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Raising Water to New Heights mass ten times that of the substrate itself, 
presumably reflects the dehydration re- - 
quired to confine the phosphorylation to 

R. P. Rand glucose and prevent the phosphorylation of 
water (8). 

That water activity alone can affect pro- 
tein function raises a fundamental experi- 

T h e  contribution of hydration to the en- one shows a hydration-dehydration cycle, mental problem in studying the direct ef- 
ergetics of molecular assembly and protein and one dehydrates. The numbers of water fects of ligands on proteins. The obligatory 
catalysis has been recognized for a long time molecules involved in the conformational coupling of solute and water activities 
(I). Now as described on page 655 of this changes are large and their possible roles means that any measured effect of a ligand 
issue, Colombo, Rau, and Parsegian (2) intriguing. cannot be easily apportioned between li- 
have provided an elegant demonstration The 60 additional waters associated with gand and solvent, unless the activity of one 
that as four oxygens bind to hemoglobin oxyhemoglobin are related to its quaternary of them is kept constant. A dramatic exam- 
(Hb), so do 60 additional water molecules. structure since 0, binding to myoglobin ple of this comes again from Hb. The 
Sixty is a surprisingly high number. It sug- seems to show no such effect (2). Is the classical measure of 1.6 chloride ions that 
gests that hydrationldehydration reactions hydration of 600 A2 of newly exposed bind to Hb on deoxygenation becomes an 
contribute far more to the energetics of surface of the oxy conformation energeti- integral 1.0 ion when the effect of sodium 
conformational changes than usually cally significant? If that surface is like oth- chloride on water activity itself is taken 
thought. The demonstration is a into account (9). 
strong warning not to ignore water as a The nature of the surface perturba- 
ligand in allosterism. And it shows tion of water remains an enigma (10). 
how to measure water's contribution The most weakly perturbed waters are 
in practically any system. unlikely to be seen either in the crystal 

These findings stem from the re- structures of proteins (I I) or by nucle- 
cent history of using osmotic stress ar magnetic resonance (NMR) (12), 
( 0 s )  to measure water's role in mo- since their residence time is so short. 
lecular assembly (3). The strategy, Yet their removal modifies function. 
shown schematically in the figure, is So the OS strategy is an invitation also 
remarkably simple, generally applica- cylwhrorne oxidase to crystallographers and NMR spec- 

Channel ble, and capable of determining closed I=-, troscopists to study the structural con- 
whether even extremely weakly per- 

Ow /Bi+ glurm &;a3 3o sequences of removing these weakly 
turbed water molecules are energeti- +----& "bound" waters. Because while their * c " - ~ *  Hexokinase 
cally significant. Forces measured be- number can be large, it is now a 

Osmotic stress strategy. Any aqueous compartment that is challenge to determine where they are tween layers (4) and be- inaccessible to a "neutral" solute, indicated here by the space 
tween macromolecules (5) show that ' enclosed by the broken line, has its water activity controlled by and to assess their contribution to the 
surface-perturbed water, as little dif- that so lu te l s  osmot ic  pressure, l n  the case of s i n g l e  pro. overall energetics of any allosteric 
ferent from bulk water as a fraction of teins, the solutes that work are those excluded from the change. In any Case, from the mole- 
a calorie/mole, can dominate interac- protein's "hydration shell," as described by Timasheff and his cule's perspective, water is looking like 
tion energies when many such water colleagues (13). Under such osmotic stress, a, the compo- pretty sticky stuff. 
molecules are involved. Further, the nents of molecular assemblies get pushed together. Isolated 
cost of removing all the perturbed wa- proteins undergoing reversible transitions shift their equilibri- REFERENCES 
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