

















-

T UCRL -2045%

1. MODEL FOR THE INTERACTION BETWEEN RADIATION AND GENKS

For the sake of facilitating the terminoclogy we shall say that
a gene 18 "hit” when it is affected by radiation in such a way that it may
casuse the death of the cell. These exist several theories concerning the
mechaniem by which the radiation produces a hat. The "direct hit” theory
(see ¢.g.: LEA (1946)) proposes that the gene 18 ionized or excited di-
rectly by the incident radiation (more precisely: by the electric field of
one of the charged particles present in the radiation). The direct hit
theory predicts correctly the shape of the survival curves if the type of
radiation 18 kept constant and the dose is varied, but it predicts incor-
rectly the relative blological effect of different types of radiation on yeast
cells. Experimentally it is observed that radaation consisting of heavy
particles, such as a-particles, which produce dense ionization tracks,
18 more effective in its lethal action on yeast cells than X-rays, which
produce thin 10nmization tracks from the electrons emitted by the photo-
or Compton effect. According to the direct hit theory, ‘on the other
hand, the lethal effect should decrease as the track density increases.
This can be understood qualitatively as follows: The shape of the hap-
loid survaval curve is a simple decreasing ;xpomnnnl in the dose and
thus indicates that a single hit 18 sufficient to cause a lethal effect. If
the track density is increased 1t becomes more probable that a track
passing through a gene produces more than one hit, so that some hits
are wasted since one hit would have been sufficient. It is then clear
that a hagher dose is necessary to give the same biological effect, or,
in other words, the effectiveness of the radiation decreases. In view
of this disagreement with experiment the direct hit theory was abandoned
an favor of an "indirect hit” theory, also called "magration” theory,
proposed by Tobias. In this theory the major gene damage is done by
certain chemicals -uc}- are liberated by the radiation anywhere 1n the
cell, and which subsequently diffuse toward the gene. The increase n
lethal effect with increase in track density is then theoretically obtained
by proposing that there are two kinds of chemicals (or possibly more)












































































































