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Effect of Hydration on the Volume and
Compressibility of Protein Molecules
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This review is devoted to illustrate how the hydration of proteins is related to their
volume and compressibility. Partial volume and partial compressibility are thermodynamic
(macroscopic) quantities but they are uniquely sensitive to the structures of proteins because
the hydration and the atomic packing (cavity) have counteractive effects on these parameters.
Compressibility data give important information on the flexibility of the native structure and
the conformation of denatured states. Viewing a protein from both the temperature and pressure

axes should lead to a new paradigm in protein science.
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Table 1 Assumed values of molar volume (Vy) and
adiabatic compressibility (8sw) of water of

hydration.

State of water Vi Bow
(cm3 mol 0'1) (Mbaro 1)

Free water 18 45

Ice 19.6 18

Water around ionic group 150 15.3 0o

Water around polar group 160 17 018

Water around nonpolar group 0175 350 40
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Table 2 Partial specific volume, compressibility, and
volume fluctuation of proteinsin water at 250 .2

Protein Ve E s E TP OV ms ©
(cm3 g1) (Mbar®1) (Mbart?1) (cm3 molt1)
Globular proteins

Soybean trypsin

inhibitor 0.713 0.17 4.44 41.1(0.20)
Trypsin 0719 092 5.16 46.0(0.28)
Ribonuclease A 0.704 1.12 5.48 (5) 36.2(0.38)
Peroxidase 0.702  2.36 6.70 68.3(0.24)
a -Chymotrypsin 0.717 415  8.32 62.2(0.33)
Lysozyme 0.712 467  7.73(12.3) 44.2(0.43)
Carbonic anhydrase 0.742  6.37 10.5 76.0(0.34)
a -Lactalbumin 0.736  8.27 12.4 56.9 (0.54)
B -Lactoglobulin 0.751 8.5 11.8 63.6 (0.46)
Myoglobin 0.747 8.98 13.1 64.1(0.51)
Ovalbumin 0.746  9.18 12.1 101 (0.30)
BSA 0.735 105 14.6 (13.4) 135(0.27)

Fibrous proteins

Gelatin 0689 025
F-actin 0.720 06.3(200)
Myosin 0.724 018 (200)
Tropomyosin 0.733 041 (200)

a Taken from Refs.2,4, and 7.

b The values in parentheses represent the experimental data.

¢ The values in parentheses represent the ratio (%) of oV msto
total protein volume.
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Fig.1 Schematic view of protein compression in water.
Water of hydration (dotted region), bulk water
(lattice), and cavity in protein molecule are
compressed depending on their respective
compressibility.
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Fig.2 P- Mo-7 diagram of lysozyme simulated from the
temperature dependence of the compressibility.
Ref.14.
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Table 3 Effects of ligand binding on ¥ and Eso of Table 4 Partial specific volume and adiabatic
proteins. compressibility of mutant proteins.
Ligand Ve Es° ASA Ve Mutant vo ESO
(cm3gP1)  (Mbard) (0?3 (03) (cm3 go) (Mbart1)
Lysozyme (pH 5.5, 250) 2 Aspartate aminotransferase (holo, pH 8.0, 250) 2
Apo 0.715 5.6 - - wild 0.731 43
GlcNAC 0.711 5.2 - - V39A 0.729 45
(GIcNAC), 0.706 4.2 - - V3oL 0.732 5.3
(GlcNAC); 0.705 31 - - V39F 0.721 11
V39Y 0.735 5.2
Dihydrofolate reductase (pH 7.0. 300)b
Apo 0.741 81 8350 250 Dihydrofolate reductase (apo, pH 7.0, 150)°
NADPH 0.741 7.3 8397 224 Wild 0.723 17
NADP 0.743 8.0 7982 283 G67A 0.721 uol
DHF 0.754 8.7 8105 262 G67D 0.724 3.0
THF 0.736 8.0 8138 152 G121S 0.721 0.7
THFOINADPH  0.741 8.3 8180 326 G121y 0.724 uor
THFONADP 0.733 6.6 7871 264 A145G6 0.726 31
MTXONADPH  0.754 9.8 7979 341 Al45H 0.728 38
a Ref.17 CcAMP receptor protein (holo, pH 7.8, 250) ¢
b Ref.18. Vca was calculated with a prove radius of 0.9 0. Wwild 0.750 8.0
K52N 0.752 7.6
D53H 0.756 9.2
S62F 0.749 6.9
gooodobooobobooobooboooooooooa G141Q 0.756 9.0
ASADDOD0O06%00000000000000VeaO L148R 0.753 9.4
H159L 0.750 7.6
4000000000
K52N/H159L 0.747 6.9
a Ref.19. b Ref.20. c Ref.21.
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Fig.3 Plots of cAMP binding cooperativity (AAG)
and the free energy of DNA binding (AGpna)
against ESO of cAMP receptor protein. Ref.21.
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Table 5 Partial specific volume and adiabatic
compressibility of non-native states of proteins.2
State ve pe

(cm3 g@t) (Mbarb?)

Ribonuclease A

Native (250) 0.704 1.1
Unfolded by GUHCI (pH 2, 150) 0.630 029.1
Unfolded by heat (pH 2.08, 250) 0.666 4.0
Reduced (pH 7, 250) 0.667 011.2

Reduced (pH 2, 250) 0.661 0114

Lysozyme
Native (250) 0.712 4.6
Unfolded by GuHCI (pH 4, 250) 0.579 019.9
Reduced (pH 7, 250) 0.704 034
Reduced (pH 2, 250) 0.682 07.0
Cytochrome ¢
Native (250) 0.738 3.6
Acid unfolded (pH 2, 2500) 0.751 0.3
Molten globule induced by sorbitol (200) 0.748 15.0
Molten globule induced by CsCl (250) 0.751 7.5
a Taken from Refs.10,22,23 and 26.
AV<0 AB>0
.—’
heat, pressure
N )
AV<0
AV<0 Afs<0 AV<0
Afs <0 urea Afs <0
GuHCl
L 7
—>
AV<0 AB<O0 )
(R) (9)]

Fig.4 Schematic view of unfolded proteins as predicted
by volume and compressibility changes (AV
and AfSs). (N) Native state; (I) Weakly unfolded
state by heat and pressure; (U) Fully unfolded
state by urea and guanidine hydrochloride
(GuHCl); (R) Reduced state of disulfide bonds.
e nonpolar side chain; = o -helix; mmm (-
strand; M S-S bond.
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