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a b s t r a c t

The a-Crystallin (a-Cry) functions as a molecular chaperone, pre-
venting the formation of stress-induced protein aggregation which
is important for maintenance of lens transparency. The kinetic data
of Wt, R69C and D109H aB-Crys chaperone-like activity were
obtained by UVeVis spectroscopy in both thermal- and chemical-
induced aggregation methods. The data were analyzed using
physical parameters describing the aggregation process including
t* (the characteristic of the stage of nucleation), and t0.5 (the
characteristic of the stage of aggregate growth) and Ilim (the
limiting value of the light scattering intensity). Parameter t* is
duration of the lag phase and the lower t* value is associated with
the higher rate of the nucleation stage. Also, the lower values of t0.5
indicated the higher rate of aggregate growth stage. The change in
parameter Ilim in the presence of chaperones can be connected
with the change in the size of protein aggregates. These data are
related to the research article entitled “Structural and functional
characterization of D109H and R69C mutant versions of human
j.ijbiomac.2019.09.239.
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1. Data

1.1. Kinetic data analysis of chaperone-like activity of different aB-Crys

The aggregation process, obeying the mechanism of nucleation-dependent aggregation, involves
the stage of nucleation and the stage of aggregate growth. When studying the aggregation kinetics by
registration of increment of the light scattering intensity, the following equation is often applicable for
description of the dependence of the light scattering intensity on time [2e4]:

I¼ Ilimf1� exp½ � kIðt� t* Þ�g; ðt > t*Þ (1)

where kI is the rate constant of the first order, I, I0 and Ilim are the current, initial (at t ¼ 0) and limiting
(at t / ∞) values of the light scattering intensity and t* is a point in time corresponding to crossing of
the theoretical curve, which calculatedwith this equation, with the horizontal line I¼ 0 calculatedwith
this equation. Parameter t* is duration of the lag phase and may be considered as a characteristic of the
rate of the nucleation stage. The lower the t* value, the higher is the rate of the nucleation stage. Eq. (1)
can be transformed as follows:
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I¼ Ilimf1� exp½ � ðln 2Þðt� t* Þ = t0:5�g (2)

(t0.5 ¼ ln2/kI)
The physical sense of parameter t0.5 is the following. At t ¼ (t* þ t0.5) the value of I is equal to Ilim/2.

Parameter t0.5 may be considered as a characteristic of the rate of the stage of aggregate growth.
The lower the t0.5 value, the higher is the rate of the stage of aggregate growth. The change in
parameter Ilim in the presence of chaperones can be connected with the change in the size of protein
aggregates. The diminishing of the Ilim value in the presence of chaperones can be due to the decrease
in the size of protein aggregates.

1.1.1. Aggregation of insulin in the presence of 20 mM DTT (42 �C)
Fig. 1A shows the kinetics of DTT-induced aggregation of insulin at 42 �C. The initial kinetic data are

represented in Table S1 in supplementary materials [1]. As can be seen from this Figure, at rather high
values of time the light scattering intensity increases linearly with increasing time. Taking into account
Fig. 1. Aggregation of insulin (0.3 mg mL¡1) in the presence of 20 mM DTT at 42 �C. (A) The dependence of the light scattering
intensity (I) on time (t) for aggregation of insulin in the absence of any additives. Points are experimental data. Solid curve was
calculated from Eq. (3) at the following values of parameters: Ilim ¼ 0.447, t* ¼ 1.25 min, t0.5 ¼ 1.76 min and B ¼ 0.00834 min�1.
Dotted curve was calculated from Eq. (2) at the following values of parameters: Ilim ¼ 0.447, t* ¼ 1.25 min and t0.5 ¼ 1.76 min. (B) The
dependence of I on t for aggregation of insulin in the presence of Wt aB-Cry (0.08 mg mL�1). Solid curve was calculated from Eq. (3)
at the following values of parameters: Ilim ¼ 0.037, t* ¼ 0.84 min, t0.5 ¼ 1.26 min and B ¼ 0.00220 min�1. Dotted curve was calculated
from Eq. (2) at the following values of parameters: Ilim ¼ 0.037, t* ¼ 0.84 min and t0.5 ¼ 1.26 min. (C) The dependence of I on t for
aggregation of insulin in the presence of R69C mutant form of aB-Cry (0.08 mg mL�1). Solid curve was calculated from Eq. (3) at the
following values of parameters: Ilim ¼ 0.095, t* ¼ 1.33 min, t0.5 ¼ 1.42 min and B ¼ 0.00252 min�1. Dotted curve was calculated from
Eq. (2) at the following values of parameters: Ilim ¼ 0.095, t* ¼ 1.33 min and t0.5 ¼ 1.42 min. (D) The dependence of I on t for ag-
gregation of insulin in the presence of D109H mutant form of aB-Cry (0.08 mg mL�1). Solid curve was calculated from Eq. (2) at the
following values of parameters: Ilim ¼ 0.289, t* ¼ 1.28 min, t0.5 ¼ 7.87 min.
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this peculiarity of the shape of the kinetic curve, the following equation can be proposed for description
of the dependence of the light scattering intensity on time:

I¼ Ilimf1� exp½ � ðln 2Þðt� t* Þ = t0:5�g þ Bðt� t* Þ; (3)

where B is constant. This equation was used to describe the kinetic curves of insulin aggregation in the
absence of any additives (Fig. 1A, B ¼ 0.00834 ± 0.00006 min�1) and in the presence of Wt aB-Cry
(Fig. 1B; B ¼ 0.00220 ± 0.00002 min�1) and in the presence of R69C mutant form of aB-Cry (Fig. 1C;
B ¼ 0.00252 ± 0.00004 min�1). When studying the effect of D109H mutant form of aB-Cry on insulin
aggregation, Eq. (2) was used for description of the kinetic curve (B ¼ 0). Parameters Ilim, t* and t0.5 for
insulin aggregation calculated using theoretical equations (2) and (3) are given in Table 1.
Table 1
Analyzed parameters for kinetic data on different client-protein aggregation.

Additives Ilim t*, min t0.5, min m R2

DTT-induced aggregation of insulin at 42 �C
No additives 0.447 ± 0.001 1.25 ± 0.01 1.76 ± 0.02 1 0.9994
aB-crystallin Wt 0.037 ± 0.001 0.84 ± 0.04 1.26 ± 0.05 1 0.9976
aB-crystallin R69C 0.095 ± 0.001 1.33 ± 0.04 1.42 ± 0.05 1 0.9953
aB-crystallin D109H 0.289 ± 0.001 1.28 ± 0.04 7.87 ± 0.09 1 0.9985

Aggregation of catalase at 60 �C
No additives 1.06 ± 0.02 2.55 ± 0.02 3.42 ± 0.13 3.16 ± 0.11 0.9989
aB-crystallin Wt 0.110 ± 0.001 1.83 ± 0.02 3.65 ± 0.05 1.93 ± 0.06 0.9989
aB-crystallin R69C 0.0384 ± 0.0005 1.65 ± 0.02 1.67 ± 0.04 2.08 ± 0.10 0.9898
aB-crystallin D109H 0.600 ± 0.001 2.62 ± 0.01 3.04 ± 0.01 1.10 ± 0.01 0.9998

DTT-induced aggregation of lysozyme at 42 �C
No additives 1.220 ± 0.007 8.34 ± 0.07 7.90 ± 0.07 1.18 ± 0.03 0.9991
aB-crystallin Wt 0.745 ± 0.003 27.7 ± 0.2 6.69 ± 0.15 0.69 ± 0.03 0.9978
aB-crystallin R69C 0.848 ± 0.001 18.0 ± 0.1 11.4 ± 0.1 0.55 ± 0.01 0.9997
aB-crystallin D109H 1.020 ± 0.007 22.2 ± 0.1 8.22 ± 0.06 1.02 ± 0.03 0.9996

