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Mutation of R116C Results in Highly OligomerizedA-Crystallin with Modified
Structure and Defective Chaperone-like Function
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ABSTRACT:. An autosomal dominant congenital cataract in human is associated with mutation of Arg-116
to Cys (R116C) irnA-crystallin. To investigate the molecular basis of cataract formatiomAatrystallin

cDNA was cloned into pET-23eK), and the site-directed mutants S142C (similar to wild-type human
0oA) and R116C/S142C or R116C (similar to human R116C variant) were generated. These were expressed
in E. coli and the recombinantA-crystallins purified by Sephacryl size-exclusion chromatography. The
chaperone-like function of mutant R116C determined at@with insulin and alcohol dehydrogenase as
target proteins was about 40% lower than those of wild-type and mutant S142C. Based on size-exclusion
chromatography data, the oligomeric size of the R116C mutant was about 2000 kDa(3t12H)0 kDa

at 37°C, and 900 kDa at 48C. In comparisonpA-wild-type andaA-S142C ranged from 477 to 581

kDa. Heat stability studies corroborated the effect of temperature on the dynamic quaternary structure of
the R116C mutant. Circular dichroism spectra showed secondary and tertiary structural changes, and
ANS fluorescence spectra showed loss of surface hydrophobicity in the R116C mutant. These findings
suggest that the molecular basis for the congenital cataract withAHR116C mutation is due to the
generation of a highly oligomerizedA-crystallin having a modified structure and decreased chaperone-
like function.

o-Crystallin constitutes about 2550% of the total soluble  ableaA-crystallin in their lens, and the lens size was slightly
protein in the lens and is believed to be a major structural smaller than the wild-type lenses but had normal gross
element in the highly concentrated protein matrix which is structure. However, several weeks after birth, lens opacifi-

essential for maintenance of transparency. Nathoeystallin cation and dense inclusion bodies that contained insoluble
is composed ofaA- and aB-subunit polypeptides with  aB-crystallin in the lens fiber cells were seen. This was the
molecular weights of approximately 20 000 eath2). aA first in vivo report showing the necessity ofA-crystallin

andoB share 57% identity in their polypeptide chairs. ( for maintenance of lens clarity and solubility @B-crystallin.
The humanoA and oB genes have been localized to  Due toits large oligomeric size and its microheterogeneity,

chromosomes 21 (17 in rat) and 11, respectiv8|y]. oA- the quaternary structure has eluded both NMR and crystal-
Crystallin is expressed extralenticulary in small amounts in |ographic studies. Haley et all9), using cryo-electron
the brain, liver, spleen, retina, and thymus 6). aB- microscopy (cryo-EM) and image processing, analyzed the

Crystallin is most abundant in the lenticular tissue, and is structure of recombinant humatB-crystallin. They proposed
also expressed in cardiac muscle, skeletal muscle, brainthat aB-crystallin has an asymmetric quaternary structure
retina, and lung ¥, 8). There is involvement of hsps and  with variable monomer binding and it forms roughly spheri-
aB-crystallin in major cytomorphological organization during  cal particles with a large central cavity and a protein shell
normal growth and under pathological conditios-(3). which has a lot of structural divergence. The proposed
a-Crystallin oligomers have a molecular mass in the-300  structure of the recombinantB-crystallin is similar to the

800 kDa range4, 15). Both subunits ofx-crystallin share  crystal structure of a small heat-shock protein frivtatha-
sequence similarity with small heat-shock protein, and this nococcus jannaschiil is Composed of 24 monomers and
sequence homology is confined to a stretch of 100 amino assumes a hollow spherical complex with octahedral sym-
acids in the C-terminal domainl§). In addition to its metry having 8 trigonal and 6 square window@6)( In aA-
structural function, HorwitzX7) demonstrated that-crys- crystallin, site-directed spin-label studies of the amino acid
tallin in vitro has Chaperone—like activity, a feature which residues between 109 and 120 revealed the presence of a
allows it to suppress aggregation of other proteins. The g-strand containing the buried residues R112 and R21)6 (
presence of an active molecular chaperangystallin may  Further studies demonstrated that residues between 84 and

be essential for maintaining lens transparency. Brady et al. 120 had antiparalleB-sheets consisting of three strands
(18) generated a knock-out mouse homologous forotAe arranged in consecutiyé-hairpins @2).

