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Modulation of a-crystallin chaperone activity in diabetic rat lens
by curcumin
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Purpose: A decline in the chaperone-like activity of eye lensrystallin in diabetic conditions has been reported. In this
study, we investigated whether curcumin, a dietary antioxidant, can manipulate the chaperone-like activitgtaflin

in diabetic rat lens.

Methods: A group of rats received ip injection of streptozotocin (STZ; 35 mg/kg body weight in buffer) to induce hyper-
glycemia, while another group of rats received only buffer as vehicle and served as control. STZ-treated rats were as-
signed to 3 groups and fed either no curcumin or 0.002% or 0.01% curcumin, respectively. Cataract progression due to
hyperglycemia was monitored with a slit lamp biomicroscope. At the end of 8 weeks animals were sacrificed and lenses
were collectedaH- andaL-crystallins from a set of pooled lenses in each group were isolated by gel filtration. Chaperone
activity, hydrophobicity, and secondary and tertiary structusdHsfandaL-crystallins were assessed by light scattering/
spectroscopic methods.

Results: A decrease in chaperone-like activityodf- andaL-crystallins was observed in STZ-treated diabetic rats. The
declined chaperone-like activity due to hyperglycemia was associated with reduced hydrophobicity and altered secondary
and tertiary structure ofH- andoL-crystallins. InterestinglyxH- andoL-crystallins isolated from curcumin fed diabetic

rat lenses had shown improved chaperone-like activity as comparkld &amdalL-crystallins from untreated diabetic rat

lens. Feeding of curcumin prevented the alterations in hydrophobicity and structural changes due to STZ-induced hyper-
glycemia. Modulation of functional and structural properties by curcumin was found to be greater witictiistallin
thanaH-crystallin. Loss of chaperone activity afcrystallin, particularlyaL-crystallin, in diabetic rat lens could be
attributed at least partly to increased oxidative stress. Being an antioxidant, curcumin feeding has preventeddthe loss of
crystallin chaperone activity and delayed the progression and maturation of diabetic cataract.

Conclusions: We demonstrate that curcumin, at the levels close to dietary consumption, prevented the loss of chaperone-
like activity of a-crystallin vis-a-vis cataractogenesis due to diabetes in rat lens.

a-Crystallin, a small heat shock protein (SHSP), constibe influenced/compromised by most of these modifications
tutes the major portion of eye lens cytoplasm and its conceffit,14-17]. As a corollary to this, it has also been demonstrated
tration in the lens can reach up to 50% of the total proteirthat a-crystallin from aged lenses has decreased chaperone
Like other sHSRy-crystallin displays chaperone-like activity activity [18,19].
in suppressing the aggregation of various proteins and in pre- Chronic hyperglycemia is a major determinant in the de-
venting inactivation of enzymes due to heat and other stresglopment of secondary complications of diabetes, including
conditions [1-6]. Hence, in addition to providing refractive diabetic cataract. Studies indicate that hyperglycemia and the
properties to the lens for focusing the image, it is believeduration of diabetes increase the risk of development of cata-
that the molecular chaperone functionoetrystallin is es-  ract [20-22]. In view of the widespread prevalence of diabetes
sential in preventing the light scattering due to aggregation af developing countries [23], diabetic cataract may pose a major
other proteins and thus in the maintenance of lens transpgroblem in the management of blindness. Hence, chaperone
ency and thereby prevention of cataract [1e3{Crystallin,  function ofa-crystallin under hyperglycemic conditions is of
especiallyaB-crystallin, is also present in various non-len-great concern with respect to lens transparency. Indeegs-
ticular tissues, albeit at very low levels [7]. Both in vitro andtallin from diabetic rat and human lenses has shown a sub-
in vivo studies established the importancexafrystallin in  stantial loss in its chaperone function [24,25]. Furthermore,
the biology of the lens and in the physiology of other tissuea-crystallin chaperone activity was also found to be impaired
[2,7-10]. Being a long lived protein with slow turnover, in galactosemic rat lenses [26]. These studies imply that im-
crystallin is known to undergo extensive posttranslationapaired chaperone function afcrystallin could be involved
modifications (PTMs) including oxidation, mixed disulfide in the formation of diabetic cataract. Therefore, it is essential
formation, truncation, and glycation during aging [1,11-13].to investigate the ways and means by which we can maintain
Moreover, the chaperone activity @fcrystallin is shown to  and/or prevent the loss of chaperone potential-ofystallin
under diabetic conditions. We reported earlier that curcumin,
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[27,28]. We hypothesized that delay of diabetic cataract coulglucose levels were monitored and animals having blood glu-
have been influenced by chaperone activityrafrystallin.  cose levels less than 145 mg/dl were excluded from the ex-
Therefore, in the present study we have investigated whethperiment and the remaining STZ treated animals were distrib-
curcumin modulates the chaperone activityrafrystallin in -~ uted into three groups. Animals in these groups received ei-

