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dence of kidney degeneration. From the ex-
periment it appears that the chemical sub-
stances injected had a toxic effect on the
mesonephros but not on the metanephros.
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(Introduced by R. E. Zirkle.)

From the Institute of Radiobiology and Biophysics, University of Chicago.

This article will present and discuss some
preliminary results of measurements of the
relations between ultraviolet dose and survival
of haploid and diploid strains of a common
species of yeast, both in the dark, and with
subsequent irradiation by visible light follow-
ing initial ultraviolet irradiation. While much
work on the effect of ultraviolet light on sur-
vival of microorganisms has been published
(1), only very limited quantitative studies
have been made on the yeast cell in particular;
one of the purposes of this work is to em-
phasize the advantages of the yeast as a test
organism in the study of radiation damage.
That is, there are available strains differing
only in ploidy,} making studies on genetic
effects relatively easy. The cells are large
(5 p diameter for diploid), easily grown. and
give rise to several mutant strains, which are
often colored. The present work gives sur-
vival curves of the diploid and haploid strains
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t Post-Doctoral Research Fellow of the National
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+ Genetic structure of yeast is described at length
in C. C. Lindegren, Genetics and Cytology of the
Neast Cell (Carhandalg I3

of Saccharomyces cerevisiae (SC6 and 7 re-
spectively) both with and without subsequent
photoreactivation, with a view to testing the
Novick and Szilard theory of the reactivation
phenomenon(2).

Procedure. For the initial radiation, 10 ml
suspensions of yeast cells in sterile distilled
water contained in 50 ml short beakers, of
concentrations convenient for plating, were
placed on a Gump shaker about 50 cm below
the center of a G.E. Sterilamp; after doses up
to 220 sec. exposure, aliquots were taken and
spread on the surfaces of the growth medium
(Difco potato-dextrose agar) in petri dishes.
The remainder of the irradiated batch was
then used for photoreactivation. The visible
light source consisted of four photoflood
lamps, arranged such that the light intensity,
as measured with a photometer, was uniform
over a large area of a transparent plastic shelf
supported about 20 cm above the lamps; a
glass tray containing 0.05 M CuSO,, inter-
posed between the yeast suspensions and the
lamps, effectively kept the temperature rise at
the position of the yeast less than 3°C/hr.
The concentration of the suspensions varied
from 3 x 10°% to 5 x 10% cells/ml; within these
limits the survival for a given dose did not, as
shawe by auwiliag axnatimants dgnand ar
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the concentration. Greater concentrations re-
sulted in too strong absorption of the radia-
tion. The survival probability was then ob-
tained in the usual way, as the ratio of
survivors on a plate poured from an irradiated
sample, to those poured from the control
sample. However, several complicating fac-
tors make it necessary to consider the criterion
for the death of a yeast. Some of these com-
plications are not so apparent in the case of
E. coli, for example. Thus, the yeast cells may
sporulate; they can metabolize quite actively,
even though unable to divide; storage of
essential nutrients can strongly affect the
division rate, even to the extent(2) that cells
may lie dormant (glycogen storage) in a
sated condition, if healthy, or furnish enough
material to produce as many as, say, 10
daughters from a severely damaged parent.
Further, since “death” due to ultraviolet ir-
radiation is apparently not a well defined
state, some cells, which might eventually