crystallin gene. TheA-crystallin —/— mice had no detect- Congenital cataracts are a common cause of blindness in

T This work was supported by Grants EY 11352 and EY 07394 from infants @3). AUtOSO.r.naI dominant congenital cataract 1S the
the National Institutes of Health. most common familial formZ4). Several types of mutations
* To whom correspondence should be addressed. occurring in mammalian crystallin genes are associated with
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hereditary cataract25—30). An autosomal dominant cata- under reducing conditions, according to the method of
ract associated with a missense mutation in the huogen Laemmli 31). Three micrograms was run at 200 V for 45
crystallin gene has been reported recer®) (In this form min, and the proteins were then blotted onto a Millipore poly-
of cataract, theaA-crystallin mutation Arg-116 to Cys  (vinylidene difluoride) (PVDF) membrane. Rabbit ant/
(R116C) was observed. However, it has not been shown howoaB-crystallin peptide polyclonal antibody (Stress Gene) was
this mutation inoA-crystallin leads to cataract in the affected used as the first antibody, and the crystallins were visualized
persons and whether this mutation causes structural andoy incubating with Western Blue stabilized substrate for
functional changes imA-crystallin. RatoA-crystallin has alkaline phosphatase (Protoblot System, Promega).
98% sequence homology with humarh-crystallin, and Size-Exclusion Chromatography for Determining Molec-
residues 109120 show 100% homology. Due to this strong ylar MassesThe aggregate sizes were determined by size-
sequence homology and since it is difficult to obtain a human exclusion chromatography performed with a water-jacketed
aA-crystallin clone, we have cloned ratA-crystallin and Sephacryl-S-300 HR column (1.6 100 cm) at different
generated a ratA-crystallin containing the same mutation.  temperatures (25, 37, and 46). A constant flow-rate (34
This StUdy demonstrates that the mutant R116C exists as arnL/h) and temperatures were maintained by a perista|tic
highly oligomerized protein with perturbed secondary and pump and water bath, respectively. Protein, 2 mg in 1 mL
tertiary structures and decreased chaperone-like activity. of PBS buffer, pH 7.4, was incubatedrfd h at theabove
temperatures and then applied to the column which had been
EXPERIMENTAL PROCEDURES equilibrated to the desired temperatures. The elution was
performed with the same buffer, and fractions of 1 mL each
were collected and monitored at 280 nm. High molecular
mass standards (Sigma) were used to calibrate the column.
Molecular massed\) were determined from a plot of log
M vs VeV, (Ve = elution volume and/, = void volume).

Cloning and Site-Directed Mutagenesis of R&-Crys-
tallin DNA. Total RNA was isolated using Trizol Reagent
(Life Technologies) from a 1-month-old fresh rat lens. RT-
PCR was done using the upstream prime€&C AAG CTT
TCA GGA AGG CAG ACT CTT T-3 containing arEcaRV _ . . X i
site and the downstream prime-GCC GAT ATC ATG Circular Dichroism Measurement3o investigate second-
GAC GTC ACC ATC CA-3 containing aHindlll site. The ary and tertiary structural changes of recombinantowat
oA-crystallin DNA was ligated int&EcaRV-digested pGEM-T ~ Wild-type, 0 A-S142C, andxA-R116C, thf'r near- and far-
vector (Promega) and used to transform RHS. coli cells UV CD spectra were recorded at 25 and°€7using a Jasco
(Stratagene). Plasmid DNA from the resulting clones was 710 spectropolarimeter. Protein concentrations of 0.5 and 0.1
sequenced by automated DNA sequencing (ABI Prism 377 M@/mL in 50 mM potassium phosphate buffer, pH 7.4, were
DNA sequencer). To subclone into the expression vector, Us€d for recording the near- and far-UvV CD spectra,
pET-23df) (Novagen) was sequentially digested withd, respectively. The reported CD spectra are the average of five
mung bean nuclease, alihdlll, and theoA-crystallin DNA scans smoothed. Secondary structure parameters were esti-
was excised from pGEM-T usingindlll and EcaRV and mated by the computer program PROSEC derived from Yang
ligated into this vector. The QuickChange Site-Directed €t al- (3’2)-' _ . 3
Mutagenesis Kit (Stratagene) was used to generate the Determination of Molecular Chaperone-like Agty of
mutantsoaA-S142C andeA-R116C/S142C (abbreviated as  oA-Crystallin. The aggregation and denaturation of insulin
R116C), and their nucleotide sequences were confirmed byor alcohol dehydrogenase (ADH) in the absence and in the
automated DNA sequencing. presence of recombinant wild-type and mut@Atcrystallins

