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α-Crystallin is isolated as a polydisperse, hetero-oligo-
meric complex of about 800 kDa from the mammalian eye
lens [1]. In the oligomer, the 2 gene products, αA- and αB-
crystallin are present in a 3:1 M ratio [2]. αA-Crystallin is
mainly lenticular and is not stress inducible. αB-Crystallin is
found in several other tissues and is induced under stress and
disease conditions [3-6]. Both proteins have been implicated
in several cellular processes such as maintaining the refractile
properties of the lens, development, controlling cytoskeletal
protein dynamics, and inhibiting apoptosis (See review [7]).

αA- and αB-crystallin show chaperone-like activity in
preventing protein aggregation [8-11]. They interact with par-
tially unfolded, molten globule-like intermediates of proteins
via appropriately placed hydrophobic binding sites [12-14].
The α-crystallins also protect enzymes from heat induced in-

activation [15-18]. Their differential and reversible interac-
tion with early unfolding and refolding-competent intermedi-
ates of target proteins decreases their partitioning into aggre-
gation-prone late unfolding intermediates [14,15,19]. The
chaperone activity of the α-crystallins is temperature depen-
dent, a structural transition at 30-40 °C leads to enhanced chap-
erone activity by increasing or favorably reorganizing the hy-
drophobic substrate-binding surfaces [10,11,20-23]. Such tran-
sitions at physiological heat-shock temperatures may be im-
portant for its function in vivo. It is believed that in the cell,
the soluble α-crystallin-substrate complexes may serve as res-
ervoirs that “hold” non-native substrates in a folding-compe-
tent state to be refolded by other chaperone systems (See re-
view [24]). The chaperone activity of the α-crystallins appears
to be important for its function in vivo as mutations in these
genes (R116C in αA-crystallin and R120G in αB-crystallin)
lead to congenital cataract and desmin-related myopathy, re-
spectively [25,26]. These mutations result in altered protein
structure and significant loss of chaperone activity [27,28].

©2004 Molecular Vision

The IXI/V motif in the C-terminal extension of ααααα-crystallins:
alternative interactions and oligomeric assemblies

Saloni Yatin Pasta, Bakthisaran Raman, Tangirala Ramakrishna, Ch. Mohan Rao

Center for Cellular and Molecular Biology, Hyderabad, India

Correspondence to: Dr. Ch. Mohan Rao, Ph.D., Center for Cellular
and Molecular Biology, Hyderabad 500 007, India; Phone: (91) 40-
27192543; FAX: (91) 40-27160591; email: mohan@ccmb.res.in

