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Contact-inhibited variants have been isolated by treatment of simian virus 40
(SV40)-transformed Balb/c 3T3 cells (SVT2) with the plant lectin concanavalin A.
These con A revertant cells exhibit the following properties: (i) they resemble 3T3
cells morphologically and grow to saturation densities which are similar to that
of 3T3 cells; (ii) they synthesize the SV40-specific T antigen and yield infectious
virus after fusion with permissive monkey cells; (iii) they contain a high sialic acid
content similar to that of 3T3 cells and not to that of SVT2 cells; sialic acid com-

position was found to be independent of serum concentration; (iv) they contain more
chromosomes with the average number in the tetraploid range than the SVT2
cells from which they were derived; and (v) SVT2 and revertant cells, confluent or

subconfluent, produce more collagen than Balb/3T3 cells. The relationship of sur-

face membrane properties to contact inhibition of growth and the mechanisms for
generating revertant cells are discussed.

Much interest has been generated recently in the
interaction of plant lectins with polysaccharides
of defined isomeric composition (2, 13) on the
surfaces of mammalian cells. This interaction
results in the agglutination of transformed cells.
Contact-inhibited cell lines in tissue culture, such
as mouse 3T3 cells, are highly resistant to agglu-
tination by concanavalin A (con A; an agglutinin
obtained from the Jack bean) (13) or wheat-germ
agglutinin (from wheat-germ lipase preparations)
(2). These cells, after transformation with the
oncogenic deoxyribonucleic acid (DNA) viruses,
simian virus 40 (SV40), or polyoma, are readily
agglutinated with either of these lectins. When
normal 3T3 cells are subjected to mild proteolysis
with trypsin or other proteolytic enzymes, the cells
became agglutinable; it was suggested by Burger
(3) that 3T3 cells contain surface coat material
not found in transformed cells which may be
important in determining the phenomenon of
contact inhibition of growth.
The agglutinability of transformed cells can be

described as one more of a number of pleiotropic
properties resulting from oncogenic virus trans-
formation of cells. However, it was soon dis-
covered that contact-inhibited, revertant cells,
obtained from transformed cell populations by

1 Present address: Department of Microbiology, Case Western
Reserve University School of Medicine, Cleveland, Ohio 44106.

the 5-fluorodeoxyuridine (FUdR) procedure (6,
18) or by growth on glutaraldehyde-fixed mono-
layer cultures (19), were resistant to agglutination
by the various plant lectins, although they still
contained viral genetic information (12, 17).
These experiments lent strong credence to the
hypothesis that the properties of the surfaces of
cells which determine agglutinability potential
are relevant to contact inhibition of growth.
We therefore wished to determine the correla-

tion of contact-inhibitory phenomena to agglutina-
tion by studying the properties of variants of SV40-
transformed Balb/c 3T3 cells which are resistant
to agglutination by con A. These variants,
termed con A revertant cells, are flat and contact-
inhibited; their biologic, virologic, chemical, and
cytogenetic properties are described below. These
properties will be compared to those of revertants
obtained by the FUdR procedure and described
previously (6), with specific reference to the
mechanism(s) by which revertant cells are
generated in transformed cell cultures.

MATERIALS AND METHODS

Cells. Balb/c 3T3 cells, clone A31, and SV40-
transformed A3 1 cells, clone SVT2, were obtained
from Stuart Aaronson after 150 generations of growth.
These cell lines were used only between their 5th and
15th passages in our laboratory. Similarly, revertant
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cells were used only between their 5th and 15th pas-
sages after cloning. The origin and history of Swiss
3T3, SV3T3, and the FlA and FIE revertant cells
obtained by utilization of the FUdR technique have
been described previously (6, 14). The details of cell
culture and determination of saturation densities have
also been described (6).