Aggregation of g-crystallin at 60 �C
No additives 1.138 ± 0.002 9.5 ± 0.1 8.0 ± 0.1 0.75 ± 0.02 0.9987
aB-crystallin Wt 0.717 ± 0.002 20.8 ± 0.1 8.1 ± 0.1 0.69 ± 0.02 0.9988
aB-crystallin R69C 0.811 ± 0.001 21.0 ± 0.1 4.2 ± 0.1 0.85 ± 0.02 0.9978
aB-crystallin D109H 0.788 ± 0.002 15.8 ± 0.1 4.6 ± 0.1 1.03 ± 0.03 0.9976
1.1.2. Aggregation of catalase at 60 �C
Fig. 2A shows the kinetics of aggregation of catalase at 60 �C. The initial kinetic data are represented

in Table S2 in supplementary materials. To analyze the shape of the kinetic curve, we have constructed
the dependence of derivative dI/dt on I (Fig. 2B). The dependence of dI/dt on I can be described by
equation [3]:

dI
dt

¼DðIlim � IÞm; (4)

where D is constant. Parameter m was found to be equal to 3.4 ± 0.2.
Integration of Eq. (4) gives the following expression:

I¼ Ilim

8>><
>>:
1� 1h

1þ
�
2m�1 � 1

�
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.
t0:5

i1=ðm�1Þ

9>>=
>>;
: (5)

It should be noted, ifm ¼ 1, the dependence of the light scattering intensity on time follows Eq. (2).
Fig. 3 shows the kinetics of aggregation of catalase in the presence of Wt, R69C and D109H aB-Crys.

Parameters Ilim, t*, t0.5 and m calculated for the kinetic curves using Eq. (5) are given in Table 1.



Fig. 3. Effect of aB-Cry and mutant forms of aB-Cry on aggregation of catalase (0.3 mg mL¡1) at 60 �C. (A) The dependence of
the light scattering intensity (I) on time (t) for aggregation of catalase in the absence of any additives. Points are experimental data.
Solid curve was calculated from Eq. (5) at the following values of parameters: Ilim ¼ 1.06, t* ¼ 2.55 min, t0.5 ¼ 3.42 min and m ¼ 3.2.
(B) The dependence of I on t for aggregation of catalase in the presence of Wt aB-Cry (0.08 mg mL�1). Solid curve was calculated
from Eq. (5) at the following values of parameters: Ilim ¼ 0.110, t* ¼ 1.83 min, t0.5 ¼ 3.65 min andm¼ 1.93. (C) The dependence of I on
t for aggregation of catalase in the presence of R69C mutant form of aB-Cry (0.08 mg mL�1). Solid curve was calculated from Eq. (5)
at the following values of parameters: Ilim ¼ 0.0414, t* ¼ 1.53 min, t0.5 ¼ 1.54 min and m ¼ 2.1. (D) The dependence of I on t for
aggregation of catalase in the presence of D109H mutant form of aB-Cry (0.08 mg mL�1). Solid curve was calculated from Eq. (5) at
the following values of parameters: Ilim ¼ 0.600, t* ¼ 2.62 min, t0.5 ¼ 3.04 min and m ¼ 1.10.

Fig. 2. Aggregation of catalase (0.3 mg mL¡1) at 60 �C. (A) The dependence of the light scattering intensity (I) on time (t). (B) The
dependence of derivative dI/dt on the light scattering intensity. Points are experimental data. Solid curve was calculated from Eq. (4)
at the following values of parameters: D ¼ 0.50 min�1, Ilim ¼ 1.06 and m ¼ 3.4.
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1.1.3. Aggregation of lysozyme in the presence of 20 mM DTT (42 �C)
Kinetics of DTT-induced aggregation of lysozyme at 42 �C in the absence and in the presence of Wt,

