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The biophysical characteristics of the mutated proteins 
were determined by size-exclusion HPLC, far-UV circu-
lar dichroism and fluorescence studies. Far-UV circular 
dichroism spectral analysis displayed slight modifications 
in β-sheet of R54C mutant. Altered intrinsic tryptophan 
fluorescence and decreased bis-ANS fluorescence were 
observed in all the N-terminal mutations revealing the ter-
tiary structural changes and decreased exposure of surface 
hydrophobicity. An emphatic fall in the chaperone activ-
ity was observed in the N-terminal mutants, R12C, R21L 
and R54C. QCM analysis revealed the occurrence of strong 
heterogeneous interaction between αA-crystallin and 
αB-crystallin. Nevertheless, decreased interactions were 
observed with the N-terminal mutants. In summary, the pre-
sent study concludes that the loss of interactions between 
αA-crystallin N-terminal mutants and αB-crystallin signi-
fies quaternary structural alterations due to mutation in the 
arginine residues.

Keywords  Congenital cataract · αA-crystallin · Protein–
protein interaction · QCM · Chaperone activity

Introduction

Human eye lens is typically hoarded by stable structural 
proteins called crystallins that are classified into three 
groups namely α-, β- and γ-crystallins, among which 
α-crystallin is expressed predominately for about 40 % of 
dry weight. α-crystallin subsists as oligomers at a molecu-
lar weight range of 200–800 kDa that casts high molecu-
lar weight aggregates during aging (Groenen et  al. 1994). 
α-crystallin comprises two associated subtypes, αA- and 
αB-crystallin encoded by CRYAA and CRYAB genes into 
173 and 175 amino acids, respectively, existing as an 
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oligomeric complex in the ratio of 3:1 (Ingolia and Craig 
1982) with about 59  % sequence homologous. αA- and 
αB-crystallin being members of small heat shock protein 
family (Horwitz 1992) exert chaperone activity, a vital 
role taking part in both refraction and maintaining lens 
transparency.

Mutations in αA-crystallin have been evidenced to pro-
voke congenital cataract, among which the reported, R12C 
(Hansen et  al. 2007), R21L (Graw et  al. 2006), R49C 
(Mackay et al. 2003) and R54C (Xia et al. 2006) are core 
mutations, since the residue in the N-terminal domain is 
accountable for oligomer formation and structural stabil-
ity (Kundu et  al. 2007). Moreover, it alters the homoo-
ligomeric or heterooligomeric complex with α-crystallin 
proteins implying the formation of large aggregate and 
aggresome, disrupting protein–protein interaction in live 
cells (Raju and Abraham 2011; Raju et al. 2012). Protein–
protein interaction is the fundamental phenomenon of sig-
nal transduction in many biological activities that ascertain 
the light refraction, transparency and chaperone activity in 
the lens proteins (Ponce et al. 2006). A plethora of in vitro 
and in vivo techniques such as FRET, two-hybrid system 
and co-immunoprecipitation are reported for determining 
the lens proteins interaction (Siezen and Owen 1983; Liang 
and Li 1991; Koenig et  al. 1992; Kumarasamy and Abra-
ham 2008; Fujii et al. 2008; Raju et al. 2011, 2012; Chen 
et al. 2011; Kannan et al. 2013).

In this study, a real-time and highly sensitive, quartz 
crystal microbalance (QCM) assay was employed to dem-
onstrate the protein–protein interaction between α-crystallin 
proteins. QCM is a label-free versatile technique employed 
to study protein–protein interactions in real time even at 
nanogram level (Roederer and Bastiaans 1983), which is 
based on changes in the resonance frequency of the piezo-
electric quartz crystal. QCM is employed in a wide variety 
of fields including immunology, medicine and cell biology 
(Marx 2003; Chen et al. 2012; Reuel et al. 2012; Speight 
and Cooper 2012). Meanwhile, there is no report on appli-
cation of QCM for studying protein–protein interaction of 
lens crystallin. Hence, the present study was aimed to study 
the biophysical characterization of human αA-crystallin 
and N-terminal mutants R12C, R21L, R49C and R54C as 
well as quantification of inter subunit interaction by QCM.

