J Therm Anal Calorim (2015) 120:489-499
DOI 10.1007/s10973-014-4374-2

Thermal denaturation of a-chymotrypsinogen A in presence

of polyols at pH 2.0 and pH 3.0

Carmen M. Romero ‘- Juan S. Abella -
Adrian Velazquez - Javier Sancho

Received: 13 July 2014/ Accepted: 21 December 2014 /Published online: 29 January 2015

© Akadémiai Kiadd, Budapest, Hungary 2015

Abstract Osmolytes are cosolutes that induce stabiliza-
tion of the structure of proteins. Polyols are osmolytes that
have importance in a wide variety of biotechnological and
industrial processes. In this work, a systematic study con-
cerning the effect of polyols of different number of meth-
ylene and hydroxyl groups on the stability of o-
chymotrypsinogen A is presented. Protein thermal stability
measurements in buffer, ethylene glycol, glycerol, meso-
erythritol, sorbitol and inositol was followed by fluores-
cence measurements. Under the selected conditions, the
thermal denaturation of o-chymotrypsinogen A is a
reversible transition between native and unfolded state that
can be well described by a two-state model. Reversibility
of the transition was confirmed by DSC, circular dichroism,
UV-Vis and fluorescence measurements. The change in
thermal stability of the protein in the presence of ethylene
glycol, glycerol, erythritol, sorbitol and inositol shows that
ethylene glycol is the only polyol that presents a destabi-
lizing effect. The other cosolutes exert stabilizing effects

C. M. Romero (X)) - J. S. Abella

Departamento de Quimica, Universidad Nacional de Colombia,
Bogota, Colombia

e-mail: cmromeroi @unal.edu.co

J. S. Abella
e-mail: jsabellac@unal.edu.co

A. Velazquez - J. Sancho

Instituto de Biocomputacion y fisica de sistemas complejos
(BIFI), Universidad de Zaragoza, Zaragoza, Spain

e-mail: adrianvc @unizar.es

J. Sancho
e-mail: jsancho@unizar.es

J. Sancho
Departamento de Bioquimica y Biologia Molecular y Celular,
Universidad de Zaragoza, Zaragoza, Spain

that increase with the number of hydroxyl groups and
depend on concentration.
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Introduction

The conformational stability of proteins is controlled by
intramolecular interactions between protein groups and
intermolecular interactions between the protein and solvent
molecules [1]. Hydrophobic and hydrophilic interactions
between water and the protein have a strong effect on the
stability of protein structure. Changes in pH, pressure,
temperature and concentration of cosolutes may cause
conformational changes in proteins. Although several
models, such as preferential interaction, excluded volume,
surface tension increment and Wyman binding functions,
have been proposed to explain the experimental observa-
tions, the mechanism by which cosolutes induce changes in
protein structure has not been clearly elucidated [2—6]. It is
therefore of interest to study the thermodynamic behavior
in different solvent systems as the results can contribute to
obtain information about solute—solvent interactions and
their effect on the stability of proteins [7]. Moreover, the
information will help to find suitable conditions to achieve
long-term stability of proteins.

o-Chymotrypsinogen A, a precursor of the enzyme chy-
motrypsin, is a globular protein with a molecular mass of
25.7 kDa. It contains 246 amino acid residues with five
disulfide bonds and a secondary structure with a predomi-
nance of B-sheet [8]. Several studies on the stability of o-
chymotrypsinogen A indicate that this protein undergoes a
reversible thermal denaturation at acid pH [9—11]. Thermal
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denaturation studies show that o-chymotrypsinogen A
unfolding proceeds through a two-state mechanism that
involves the native and unfolded states provided that the
transition is studied under reversible conditions [4, 12]. The
denaturation temperature reported for the protein is strongly
dependant on pH, ranging from 314 to 332 K [4, 5, 11].

It is known that polyols stabilize proteins, but the
mechanism has not been elucidated. In particular, there is a
lack of information concerning the effect of polyols on the
conformational stability of a-chymotripsinogen A, espe-
cially about the effect of increasing the chain length and
the number of hydroxyl groups of this cosolutes. For this
reason, this paper presents an experimental systematic
study of the effect of ethylene glycol, glycerol, meso-
erythritol, sorbitol and myo-inositol on the thermal stability
of a-chymotrypsinogen A at acid pH where the denatur-
ation process is reversible.

