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There is now considerable evidence1-10 that water is ordered, though not necessarily 
"bound," in the presence of macromolecules and in living cells. It has been suggested by 
A. Szent-Gyorgyi,8' I8 G. Ling,5 and A. S. Troshin n that the state of water might exert 
control over metabolism, cell division, muscle contraction, etc. Some of the physical 
changes that we would expect to occur in ordered water are increased protonic conduc-
tion, stabilization of triplet states, stabilization of hydrated electrons, altered solubilities 
and ionic exchange, and weakened hydrophobic bonds. Anisotropic or ordered water 
(such as exists in narrow capillaries)12 can have special properties, such as lowered vapor 
pressure, without being bound. Polanyi's adsorption isotherm, which assumes a potential 
acting through space, rather than only at the surface layer, seems to be an appropriate 
concept for understanding these long range effects. 

It has been pointed out that lowered temperature weakens hydrophobic bonds, and 
that this may be the cause of cold-inactivation of certain enzymes.13 The entropic con-
tribution to exclusion of lipoids from the water phase would be similarly diminished in 
the highly ordered water of cells. Thus, we would expect the cold-inactivated enzymes, 
e.g., pyruvate carboxylase,14 phosphorylase,'5 and estrogen dehydrogenase,'6 to be in-
activated by the ordered environment of the resting cell, and to be activated by the 
relatively entropic state of cells in contraction,'' division,18 or anaerobiosis.'9 According 
to Drummond,2° phosphorylase is in fact activated during electrically stimulated muscle 
contraction, without activation of phosphorylase kinase or increase in cyclic 3',5'-AMP 
concentration. 

If entropy changes in the cell water modify the activity of these enzymes, then this 
behavior of the proteins can be interpreted as an important control mechanism. Phos-
phorylase, and probably pyruvate carboxylase, would be homeostatic, or negative feed-
back controls, tending to provide energy in a state of low energy charge or physical 
activation. However, estrogen dehydrogenase, which uses estrogen as a coenzyme, may 
have an opposite effect, tending to destabilize the cell. If this is the case, another hormone 
system would be required to override the anti-homeostatic effect of estrogen. Progester-
one, which must be present with estrogen in a precise ratio (but at a much higher concen-
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tration) for reproductive success, may be the hormone with this function. This interpreta-
tion is consistent with observations that senescent animals may have high uterine meta-
bolic rates,2 ' high progesterone levels,22 and that cancer tissue often responds to steroids; 

that is, any nonspecific irritation or insult that increased the entropy of cell water would 
promote the "estrogenic" state. 

It seems significant that the known cold-inactivated enzymes are in important posi-

tions for the control of metabolism. It will be interesting to look for other cold-inactivated 

enzymes with this mechanism in mind. Also, it might be possible to learn something 
about cell water by studying these enzymes in vitro, their responses to surfaces, pressure, 
and other physical factors. 
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