
We have utilized starved plateau-phase CHO 
cells to investigate this behavior. These 
cells are not cycling, so their radiation 
sensitivity is not changing with time. Con
sequently, 24-hour split-dose and delayed
plating intervals can be used to provide ade
quate time for even slow repair processes. 
The use of a fully automated clone counting 
system using a digitized video image of the 
assay plate enabled the counting of several 
thousand assay plates. At the lowest doses, 
200 plates were typically used per point. 
Delayed-plating and split-dose effects were 
compared in one experiment, while others 
concentrated on improved resolution for de
layed plating at low doses or following a 
low-dose-rate irradiation. 

At doses above 1 Gy, repair intervals have 
the expected effect; i.e., they increase the 
survival. However, at lower doses the sur
vival is decreased by both spl it-dose and 
delayed-plating schedules (Figure 1). This 
is accompanied by a prompt plating survival 
that is conSistently higher than the control. 
The cause of the high survival is of some 
interest since it interferes with precise 
determination of the shape of the survival 
curve. Preliminary investigations have 
revealed that at 0.25 Gy the number of sur
viving clones is essentially equal to the 
number of cells placed in the assay dish, 
while the unirradiated controls show a plat
ing deficiency of about 80%. The electronic 
pa rticle counter used in this experiment is 
routinely calibrated against a hemocytometer, 
and there is no difference in the size dis
tribution of irradiated and unirradiated 
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FIGURE 1. Comparison of Survival Following Immediate 
and Delayed Plating of Plateau-Phase CHO Cells 
Exposed to 2S0-kv X-Rays 
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cells as measured with a flow cytometer. It 
may be that those cells in the initial popu
lation that would not grow when replated are 
further damaged by a low dose of x-rays, and 
are made so fragile that they lyse during 
trypsinization. Thus the cells responsible 
for a plating efficiency of less than 1 would 
be removed from the irradiated population but 
not from the control group. 

In any case, the fact that the survi val fol
lowing a plating delay is always less than 
the survival following immediate plating at 
low doses indicates that the damage produced 
is probably not potentially lethal. It may 
even be that repair plays a relatively minor 
role in modifying cell survival unless a rel
atively large amount of damage is present. 
Experiments with repair inhibitors are being 
undertaken to try to resolve this problem. 
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ROLE OF REPAIR SATURATION IN THE RESPONSE OF 
PLATEAU-PHASE CHINESE HAMSTER OVARY CELLS 

L. A. Braby, J. M. Nelson, and N. F. Metting 

As reported previously (Nelson et al. 1985), 
we see two repair rates in split-dose experi
ments on starved plateau-phase CHO cells. We 
have assumed that this indicates two differ
ent processes repairing two distinct types of 
sublethal damage. However, as we reported 
last year (Nelson et al. 1986), results of 
experiments at different dose levels are not 
consistent with models that assume that the 
damage is entirely sublethal. Alternative 
hypotheses are being investigated to deter
mine whether they provide a satisfactory 
interpretation of the data and a basis for 
further investigation of the repair 
mechanisms. 

One hypothesis that has been considered is 
the saturation of a repair mechanism having a 
limited pool of repair enzymes. Such satura
tion phenomena have been observed in biochem
ical repair studies and have thus formed the 



basis for a model of cellular response, which 
was shown to be capable of producing dose 
response curves in good agreement with exper
imental observations (Goodhead 1985). This 
model can be extended to account for both 
dose-rate and split-dose effects. In order 
to determine whether the observed response of 
CHO cells in split-dose experiments might be 
a result of the saturation of one repair 
process, we have analyzed this model in more 
detail. 

In the model developed by Goodhead, as well 
as in most other repair saturation models, 
the damage produced by the interaction of 
radiation is assumed to be lethal unless 
repaired. The saturation of the repair pro
cess is then directly responsible for the 
shoulder of the survival curve, but it is 
not responsible for split-dose or dose-rate 
effects. These are produced by the replen
ishment of the (partially) depleted repair 
pool. Thus the two rates observed in a 
split-dose experiment would represent two 
separate repair systems that were being 
replenished at different rates. If the more 
rapidly replenished system did not saturate, 
the more slowly replenished one would not be 
observed. Unrepaired lesions are assumed to 
be the cause of the reproductive death of 
cells. If second rate can be detected in a 
split-dose experiment, the maximum number of 
effective lesions that can be repaired by the 
rap idly rep 1 eni shed process can then be 
determined. This number should be independ
ent of the dose, reflecting only the size of 
the repai r pool. 

Data for typical equal-fraction split-dose 
expe ri ments at 2 and 4 Gy per fract i on are 
shown in Figure 1. At 4 Gy per fraction the 
amount of damage repai red by the rapidly 
replenished process is approximately twice 
the amount repai red by that process when the 
dose was 2 Gy. Thus we conclude that satu
rat i on of one repair process is not the cause 
of the two-component split-dose response in 
these cells. However, we had previ ously 
shown that an interaction of products in 
proportion to the square of their concen
tration was not the sole cause either. It 
may be that there are actually two or more 
repair processes contributing to the faster 
of the two rates observed in these split-dose 
experiments. A combination of a sublethal 
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FIGURE 1. Survival of Plateau-Phase CHO Cells After Split
Dose Irradiations Totaling 4 and 8 Gy 

product being removed and a potentially le
thal damage repair system being replenished 
might account for the dose dependence and 
extent of repair observed. 

Another possibility is that the accessibility 
of damage to repair enzymes might be the 
limiting factor. In this case, the fast com
ponent of the split-dose data would reflect 
the rate of repair and the slow component 
wou 1 d refl ect the rate at whi ch i nit i ally 
inaccessible damage becomes accessible to 
repair enzymes. A dose-effect model based on 
repair accessibility will be extended to pre
dict the effects of split-dose irradiations, 
and alternative ways to test these alterna
tive hypotheses of repair will be explored. 
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REPAIR STUDIES WITH CHLAMYDOMONAS REINHARDI 
AND HIGH-LINEAR ENERGY TRANSFER RADIATIONS 

L. A. Braby and B. S. Jacobson* 

We have continued the use of high linear 
energy transfer (LET) to study the effect of 
track st ruct u re on the rate of repair in 

*Visiting professor, Central Michigan State 
University. 

c- O With FUdR 

Chlamydomonas. The large uncertainties in 
the data obtained during Or. Jacobson's 1985 
visit were traced primarily to an unexpected 
effect of scattered beam on the dose calibra
tion. We have now collected data on the 
dose-effect relationship and repair rate for 
electron, proton, and deuteron irradiations. 
We have also explored the use of 5-fluorode
oxyuradine (FUdR) inhibition of chloroplast 
deoxyribonucleic acid (DNA) production to 
reduce the redundancy in this extranuclear 
genome and to determine its effect on cell 
survival and repair kinetics. Although 
growth for a few days in 1.5 x 10-5 ~ FUdR 
drastically reduces the chloroplast DNA and 
results in readily detectable chloroplast 
mutations (Palmer 1985), we find no signifi
cant effect on radiation sensitivity or 
repair (Figure 1). Thus it appears that the 
chloroplast DNA of FUdR-treated cells is such 
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FIGURE 1. Survival of Chlamydomonas Grown in Normal and FUdR Media as a Function of Dose and Time Between 
Fractions in a Split-Dose Experiment with Electron Irradiation 
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