Materials and methods

o-Chymotrypsinogen A type II, essentially salt-free,
lyophilized powder (6x crystallized Sigma) was used
without further purification. Ethylene glycol >99.0 % was
obtained from Sigma-Aldrich, glycerol >99.0 % from
Sigma, meso-erythritol >99.0 % from Sigma, p-sorbitol
>99.0 % from Aldrich, and myo-inositol >99.0 % from
Sigma. Water was doubly distilled, treated according to the
literature and degassed before use. The final product
exhibited a conductivity lower than 1.0 pS cm™'. Hydro-
chloric and phosphoric acids were analytical grade (Merck).

A stock protein solution was prepared dissolving a
weighed amount of protein in HCI buffer 0.01 M pH 2.0.
Polyol solutions in buffer of six different concentrations
were prepared by mass. A sample of the stock solution was
diluted with the polyol solution to obtain a final protein
concentration of around 0.5 mg mL™"'. Protein concentra-
tion was checked by UV using a Varian’s Cary 100 UV-
Vis spectrophotometer with an extinction coefficient
€250 = 1.97 mL mg~' cm™" at 280 nm [11, 13]. The same
procedure was followed using a buffer of phosphate buffer
0.01 M pH 3.0.

Thermal denaturation profiles of the protein in the pre-
sence of polyol solutions were determined using a Cary
Eclipse (Varian) fluorescence spectrometer. The spectra
were measured with excitation at 280 nm and emission of
353 nm. Heating rate was of 1.0 K min~". Even though the
temperature dependence of the fluorescence intensity for o-
chymotrypsinogen A does not show a classic sigmoidal
shape, the curves exhibit a clear transition between two
states making possible to determine the thermodynamic
parameters.
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Circular dichroism spectra were obtained in the far-
and near-UV region using a spectrophotometer CHIRA-
SCAN from Applied Photophysics Ltd. The spectra were
recorded at 298.15 and 343.15 K in order to observe the
change in structure in o-chymotrypsinogen. The denatur-
ation profiles were obtained in the far UV at 236 and 225
and at 288 and 297 nm in the near UV, with a heating
rate of 1.0 K min~"'.

Reversibility studies of the denaturation process were
performed by UV and fluorescence spectroscopy compar-
ing spectra after successive heating of the sample [14]. The
shape of the spectra, denaturation enthalpy and temperature
were reproducible showing that under the experimental
conditions, 0.5 mg mL™' concentration of o-chymotryp-
sinogen A and 1.0 K min~' heating rate, the thermal
unfolding process of protein was reversible.

Differential scanning calorimetry was carried out using
a VP-DSC MicroCal system (MicroCal, Northampton,
MA, USA), and profiles were analyzed with the Origin 7.0
software. The protein concentration for all experiments was
0.5 mg mL™". The liquid samples were previously degas-

sed, and the heating rate was 1.0 K min~".

Thermal denaturation parameters

Denaturation temperature 7y, and thermodynamic param-
eters of the unfolding process are obtained from the ther-
mal denaturation curves [14—18]. The apparent equilibrium
constant Ky for a reversible denaturation process between
native and unfolded states is determined from the rela-
tionship between the fraction of unfolded molecules Xy
and folded molecules Xy during the reversible transition as
described by Eq. 1:

Ky =
VT Xy

(1)

Several properties, spectroscopic or calorimetric, can be
used to determine the equilibrium constant and the free
energy change for the unfolding process (AGY) usually
referred as the conformational stability of the protein [18].