STZ-induced diabetic rat lenses. ther only AIN-93 diet (Group II; n=6) or received AIN-93 diet
containing 0.002% (Group IlI; n=6) and 0.01% curcumin
METHODS (Group IV; n=6). Animal care and protocols were in accor-

Materials: ANS (8-anilinonaphthalene-1-sulphonic acid), ci-
trate synthase, curcumin, glucose-6-phosphate, glucose-6-
phosphate dehydrogenase, NADP, insulin, dithiothreitol, and
sodium azide were purchased from Sigma Chemical (St. Loui

MO). BCA protein assay kit was procured from Pierce (Rock (IH U-I-
ford, IL). The Sephacryl S-300 HR was from Amersham Bio-
sciences (Uppsala, Sweden).

Experimental design: Three-month-old male WNIN rats
with an average body weight of 228 g (obtained from the Ng
tional Center for Laboratory Animal Sciences, National Insti-
tute of Nutrition, Hyderabad) were used for this study. All the Group IV
animals were fed on a semi synthetic AIN-93 diet [29] ad libi-
tum throughout the study. The control rats (Group I; n=6) re
ceived 0.1 M citrate buffer pH 4.5 as vehicle, whereas th
experimental rats received a single intraperitioneal injectiol
of STZ (35 mg/kg) in the same buffer. After 72 h, fasting blooc
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Figure 2. Separation profile ofH- andaL-crystallin on gel filtra-
tion. Protein (80 mg) was loaded onto a Sephacryl S-300 HR col-
Figure 1. Food consumption and growth of the animals. Averagemn. The column was equilibrated with TNEN buffer and proteins
daily food intake A) and mean body weighBJ of rats in different  were eluted with the same buffer at 0.2 ml/min flow rate. Fractions
groups. were monitored at 280 nm.
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dance with and approved by the Institutional Animal Ethics  Blood/lens collection and processing: Blood was drawn
Committee. Animals were housed in individual cages in a temence a week from the retro orbital plexus for glucose estima-
perature and humidity controlled room having a 12 h lighttion. At the end of 8 weeks, animals were sacrificed by CO
dark cycle. All the animals had free access to water. Food irsphyxiation and lenses were dissected by posterior approach
take (daily) and body weights (weekly) were monitored.  and stored at -70C until further analysis.

Sit lamp examination: Eyes were examined every week Isolation of a-crystallin: Lenses from three rats in each
using a slit lamp biomicroscope (Kowa Company, Ltd., To-group were pooled. Pooled lenses were homogenized in a
kyo, Japan) on dilated pupil. Initiation and progression of lenbuffer containing 0.025 M Tris, 0.1 M NacCl, 0.005 M EDTA,
ticular opacity was graded into four stages as described eand 0.01% Naly pH 8.0 (TNEN buffer) and centrifuged at

lier [28]. 10,000x g for 30 min at 4C to separate water soluble and
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Figure 4. Chaperone activity of_-crystallin against heat-induced

Figure 3. Chaperone activity of-crystallin against heat-induced aggregation of CS or DTT induced aggregation of insulin. Chaper-

aggregation ofL-crystallin. Chaperone activity of_- (A) andoH- one activity ofaL-crystallin as assessed by the suppression of heat

crystallin B) as assessed by the suppression of heat-induced aggieduced aggregation of C8)Yor DTT induced aggregation of insu-

gation ofpL-crystallin. pL-Crystallin (0.2 mg/ml in 50 mM phos- lin (B). CS (0.05 mg/ml) or insulin (0.40 mg/ml) was incubated in

phate buffer, pH 7.4) was incubated af65n the absence (trace 1) the absence (trace 1) or presenaelotrystallin from Group | (trace

or in the presence of eithekL- or aH-crystallin (0.025 mg/ml) from  2), Group Il (trace 3), Group Il (trace 4), and Group IV (trace 5).