Purpose: α-Crystallin, a hetero-oligomer of αA- and αB-crystallin, is involved in maintaining eye lens transparency,
primarily by its structural packing and chaperone activity. αA- and αB-crystallin share significant sequence homology,
which is almost exclusively restricted to the central, conserved “αA-crystallin domain”. The flanking N-terminal domain
and C-terminal extension are highly variable both in sequence and length. Mutations and age-related post-translational
modifications of these proteins are associated with congenital and age-onset cataracts. Interestingly, most mutations or
truncations in the C-terminal extensions of the α-crystallins and other α-sHsps like Hsp27 lead to pathology. It is therefore
important to understand the structure/function relationship of this region. Sequence alignment of the C-terminal exten-
sions of αA- and αB-crystallin with other homologues shows a conserved IXI/V motif. The purpose of this study was to
investigate the role of this conserved motif, IPV in αA-crystallin and IPI in αB-crystallin (corresponding to residues 159-
161 in both crystallins), in the structure and chaperone activity.
Methods: The isoleucine/valine residues in the IPV motif of αA-crystallin and the IPI motif of αB-crystallin were mu-
tated to glycine and studied the secondary and tertiary structure of the mutant proteins using circular dichroism and
fluorescence spectroscopy, and the quaternary structure using glycerol density gradient centrifugation and dynamic light
scattering. Chaperone activity was studied at 37 °C and 25 °C using DTT induced aggregation of insulin as a model
system. We have performed fluorescence resonance energy transfer (FRET) experiments to investigate the interactions of
this motif in homo- and hetero-oligomers. Since αB-crystallin is devoid of Cys residues, we have introduced a Cys residue
flanking the IPI motif (T162CαB-crystallin) to facilitate fluorescence labeling studies.
Results: Unlike in other homologues from plants or prokaryotes, mutation of the isoleucine/valine residues in α-crystallins
does not result in oligomer dissociation or loss of chaperone activity. On the contrary, the mutant proteins retain their
capacity to oligomerize and show enhanced chaperone activity at 37 °C. The mutants also exhibit significantly higher
chaperone-like activity at 25 °C. FRET experiments show that the region spanning the IPI/V motif comes in proximity
either to the β-strands of the “α-crystallin” domain or the corresponding IPI/V region of another subunit.
Conclusions: Our mutational studies show that the IPI/V motif has a propensity to participate in inter-subunit interac-
tions, either with regions in the α-crystallin domain or with the corresponding IPI/V region on another monomer. These
interactions are important in the structure and function of α-crystallins. This motif also appears to be important in the
temperature dependent chaperone-like activity of the α-crystallins. The propensity of the IPI/V motif to form multiple
inter-subunit interactions may contribute to the diversity in structure and function seen in the α-crystallin/sHsp family.
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αA- and αB-Crystallin show the presence of a central
conserved “α-crystallin domain” Proteins having this domain
are referred to as the α-crystallin small heat shock proteins
(α-sHsps) [29]. The “α-crystallin” domain is involved in in-
ter-subunit contacts, mainly responsible for forming lower
order oligomers like dimers and trimers, which are devoid of
chaperone activity [30,31]. The functional entities of most α-
sHsps, however, are large oligomeric assemblies. The regions
flanking the α-crystallin domain are highly variable in se-
quence and length. The N-terminal domain is responsible for
assembly into higher order functional oligomers and the
charged C-terminal extensions are thought to keep the α-sHsp-
target protein complex in solution [30-32]. However, a recent
study from our laboratory shows that swapping the C-termi-
nal extensions between αA- and αB-crystallin resulted in al-
teration of overall structure and chaperone activity [33], sug-
gesting an additional role(s) for the C-terminal extensions.

Several earlier reports have shown that truncations in the
C-terminal extensions of α-sHsps are mainly responsible for
causing myofibrillar myopathy and cataract [34-36]. Compari-
son of the sequences of the C-terminal extensions of several
α-sHsps shows a motif, IXI/V, that appears to be highly con-
served [29]. Mutations of the isoleucine residues in the IXI/V
motif and truncations spanning this region in some bacterial
and plant α-sHsps have been shown to result in dissociation
of the subunits and loss of chaperone-like activity [37,38]. In
order to understand the role of the IPI/V motif of αA- and
αB-crystallin, we have mutated the isoleucine and valine resi-
dues to glycine in both proteins. The mutant proteins, I159G-
V161GαA- and I159G-I161GαB-crystallin, are referred to as
αAgxg and αBgxg, respectively. We have studied the effect
of these mutations on subunit interactions, structure, and chap-
erone-function. Interestingly, in contrast to other sHsps, mu-
tations in the IPI/V motif of the α-crystallins do not result in
oligomer dissociation or loss of chaperone-like activity. The
mutant proteins retain their ability to oligomerize and show
increased chaperone activity. FRET experiments indicate that
the IPI/V motif can come proximal to regions in the α-crys-
tallin domain, similar to those seen in crystal structures of M.
jannashii Hsp16.5 and wheat Hsp16.9. It can also come in
proximity to the IPI/V motif of another monomer suggesting
its propensity to engage in additional or alternate interactions.
Such multiple interactions of regions like the IXI/V motif with
different parts of the α-crystallin oligomer may be respon-
sible for the differences in oligomer size, polydispersity and
diversity in function seen in human α-crystallins from those
of the plant and bacterial α-sHsps.