R69C and D109H aB-Crys (Fig. 4) was analyzed using Eq. (5). The initial kinetic data are represented in
Table S3 in supplementary materials. Parameters Ilim, t*, t0.5 and m for lysozyme aggregation are given
in Table 1.
Fig. 4. Aggregation of lysozyme (0.2 mg mL¡1) in the presence of 20 mM DTT at 42 �C. (A) The dependence of the light scattering
intensity (I) on time (t) for aggregation of lysozyme in the absence of any additives. Points are experimental data. Solid curve was
calculated from Eq. (5) at the following values of parameters: Ilim ¼ 1.220, t* ¼ 8.34 min, t0.5 ¼ 7.90 min and m ¼ 1.18. (B)
The dependence of I on t for aggregation of lysozyme in the presence of Wt aB-Cry (0.08 mg mL�1). Solid curve was calculated from
Eq. (5) at the following values of parameters: Ilim ¼ 0.745, t* ¼ 27.7 min, t0.5 ¼ 6.69 min andm ¼ 0.69. (C) The dependence of I on t for
aggregation of lysozyme in the presence of R69C mutant form of aB-Cry (0.08 mg mL�1). Solid curve was calculated from Eq. (5) at
the following values of parameters: Ilim ¼ 0.848, t* ¼ 18.0 min, t0.5 ¼ 11.4 min and m ¼ 0.55. (D) The dependence of I on t for
aggregation of lysozyme in the presence of D109H mutant form of aB-Cry (0.08 mg mL�1). Solid curve was calculated from Eq. (2) at
the following values of parameters: Ilim ¼ 1.020, t* ¼ 22.2 min, t0.5 ¼ 8.22 min and m ¼ 1.02.
1.1.4. Aggregation of g-crystallin at 60 �C
Fig. 5 shows the kinetics of aggregation of g-crystallin (g-Cry) at 60 �C in the absence and in the

presence of Wt, R69C and D109H aB-Crys. The initial kinetic data are represented in Table S4 in
supplementary materials. Parameters Ilim, t*, t0.5 and m for lysozyme aggregation calculated using
Eq. (5) are given in Table 1.



Fig. 5. Aggregation of g-Cry (0.16 mg mL¡1) at 60 �C. (A) The dependence of the light scattering intensity (I) on time (t) for ag-
gregation of g-Cry in the absence of any additives. Points are experimental data. Solid curve was calculated from Eq. (5) at the
following values of parameters: Ilim ¼ 1.138, t* ¼ 9.5 min, t0.5 ¼ 8.0 min and m ¼ 0.75. (B) The dependence of I on t for aggregation of
g-Cry in the presence of Wt aB-Cry (0.08 mg mL�1). Solid curve was calculated from Eq. (5) at the following values of parameters:
Ilim ¼ 0.717, t* ¼ 20.8 min, t0.5 ¼ 8.1 min and m ¼ 0.69. (C) The dependence of I on t for aggregation of g-Cry in the presence of R69C
mutant form of aB-Cry (0.08 mg mL�1). Solid curve was calculated from Eq. (5) at the following values of parameters: Ilim ¼ 0.811,
t* ¼ 21.0 min, t0.5 ¼ 4.2 min and m ¼ 0.85. (D) The dependence of I on t for aggregation of g-Cry in the presence of D109H mutant
form of aB-Cry (0.08 mg mL�1). Solid curve was calculated from Eq. (2) at the following values of parameters: Ilim ¼ 0.788, t* ¼ 15.8
min, t0.5 ¼ 4.6 min and m ¼ 1.03.
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2. Experimental design, materials, and methods

2.1. Chaperone-like activity assessment of R69C and D109H mutant aB-Crys

The chaperone-like activity of mutant aB-Crys was measured using different client proteins
including insulin, lysozyme, catalase and g-Cry [5]. Aggregation of bovine pancreatic insulin (0.3
mg mL�1) and chicken egg white lysozyme (0.2 mg mL�1) was induced with dithiothreitol (DTT; 20
mM) in buffer A at 40 �C. The heat-induced aggregation of g-Cry and bovine liver catalase was per-
formed at 60 �C. The molar ratio of chaperone/g-Cry was set at 1:2. The aggregation of catalase
(0.3 mg mL�1) was induced in the presence of different chaperones. The light scattering of the client
proteins was measured while the concentration of the chaperone was fixed at 0.1 mg mL�1. The ag-
gregation of g-Cry was obtained in the presence of 0.08mgmL�1 ofWt andmutant aB-Cry chaperones.
The aggregation progress of the client proteins was monitored bymeasuring light scattering at 360 nm
as a function of time, using a T90þ UVeVis spectrophotometer (PG Instrument Ltd., UK) equipped with
a Peltier temperature controller. Moreover, all of the measurements were done in the absence of
shaking/stirring condition.
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Origin Pro 8.0 SR0 software was used for the calculations. To characterize the degree of agreement
between experimental data and calculated values, we used the coefficient of determination R2

(see Ref. [6]).
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