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C'2 activity suggested at first that dif- 
ferent groups in the C'2 molecule 
might be affected. This hypothesis be- 
came less probable when it was found 
that treatment with iodoacetamide pre- 
vented subsequent inactivation by p- 
CMB and failed to enhance the activity 
of p-CMB-treated C'2. The most prob- 
able explanation is that both com- 
pounds react with the same group in 
the C'2 molecule, the chemical nature 
of which is as yet undetermined. 
Whereas this group does not seem to 
be essential for C'2 activity, it appears 
to be located in a critical region of 
the molecule which governs part of the 
C'2 function. 

MARGARET J. POLLEY 

HANS J. MULLER-EBERHARD 

Division of Experimental Pathology, 
Scripps Clinic and Research 
Foundation, La Jolla, California 

In many plant species the presence 
of the apical shoot tip prevents side 
shoots from elongating. This phenom- 
enon is called apical dominance. It 
was reported 30 years ago that the 
growth hormone, auxin, which can be 
obtained from growing buds, could 
substitute for the apical shoot tip in 
this effect (1). Thimann and Skoog 
hypothesized that auxin from the apical 
shoot tip moved down the stem in suf- 
ficient quantities to inhibit the side 
shoots directly. A recent critical anal- 
ysis of the evidence called attention to 
the fact that exact studies of replace- 
ment were lacking (2). When exact 
substitution of synthetic auxin for the 
endogenous auxin was demonstrated in 
Coleus by adding 1 percent indoleacetic 
acid (IAA) in lanolin, there was con- 
comitant exact replacement of the 
apical shoot tip with respect to the 
differentiation of xylem cells but not 
with respect to apical dominance (2, 
3). This suggests either that auxin is 
not involved directly in apical domi- 
nance or that some other substance(s) 
from the shoot tip is also necessary. 
A review of the many unresolved prob- 
lems of apical dominance was written 
in 1961 by Champagnat (4). 
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To investigate this further, we used 
light-grown young legumes, both be- 
cause these plants had been used by 
the early workers and because they 
show particularly strong apical domi- 
nance (that is, side shoots grow out 
very little in the intact plant). Twelve- 
day old plants of Pisum sativum L. 
(var. "Alaska") were used. Confirming 
earlier studies on legumes, we found 
that when auxin was substituted for 
the apical shoot tip of peas it caused 
a significant decrease in the growth of 
the side shoots; but no auxin concen- 
tration by itself would restore full 
dominance for more than a few days 
(5) (Table 1). If a second substance 
is acting in the shoot tip along with 
auxin, then the gibberellins are a likely 
choice. They have been extracted from 
various parts of pea plants (6), and, 
although gibberellic acid causes faster 
growth of side shoots when added to 
decapitated plants, it has also been re- 
ported to enhance apical dominance 
when added to various intact plants (7). 

We found that gibberellic acid, when 
added with the auxin IAA as a substi- 
tute for the apical shoot of peas, sig- 
nificantly increased the duration of in- 
hibition of side shoots (5) (Table 1). 

The optimum concentration in lanolin 
paste was 1 percent gibberellic acid and 
1 percent IAA. Gibberellic acid added 
alone at a concentration of 1 percent 
stimulated growth of the side shoots 
rather than inhibiting them. 

Indoleacetic acid-C14, 1 percent in 
lanolin, was substituted for the apical 
shoot, with and without the optimal 
concentration of gibberellic acid. At 2- 
day intervals, the peas were harvested, 
all side shoots were measured, and 
various nodes and internodes were 
measured, diced, then extracted three 
times with diethyl ether. The combined 
extracts were evaporated to dryness, 
scintillation fluid containing 25 percent 
ethanol was added, and the samples 
were counted twice for at least 1 0 
minutes each in a liquid scintillation 
counter (8). Typical results from one 
of the three experiments are shown in 
Fig. 1. The presence of gibberellic acid 
in the apical paste caused much more 
C14 to be extractable farther down the 
stem after 2 days. Only from the sec- 
tion nearest the site of application 
(node 5 plus lower portion of internode 
6) was more C14 extractable from the 
plants treated with IAA-C14 alone. By 
day 4 this effect of gibberellic acid was 
no longer apparent: below node 4 
there was no significant difference be- 
tween treatments in the amount of C14 
extractable after the treatment with 
IAA-C14. This confirms the finding of 
Case (5). 

