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Energetics of Protein Structure by Scanning Microcalorimetry

Hatsuho Uedaira

Scanning microcalorimetry has a remarkable advantage in the study of protein structure,
because it gives all information on the thermodynamic states of proteins as enthalpy func-
tion. Owing to the development of scanning microcalorimetry, heat capacity functions for
thermal transition of small compact globular proteins, multidomein proteins and multi-
subunit proteins have been precisely studied. These data have revealed general principles
for the thermodynamic properties of ordered structure of small globular proteins and for
organizing into large protein molecules. In this paper, recent investigations on the follow-
ing subjects are reviewed; (1) the experimental studies on small proteins such as neurotoxins,
(2) theoretical elucidation of the heat capacity difference between native and denatured
states, (3) calorimetric data analysis for multi-domein or multi-subunit proteins, and (4)
effects of nonspecific interactions between proteins and additives on the protein structure.
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Table 1

Transition ranges for a two-state transition with various values of the

transition enthalpy. (T4 = 50°C)21)

Transition enthalpy Molecular weight®) Tem‘gerature/oC
kJ mol™ D ata=0.1% ato =09
80 3400 29 75
170 6700 39 62
250 10000 43 58

*) The average transition enthalpy is assumed to be 25 J-g~! 3).
**) a: fraction of protein molecules in a denatured states.
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Fig. 1 Excess heat capacity curves of toxins at
pH 3.10.22)

1, Neurotoxin I ; 2, cytotoxin I ; 3,
neurotoxin II
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Fig. 2 pH dependence of transition tempera-
ture.3) 22)

1, neurotoxin I ; 2, cytotoxin I ; 3,
neurotoxin Il ; 4, ribonuclease A ; 5,
lysozyme
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Fig. 3 Temperature dependence of enthalpies of
denaturation ANpH(T) for proteins.3)22)
a, ribonuclease A ; b, lysozyme; ¢, a-
chymotrypsin; d, cytochrome C; e,
metmyoglobin; f, cytotoxin I and neuro-
toxinII ; g, neurotoxinI ;h, [Nle?'+ CRF
(CRF: corticotropin-releasing factor)27)
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Fig. 4 Plots of concentration of nonpolar con-

tacts in proteins Ny, against the observed
denaturational specific heat capacity
change AxpCp.3)» 22

1, erabutoxin b ; 2, ribonuclease A ; 3,
parbarbumin; 4, lysozyme; 5, pancreatic
trypsim inhibitor; 6, @-chymotrypsin;
7, B-tripsin; 8, papain; 9, cytochrome C;
10, mioglobin
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Fig. 5 Excess heat capacity curves of [Nle?'1

CRF27).

a, observed curve at pH 7.5; b, calculated
curve assuming a two-state transition of
monomer with the same T4 and denatura-
tion enthalpy as curve a.
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Fig. 6 Thermodynamic functions for thermal
transition of metmyoglobin.29)
a, ANpH(T)
b, ANpDG(T) at pH 3.83
¢, excess heat capacity at pH 3.83
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Table 2 Thermodynamic parameters for proteins with medium molecular weight31),

Proteins M. W. Ny Nnp ANpCp AN?:{ I]OOQ)NDS
Ribonuclease A 13600 0.69 0.76 43.5 6.06 17.8
Parbalbumin 11500 0.71 0.71 46.0 6.12 16.8
Lysozyme, egg 14300 0.71 0.86 48.1 6.24 17.6
Fragment K4 Plasminogen 37000 — — 51.7 6.32 18.0
B-Trypsin 23800 0.79 0.91 57.7 6.23 17.9
o-Chymotripsin 25200 0.79 1.08 57.7 6.17 18.0
Papain 23400 0.68 1.00 60.1 6.01 17.0
Staphylococcus nuclease 16800 — - 61.3 6.05 17.5
Karboanhydrase 29000 - — 63.3 6.17 17.6
Cytochrome C 12400 0.64 1.26 67.3 6.37 17.8
Pepsinogen 40000 - - 73.3 6.47 18.7
Mioglobin 17900 0.85 1.37 74.5 6.37 17.9
Mean 0.73 1.00 6.21 17.7