The Balb/c cell lines were routinely assayed and
found to be free of Mycoplasma contamination as
determined by the cultural assay of Madoff (15) and
a biochemical assay utilizing radiolabeled thymidine
kindly performed by R. Roblin. This latter assay was
carried out as follows. Cells were plated thinly in 50-
mm plastic petri dishes and allowed to grow for 24 or
72 hr after a change of medium. 3H-thymidine (18 to
20 Ci/mmole) was added to the medium at a final
concentration of 5 jiCi/ml for 4 hr of incubation. The
medium uvas then decanted, the cells were washed
twice with phosphate-buffered saline, pH 7.4 (PBS),
fixed with two washes of cold 5' trichloroacetic acid
in water (w/v), and washed five times with cold 95%
ethanol. Autoradiograms of the fixed cells were pre-
pared by layering the dishes with Kodak ARlO film
and setting at room temperature for 3 days before the
film was developed and fixed. Mycoplasma-infected
cells yielded patterns of silver grains over the cyto-
plasm of cells with a paucity of silver grains over the
nucleus [probably due to the preferential use of thy-
midine by Mycoplasma in the cytoplasm where they
grow (16)1. Mycoplasma-free cultures displayed heavy
silver grainl patterns only over the nuclei of cells.
Balb/c cells were only utilized in the present studies
when they were found to be free of contamination by
Mycopla.sma by both assays.

Isolation of revertants. Balb/c SVT2 cells were
inoculated into 50-mm plastic petri dishes. After 3
days of growth, when the cells were just confluent
(i.e., 95 to 100% of the surface of the dish was covered
with cells'), the medium was changed and con A was
added to the medium at a final concentration of 200
jug/ml. (Con A was dissolved in saturated NaCl in
PBS at a concentration of 25 mg/ml and sterilized by
filtration. In some instances, when con A was added
to medium containing serum, a flocculent solid formed
and these dishes were not used. Control dishes were
exposed to the same portions of saturated NaCl in
PBS without con A, and no toxicity resulted from the
small increase in NaCl concentration.) Within 24 hr in
medium containing con A, most cells rcunded up and
came off the dish; 100% of these cells were stained
with the vital dye trypan blue, indicating loss of
viability. After 48 hr of exposure to con A, the few
remaining cells on the surface of dishes were washed
twice with PBS, dispersed with trypsin, and passed
into new dishes with fresh medium (no con A). Within
1 week, 50 to 60 colonies appeared on the dishes (a
survival rate of approximately 10-5), and approxi-
mately half of these colonies had a flat morphology
similar to the morphology of Balb/c 3T3 cells and not
SVT2 cells. Four of these colonies were isolated as
described oreviously (6), cloned from single cells, and
designated revertant clones 80, 81, 83, and 84. The
properties of the progeny of these clones will be
described below.

SVT2 cells that were exposed to a concentration of
con A of 400 ,ug/ml (twice the concentration used
above) rarely yielded any survivors when the pro-
cedure outlined above was used. Cells exposed to 100
,jg of con A per ml (one-half of the selection con-
centration) yielded several hundred colonies of which
greater than 95% had the small, spindle-shaped
morphology of parental SVT2 cells.

Virologic procedures. The presence of the SV40-
specific T antigen was determined by the indirect
immunofluorescence method as described previously
(6).

Fusion of SVT2 or revertant cells with a continuous
line of African green monkey kidney cells (MA-134)
to rescue infectious virus from virogenic cells in
the presence of Sendai fusion factor has been de-
scribed (6). An alternate method of removing SVT2
or revertant cells from dishes with the chelating
agent ethylenebis(oxyethylenenitrilo)tetraacetic acid
(EGTA) was tested to determine the comparative
effects of trypsinization and chelation on the fusability
of cell lines since proteolysis presumably alters surface
properties. The ability of EGTA, a specific Ca2+-
chelating agent, to remove cells from the surfaces with
minimal removal of cell surface material will be
described in a separate communication (manuscript
in preparation). In the present studies, SVT2 cells or
revertant cells, which were 70 to 80% confluent, were
washed once with PBS, shaken gently at 37 C with
0.02%o EGTA in PBS for 10 min, pelleted by centri-
fugation at 1,500 rev/min in an International PR-2
centrifuge, and resuspended in MEM X4 supple-
mented with 10% fetal calf serum to give the desired
concentration of cells for fusion with trypsinized MA-
134 cells in the presence of Sendai fusion factor (6).
The suspensions of mixed cells were then inoculated
into roller tubes and incubated for 10 days. Triplicate
tubes were then frozen-thawed three times between
-70 and 36 C, treated sonically for 2 min in a Ray-
theon sonic oscillator, and assayed for plaque-forming
ability on monkey kidney cells by using an agar over-
lay.

Sialic acid determination. The method for determin-
ing the sialic acid content of cells has been described
(6), a micromodification of the method of Warren
(23).

