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ABSTRACT. a-Crystallin is a member of the family of small heat-shock proteins (SHSP) and is composed
of two subunitspA-crystallin andaB-crystallin, which exhibit molecular chaperone-like properties. In a
previous study, we found that residues—88 in aA-crystallin can function like a molecular chaperone

by preventing the aggregation and precipitation of denaturing substrate proteins [Sharma, K. K., et al.
(2000) J. Biol. Chem. 27537673771]. In this study, we show that the complementary sequence in
oB-crystallin, residues 7392 (DRFSVNLDVKHFSPEELKVK), is the functional chaperone siteods-
crystallin. Like the minietA-crystallin chaperone, the miriB-crystallin chaperone interacts with 11
bi(4-anilino) naphthalene-5;8lisulphonic acid (bis-ANS) and also possesses signifjeafieet and random

coil structure. Deletion of four residues (DRFS) from the N-terminus or deletion of C-terminus LKVK
residues from the 7392 peptide abolishes the chaperone-like activity against denaturing alcohol
dehydrogenase. However, removal of DRFS or HFSPEELKVK is necessary to completely abolish the
antiaggregation property of the peptide in insulin reduction assay. Substitution of Asp at a site corresponding
to D80 in aB-crystallin with b-Asp or 5-Asp results in a significant loss of chaperone-like activity.
Kynurenine modification of His in the peptide abolishes the antiaggregation property of the mini-chaperone.
These data suggest that the—22 region inaB-crystallin is one of the substrate binding sites during
chaperone activity.

o-Crystallin, the most abundant protein in the lens belongs the critical residues required for the chaperone-like function
to the group of small heat-shock proteins (SHSRs)Crys- of a-crystallin subunits has been the focus of numerous
tallin exists as a polydisperse aggregate with an averagestudies. The C-terminal region @fA-crystallin (13, 14),
molecular mass of 800 kDa and is composedéf and Asp® of aA-crystallin (15), Phé? of aA-crystallin (16), the
aB-subunits, each with a molecular mass of 20 kDa2). most hydrophobic N-terminal phenylalanine-rich region in
The sequences of the subunits @fcrystallin have high  aB-crystallin (17), and Ard?° of oB-crystallin (18) have all
sequence homology between therh) @nd are highly been suggested as necessary for chaperone-like activity.

conserved among specie8).(Although aA-crystallin is Hydrophobic sites im-crystallin have been hypothesized
primarily expressed in the lensB-crystallin is found in {4 pe responsible for the chaperone-like activitg,(20), as
oth_er tissues as well{-7). Extensive studies he_lve no_t Yet in the case of molecular chaperone GroBl1)( We have
delineated the quaternary structure @fcrystallin or its previously determined that residues-88 and 79-99 in
subunits. Available data suggest that tikerystallin subunits oA-crystallin and residues 75103 in aB-crystallin are
have high amounts of-sheet structure. Like all SHSPs,  pyqrophobic sites recognized by the environment-sensitive
a-crystallin displays chaperone-like activity by preventing prope 1, 1-bi(4-anilinoy-naphthalene sulfonic acid (bis-ANS)
the aggregation of substrate proteiBs-(1). This property  (22) Because we found that prior binding of bis-ANS to
has been implicated in the maintenance of lens transparencyOL_Crystm”n diminishes chaperone-like activitpd), we
Both A and B subunits inx-crystallin display chaperone-  ¢oncjuded that hydrophobic sites participatexirystallin
like activity independent of each other and as heteroaggre-cnhaperone-like activity. A similar observation has been made
gates (2). _ _ _ for isolatedaA- andoB-crystallins @4). We have also shown
Because the chaperone-like functioncetrystallin may  hat residues 5769 and residues 93107 in aB-crystallin
have an integral role in lens transparency, identification of 4.6 involved in binding with ADH12). In addition, we have
TThis work was supported by National Institute of Health Grants dete.rmmed thata 1_9Tam|n0 aCId.reSIdu? fmmcry.Sta””.]
EY 11981 and EY 14795 to K.K.S., a grant-in-aid from Research to (reS|du_es_7988, mini-cA-crystallin), which contains _b's'
Prevent Blindness (RPB) to the department, and a Lew WassermanANS-binding sequences, possesses an antiaggregating prop-
Merit Award (to K.K.S. from RPB). Portions of this work were erty similar to that ofaA-crystallin (25).