divide but whose division has been delayed

greatly, might, because of depletion of the
medium by the cells with shorter delays, never
appear as viable. Finally, as in any experi-
ment with U.V.(3) there is generally a large
spread in radiation resistance in the original
population due to a spread in the ages of
individual cells, in physiological state, and
even, apparently, in strain, i.e., cells ap-
parently alike in every other way (age,
state) may still differ strongly in their re-
sistance to the radiation. Therefore, prior
to irradiation, the cells were transferred
from slant cultures on PD agar to a me-
dium containing only inorganic salts(4), and
left for 36 hours, while the air was bubbled
through; just before the run, this suspension
was centrifuged, the cells washed in isotonic
salt solution, resuspended in sterile water and
filtered through 2 layers of sterile absorbent
cotton. Microscopic examination showed the
absence of any significant number of clumps
of cells, and by comparison of the actual
microscopic count and the colony count, all
cells taken from the fern spore medium were
viable. After this treatment, cells in a sample
of this suspension should be of about the same
age and physiological state, with a small
amount of stored material.$ The last point
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was checked, qualitatively, by comparing the
survival obtained by microscope count (scor-
ing microcolonies of n cells or more as pro-
duced by “living” cells, of less than n cells as
“dead”) with the survival obtained from
colony count in a petri dish. Without the
above pretreatment of the cells the “micro-
scopic” survival was much greater than the
“macroscopic” unless n ~ 10; with the treat-
ment, the two counts agreed fairly well with
n = 3. Further, to check on the effect of the
growth medium, aliquots of suspensions ir-
radiated to about 10%, and 1%, survival
were spread on 4 pairs of plates containing
(a) standard PD agar, (b) PD agar enriched
with 2% yeast extract, (¢) PD agar and 2%
casein hydrolysate, (d) PD agar on which
about 300 large colonies had grown, the
colonies removed, the agar washed in distilled
water and then resterilized. No significant
difference in survival was observed between
any of these, although a difference in delay
(time to reach full growth) was apparent, and
the average size of individual colonies differed
somewhat from one pair to another. All yeast
stocks were subcultured every 48 hours on
agar slants, and to check that the haploid had
not become contaminated, single colony iso-
lates, taken from the survivors of an X-ray
irradiation, were grown to large cultures and
samples again X-irradiated. Since the ex-
ponential curve, with the LD50 measured by
Zirkle and Tobias(5) was obtained, it was
assumed that this was indeed the SC7 strain;
the average U.V. curves obtained with this
material agreed with the average curve on the
stock material. Runs made just as above but
with the haploid cells taken from 6- to 8-day-
old cultures often showed a greatly increased
resistance in the haploid, with the semilog
curve sometimes concave upwards. Presum-
ably this was due to contamination of the
haploid stock with diploid because of the
tendency for the haploid to undergo illegiti-
mate conjugation (this was a complicating
factor in the work of Zirkle and Tobias).

§ Work by T. H. Wood, to be published, indicates
that this procedure should be used with caution, if at
all, if the aim is to obtain a homogeneous population.
However, while the criticism is valid, the essential
results of this work are probably correct.
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FIG. 1. Survival of diploid and haploid yeast

under the action of ultraviolet light (‘‘dark’’) and
with irradiation by visible light subsequent to the
initial irradiation by T.V. (‘‘light’’).

Fresh cultures showed no such enhanced re-
sistance, and the diploid runs were quite re-
producible, almost independently of the age of
the culture, for ages from 2 to 9 days.

Results and discussion. The dark survival
of the two strains is shown in Fig. 1, carried
to a survival probability of about 10, (Each
point on the curves represents at least 500
macrocolonies.) About half of the points on
each of the curves represent runs in which the
deviations could be explained by changes in
output of the lamp; the diploid (SC6) sur-
vival, known from 3 consistent runs made
earlier, was used as an indicator of the lamp’s
intensity in a statistically significant com-
parison between haploid and diploid strains.
While, therefore, the measured survival of the
haploid is not accurate, and therefore unsatis-
factory, it is definitely not exponential in
these experiments. This differs from the con-
clusion of Caldas and Constantin(6), who
obtained not only an exponential survival for
the haploid but a greater haploid survival than
diploid for survival below about 17%. Their
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diploid curve was similar to the one shown
here. Possibly their haploid strain had be-
come contaminated with diploid, as mentioned
above, although this could not result in an
exponential curve; however, since their ob-
served points are not published it is difficult to
determine the source of the difference.