Collagen determination. Cells were inoculated into
29-oz (approximately 960-ml) Blake bottles. After
24 hr (the cells were only 5 to 10% confluent), 50 ml of
fresh medium [MEM X4 supplemented with 0.5 mg of
L-proline, 100,uCi of proline-2,3-3H (specific activity,
45.7 Ci/mmole), 50,jg of ascorbic acid per ml, and
1 ,jg of FeSO4 7H20 per ml] was added. Since proline
is converted to hydroxyproline, which is a unique
component of collagens, collagen production is deter-
mined by measuring the ratio of the two components
(9). To measure the collagen-producing ability in
growing cells, cultures were maintained in 3H-proline-
containing medium for 48 hr before harvesting; the
cells were 50 to 60% confluent at the time of assay. To
determine collagen production in confluent cultures,
fresh 3H-proline-containing medium was added to
cultures which had just become confluent for an addi-
tional 3 days. Cells were then harvested by decanting
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medium, washing twice with PBS containing 100 mg
each of CaCl2 and MgSO4. 7H20 per liter, and scrap-
ing the cells into 5 ml ofRSB buffer [0.01 M NaCl; 0.01
NI tris(hydroxymethyl)aminomethane (Tris), pH 1.4;
0.0015 M MgCl2) . Cell extracts were then treated
sonically for 5 min at 4 C in a Raytheon sonic oscil-
lator, incubated at 4 C for 1 hr with 10 jAg of deoxy-
ribonuclease I per ml, dialyzed overnight at 4 C
against three changes of distilled water, and lyophilized
to dryness. Cell protein was hydrolized to amino acids
with 6 N HCl as described previously (6) and analyzed
by split-stream analysis with carrier proline and hy-
droxyproline on the UR-30 column of a Beckman
amino acid analyzer. The radioactive content of each
fraction was determined by counting fractions in
Aquasol in a Packard (model 3320) scintillation
counter.

Cytogenetic analsyis. Subconfluent cultures of
growing cells were dispersed with trypsin, pelleted by
centrifugation at 1,500 rev/min in an International
PR-2 centrifuge, and suspended at a concentration
of 106 cells /ml in PBS containing 1% fetal calf serum.
Cell suspensions were then scanned for mitotic cells,
whose chromosomes were examined after methanol-
glacial acetic acid (3:1) fixation and staining with
Giemsa. Thirty mitoses of each cell line were analyzed
forchromosome numbers, and five or six typical chro-
mosome preparations were photographed for evalua-
tion of chromosome morphologies.

Materials. Con A (A grade) was purchased from
Calbiochem, Los Angeles, Calif., and EGTA from
Eastman Organic Chemicals, Rochester, N.Y. Other
materials used in these studies were obtained from
sources previously described (6).

RESULTS

Isolation of revertant cell lines. Many of the
colonies that survived the con A treatment (see
above) contained cells with a flat morphology
very similar to that of Balb/c 3T3 cells and did not
appear to grow over one another. These survivors
contrasted with the small, spindle-shaped mor-
phology of the parental SVT2 cells which formed
multilayered colonies. Four single-cell clones of
these flat cells were isolated (clones 80, 81, 83,
and 84). These cells will be referred to as con A
revertant cells, in that their morphologies and
growth properties have "reverted" back to those
characteristic of contact-inhibited Balb/c 3T3
cells.

In Fig. 1, the morphologies of revertant clones
81 and 84 are compared to the morphologies of
Balb/c 3T3 cells and their SV40-transformed
counterparts, SVT2 cells. Revertant cells main-
tained a flat morphology in either subconfluent or
confluent cultures and formed a monolayer of
cells rather than piling on top of neighboring
cells.
The growth curves of these cell lines are de-

picted in Fig. 2. Balb/c 3T3 cells are highly

contact-inhibited and achieve a saturation density
of 1.7 X 106 cells per 50-mm dish, whereas
SVT2 cells which are not contact-inhibited grow
to densities greater than 25 x 106 cells per dish.
Revertant clone 84 achieves a saturation density
of 2.5 X 106 cells per dish; clone 81 of 3.7 x 106
cells per dish; clone 83 of 5.0 X 106 cells per
dish; and clone 80 of 2.1 X 106 cells per dish.
Thus, con A revertant clones grow only to
densities slightly higher than Balb /c 3T3 cells and
stop growing once this density has been achieved;
these clones therefore exhibit the property of
contact inhibition of growth characteristic of
parental Balb/c 3T3 cells.

Virologic studies: presence of T antigen. The
SV40-specific T antigen was detected in more than
90% of the nuclei in cell lines SVT2 and all four
revertant clones by indirect immunofluorescence
staining (Table 1). Thus, con A revertants have
retained the ability to express at least one SV40-
specific function.

