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ABSTRACT: This study aimed to study the oligomeric size, structure, hydrodynamic properties, and chaperone
function of the C-terminally truncated humat-crystallin mutants with special emphasis aAi1-172

which is the cleavage product of the §er Serzzbond, unique to human lenses and constituting a major

part of aA-crystallin. Various truncated forms of humarA-crystallins were prepared by site-directed
mutagenesis. The proteins were expresseldscherichia coliBL21(DE3) pLysS cells and purified by

size exclusion column chromatography. Molecular masses and the other hydrodynamic properties were
determined by dynamic light scattering measurements. The secondary and tertiary structural changes were
assessed by far- and near-UV CD spectra measurements, respectively. Chaperone activity was determined
by using ADH, insulin, angBL-crystallin as the target proteinaA1-172 exhibited a significant increase

in oligomeric size, i.e., 866 kDa by light scattering measurements as compared to 702 &Banin

oAi-172 and aA-wt had similar secondary structure, but the former exhibited slightly altered tertiary
structure. The most interesting observation was that—17» behaved as a 2846% better chaperone

than aA-wt. The oligomeric size and structure afA;_1ss Were similar to those oftA-wt, while the
chaperone activity was decreased by-23%.aA1-162, On the other hand, had an oligomeric size of 400

kDa, a decrease in chaperone activity of-8®0%, and significantly altered secondary and tertiary
structures. The data show that the overall chaperone functi@A-gfystallin will be significantly improved

by the presence of the major truncated produdt;—;7,. This will be beneficial to the lens undergoing
oxidative stress. SincaA;-163 and aA1—162 are present only in small amounts, their effect would be
minimal.

The human eye lens has a high protein content that is chaperone, preventing aggregation of partially unfolded
necessary for the lens to maintain its transparency and highproteins {, 8).
refractive index. The crystallins compose approximately 90% The model structure ai-crystallin is proposed to consist
of the soluble protein of the vertebrate eye lens and include of a globular N-terminal domain and a slightly larger
three major families of ubiquitously expressed crystallins, C-terminal domain with an exposed C-terminal a8 The
i.e., a-, 8-, and y-crystallins. The predominant protein characteristic C-terminal stretch of 8@00 residues known
component isx-crystallin which constitutes-25—50% of as the ‘-crystallin domain” contains short consensus
the total protein of the lens. Thecrystallin which consists ~ sequences that are highly conserved indkeystallin/small
of two types of subunit polypeptides, namely, ta- and heat shock proteino¢Hsp) superfamily4, 10, 11). The N-
aB-crystallins, is usually isolated as a polydispersed mixture and C-terminal regions flanking this domain differ consider-
of large heteroaggregates with molecular masses in the rang@bly in both the sequence and length and are believed to
of 300-800 kDa (—4). oA andaB subunits, the sequences control oligomeric assembly and siz&é2(-14). The C-
of which are 57% identical, have molecular masses 20 terminal extension of 1408173 amino acid residues uwA-
kDa and contain 173 and 175 amino acid residues, respec_crystallin is largely unstructured an_d cont_ains the fl_exible,
tively (5, 6). The a-crystallin is no longer considered as a Pelar, and solvent-exposed C-terminal tail 6f ) amino
simple structural protein of the vertebrate eye lens since the2cid residueslQ, 15-18). Previous studies have shown that