Materials and method

Materials

Molecular biology grade chemicals were purchased from 
Sigma Aldrich (St. Louis, MO, USA), Himedia (Mumbai, 
India) and Invitrogen. Q Sepharose XL and Sephacryl 300HR 
were purchased from Amersham Biosciences (Piscataway, 
NJ, USA), QuickChange II XL site-directed mutagenesis kit 
from Agilent Technologies Inc (CA, USA), and Affinix QCM 
immobilization kit from Initium Inc. (Japan).

Site‑directed mutagenesis

Cloning of human recombinant αA- and αB-crystallin wild 
type (wt) in pET 3d and pET 23d(+) expression vectors, 
respectively, have been described earlier (Fujii et al. 2008). 
αA-crystallin N-terminal mutants such as R12C, R21L, 
R49C and R54C were created by QuickChange II XL site-
directed mutagenesis kit following the manufacture protocol 
(Agilent Technologies Inc, CA, USA). Suitable mutagenic 
primers for αA-crystallin N-terminal mutants were designed 
manually by replacing a single nucleotide at the middle of 
the primer sequence. Thus, the resulting custom-synthesized 
primers (R12C, R21L, R49C and R54C) at Bioserve Bio-
technologies (Hyderabad, India) have cysteine and leucine in 
the place of arginine as shown in Table 1. αA-crystallin wt 
was used as template to create the N-terminal mutants using 
PCR with the following conditions: initial denaturation at 
95  °C for 1  min followed by 95  °C for 50  s, annealing at 
60 °C for 50 s and extension at 68 °C for 5 min for 16 cycles, 
followed by overall extension at 68 °C for 7 min and kept at 
4 °C. The PCR product was digested with DpnI enzyme for 
1 h at 37 °C and transformed into E.coli XL-10 Gold compe-
tent cells. Transformed cells were selected on LB agar plate 
containing 50  µg/ml ampicillin. All the mutants were con-
firmed by DNA sequencing.

Overexpression and purification of α‑crystallin  
wt and αA‑crystallin N‑terminal mutants

Human αA-crystallin wt, N-terminal mutants and 
αB-crystallin in pET 3d and pET23d vector, respectively, 

Table 1   List of custom-synthesized primers used for construction of αA-crystallin N-terminal mutants by site-directed mutagenesis method

The bold letters represent the base pair changed for creation of site-directed mutants

αA-crystallin mutants Forward primer Reverse primer

R12C TGGTTCAAGTGCACCCTGGGG CCCCAGGGTGCACTTGAACCA

R21L TTCTACCCCAGCCTGCTGTTCGAC GTCGAACAGCAGGCTGGGGTAGAA

R49C CCCTACTACTGCCAGTCCCTCT AGAGGGACTGGCAGTAGTAGGG

R54C TCCCTCTTCTGCACCGTGCTG CAGCAGGGTGCAGAAGAGGGA
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were transformed into E. coli BL21 (DE3) pLysS cells. 
Protein production was induced by addition of 0.3  mM 
IPTG (isopropyl-1-thio-β-d-galactopyranoside). Cells 
were subsequently thawed, sonicated (6 rounds of 8 pulses 
per min) in 20  mM Tris–HCl, pH 7.8 containing 1  mM 
EDTA and 1 mM PMSF (phenylmethanesulfonyl fluoride). 
The sonicated products were centrifuged at 20,000  rpm 
for 20  min and the soluble fraction was subjected to ion 
exchange column chromatography on a Q Sepharose XL 
column (Amersham Biosciences, Piscataway, NJ) equili-
brated with 20 mM Tris–HCl containing 1 mM EDTA and 
connected to an AKTA prime plus (GE Healthcare). Protein 
was eluted using a gradient of NaCl (0–1 M), with a flow 
rate of 10 ml/min. αA-crystallin wt and N-terminal mutants 
were eluted in 300 mM NaCl and αB-crystallin in 160 mM. 
Further, purification was achieved on a size-exclusion 
column (Sephacryl 300HR, Amersham Biosciences, Pis-
cataway, NJ) equilibrated with 20  mM Tris–HCl pH 7.8 
containing 150  mM NaCl. The purity of the recombinant 
proteins was checked using 15 % acrylamide gel. The puri-
fied αA-crystallin wt, N-terminal mutants and αB-crystallin 
wt were dialyzed against 50 mM sodium phosphate buffer 
at pH 7.8 for further biophysical experiments.