Virus rescue. To determine whether revertant
cells contain the complete viral genome and
whether this could be rescued, fusion experiments
were performed with a permissive monkey kidney
cell line mediated by inactivated Sendai virus.
The data in Table 1 indicate that fairly com-
parable yields of SV40 virus were rescued from
all four revertant clones after the use of trypsin
to suspend these cells, but that none could be
rescued from parental SVT2 cells from which the
revertant clones were derived. Three attempts to
rescue virus from SVT2 cells after the use of
trypsin were unsuccessful. It is possible that the
surfaces of these cells are very labile and may be
altered after trypsin treatment to the extent that
Sendai virus may not adsorb; thus, heterokaryons
would not be formed.
EGTA, which has been shown to be a milder

agent for removing cells from surfaces while
minimizing membrane damage (L. A. Culp and
P. H. Black, manuscript in preparation), was used
to remove revertant clone 81 and SVT2 cells from
surfaces, followed by Sendai-mediated fusion
with monkey kidney cells. The data in Table 1
indicate that comparable yields of virus were
rescued from revertant clone 81 whether treated
with EGTA or trypsin. Very low yields of virus
were also rescued from SVT2 cells with EGTA,
but four logs less virus than could be rescued from
revertant clones.

Chemical properties: sialic acid content. The
sialic acid compositions of Balb/c 3T3 and SV40-
transformed 3T3 cells, SVT2, agree with the data
obtained previously for these cells (10) and for
Swiss 3T3 and SV3T3 cells (6). The Balb/c 3T3
cells have a high sialic acid content (Table 2) of
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FIG. 1. Morphology of Balb/c 3T3 cells, SV40-transformed 3T3 cells, and con A revertant cells. A, Confluent
Balb/c 3T3 cells; B, confluent SVT2 cells; C, confluent con A revertant clone 84 cells; D, subconfluent cOiI A
revertant clone 81 cells. Cells were stained with Giemsa after methanol fixation. X 120.
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4.0 i 0.3 ,ug of sialic acid per mg of protein,
while SVT2 cells have a much lower level, 2.3 i
0.2 ,ug. These values were found for both con-
fluent and subconfluent growing cells (Table 2),
indicating that sialic acid composition is not
quantitatively influenced by growth control in
3T3 cells or by the establishment of cell-to-cell
contacts in confluent cultures.

Revertant clones 80, 83, and 84 have a very
high sialic acid composition (Table 2) with a

combined average of 3.8 -4- 0.3 ,ug of sialic acid
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FIG. 2. Growth curves and saturation densities of
Balb/c 3T3, SV40-transformed 3T3 (SVT2), and
revertant cell lines. Duplicate dishes (50-mm plastic
petri dishes) were treated as described previously (6).
3T3 cells (0), SVT2 cells (A), revertant clone 81
cells (0), and revertant clone 84 cells (A).

per mg of protein, a value similar to that of
Balb/c 3T3 cells and not to that of SVT2 cells.
The consistently low sialic acid level found in
clone 81 will be discussed later and probably
reflects the very high propensity of this clone to
"rerevert" to spindle-shaped cells which form
multilayers.

Thus, con A revertant cells have high sialic acid
composition which correlate with their contact
inhibition o z,rowth. These results are similar to
those found with FUdR revertant cells (6) isolated
by a different procedure.
To determine whether the level of fetal calf

serum, which is rich in sialic acid-containing
glycoproteins, influences the sialic acid composi-
tion of cells, sialic acid determinations of Balb/c
3T3 cells were carried out with medium containing
varying serum concentrations. The results indi-
cate that the sialic acid composition of Balb/c
3T3 cells does not fluctuate appreciably from the
value normally found in these cells (4.0 0.3 ,ug
of sialic acid per mg of protein) over a range of
serum concentrations from 3 to 25%. Therefore,
if serum glycoproteins which are rich in sialic acid
bind to cell surfaces, they must saturate cell sites
at serum concentrations as low as 3%.