METHODS
Materials:  pET-21a(+), T7 promoter and terminator primers
were obtained from Novagen (Madison, WI), pBS(II)SK from
Stratagene (La Jolla, CA), and insulin and bis-ANS from Sigma
Chemical Company (St. Louis, MO). Sephacryl HR-300, Q-
Sepharose, and Phenyl Sepharose were purchased from AP-
Biotech (Uppsala, Sweden). Dithiothreitol (DTT) was obtained
from Sisco Research Laboratories (Mumbai, India). The diso-

dium salt of 4-acetamido-4'-((iodoacetyl)amino)stilbene-2,2'-
disulfonic acid (AIAS) and the dipotassium salt of lucifer yel-
low iodoacetamide (LYI) were purchased from Molecular
Probes, Inc. (Eugene, OR).

Creating mutants of αA- and αB-crystallin:  Recombi-
nant human αA- and αB crystallin genes cloned in pET-21a(+)
were used as templates to generate mutants using polymerase
chain reaction (PCR). For αAgxg, two independent PCRs were
performed using T7 promoter primer and the mutagenic primer
5'-CTC CCG CGA CCC GGG GCC GGC TCG CTC-3' as
one primer pair and 5'-GAG CGA GCC GGC CCC GGG TCG
CGG GAG-3' and T7 terminator primer as the second primer
pair. The resulting fragments were ligated in the NdeI and
HindIII sites of the pET-21(+) expression vector. The same
strategy was employed for αBgxg using T7 promoter primer
and 5'-CCT GAG CGC ACC GGT CCC GGC ACC CGT GAA
GAG-3' and 5'-CTC TCA CGG GTG CCG GGA CCG GTG
CGC TCA GG-3' and the T7 terminator primer and for
T162CαB-crystallin using T7 promoter primer and 5'-CTT
CTC TTC ACG GCA G AT GGG AAT GGT-3' and 5'-ACC
ATT CCC ATC TGC CGT CGT GAA GAG AAG-3' and T7
terminator primer as the primer pairs. These constructs were
verified by sequencing using a 3700 ABI automated DNA se-
quencer.

Expression and purification of the recombinant wild-type
and mutant proteins:  The wild type and the mutant recombi-
nant proteins were over expressed in Escherichia coli BL21
(DE3) cells and purified essentially as described earlier [33].
All bacterial lysates except that of αAgxg were sonicated to
shear the genomic DNA. αAgxg precipitated out on sonica-
tion, therefore, after cell lysis by lysozyme, 7 µg/ml DNaseI
was used to fragment the genomic DNA. The wild type pro-
teins and T162CαB-crystallin precipitate with 30-60% satu-
rated ammonium sulfate, while both gxg mutant proteins pre-
cipitated with 15-35% saturated ammonium sulfate. The pro-
tein pellets thus obtained were dissolved in 50 mM Tris-HCl,
pH 7.2, containing 100 mM NaCl and 1 mM EDTA (TNE)
buffer. The T162CαB-crystallin ammonium sulfate pellet re-
mained insoluble in TNE buffer and was solubilized in the
presence of 5 mM DTT. DTT was not included in all further
steps of purification. Except T162CαB-crystallin, all ammo-
nium sulfate fractionated proteins were loaded on to a
Sephacryl HR-300 gel filtration column (1.8x130 cm). The
fractions containing α-crystallin were pooled and subjected
to ion exchange chromatography using Mono Q. T162CαB-
crystallin was directly subjected to ion exchange chromatog-
raphy. αAgxg was further purified using hydrophobic inter-
action chromatography on Phenyl Sepharose in the same TNE
buffer, and eluting it with 50% ethylene glycol. The purified
proteins were dialyzed against the TNE buffer and concen-
trated by ultra filtration. The purity of the wild type and dele-
tion mutant proteins was checked by sodium dodecyl sulfate
(SDS)-polyacrylamide gel electrophoresis and the proteins
were found to be homogeneous. The concentrations of the
protein samples were determined by the method described by
Pace, et al. [39].
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Chaperone assays:  The chaperone-like activity of the
wild type and mutant proteins was studied using insulin as the
target protein as described earlier [20].

