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Purification and Characterization of Two Fully Deuterated Enzymes

ture by about 7°C. Phycocyanin from a thermophilic
alga denatures at 60°C, and deuteration lowers this
temperature by 2°C. Alkaline phosphatase is inacti-
vated at 85° to 90°C, and the ribonuclease activity is
stable to about 100°C. No isotopic effect on thermal
denaturation is observed; thus it appears that, at
higher temperatures, side-chain deuteration has no
significant effect on the thermal stability of proteins.
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Comparative data have been presented (/) on the
kinetic and thermal stabilities of pure preparations of
two ordinary enzymes (an alkaline phosphatase and a
plant ribonuclease) and their fully deuterated
counterparts. Side-chain deuteration appears to have
little or no effect upon the kinetic properties of the
enzymes, although the thermal stability of the deu-
terated phosphatase appears somewhat modified. Gen-
erally the kinetic measurements and thermal studies
indicate very little difference in structure and function
between the fully deuterated and the ordinary en-
zymes.

Earlier studies were concerned with the action of
ordinary enzymes on deuterated substrates, or on
hydrogen substrates in a DO medium. With the
successful cultivation of fully deuterated organisms,
however, their preparation and study become feasible.
A fully deuterated enzyme contains deuterium in place
of hydrogen at unexchangeable positions in the side
chains of constituent amino acids of the enzyme.

In this study, only highly purified enzymes were
used because, in the absence of accurate information
about enzyme concentration, no valid conclusions can
be reached about the magnitude of deuterium-isotope
effects on the kinetic properties of a fully deuterated
enzyme. No conformational changes resulting from the
presence of fixed deuterium are felt at the active site
of alkaline phosphatase; thus the kinetic properties of
the deuterated enzyme are essentially the same as
for the ordinary enzyme. The active site of the deuter-
ated enzyme appears not be be altered by side-chain
deuteration.

The effects of temperature on the enzymes proved
to be consistent with earlier results. In the case of a
phycocyanin undergoing denaturation at 49°C, side-
chain deuteration lowers the denaturation tempera-
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