AGY = —RT InKy (2)

When spectroscopic properties are used, the observed
property during the thermal unfolding transition is given
by:

Y = YaXn + YuXu (3)

where Yy and Yy are the values of the property for the
native and unfolded species. The properties selected to
follow unfolding depend on temperature, and it is assumed
that they have a linear dependence that can be expressed by
the following equations:
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YN = Yno +mnT (4)
Yy = Yuo + myT (5)

Yno and Yy are the values of the property for the native
and unfolded species, at 7= 0 and my, my are the
experimental slopes. Combining Eqs. 1-5 the following
relationship is obtained:

0

Yno + mnT — (Yyo + myT)e 7
Y= 2 (6)

1+e =

In Eq. 6, the free energy change AG' is represented by
the integrated Gibbs—Helmholtz equation:

o T T
AG® = AHS,, <1 - Tm) — ACG, {Tm —T+Tin (m)]
(7)

Normalized signals obtained by different experimental
techniques can be globally fitted to Egs. 6, 7 to yield a
single set of thermodynamic parameters and specific sets of
spectroscopic parameters if the thermal transition process
can be represented by a two-state model.

Results and discussion

Thermal stability of a-chymotrypsinogen A at pH 2.0 and
pH 3.0 was followed using different spectroscopic tech-
niques in order to determine whether the transition can be
assumed as a change between two states: a folded and an
unfolded state or a multi-state denaturation process. The
techniques used were UV-Vis absorbance, fluorescence
and CD in the far and near UV (Fig. 1). Table 1 summa-
rizes the thermodynamic parameters obtained from thermal
unfolding process of a-chymotrypsinogen A using different
spectroscopic techniques.

Denaturation temperatures and the shape of the
unfolding curves obtained using the different techniques
show consistency and indicate that the thermal unfolding of
o-chymotrypsinogen A can be represented as a process
between two states with a single transition between the
native state and the unfolded state. A global analysis of the
denaturation profiles indicates that a single denaturation
temperature and enthalpy, essentially identical to those
provided by individual analyses of the individual curves,
describe the unfolding at either pH 2 or 3. This thermo-
dynamic analysis confirms that the transition can be
assumed as a change between two states.

In order to examine the effect of polyols on protein
stability, thermal denaturation profiles of a-chymotrypsin-
ogen A in the presence of polyols and buffers were per-
formed by fluorescence measurements. Figures 2 and 3

present the thermal unfolding curves of the protein in the
presence of polyols and the selected buffers.

The effect of polyols on denaturation temperature
clearly depends on the number of OH groups, as well as on
concentration. Table 2 summarizes the data of thermal
denaturation of a-chymotrypsinogen A in the presence of
different concentrations of polyols in buffer. The results
show that ethylene glycol exerts a destabilizing effect as it
decreases the denaturation temperature of the protein as the
polyol concentration increases. A stabilizing effect, which
is reflected in the increase in the denaturation temperature,
is observed with the other polyols that becomes stronger as
polyol concentration increases. The stabilizing effect
becomes larger as the number of hydroxyl groups in the
polyol increases. Denaturation enthalpies do not follow a
clear trend with the increase in polyol concentration, nei-
ther with change in denaturation temperature. Denaturation
temperature on both buffers are consistent with those
published by other authors [11, 19, 20].

Figure 4 shows the change in denaturation temperature
of a-chymotrypsinogen A as a function of polyol concen-
tration. It is clear that at equivalent concentrations, the
stabilizing effect of the polyols increase in the following
order:

Glycerol <erythritol < myo-inositol <bp-sorbitol

Although the change in stability of the protein in polyols
solutions was followed by fluorescence measurements, the
calorimetry and van’t Hoff enthalpy was determined in
concentrated solutions of polyols to ensure that the process
is reversible in the presence of polyols. Table 3 shows the
calorimetric and van’t Hoff enthalpy values as well as the
relationship between the enthalpy changes. It can be seen
that the relationship is very near to 1.0 confirming that the
unfolding process of the protein is highly cooperative and
can be represented by a reversible equilibrium between two
states [21, 22].

The change in heat capacity of a-chymotrypsinogen A
in buffer pH 2.0 and 3.0 and in the presence of the selected
polyols was determined by differential scanning calorim-
etry at a concentration of 3.0 mol kg~" except for inositol
whose concentration was 0.5 mol kg~ due to its low sol-
ubility. The AC, of protein unfolding at pH 2.0 and 3.0 was
13.3 kI mol ' K! and 13.3 kJ mol™! K™, respectively;
these values agree with those obtained by other authors
[11, 23].