Fluorescence studies:  Intrinsic tryptophan fluorescence
spectra of the wild type and the mutant α-crystallins (0.15
mg/ml) in 10 mM sodium phosphate buffer (pH 7.4) contain-
ing 100 mM NaCl were recorded using a Hitachi F-4000 fluo-
rescence spectrophotometer with excitation and emission band
passes set at 5 nm and 3 nm, respectively at an excitation wave-
length of 295 nm.

Subunit exchange studies were performed essentially as
described earlier [40]. The cysteine residues in αA- and
T162CαB-crystallin were covalently labeled with the fluo-
rescence probes, AIAS and LYI separately by incubating the

protein samples (1 mg/ml) in 20 mM MOPS buffer (pH 7.9)
containing 100 mM NaCl and the probes (250 µM) at 37 °C
for 18 h. Excess probes were removed by passing the samples
through a desalting column (PD10), eluted using 50 mM so-
dium phosphate buffer (pH 7.5) containing 100 mM NaCl and
1 mM DTT. The void volume fractions containing the labeled
protein were pooled and their concentrations determined. Sub-
unit exchange experiments were performed by mixing the
AIAS labeled protein and the LYI labeled protein at equal
concentration (total protein concentration was 0.7 mg/ml) in
50 mM sodium phosphate buffer (pH 7.5) containing 100 mM
NaCl and 1 mM DTT and incubating at 37 °C in a Julabo
thermostated water bath. Sample (20 µl) was withdrawn at
different time intervals and diluted to 0.4 ml with the same
buffer and the fluorescence spectrum was recorded at 25 °C
with the excitation wavelength of 332 nm and excitation and
emission band passes of 5 nm each. All fluorescence spectra
were recorded in the corrected spectrum mode.

Circular dichroism studies:  Near and far UV circular
dichroism (CD) spectra of the wild type and the mutant α-
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Figure 1. Subunit-exchange as monitored by FRET.  A: Subunit-ex-
change between AIAS (donor) labeled T162CαB-crystallin and LYI
(acceptor) labeled αA-crystallin at 37 °C. The dashed line spectra
(filled circle) was recorded immediately after mixing, the filled tri-
angle was after 10 min incubation, the filled diamond was after 60
min incubation, and the filled square was after 90 min incubation. B:
Subunit-exchange between AIAS labeled and LYI labeled T162C
αB-crystallin. The thick solid line spectra was recorded (open circle)
immediately after mixing, the open triangle was after 10 min incuba-
tion; the open diamond was after 30 min incubation; and the open
square was after 60 min incubation.

Figure 2. Glycerol density gradient centrifugation of wild type α-
crystallins and the gxg mutants.  The proteins were sedimented
through a linear 10-40% gradient of glycerol. A: αA-crystallin (open
circle) and αAgxg-crystallin (filled circle). B: αB-crystallin (open
circle) and αBgxg-crystallin (filled circle). The positions of proteins
used for standard molecular masses are also indicated. The marker
band at “a” indicates aldolase (158 kDa), the marker band at “b”
indicates catalase (232 kDa), and the marker band at “c” indicates
thyroglobulin (669 kDa).
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crystallins were recorded using a JASCO J-715 spectropola-
rimeter. Experiments were performed with 1.0 mg/ml of pro-
tein in TNE buffer using a 1 cm path length cell for near UV
region and 0.01 cm path length cell for far UV region. All
spectra reported are the average of 5 accumulations.

Sedimentation through glycerol gradient:  αA- or αB-
Crystallin and the deletion mutants (1 mg) in TNE buffer were
loaded on a linear gradient of glycerol (10-40%). Density gra-
dient centrifugation was carried out essentially as described
earlier [41,42]. Proteins with defined molecular masses such
as thyroglobulin (669 kDa), catalase (232 kDa) and aldolase
(158 kDa) were used as standards.

