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Thermodynamic Studies on the Multi-state Thermal Transitions
of Globular Proteins

Shun-ichi Kidokoro

Some recent developments of the thermodynamic studies on the multi-state thermal
transitions of globular proteins are reviewed. Enphasis has been placed to the statistical
mechanical basis and new methods of the scanning calorimetry data analysis for the multi-state
system, In the analyses, a thermodynamic state is defined as an ensemble of the microstates
of the system, assuming the heat capacity function and two integral constants. Upon these
assumptions, the multi-state system can be analyzed by deconvolution method even when
the system includes self-dissociation/association process, using the relation between the
partition function (or molar fraction function) and the enthalpy function. The obtained
thermodynamic parameters are refined by non-linear least squares fitting. By the methods,
the thermal transitions of porcine pepsinogen at various pH values are analyzed to be
four-state transitions, and the thermal transition of Vibrio parahaemolyticus hemolysin at

pH7.0 are estimated to be three-state transition including dimer-monomer equilibrium.
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Fig. 1 Typical heat capacity function of a globular
protein (thick line) simulating that of hen egg
white lysozyme with the thermodynamic
functions reported by Privalov et al.101D)
Two assumed heat capacity functions Cj(T)
and Cy(T) are represented by thin lines.
AH{(T) and —AH(T) at T=322K are repre-
sented by the hatched areas.
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Fig. 2 Heat capacity function of porcine pepsino-
gen at pH7.6 measured by DASM-1M differ-
ential adiabatic scanning microcalorimeter at
a heating rate of 1K/min. Heat capacity is
plotted as the excess value from the assumed
heat capacity function of the native state
Cn(T). The heat capacity function of the

heat denatured state Cp(7T) is assumed as it
same

has the
Cn (7).
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Fig. 3 Molar fraction function of the native state
and heat denatured state of pepsinogen at
pH7.6 (thin lines) and their sum (thick line).
They are calculated by double deconvolution
using the heat capacity functions in Fig. 2.
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Fig. 4 Enthalpy function of pepsinogen at pH7.6,
H(T), and the hypothetical enthalpy function
H®.D)(T) obtained by the double deconvolu-
tion analysis. Enthalpies are plotted as the
excess values from the assumed enthalpy
function of native state Hy(T). Hp(T) is
calculated as the sum of AHN(T) and
~AHp(T). The enthalpy functions of the
two intermediate states, Hy, and Hy, are
assumed.
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Fig. 5 The best fitted heat capacity function
(solid lines) to the observed values of pepsino-
gen at pH7.6 (circles). The parameters of the
model are restricted as all the Agy s are fixed
to zero. Heat capacity function is plotted as
the excess value from the heat capacity func-
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Fig. 6 Heat capacity functions of pepsinogen at
the indicated pH (circles) measured by DASM-
1M calorimeter at a heating rate of 1K/min.
Protein concentrations are about Ilmg/ml.
Solid lines are their best fitted functions with
a four-state model.
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Fig. 7 Apparent heat capacity function of Vibrio
parahaemolyticus hemolysin at pH7.0 meas-
ured by DASM-IM calorimeter at a heating
rate of 1K/min. Protein concentrations are
0.21mg/ml (curve 1), 0.38mg/m! (curve 2),
and 0.57mg/ml (eurve 3). Observed data are
plotted by circles, and the best ficced func-
tions with three-state model N, =21=2D
are shown by solid lines. Heat capacity
functions are represented as the apparent
values of the protein molecules dissolved in
the Iml solution of the cell.

104
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Fig. 8 Molar fraction functions of the three states
of hemolysin at pH7.0. They are calculated
from the best fitted parameters of the three-
state. model. Protein concentrations are
indicated by the same number as in Fig. 7.
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