Size‑exclusion chromatography

Molecular mass difference between αA-crystallin wt and 
N-terminal mutants was determined by size-exclusion 
chromatography using HPLC on TSKgel-G4000SWXL 
column (7.8 × 300 mm Tosho, Tokyo, Japan) equilibrated 
with 50 mM Tris/HCl containing 150 mM NaCl with the 
flow rate of 0.8 ml/min. 1 mg/ml of protein in 100 µl was 
injected onto the column and elution was monitored at 
280  nm. Molecular mass of the proteins was calibrated 
with standards.

Secondary structure studies

Secondary structural variations between αA-crystallin wt 
and N-terminal mutants were determined using Jasco 810 
spectropolarimeter, in the far-UV region of 195–250 nm. A 
cylindrical quartz cell with 1 mm path length and protein 
concentration of 0.1 mg/ml was used. Spectra were scanned 
for average of five times, corrected with buffer blank and 
smoothened prior to examination. The resultant spectra 
were analyzed for secondary structure by CDNN program.

Tryptophan fluorescence

The intrinsic tryptophan fluorescence spectra of 
αA-crystallin wt and N-terminal mutants were analyzed 
using an F-4500 Hitachi Fluorescence spectrophotom-
eter (Hitachi, Tokyo, Japan). Respective protein samples 

(0.1 mg/ml) in 50 mM sodium phosphate buffer (pH 7.8) 
were excited at 295 nm and emission spectra collected at 
300–400 nm.

Surface hydrophobicity

Surface hydrophobicity of αA-crystallin wt and N-terminal 
mutants was determined using the hydrophobic probe bis-
ANS as described earlier (Fujii et al. 2008). Briefly, an ali-
quot of 100 µl of bis-ANS (0.1 mg/ml) was added to 100 µl 
of protein (1 mg/ml) along with 800 µl of 50 mM sodium 
phosphate buffer (pH 7.8). Prior to the experiment the 
mixture was kept in the dark condition for 15 min at room 
temperature. Florescence intensity was measured using 
F-4500 Hitachi fluorescence spectrophotometer (Hitachi, 
Tokyo, Japan) with excitation at 390  nm and emission at 
460–540 nm.

Chaperone activity

Chaperone activities of αA-crystallin wt and N-terminal 
mutants were measured via the ability of the protein to 
protect alcohol dehydrogenase (ADH) from aggregation 
induced by EDTA with αA-crystallin and ADH in 1:5 ratio 
(w/w). Aliquot (500 μl) of 0.5  mg/ml ADH and 350 μl 
of 50  mM sodium phosphate buffer (pH 7.2) containing 
100  mM NaCl were incubated for 30  min at 37  °C with 
50 μl of respective crystallins (1.0  mg/ml). ADH aggre-
gation was initiated by finally adding 100 μl of 100 mM 
EDTA to each of the incubated reaction mixtures in a ther-
mostat holder of UV–Vis spectrophotometer (Shimadzu 
UV-1200, Kyoto, Japan); light scattering was monitored for 
60 min at 360 nm and compared at the end. The data were 
statistically analyzed by one-way ANOVA using SPSS 
software and significance was considered at the level of 
*p < 0.05 and #p < 0.01.

Quartz crystal microbalance (QCM)

Real-time interactions between αA-crystallin wt and N-ter-
minal mutants with αB-crystallin wt were analyzed using 
27 MHz QCM, (AFFINIX QNμ, Initium Inc., Japan). For 
this experiment, the protein immobilized on the sensor chip 
serves as ligand and the protein used for interaction study 
serves as analyte. The ligand was immobilized using affin-
ity immobilization kit following manufacturer’s protocol 
(Affinix QCM immobilization kit, Initium Inc., Japan).

Immobilization of ligand in sensor chip

The recombinant αB-crystallin wt was immobilized 
on gold-coated sensor chip by amine coupling method 
using 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide 
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hydrochloride (EDC) and N-hydroxysuccinimide (NHS). 
For immobilization, 1 mg/ml of αB-crystallin was diluted 
to 100 µg/ml using the appropriate buffer at pH 5.0 follow-
ing manufacturer’s protocol.