Expression and Purification of Recombinant Wild-Type Was measured in a Shimadzu UV160 spectrophotometer

and MutantaA-Crystallins.BL21(DE3)pLysSE. coli cells equipped with a temperature-regulated cell holder. Ratios

(Novagen) were used as the expression host. These cells wer@f 1:1 and 2:laA-crystallin to insulin andxA-crystallin to
transformed with the appropriate amplicons and grown in ADH were used to determine chaperone-like activity. Insulin

500 mL of Luria broth at 37C with aeration. Atan OR, ~ as denatured using 20 mM DTT and ADH using 10 mM
~ 0.6, the T7 promoter was induced using 0.5 mM EDTA at 37+ 1 °C, and light scattering was monitored at

nm ~~

isopropyl-1-thiog-p-galactopyranoside and incubation con- 360 nm.

tinued for 4 h. The cells were harvested and resuspended in Determination of Protein Stability atA-Wild-Type and

10 mL of lysis buffer [20 mM Tris, pH 7.4, 1 mM EDTA, Its Mutants.The heat stability of 1 mg/mL protein in PBS,

4 ug/mL pepstatin A, 4ug/mL aprotinin, 0.1 M PMSF  pH 7.4, was tested at 25, 37, and 45 by monitoring light
(phenylmethylsulfonyl fluoride)]. After 3 freezehaw cycles, scattering at 360 nm. Stability studies were also done in the
800 units of DNase (Sigma), 5 units of RNase (Sigma), and presence of EDTA or DTT.

10 mM MgCL were added to the cell lysate, and incubation  Tryptophan Fluorescence Measuremerfeéuorescence
was carried out at room temperature on the nutator for 2 h measurements were preformed with a Shimadzu RF-540
with subsequent centrifugation at 28@0fdr 45 min. The spectrofluorophotometer. Protein samples of 0.1 mg/mL in
protein was filtered through a O:&n filter and loaded onto 50 mM phosphate buffer, pH 7.4, were used. Excitation was
a Sephacryl S-300HR molecular sieve column (22@.6 fixed at 295 nm and emission scanned between 310 and 400
cm). SDS-PAGE was used to examine the fractions; those nm.

containing the wild-type and mutamtA-crystallins were ANS Fluorescence Measuremeiftse hydrophobic probe
pooled and concentrated by ultrafiltration in an Amicon ANS binding studies were done as follows: to 1 mL of
stirred cell. protein (0.1 mg/mL) solution in 50 mM phosphate buffer,

SDS-PAGE and Western BlotSDS-PAGE was per- pH 7.4, was added 10L of 20 mM methanolic solution of
formed using a 12% separating gel and a 4% stacking gelANS and incubated for 2 h. Emission spectra were recorded
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Ficure 1: SDS-PAGE and Western blot of bacterial expressed
rat aA-wild-type and mutants S142C and R116C/S142C. Lane 2:
oL fraction from rat lens. Lanes-3: total cell lysate of expessed
oA-crystallins. Lanes 68: size exclusion chromatograpy purified
aA-crystallins. Lanes 911: Western blot of lanes-63 with anti-
oA/aB polyclonal antibody.

between 420 and 600 nm while the excitation wavelength

was fixed at 390 nm.

