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Unfolding of Proteins
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Unfolding mechanism of proteins is an old and new problem. In this article, basic mechanism of protein unfolding
are explained using the examples of pressure-induced unfolding, denaturant-induced unfolding, and thermal and cold
unfolding. Although unfolding of small globular proteins follow two-states, native and unfolded states, it does not mean
the existence of only two structures, since the states are determined by intermolecular interactions but the structures are
determined by intramolecular ones. Pressure-induced unfolding clarifies important contribution of hydration to the
unfolding mechanism of proteins, because pressure affects to total volume of the system. Denaturant-induced unfolding
are explained by preferential interactions between protein and denaturant molecules, which mechanism can also explain
effects of stabilizers such as salts or sugars although sign of the interactions are inverted. Negative entropy change due
to cold unfolding indicates extensive restriction of hydrated water molecules exceed to the increase of protein’s
conformational chain entropy due to unfolding. Contrary to instinctive images, thermodynamic parameters showed that
the folding of several proteins at room temperature raise the randomness of protein solution in the case of cytochrome c,
myoglobin, tryptophan synthase o subunit, and human serum albumin.
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Fig.1 Structures and states of benzene, n-hexane, and n-octane.
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Fig.2 Urea-induced unfolding of dihydrofolate reductase
monitored by CD (e) and fluorescence (o) spectra. The inset
shows urea-concentration dependence of the Gibbs free energy
change due to unfolding.
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Fig.3 Pressure-induced unfolding of dihydrofolate reductase
monitored by fluorescence spectra. The inset shows pressure
dependence of the Gibbs free energy change due to unfolding.

FTF5E) 72oT, B2 (0MPa) & K%JE (0.1 MPa)
EDOETEEA L T Eb, 2, AV FXTHD
T 7=V RICES BB TH Y, ZofITIE -79 +
6cm*mol™ Th 5,
BUNRTBEOT T+ RIS (R L 1T ED L
IRBDESLIM2N - Uy NI TOFBI Y, EHICH
LR EMET D L KRBT 2 s it 7 95,
ENZEDT v 7+ =T 4 7ORETIL, ENTHR
(& R BIRR) BERIENT O TS, FEEIZE
LT 5DEE T BRERBEOEETH Y, (HDOFHD,
RIREIRDIRFEDS AT 5 H Ay 7 35,
WREEOEE L, EH00RETHLU FTOXTHRT
ZLEIRTED,

V. =3¥nV; %)

T2 Tk Vi, WERPICEENRD i FHORSOFENLE
EESENMMERETH D, LIEN-T, WKREEDOEREEL
AT, UToXTEREND,

AV, = 3¥nfvY — ¥yl (6)

CIZITEMEONEUITERTN, RERIRIEEL T 7 4 —
N RREZRLCWD, EERERFITIHEARTHEDOH
AR, ZoRX0BOT 7 +— RiHMEERG
BEbRWED, FRSDELR n lZIRETHD, L
Do TR, LTDO XS ITERED,

AV, = Y n;AV; 7

ZIT, AViIZE ST EDT 7 —b RITHE D F kS
DY ENMEFEDOEILTH D (Figd),

Unfold

____________________

Native

vg; ”f'\ ::
¥ %%‘m‘i
O .‘_‘:M“‘-\ {4

Fig.4 Schematic drawing of volume change due to protein
unfolding.
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A: Preferential binding B: Preferential exclusion
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Fig.5 Schematic drawings of preferential interactions.

(A) Preferential binding of additive molecules to protein.
(B) Preferential exclusion of additive molecules from protein.
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Fig.6 Change of energy levels of native and unfold proteins
induced by the addition of denaturants or stabilizers.
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Fig.7 Temperature dependence of the Gibbs free energy change
due to thermal unfolding of cytochrome c. Lines indicate
temperature dependence of the AG°r (blue), AH’r (red), and
TAS°r (dashed green) calculated from thermodynamic parameters.
The inset shows change of visible absorption at 412 nm due to
unfolding.
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Table 1 Thermodynamic parameters of several proteins at their midpoint of thermal unfolding and 25 °C.

Protein pH Tu/°C AH'n {1 AC":/ - AS“TI/ - AH's {1 AS“z_sl/ - AG"s {1
kJ mol kJ mol™ K kJ mol” K kJ mol kJ mol™ K kJ mol
Cytochrome ¢ 3.0 50.7+0.1 314+7 154+1.5 1.4+0.0 —82+8 -0.3+£0.0 9+1
Lysozyme > 2.7 65.6 0.1 478 £ 1 6.6 0.7 1.4+0.0 210+22 0.6 +0.0 41+4
RNase T19 7.0 48.9+£0.1 400 £ 4 5.6£0.6 1.2+0.0 266 £ 29 0.8+0.0 25+3
Myoglobin” 11.0 76.5 494 11.7 1.4 -109 -0.5 26
Staphylococcal nuclease ® 7.0 51.5 328 9.2 1.0 84 0.2 17
Tryptophan synthase 9.0  53.7+09  394+29 20.1+1.7 12£0.1 ~183+21  —0.60.1 81
o subunit
a-Lactalbumin '© 4.2 57 271+ 14 6.8+£0.7 0.8+£0.0 53+6 0.1+0.1 15+£2
Human serum albumin 'V 7.4 63.2+0.4 372+ 19 163+1.7 1.1£0.1 —251+29 —0.9+0.1 5+1
RNase A '? 6.0 63.7+£0.2 477 £33 54+04 14+0.1 268 +27 0.8+0.1 42+5
Ubiquitin '¥ 3.0 59.3 203 34 0.6 86 0.2 15
Carbonic anhydrase 1T '¥ 7.0 64.0+0.2 795 + 84 159+1.7 24+03 175 +£26 04+0.1 55+10
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