presented at the annual meeting of Association for Research in Vision . .
and Ophthalmology in 2002 and 2003. Here, we report thattB-crystallin residues 7392 can

* To whom correspondence should be addressed. Tel, 573-882-8478independently prevent the aggregation of denatured substrate
fax, 573-884-4100; e-mail, sharmak@health.missouri.edu. proteins, similar to the action of nativeB-crystallin. We

1 Abbreviations: sHSPS, small heat-shock proteins; bis-ANS; 1,1 N - . - L
bi(4-anilino) naphthalene-5iisulphonic acid; ADH, alcohol dehy- ~ have coined the term “miniB-crystallin” to describe these

drogenase; 1,5-AZNS, 1-azidonaphthalene 5-sulphonate. specific residues. In this study, we describe the smallest
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peptide sequence mB-crystallin that shows an antiaggre- 10 20 30 40
gation property and the critical residues required for such ac-MDIAIHHPWIRRPFFPFHSPSRLFDQFFGEHLLESDLFPA
chaperone-like function. L N-terminal domain----------—-—-
50 60 70 80
EXPERIMENTAL PROCEDURES STSLSPFYLRPPSFLRAPSWIDTDLSEMRLEK [DRFSVNLDVK ]
Materials y-Crystallin was isolated from young bovine =~ -------------mmsmomsmommoemooe s R RRARREEEEE
lenses and purified as described previou8)y ¢B-Crystallin 90 100 110 120

was purified according to the procedure described elsewhere HFSPEELKVKVLGDVIEVHGKHEERQDEHGF I SREFHRKY

(12). All peptides used in this study were synthesized in the

peptide synthesis core facility at the University of Missouri.

The synthetic peptides were purified by reversed-phase

HPLC, and their masses were confirmed by mass spectrom- RIPADVDPLAITSSLSSDGVLTVNGPRKQASGPERTIPI

etry prior to use. Biuret method was used to estimate the

peptide concentrations used in various assays. Bis-ANS was 170

obtained from Molecular Probes, Inc. (Junction City, OR).  trggkpavTAAPKK

A stock solution of bis-ANS was prepared in 95% ethanol, .- -c-teminal extension-->

and the concentration was determined by absorbance at 38%icure 1: aB-Crystallin sequence showing the mimB-crystallin

nm using an extinction coefficientzgs = 16 790 cn* M1 chaperone site. The bis-ANS-binding region is underscored and the

(26). Insulin and yeast ADH were purchased from Sigma mini-chaperone sequence is shown in bold. The mellitin-binding
. : : : region is within the brackets. The 1,5-AZNS binding sequence is

and Biozyme _Laboratorles, reSpeCtlv_ely' Al OFher chemicals shown in italics. The ligand binding sites are taken from22af

were of the highest grade commercially available.

_Assay of Chaperone-like Acty. The capacity of the  crystallin and ADH studies25). Following gel filtration,
different peptides to prevent DTT-induced insulin aggrega- the complex was treated with urea and filtered through a 10

------------ O-crystallin domain

130 140 150 160

tion (27), oxidation-inducedy-crystallin aggregation2g), kDa filter, and the filtrate was analyzed in a C18 column
and heat-induced ADH aggregatioh?f was determined.  (25). Sephadex G-75 chromatography was used to determine
Insulin andy-crystallin assays were performed at 3C, retropeptide aggregation.

whereas ADH assay was conducted af@8All chaperone

assays were carried out in 1 mL reaction volumes that RESULTS AND DISCUSSION
contained 50 mM sodium phosphate buffer, pH 7.2, and 0.1
M NacCl. Aggregation of denaturing proteins was monitored

by measuring the apparent absorption at 360 nm for all the
substrate proteins as a function of time in a Shimadzu
spectrophotometer equipped with a multicell transporter and
a Peltier temperature regulator.