RESULTS

Cloning, Mutagenesis, Expression, and Purification of
Wild-Type and Mutant RatA-Crystallins. The rat aA-
crystallin DNA obtained by RT-PCR was cloned into the
expression vector pET-23#j. The nucleotide sequence was
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Ficure 2: Determination of the oligomeric sizes of recombinant
aA-crystallins by size exclusion chromatography with a tempera-
ture-regulated Sephacryl S-300 HR column at 25, 37, ant8iC45
The numbers on the top refer to the masses of the molecular weight
protein standards.

100

Table 1: Molecular MasségkDa) vs aA-Wild-Type (aA-WT) and
Its Mutants

temp ¢C) aA-WT 0A-S142C 0A-R116C
25 581 528 2000
37 581 489 1403
45 516 477 903

aMolecular massesM) were determined from a plot of loil vs
VdV, of molecular mass standards.

sion chromatography was performed after protein purifica-
tion. aA-Wild-type, aA-S142C, andrA-R116C were ana-
lyzed at 25, 37, and 48C; representative chromatograms
are given in Figure 2 and their molecular masses are given
in Table 1. At 25°C, the size of the R116C mutant was

confirmed by automated sequencing and found to be identicalclose to 2000 kDa whereas for the wild-type and the S142C
to the coding region of GenBank sequence accession numbemutant the values were 581 and 528 kDa, respectively. At

U47922. RatolA-crystallin has only one cysteine (position
131) whereas humamA-crystallin has two cysteines (posi-

37 and 45°C, the size of the R116C mutant decreased to
about 1400 and 900 kDa, respectively, while the size of the

tions 131 and 142). Therefore, a cysteine was introduced atwild-type and S142C remained nearly the same.

position 142 (S142C) in the ratA-crystallin in order to
mimic the number of cysteines in the native humafy-
crystallin. Then, using theA-S142C mutant amplicon as

Conformational StudiesThe far-UV and near-UV CD
spectra of rattA-wild-type and S142C and R116C mutants,
recorded at 25 and 37C, are shown in Figure 3. The far-

the template, a second mutant, R116C/S142C (R116C), wadJV profiles indicate the minima to be around 217 nm, which

generated. This mutant is structurally similar to the genetic

is the characteristic of mainlg-conformation even though

variant previously reported to have caused congenital cataractheir mean residue ellipticity values have been found to be

in humans 80). The expression host BL21(DE3)pLy$S
coli cells were transformed with pET-238)-aA amplicons.
After induction with IPTG and further growth, the cells were
pelleted and lysed, and protein was analyzed by-SBSGE
(Figure 1, lanes 35). The recombinantA-crystallins and
the aA-crystallin from the total rato -crystallin fraction
corresponded approximately to the 20 kDa band of the

slightly different (Figure 3A,B). Estimates of the secondary
structure parameters were done by the computer program
PROSEC. At 25C, contents oéi-helix, 5-sheets-turn, and
random coil for aA-wild-type were 9.3, 44.1, 21.4, and
22.2%, respectively; similar levels of the various structural
components were found in the two mutants. These data are
in good agreement with the published values toA-

marker. The expressed proteins were purified by Sephacrylcrystallin 33). However, at 37C, the data differ markedly.
gel permeation chromatography, which resulted in about 95% While the o-helix conformation remained the same, the

pure recombinantoA-crystallin (Figure 1, lanes 68).
During purification, it was noticed that theA-R116C mutant
eluted ahead of the wild-type and tl&\-S142C mutant,
indicating thata A-R116C was more oligomerized than the
others. After purification, Western blotting with a rabbit anti-
oA/oB-crystallin peptide polyclonal antibody further con-
firmed the identity of the recombinaafA-crystallin (Figure
1, lanes 9-11).