In order to calculate the stability curves AG versus T of
the protein, the denaturation temperature and enthalpy
values obtained from fluorescence measurements as well as
the denaturation heat capacity change obtained from DSC
measurements were used. The denaturation enthalpy values
from fluorescence measurements were not used to deter-
mine the heat capacity because a clear relation between
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Fig. 1 Thermal unfolding curves of o-chymotrypsinogen A at pH 2.0 and 3.0 obtained using different spectroscopic techniques. a Normalized

signal. b Fraction of the folded protein

Table 1 Thermodynamic parameters for thermal unfolding of a-chymotrypsinogen A at pH 2.0 and 3.0 obtained by different spectroscopic

techniques
Technique Buffer pH 2.0 Buffer pH 3.0

T/K AH/KJ mol™! T/K AH/KJ mol ™"
Fluorescence 3158 £0.2 537.7 + 64.0 3259 £ 0.1 410.7 £ 26.1
Near-UV CD 317.0 £ 0.2 440.2 £ 39.3 328.3 £ 0.7 561.5 £ 77.7
Far-UV CD 316.3 £ 0.3 429.6 £+ 50.2 3272 £03 431.0 + 30.1
Absorbance 3172 £ 0.1 3984 £ 7.0 328.3 £ 0.1 521.9 £ 225
Global 316.6 £ 0.1 435.0 £+ 20.6 326.9 £ 0.2 342.8 £ 17.6

denaturation enthalpies and denaturation temperatures is
not observed. Heat capacity changes obtained from DSC
were used to estimate in an approximate way the change in
free energy for the process of thermal unfolding of o-
chymotrypsinogen A in buffer and in the presence of
polyols using the integrated Gibbs—Helmholtz equation
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[23]. Figure 5 shows the DSC curves for o-chymotryp-
sinogen A in the presence of polyol solutions at pH 2.0 and
3.0, and Figs. 6 and 7 show the stability curves of the
protein in the selected cosolutes.

The free energy of stabilization AAG of Chymotryp-
sinogen A in solution in the presence of polyols at the mean
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Fig. 2 Effect of polyol concentration of on thermal denaturation profiles of a-chymotrypsinogen A at pH 2.0
Ethylene glycol Glycerol Erythritol
5 1.0 " BufferpH3.0 1.0 = Buffer pH 3.0 = 1.04 = Buffer pH 3.0
g o om d © 0.5m 3 ©05m
D E D o 10m D ©1.0m
© 0.8+ A 15m S 0.8 5 15m © 0.8 A 15m
8 v 20m [0} v 20m @ v 20m
a o 25m @ > & ©25
o 0.6 X 30m o 0.6 25m [} 0.6 om
o - o *30m o X 3.0m
=2 2 =
044 = 0.4 T 044
(9] [0] (5
N N N
© 0.2 T 0.2 T 0.2
£ E E
o
2 0.0 2 00 2 0.0
T T T T T ) T T T T T ) T T T T T )
300 310 320 330 340 350 300 310 320 330 340 350 300 310 320 330 340 350
Temperature/K Temperature/K Temperature/K
Sorbitol Inositol
5 1.0 " Buffer pH 3.0 5 1.0 = Buffer pH 3.0
° . Tom ° g o2m
@ Om @ © 04m
§ 0.8 a ;.Sm E 0.8 405m
v
2 S 2sm 2 goem
& 0.6 M 8 0.6 ©07m
5 30m 5 X 0.8m
= =
= 0.4 = 0.4
el el
(9] (9]
N N
© 0.2 T 0.24
£ £
2 0.0 2 0.0
T T T T T ) T T T T T )
300 310 320 330 340 350 300 310 320 330 340 350
Temperature/K Temperature/K

Fig. 3 Effect of polyol concentration of on thermal denaturation profiles of a-chymotrypsinogen A at pH 3.0

transition temperature of the protein, where AG =0 is
shown in Tables 4 and 5. To evaluate the effect of the
polyols on the stability of o-chymotrypsinogen A, the
change in the stability of protein was determined as the

change in free energy of the protein in the presence and the

absence of polyol.

AAG = AGpoliol o AGbuffer

(3)
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Table 2 Thermodynamic parameters for thermal unfolding of o-chymotrypsinogen A in the presence of polyols at pH 2.0 and 3.0

Polyol/mol kg™ Buffer pH 2.0

Buffer pH 3.0

T./K AHp/kJ mol ! Tw/K AHp/kJ mol ™!