Dynamic light scattering studies:  The hydrodynamic ra-
dii of the wild type and the mutant α-crystallins measured
using a DynaPro MS/X Dynamic Light Scattering Instrument
from Protein Solutions Inc. (Charlottesville, VA). The α-crys-
tallin samples (2 mg/ml) were filtered through a 0.22 µ mem-
brane and measurements made at 22 °C. The data were ana-
lyzed using graphical size analysis software (Dynamics; Pro-
tein Solutions Inc.), provided with the instrument.

RESULTS & DISCUSSION
 The C-terminal extension of several α-sHsps shows the pres-
ence of a conserved IXI/V motif [29]. Truncations and muta-
tions in the C-terminal extension of some α-sHsps have been
shown to cause myopathies and cataract [34-36]. In fact, mu-
tation of the Proline residue in this motif of human Hsp27
leads to Charcot-Marie-Tooth disease and distal hereditary
motor neuropathy [36]. Crystal structures of Methanococcus
jannaschii Hsp16.5 and wheat Hsp16.9, both belonging to α-
sHsp family, show this motif to be in a β-strand. The isoleu-
cine and valine residues of this β-strand participate in specific

inter-subunit contacts with a hydrophobic groove formed by
the β4 and β8 strands on a monomer of the interacting dimer.
The orientation of the C-terminal extension relative to the α-
crystallin domain in the two assemblies however is different,
resulting in different oligomeric symmetries [43,44]. Since
mammalian sHsps differ considerably in their oligomeric as-
semblies from those of plants and prokaryotes [37,38,45], we
have investigated the possible interaction(s) of the IPI/V mo-
tif in αA- or αB-crystallin and their effect on oligomeric as-
sembly and chaperone-like activity.

 FRET is useful in studying proximal interaction of re-
gions from different part(s) of molecules. Human αA-crystal-
lin contains two cysteine residues in its “α-crystallin” domain
at positions 131 and 142 present in a region predicted to have
a propensity to form β-strands. As αB-crystallin does not con-
tain cysteine residues in its sequence, we have introduced a
cysteine residue in place of the threonine residue at position
162 (T162C), adjacent to the IPI motif, to study interactions
with (i) regions around the cysteine residues in the “α-crys-
tallin” domain using αA-crystallin and (ii) the region span-
ning the IPI motif using T162CαB-crystallin.

We have labeled the T162CαB-crystallin with the fluo-
rescent probe, AIAS (donor), and αA-crystallin with LYI (ac-
ceptor). As the donor and acceptor fluorophores are on differ-
ent crystallins, this study will only reflect on the hetero-inter-
subunit interactions, if any. Energy transfer would indicate
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Figure 3. Fluorescence spectra of wild type and mutant α-crystallins.
Intrinsic fluorescence spectra of the wild type and mutant α-crystallins
at 0.15 mg/ml. αA-crystallin (thick dotted line), αAgxg-crystallin
(thin dotted line), αB-crystallin, (thick solid line), and αBgxg-crys-
tallin (thin solid line).

Figure 4. Near UV CD of wild type and mutant α-crystallins.  A:
Near UV CD of wild type αA-crystallin (thick line) with αAgxg
(thin line). B: Near UV CD of wild type αB-crystallin (thick line)
and αBgxg (thin line), respectively.
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proximity of the labeled regions, suggesting interaction of the
IPI motif of αB-crystallin with the α-crystallin domain of αA-
crystallin. Figure 1A shows that the fluorescence of the donor
probe (350-470 nm region) progressively decreases while the
fluorescence of the acceptor probe (470-600 nm region) in-
creases upon incubating the mixture of the labeled αA-crys-
tallin and T162CαB-crystallin at 37 °C. This result indicates
that the IPI motif of αB-crystallin comes in proximity with
the region around the cysteine residues located in β-strands
towards the end of the “α-crystallin” domain of αA-crystal-
lin, suggesting possible interaction. It is interesting to note
that cysteine 131 of αA-crystallin lies in a β-strand correspond-
ing to the β8-strand of sHsps 16.5 and 16.9 suggesting the
possibility of a similar inter-subunit interaction in α-crystallins
[43,44].