Group | (trace 2), Group Il (trace 3), Group Il (trace 4), and Grouprhe CS and insulin assays used 0.025 and 0.50 mdiAniystallin,

IV (trace 5). Data were the average of three chaperone assays. respectively. Data were the average of three chaperone assays.
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water insoluble fractions. The water soluble fraction was aperystallin was measured by excitation at 390 nm and follow-
plied onto a 90 cmx2.5 cm Sephacryl S-300 HR column foing the emission between 450 and 600 nm. Fordhisystal-
separating the crystallins [30]. The column was equilibratetin was incubated with 5aM ANS for 30 min at room tem-
and proteins were eluted with TNEN buffer. Fractions correperature and the fluorescence of protein bound dye was mea-
sponding taxH- andal-crystallins were pooled separately. sured. The spectra were corrected with appropriate protein and
The purity of pooled crystallins was assessed by SDS-PAGEuffer blanks.
and they were dialyzed against water and stored atG20 Circular dichroismstudies: Far and near UV CD spectra
until further use. Protein concentration was determined by theere recorded at room temperature using a Jasco J-810 spec-
BCA kit method and crosschecked by absorption at 280 nmtropolarimeter. All spectra were an average of six accumula-
Chaperoneactivity assays: Chaperone activity af-crys-  tions and recorded using cells of 0.1 and 0.5 cm path length,
tallin (both aH- andalL-crystallin) was assessed using two respectively, for far and near UV CD. All spectra were cor-
different assay systems; aggregation and enzyme inactivatioected for the respective blanks. Protein concentration used
Aggregation assays were done by measuring the ability of for far and near UV was 0.15 and 1.5 mg/ml, respectively.
crystallin in suppressing either the heat-induced aggregation
of pL-crystallin (purified from control rat lenses) at 60,
citrate synthase (CS) at 46, or DTT-induced aggregation of
insulin at 25°C. The aggregation of protein due to heat or 4501
DTT denaturation in the absence and presenaeocoystallin
was performed essentially as described previously [4] by mon
toring the absorption at 360 nm as a function of time using
Cary100 spectrophotometer. The potentialléf andaL-crys-
tallin to prevent the heat inactivation of glucose-6-phosphat 300
dehydrogenase (G6PD) was monitored by measuring the r
sidual activity in the absence and presence-ofystallin as .=~
described earlier [5]. CDU
Fluorescence measurements: Fluorescence measurements s—
were performed using a Jasco spectrofluorometer (FP-650 1501
Tokyo, Japan). For all measurements, 0.15 mg/ml protein i===
20 mM sodium phosphate buffer, pH 7.2 was used. Intrinsi &
tryptophan fluorescence was recorded by exciting at 280 ni _9
and following the emission between 310-390 nm. Fluorescenc ¢ 0
of 8-anilino-1-naphthalene-sulfonic acid (ANS) boundrto

® 300
=
@
O
1001 g
e o 2007
. 751 u_:_
S
‘g 50
= 100+
=]
=]
g 25
Y
0 : : . :
ol 450 480 510 540

t 2 3 4 5 Wavelength (nm)

Figure 5. Chaperone activity af_-crystallin in enzyme inactivation

assays. Protection of heat-induced inactivation of glucose-6-phogigure 6. Hydrophobicity oé:-crystallin. Hydrophobicity ofxL-
phate dehydrogenase at42byal-crystallin. Bar 1 is G6PD alone, (A) andaH-crystallin B) as assessed by ANS fluorescence. Traces
bars 2-5, are G6PD plud.-crystallin from Groups I-1V, respectively. 1-4 correspond teL- or aH-crystallin from Groups I-1V, respec-
Data were the mean of three chaperone assays. tively. Data were the average of three assays.
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RESULTS higher than Group Il rat lenses, though not identical to the