discovery thati-crystallin belongs to the class of small heat the flexibility of the C-terminus, a feature shared by
shock proteins (sHsps)and functions as a molecular mammalian sHsps, is essential for the chaperoning function
and thermodynamically stable structufe,(20).
Cleavage of the amino acid residues in the C-terminal
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to aA-crystallin (21—25). Removal of C-terminal residues and 11 residues, stop codons were introduced at the positions
from the flexible C-terminal region has been shown to affect of interest using the Quick Change site-directed mutagenesis
chaperone activity, thus implying that this region is involved kit (Stratagene). Coding sequences for the humArnwild
in the functional activity of the proteir2g). The chaperone  type @A-wt) and its C-terminally truncated mutants were
activity was found to be affected in fetal bovine lemA- confirmed by automated DNA sequencing. The overexpres-
crystallin when 16 residues were cleaved from the C-terminus sion of aA-wt and the truncated mutants (in the pET vector)
by limited tryptic digestion 26). The cleavage of 1112 was achieved irescherichia coliBL21(DE3) pLysS cells.
residues from the C-terminal region of kaf-crystallin by The procedures followed for the expression and purification
calpain Il resulted in a loss of chaperone activigi)( of the wild-type and truncated proteins have been described
Introducing a highly hydrophobic residue in the C-terminal in our earlier work 40).
extension resulted in reduced solubility and thermostability ~ Purification of HumarA-Crystallin and the C-Terminally
of the protein 28). Similar results were observed when the Truncated MutantsThe expressed proteins were purified by
deletion of 17 C-terminal residues resulted in a marked loss size exclusion chromatography on Sephacryl S-300 HR size
of chaperone-like activity of the truncate@\-crystallin (29). exclusion columns with dimensions of 1.6 cr120 cm.
When the C-terminal extension @A-crystallin was swapped  The fractions corresponding to the peak volume were
with oB-crystallin, it resulted in the alteration of the structure collected and pooled, and the pooled peak fractions were
and function of the proteins88(0). We have recently reported  concentrated in an Amicon ultrafiltration unit and repurified
data regarding the influence on the structure, oligomerization, by molecular sieve HPLC using a 600 mm 7.8 mm
and chaperone function of various C-terminally truncated BIOSEP-SEC 4000 column (Phenomenex) with Beckman
oA-crystallins found in rat lenseS81). These mutants have HPLC System Gold. The mobile phase was Tris-EDTA
been identified astA1-16s A1-163 tA1-162, AA1-157, and buffer (pH-7.4) consisting of 50 mM Tris, 150 mM NaCl,
oA;-151. However, such modifications do not constitute the and 10 mM EDTA, and the flow rate was maintained at 1.0
major form of modification ofxA-crystallin in human lenses,  mL/min. Protein concentrations were measured by the BCA
although low levels ofaA;—16s and aAi—16, have been method (BCA protein assay reagent; Pierce, Rockford, IL).
detected 32). SDS-Polyacrylamide Gel Electrophoresishe purity of

In human lenses, C-terminal cleavageod¥-crystallin at ~ the wild-type and truncatedA-crystallins was examined by
residues 101, 162, 168, and 172 has been repo2&®8, sodium dodecyl sulfatgpolyacrylamlde gel electrophoresis
34). In another study, 13 cleavage sites were found in human (SDS—-PAGE) according to the method of Laemm#1j
a-crystallin, including truncation at C-terminal residues 151, Under reducing conditions. Electrophoresis was conducted
162, 168, and 172 ofiA-crystallin (32). The major post-  Using a 12% separatlng_gel at a constant \{oltage; of 150 V
translational modifications found in water soluble human lens for 2—3 h. Gels were stained with Coomassie Brilliant Blue
crystallins include the loss of the C-terminal Ser residi ( R-250. o
25, 32—37). Our previous studies have also shown enhanced Determination of Quaternary Structural Parameters of
cleavage of the C-terminal Ser residue in diabetic human Wild-TypeoA-Crystallin and Truncated Mutants by Dynamic
lenses by electrospray ionization mass spectrom@@y The Light _S_catterlng (DL_S)The light scattering measuremen_ts
average percentage of the truncated; 7, mutant in the _of purified o A-wt and its truncated mutants [1 mg/mL protein
intacta-crystallin was 30% which increased to nearly 50% in 0.1 M PBS buffer (pH 7.4)] were taken with a DLS system
in diabetic lenses. Thus, the presence of this mutant is from Wyatt Technology (Santa Barbara, CA). In brief, the
expected to influence the overall chaperone functionf purified recombinant proteins were incubated af@7or 1
crystallin. Takemoto identified and quantitated the,ser ~ N- Each protein sample{100«g) was injected into a TSK
Sefizsbond cleavage product from human lenses of different G5000PWXL (Tosoh Bioscience) size exclusion column
ages 87). The data suggested that the cleavage is an age-Using phosphate buffgr (pH 7.2). The column was c_onnected
dependent event occurring rapidly during the first 12 years 0 an HPLC system fitted with a RID detector (Shimadzu)
of life and slowly thereafter; the cleaved produgfy; 172, and c;oupled to multl_angle light scattering (DAWN) and quasi
reached~45% of the totalo-crystallin in ~12 years and  elastic light scattering detectors (Wyatt Technology). The
~50% in 60 years. All the observations given above suggestMolar massi.), polydispersity index (PDI), and hydrody-
that the cleavage, particularly at the SerSer,sbond, may ~ hamic radius Ry) of the wild-type and mutant protein
play an important role in lens function either in development Samples were determined using ASTRA (5.1.5) developed
or in a stress-induced condition like diabetes and aging. This Py Wyatt Technology. This software calculates the mass of
study aims to determine the oligomeric structure, hydrody- & protein m_each slice of the chromatogram and averages it;
namic properties, and chaperone function of the various this value is reported as a molar mass average. It also
truncatedoA-crystallins which exist in human lenses with ~Provides the mass at the RI peak apex where the protein