FRET experiments with AIAS and LYI labeled T162CαB-
crystallin also show energy transfer upon incubating the mix-
ture of the labeled T162CαB-crystallins at 37 °C as a function
of time (Figure 1B), indicating that the residues in the β-strand
containing the IPI motif in 2 subunits of αB-crystallin also
come in proximity. Thus, in addition to the possible interac-
tions with the α-crystallin domain, the IPI/V motif may also
form alternative interactions with the corresponding IPI/V
motif in the β-strand in the C-terminal extension of an adja-
cent monomer.

Additionally, our laboratory as well others using FRET
[40,42] have shown that the region containing the cysteine
residues (at positions 131 and 142) in the “α-crystallin” do-
main of αA-crystallin interacts with the corresponding region
in another monomer. Using two-hybrid studies, Wotton, et al.
[46] showed that the multimerization of Hsp42p of Saccharo-
myces cerevisiae also involves this conserved region towards
the C-terminal end of the protein. Thus, such alternative inter-
actions may be responsible for the observed differences in oli-
gomer size, assembly and high polydispersity in α-crystallins
compared to their plant and bacterial counterparts.

We have mutated the hydrophobic isoleucine and valine
residues in the IPI/V motif to glycine. The resultant mutant
proteins, αAgxg and αBgxg, interestingly, precipitated at lower
ammonium sulfate saturation (15-35%) compared to the wild-
type proteins (30-60%), suggesting considerable differences
in columbic interactions and solubility.

Glycerol density gradient centrifugation studies show that
αAgxg sediments faster than wild type αA-crystallin (Figure
2A), indicating that αAgxg forms significantly higher molecu-
lar mass species compared to αA-crystallin. The estimated
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Figure 5. Far UV CD of wild type and mutant α-crystallins.  A: Far
UV CD of wild type αA-crystallin (thick line) with αAgxg (thin line).
B: Far UV CD of Wild type αB-crystallin (thick line) and αBgxg
(thin line), respectively.

Figure 6. Chaperone activity of wild type and mutant α-crystallins..
A: Chaperone activity (represented as percent protection) was mea-
sured at different ratios of chaperone to insulin at 37 °C. Wild type
αA-crystallin (closed circle, dashed line), αAgxg (open circle, dashed
line), wild type αB-crystallin (closed triangle, solid line), αBgxg
(open triangle, solid line). B: Chaperone activity was measured at a
1:1 ratio of chaperone to insulin (w/w) at 25 °C.
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molecular masses of αAgxg and αA-crystallin are about 1,500
kDa and about 485 kDa, respectively. However, αBgxg sedi-
ments only marginally faster than wild type αB-crystallin, their
estimated molecular masses being about 532 kDa and about
442 kDa, respectively (Figure 2B). The sedimentation pro-
files also indicate increased polydispersity for αAgxg and
αBgxg. Our dynamic light scattering data show that the hy-
drodynamic radius (Rh) and polydispersity of αAgxg
(Rh=51.28 nm, polydispersity=66.5%) are dramatically higher
than those of αA-crystallin (Rh=8.88 nm, polydisper-
sity=22.17%). αBgxg (Rh=10.06 nm, polydispersity=36.55%)
is also larger and more polydisperse than αB-crystallin
(Rh=7.85 nm, polydispersity=18.2%). These results clearly
show that the IXI/V motif in αA- and αB-crystallin is an im-
portant determinant of the oligomer size and assembly and
unlike in plant or bacterial sHsps, mutation of the IXI/V motif
does not lead to dissociation of the oligomeric assembly sug-
gesting that in αA- and αB-crystallin there are additional in-
teractions, probably in the N-terminal region which still hold
the oligomer together. Interactions of this motif in αA- and
αB-crystallin may be involved in generating different type(s)
of oligomeric assembly using different subunit-interfaces.

