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Thermodynamics of Lysozyme in Binary Solutions of Water + DMSO

Tadashi Kamiyama
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Thermodynamic properties of lysozyme in binary solutions of water + dimethyl sulfoxide
(DMSO) were studied paying attention to the intrinsic viscosity, the partial specific volume,
the activation free energy for viscous flow, and the thermal denaturation of lysozyme. The
thermostability and cooperativity of lysozyme for thermal denaturation was decreased and increased,
respectively, with increasing the molar fraction of DMSO (x2). Lysozyme was stabilized (AAG
=-—3 kJ mol ') through the specific binding of DMSO at x = 0.05. In the range of xo = 0.3
to 0.4, lysozyme was unfolded accompanied with increase in the intrinsic viscosity (A[n] =5.0
cm? g 1), the partial specific volume (Ave = 0.023 cm? g-!), and the activation free energy for
viscous flow ((AAu°*3=1.4 X103 kJ mol-!. It was considered that these changes were due to
interfering water - lysozyme interaction through the strong water - DMSO interaction which
was reflected in the maximum or minimum excess functions of the binary solution. The
apparent partial specific volume of lysozyme was significantly dependent on the concentration
of lysozyme and DMSO, indicating the preferential hydration or solvation to lysozyme. These
results indicate that thermodynamic properties of protein in binary solutions together can sensitively
reflect the conformational change of protein and the interaction with solvent.
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Excess functions

Fig.1 Excess functions of binary solutions, water (1)
+ DMSO (2), at 298.15 K. [, excess enthalpy
(kJ mol-1), (O, excess volume (cm3 mol - 1), A,
excess viscosity (mPa s 1), [, excess activation

free energy for viscous flow (kJ mol-1).
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Fig.2 Fluorescence spectra of lysozyme at various x»
(A) and wavelength for maximum emission at
298.15 K (B).
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Fig.3 DSC thermograms of lysozyme in binary solutions

of water and DMSO. The numbers next to the
curves represent the mole fractions of DMSO,
x2. The reversibilities of these measurements

were over 95%.
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Fig.4 Dependence of thermodynamic properties for
thermal denaturation of lysozyme on the x».

Table 1 Thermodynamic properties for thermal denaturation of lysozyme in binary solutions of water and DMSO.

X2 Tm AH AC, T AG3o0 AH300 TAS300

T kJ mol ! kJ mol -1 K ! (@ kJ mol ! kJ mol ! kJ mol !
0.00 77.19 £0.01 537 £3 5.4+0.3 6.88 +£0.01 56.8 267.1 210.4
0.05 73.87 £0.01 583 +6 5.7+0.5 6.33 £0.01 59.9 315.0 255.1
0.10 69.80+0.02 571+6 6.3+0.3 6.82 +£0.01 53.8 299.9 246.1
0.20 60.96 +0.01 508 £5 3.5+0.3 7.30£0.01 45.5 388.4 342.9
0.30 48.95 +0.02 445 =10 0.4+0.3 7.53 £0.01 30.2 437.0 406.8
0.40 - - — — — — —
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Fig.5 Plots of intrinsic viscosities of lysozyme against
the x; at 298.15 K.
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Fig.6 (A) The concentration dependences of apparent

partial specific volumes of lysozyme, k, and
(B) partial specific volumes of lysozyme at
infinite dilutions against x; at 298.15 K.
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Fig.7 Viscous flow model of protein in solution.
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Fig.8 Plots of Auc*i(A) and Auc’ /Vei—1 (B) in various
aqueous DMSO solutions: i = "12" in the absence
of lysozyme (O); i = "3" in the presence of
lysozyme (@)
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