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The direct and indirect effects of 5 MeV electron beam irradiation at various low
temperatures, as well as the influence of the presence or absence of deuterium ions in the
suspending medium of the enzyme, on the global enzymatic activity of lactate dehidrogenase have
been studied.

Frozen lactate dehidrogenase suspensions at 0°C, -3° C and -196° C temperatures have been
irradiated with the 5 MeV electron beam of a linear accelerator in the dose range 0-400 Gy.
Liquid lactate dehidrogenase suspensions in D2O (99.98 %) and ultrapure water (17 ppm) at
0 ° C have been irradiated in the dose range 0-15 Gy. The dose accumulated by the samples was
estimated using Fricke dosimetry in calibrating the dosimetric monitor of the linear accelerator.
The enzymatic activity of lactate dehidrogenase was determined by measuring the rate of
extinction decrease at 340 nm of NADH accompanied by the reduction of pyruvate to lactate.

Our experimental results showed an exponential decrease in the enzymatic activity of
irradiated lactate dehydrogenase, at all irradiation temperatures. The drastic decrease in the
activity for the enzyme irradiated at 0° C (total inhibition for a final dose of 100 Gy) indicate that
at this temperature the indirect effects of radiation (due to the water radicals induced by radiation
in the samples) are predominant. At -3° C irradiation temperature the indirect effects of radiation
are smaller.but still present (a total decrease in the enzymatic activity for a dose of 250 Gy), while
at -196° C they are orders of magnitude reduced and the decrease in the enzymatic activity is due
almost to the direct interaction of electrons with the macromolecules (70 % for a dose of 400 Gy).
The temperature gradient used to lower the temperature of the samples to -196° C influences the
results, a two steps technique (-5° C, -196° C) used to obtain the desired irradiation temperature of
-196° C, being more appropriate because of the smaller enzymatic activity loss during freezing.
The system studied is very complex because of the superposition of freeze-thaw procedure effects
on the irradiation effects, both molecular mechanisms being incompletely clarified yet. The data
obtained here inform on the high energy electrons influence on the enzymatic activity loss during
thawing, when the subsequent growth of the water crystals influences the three dimensional
structure of the enzyme. Further studies will be done in order to get more information on the
frozen enzyme behaviour under high energy electron irradiation. The presence of deuterium ions
in the suspending medium of the enzyme seem to protect the enzyme to the efect of radiation. A
99.98 % concentration of D2O in the suspension medium decreases the global enzymatic activity,
but reduces the rate of radiation inactivation of the enzyme. The enzyme suspended in ultrapure
water behaves similar as suspended in bidistiled water, in the limit of experimental errors. The
study will be continued in order to determine the critical concentration of deuterium ions in the
suspending medium which starts to influence the radiation inactivation decrease of enzymatic
activity.
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