washing and treated with Polyclonal
antibody in microplate and incubated for 24hr at 4°C. After washing
with phosphate buffered saline, the microplate were incubated with
ALP conjugated secondary-goat anti rabbit IgG. Proteins bound to
antibodies were assayed, by color development using the p-nitro
phenyl phosphate in carbonate buffer system at 405nm. (Biotek
instruments EL310 Micro plate Autoreader, Winooski, Vermont).
RESULTS

Interaction between Aβ and α-Crystallin
The interaction of α-Crystallin with Aβ 1-42 results in FRET from
excited tryptophan of α-Crystallin to pyrene moiety of Aβ1-42.
Figure 1 shows the tryptophan fluorescence spectrum of α-Crystallin
(λ ex = 295 nm). When Aβ 1-42 was added to the excited α-Crystallin,
fluorescence of tryptophan gets decreased. The emission spectrum
of α-Crystallin was excited at 295 nm at which tyrosine and
phenylalanine have no absorption and tryptophan is the only
stimulated fluorophore. The emission maximum was centered at
330 nm and this was accompanied by the appearance of two sharp
fluorescence peaks at 380 nm and 400 nm. Decrease in fluorescence
intensity of tryptophan on addition of pyrenated Aβ 1-42 with
increase in pyrene intensity was observed in 24hr. On 48, 72, 96 hrs
there was regular decrease in tryptophan absorbtion with
concominant decrease in pyrene absorbtion.

Isolation of peripheral Blood lymphocytes (PBL)

Peripheral blood lymphocytes were isolated from the Blood.[23].
Briefly heparinised blood obtained from normal healthy volunteers
was layered over lymphoprep gradient (Sigma chemicals)
centrifuged at 1880 rpm for 40 min, the top two thirds of the
supernatant were removed. PBL was aspirated and washed twice
with DMEM-F12 medium (Sigma. USA)
MTT reduction

Cells treated with 3.5 µM 7 µM 10.5 µM of Aβ 1-42 and 4.5 µM 6.75 µM
, 9 µM of α-crystallin. Cell viability was measured 24 hr after peptide
addition to cells using the 3, (4,5-dimethylthiazol-2-yl) 2,5-diphenyltetrazolium bromide (MTT) reduction assay [24]. 10 µl of 12 mM

Fig. 1
FRET was observed between tryptophan moiety of α-Crystallin and
pyrene moiety of Aβ 1-42 . Concentration of α-Crystallin (donor) used
in this experiment was 3 µM and the concentration of Aβ 1-42
(acceptor) was 7µM. Figure inset number 1 - donor alone, 2 615
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acceptor without donor, 3 to 6 - donor in the presence of the
acceptor on 1st, 2nd, 3rd & 4th day, respectively.
Acrylamide quenching

On addition of acrylamide to pyrenated Aβ in the presence and
absence of α-Crystallin results in regular quenching of the pyrene
emission. The quenching constant was found to be 0.2103 M-1 for
pyrene Aβ without α-Crystallin and it was 0.044 M-1 with αCrystallin (figure 2).

Fig. 2: Solvent accessibility of the pyrene of Aβ1-42 peptide.
Emission spectra of Aβ1-42 in PBS were collected at 298 K at a
series of quencher concentrations. Samples were excited at 335 nm
and emission observed from 345-500 nm. Stern-Volmer plots were
constructed by plotting the peak intensity in the presence of
quencher divided by the peak intensity in the absence of quencher
(I0/I) as a function of quencher concentration. Stern-Volmer plot
derived from acrylamide quenching of 10 µM Aβ1-42 (♦)and 10 µM
Aβ1-42 + α-Crystallin (■)The continuous lines represent the best fit
of the experimental data to the general Stern-Volmer equation. The
Stern-Volmer constants (KSV) obtained from this analysis are
presented inside the figure.
Induced CD

From the induced CD, it was observed that Pyrene Aβ produced a
weak negative CD band at 350nm. Addition of different
concentrations of α-Crystallin (figure 3) changes the asymmetric
environment on pyrenated Aβ and produces an intense strong
negative band at 350 nm.

Fig. 3: Induced circular dichroism of pyrene Aβ (100 µM ) in PBS
(spectra a) represents 100 µM of pyrene Aβ. Spectras b to e
depicts pyrene Aβ in the presence of increasing concentrations
of α-Crystallin (5, 7.5, 10 & 15 µM ).
Thioflavin T binding analysis
Binding of Aβ 1-42 to Thioflavin T was used to monitor fibrillar
kinetics in the presence and absence of α-Crystallin. Aβ 1-42 shows
very short lag phase. Aggregation phase is very steep and it resulted
in stationary phase at 48hr. α-Crystallin alone at a concentration of
10 µM showed no change in Thioflavin T intensity. α-Crystallin
incubated with Aβ 1-42 is characterized by the decrease in binding of
Thioflavin T which shows an initial lag phase after 24hr with steady
log phase followed by a stationary phase at 72hr (figure 4).
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Light Scattering
Time dependence aggregation of Aβ 1-42 in the presence and absence
of α-Crystallin was monitored. Kinetic profiles of Aβ 1-42 aggregation
shown in figure5 was characterized by an initial lag phase, a rapid
increase in fibrillization and a plateau phase. Aβ 1-42 exhibits a short
lag time and proceeds more aggressively once log phase gets
initiated and reaches the plateau phase at 48hr. In presence of αCrystallin the light scattering of Aβ 1-42 decreases and reached the
plateau at 72hr.