CD Spectroscopy of PeptideBhe far-UV CD spectra of
purified peptides were recorded at 26 over a range of
190-250 nm on an Aviv 62DS spectropolarimeter using 0.1
mg/mL concentration of the peptide in 10 mM phosphate ;. olved in binding of substrate proteins tA- and oB-
buffer, pH 7.2. A quartz cell of 0.1-cm path length was used, crystallin during chaperone actior2). In a separate
and. five spec-:tra} for each sample were takgn and averagedexperiment, the 8390 region inaB-crystallin was identified

Bis-ANS Binding StudieBluorescence of bis-ANS bound a5 another hydrophobic site-specific probe 1,5-AZNS-binding
to peptides was measured using a Jasco FP750 spectroflucsite (22). The 1,5-AZNS-labeled peptide sequence was
rimeter. Bis-ANS solution, 1@mol, was added to 0.1 mg/  sandwiched between the two bis-ANS-binding sequences in
mL peptide solution in 0.05 M phosphate buffer, pH 7.2. oB_crystallin. The structural differences between bis-ANS
The mixture was thoroughly mixed and then incubated for and 1,5-AZNS may contribute to the difference in the site
15 min. Fluorescence emission spectra were then recordechf photoincorporation of these two probesaB-crystallin.
at 400-600 nm using an excitation wavelength of 390 nm. | 3 related study, we observed that one (i.e., FSVNLDV)
The excitation and emission slits were set at 5 nm. of the two regions irB-crystallin identified as bis-ANS-

Modification of Mini-oB-crystallin with KynureninePuri- binding sequences also contributes to the mellitin-binding
fied peptide was incubated with kynurenine (1:5 ratio of region (L2). These studies, taken together, suggest that the
peptide to kynurenine) at 37C for 6 days. The modified  hydrophobic mellitin-binding site imB-crystallin subunit
peptide was purified by HPLC fitted with a Vydac C18 s part of the chaperone site. Additional insight into the role
column and 6-80% acetonitrile gradient containing 0.1% of hydrophobic sites in chaperone activity afcrystallin
trifluoroacetic acid. The kynurenine modification of the subunits came from our novel finding that a peptide
peptide was confirmed by mass spectrometric analysis. Theconsisting of a hydrophobic sequenceifs-crystallin, which
chaperone-like activity of the modified peptide was measured also includes the residues from the substrate binding site,
using insulin reduction assay. can mimic the antiaggregation properties of the parent protein

Size-Exclusion Chromatography and HPLC Analysis. (25). We previously reported that a hydrophobic melittin-
Biogel P-30 gel filtration chromatography was performed binding sequence, KFVIFLDVKHFSPEDLTVK, irA-
to isolate the complex formed between denaturing ADH and crystallin (residues 7088) by itself displays chaperone-like
mini-aB-crystallin, as described previously for miaiA- antiaggregation activity25). Because the A and B subunits