Food intake and body weights: There was an increase in the Group | rat lens (Figure 3A). Strikingly, aggregation kinetics
food intake in all the diabetic groups (lI-1V) compared to theof pL-crystallin displayed longer lag time in the presence of
control group (Group |, Figure 1A). Despite the increased foodL-crystallin from Group Il and IV compared td_-crystal-
intake, the body weight of Group Il animals was decreaselih from Group Il (Figure 3A). UsuallgH-crystallin has been
(194 g), when compared to the controls (385 g). However, thieeated as a modified version @f-crystallin due to various
decrease in body weight due to hyperglycemia was not amasults. Therefore, we have also assessed the abiliyHof
liorated by treatment with curcumin (Figure 1B). crystallin to suppress the aggregation of other proteins. As

Onset and progression of cataract: There was a delay in  expected, theH-crystallin chaperone potential was lower than
progression of hyperglycemia-induced cataract due to treathat ofaL-crystallin in Group | (Figure 3). Furthermorxe-
ment with curcumin. At the end of 8 weeks, while most of thecrystallin from Group Il rat lens showed decreased protection
lenses (65%) in Group Il developed mature cataract, the pesgainst heat-induced aggregatiofilofcrystallin as compared
cent of mature cataract lenses were decreased to 43 and 38hat of Group | (Figure 3B). MoreoverH-crystallin from
in Group Il and Group IV, respectively. The data thus suggessroup 11l and IV showed no improvement in its chaperone
that curcumin delayed maturation of diabetic cataract. ability over Group Il (Figure 3B). Likewise, similar results

G filtration profile of a-crystallins: There was a marked were observed with the CS and insulin aggregation assay for
difference in the relative distribution afcrystallins between olL-crystallin (Figure 4). We have also assessed the ability of
the groups, theiH-crystallin peak was elevated and thle- aH- andalL-crystallins from control, untreated and curcumin
crystallin was decreased in Group |l rat lens compared to Groupeated diabetic rat lenses to protect heat-induced inactivation
| rat lens (Figure 2). Feeding curcumin (Group Ill and IV)of G6PD. Similar to aggregation assays, the abilityilof
reverted the altered distribution of profiteH- and alL- crystallin from Group Il to prevent heat-induced inactivation
crystallins in a dose dependent manner (Figure 2). of G6PD was declined as compared to Group | (Figure 5).

Chaperoneactivity of aH- and aL-crystallins: As shown  Furthermore, in contrast to the partial protection in aggrega-
in Figure 3A,aL-crystallin from Group Il rat lens showed a tion assaysglL-crystallin from Group Il and IV rat lens ex-
50% decrease in chaperone activity in suppressing the heibited a remarkable protection against G6PD inactivation
induced aggregation @fL-crystallin when compared to the (Figure 5). HowevergH-crystallin from either untreated or
activity ofaL-crystallin from Group I. Interestingly, the chap- curcumin treated rats showed no significant protection of
erone-like activity ofiL-crystallin from Group lll and IVwas G6PD when compared ¢dH-crystallin from control rats (data

not shown).
—— Group |
e Group
i ——- Group Il 600+
1014 — - Group IV

I
[4)]
o

300

6 (m degrees)
o

150+

Fluorescence intensity (au)