Molecular Masses of the Recombinant Wild-Type and
MutantaA-Crystallins.To ascertain if mutation of Arg-116
to Cys influencedxA-crystallin oligomerization, size-exclu-

pB-sheet content was reduced by 50% with concomitant
increase in random coil conformation. Near-UV CD spectra
of aA-wild-type, S142C mutant, and R116C mutant (Figure
3C,D) show the maxima at 259 and 265 nm, which are the
characteristics of phenylalanine fine structure. The remaining
transitions between 270 and 290 nm arise from Tyr and/or
Trp residues. The negative vibronic transition at around 293
nm is considered to be due to the contribution of Trp
residues. But, fon A-R116C there are no distinct bonds due
to Tyr and/or Trp. This indicates different Tyr and Trp
microenvironments in this mutant when compared witk
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Ficure 3: Far-UV CD spectra foaA-wild-type and S142C and R116C/S142C mutants at (AY@5%nd (B) 37°C. Near-UV spectra for
theseaA-crystallins at (C) 25°C and (D) 37°C. The protein concentrations for far-UV CD and near-UV CD measurements were 0.1 and
0.5 mg/mL, respectively.
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Ficure 4: Trp fluorescence spectra (A) and ANS fluorescence spectra (B)Aeawild-type and S142C and R116C/S142C mutants at 37
°C. For Trp fluorescence measurements, the excitation wavelength was 295 nm, and for ANS fluorescence, 390 nm and the protein
concentration was 0.1 mg/mL.

wild-type andaA-S142C. Figure 4 represents fluorescence that the available hydrophobic surface is decreased ap-
monitoring before and after ANS binding. Intrinsic Trp preciably.

fluorescence spectra showed similar wavelength maxima and - Molecular Chaperone-like Actity of the Wild-Type and
fluorescence intensity at around 336 nm for all thost the Mutant S142C and R116&A-Crystallins Chaperone-
crystallins (Figure 4A). ANS fluoresces at about 512 nm, |ike activity was measured at 3T by in vitro assays using
and in the presence ofcrystallin, it fluoresces significantly  insulin and ADH as target proteins with two different
intense and blue-shifts to 483 nm (Figure 4B). ANS binding proportions ofaA:target protein (1:1 and 2:1). Different

to the R116C mutant was decreased significantly, implying preparations of thetA-wild-type, mutantoA-S142C, and
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Ficure 5: Chaperone-like activity oftA-wild-type and S142C and R116C/S142C mutants at@using insulin as the target protein in
the presence of DTT (A, B) and ADH as the target protein in the presence of EDTA (C, D). Each curve is the mean of chaperone assays
done on three different preparations, and bars represent standard deviations.

mutantaA-R116C were assayed, and the mean$D of ing dissociation of the protein into smaller molecules. This
protein denaturation curves are presented (Figure 5). In theobservation corroborates with our size exclusion chroma-
absence oftA-crystallin, insulin is fully aggregated by DTT  tography experiments which also showed dissociation of the
at 37°C whereas the presenceah-crystallin prevents this ~ R116C super-oligomers into smaller molecules at 37 and 45
aggregation (Figure 5A,B). This inhibitory effect on insulin °C. The presence of DTT or EDTA did not show any
aggregation is taken as the chaperone-like activity (chaperoneadditional effect on the protein stability at all temperatures.
activity or chaperone function). The chaperone activity of

aA-S142C was not significantly different froraA-wild- DISCUSSION
type.aA-R116C, on the other hand, showed about 40% loss ) ) )
in chaperone activity when the-crystallin-to-insulin ratio Autosomal dominant congenital cataracts are the major