Chaperone Site and Concept of Mini-Chaperohbe A
and B subunits ofi-crystallin contain am-crystallin domain,
an N-terminal domain, and a C-terminal extension. Figure 1
shows the amino acid residues contributing to these domains
in oB-crystallin. The hydrophobic sites on this highly
conserved protein have been implicated in playing a role in
the chaperone-like activity aiB-crystallin @, 19, 20, 23,
29—31). Bis-ANS-binding and cross-linking studies have
shown that hydrophobic sites im-crystallin subunits are
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of a-crystallins have significant sequence homology, we
hypothesized that aruB-crystallin peptide that shows A
significant sequence homology ¢dA-crystallin chaperone-
like peptide will also demonstrate chaperone-like activity.
Therefore, we investigated whether residues 93 of aB-
crystallin (DRFSVNLDVKHFSPEELKVK; minieB-crys-
tallin) prevent the aggregation of denatured substrate proteins.
This region (i.e., residues #3®2) is known to be a highly
conserved sequence itB-crystallin of various species.
Chaperone-like Actity of Mini-aB-crystallin. Figure 2
shows the antiaggregating property of mirB-crystallin
against DTT-induced aggregation of insulin at°&7(Figure 0.2
2A), oxidation-induced aggregation gfcrystallin at 37°C
(Figure 2B), and thermal aggregation of ADH at 48 0N , ,
(Figure 2C). As Figure 2 shows, only a portion aB- 0 5 10 18 20 2 %0
crystallin, represented as miaB-crystallin, is sufficient to Time (Min]
prevent the aggregation of proteins denatured by heat or 0.8
chemical methods. The antiaggregation activity of the peptide B
was found to be concentration-dependent. The data show that
40 uM of the peptide suppresses aggregation of W of
ADH by 80%, comparable to the activity of miniA-
crystallin reported previously2). The formation of an
ADH —mini-aB-crystallin complex was confirmed by gel
filtration and HPLC analysis of the reaction mixture (data
not shown). The minaB-crystallin was found to suppress
insulin B chain aggregation very efficiently. A 1:1 molar
ratio of mini-aB-chaperone and insulin nearly completely
suppressed aggregation-induced light scattering. However,

the mini-B-peptide activity was lower than nativeB- /‘/"""'_‘_‘_‘
crystallin activity when ADH ory-crystallin were used as 0
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- N »

Relative scattering at 360 nm
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o
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Relative scattering at 360 nm
o
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substrates and resembled the pattern of mi&ierystallin 0 20 40 60 80
(25). The aA-crystallin was 8-fold more effective in sup- Time [Min]

pressing aggregation-induced light scattering than the mini-
oA-crystallin on molar basis when ADH was used as the L
substrate Z5). The different efficiency of nativexrA- and
aB-crystallin toward different proteins has been previously
observed by us3@) and others 33, 34). Therefore, it can

be concluded from these observations that the different
chaperone-like activity of crystallins reported previously
applies to minieB-crystallin as well.

Suppression of heat-induced aggregation of ADH by mini-
aB-crystallin was tested by adding the peptide after the start
of aggregation (Figure 3). The addition of mimB-crystallin
after 20 and 40 min of heat-induced ADH aggregation
significantly impeded further aggregation. The aggregated
proteins were not solubilized, as in the casegtasein 85). —
Therefore, this property of miriB-crystallin is consistent 0 M
with that of other molecular chaperones: the chaperones bind 0 20 40 60 80 100
to aggregation-prone proteins and do not solubilize preformed Time [Min]
aggregates3p). FiGUrRe 2: Aggregation of denaturing proteins in the presence of

After the antiaggregation property of miaB-crystallin mini-oB-crystallin. Light scattering at 360 nm of 0.4 mg/mL insulin
was confirmed, we investigated the ability of a retrosequence and 20 mM DTT (A), 0.25 mg/mly-crystallin (B), and 0.3 mg/

. : mL ADH (C) in the absence and presence of mul-crystallin.
of mini-aB-crystallin (KVKLEEPSFHVDLNVSFRD) to Insulin andy-crystallin assays were done at 32, whereas ADH

suppress heat-induced aggregation of ADH. The retrose-assay was performed at 28. (A) Diamond, insulin; square, insulin
quence was found not to possess antiaggregation activityand 0.05 mg/mL min&B-crystallin; triangle, insulin and 0.1 mg/
(Figure 4). Gel chromatograpy on Sephadex G-75 (profile mL mini-aB-crystallin. (B) Diamondy-crystallin; squarey-crys-

; ; ide tallinand 0.05 mg/mL min&B-crystallin; triangle y-crystallin and
not shown) did not show any evidence of retropeptide 0.1 mg/mL miniaB-crystallin. (C) Square, ADH; triangle, ADH

aggregation, suggesting that aggf?gation of the peptide isand 0.05 mg/mL mineB-crystallin; diamond, ADH and 0.1 mg/
not the reason for the loss of activity. Further, the retro- mL mini-aB-crystallin.

peptide did not form light-scattering aggregates during the
assay (Figure 4). A similar result was obtained with mini- acid sequence, rather than the composition in raBi-
oA-crystallin and its retropeptidey). Therefore, the amino  crystallin, appears to determine its chaperone-like activity.