a special emphasis aA1-172 concentration is maximal.
Circular Dichroism (CD) Measurement3.0 investigate
EXPERIMENTAL PROCEDURES the secondary and tertiary structureogf-wt crystallin and

mutants, their far- and near-UV CD spectra were recorded

Cloning, Site-Directed Mutagenesis, andd&Dexpression at room temperature with a Jasco 715 spectropolarimeter.
of HumanaA-Crystallin and the C-Terminally Truncated Protein concentrations of 0.1 and 1 mg/mL in 50 mM

Mutants. Cloning of humanaA-crystallin and subsequent phosphate buffer (pH 7.0) were used for recording far- and

subcloning into the pET-23d{) expression vector have been near-UV spectra, with 0.1 and 1 cm path length quartz cells,

described previously3g, 39). To generate the different respectively. The reported CD spectra are the average of five

C-terminally truncated humaaA-crystallins lacking 1, 5, accumulations, which were smoothed and corrected for buffer
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cLAwt ch1-172 aA1-168 oAr-162

Ficure 1: SDS-polyacrylamide gel electrophoresis of purified
humanoA-wt and its truncated mutants. Purification of the wild

type and truncated mutants was done by a two-step size exclusion

chromatography (see Experimental Procedures).

blanks. Secondary structure parameters were estimated with

PROSEC derived from Yang et al2).

Chaperone Actity Measurement&Chaperone activity was
assayed as described previoudg)(by assessing the ability
of theaA-wt and its truncated mutants to prevent (1) EDTA-
induced aggregation of alcohol dehydrogenase (ADH) at 37
°C, (2) DTT-induced aggregation of insulin at 3¢, and
(3) heat denaturation giL-crystallin at 62°C. The aggrega-
tion of the target protein was monitored as light scattering
at 360 nm as a function of time in a Shimadzu (Columbia,
MD) UV160 spectrophotometer equipped with a temperature-
regulated cell holder. The humarA:target protein ratios
were 1:1 (64 and 64g) and 1:5 (12.8 and 64g) for the
ADH assay, 1:1 (100 and 1Qdy) and 1:2 (50 and 100g)
for the insulin assay, and 1:10 (6.5 and&@f) and 1:20 (3.25
and 65uQ) for the SL-crystallin assay.

Determination of the Protein Stability @fA-wt and Its
Truncated MutantsThe heat stability of the protein solutions
(2.0 mg/mL) in 50 mM phosphate buffer (pH 7.4) was
measured at 25, 37, and 82 (the later two temperatures

Aziz et al.
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Ficure 2: Overlay of molecular mass vs elution time of human
aA-wt (O) and its truncated mutant®) as determined by dynamic
light scattering measurements. The molecular mass vs time plot
showed evidence of a polydisperse nature.

were chosen because the chaperone assays were conducted
at these temperatures) by monitoring light scattering at 360 the proteins varied from 30 to 10 mg frol L of expression

nm for 30 min in the absence of target protein.

TNS [2-(p-Toluidino)naphthalene-6-sulfonic Acid] Binding
Studies The fluorescence of TNS (Marker Gene Technolo-
gies, Inc.) was measured with a RF-5301 PC spectrofluo-
rophotometer from Shimadzu. To 1 mL of protein solution
(0.1 mg/mL) in 50 mM phosphate buffer (pH-7.4) was added
5 uL of 20 mM TNS in DMSO (dimethyl sulfoxide), and
the mixture was then incubated at 3 for 2.0 h. The
fluorescence of TNS was measured using an excitation
wavelength of 320 nm and an emission range of-3580
nm to study the surface hydrophobicity of humaA-wt
and its truncated mutants.

