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Despite the fact that proteins are important molecules involved in almost all life phenomena, the principles of
thermodynamic stability, the most fundamental topic of protein research, have not been elucidated. In this review, we
first describe the thermodynamic properties of temperature-dependent denaturation (thermal and cold denaturation) and
outline the generally accepted model of the denaturation mechanism (Kauzmann model). Then, the thermodynamic
properties of pressure denaturation and the pressure dependence of the Gibbs energy of dissolution of hydrocarbons in
water are presented. Comparison of these shows that the Kauzmann model cannot explain pressure denaturation of
proteins. Since Gibbs free energy is a function of temperature and pressure, a correct denaturation model must be able
to account for both temperature and pressure denaturation without contradiction. The temperature-pressure axial energy
landscape of denaturation is essential for constructing a true model. Finally, we describe some recent theoretical and
experimental studies on pressure denaturation mechanisms that have been very influential in this research field.
Keywords: protein stability, pressure denaturation, temperature-pressure axis energy landscape of denaturation,

denaturation mechanism
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Fig.1 Temperature dependence of the thermodynamic functions
for (a) the denaturation reaction of ribonuclease A, and (b)
transfer of pentane of liquid pentane to water. The curves in (a)
are calculated using data from Ref. 3; those in (b) are calculated
using data in Ref. 4.
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Fig.2 Pressure dependence of the relative Gibbs energy to the
value at 0.1 MPa, for transfer of alkylbenzenes of the liquids to

water at 25 °C: m, toluene; A, ethylbenzene; V¥, n-propylbenzene.

The plots and curves are calculated using data in Ref 11.
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Fig.3 (a) AG°(T,p) landscape and (b) phase diagram of
denaturation for a-chymotrypsinogen. Both graphs are calculated
using data in Ref. 10.
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Fig.4 Potential mean force (PMF) for methane association for
varying pressure from —16 to 725 MPa.
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Fig.5 Schematic drawings for defining various types volumes
of proteins.
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