~ o o
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o
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i

Relative scattering at 360 nm
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. Table 1: Effect of Truncation and Substitution on Antiaggregation
Property of MiniaB-crystallirt
£ percent protection
s ADH insulin  bis-ANS
2 peptides assay assay binding
% DRFSVNLDVKHFSPEELKVK (peptide1) 84 86 322
o) DRFSVNLDVKHFSPEELK (peptide 3) 64 70 0.5
§ DRFSVNLDVKHFSPEE 0 52 ND
g DRFSVNLDVKHFSP 0 63 ND
8 DRFSVNLDVKHF 0 64 ND
) DRFSVNLDVK 0 0 NDP
S FSVNLDVKHFSPEELKVK (peptide 4) 70 74 804
'g VNLDVKHFSPEELKVK 0 0 NDbP
o FSVNLAVKHFSPEELKVK (peptide 5) 24 67 2% 15
ox FSVNLDVKAFSPEELKVK (peptide 6) 69 72 405
DRASVNLDVKHFSPEELKVK (peptide 7) 0 NB  NDb
o : : . : : : aRelative activity of the truncated forms of minB-crystallin
0 10 20 30 40 50 60 70 against ADH aggregation at 4€ and DTT-induced insulin aggregation

Time [Min] at 37°C was mea_sured_as de_scribed under Experir_nental Procedures.
The fluorescence intensity of bis-ANS bound to peptides was recorded,
Ficure 3: Effect of the addition of minaB-crystallin on ADH as described under Experimental Procedut&D, not determined.
aggregation. The aggregation of 0.3 mg of ADH at*4Bin 50
mM phosphate buffer containing 0.1 M NaCl was measured in the ) . ) L )
presence and absence of mirB-crystallin. Mini-aB-crystallin, 0.1 peptide yielded a peptide that showed significant protection
mg, was added 20 and 40 min after initiation of heat-induced against insulin aggregation but no ability to suppress ag-
aggregation (shown by arrows), and the assay was continued forgregation of denaturing ADH. In contrast, deletion of four
Sv?tﬁqmin(i?ofg_gﬁyggﬂ!ﬁ' Qj[é';af)'lled square and open square, ADH  oqiq g (DRFS) from the N-terminal end of the peptide
completely abolished the antiaggregation property of the
peptide against both substrates, but removal of DR residues
had no significant effect. Furthermore, substitution of F with
A in the N-terminal region resulted in complete loss of
activity. These results suggest that, like the N-terminal region
F of mini-aA-crystallin (25), the F in the N-terminal region
of mini-aB-crystallin may be essential for chaperone-like
activity of the peptide. The critical role of F of miniA-
crystallin (corresponding to F71 ofiA-crystallin) was
confirmed by a site-directed mutagenesis study in which the
mutant oA-crystallin was found to not display chaperone
activity at physiological temperature$g).

Structural Features of Nate and Substituted MiraB-
crystallin. The emission maximum of bis-ANS, a hydropho-
bic site-specific probe, shifts to a lower wavelength when it
interacts with proteins or peptides that have significant