Ny : number of hydrogen bonds per aminoacid residue, an

: number of nonpolar pairs per amino-

addremdu%,ANDCb:kJVK'lﬂamhumcMInoD‘l,ANDII:kJ%annnmmﬂimoD"l,ANDS:J-K'“
(aminoacid mol)™!, 115 for molecular weight of mean aminoacid residue.
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Fig. 8 Temperature dependence of enthalpy

(AnpH), entropy (8ppS) and Gibbs
free energy (44pG) of benzene (1),
ethylbenzene (2) and hexane (3).3D

Open bars denote calorimetric experi-
mental data, thin lines are the linear extra-
polated values to 110°C. Dotted lines
show the extrapolated lines to the values
obtained by the measurement of solubili-
ty of the same compounds in water.
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Fig. 9 Temperature dependence of transition
enthalpies of fragment K4 (—m-), KI
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and third (—0—) transition of fragment
K1-3 and of ribonucrease A (line a)3), 52)
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Fig. 10 Excess heat capacity curves of 118
globulin from Vicia faba (a) and Glycine
max (b) at various concentrations of
NaCl1.5%)

Temperature dependence of heat capaci-
ty for native states are shown by dotted
lines.
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Dependence of AynpH and T4 on the
concentration of NaCl.5%)

—e— 118 globulin from Glycine max,
—O—, from Vicia faba.

Bars in the figure correspond to the
error.
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Table 3 Experimental values of Bey and Anp B, and calcualted values
of Anp B for 118 glubulin54).

Added salts T/K By x 10%/cm AnpBs/(8-mol ™)
Experimental Calcd. ‘
NaCl 293 2.9 9.0
352 1.2 8.2 8.3
KCi 352 1.2 8.2 8.3
(NH4),S04 352 2.3 10.6 11.0

NG,y / K] -mol™l

Fig. 12 Total electrostatic free energy of inter-
action between charged sites, AGy,
for ribonuclease S§55). Curve 1 cor-
responds to ionic strength 0.01 in the
absence of specific ion uptake. Curves
2 and 3 are calculated at 0.15 ionic
strength in the abscene and presence of
specific anion uptake, respectively.
Curve 4 represents an experimental
values of AnpG of ribonuclease A at
25°C3) calculated from the calorimetry
data. The dashed line represents an
experimental determination of the
electrostatic component of protein
stability for ribonuclease A (I = 0.16,
25°C)56);

LT, 2FELTRERLIZDREELL LT 5,
El% DREY 1 b DHES ELEOLEEHI, pH, 4
A Vg, WERS OB, BENOBHROEZIIL
CCLOBBOMNETT L ik > TEEBALZT 5,
5.2 ¥ERHEoZ
pH2.0iBWTCAY /=, T4/ —nBIUPF s
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Fig. 13 The relation between the mean number
of e-OH groups in a sugar molecule and
the value of 1/Dg (a), the increase in the
denaturation temperature (ATy4) of
lysozyme (b) and of ovalbumin (¢).70),71)
1, deoxyribonese; 2, ribose; 3, arabinose;
4, lyxose; 5, xylose; 6, mannose; 7,
galactose; 8, fructose; 9, glucose; 10,
sucrose; 11, maltose; 12, raffinose
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6th ISMAB Conference

Journees de Calorimetrie et d’Analyse Thermique
(F¥#Ri3 Vol. 14, No. 4, p. 14288)

International Symposia on Microcalorimetric August 27 — 31, 1990, Como, Italy

Applications in Biology 11th International IUPAC Conference on Chemi-
(#4813 Vol. 15, No. 1, p. 56 B#) cal Thermodynamics (IUPAC)

(ZEM3 Vol. 14, No. 4, p. 14288)
September 24 — 30, 1988, Chicago, U.S.A.

7th  International Symposium on Thermo-
dynamics of Nuclear Materials (STNM-7)
(EE4RIZ Vol. 15, No. 1, p. 56 &)
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