Fig. 4: Fibrilisation of 30 µM of Aβ 1-42 in 10 mM phosphate (pH
7) at 37 C depicted as the normalized intensity of Thioflavin T
fluorescence as a function of incubation time in the absence and
presence of 30 µM α-Crystallin.
Red curve represents Aβ 1-42 and blue for Aβ 1-42 with α-Crystallin.
Excitation wavelength was set at 445nm with slit width of 10nm.
Cell viability in Astrocytes assessed by MTT assay

The assay of the conversion of MTT to colored formazan by
mitochondrial reductase serves as an indirect measurement of cell
proliferation and viability. Figure 6 shows the dose dependent toxicity
of Aβ 1-42 . In Aβ 1-42 , at a concentration of 3.5µM, the viability of cells
was about 56% where as 48% and 49% of viable cells were observed
at a concentration of 7 µM and 10.5 µM, respectively. Treatment of αCrystallin in various dose concentrations to Aβ 1-42 was able to reduce
the MTT effectively. At a concentration of 4.5 µM of α-Crystallin, 60%
of Aβ 1-42 treated cells were able to survive (figure 7). Effective dose
concentration of α-Crystallin was found to be 6.75 µM in which 77% of
viability was found in Aβ 1-42 treated cells.

Fig. 5: Aβ 1-42 aggregates in the presence and absence of αCrystallin.
Aggregation was monitored by light scattering using fluorescence
spectrofluorimeter (excitation and emission wavelength were set at
405nm with slit width of 10nm). Concentration of Aβ 1-42 and αCrystallin used in this experiment was 5 µM. Red curve represents
Aβ 1-42 and blue for Aβ 1-42 with α-Crystallin.
Cell viability in lymphocytes assessed by MTT assay

Aβ 1-42 at a concentration of 3.5 µM decreases the viability of
lymphocytes cells to 60%. At concentrations of 7 µM and 10.5 µM
only 48% and 46% of cells, respectively, were able to survive (figure
8). Incubation of α-Crystallin to Aβ 1-42 (figure 9) treated cells were
able to reduce the MTT more effectively than 73% where cells were
able to survive a concentration of 6.75 µM α-Crystallin.
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Data are mean ± SEM triplicates and are representatives of three
separate experiments.
Oxidative stress in Astrocytes

Intracellular ROS concentration in Aβ 1-42 (Figure 10) treated cells
were estimated by the conversion of DCFH 2 – DA to DCF. The ROS
production was expressed as a percentage compared with positive
control cells, which were treated with H 2 O 2 . Aβ 1-42 treated cells
showed 65% ROS production. When the α-Crystallin was added to
Aβ 1-42 about 66% of radicals were significantly scavenged in the αCrystallin treated cells.
Fig. 6: Cytotoxic effect of Aß 1-42 on Astrocytes. Concentration of
Aß 1-42 used was 3.5, 7, & 10.5 µM.
Data are mean ± SEM triplicates and are representatives of three
separate experiments.

Fig. 10: Inhibition of reactive oxygen species by α-crystallin in
Aß1-42 treated Astrocytes. Concentration of Aß 1-42 and αCrystallin used in this experiment were 7µM and 6.75 µM.

Fig. 7: Cytotoxic effect of Aß 1-42 on Astrocytes in the presence of
α-Crystallin. Concentration of Aß 1-42 used was
7µM.Concentration α-Crystallin used was 4.5, 6.75 & 9µM.
Data are mean ± SEM triplicates and are representatives of three
separate experiments.

Data are mean ± SEM of triplicates and are representative of three
separate experiments.
Oxidative stress in Lymphocytes

In lymphocytes Aβ 1-42 treated cells showed 75% ROS production.
When the α-Crystallin was added to Aβ 1-42 treated cells the
percentage of ROS production was reduced (figure11) to about 78%.
Fig. 11: Inhibition of reactive oxygen species by α-crystallin in
Aß1-42 treated Lymphocytes. Concentration of Aß 1-42 and αCrystallin used in this experiment was 7µM and 6.75µM

Data are mean ± SEM of triplicates and are representative of three
separate experiments
Effect of α-Crystallin on proteasomal activity of Astrocytes

Fig. 8: Cytotoxic effect of Aß 1-42 on lymphocytes. Concentration
of Aß 1-42 used was 3.5, 7 & 10.5 µM.

