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FIGURE 1—4. Schematic diagram of conformational substates, CS, and equilibrium
fluctuations, EF. The ordinate is the Gibbs free energy, the abscissae the
conformational coordinates, CC 1-4. At room temperature the state CC appears
to be located in a smooth well. As the temperature is lowered, the substructure of
the energy landscape begins to appear with many minima representing closely
similar forms in thermal equilibrium. As the temperature decreases, molecules
are frozen into the individual minima, each of which develops additional
structure. Within each tier of substates, the equilibrium fluctuations distribute
the molccules among these minima. The final tier, CS*, would be identifiable
only at a temperature near absolute zero. This general description was set up to
rationalize the data collected on the kinetics of the photodissociation and
reassociation of the myoglobin-carbon monoxide complex as a function of
temperature. (Reprinted with permission from Ansari et al., 1985)
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(A) Schematic unfolding transition.
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(B) Two-step procedure:

I: Refolding step.
At t = 0 : Start refolding in a test tube (cf. arrow 1)

Il: Unfolding assay.
Att=t;: jump to (2) or (3) to measure, respectively, the unfoiding
amplitude of the intermediate (l) or the native protein (N), as indicated
by arrows (2) and (3).

FIGURE 5-5. Schematic outline of the method of using unfolding assays to
measure the formation of intermediates or of native protein during refolding.
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Analysis of a thermal unfolding curve

1. The data are from a thermal unfolding curve determined under the same conditions as the urea
unfolding curve analysed in Table 3. Values of fi;, K and AG were calculated using Equations 2, 3
and 4, respectively. A least-squares analysis of the pre- and post-transition region gave yg = 87.2 +

0.66 (T) and yy = 646.

'T(°C) y fu K 4G (cal/mol)
16.2 98.1

21.0 100.9

25.6 103.7

30.2 107.4

45.4 2213 0.197 0.245 890
46.3 263.9 0.277 0.383 vl0
47.2 313.9 037 0.589 337
48.1 367.6 - 0.472 0.894 72
49.0 422.2 0.575 1.353 -193
49.9 474.1 0.673 2.061 —464
50.8 518.5 0.757 3.123 =733
51.7 555.5 0.828 4.805 —1013
61.2 645.4

65.5 646.3

69.8 646.3

73.8 645.4

2. The slope of a plot of AG versus T = —300.3 cal/mol/deg, and T = T, = 48.3°C at AG = 0. Since
AG =0at T,, AH,, = (T,)(ASy). Therefore, AH,, = (48.3 + 273.2)(300.3) = 96.5 kcal/mol. The
slope of a van’t Hoff plot (Equation 6) = —48631 K. Therefore, AH,, = —(1.987)(—48631) = 96.6
kcal/mol. The values of AH obtained by taking the slope between individual points in the transition
regions are: 99.9,97.5,94.7, 94.8, 96.7, 96.1 and 100.1 kcal/mol. Clearly, these data cannot be used
to determine AC,, with Equation 7.

3. Toestimate AG at 25°C, we use Equation 8. If we assume AC, = 0, the second term in the equation
=0, and AG(25°C) = 7.0 kcal/mol. If we calculate AC,, using the rough rule of thumb mentioned in
the text, AC, = (12 cal/mol/deg/residue) X (104 residues) = 1250 cal/mol/deg. This leads to
AG(25°C) = 7.0 — 1.1 = 5.9 kcal/mol with Equation 8. Note that this is in excellent agreement with
the value of AG(H;0) = 5.7 kcal/mol from the analysis of a urea unfolding curve in Table 6.

*The value of —y is the specific rotation measured at 295 nm.
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