Ethylene glycol

0.0 315.7£03 493.1 £+ 54.0 3257 £ 0.2 4409 + 31.8
0.5 315.1 £ 0.2 481.8 + 433 3255 +£0.2 4429 + 30.5
1.0 3148 £ 0.3 4575 + 48.2 325.6 £ 0.2 421.8 +23.8
1.5 3144 £ 03 518.5 £ 70.2 3252 £ 0.2 464.7 + 28.4
2.0 3142 £ 0.3 515.0 £ 69.1 3252+ 0.2 434.0 £ 26.7
2.5 3140 £ 0.3 531.2 £ 78.0 324.6 £ 0.1 4649 £ 25.8
3.0 313.8 £ 0.2 499.5 £ 56.4 3244 £ 0.1 495.2 £+ 30.1
Glycerol

0.0 315.7£03 493.1 £+ 54.0 325.7£0.2 4409 + 31.8
0.5 3154 £03 457.7 + 54.9 3257 £ 0.2 4544 £ 294
1.0 3155 £ 0.2 500.0 £ 46.2 3262 £ 0.2 430.4 £ 253
1.5 315.6 £ 0.2 466.8 £+ 46.6 3264 £ 0.2 4323 +23.8
2.0 316.0 £ 0.2 4757 + 414 326.7 £ 0.2 421.4 +26.8
2.5 3163 £ 0.2 540.8 £+ 43.8 326.7 £ 0.2 4272 £ 232
3.0 316.7 £ 0.1 606.1 £ 37.9 3272 £ 0.2 444.1 £ 22.6
Erythritol

0.0 3157 £ 03 493.1 £+ 54.0 3257 £ 0.2 4409 + 31.8
0.5 316.2 £ 0.2 462.0 £+ 42.3 3262 £ 0.2 449.6 + 30.8
1.0 317.0 £ 0.2 4559 £ 30.7 326.8 £ 0.2 384.7 £ 18.6
1.5 317.1 £ 0.2 5153 £ 445 3272 +£ 0.2 391.6 £+ 28.9
2.0 317.6 £ 0.2 4689 £ 41.5 3284 + 0.2 413.0 & 22.7
2.5 318.6 £ 0.2 4589 £ 40.8 328.6 + 0.2 403.0 £ 19.5
3.0 319.4 £ 0.2 518.6 £ 37.0 3292 +£ 0.2 414.4 + 20.3
Sorbitol

0.0 315.7£03 493.1 £+ 54.0 325.7+£0.2 4409 + 31.8
0.5 316.9 £ 0.2 473.5 + 48.7 3275+ 0.2 391.8 £+ 26.0
1.0 3179 £ 0.2 462.5 £ 39.2 3283 £ 0.2 406.5 + 22.6
1.5 3195 £ 0.2 451.8 £ 46.8 3289 +£ 0.2 3974 £ 23.2
2.0 320.5 £ 0.2 456.0 £ 28.8 330.1 £ 0.2 404.7 £ 18.0
2.5 322.0 £ 0.2 4324 £ 25.6 3314 £ 04 360.4 £ 20.9
3.0 3234 £ 0.2 403.3 £+ 24.1 3326 £ 04 3714 £ 19.2
Inositol

0.0 3157 £ 03 493.1 £+ 54.0 3257 +£0.2 4409 + 31.8
0.2 316.7 £ 0.2 422.8 + 33.6 326.6 £ 0.2 4133 £ 258
0.4 318.0 £ 0.2 421.6 £ 33.5 3274+ 0.2 3949 £ 21.9
0.5 3179 £ 0.2 399.7 £ 294 3285 + 0.2 380.8 £+ 23.2
0.6 3194 £ 0.2 4353 £ 35.7 329.1 £0.2 418.4 £ 244
0.7 3189 £ 0.3 341.9 + 28.0 329.0 £ 0.2 3933 £ 224
0.8 320.0 £ 0.2 384.1 £ 31.7 3302 £ 0.3 370.7 £ 22.8