To investigate the perturbation of Aβ 1-42 on proteasome and the role
played by α-Crystallin was investigated using the fluorescent
substrate suc-LLVF. Aβ 1-42 inhibited about 40% proteasomal activity
of Astrocytes. α-Crystallin reversed the proteasome inhibition. αCrystallin enhances its enzyme activity to 80% in Aβ 1-42 treated cells
(figure12).

Data are mean ± SEM triplicates and are representatives of three
separate experiments.

Fig. 12: Proteasome inhibition assay in astrocytes.
Concentration of Aß 1-42 and α-Crystallin used in this
experiment were 7µM and 6.75 µM respectively.

Fig. 9: Cytotoxic effect of Aß 1-42 on Lymphocytes in the presence
of α-Crystallin. Concentration of Aß 1-42 used was 7 µM.
Concentration of α-Crystallin used were 4.5, 6.75 & 9 µM.

Data are mean ± SEM of triplicates and are representative of three
separate experiments.
Effect of α-Crystallin on proteasomal activity of Lymphocytes

In lymphocytes (figure 13) Aβ 1-42 inhibited the proteasomal activity
by 50%. α-Crystallin treatment reversed the proteasomal inhibition
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brought by Aβ 1-42 and the treated cells maintain their activity as that
of control cells. More than 80% of enzyme activity was restored in αCrystallin treated cells.

Int J Pharm Pharm Sci, Vol 6, Issue 6, 614-620

treatment enhances the expression of protective molecules such as
Hsp70, TCPβ and TCPε as that of control whose dysregulation
contribute to many toxic response.
Expression of Hsp70, TCPβ and ε in Lymphocytes

ELISA analysis (figure 15) of lymphocytes for the expression Hsp70,
TCPβ and TCPε revealed that amyloid down regulates the
chaperones and the expression of these chaperones was only about
40%. α- crystallin treatment enhances the expression of Hsp70,
TCPβ and TCPε as that of control.

DISCUSSION

Fig. 13: Proteasome inhibition assay in Lymphoctes.
Concentration of Aß 1-42 and α-Crystallin used in this experiment
were 7µM and 6.75µM.
Data are mean ± SEM of triplicates and are representative of three
separate experiments

Fig. 14: ELISA analysis to determine the expression of HSP70,
TCPβ and Tcpε in astrocytes. Concentration of Aß 1-42 and αCrystallin used in this experiment were 7µM and 6.75µM.
Data are mean ±SEM of triplicates and are representative of three
separate experiments.

Fig. 15: ELISA analysis to determine the expression of HSP70
TCPβ and Tcpε in Lymphocytes.Concentration of Aß 1-42 and αCrystallin used in this experiment were 7µM and 6.75µM
respectively.
Data are mean ± SEM of triplicates and are representative of three
separate experiments
Expression of Hsp70, TCPβ and Tcpε in Astrocytes

From the ELISA analysis it is evident that the expression Hsp70,
TCPβ and ε was reduced to up to 30% in Aβ 1-42 . α-crystallin