Tryptophan fluorescence spectra of the gxg mutants show
considerable decrease in fluorescence intensity compared to
their wild type proteins (Figure 3). The near UV CD spectra
of αAgxg and αBgxg show enhanced ellipticity compared to
wild type proteins (Figure 4), indicating increase in chirality
or greater extent of tertiary packing, especially in the microen-
vironments around the aromatic amino acid residues. Since
the near UV CD spectra indicate greater tertiary packing, the
decrease in intrinsic fluorescence intensity observed in the gxg
mutants (Figure 3) may be attributed to structural changes
(other than flexibility) leading to fluorescence quenching. No
aromatic amino acids are present in αA- and αB-crystallin in
the C-terminal extensions around the IPI/V motif. Thus, mu-
tations in the IPI/V motif appear to have long-range confor-
mational consequences leading to significant changes in the
microenvironment of the aromatic amino acid residues present
in distal regions of the sequences. In addition to tertiary struc-
tural changes, the mutations lead to observable changes in
secondary structure. Far UV circular dichroism spectroscopy
shows αAgxg to have increased ellipticity, with a possibility
of some increase in the α-helical content, compared to wild
type αA-crystallin (Figure 5A). However, αBgxg shows sig-
nificantly decreased ellipticity compared to wild type αB-crys-
tallin (Figure 5B). Despite the sequence similarity, the effect
of this mutation on the secondary structure of αA- and αB-
crystallin is different. Thus, the IXI/V motif is an important
determinant of the overall structure of the α-crystallin assem-
blies and mutations in this motif lead to considerable changes
in secondary, tertiary, and quaternary structure.

We studied the chaperone-like activity of the wild type
and mutant proteins by comparing their ability to prevent the
DTT induced insulin aggregation at 37 °C. Figure 6A shows
that both αAgxg and αBgxg mutant proteins exhibit increased
protective ability compared to their wild type proteins. As men-
tioned earlier, lens α-crystallin as well as homo-oligomers of

αA- and αB-crystallin exhibit temperature dependent chaper-
one activity [10,11,20,21]. At 25 °C both αA- and αB-crys-
tallin exhibit relatively poor chaperone-like activity [11]. The
gxg mutants, however, showed considerable chaperone activ-
ity even at 25 °C (Figure 6B). These results suggest that muta-
tions in this motif either increase the accessibility of chaper-
one sites or cause conformational changes leading to expo-
sure of such sites in other regions, probably similar to those
exposed at elevated temperatures.

Though the involvement of the N-terminal domain in
multimeric complex formation has been demonstrated for αA-
and αB-crystallin [30,31], the contribution of the C-terminal
extension in forming inter-subunit contacts is debatable. C-
terminally truncated pea Hsp17.7 and Bradyrhizobium HspH
and HspF are defective in oligomer formation [37,38]. Also,
mammalian Hsp20, which lacks the C-terminal extension, pri-
marily forms dimers [47]. On the other hand, mutations in or
truncations of the C-terminal extension of αA-crystallin, Hsp25
and C. elegans Hsp16.2 had little, if any, effect on oligomer
assembly or size [32,48,49].

Our study shows that the region around the IXI/V motif
in αA- and αB-crystallin can come proximal to the β-strand
regions towards the end of the “α-crystallin domain”, prob-
ably stabilizing local secondary or tertiary structural elements.
The IXI/V motif also appears to interact with the correspond-
ing motif in the C-terminal extension of a partner monomer.
Packing induced alteration in folding and organization has been
shown to occur in hetero-oligomer formation between αA-
and αB-crystallin [50]. Such interactions may be altered in
the gxg mutant proteins as they show significant changes in
their quaternary, tertiary, and secondary structure. These re-
sults clearly show that the conserved IPI/V motif in αA- and
αB-crystallin contributes to the quaternary structural organi-
zation in both proteins. Since mutation of the isoleucine and
valine residues in αA- and αB-crystallin also leads to enhanced
chaperone-like activity at 25 °C, this region may be one of the
important determinants regulating the temperature dependence
of chaperone activity in α-crystallins. Our results also rein-
force the earlier observations from the crystal structures of
Hsp16.5 and Hsp16.9 that the interactions of the IXI motif in
different sHsps may be responsible for different oligomeric
assemblies.
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