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Reversible Oligomerization of Proteins at High Temperature
Revealed by DSC Analysis
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While irreversible aggregation or amyloid formation of denatured proteins are well known and studied in detail,
the reversible oligomerization (RO) states of some monomeric proteins at high temperature have been recently
discovered by DSC analysis. In this article, the RO states of horse cytochrome ¢ and envelope protein domain 3 from
dengue 4 virus were reviewed, and the essential points for the DSC analysis for such self-association/dissociation
process were briefly introduced. The significance of RO was discussed as a key process for the kinetics of aggregation
and/or amyloid formation, and the importance of the concentration dependence check was suggested for DSC analysis

even for monomeric proteins.
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Fig.1® (A) Heat capacity profiles of the transition of horse
cytochrome ¢ at 50 mM glycine buffer, pH 2.5, 500 mM KCIL.
Open squares, circles, triangles, diamonds, and crosses show the
heat capacity profiles at 18, 10, 4, 1, and 0.5 mg/mL cytochrome
¢, respectively. Solid lines show the fitting data calculated with
the six-state model (see the text in detail). (B) Reversibility of
the thermal transition of the molten globule state of cytochrome
¢ with the protein concentration of 18.0 mg/mL. Open circles
show the first heating of DSC (scanning up to 353.15 K). Solid
line shows the second heating of DSC. (C) Scanning rate
dependence of DSC profile of the thermal transition of the
molten globule state of cytochrome c¢ with the protein
concentration of 18.0 mg/mL. Both data of the down scan
(broken lines) with the scanning rate of —0.5 K min™'and the up
scan (Thick solid line) with 1 K min™' were indicated in the
figure. The down scan was started from 353.15 K to 283.15 K,
and the up scan was done just after the down scan in the same
temperature range. (Reprinted with permission from American
Chemical Society).
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Fig.2” (A) DSC thermogram of envelope protein domain 3 (ED3) wild type from dengue 4 virus with three-state model fitting (see
text in detail) and V380K mutant with two-state model fitting at 1 mg/mL, pH 4.6, and a scan rate of 1 K/min. Dots represent the
raw data, and lines represent the fitting curve. (B) Concentration dependence of the DSC thermogram of wild type ED3 and
V380K mutant at 0.5-1 mg/mL protein concentration in 50 mM acetate buffer, pH 4.6, and a scan rate of 1 K/min. The filled and
open circles show DSC thermograms at 1 and 0.5 mg/mL, respectively. (Reprinted with permission from American Chemical

Society).
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