0 10 20 30 40 50 60 70 hydrophobicity 26). Binding of bis-ANS to the peptide
Time [Min] chaperone resulted in a shift in the emission maximum of
FiIGURE 4: ADH aggregation in the presence and absence of retro- the fluorophore to 499 nm from 520 nm in aqueous media
mini-aB-crystallins. The aggregation of 0.3 mg of ADH at 28 (data not shown). The far-UV CD spectra of the peptide in
in 50 mM phosphate buffer containing 0.1 M NaCl was measured puffer showed significant amounts gfsheet and random
Irgttr?)e rﬁgfggccer a;gll?r:eigﬁllce% ?:firgfé rR%I?lT Hﬁ?&cgyﬁ;‘:g” XB‘L coil structure (Figure 5). Compared with miaiA-crystallin
and miniaB-cryystaIIin;. open squaré, ADH and rgtro-rﬁimnB- (25, 27), mini-aB-crystaI_Iin dempnstrated a Slightly greater,
crystallin; open circle, retro-miniB-crystallin.) noncompact conformation, which may be due to its random
coil content being greater than ifs-sheet content. The

Effect of Truncation or Substitution on the Chaperone- conformation and affinity of minaB-crystallin and its
like Activity of Mini-aB-crystallin.Since the mini-chaperone  substituted forms to hydrophobic probe were determined by
sequence is highly conserved in several species, we preparetar-UV CD spectra and bis-ANS binding studies (Figure 5
several peptides that are truncated forms of the active peptideand Table 1). The studies were performed to identify any
chaperone to determine the minimum sequence required forcorrelation between the peptide hydrophobicity and chaperone-
chaperone-like activity. Table 1 shows the relative antiag- like activity. When compared to miriB-crystallin (peptide
gregation activity of truncated forms of miniB-crystallin 1), the peptides 36 (Table 1) showed a decrease in the
against DTT-induced insulin aggregation at°87and against ~ 3-sheet content and an increase in the random coil content
ADH aggregation at 48C. The data show that deletion of (Figure 5). Other truncated or Ala-substituted miti-
two residues-DR from the amino terminal end and VK from  peptides were also mostly in random-coiled form, with
the C-terminal end of the peptid@artially reduced chaperone- negligible 5-sheet content, and did not bind bis-ANS (data
like activity of the peptide against both the substrates. not shown). All mutated or truncated peptides, with the
Deletion of eight residues from the C-terminal end of the exception of peptide 5, were found to bind significantly less

I o o
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Relative scattering at 360 nm
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Ficure 5: Far-UV CD spectra of native, mutant, and heat-treated
mini-oB-crystallins. The sequences of peptides 1 antb 3are
shown in Table 1, and the experimental conditions are described
under Experimental Procedures. Trace 2 is the spectra for peptide
1 after heat treatment.

(o}

bis-ANS than minietB-crystallin (Table 1). The binding of
bis-ANS to peptide 5 was comparable to that of mi-
crystallin (peptide 1).

Previously, we reported that miniA-crystallin regains
most of its secondary structure upon refolding from its heat-
denatured conformation and that the chaperone-like activity
of the native and heat-treated mimA-crystallin was not
significantly different 27). To investigate the effect of heat
treatment on minaB-crystallin, a known amount of the
peptide was heated to 6C in assay buffer. After 30 min at
60 °C, the peptide solution was cooled to room temperature Time [min]
and subjected to CD spectroscopy. Compared to the far-UV Ficure 6: Effect of heat treatment on chaperone-like activity of
CD spectrum of native minieB-crystallin, the spectrum of ~ mini-aB-crystallin. The peptide was heated to ®Din assay buffer.
mini-aB-crystallin after thermal unfolding and refolding After 30 min at 60°C, the peptide solution was cooled to room

. P temperature and the residual chaperone-like activity was measured.
showed a more random-coiled structure (trace 2 in Figure (A) Light scattering was measured at 360 nm for 0.4 mg/mL insulin

5). Surprisingly, the chaperone-like activity of the refolded and 20 mM DTT at 37C in the absence (diamond) and presence
peptide was comparable to that of the native peptide. The of native 0.1 mg/mL minieB-crystallin (triangle) and 0.1 mg/mL
activities of the native and heat-treated peptides were refolded miniaB-crystallin (square) after thermal unfolding. (B)
comparable during DTT-induced insulin reduction assay Light scattering at 360 nm of 0.4 mg/mL ADH in the absence