There is an overlap between tryptophan emission and pyrene
excitation and energy transfer occurs between these two probes if
there is interaction between α crystallin with Aβ 1-42 . Decrease in
fluorescence intensity of tryptophan on addition of pyrenated Aβ 1-42
indicates that there was an interaction between α crystallin with
Aβ 1-42 . The nature of the interactions may be due to the participation
of Aβ 1-42 in the subunit exchange with the α crystallin. Early work on
α B crystallin with Aβ peptide suggests that energy transfer occurs
due to subunit exchange [20]. The FRET observed in this study
suggested that both the molecules are in close proximity and they
interact efficiently providing an evidence of conformational change
in Aβ 1-42 in the presence of α- crystallin. Increase in intense negative
bands in induced CD also suggests that on addition of crystallin
there was a change in asymmetry of the microenvironment
surrounding the pyrenyl chromophore. FRET and CD experiments
clearly indicates the intimate association of the pyrene Aβ with
crystallin. Two extreme possibilities for binding of these Aβ to
crystallin can be considered. Binding may occur on the protein
surface such that the pyrenyl chromophore is exposed to the solvent,
or pyrene-Aβ might be buried in protein matrix shielded from the
aqueous phase. Fluorescence quenching studies clearly suggest that
the pyrene-Aβ was buried in the protein surface, as it was not
accessible to the quencher. Thioflavin T is a fluoresecent dye used as
a diagnostic probe to identify amyloid fibril formation [27]. The
emission intensity of the Thioflavin T increases significantly upon
binding to the linear array of beta strands in the amyloid [28].
Decreased Thioflavin T fluorescence in α-crystallin treated Aβ 1-42
clearly indicates that α-crystallin deprive the fast propagation of
fibril in Aβ 1-42 . Light scattering measures attenuation in the intensity
of light as it passes through a scattering medium. Turbidity is a good
indicator of aggregation. Decreased scattering of light was found
when Aβ 1-42 was incubated with α-crystallin suggesting that αcrystallin decreases the fibril formation. From the spectroscopic
analysis, it is suggested that α-crystallin prevents the intermediate
conformational transition of the so called fibrils of Aβ 1-42 and
stabilizes its structure. Fibril disrupts the leaflet structure of
membrane and perturbs to form membrane channels [29]. Aβ fibrils
can induce the acute electrophysiological changes and progressive
neurotoxicity in cortical neurons. [30]. α-crystallin can effectively
bind to the exposed hydrophobic residues and effectively stabilize
the intermediately folded states of proteins and it also has the ability
to suppress the aggregation completely [31]. α-crystallin binds to
the Aβ 1-42 and prevents its highly toxic intermediate. There was
increased degeneration in Aβ 1-42 on co-incubation with α-crystallin
the degeneration greatly reduced and suggested that α- crystallin
protects the cells by preventing the cytotoxicity induced by Aβ 1-42 .
Toxicity of amyloids mostly correlated with hydrophobicites and
ability to form amyloid fibrils and its interaction with membrane
[23], and formation of cation selective channels in cellular
membranes [32]. The finding of receptor for advanced glycation end
products (RAGE) as the specific receptor for Aβ has enhanced
understanding of Aβ 1-42 induced neurotoxicity [33]. Interaction of
Aβ 1-42 with receptors in cell membranes of neurons induces
production of ROS [34]. Generation of ROS impair the function of
membrane proteins involved in maintenance of ion homeostasis
resulting in membrane depolarization and calcium influx through
glutamate receptor channels and voltage-dependent calcium
channels [35] that leads to dysregulation of cellular signal
transduction which may ultimately result in cell death. Increase ROS
production in Aβ 1-42 treated cells suggested that decrease in viability
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of astrocytes and lymphocytes may be due to the ability of Aβ 1-42 to
induce oxidative stress. Increased oxidative stress was greatly
reduced in α-crystallin treatment. In our early work, we have
showed that in physiological conditions and in slightly perturbed
conditions during mild stress, Aβ binds to the antioxidant enzymes
causing aggregates and prevents them from retaining their native
structure [23]. α- crystalline, a molecular chaperone, might prevent
the above deactivation of antioxidant enzymes and inactivated the
production of ROS. Masilamani et al has already suggested that αcrystallin has ability to prevent the oxidative stress in mice models
[14]. From the western blot and ELISA it was inferred that Aβ 1-42
suppresses the expression of Hsp70 and Tric subunits. Earlier
workers suggested that polyglutamine aggregates down-regulates
the signal transduction process and decreases the expression of
regulatory proteins such as endogenous chaperones and
proteasome [36]. Hsp70 have been implicated in maintaining tau
solubility and suppressing tau aggregates. Cell culture experiments
have shown that GRP78 an Hsp70 found in endoplasmic reticulum
binds to APP and decreases the amyloid Aβ 1-42 . It indicates that
Hsp70 shield APP from β/γ secretase cleavage [37]. Apart from this
Hsp70 rescues neurons from intracellular Aβ 1-42 mediated toxicity
[38]. Degeneration of cells in this study on treatment of Aβ 1-42 might
be due to the down regulation of Hsp70. In turn, in α-crystallin
treated groups, expression of endogenous chaperones have been
regulated. Upregulation of chaperones might be due to α-crystallin
that activates the expression of the proteins at the level of gene or at
the level of protein turn over. This suggests that α-crystallin
regulates some critical cellular processes implicated in the
production and maintenance of Hsp70 and Tric subunits.
Cross talk between molecular chaperones and the Ubiquitin
proteasome might be pivotal in regulating the deposition and
toxicity of aggregated proteins. Particularly Hsp70 mediates the
misfolded proteasome to the ubiquitin proteasome system or
lysosomes result in selective degradation [37]. CHIP is a protein that
binds to Hsp70 and acts as an e3 ligase to facilitate the transfer of
polyubiquitin chain to misfolded substrates [39]. Aβ 1-42 diminishes
the expression of Hsp70 and Tric and affects the ubiquitin mediated
degradation. α-crystallin expresses the Hsp70 and Tric and
maintains the cellular function by up regulation of endogenous
chaperones and facilitating the CHIP mediated Ubiquinated
degradation of misfolded substrates.
In conclusion, this study suggests that α-crystallin accelerates the
amyloid formation by preventing the intermediate protofibrils
formation and decreases the toxicity by activating various cellular
machinery such as high expression of Hsp70 and Tric.
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