was 1:1 (Figure 5A). A similar, but slightly smaller, decrease form of familial cataract. Mutations in mammalian crystallin
of chaperone activity was observed atiansulin ratio of genes associated with hereditary cataracts have been reported
2:1 (Figure 5B). ADH was used as a target protein in the in human and other specie2X-30). The basis for the
presence of EDTA with no DTT. Chaperone activity assays Present study is a recent report by Litt et 8D)(of autosomal
were done with ADH as the target protein, which gave dominant congenital cataract in human associated with a
similar results (Figure 5C,D). missense mutation, R116C, aA-crystallin. These authors
Heat Stability of the Wild-Type and Mutam@-Crystallins. ~ have speculated that the mutauit-polypeptide might have
Heat stability of the wild-type and the R116C and S142C an increased tendency to aggregate because of its decreased
mutants was determined at 25, 37, and@%y monitoring positive charge and this may result in the loss of chaperone
light scattering at these temperatures using the same setug@ctivity. We investigated this possibility by generating a rat
as in chaperone assays in the absence of any target proteinstA-crystallin with strong structural similarity to the above
the data are presented in Figure 6. It is well-known that the mutant. In fact, three different recombinanteat-crystallins
aborbance at 360 nm is due to light scattering of the protein were generatedoA-wild-type, mutantaA-S142C (structur-
molecule which is directly proportional to the size. As ally similar to normal humanA-crystallin), and mutantA-
expected, the R116C mutant gave higher absorbance tharR116C (structurally similar to the genetic variant causing
the wild-type and the S142C mutant. At all three tempera- cataract). By utilizing theseA-crystallins, we were able to
tures, the wild-type and the S142C mutant showed no conclude that the variamtA-R116C forms a highly oligo-
evidence of denaturation and aggregation to molecules ormerized protein (Figure 2) with modified structure (Figures
disaggregation to smaller size. The R116C mutant, on the 3 and 4) and partially impaired chaperone function (Figure
other hand, behaved very differently at 37 and@5at these 5). It is also noteworthy that the dynamic quaternary structure
temperatures, light scattering significantly decreased, indicat-of the R116C mutant is temperature-dependent (Figure 6);



R116C Mutant ofoA-Crystallin Biochemistry, Vol. 39, No. 6, 200QL425

£ 007 25°C R116C/S142C tallin R11§_C mutant used in our study h_as_ cysteines in two
) I.._._._....._._._._._._._._H_._._. other positions, namely, 131 and 142, similar to the human
© 005 1 oA-crystallin. Since there are a total of three Cys in R116C,
il it is possible that aggregation of the R116C mutant involves
g 0.03 1 inter- or intrapolypeptide disulfides. However, the oligomeric
5 $142C sizes and chaperone activity were not influenced by DTT
& 001 M S S S e == treatment (Figures 2 and 5), indicating that protein disulfides
= aA-wt . . . .
=) / ; ; ; / | are not formed, or, if formed, do not affect oligomerization
= 0005 300 600 900 1200 1500 1800 and chaperone function.
Time (seconds) There is strong evidence that mutation of Arg-116 to Cys
e causes conformational changes in tbe-crystallin (Figures
IS 0.07 3 and 4). Since chaperone assays were done 4C3Wwe
8 0.05 R116C/5142C perfqrmed all the biophysical studies at 25 and‘_’G:? CD
w studies clearly showed structural and conformational differ-
g 0.03 ences at 37C, in particular. Although intrinsic tryptophan
% fluorescence spectra (Figure 4A) did not suggest the presence
g 0.01 0 of any significant conformational changes, near-UvV CD
%-0 o1 & , ; ; ; ; J‘ spectra implicated changes in Trp ar_1c_i Tyr microenviron-
37 300 600 900 1200 1500 1800 ments. Near-UV CD spectra are sensitive to changes in the
Time (seconds) fine structure and microenvironment of Trp and Tyr.
Interestingly, ANS binding showed significantly reduced
E 007 45°C surface hydrophobicity in the R116C mutant (Figure 4B).
e In fact, hydrophobic surfaces are believed to be needed for
o 005 proper chaperoning function, and their loss is expected to
% 0.03 R1160/5142C redyce chaperone—like function. However, mutation of .31160
5 by itself is not expected to decrease the availability of
§ 0.01 —— hydrophot_)ic surfaces unless it causes changes in protein
= J 1 1 oAwt conformation.
2001 L i ! ' ' ' Another most noteworthy example of a single point
0 300 600 900 1200 1500 1800 mutation in one of ther-crystallin subunits is the missense
Time (seconds) mutation R120G ireB-crystallin which has been shown to