Initially, quartz crystal was cleaned with 1 % SDS fol-
lowed by 3  µl piranha solution (3:1 ratio of sulfuric acid 
and hydrogen peroxide) for 5  min and finally by milliQ 
water. The sensor surface was pre-activated with 50  µl 
COOH-SAM for 1  h and washed by milliQ water. Then, 
50 µl of EDC/NHS mix at the ratio of 1:1 was injected over 
the sensor chip for 15 min to activate carboxyl group on the 
sensor surface. Excess EDC/NHS solution was removed 
by milliQ water. Sensor chip was flooded with 100 µg/ml 
of αB-crystallin wt and allowed to stay for 15  min. The 
remaining active sites were blocked by adding 100  µl of 
ethanolamine for 30  min. The unbounded αB-crystallin 
was removed with 50  µl of 3  M guanidine HCl for 30  s 
and finally washed with milliQ water. The quantity of 
αB-crystallin bounded on the sensor chip was 18 ng.

Examination of interaction between immobilized ligands 
with analyte

αA-crystallin wt at a final concentration of 100 µg/ml (ana-
lyte) in PBS (pH 7.4) was used to quantify the interaction 
in real time. The analyte was passed over the sensor chip 
containing immobilized αB-crystallin wt and the binding 
efficacy was monitored by frequency logging for 600 s, and 
the resulting frequency shifts were recorded and evaluated 
by AQUA SOFTWARE. Similar procedure was employed 
for analyzing the N-terminal mutants with αB-crystallin wt. 
The control flow was carried out by passing the analyte in 
the sensor chip without immobilized ligand. The experi-
ment was repeated for five times and the data were statisti-
cally analyzed by one-way ANOVA using SPSS software 
and significance was considered at the level of *p < 0.05 
and #p < 0.01.

Results

Protein purification

Purity of each recombinantly produced α-crystallins was 
checked by SDS-PAGE (Supplementary Fig. 1A, B). A sin-
gle, clear and distinct band at 20.1 kDa indicated the purity 
of the proteins.

Size‑exclusion HPLC

The size-exclusion chromatographic profile of 
αA-crystallin wt and N-terminal mutants is shown in 
Fig. 1a. The results demonstrate that mutants eluted slightly 

earlier than wt counterparts indicating the increased molec-
ular mass due to aggregation. The elution profile shows that 
molecular mass of R12C was slightly higher followed by 
R54C, R49C, R21L and αA-crystallin wt.

CD spectroscopy

The secondary structure profile of αA-crystallin wt and 
N-terminal mutated proteins is shown in Fig. 1b. The nega-
tive ellipticity at 218 and 206 nm indicates the predominant 
β-sheet structure of α-crystallin protein (Table 2). CD spec-
tra of the N-terminal mutants showed no/slight change in 
the secondary structure of R12C, R21L and R49C mutants, 
and slight loss was observed in the β-sheet content of R54C 
mutant when compared with its wt counterpart.

Tryptophan fluorescence

Tertiary structural features of the αA-crystallin wt and 
N-terminal mutants were assessed by tryptophan fluo-
rescence. The assay is based on the presence of aromatic 
amino acid tryptophan at the surface of αA-crystallin pro-
tein. Fluorescent intensity was decreased in the N-terminal 
mutants R12C, R21L and R54C when compared with the 
αA-crystallin wt (Fig.  1c). However, the mutant R49C 
exhibited increased fluorescence intensity depicting altera-
tion of aromatic residues exposed in the surface of the 
protein. The increase or decrease of intrinsic tryptophan 
fluorescence emission at 338 nm in the N-terminal mutants 
illustrates variations in the physical structure of the protein 
from their wt counterpart.

Surface hydrophobicity

Bis-ANS was used to monitor the exposed surface hydro-
phobicity of αA-crystallin. This hydrophobic probe binds 
with hydrophobic surface of the protein, wherein the emis-
sion intensity is enhanced upon binding. Significant differ-
ence in the intensity was observed in the αA-crystallin wt 
and N-terminal mutants. The N-terminal mutated proteins 
demonstrated a remarkable decrease in fluorescence inten-
sity compared to αA-crystallin wt (Fig. 1d).

