
that meaningful between-lava compari- 
sons of the Th/ U ratio should be sup- 
plemented by examination of polished 
as well as thin sections. A practice of 
collecting at least two samples from 
each lava, with one from the center of 
the lava, is also encouraged in order to 
test for gross variations that may orig- 
inate during initial cooling (21). 
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Contact Inhibition in Colony Formation 

Abstract. Contact inhibition of replication of the established mammalian cell 
line 3T3 was examined during growth of the colony and compared with that of 
the Chinese-hamster cell line CHL-1. The growth curves of cells in the colonies 
conformed to the predicted exponential and linear rates for CHL-I and 3T3 
respectively. Autoradiographs of colonies in which DNA was labeled with tritiated 
thymidine showed that in 3T3 colonies, only peripheral cells were labeled, while 
CHL-I colonies were labeled throughout. 

Simple methods for growth of ma- 
croscopic colonies from mammalian 
cells in vitro have made possible quan- 
titative studies of cellular reproduction, 
genetics, and interactions with viruses 
(1). With these microbiological meth- 
ods, the growth of mammalian cells in 
a particular medium can be expressed 
in terms of the plating efficiency (that 
is, the number of cells in a population 
capable of initiating self-sustaining mul- 
tiplication) and of the generation time 
in the exponential reproductive phase. 
Contact inhibition of replication, how- 
ever, is a property of some mammalian 
cells cultivated in vitro; this property in- 
terferes with unlimited proliferation of 
all of the cells in the colony. As a re- 
sult, the differences between colonies 
of cells with and without contact in- 

hibition can be used to identify and 
analyze the property. 

To examine the effects of contact in- 
hibition in colony growth, we have 
compared the 3T3 cell-strain isolated 
by Todaro and Green (2) with the 
Chinese-hamster cell strain CHL-1 iso- 
lated by Puck (3). The media and meth- 
ods of cultivation and plating have 
been described (2, 4). The 3T3 cells 
formed less distinct colonies and con- 
sistently had a lower plating efficiency 
and growth rate than the CHL-1 cells 
(Fig. 1, a and b). The .average plating 
efficiency of 3T3 [with 50 cells as the 
minimum colony size (5)] in ten sepa- 
rate experiments was 29 percent, where- 
as that of CHL-1 was seldom less than 
70 percent. The generation time esti- 
mated from a cell count of the col- 
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Fig. 2. Growth rates of CHL-1 (solid 
circles) and 3T3 (open circles). The solid 
line represents the theoretical exponential 
curve; the broken line represents the theo- 
retical linear growth-rate starting at about 
60 cells per colony. 

onies of 3T3 was about 24 hours, 
whereas that of CHL-1 was about 12 
hours. 

To determine if the difference in the 
numbers of cells in the colonies of 
CHL-1 and 3T3 reflected the effects of 
contact inhibition, we established 
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Fig. 3. Percentage of cells labeled by H'- 

asDa function of the distance (a) hori- 
zontally through a colony and (b) ver- 
tically through the same colony. The total 
cells and labeled cells were counted in 
adjacent squares (0.5 mm by 0.5 mm). The 
solid areas represent values for 3T3; 
under the broken line are the values for 
CHL-1. Arrows indicate the edges of the 
colony. 

growth curves of the two cell types. 
With contact inhibition of replication, 
one would expect that, after the colb 
onies reached a size in which the cen- 
tral cells could not escape contact with 
their neighbors, the growth rate would 
be a linear expression of the number 
of peripheral cells; without contact in- 
hibition in the colonial population, the 
growth rate would continue exponen- 
tially. The results of the cell counts 
of colonies as a function of the num- 
ber of generations are presented in Fig. 
2. The growth rate of 3T3 colonies 
became approximately linear; that of 
the CHL-1 colonies, became approxi- 
mately exponential. The expression of 
contact inhibition within the colony 
was detected from the 60-cell stage. 
This agrees with the fact that, from 
the sixth generation on, growth is linear 
rather than exponential. 

To test whether only the cells on 
the circumference of the colonies were 
multiplying, we measured DNA synthe- 
sis by radioactive labeling and auto- 
radiography. The colonies were grown 
on glass slides in petri dishes until they 
reached the desired size. The medium 
was then changed to Saline F (4) with 
fetal bovine serum and H3-thymridine; 
the medium was 2 percent fetal bovine 
serum and had a final specific activity 
of I ttc/ml. The incubation was con- 
tinued for one generation time, and the 
radioactive solution was removed. The 
cells were washed twice with Saline 
F and fixed with 10 percent formal- 
dehyde. The slides were then rinsed 
in distilled water, immersed for 1 hour 
in cold, 5 percent trichloroacetic acid, 
rinsed in distilled 'water, and air dried. 
For autoradiography, 'the slides were 
dipped in Kodak NTB-2 liquid photo- 
graphic emulsion and exposed for 5 to 
8 days at 40C before being devel- 
oped (6). 

The autoradiographs of the center of 
a 3T3 colony had no grains, whereas 
the CHL-1 cells were labeled through- 
out (Fig. 1, c and d). The edges of the 
3T3 colonies, however, did have labeled 
nuclei. We determined the distribution 
of the percentage of labeled cells by 
scanning the colony in two direc- 
tions (Fig. 3). Whereas 60 to 80 per- 
cent of the peripheral 3T3 cells had 
labeled nuclei, less than 5 percent of 
those in the center of the colony were 
labeled. 

Results obtained in analysis of clonal 
isolates 'by this method were the same 
as those obtained with the original 

3T3 strain. Analysis of the percentage 
of cells having the property of con- 
tact inhibition in a primary culture is 
possible with this technique. 
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Plasma Membrane: Substructural 
Changes Correlated with Electrical 
Resistance and Pinocytosis 

Abstract. Inducers of pinocytosis in 
amoeba cause as much as a 50-fold 
decrease in the electrical resistance of 
the plasma membrane prior to the 
formation of the typical tunnels and 
vacuoles. In this state the thickness of 
the electron-transparent core or lamella 
of the unit mnemnbrane is at least twice 
as thick as that of the control. The 
changes in structure and resistance as 
well as the induction of pinocytosis are 
dependent on the initial external con- 
centration of calcium. These changes 
are rapidly reversed when the concen- 
tration of calcium in the external me- 
dium is increased. 

Cultures of the amoeba Chaos chaos 
L. (Pelomyxa carolinensis) fed washed 
paramecia were grown in a fluid con- 
taining 1.0 mole of CaCl2, 2.0 mmole 
of NaCl, and 0.4 mmole of KH2PO4- 
Na2,HPO4 per liter of ion-free water 
with a pH of 6.9. The test solutions, 
described by notation of the Ca2+ 
concentration only, were identical ex- 
cept that the ' concentration of cal- 
cium chloride was varied.' Solutions 
were made with ion-free water -(resin 
supplied by Continental Water Con- 
ditioning Corp.) and kept in disposable 
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