Collagen content. The content of collagen in
subconfluent and confluent cultures of mouse cell
lines is indicated in Table 3. The ability of cells
which were grown for long periods of time in the
presence of radioactive proline to produce radio-
active hydroxyproline was used as an indication
of collagen-producing capacity (9). Both con-
fluent SVT2 and con A revertant cells accumu-

TABLE 1. Properties of revertant cells

Saturation Rescue of SV40 virusb
Cell line density T antigen Morphologye

(X 10-6sa Trypsinized EGTA-treatedd

Balb/c 3T3 ............... 1.7 _ NDf ND Large, polygonal
SVT2................... >25 + 0 14 Small, spindle-shaped
Revertant clone 84. 2.5 + 8.9 X 104 ND Large, polygonal
Revertant clone 81 3.7 + 6.5 X 104 16 X 104 Large, polygonalg
Revertant clone 83 5.0 + 14 X 104 ND Large, polygonal
Revertant clone 80 2.1 + 37 X 104 ND Large, polygonal

a Cells per 50-mm plastic petri dish.
b Plaques per milliliter of extract. Rescued from cells by fusion with indicator MA-134 cells in the

presence of Sendai fusion factor. After fusion, the cells were maintained for 10 days in culture. Extracts
were then prepared and assayed for virus content by plaque formation.

c SVT2 and revertant cells were removed from surfaces by trypsinization, pelleted by centrifugation
at 600 X g for 10 min, and resuspended in medium before fusion with MA-134 cells as described in the
text.

d SVT2 andrevertantcellswereremoved from surfacesbytreatmentwithO.02%0 EGTA (a Ca2+-chelating
agent) in phosphate-buffered saline and then treated as described in 3.

e See Fig. 1.
f Not done.
g These cells demonstrated a pronounced tendency after several passages in culture to transform

spontaneously into small, spindle-shaped cells in confluent cultures.
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TABLE 2. Sialic acid coniteit of cell liiues

Amt of sialic acid (,ug,mg of protein)a Saturationi (iensity
Cell line (X10-6 cells per

Expt 1 Expt 2 Expt 3 50-mm dish)

Balbj/c 3T3b... ... 4.0 4 0.3c 1.7
Subconfluent 3T3 .. 3.8 ± o. Oc
Balb,/c SVT2b......... 3 i 0.2 c >25
Subconfluent SVT2' .... 2.3
Revertant clone 84b 3.6e 4 2c 3.6e 2.5f
Revertant clone 83.. 4.?e 4.0e 5.0f
Revertant clone 80'. 3.6e 3.6e I 2.1f
Revertant clone 81b... 2.6e 2.7e 2.8e 3 7f

a Preparation of whole-cell extracts and the micromodification of the Warren method for determining
sialic acid composition have been described previously (6). Cells were grown in four-times-concenitrated
minimal essential medium supplemented with 10% fetal calf serum.

bCell cultures which had been confluent for at least 48 hr were used in these determinations.
c Sialic acid determinations were made on four to six different cell preparations.
d "Subconfluent" denotes that only 50%c of the surface of the culture dish was covered w-itl cells.

which were growing exponentially.
Sialic acid determinations were carried out on cells at the 7th to 10th passage levels after cloning.

f Saturation densities were carried out at the 4th passage level after cloning.

TABLE 3. Collageni cointeuzt

flydroxyproline
Cell line" (counts imin)proline

(counts /rin)b

Balb/c 3T3 (confluent) 1.3 X 10-3
Balb/c 3T3 (subconfluent). ... 1.7 X 10-3
Balb/c SVT2 (confluent) 3.5 X 103
Revertant clone 84 (confluent) .. 3.4 X 10-3
Revertant clone 84 (subconfluent) 2.3 X 10-3
Swiss 3T3 (confluent) ........... 3.2 X 10-3

a Cells were grown in the presence of proline-
2,3-3H as described by Green and Goldberg (9)
and in the text. Radioactive proline was incor-
porated into cellular proteins and converted to
radioactive hydroxyproline in collagens (9).

1 Cell extracts were prepared and assayed for
protein-incorporated proline and hydroxyproline
as described in the text. The ratio of radioactive
hydroxyproline eluted from the UR30 column over
radioactive proline was calculated and is a rela-
tive measure of the content of collagen as com-
pared to cellular proteins in extracts. Approxi-
mately 75 to 80%C, of the hydroxyproline was the
4 isomer, while the remainder was the 3 isomer.

lated larger quantities of collagen than BALB/c
3T3 cells; the 3T3 cells produced comparable
amounts of collagen whether they were growing
(subconfluent) or growth-inhibited (confluent).
The collagen content of SVT2 and revertant
cultures was comparable to that of Swiss 3T3
cells, which are known to be efficient producers
of this material (9).