To see how much of the extracted 
radioactivity was still with IAA after 
2 days, paper chromatograms were 
run. The results confirmed the hypoth- 
esis that gibberellic acid increases the 
amount of IAA-C14 extractable from 

Table 1. Average lengths of main shoots 
(mean ? standard error; N-5 in each in- 

stance) and of all side shoots in "Alaska" 
pea plants decapitated midway up internode 6 
(counting from the base) and treated with 
1 percent IAA or with 1 percent gibberellic 
acid (GA) plus 1 percent IAA in lanolin 
paste. When compared by Student's t-test, the 
values for the main shoots on day 2 yielded 
1.61 (t,o =1.86) and on day 4, 0.235 
(to.5-=0.706). 

Length of Mean Mean 

Treatment main shoots summated 
Length of summated 

(mTreat ment main shoots 
length of side 
shoots (mm) 

Day 2 
Decapitated only 16.3 
IAA 110.4 ? 2.5 1.4 
GA + IAA 106.0 ? 1.0 0.3 

Day 4 
Decapitated only 45.6 
IAA 116.2? 3.3 21.0 
GA+IAA 115.2 -+- 2.7 9.2 

1729 

Auxin Transport, Gibberellin, and Apical Dominance 

Abstract. Substitution of indoleacetic acid plus gibberellic acid for Pisum 
shoot apices restored apical dominance more effectively than indoleacetic acid 
alone. Studies of translocation, in which carbon-14-labeled indoleacetic acid was 
used (as determined by paper chromatography and scintillation counting) re- 
vealed that gibberellic acid caused imore indoleacetic acid to be present and effec- 
tive far from the site of applicatlion. 



the amount of auxin which can move 
in the plant is strictly limited by the 
transport capacity of the tissues (see 
3, 12). 

On the other hand, almost all these 
observations as well as others in the 
literature (13) can be explained as 
easily on the basis of an "auxin- 
sparing" action of gibberellic acid (7, 
14). In fact, Scott and Briggs (15) 
have presented evidence, also based on 
ether extractions of light-grown "Alas- 
ka" peas, that IAA in lanolin added to 
the 5th internode moves basipetally at 
about 10 mm/hr for at least 80 mm. 
Hence, the IAA added in our experi- 
ments should have reached the bottoms 
of the 90 to 100-mm long stems by 10 
hours after application. The apparent 
lack of IAA-C14 in the bottom portion 
of the stem 2 days after the applica- 
tion of IAA alone (Figs. 1 and 2) 
therefore supports the argument for an 
effect of gibberellic acid on "auxin- 
saving" rather than directly on auxin- 
transport. 

WILLIAM P. JACOBS 
DAVID B. CASE 

Department of Biology, 
Princeton University, 
Princeton, New Jersey 08540 
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Reversion in Hamster Cells 

Transformed by Rous Sarcoma Virus 

Abstract. Hamster cells of the BHK- 
21 line are transformable by Rous sar- 
coma virus (Schmidt-Ruppin strain). 
The transformed cells form colonies in 
agar suspension culture, grow on glass 
in disarray, and initiate tumors in ham- 
sters and chickens, but extracts do not 
induce tumors in chickens. Chickens 
bearing tumors develop neutralizing 
antibody against the virus. Transformed 
cell clones give rise to "revertants" 
which form colonies on glass with cells 
oriented parallel to each other like the 
original uninfected cells. These re- 
vertants do not grow in agar or initiate 
chicken tumors, and they regain the 
original low transplantability of tin- 
transformed cells in hamsters. 

When hamster cells of the BHK21 
C13 line (1) are infected with poly- 
oma virus and suspended in soft agar 
medium, only cells which have under- 
gone transformation have a high col- 
ony-forming capacity. The use of this 
property in a selective assay for poly- 
oma-transformed hamster cells has 
been described (2, 3). It was of inter- 
est to determine whether the same 
technique was applicable to the study 
of transformation by other oncogenic 
viruses. This report describes the use 
of such technique for isolation of C13 
cells transformed by Rous sarcoma 
virus, Schmidt-Ruppin strain (RSV- 
SR) (4), with particular emphasis on 
the loss of transformed character by 
some of these cells. 

