
than a chosen value--for example O.l/t. The 
factors in Equati on 1 with sma 11 r I s are 
combined and expanded into an infinite se
ries. Those with larger r's are solved with 
a series of exponentials in the usual way. 
The two series are multiplied together and 
then the low powers of t that caused the 
trouble are cancelled analytically. 

The algorithm is slower than those described 
above, but it need only be used in the 
intermediate range of t: the selection by 
O.l/t automatically reverts to one of the 
previous algorithms outside the intermediate 
region. 

EFFECTS OF LET ON PRODUCTION AND REPAIR OF 
DAMAGE IN ChLamydomonas peinhapdi 

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

In previous experiments using electron beam 
i rradi at ion (Braby and Roesch 1978; Nelson, 
Braby and Roesch 1980) we have established 
that in Chlamydomonas reinhardi only two
event damage contributes to loss of repro
ductive capacity and that two or more repair 
mechanisms modify that damage at normal 
temperatures. Furthermore, we found that 
the production of some of the damage is 
strongly dependent on LET (Braby, Nelson and 
Roesch 1980). These observations have stim
ulated extensive modeling activity (Roesch, 
Braby and Nelson 1982; Roesch, this report) 
directed toward a more complete understand
ing of the kinetics of the processes affect
ing the reproductive survival of these 
cells. The need for three additional types 
of data to test aspects of this model is 
evident. These are: 

1. The repair rates for damage pro
duced by higher LET radiations 
should be checked to determine if 
they are the same as those for 
low-LET radiations and, therefore, 
if the same repair processes may 
be responsible. 

2. The survival curve shape (at high 
survival) should be checked for a 
wide range of LETs to see if any 
single-event component occurs and 
to determine the relationship 
between two-event damage and LET. 

3. The survival in split dose-split 
LET irradiations should be checked 
to see if all radiation products 
contributing to reproductive death 
depend in the same way on LET. 

~ NORCUS faculty appointee. 
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All of these experiments require beam seg
ment irradiations similar to those reported 
previously (Nachtwey and Braby 1975), but 
with a wider range of LETs than was then 
available. This wider range ~f LET. can be 
obtained using IH+, ZH+, and He++ 10ns 
accelerated by the 2 MV tandem accelerator. 
However, at the low energies available, the 
cells must be irradiated in a partial vac
uum. Also, in order to do experiments where 
LET is the only variable, it is necessary to 
irradiate cells in the same geometry and at 
the same dose rate for all three beams. 
Since it is much easier to make negative 
hydrogen ions than negative helium ions, the 
normal beam currents differ by several 
orders of magnitude. In order to obtain 
suitable dose rates (around 1000 rad/s) and 
a uniform beam intensity over the irradiated 
cells, a well-focused beam of ~20 nA is 
passed through a 0.00005-in.-thick nickel 
foil 1 m before reaching the cells. In this 
way the maximum available helium ion current 
can be used while the hydrogen currents can 
be reduced to suitable levels by defocusing 
at the injector end of the accelerator. The 
resulting irradiation facility is illus
trated in Figure 1. The dose is monitored 
by the solid state detector and a preset 
counter, with a specialized output to oper
ate a shutter in the beam line, controls the 
exposures. Preliminary experiments using a 
3 MeV proton beam show the expected split
dose effect, but were hampered by slow 
recovery of the beam line vacuum when the 
dishes of cells were installed. Increased 
pumping capacity is being installed to over
come this problem. 
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KINETICS OF PLATEAU-PHASE MAMMALIAN CELLS 

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

We have previously described two techniques 
used to stop exponential growth in monolayer 
cultures of Chinese hamster ovary (CHO) 
cells (Nelson 1978; 1979). These techniques 
permit termination of continued population 
expansion and entrance into plateau phase. 
If cell prol iferation ceases as well, these 
cells are said to have entered stationary 
phase. Generally, individual cells exit the 
growth cycle somewhere after division, but 
prior to replicating their genetic material. 
Such post-mitotic G1-phase stationary-phase 
cells are referred to as GO-phase cells 
after the nomenclature introduced by Lajtha 
(Lajtha, Oliver and Gurney 1962; Lajtha 
1963). However, more recent evidence indi
cates that stationary-phase cells may also 
exit the cycle elsewhere. For example, 
plateau-phase cells subjected to severe 
nutritional stress (or possible exposure to 
toxic metabolic by-products) as a conse
quence of starvation, cease proliferation by 
exiting the cycle after completing DNA 
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synthesis but before dividing. These 
G2-phase stationary cells enter and pass 
through mitosis within 3 to 5 h after 
harvest by trYPsinization and replating. 

Growth kinetics of both contact-inhibited 
(fed) and nutritionally deprived (starved) 
cell populations growing into plateau phase, 
as well as after release from plateau, have 
been measured by several techniques. Both 
the induction of mitosis and its relative 
frequency as a function of time after 
release differ considerably from one type of 
plateau cell to the other. These differ
ences have been described previously (Nelson 
1978; 1979). The behavior of these cell 
populations with respect to DNA synthesis 
has also been found to differ considerably 
depending on the means by which the plateau 
has been reached. Such striking differences 
were surprising since both of these popula
tions appear morphologically similar. They 
are perturbed populations of resting cells, 
probably representative of the normal situa
tion in situ. Their different behavior 
patter1ls~ in response to the different 
stimuli associated with the plateau 
induction. 

Thymidine labeling indices have been deter
mined by autoradiographic methods and used 
to evaluate changes in the fractions of 
cells involved in de nova DNA synthesis in 
exponentially grow1i1g populations as they 
enter plateau phase. In addition, pulse
labeled cells were used to evaluate DNA
synthetic activity by measurement of changes 
in thymidine incorporation rates. 

As seen in Figures 1 and 2, little differ
ence may be observed between starved and fed 
cultures over the first week or so. How
ever, profound differences develop as these 
cultures progress beyond this age. The 
labeling index shown on the left side of 
each figure is a measure of the fraction of 
cells in S-phase that are actively synthe
sizing genetic material. In nutritionally 
deprived populations, this fraction falls 
precipitously, beginning on about the third 
or fourth day of passage. These cells enter 
the population-density plateau perhaps a day 
later, on the fourth or fifth day. This 
fall continues, interrupted only by a short 
plateau between the tenth and fifteenth day. 
This plateau may represent the minimum 
activity displayed by viable cells. Follow
ing this plateau, the index again falls to a 
level below the limits of practical measure
ment, probably due to cytolysis leading to 
extinction of the culture. Although the 
mean rate of DNA synthesis (as seen in the 
right side of Figure 1) reflects this 
initial sudden drop in activity following 
the short plateau, the amount of material 