Cytogenetic analysis. The selection of revertant

cells from SV40-transformed cells with con A
presumably occurs by action of con A binding
to the surface of cells with a resultant cyto-
toxicity. It was of interest to compare the chro-
mosomal composition of con A revertants with
that of the parental SVT2 cells and also with the
composition of the FUdR revertants which were
isolated by a completely different approach (6).

Balb/c SVT2 cells have an average (average
number of chromosomes per cell determined by
summing the total number of chromosomes in 30
cells and dividing by 30) chromosome numLber of
43 (Fig. 3A) with a range varying, in general,
from 40 (the diploid number in mouse) to 45.
The fact that this SV40-transformed cell line is
just slightly hyperdiploid [confirmed by Stuart
Aaronson (personal communication)] is quite
unusual, because most SV40-transformed cell
lines have much higher ploidies which generally
are in the hypertriploid or hypotetraploid range.
Con A revertant clone 84 (Fig. 3B1 has an

average of 90 chromosomes per cell with great
variability over a range from 73 to 108 chromo-
somes per cell. Con A revertant clone 81 (Fig. 3C)
exhibited an average of 99 chromosomes per cell
with a range from 82 to 118 chromosomes per
cell. Thus, selection of revertants presumably by
a surface selection procedure yields cell variants
with chromosome complements which are ap-
proximately twice as numerous as parental
SVT2 cells but which have similar qualitative
cytogenetic characteristics.

Revertants which have been described pre-
viously (6), selected by the FUdR procedure,
have increased ploidy as well. The Swiss FIA
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revertant (Fig. 4B) has an average of 95 chro-
mosomes per cell (range 70 to 107), which is
considerably higher than the average of 63 chro-
mosomes per cell (range 57 to 68) found in
parental Swiss SV3T3 cells (Fig. 4A). Similarly,
the FlE revertant (Fig. 4C) exhibits an average
of 96 chromosomes per cell (range 80 to 109).
A unique feature of the FUdR revertant cells

is the presence of four to six dot, or minute
chromosomes in every cell. These are not found

eg Bolb/c SVT2 a

4

o 8- Balb/c Revertont Clone 84 8

4

2-

0 I

5 - Balb/c Revertont Clone 81 c
0,

4 0 5 60 7_ 80 90 10C ?10 123

NVUMBER OF CHROMOSOMES PER CELL

FIG. 3. Cytogenietic anialysis of Balb/c SVT2 and
conI A renertant cells. Cells were treated as described
in the text, and chromnosomes were counted intnaturally
occurring nitotic cells during exponential growth of the
cultures.
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FIG. 4. Cytogeizetic anialysis of Swiss SV3T3 a/Id
FUdR revertanzt cells. Antalytical procedutres are
described in Fig. 3 anzd int the text.

in parental Swiss SV3T3 cells nor in Balb 'c
SVT2 and con A revertant cells. Since FUdR
affects DNA synthesis in the cell while con A
presumably affects surface functions, one may
hypothosize that these dot chromosomes may
have arisen by extensive chromosomal damage
caused by FUdR inhibition of DNA synthesis.

DISCUSSION
Contact-inhibited (so-called revertant) cells

have been isolated from virus-transformed cell
lines by: (i) selection of cells resistant to FUdR
toxicity (6, 18) and (ii) selection of flat cells able
to grow on a glutaraldehyde-fixed feeder layer
(19). We now report a third method, based on the
ability of con A to agglutinate and kill the least
contact-inhibited SV40-transformed mouse 3T3
cells while sparing the more contact-inhibited
cells. The mechanism whereby revertant cells are
generated in a population of transformed cells is
not known. It is possible that revertant cells arise
by spontaneous mutation which are subsequently
selected for by either FUdR or con A. It is not
known whether FUdR is mutagenic for mam-
malian cells. However, there is no reason to
believe that con A is a mutagen in mammalian
cells, since its only biological functions to date
have centered on its ability to bind with polysac-
charides of defined specificity (8) at the surfaces
of mammalian cells (4, 21).