. . - (diamond) and presence of 0.1 mg of native (open square) and heat-
(Figure _6A) and temp_erature-mduced A_DH denatur_atlon treated (circle) miniB-crystallin at 48°C.
assay (Figure 6B). Similar data were obtained when citrate-
synthase was used in place of ADH (not shown). Therefore, tion of hydrophillic amino acid residues D80 and H83 with
it appears that, although the secondary structure of refoldedAla preserved most of the chaperone-like activity of mini-
mini-aB-crystallin is more disrupted than that of its native aB-crystallin (Table 1). However, when substitution was with
state, the structural differences do not affect the chaperone-p-Asp or 5-Asp at a position corresponding to D80 aB-
like activity of the peptide. In this aspect, the peptide behaves crystallin, the peptide lost its ability to suppress aggregation
like a major random-coiled proteim-casein, which has been  of denaturing ADH (Figure 7), and both forms of the peptide
reported to possess antiaggregation properties against dendiad also lost thgs-sheet content when examined by CD
tured substrate protein8%). Therefore, a combination of  spectroscopy (data not shown). A modest (about 10%)
hydrophobicity and ionic interactions stemming from the increase in the ADH aggregation in the presence-éfsp
amphipathic nature of the peptide seems to determine thepeptides was observed. This effect is most likely due to the
activity. This conclusion is also based on the observations interaction ofp-Asp-peptide with denaturing ADH. In the
that (a) removal of charged K-x-K residues from the past, we have observed that modified crystallin peptides
C-terminus of the peptide resulted in the loss of activity, (b) increase the aggregation of denaturing ADBI7)( The
substitution of D with A (peptide 5) reduced the chaperone- presence ob-Asp orS-Asp likely alters the peptide structure
like activity, and (c) substitution of hydrophobic F with less in such a way that it becomes less favorable for the
hydrophobic A at the N-terminal region of the peptides interaction. The presence ofAsp or 3-Asp in peptides is
abolished the chaperone-like activity. known to contribute to the structural chan@s,(39).

Effect of Substitution with-Asp ors-Asp on Chaperone- Effect of Modification of His with Kynurenine on Mini-
like Activity. Studies of the effects of substitutions at various aB-crystallin Chaperone-like Actity. The post-translational
locations in the peptide chaperone revealed that the substitumodification ofa-crystallin subunits has been attributed to

Relative scattering at 360nm

0 10 20 30 40 50 60 70
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Ficure 7: Effect of b-Asp or -Asp substitution on chaperone-
like activity of mini-aB-crystallin. DTT-induced aggregation of 0.3

50 60 70

Bhattacharyya et al.

erone site and interferes with the binding of denaturing
proteins. While we did not measure the chaperone-like
activity of kynurenine-modified, glycatemB-crystallin, these
two modifications are likely to significantly reduce the
chaperone-like activity of the protein. On the basis of data
from this study, the loss of chaperone activity we observed
in an earlier studyZ2) can be attributed to the structural
changes at the chaperone site. Deamidation of a residue, N78,
at the chaperone site has been shown to diminish the ability
of the protein to suppress aggregation of denaturing proteins
(43).

CONCLUDING REMARKS

Both subunits of the sHS&-crystallin display chaperone-
like activity. Previous studies have shown that the hydro-
phobic region in thex-crystallin domain of these proteins is
the binding site for denaturing proteing2j. Site-directed
mutagenesis study and the demonstration of chaperone-like

mg of insulin in the presence and absence 0.1 mg of substitutedactivity by a 19-mer peptide, DFVIFLDVKHFSPEDLTVK

and native minieB-crystallin was measured at 3T in 1 mL of

50 mM phosphate buffer, pH 7.0 (square, insulin; circle, insulin
and 8-Asp containing minieB-crystallin; diamond, insulin and
D-Asp containing minieB-crystallin; triangle, insulin and mini-
oB-crystallin).