Results show that ethylene glycol is the unique polyol
having a destabilizing effect on protein structure, and this
effect becomes more pronounced as the concentration
increases, exhibiting the characteristic behavior of mono-
hydric alcohols [5, 20]. Glycerol has a small destabilizing
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effect at low concentrations, but as its concentration
increases, a stabilizing effect is observed. Erythritol, sor-
bitol and inositol exhibit a stabilizing behavior that is more
pronounced as concentration increases and is larger at
pH 2.0. These changes in the change in free energy show
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Table 3 van’t Hoff and calorimetric enthalpies for a-chymotrypsinogen A in buffers and polyols
Polyol Buffer pH 2.0 Buffer pH 3.0
AHYY/KY mol ™ AH®/KJ mol ™' AHYYAH AHYM/KI mol ™! AH/KJ mol ™! AHYYAH!
- 458.2 436.9 1.05 544.9 546.2 1.00
Ethylene glycol 520.1 495.0 1.05 603.2 577.0 1.05
Glycerol 518.0 490.8 1.06 596.5 587.9 1.01
Erythritol 461.1 451.6 1.02 540.0 534.7 1.01
Sorbitol 568.2 482.8 1.18 601.1 550.2 1.09
Inositol 482.0 461.9 1.04 581.5 553.7 1.05
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Fig. 5 DSC curves for o-chymotrypsinogen A in the presence of polyol
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that the effect of the presence of cosolutes is very important
in stabilization of proteins [20].

A graphical representation of the change in stability of
the protein at denaturing temperature in buffer pH 2.0 and

—
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solutions at pH 2.0 and 3.0

3.0, that is, 315.7 and 325.7 K, can be seen in Fig. 8. The
results reflect the behavior observed in the denaturation
temperature of o-chymotrypsinogen A in the presence of
polyol solutions. The stabilizing effect of polyols on the
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Fig. 7 Stability curves of o-chymotrypsinogen A in the presence of polyols in buffer pH 3.0

protein increases with the number of hydroxyl groups, and
the stabilizing behavior increases in the way observed for

the denaturation temperature.

@ Springer

The effect of polyols on the secondary structure of o-
chymotrypsinogen A was determinated by circular dichro-

ism spectra in the far UV between 195 and 260 nm at 298.15
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Table 4 Change in stability of the protein, AAG, in the presence of
different polyols in the denaturation temperature of the protein at pH
2.0 at 315.66 K

Polyol AAG/K] mol ™!

1

Buffer pH 2.0  Polyol concentration/mol kg™

0.5 1.0 1.5 2.0 2.5 3.0

Ethylene glycol —093 —134 —219 —247 —290 —3.03
Glycerol —045 —024 —0.16 054 100 188
Erythritol 072 184 235 281 410 584
Sorbitol 174 315 509 641 769 838

02 04 05 06 07 08
Inositol 139 298 275 476 329 476

Table 5 Change in stability of the protein AAG in the presence of
different polyols in the denaturation temperature of the protein at pH
3.0 at 325.69 K

Polyol AAG/KJ mol ™!

Buffer pH 3.0 Polyol concentration/mol kg’1

0.5 1.0 1.5 2.0 2.5 3.0

Ethylene glycol —0.33 —0.18 -0.67 —0.68 —1.58 —1.96
Glycerol —0.03 0.60 0.90 1.27 1.32 1.95
Erythritol 0.75 1.27 1.71 3.23 3.45 4.12
Sorbitol 2.11 3.09 3.66 4.97 5.56 6.78
0.2 0.4 0.5 0.6 0.7 0.8
Inositol 1.07 2.01 3.07 4.08 3.73 4.69
Buffer pH 2.0
® Ethylene glycol
109 | e Glycerol
4 Erythritol
8- | v Sorbitol v v
< Inositol
6 v N
T IR v
<} A
€ 47
) O < A
=< © N
3 24 o ¥ A o
< A o o
04 . o o
[ ]
[ ]
24 ° .
L4 °

T T T T
0.0 0.5 1.0 15 2.0 25 3.0 3.5
Concentration/mol kg™’

and 343.15 K, and it is shown in Fig. 9. The protein struc-
tural properties and the influence of the selected cosolutes
were quantified with several deconvolution softwares
CONTIN, SELCOM3, K2D and CDSSTR. The latter was
chosen due to its higher accuracy with proteins that present a
high degree of B-sheet structure [24-27]. The calculated
structures showed a normalized standard deviation value
NMRSD < 0.085, presenting good consistency with dat-
abases [28]. Table 6 summarizes the structural data of o-
chymotrypsinogen A in the presence of polyols.