Clones of the con A revertant cells have
morphologies, growth curves, and saturation
densities which are similar to those of Balb/c
3T3 cells; however, the stability of these rever-
tants is somewhat variable (e.g., clone 81, see
below). In contrast to the FIA revertants isolated
by FUdR selection (6), con A revertants rarely
form multinucleated or single-nucleated giant
cells in either subconfluent or confluent cultures
(see Table 4 for a summary and comparison of
the properties of revertant cells isolated by the
FUdR and con A procedures).
The con A revertant cells contain the SV40

genome(s) as proven by (i) their capacity to
synthesize T antigen and (ii) the rescue of infec-
tious SV40 virus by fusion with permissive mon-
key cells. It is unusual that SV40 virus could be
rescued quite easily from the four con A revertant
clones, but not from the parental SVT2 cells
from which they were derived. A plausible ex-
planation lies in the fact that Balb/c SVT2 cells
are quite sensitive to trypsin treatment (L. A.
Culp and P. H. Black, *nanuscript in preparation),
which may have altered the ability of these cells
to adsorb Sendai virus and to form effective
heterokaryons with the monkey kidney cells.
When these cells were removed from surfaces
with EGTA, a Ca2+-chelating agent which
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Swiss Balb c
FUdR Revertanta Con A Revertantb

Large, flat

+

High, similar
to Swiss 3T3
cells

Low, similar
to Swiss
SV3T3 cells

Hypertetra-
ploid
(SV3T3-hy-
pertriploid)

4-6 Dot chro-
mosomes/
cell

Large, flat

+

High, similar
to Balb/c
3T3 cells.

Higher than
Balb,'c 3T3
cells.

Hypertetra-
ploid (SVT2-
hyperdiploid

None

a The isolation and properties of a contact-
inhibited variant of Swiss SV3T3 cells have been
described previously (6). FUdR, 5-fluorodeoxy-
uridine.

b Isolation and properties of a contact-inhibited
variant of Balb/c SVT2 cells are described in this
report. Con A, concanavalin A.

c Propensity to form single-nucleated or multi-
nucleated giant cells in confluent cultures.

d Virus was rescued subsequent to fusion with
permissive monkey kidney cells by utilizing inac-
tivated Sendai virus.

minimizes surface damage (Culp and Black,
manuscript in preparation), some virus was
rescued from SVT2 cells, although much less
virus (four logs) than was rescued from revertant
clone 81 cells after EGTA treatment.
The frequency with which these variants have

been isolated, approximately 1 in 105 cells, is
unusually high if these arose by mutation, since
genetic variants should be generated with a fre-
quency of 1 in 1012 mammalian cells. It is of
interest that revertants obtained by the FUdR
technique were isolated with a similar frequency
(6, 18). It is probable, then, that genetic muta-
tions do not account for these variants, but that
they are evolved through a series of phenotypic
changes in these cells which occur with a fre-
quency of 1 in 105. These variants would never
become prominent in a culture because they are
contact-inhibited and would be rapidly over-
grown by non-contact-inhibited parental cells.
We have confirmed the results of Pollack et al.

(18) that FUdR-selected revertant cells (6) have
an increased number of chromosomes in the

tetraploid range. In addition, these revertant cells
contain numerous dot chromosomes. It is of
interest that both plant cells (1, 22) and Chinese
hamster cells (11) contain fragmented dot chro-
mosomes after treatment with FUdR. It is pos-
sible that chromosome pulverization occurs at the
time of inhibition of DNA synthesis caused by
FUdR. However, it has also been reported that
fusion of cells into homokaryons in the presence
of Sendai virus causes fragmentation of chromo-
somes (20). In addition to homokaryons, syn-
karyons are also present in the FUdR revertant
cell population, and chromosomal loss and
fragmentation may occur in the latter cells.
Cytogenetic instability resulting from such
events could conceivably affect the growth
properties of a cell.

Such a mechanism may not explain the genera-
tion of con A revertants, since they lack frag-
mented chromosomes and since there was little
tendency to form either single- or multinucleated
giant cells. Cells of these revertant clones also
had an increased number of chromosomes: 90
to 99 per cell. It is of interest that both FUdR
revertants and con A revertants have similar
average chromosome numbers, since they were
derived from parental cells with widely differing
ploidies. Balb/c SVT2 cells are slightly hyper-
diploid, while Swiss SV3T3 cells are hypertriploid.
The reason for the increased ploidy of the con A
revertants is not known; con A presumably inter-
acts with cells only at the surface and does not
affect the genetic apparatus of the cell directly.
It is possible that con A inhibits cytokinesis;
however, multinucleated cells are rarely seen in
these revertant cell populations, and we are not
aware that con A produces this effect.