195 210 225 240 255

0 1 T T T
Wavelength (nm) 300 Sﬁavelen:sgst% om )375 400

Figure 7. Secondary structureddf-crystallin. Secondary structure

of aL-crystallin from different groups was assessed by far UV CDFigure 8. Intrinsic tryptophan fluorescence spectralotrystallin.
spectroscopy using 0.10 mg/ml protein in 20 mM sodium phosphaféraces 1-4 correspond td--crystallin from Groups I-1V, respec-
buffer (pH 7.2). tively.
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Surface hydrophobicity: Numerous studies indicated that rats [27,28]. However, it is not known whether the prevention
surface-exposed hydrophobic sitesaerystallin could be  or delay of diabetic cataract by these agents is mediated through
playing a critical role in chaperone activity [4,31-34]. In thethe modulation o&-crystallin chaperone-like activity.
present study we have investigated surface hydrophobicity as In the present study we demonstrated that in STZ-induced
a function of binding of a hydrophobic probe (ANS)ao  diabetic cataracty-crystallin exhibited diminished chaperone
crystallin. aL-crystallin from Group Il showed lesser ANS activity, which was prevented, at least partially, by dietary
binding when compared withL_-crystallin from Group | (Fig-  curcumin. The appearanceadfl-crystallin fraction upon pre-
ure 6A), which correlated well with the decreased chaperongarative gel filtration in Group | suggests age related changes
activity of aL-crystallin from Group Il. Furthermore, improved to a-crystallin, since these animals were more than 5 months
chaperone activity afiL-crystallin from Group Il and IV is  old at the end of experiment. An increasg¢ticrystallin frac-
also reflected in increased ANS binding when compared ttion in Group Il rat lens indicate that these changes are accel-
that of aL-crystallin from Group Il (Figure 6A). However, erated under diabetic conditions. Further, dfé crystallin
the relative ANS binding fanH-crystallin from all groups is  fraction of Group | differs from Group Il with regard to struc-
not only lower as compared ¢d_-crystallin from respective ture and function. Moreover, the improvement in structural
groups, but there was a marginal improvement in ANS bindand functional properties @fH-crystallin due to curcumin
ing due to curcumin treatment (Figure 6B). feeding is not as significant with thatef-crystallin.

Structural alterations. To understand further the mecha- Previous studies have shown that some small molecules
nism for the altered chaperone-like functiomedrystallinin ~ can modulatex-crystallin chaperone activity in vitro by af-
diabetic rat lens and its modulation by curcumin, we havéecting either the crystallin or aggregating substrate [40-42].
monitored secondary and tertiary structural states efrys-  Therefore, we investigated whether curcumin influerces
tallin by CD and fluorescence spectroscopy. As shown in Figerystallin chaperone activity by direct interaction with the pro-
ure 7,a-crystallin from Group | has a maximum negative el-tein. However, in vitro studies indicate that curcumin did not
lipticity around 217 nm, typical @f-sheet structure as reported affect the chaperone activity of-crystallin directly (not
previously by many investigators [2,16,32]. However, the fashown) and suggest an indirect modulation in vivo. Recently,
UV CD signal fora-crystallin isolated from diabetic rat lens it was shown that curcumin inhibits formation of amypoid
decreased, indicating altered secondary structure and the migomers and fibrils and its antioxidant potential was thought
sults are consistent with findings of altered secondary stru¢e be responsible for this effect [43]. We have shown that oxi-
ture ofa-crystallin of the galactosemic rat lens [26]. Aloss ofdative stress may be a predominant mechanism in STZ-in-
intensity in tryptophan fluorescence indicated altered tertiarduced hyperglycemia in rats as there was increased lipid
structure ofx-crystallin due to hyperglycemia (Figure 8). Fur- peroxidation and protein carbonyl content, decreased glu-
thermore, changes in near UV CD spectraxbfcrystallin ~ tathione, and altered activities of antioxidant enzymes lead-
from Group Il, particularly in the aromatic region (not shown),ing to cataract formation [28]. Moreover, the antioxidant ef-
also suggest conformational changes at the tertiary structuralct of curcumin was attributed for the delayed progression of
level due to hyperglycemia. Although curcumin treatment aBTZ-induced cataract in rats [28]. Further, food and vitamin
both the levels has not affected the altered secondary struestriction was also shown to influence the chaperone like ac-
ture due to hyperglycemia in a significant way (Figure 7)tivity of a-crystallin and aggregation of other crystallin in rats
curcumin mediated modulation to altered tertiary structural30]. Thus, one of the possible explanations for the modula-

changes were quite noticeable (Figure 8). tory effect of curcumin ow-crystallin chaperone activity in
diabetes could be decreased oxidative stress by curcumin in
DISCUSSION hyperglycemia. Earlier reports on disruptedrystallin chap-

Diabetes is a known risk factor for cataract formation. In viewerone activity due to oxidative stress [1,44] lend support to
of the prevailing and predicted outbreak of diabetes in devebur explanation.

oping countries like India [23,35], diabetic cataract may be-

come a leading cause of blindness, along with senile cataract. ACKNOWLEDGEMENTS
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