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Analysis of Structural Phase Transition of a Small Protein

Shinya Honda

(Received July 19, 2005; Accepted August 1, 2005)

This review describes the analytical techniques for evaluating the structural phase transition
of a small protein. First, it outlines the significance of thermal analyses in protein research.
Next, a practical limitation of micro DSC to detect the structural phase transition of a small
protein is mentioned, though this method is adequate for ordinary proteins. We then introduce
the strategy for analyzing a small protein combining the optical measurements using chemometrics
and the atomic level analyses by NMR, which were conducted by us to overcome the above
problem. Finally, the meaning of the thermodynamic result obtained from these analyses is

discussed.
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Fig.1 Simulated DSC curves of a protein. The curves
(a, b, ¢, d and e) were computed on the
assumption of the two-state phase transition
theory using following parameters respectively:
AHped 0 AHRHO 400, 200, 100, 50 and 25 kJ
molct; AC,04, 2, 1, 0.5 and 0.25 kJmolo1 Ko
1 TmO 330 K.
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Fig.2 CD spectra of chignolin at various temperatures.
The protein was dissolved at 0.98 mM in 20
mM sodium phosphate buffer (pH 5.5).
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Fig.3 Results of singular value decomposition (SVD)
analysis of CD spectra. Twenty highest singular
values (a) and four most important loading spectra
(b) are shown, respectively.
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CD melting curves of chignolin monitored at 213
and 229 nm. The solution condition is the same as
Fig.2. Two theoretica curves (thin line) are calculated
using the averaged parameters in Table 1.

Table 1 Thermodynamic parameters of chignolin upon

unfolding.
method T AHm ASn AGy
/K /kdImolot /[Jmolot Kol /Imolol Kot
CD (213 nm) 311 25.9 83.5 0 (fixed)”
CD (229 nm) 314 29.3 93.2 0 (fixed)”
NMR 315 26.0 82.3 0 (fixed)*
average 313 27.1 86.3

*Analysis was carried out under the both conditions of
variable and fixed ACp. Yet, the differences between
resultant values were not significant.?
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Fig.5 NMR melting curves chignolin monitored at
various protons. Backbone Ha protons (a),
backbone Hy protons (b), Y2 side chain protons
(c), and W9 side chain protons (d) are illustrated.
Relative changes in chemical shift values are
rescaled to correspond to the molar fraction of
the folded state. Four theoretical curves (solid
line) are calculated using the averaged parameters
in Table 1.
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of proteins. Changes in enthalpy, entropy, heat
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circle) and various proteins (dot) are plotted as
the function of their chain lengths. Parameters
except chignolin are cited from a literature.1?
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Fig.7 Molar fractions of the folded state of chignolin,

human lysozyme, and Thermotoga maritime cold
shock protein (TmCSP). Freezing and boiling
points of water are indicated with broken lines.
Parameters for lysozyme and TmCSP are cited
from literatures.1415 All three proteins are reported
to exhibit a two-state phase transition.
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