Chaperone activity

Chaperone activity of αA-crystallin wt and N-terminal 
mutants was determined using ADH as target protein in 
the ratio of 1:5. Both αA wt and R49C exhibited 92 and 
87 %, respectively, in the suppression of ADH aggregation 
induced by EDTA, whereas other mutants showed progres-
sive decrease in chaperone activity in the following order 
of percentages, R54C—75  %  >  R21L—72  %  >  R12C—
42 % (Fig. 1e, f). The result reveals that all the mutations 
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Fig. 1   a Size-exclusion HPLC spectrum of αA-crystallin wt and 
N-terminal mutants. The Vo represents the void volume and the elu-
tion profile of mass standards were thyroglobulin (669  kDa) and 
bovine serum albumin (69  kDa). b The secondary structural differ-
ence between αA-crystallin wt and N-terminal mutants (R12C, R21L, 
R49C and R54C) determined in the far-UV region of 195–250  nm. 
c The intrinsic tryptophan fluorescence spectra of αA-crystallin wt 
and N-terminal mutants (R12C, R21L, R49C and R54C). d Surface 

hydrophobicity of αA-crystallin wt and N-terminal mutants deter-
mined using bis-ANS probe. e Chaperone activity of αA-crystallin 
wt and N-terminal mutants analyzed by EDTA-induced aggregation 
of alcohol dehydrogenase (ADH). f Bar diagram represents the sum-
mary of chaperone activity data from three independent experiments. 
Each bar represents the mean ± SD. *p < 0.05, #p < 0.01 (compared 
to lane 1 in each case)
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in the N-terminal region do not follow similar pattern of 
chaperone activity, which mainly depends on the position 
of mutation.

Real‑time interaction analysis with QCM

Real-time heterogeneous interaction of αA-crystallin wt 
and N-terminal mutants with αB-crystallin wt was deter-
mined by QCM. Figure  2 sensogram represents the bind-
ing efficiency of αA-crystallin wt and N-terminal mutant 
subunits with immobilized αB-crystallin wt in terms 
of decreasing frequency. The frequency of interaction 
between αA-crystallin wt and αB-crystallin wt was 100 %. 
However, the interaction of the N-terminal mutants with 
αB-crystallin wt was comparatively lower, R54C—61.9 %, 

R49C—61.5  %, R21L—55.8  % and R12C—41  %. The 
mean ± SD of five individual experiments to determine the 
frequency logging due to increase in mass for αA-crystallin 
wt and N-terminal mutants with αB-crystallin wt are given 
as Supplementary Fig. 2 and quantitative binding analysis 
performed with AQUA software results as Supplementary 
Fig. 3.

Discussion

In the human eye, lens protein–protein interaction plays a 
significant role to generate a gradient of refractive index 
in the fiber cells, so that light can be specially focused to 
the retina without scattering (Evgrafov et  al. 2004). It 
was reported that a decrease in protein–protein interac-
tion between α-crystallin and other proteins may under-
lie the formation of cataract (Fu and Liang 2002; Liang 
2004; Kumarasamy and Abraham 2008; Raju and Abra-
ham 2011; Raju et al. 2012). Earlier αA-crystallin knock-
out studies demonstrated stabilization of αB-crystallin by 
αA-crystallin suggesting that αB-crystallin synthesized in 
the absence of αA-crystallin forms large inclusion bodies 
(Brady et  al. 1997) revealing the importance of heteroag-
gregate formation of αA- and αB-crystallin in maintaining 
lens transparency. Hence, in this study we have focused on 
heterogeneous interaction rather than homogeneous inter-
action among the α-crystallins.

Homogeneous and heterogeneous interactions of 
α-crystallins have been demonstrated by a number of in 
vitro and in vivo methods such as light scattering (Mach 
et al. 1990), florescence polarization (Liang and Li 1991), 
fluorescence resonance energy transfer (Bova et  al. 2002; 
Liang and Liu 2006; Kumarasamy and Abraham 2008), 
surface plasmon resonance (Peterson et  al. 2005), micro-
equilibrium dialysis (Ponce and Takemoto 2005), etc. In 
spite of various advantages and disadvantages associated 
with each aforesaid technique, a real-time and quantita-
tive interaction analysis is warranted. Hence in the present 
study, the interactions between α-crystallins were studied 
by QCM analysis. To the best of our knowledge, there is no 
previous report available to determine the α-crystallin inter-
actions using QCM as a tool.

