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Protein structural dynamics in solution closely correlate with its function. Although a great number of protein
structures have been determined at atomic resolution, most of them are static or averaged structures and information is
lacking on their structural dynamics. We have studied the thermodynamic properties of a DNA-binding protein, c-Myb
R2R3, and their correlation with protein structure-function relationships using biophysical methods. The analysis of
pH-dependent conformational stability showed that the a-helical content correlated with the enthalpy change. Under
physiological pH conditions, c-Myb R2R3 exists in an enthalpically unstable but entropically stable state. The
temperature-dependent NMR measurements showed that some signals were broadened with an increase in temperature
even below 37°C, indicating that extensive conformational fluctuations within the folded manifold are activated at a
physiological temperature. We also analyzed the effects on the stability and function of different conformational states
induced by the mutations. The thermodynamic analysis using DSC and ITC showed that the increased conformational
fluctuation in the native state of protein results in a decreased entropy change for either unfolding or DNA-binding.
The effects of the increased fluctuation could be detected not only by the binding but also by the folding
thermodynamics, both of which well correlated.
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Fig.1 The complex structure of c-Myb R2R3 with DNA
containing consensus sequences determined by solution NMR
(PDB code: IMSE). ¥
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Fig.2 Secondary structural analysis under different pH
conditions. (A) Far-UV CD spectra of R2R3 at pH 4.0 (thin solid
line), 5.0 (broken line), 6.0 (dotted line) and 7.0 (solid line). (B)
Plots of a-helix contents as a function of pH.
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Table 1 Thermodynamic parameters for denaturation of R2R3 at different pHs at denaturation temperature of pH 7.0 (50.4°C).

pH Ty/°C ATy/°C? AG /kJ mol™ AH /kJ mol™ AS /T mol ' K!
4.0 51.9+04 1.5+£0.4 0.66+0.15 145+7 446 + 22
45 55.5+0.2 52+02 2.3+0.09 141+9 428 + 26
5.0 56.5+0.4 6.1+0.4 2.8+£0.14 149 + 4 451+ 13
55 543+04 3.8+04 1.9+0.25 158 +8 483 £25
6.0 53.2+0.2 27+02 1.6+0.17 182+ 12 557 + 36
6.5 51.5+0.2 1.0£02 0.71+0.16 221+3 680+ 10
7.0 50.4+0.2 0.0£0.2 0.0£0.1 215+ 11 663 + 33
75 49.6+0.3 -0.8+0.3 —-0.50 +0.22 191 £22 593 + 69

* AT, values were calculated from the equation, ATy = T, (at pH x.x) — Ty (at pH 7.0)
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Fig.3 Correlation between secondary structure and

thermodynamics. Plots of a-helix contents as a function of (A)
AG or (B) AH determined from DSC analysis. The pH values are
indicated on the plots.
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Fig.4 Temperature-dependent "H-NMR spectra for R2R3. (A)
The entire spectral region, (B) the low-field region (Trp 'H®),
and (C) the high-field methyl proton region.
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Fig.5 The heat capacity curves of R2R3 wt (solid line), I155L
(dotted line), and I1155L/1181L (broken line).
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Fig.6 Schematic diagram representing the entropy levels of
folded or DNA-free, DNA-bound, and unfolded states.

Table 2 Thermodynamic parameters for denaturation of R2R3 wt and its mutants at the denaturation temperature of R2R3 wt

(50.3°C).
T,/°C ATy/°C* AG /kJ mol™ AH /kJ mol ™ AS /J mol ' K™

R2R3 wt 50.3£0.02 0 0 266 + 5 822
11551 51.2+£0.03 0.9 0.77 271 +4 834
1155L/1181L 45.8+0.1 —4.5 -2.8 216 +5 674
ATy values were calculated from the equation, ATy = Ty (R2R3 mutant) — Ty (R2R3 wt)
Table 3. Thermodynamic parameters of specific DNA binding to R2R3 wt and its mutants at 20°C.

n K, /(x 10y M AG /kJ mol! AH /kJ mol! AS /T mol' K!
R2R3 wt 0.96 £0.02 3.03+£0.30 —42.0 —433+04 —4.43
11551 1.00 £ 0.02 2.52+0.29 —41.6 —43.5+0.6 —6.48
1155L/T181L 1.00 +0.02 1.67+0.01 —40.5 —457+1.3 -17.7

Averaged values from the three experiments with standard errors.
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Table 4  Thermodynamic parameters for denaturation of R2R3 mutants at the denaturation temperature of R2R3 wt (50.3°C).
T,/°C ATy/°C* AG /kJ mol ™ AH /kJ mol”! AS /J mol' K™
P140A 48.9+0.1 -1.8+0.1 —0.84 +0.08 198 +4 615+ 11
P140G 476 +£0.6 -2.7+0.6 -1.5+03 190 £ 1 591+3
G3 47.1+£0.2 -3.2+0.2 -1.7+0.1 178 £ 4 555+ 14
ATy values were calculated from the equation, ATy = Ty (R2R3 mutant) — Ty (R2R3 wt).
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