1.6

Relative scattering at 360 nm

60
Time [Min]
Ficure 8: Effect of His modification in minieB-crystallin by
kynurenine on chaperone-like activity. DTT-induced aggregation
of 0.3 mg of insulin in the presence and absence 0.1 mg of
kynurenine-modified min&B-crystallin was measured at 3T in
1 mL of 50 mM phosphate buffer, pH 7.0 (triangle, insulin; square,
insulin and kynurenine-modified miniB-crystallin; diamond,
insulin and 0.1 mg of min&B-crystallin).

40

0 20 80 100

the loss of chaperone-like activitfi@). Truscot et al. 41)
reported that His residues mB-crystallin are susceptible
to modification by the tryptophan metabolite kynurenine.
Because H83 otiB-crystallin is at the chaperone site, we
investigated whether the His present in maB-crystallin

(residues 7488 of alA-crystallin), have confirmed that in
aA-crystallin the beginning part ofi-crystallin domain is

the chaperone sitel§, 25). The present study documents
that the corresponding sequenceoiB-crystallin, DRFS-
VNLDVKHFSPEELKVK, is a chaperone site as well.
During a pin array study, the DRFSVNLDVK sequence
(residues 7382 in aB-crystallin) was also identified as one
of the chaperone sitegl4). In a related study, the same
authors reported that residues— in oB-crystallin are
involved in subunit interactiord6). However, the mechanism

of function of the same region as chaperone site and subunit
interaction site are yet to be determined. The peptide array
study @4) also identified sequences-20, 43-58, 113~

120, 131138, 141-148, and 157164 inoB-crystallin as
target protein binding sites. The same study also reported
that synthetic peptides 7385 and 131141 inhibited thermal
aggregation offH-crystallin, ADH, and CS, and sequence
73—85 showed the maximal activity. The peptides identified
after pin array study were less efficient in suppressing the
aggregation of ADH compared to the activity@B-peptide
73—92 (this study) or thexA-peptide that represented the
chaperone site 7988, as reported previousl29). It is yet

to be determined whether the peptides corresponding to the
remainder of the binding sites determined by pin array studies
function independently as mini-chaperones. Earlier, we
reported that peptide TSLSPFYLRPPSFLRA (sequence 42
57 in aB-crystallin), identified astA-crystallin-interacting
region and containing the chaperone interactive domain
reported by Ghosh et al44), has no chaperone-like activity.

chaperone is susceptible to modification by kynurenine and Likewise, several other peptides representing other regions

whether such a modification leads to a loss in chaperone-

like activity of the peptide. As shown in Figure 8, the
modification of minieB-crystallin chaperone by kynurenine
resulted in more than an 80% loss of chaperone-like activity.
Therefore, the age-related modificationadB-crystallin by
kynurenine likely leads to diminished chaperone-like activity.
Furthermore, the Lys iB-crystallin is also susceptible to
glycation. We have previously shown that glycation of

of aB-crystallin showed no chaperone-like activity (data not
shown) during in vitro aggregation assays. We hypothesize
that a number of mutations affecting the chaperone-like
activity of aA- or aB-crystallins impact the structure of the
mutant protein in such a way that the chaperone site8R0

in oA-crystallin or 73-92 in oB-crystallin is masked
partially or fully. Further studies are required to prove this
hypotheses.

a-crystallin decreases ANS binding and reduces chaperone- Mini-aA- and mini-aB-crystallins are the shortest se-

like activity of a-crystallin £2). Others have shown that Lys

in the aB-crystallin chaperone site is susceptible to modifica-
tion (42). Since Lys 92 is the C-terminal residue on mini-
oB-crystallin chaperone, glycation likely affects the chap-

guences in sHSPs capable of displaying maximal antiaggre-
gation activity. In a previous study, we found that a 21-mer
peptide (residues 4660) of yeast ADH also shows antiag-
gregation activity 46). However, the yeast ADH peptide was
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less active than minixA- or mini-aB-crystallin. The dem-
onstration of diminished activity following modification of
the chaperone peptide with kynurenine may explain in part
the decrease in the chaperone activityedrystallin isolated
from the aged lenses.
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