RESULTS

Purified RecombinanttA-Crystallin and Its Truncated
Mutants.Wild-type and truncatedA-crystallin mutants were
purified by two-step size exclusion chromatography, first by
Sephacryl S-300 HR size exclusion columns (90 xm.6
cm) followed by molecular sieve HPLC. The recovery of

medium. The purity of the proteins was confirmed by SDS
PAGE (Figure 1). Each purified protein, i.e/A-wt, aA1-172

oA 1-168 andoA;—162 contains a prominent20 kDa band
(Figure 1). It appears thatA-wt, aA1-172, andoA;-1eg are
nearly 100% pure, whereas the\;_16; fraction contains
some contamination with presumably bacterial proteins
(approximately less than 5%).

Quaternary Structural Parameters of Wild-TypeA-
Crystallin and Truncated Mutants Determined by Dynamic
Light Scattering.Figure 2 shows the size exclusion chro-
matograms ofxA-wt superimposed with those @fA;-17;,
0A1-168 andaAi—162 Showing refractive index (RI) profiles
(reflective of protein concentration) and molar mass values
[computed from light scattering (LS) and RI values]. Analysis
of the RI peaks reveals that the molecular maseAf_17,
is higher and that 0&A;-16, is lower than that ofxA-wit.

The mass distribution oftA;—165 across the RI peak was
very similar to that ofxA-wt. The molar mass at the forefront
of the chromatogram oftA-wt and all the three truncated
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Table 1: Quaternary Structural Parameters of Wild-TygeCrystallin and Its Truncated Mutants Using Light Scattering Measurerhents

molar massNl,) molar massNl) at the polydispersity hydrodynamic radius
protein average (g/mol) RI peak apex (g/mol) index (PDI) moments (nm) at RI pealR()
wild-type aA 7.02x 1P (6.90+ 0.02) x 10° 1.044 (0.5%) 8.5: 0.2
oA—172 8.66x 10° (8.68+ 0.03)x 10° 1.030 (0.6%) 9.3:0.2
aA1—168 7.40x 10° (7.46+ 0.02) x 10° 1.021 (0.4%) 8.5 0.2
oA;—162 4.08x 1¢° (3.89+0.01)x 10° 1.067 (0.5%) 8.6: 0.3

2 The data acquired from Rl and DAWN-QELS detectors were analyzed using ASTRA (5.1.5) developed by Wyatt Technologies. The percentage
of deviation is given in parentheses.

mutants is significantly larger than at the back end of the it indicates a higher polydispersity. The polydispersity index
chromatogram which indicates their polydisperse nature. (PDI) is above 1.00 imA-wt, and the values vary between
Polydispersity depends on the distribution of masses acrossl.021 and 1.067 in all the mutants (Table 1). The PDI of
the peak. If the slope of the mass distribution line is steeper,aA;-17, (1.030) is smaller than that ofA-wt (1.044),

30000

20000

Mol. Ellip. 0

-20000 |-
-30000 L . . - L
190 200 220 240 250

Wavelength[nm]

Ficure 3: Far-UV CD spectra of humamA-wt and its truncated mutants recorded at room temperature. The protein concentration was 0.1
mg/mL, and the cell path length was 1.0 mm. The reported CD spectra are the average of smoothed five scans.
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Ficure 4: Near-UV CD spectra of humamA-wt and its truncated mutants recorded at room temperature. The reported CD spectra are the
average of five smoothed scans. The protein concentration was 1.0 mg/mL, and the cell path length was 10.00 mm.
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25 has the lowest average molecular mass (408 kRAywt
E ] (702 kDa) andaA;-163 (740 kDa) have almost similar
1 molecular masses. Despite significant polydispersity, the
molecular mass values at the Rl peak are essentially the same
as the average molecular mass values. The hydrodynamic
radius moments do not vary significantly among th-wt
and truncatedA crystallins except irtA;-17. which exhibits
a 10% increase.