FIGURE 6: Heat stability curves ofA-wild-type and S142C and  cosegregate with a desmin-related myopathy in a French
R116C/S142C mutants at 25, 37, and 45 without the target  family (34). This mutantB-crystallin has been characterized

protein. Light scattering was recorded at 360 nm. recently by Bova et al35), who showed irregular quaternary
at physiological temperature, it has more than twice the size structure and complete loss of chaperone function. Interest-
of aA-wild-type. ingly, Arg-120, inaB-crystallin, lies in the most conserved

The mutanttA-R116C had an oligomeric size-2 times region of the small hsp family3g). It is noteworthy that the
larger (depending on the temperature) than eitherothe oligomeric size of this mutant was nearly 1400 kDa.
wild-type or the aA-S142C (Figure 2). Proper protein Arg-116 of aA-crystallin also lies in a conserved region of
assembly may depend on a salt bridge involving the residues 109 through 12@%)and was shown to exist in a
positively charged guanidino group of Arg-116, the absence buried environment with no access to aqueous sohZht (
of which probably explains increased oligomeric siaé.- Buried charged amino acids are believed to form salt bridges
R116C, which is conserved in many species, lies in a buried with residues of opposite charges, and the absence of such
region of the proteinq1). Arginines in general are known salt bridges could lead to protein conformational changes.
to be involved in salt bridges and hydrogen bonds. Before The site-directed D69S mutant aiA-crystallin resulted in
the discovery of the autosomal dominant congenital cataractreduced chaperone-like functioB7). Thus, it appears that

associated with a R116C mutationd\-crystallin, Beren- o-crystallin may not withstand mutation of a charged residue
gian et al. 21) made a series of cysteine mutants extending like Arg to an uncharged residue, within a conserved region,
between amino acid residues 109 and 120 in aét in particular.

crystallin. The purpose of their study was to apply site- To assess the chaperone-like activity at physiological
directed spin-labeling in the form of attached nitroxides to temperature, we have used two independent assay systems
investigate the role of the above sequence in the assemblywith insulin and ADH as target proteins. Both systems
of aA-crystallin quaternary structure. Unlike the mutants showed about 40% loss in chaperone activity wherothe
used in the present study, they mutated Cys-131 to Ala andtarget protein proportion (w/w) was 1:1 (Figure 5). The
did not mutate Ser-142 to Cys. The mutant R116C with a physiological significance of this finding comes from the
nitroxide attached to the Cys studied by these investigatorsfact that significant loss of chaperone activity was seen when
had a molecular mass 30% higher and chaperone activitythe a-crystallin proportion in the assay system was similar
similar to the wild-typeaA-crystallin. This contradicts our  to the proportion in human lenses. It is also noteworthy that
observation, probably because the mutant characterized byloss in chaperone activity, although smaller{27%), could

the above authors has the mutated cysteine carrying abe demonstrated even wheA:target protein proportion was
nitroxide and this additional derivatization seems to suppressraised to 2:1, which is significantly higher than in human
excessive protein aggregation. Moreover, theotAtcrys- lens. It was crucial that we performed all the biophysical
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studies at 37C to relate structural changes to a decrease in
function at this temperature. Structural and conformational
changes are present in the R116C mutant &tG{Figures

3 and 4), although the oligomeric size is smaller at°87
than at 25°C due to some dissociation of the super-
oligomers. From the present study, it appears that the
molecular basis for the development of congenital cataract
in the affected individuals is the formation of highly
oligomerizedoA-crystallin with structural and conforma-
tional changes and defective chaperone-like function. How-
ever, it can be argued that, sina8-crystallin is a better
chaperone thanA-crystallin, the loss of chaperone activity
of the R116C mutant may play only a small role in
cataractogenesis. On the other hand, it is known that this
cataract develops mostly in infancy and late childhog@) (
and the proportion oftA-R116CuoB would be 2:1 in these
patients 88). So, it is conceivable that 40% loss in chaperone
activity contributes to cataractogenesis.
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