Quartz crystal microbalance results suggest that interac-
tion of αA-crystallin with αB-crystallin was quite stronger 
as indicated by decrease in frequency level up to −350 df 
(Hz), reflecting the formation of strong heteroaggregates. 
However, the frequency of all the mutants was significantly 
elevated when compared with wild type. The increase in 
interaction frequency of the mutants indicates reduced 
interaction, manifesting the loss of heteroaggregate for-
mation potential of αA-crystallin due to point mutation. 
Due to the loss of interaction between N-terminal mutants 

Table 2   The far-UV CD spectra of αA-crystallin wt and N-terminal 
mutants were quantitatively analyzed by CDNN software

Protein Percentage (%)

α-Helix β-Sheet β-Turn Random coil

αA-wt 18.9 30.7 16.4 33.7

R12C 18.8 30.5 16.1 34.3

R21L 18.7 30.7 16.4 33.9

R49C 19.6 30.2 16.5 32.9

R54C 21.9 27.9 16.8 33.1

Fig. 2   Real-time heterogeneous interaction of αA-crystallin wt and 
N-terminal mutants with αB-crystallin wt. Differential interaction of 
αA-crystallin wt and N-terminal mutants with native αB-crystallin 
was analyzed using 27  MHz Quartz crystal microbalance (QCM) 
(AFFINIX QN, Japan). The sensogram where αB-crystallin wt was 
immobilized and acts as a ligand and αA-crystallin wt and N-terminal 
mutants were used as analytes in a separate experiment, and bind-
ing quantity was analyzed by AQUA software. The results show 
that αA-crystallin and αB-crystallin wt interacts strongly showing a 
decrease in frequency values up to −350  Hz which is directly pro-
portional to the binding quantity of 10.5 ng and very low interaction 
was observed in the mutant R12C with −150 Hz and binding quan-
tity of 4.9 ng followed by the mutant R21L with −170 Hz and bind-
ing quantity of 5.7 ng, R54C with −200 Hz and binding quantity of 
7.1 ng, R49C with −220 Hz and binding quantity of 7.5 ng. The con-
trol is the frequency of basal run without binding of ligand
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of αA-crystallin, the αB-crystallin is incapable of fully 
protecting αA-crystallin mutants from forming insoluble 
aggregates suspected to be the underlying cause for cata-
ract formation in early age as described earlier (Raju et al. 
2012). In addition, it also strongly augments understanding 
of the importance of positively charged arginine residue in 
the 12th, 21st, 49th and 54th N-terminal residues which has 
been mutated to neutral residue. Previous literature sug-
gests that arginine in the αA-crystallin N-terminal region 
of aforesaid position is crucial for forming salt bridges with 
neighboring negatively charged residues eventually leading 
to homo- and heteroaggregate formation thereby maintain-
ing lens transparency (Shroff et al. 2000; Cobb and Petrash 
2000; Andley et al. 2002; Bera et al. 2002; Hsu et al. 2006; 
Kore et al. 2012).

In addition to interaction analysis, the biophysi-
cal characteristics of recombinant αA-crystallin wt and 
N-terminal mutants were also evaluated. The oligomeric 
size of the mutants was slightly increased when compared 
with its wt counterparts. The mutant, R12C eluted fore-
most followed by R54C, R21L, R49C and αA-crystallin 
wt. Elution profile illustrates that N-terminal domain 
is essential for maintaining the oligomeric size and the 
point mutants evaluated in this study are suspected to be 
aggregated leading to slightly increased oligomeric size. 
However, except for R12C, other mutants did not show 
any considerable variation in elution profile and go in 
line with previous reports of Kore et al. (2012) in which 
the molar mass, hydrodynamic radius and polydispersity 
index of the mutants were analyzed using dynamic light-
scattering measurements. Contrastingly, the oligomeric 
size formation due to mutation at 116th residue conver-
sion of arginine to cysteine is substantially significant 
than the N-terminal domain mutations, since about 4- to 
10-fold increases in oligomeric size were observed in a 
study done by Andley et  al. (2002). Many researchers 
have reported that replacement of cys residues results in 
formation of disulfide bonds that result in dimerization 
which reflects in the interactive nature of α-crystallin. In 
this study, we have focused on the extent of interaction 
between the αA-crystallin wild type and selected N-ter-
minal mutants. Earlier we have reported that mutation 
in arginine to cysteine conversion enhances cross-linked 
product formation when compared with the leucine con-
version as well as the formation of disulfide bond between 
intra- or inter-polypeptide (Ramkumar et al. 2013). Hence 
due to these disulfide bond formation leads to random oli-
gomerization of protein thereby the hydrophobic patches 
are buried deep within (Kore et al. 2012). As a result the 
surface hydrophobicity of the mutant proteins is drasti-
cally reduced/altered, as when compared to the wild type 
αA-crystallin leads to change their structural confirmation 
as well as functional characteristics.