The data of structural properties of the protein in buffer
are in good agreement with results previously reported by
other authors [29, 30]. The spectra show a typical behavior of
a B-sheet protein with a high content of unstructured ele-
ments, with a local minimum at 229 nm and a global around
202 nm [13]. A comparison of the structural elements of the
protein at 298.15 and 343.15 K indicates that no major loss
of secondary structure takes place at the higher temperature,
indicating that the unfolded state is probably a compact one.

The addition of polyols slightly modifies the content of the
structural elements. Ethylene glycol exerts a small destabi-
lizing effect on protein structure, and the most relevant effect
on structural elements is related to an increase in the content
of unordered regions. In contrast, glycerol, erythritol, sor-
bitol and inositol, which are stabilizing cosolutes, give rise to
an increase in the content of a-helix elements at both pHs.
Taking into account the results, it can be suggested that the
polyols that act as stabilizers of the protein increase the
helical content of o-chymotrypsinogen A [31], while the
only polyol that exerts a clear destabilizing effect increases
the content in disordered regions of the protein.

Buffer pH 3.0

® Ethylene glycol
87 | Glycerol
4 Erythritol o
64 v Sorbitol
< Inositol v
o \%
T 44 o A
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Concentration/mol kg™

Fig. 8 Change in stability of o-chymotrypsinogen A in the presence of polyols at denaturing temperature of the protein in buffer pH 2.0 and 3.0
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Fig. 9 Far-UV CD spectra for a-chymotrypsinogen A (CTG) in pH 2.0 and 3.0 buffers and in solutions of polyols at 298.15 and 343.15 K

Table 6 Structural properties of a-chymotrypsinogen A in the presence of polyols at 298.15 K

Protein solution o-helix/% B-sheet/% Turns/% Unordered/%
298/K 343/K 298/K 343/K 298/K 343/K 298/K 343/K

Buffer pH 2.0 8 32 32 25 24 36 36
Ethylene glycol 7 35 35 14 13 43 44
Glycerol 17 17 27 30 28 28 28 25
Erythritol 17 18 31 29 27 21 24 32
Sorbitol 18 18 27 29 28 15 28 37
Inositol 11 12 33 30 24 27 32 31
Buffer pH 3.0 8 6 33 35 24 23 33 36
Ethylene glycol 9 9 34 32 24 25 33 33
Glycerol 14 17 29 32 27 12 29 39
Erythritol 16 18 32 37 28 12 24 33
Sorbitol 17 22 31 26 17 17 34 35
Inositol 17 19 27 29 19 20 35 32
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Conclusions

Comparing the thermal unfolding of chymotrypsinogen by
different spectroscopic techniques, it is clear that the
unfolding process is reversible, the transition can be
described by a two-state process, and the cosolutes employed
do not affect this mechanism. Further evidence that the
transition occurs by a two-state model is that the relation
between the calorimetric enthalpy determined by DSC and
the van’ Hoff enthalpy is very close to 1 indicating a true two-
state reversible equilibrium. According to the results
obtained, the denaturation parameters were determined.
Ethylene glycol is the only destabilizing polyol, and the
effect becomes more pronounced as the concentration
increases, while the other polyols exhibit a stabilizing
behavior that is more pronounced as concentration increases.
The results show that the stabilizing effect increases as the
number of hydroxyl groups in the polyols becomes larger.
According to the structural data, no loss of secondary
structure of the protein after heating up 343.15 K at both pH
is observed. Ethylene glycol exerts a small destabilizing
effect on protein structure, and the most relevant effect on
structural elements is related to an increase in the content of
unordered regions. In the presence of glycerol, erythritol,
sorbitol and inositol, the stabilizing polyols, an increase in
the content of a-helix elements at both pHs is observed.
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