Conformational StudiesThe far-UV and near-UV CD
spectra of humanA-wt and the truncated mutants recorded
at room temperature are shown in Figures 3 and 4,
respectively. The spectra show that the secondary structures

Relative Fluorescence

1w " y T L
3600 380.0 4000 4200 4400 4600 4800 5000 5200 540.0 of o A-wt, 0l A1—175, and aAj—168 are very similar.aAi—ie2

Wavelength (nm) i seems to have a higher contentoehelix. The levels of the
FiGURE 5: Fluorescence emission spectra of TNS-bound human various secondary structural elements (data not shown), as
aA-wt and its truncated mutants. The excitation wavelength was computed by PROSEC, confirmed this. As expected, the
fixed at 320 nm and emission scanned between 350 and 550 nm.3 o nformation constituted the major secondary structural

L B B LI |

The protein concentration was 0.1 mg/mL in 50 mM phosphate

buffer (pH 7.4). component {-50—60%) of aA-crystallin 43). The a-helix

content was increased by3-fold in aA;—162 accompanied
although the slope of the mass distribution of the former is by a loss of-conformation and a concomitant increase in
steeper (Figure 2). The first half of the Rl peakothi-172 random coil conformation content. The difference in the near-
exhibits a higher polydispersity, whereas the second half UV CD spectra arises from the aromatic amino acids as well
exhibits less polydispersity thawA-wt. Since the majority as from the folding of secondary structural components and
of the mass is distributed in the second half of b, 17, their interaction within the compact protein structure. The
peak, the PDI of the entire peak becomes smaller. The near-UV spectrum oftA;—16, Was very different from that
quaternary structural parameters of thé-wt and the of aA-wt and lacks all the distinct characteristics due to Trp,
truncated mutants are summarized in TabletA; 17, has Tyr, and Phe accompanied by a significantly positive

the highest molecular mass average (866 kDa),ceffl 162 molecular ellipticity which is an indication of substantially
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Ficure 6: Chaperone activity of humamA-wt and its truncated mutants at 3C using alcohol dehydrogenase (ADH) in the presence of

EDTA, with the a A:ADH ratios being (A) 1:1 and (B) 1:5 (the concentration of ADH is constant).
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FiGURe 7: Chaperone activity of humamA-wt and its truncated mutants at 3T using insulin as the target protein in the presence of
DTT, with the aA:insulin ratios being (A) 1:1 and (B) 1:2 (the concentration of insulin is constant).

altered tertiary structure. The near-UV CD spectrum of aggregation of ADH, thetA;—172andaA;—165 mutants being
aA1_ies indicates a similarity of tertiary structure withA- slightly (~5—6%) better chaperones thesh-wt (Figure 6A).
wt. aA1-172 shows distinct Trp, Tyr, and Phe signals but has The oAi1_16, mutant, however, exhibited an 80% loss in
a more positive molar ellipticity which may suggest a tertiary chaperone activity as compared to that@éfwt (Figure 6A).
structure different from that ok A-wt and aA1- 168 At an aA:ADH ratio of 1:5 (Figure 6B) A1 162 cOMpletely
TNS [2-(p-Toluidino)naphthalene-6-sulfonic Acid] Binding  |ost the chaperone activity whikeA ;165 exhibited a 16.6%
Studies.To study the relative surface hydrophobicity of the ' |pss of chaperone activity. The most interesting observation
truncated mutants atA-Crystallin, TNS fluorescence spectra  \yas made foraA;,_;17» which was able to suppress the
were monitored by using an RF-5301 PC spectrofluoropho- aggregation of ADH nearly 35% better thas-wt. (2) In
tometer (Shimadzu). TNS is a hydrophobic molecule and ,q'ingylin assay, at a 1:1 ratio@A to insulin (Figure 7A),
when bound to the hydrophobic sites present on the surfac he aA; 165 and aA; 1 mutants lost 11.6 and 40%

of a protein becomes highly fluorescent. Figure 5 shows the chaperone activity, respectively, as compared to that of the

fluorescence spectra of TNS only and when it is bound to _ . : o o
aA-wt and its truncated mutants. The highest fluorescence wild type while a_'.o‘l‘”.z exhibited .11'1A) better chaperone
activity. At anoA:insulin ratio of 1:2,0A;-162 €xhibited an

intensity was exhibited byA:-17, followed byaAs-sesand = g0, 10 oo ot the chaperone activity whie\;_165 exhibited