The prime secondary structure of α-crystallin is β-sheet. 
Even though, no significant secondary structural changes 
were noticed between the αA-crystallin wt and mutants, 
slight loss in the beta-sheet content of the mutant R54C 
was indeed observed. The percentages of secondary struc-
tural contents of all the mutants are listed in Table 2. The 
possible reason for the loss of β-sheet and increased α-helix 
(3  %) may be due to the substrate binding ability of the 
54th amino residue. However, noticeable tertiary structural 
changes in the mutants were observed corroborating with 
the previous findings of Kore et  al. (2012). The tertiary 
structural changes measured by tryptophan fluorescence 
revealed that except R49C, the fluorescence intensity of all 
the N-terminal mutants was decreased, which could be the 
underlying rationale for structural perturbations leading to 
altered tryptophan microenvironment in all the mutant pro-
teins. Fall in tryptophan fluorescence reveals that the resi-
due is more water exposed referable to the conformational 
changes in the N-terminal region. But, strikingly R49C 
mutation results in protein tertiary structural alteration that 
propelled the exposure of tryptophan residue. Changes in 
secondary and tertiary structures could potentially alter the 
exposure of hydrophobic residues. A scale down in sur-
face hydrophobic patches was observed in all the mutant 
proteins substantiating the structural perturbations ren-
dered due to the respective point mutations. These find-
ings exhibited a slight deviation from the previous report 
of Kore et al. (2012), in which all the mutants demonstrated 
reduced fluorescence intensity, except R21W and R21L. 
This discrepancy in the results may be due to the difference 
of hydrophobic probe employed. Bis-ANS strongly inter-
acts with monomeric A-state and the unfolded monomers 
of the proteins.

Many studies testified that α-crystallin is a better chap-
erone protein with potential to prevent other target proteins 
from aggregation during unfavorable environmental condi-
tions thereby avoiding cataract formation in eye lens. For 
determination of α-crystallin chaperone activity, a number 
of target proteins were employed such as bovine lens βL-
crystallin, insulin, ADH, γD-crystallin and citrate synthase 
in different ratios, induced with different reagents (Wang 
and Spector 2001; Kumarasamy and Abraham 2008). The 
results are highly controversial and depend on the ratio 
of crystallin and target proteins used, reducing agent and 
temperature. Selection of an appropriate target protein and 
optimum temperature is the crucial factors for this sort of 
in vitro experiments. Recently, Kore et al. (2012) employed 
EDTA to induce aggregation of ADH as substrate protein at 
37 °C for chaperone assay and established the protocol to 
be highly reproducible, and hence we relied on the method. 
Among the four mutants, three mutants R12C, R21L and 
R54C showed loss of chaperone activity suggesting that the 
arginine at the 12th, 21st, 54th positions in the N-terminal 
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end is critical for the chaperone activity of the αA-crystallin 
validating earlier findings (Kore et al. 2012).

The magnitude of the increase in chaperone activity is 
less than the increase in bis-ANS binding by R49C, because 
the hydrophobic probes such as bis-ANS also interact at 
regions that do not contribute to chaperone-like function 
(Sharma et al. 1998). The specific correlation between the 
surface hydrophobic residues and chaperone activity is 
yet to be elucidated; nevertheless, many researchers have 
addressed a strong negative correlation between surface 
hydrophobicity and chaperone activity (Santhoshkumar 
and Sharma 2001; Bhattacharyya et al. 2002; Kumar et al. 
2005; Reddy et al. 2006; Wang et al. 2007).

The present study illustrates that the αA-crystallin N-ter-
minal mutations at 12th, 21st, 49th and 54th positions may 
be responsible for distortion in the biophysical characteri-
zation of the proteins as well as interactive potential with 
αB-crystallin. However, it is not ultimate that all the exam-
ined mutants undergo similar alterations and might depend 
on the actual position of the mutation occurred. We believe 
our report to be the first to undertake QCM for crystallin 
interaction studies with αA-crystallin N-terminal mutants 
and αB-crystallin. The results not only illustrate the inter-
action between crystallins but also introduce a better sen-
sitive and reliable real-time technique for in vitro protein–
protein interaction.
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