It has been shown previously (6) that FUdR re-
vertants have a high sialic acid composition similar
to that of Swiss 3T3 cells and not the SV3T3 cells
from which they were derived. An inverse cor-
relation (6) was found between the saturation
density that cells display in culture and their
content of sialic acid (on a per-milligram-of-
protein basis). Con A revertant clones 80, 83, and
84 have high sialic acid compositions similar to
Balb/c 3T3 cells and not the SVT2 cells from
which they were derived. Thus, sialic acid com-
position is high in revertant cells isolated in
different cell systems (Swiss and Balb,c mouse
cells) by widely differing selective procedures
(FUdR and con A treatment). There is evidence
that as much as 80% of the cell's sialic acid is in
surface membrane components (5, 7); these data
therefore reflect quantitative differences in surface
membrane components.

Revertant clone 81 consistently yielded sialic
acid compositions which were lower than the

TABLE 4. Properties of revertanit cells

Property

Morphology
Giant cells in

cultures-
Rescue of in-

fectious SV40
virusd

Sialic acid
composition

Collagen com-
position in
confluent
cultures

Cytogenetic
composition

Unusual chro-
mosomes
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values observed for the other revertant clones.
(During the growth of these cells, there is a

z tendency for a portion of the cells to assume a
small, spindle-shaped morphology characteristic
of parental SVT2 cells and a marked tendency in
confluent cultures of clone 81 cells to "rerevert"
to the non-contact-inhibited growth properties
of SVT2 cells. This tendency may explain the low
sialic acid composition of this clone.

Studies are being initiated to investigate the
qualitative distribution of surface glycoproteins
in these different cell systems. It will be important
to differentiate between several models: (i)
similar distributions of glycoproteins with a few
glycoproteins being quantitatively prominent in
cells which exhibit growth control; (ii) widely
different qualitative distributions of types of
surface glycoproteins of which revertant cells
have regained the ability to make those which are
relevant to growth control; (iii) the same distribu-
tion of glycoproteins in normal, transformed, and
revertant cells, but a greater concentration of
these surface components per unit area of mem-
brane in normal and revertant cells as compared
to transformed cells; (iv) localized areas of surface
membrane (perhaps only a very small fraction of
the total surface membrane) where unique glyco-
proteins important in growth control are found
while the vast majority of the membrane com-
ponents from normal, transformed, and revertant
cells are the same; and (v) the same protein
"backbones" in surface glycoproteins but unique
sequences or lengths of polysaccharide com-
ponents bound to these proteins. A great deal of
analytical work will be necessary to explain the
chemical basis for contact inhibition of growth
as it is mediated by cell surface components.

Previous evidence indicated that FUdR
revertant cells (6) had a diminished ability to
produce collagen and in this respect resembled
Swiss SV3T3 cells from which they were derived.
On the other hand, Swiss 3T3 cells produced large
amounts of collagen when they became confluent
(9). The data on collagen production by the
BALB,'c mouse cell lines indicated exactly the
opposite. SVT2 cells, which were confluent and
growing, and the con A revertant cells, which were
confluent and nongrowing, accumulated more

collagen than BALB/c 3T3 cells from which these
lines were derived. Thus the SV40-induced trans-
formation event which yielded the SVT2 clone
either: (i) occurred in a variant 3T3 cell which
had an increased capacity for collagen synthesis
or (ii) "derepressed" collagen synthesis several-
fold in a low-producing cell. Even subconfluent
revertant cells produced more collagen than 3T3
cells. The 50% higher yields of collagen in con-
fluent as compared to subconfluent revertant cells
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may not necessarily mean a stimulation of col-
lagen production after growth inhibition (9), but
perhaps may mean an inhibition of net protein
synthesis because of the absence of further cell
division and the continued synthesis of collagen
at the normal rate. It has also been proposed that
the increased production of collagen in confluent
cultures is due to stimulation of the biosynthetic
enzymes operative in the production of mature
collagen. In any case, the inverse correlation of
cell division with production of a differentiated
cellular product is not apparent in this system
(6, 9). It will now be of interest to determine the
fluctuation of collagen-producing ability in dif-
ferent BALB/c 3T3 clones and whether this
phenomenon occurs in different SV40 transforma-
tion events.
The ultrastructural properties of the surface

membranes of BALB/c 3T3, SVT2, and con A
revertant cells, as well as the relative distribution
of the alpha microfilament system (14) in the
cytoplasm of these cells, will be descrided in a
separate communication (L. S. McNutt, L. A.
Culp, and P. H. Black, manuscript in prepara-
tion).
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