aA-wt, while the intensity was substantially decreased in o o
aA;_162. Thus, the relative availability of the hydrophobic 2 24% loss of chaperone activity. HoweweA 17 exhibited
sites on the surface of the different truncated proteins, as28% Petter chaperone activity compared to that of the wild
shown by the spectra, is as followsA;_175 > aA1_1gs > type (Figure 7B). (3) In thesL-crystallin assay, at a 1:10
AWt > 0A1_162. ratio of A to L, aA-wt, aA1_172, andaAi-16s completely
Chaperone Actiity of aA-wt and Truncated Mutant¥he ~ SuppressefL thermal aggregation at 6Z whereastA: -1
chaperone activity was determined by in vitro assays usinghad no chaperone activity (Figure 8A). At awA:fL-
ADH in the presence of EDTA at 37C, insulin in the crystallin ratio of 1:20,0A1-16s €xhibited a 12% loss of
presence of DTT at 37C, andfL-crystallin at 62°C as the ~ activity, aAi1-is2lacked any chaperone activity, aoé;-17,
target protein with two different proportions ofA: target exhibited 46% better chaperone activity than the wild type
protein (panels A and B of Figures®, respectively). (1)  (Figure 8B). Thus, all the three assays shoveelh-172
In the ADH assay, at a 1:1 ratio ofA to ADH, aA-wt, having significantly better chaperone activity theA-wt
aA1-172, andoA1-163 Were able to suppress completely the as summarized by the bar chart in Figure 9.
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Ficure 8: Chaperone activity of humamA-wt and its truncated mutants usid -crystallin as the target protein at 62 with the oA:
pBL-crystallin ratios being (A) 1:10 and (B) 1:20 (the concentratiorbfis constant).

Molecular Chaperone Assay oA;-163 Were stable whereagA;-16; exhibited excessive
- aggregation due to complete denaturation.
mADH
alinsulin DISCUSSION
e bl crys

As a member of the small heat shock protein family,

£ 50 a-crystallin exhibits chaperone-like function and protects
g structurally compromised proteins, thus increasing the overall
§ 0 cellular tolerance of lens against stress. Because of its
® functional importance, the impact of the post-translational

modifications ofa-crystallin has been extensively studied.

50 Of the many reported post-translational modifications,
i No. of C-terminal residues deleted truncation of amino acids from the C-terminal region is the
major modification occurring imtA-crystallin. In human
FiGURe 9: Summary of the chaperone assay data for human lenses, C-terminal cleavage @A-crystallin at residues 101,

wt and its truncated mutants (expressed as the percentage protectio
of target proteins, i.e., ADH, insulin, andL-crystallin from 151, 162, 168, and 172 has been repori2d 32-34).

denaturation). Chaperone activity values at 1800 s were taken fromBecause the role that each of these truncated fornoshef
Figures 6B, 7B, and 8B. crystallin may play in the lens function is not known, we
have cloned, overexpressed, and characterized the structure

Heat Stability ofo A-wt and Its Truncated Mutant®y and function of humanA-wt and the C-terminally truncated

monitoring light scattering at 25, 37, and 6Z, we mutants.

determined the heat stability of the humaA-wt and its The major focus of this study is the structure, oligomeric

truncated mutants. The data are presented in Figure 10. Atsize, and chaperone function ofA;-17, formed by the

25 °C, the wild type and the mutants showed no evidence enzymatic cleavage of the serine residue at the C-terminus

of any denaturation and aggregation. At°%7, the stability of aA-crystallin which constitutes 3050% of the totabA-

of aA-wt, aA1_175, and aA;-163 Was not affected while  crystallin in human lenses7). The oligomeric size of this

aA1-162 exhibited some degree of aggregation toward the protein has been determined by the dynamic light scattering

end of the incubation period. At 6Z, ol A-wt, 0lA1-172 and method. The molar mass average value is 8.66re866
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FiGUrRe 10: Heat stability curves for humanA-wt and its truncated
mutants at 25, 37, and 6Z. Light scattering was recorded at 360
nm for 1800 s.

kDa, and the value at the RI peak is 8.68e 868 kDa as
shown in Table 1 as opposed to 7.02 (702 kDa) and 6.9 e
(690 kDa) foroA-wt, respectively; theaA;_17, truncated
protein is 23.4% larger thamA-wt. The only obvious
structural difference which can explain this mass difference
is evident only in the near-UV spectrum (Figure 4). The near-
UV spectrum reveals the microenvironment changes for
aromatic amino acids, Trp, Tyr, and Phe\-wt exhibited a
spectrum which was expected from earlier studiés).(
Although all the spectral signals due to Trp, Tyr, and Phe
are distinctly evident imA;—172, the molar ellipticity is more
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positive which indicates some changes in tertiary structure.
However, it is uncertain here whether these structural changes
causenA;-172to aggregate to a more stable higher-molecular
mass protein.