While the two dark survival curves are not
exponential, they become straight at high
dose, and asymptotically parallel. On the
basis of the target theory, this suggests that
part of the action of the radiation is on the
genetic structure, with 2m targets inactivated
in the diploid and m in the haploid; from the
curves, m would be of the order 3. If this
mechanism is accepted, and the multiple-hit
theory ruled implausible, one must then sup-
pose that there is, superimposed on the direct
action, an indirect action which becomes less
important as the dose becomes great, since the
haploid curve is sigmoid. One must further
suppose that this indirect action is not sig-
nificant at any dose when X-rays are used
since the X-ray survival curve is exponential
(5,6). It would be interesting to verify these
speculations by, for example, studying the
relative temperature dependence of the low
and high survival parts of the two curves, and
by an additivity study of X- and U.V. radia-
tions.

The photoactivation is as striking as in the
case of other organisms. Here only the curves
for maximum reactivation (about 30 min.)
are shown (Fig. 1), although rough data for
intermediate curves (5, 10, 15 min.) were also
taken. If one applies the reduced-dose prin-
ciple(7) to these data, then (with P, — sur-
vival for zero light (“dark’), P,, = survival
for infinite light (“light”), P, (gx) = Po
(x) with gq<1, x = dose. That is, the light
survival at any dose is obtained from the
dark survival at that dose reduced by a con-
stant fraction q.) These data satisfy the
relation quite well. By the theory of Novick
and Szilard(3) this relation can be obtained
by assuming that the effect of the radiation is
to produce a poison, of which the fraction q
can be decomposed by the visible light, as in
a monomolecular reaction. That is, q appears
as a characteristic parameter of the poison,
for which the organism has a characteristic
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sensitivity. Therefore it is highly suggestive
that the q values for the haploid and diploid
curves are 0.43, 0.48 respectively, i.e., very
close to each other (always noting, however,
that these numbers are subject to about 20%
error) and also close to the value obtained for
E. coli by Novick and Szilard. It is also in-
teresting to inquire whether in reactivation
the initial effect is direct (e.g. by the induced
decay of a previously excited metastable
state) or “indirect” (as in the poison theory).
First, it can be shown, in a purely formal way,
that once the dose-reduction principle is ac-
cepted, then the initial lethal action of the
radiation can not be through purely target or
direct effects.ll If the reactivation is through
a metastable state, with or without superim-
posed chemical action that takes no part in
the reactivation, then it can be shown that
Pxt) = P (x) 1(t) 4 Poo (x) [1(1)]
for ultraviolet dose x, light dose t, and where
1-f is the probability of inducing a transition
to a “live” state from a dormant state; for a
single metastable, for example, { = e, In
any event, the survival at an intermediate
value of visible light dose is a linear inter-
polation between the extreme curves of dark,
and maximum light, survival. The theory of
Novick and Szilard, on the other hand results
in P = P(L), L = xg(t) where g(0) =1,

{! This can be shown by an examination of the
class of functions that result from the target theory,
(see Timoféeff-Ressovsky, N. W., and Zimmer, K. G,,
Das Trefferprinzip in der Biologie, Biophysik I, (S.
‘Hirzel, Leipzig, 1947)) and noting that if one of these
represents the dark survival, then the light survival
function cannot belong to the same class, except in
the special case where both light and dark survival
are exponential.
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g(00) = g. While neither the intermediate
values taken here (not shown), nor the pub-
lished data of Novick and Szilard, fit the
metastable state picture, these measurements
are consistent with the poison theory, as is
the work of the last named authors.

Summary. The survival fractions of diploid
and haploid strains of S. cerevisiae after ultra-
violet irradiation (2537 A.U.) have been ob-
tained, compared, and modified by photore-
activation following the initial irradiation.
The haploid survival follows a sigmoid curve
and is smaller than the diploid at the same
dose. The dose reduction principle (which
can be successfully applied to the data) yields
a reduction factor that appears substantially
the same for photoreactivation of both strains.
The data appear consistent with the model
proposed by Novick and Szilard.

The author would like to thank Professor R. E.
Zirkle for making his laboratory available during
this work.
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