A suspension of C 13 cells was in- 
fected with RSV-SR virus at an input 
multiplicity of 0.05 focus-forming units 
per cell (5). Ten agar suspension cul- 
tures were each seeded with 104 in- 
fected cells. After 14 days at 37?C 
five colonies about 0. l to 0.2 mm in 
diameter and 11 colonies less than 0.1 
mm in diameter had developed. Four 
control plates each containing 104 un- 
infected cells had only a few minute 
colonies. The five largest colonies from 
the infected cell cultures were picked 
and cultured on glass in 10 percent calf 
serum medium (1). The cells in all 
five cultures grew in disarray like C13 
cells transformed by polyoma virus (1). 
When the culture derived from one of 
these colonies (designated C13/SR) 
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cell clones give rise to "revertants" 
which form colonies on glass with cells 
oriented parallel to each other like the 
original uninfected cells. These re- 
vertants do not grow in agar or initiate 
chicken tumors, and they regain the 
original low transplantability of tin- 
transformed cells in hamsters. 

When hamster cells of the BHK21 
C13 line (1) are infected with poly- 
oma virus and suspended in soft agar 
medium, only cells which have under- 
gone transformation have a high col- 
ony-forming capacity. The use of this 
property in a selective assay for poly- 
oma-transformed hamster cells has 
been described (2, 3). It was of inter- 
est to determine whether the same 
technique was applicable to the study 
of transformation by other oncogenic 
viruses. This report describes the use 
of such technique for isolation of C13 
cells transformed by Rous sarcoma 
virus, Schmidt-Ruppin strain (RSV- 
SR) (4), with particular emphasis on 
the loss of transformed character by 
some of these cells. 

A suspension of C 13 cells was in- 
fected with RSV-SR virus at an input 
multiplicity of 0.05 focus-forming units 
per cell (5). Ten agar suspension cul- 
tures were each seeded with 104 in- 
fected cells. After 14 days at 37?C 
five colonies about 0. l to 0.2 mm in 
diameter and 11 colonies less than 0.1 
mm in diameter had developed. Four 
control plates each containing 104 un- 
infected cells had only a few minute 
colonies. The five largest colonies from 
the infected cell cultures were picked 
and cultured on glass in 10 percent calf 
serum medium (1). The cells in all 
five cultures grew in disarray like C13 
cells transformed by polyoma virus (1). 
When the culture derived from one of 
these colonies (designated C13/SR) 
had grown to about 5 X 105 cells, 
clones were prepared by isolating single 
cells in microdrops under paraffin (6). 
Three of the 16 isolated cells formed 
colonies, which were designated C13/ 
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SRI, C13/SR2, and C13/SR3. When 
grown on glass these clones formed 
randomly oriented cell layers. Cells of 
the C13/SR2 and C13/SR3 clones grew 
rapidly and made the medium very 
acid; C13/SR1 cells grew more slowly. 
The clones and original C13/SR cells 
were plated at low cell density to pro- 
duce discrete colonies in petri dishes 
containing x-irradiated C13 cells as 
"feeders" (7) (Table 1). A small pro- 
portion of the C13/SR, C1 3/SR2, and 
C13/SR3 cells formed colonies with 
well-defined parallel orientation ("re- 
vertants"). It is very unlikely that these 
revertant cells were derived from un- 
transformed C13 cells which had con- 
taminated the transformed colony in 
the agar culture and which had been 
carried through the cloning procedure. 
The micromanipulations of cloning in- 
volve two separate visual checks on the 
discreteness of the isolated cell. The 
possibility that the revertants were de- 
rived from the x-irradiated feeder cells 
was excluded when platings of C13/ 
SR3 cells with and without feeder cells 
gave essentially the same proportion of 
transformed and reverted colonies. 
Clone Cl3/SR1 cells gave rise to only 
transformed colonies, that is, with ran- 
dom orientation. Intermediate colonies 
with some degree of parallel orienta- 
tion in the center of the colony were 
present in all platings except those of 
C13/SR1 cells. 

This gradation in morphology made 
classification of the colonies difficult, 
but in the results presented here only 
colonies with very well-marked parallel 
orientation, like the original C13 cells, 
have been classified as "reverted." A 
completely random transformed colony 
and a revertant colony in a plating of 
C13/SR3 cells are shown in Fig. 1. 
When platings were made in fetal in- 
stead of postnatal calf serum the pro- 
portion of transformed colonies was 
increased, but well-marked reverted 
colonies were still present in platings 
of C13/SR2 and C13/SR3 (Table 2). 
This observation is of particular in- 
terest since Rubin (8) has shown that 

Table 1. Colony formation by C13/SR cells 
and its derivative clones in early passage in 
10 percent serum medium. 

Colonies with 
Plating parallel 

Cells efficiency orientation 
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