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In order to realize the mechanism of aggregate formation of proteins in solution, the thermodynamic properties
and state diagram of the thermally induced aggregation of protein at various molar fractions of 1,4-dioxane were
determined by DSC, circular dichroism (CD), dynamic light scattering (DLS), and scanning electron microscopy (SEM).
In this solution, the transition temperatures of thermal denaturation and aggregation differ significantly, so each transition
enthalpy can be easily determined. The transition temperature and enthalpy of protein were significantly dependent on
the molar fraction of 1,4-dioxane, incubation time, and scan rate. In this paper, the DSC measurements for protein
aggregation are introduced focusing on the recently revealed results for f-lactoglobulin (LG). The secondary structure
of LG influenced greatly with dioxane concentration, temperature, and incubation time, resulting the aggregated structure
became spherical or amorphous. The enthalpy changes for the thermal aggregation were large negative (exothermic)
which may reflect to the aggregation from a supersaturated state of the protein and the interaction between protein

molecules.
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Fig.1 DSC results of B-LG in (1-x) water + 1,4-dioxane within
1 hour after sample preparation. The numbers in the figure are
mole fractions of 1,4-dioxane.

Fig.2 Photo of B-LG solution after heating in (1-x) water + 1,4-
dioxane and its SEM image. (a) x = 0.025, x 20k; (b) x = 0.10, x
40k.
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Fig.3 Plots of 7. and AH, for thermal aggregation of B-LG in
(1-x) water + x1,4-dioxane.
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of 1,4-dioxane. (b) CD spectra of B-LG at various temperatures
and x =0.1.
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Fig.5 State diagram of protein in aqueous dioxane solutions. (a)
B-lactoglobulin, (b) cytochrome ¢ (Ref. 11), (¢) myoglobin (Ref.
12). N, Native state; TD, Thermal denatured state; AA,
Amorphous aggregated state; SA, Spherical aggregated state; FA,
Fibrinous aggregated state; Ia, o-rich Intermediate state; If, -
rich Intermediate state.
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Fig.6 DSC thermoprofiles of B-LG atx = 0.1. The number is an
incubation time at 4 °C after sample preparation.
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Fig.8 DSC thermoprofiles of B-LG at x = 0.1. The number is an
incubation time at 4 °C after sample preparation.
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Fig.11  (a) DSC thermoprofiles of cytochrome ¢ in DMSO (x =

0.65) and (b) 1,4-dioxane (x = 0.20). The number in the figure is
the scan rate (K/min). (c) Plots of 7. and (d) AH for the
aggregation against the scan rate.
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