It remains to be shown whether the cleavage of the;ser
Seli73 bond is regulated, how it is regulated, and whether
oA;-172with improved chaperone activity has a well-defined
biological role. An earlier study provided data suggestive
of a developmentally regulated process in which a protease
specific for the SerSer bond is induced or activated in the
eye lens within the early years of lif87). Similar protease
activity has been reported to be present in bovine lens extract
(47). An age-dependent cleavage of the C-terminal residue
has been reported in the fetal versus adult bovine le2&ps (

A 2-fold increase in the levels afA;_;7, was observed in
diabetic human lenses as compared to age-matched control
lenses 86). It appears that this occurs under increased
oxidative stress where proteins undergo oxidation and
aggregation; formation oftxA;—17, will be a biological
response to increased oxidative stress in diabetes, thus
supporting metabolic regulation of the cleavage of the
C-terminal SerSer bond. In both aging and diabetes, an
increased level of lens protein aggregation is expected, and
thus, it is advantageous to have a more active molecular
chaperone. Interestingly, cleavage of the C-terminal Ser
residue produces anA-crystallin, i.e.,0lA1-17 functionally
more active thaA-wt. In fact, we have convincingly shown
this by choosing three different target proteins (ADH, insulin,
and pL-crystallin) and two different temperatures (37 and
62 °C) for determining chaperone activity (Figures ).

For each assay method, two proportionsod to target
protein (1:1 and 1:5 for ADH, 1:1 and 1:2 for insulin, and
1:10 and 1:20 foL-crystallin) were used. The chaperone
activity of alA;-17, was~28—46% higher than that aitA-

wt when higher proportions were used, whereas at lower
proportions, as expected, the chaperone activity was only
3—11% higher. The strongest explanation for the behavior
of theaA;-17, mutant as a better chaperone comes from the
study with the hydrophobic probe, TNS, which shows the
strongest binding of TNS (highest relative fluorescence) to
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\‘____ % Protection (Insulin Assay)
= - + 100
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Ficure 11: Relationship between oligomeric size and chaperone activity (expressed as the percentage protection of target proteins, i.e.,
pBL-crystallin, ADH, and insulin denaturation). Molecular mass values were taken from Figure 1, and chaperone activity values at 1800 s

were taken from Figures 6B, 7B, and 88 & 0.949 for ADH,r2 = 0.878 for insulin, and? = 0.981 forSL-crystallin).
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the available hydrophobic sites which can be directly Itis unclear why the cleavage of one amino acid residue,
correlated to the exposed hydrophobic sites for the targetnamely Serrs from the C-terminus causes aggregation of
protein binding (Figure 5). TNS fluorescence data also show aA-crystallin, forming oligomers with a molecular mass
that the conformation oftA1-17; is different from that of higher than that oftA-wt. The only structural change which
O0A-Wt, aA1-16s, aNdaA1-16 can be correlated to this is an increase in molar ellipticity in
Apart from aA1-17,, we have characterized two other the near-UV spectrum (Figure 4), which indicates that the
truncatedoA-crystallins, aA1-16s and 0A1-162, Which have tertiary fold is slightly different in thexA,-17, mutant. The
been reported to be present in human lens homogenatesghange in the oligomeric structure resulted in increased
although in relatively small amount82—34). However, chaperone activity presumably due to an increased level of
mass spectrometric analysis of human lens water solubleexposure of target protein binding sites, as shown by
protein showed no evidence of these truncatecrystallins enhanced surface hydrophobicity (Figure 5). It is also
(36). The structure and oligomeric size @f ;165 €xhibited noteworthy that in an earlier study, Cho and Abrah&9) (
a strong similarity to those oftA-wt, but the chaperone have reported increased chaperone activity in humBn
activities were nearly the same or slightly lower depending crystallin after the cleavage of the five C-terminal residues.
on the assay method and thé:target protein proportion. =~ However, there was no evidence of an increased level of
The aA1-16s mutant has been characterized in two earlier aggregation of this truncatezB-crystallin mutant.
studies 81, 48). In the first study by Thampi and Abraham

(2003), the chaperone activity of retA; 165 was slightty ~ REFERENCES
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