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I N T R O D U C T I O N  

Pulse exposure of Chinese hamste r  ovary cells in 
vitro to the lectin, concanaval in  A (Con A), causes 
preferential  rounding of the epithelial (E) form of 
these cells (I ,  2). The fibroblast  (F) form, produced 
upon growth of cultures in the presence of reverse 
t ransformat ion  agents such as dibutyryl cyclic 
A M P  ( D B c A M P )  supplemented with testosterone 
derivatives or certain prostaglandins  (1, 3), is 
resistant to rounding during brief exposure to Con 
A. However,  with prolonged exposure to Con A, 
ei ther  cell populat ion rounds completely (2). The 
t ime lag in Con A rounding of cells t reated with 
D B c A M P  plus testosterone suggests that  cell 
rounding may be an autocatalyt ic  or cooperative 
process. The conversion of cells to Con A resist- 
ance is rapid, reversible, and insensitive to inhibi- 
tors of R N A  and protein synthesis or of mi- 
crotubule format ion and caused by a synergistic 
interact ion between D B c A M P  and testosterone 
(2). 

In the present work, the effect of t r ea tment  of 
Chinese hams te r  ovary cells with D B c A M P  plus 
testololactone,  a tes tosterone derivative, on Con A 
binding and cell killing and the effect of respira- 
tory inhibitors on Con A cell rounding have been 

investigated. Con A cell rounding has been found 
to be sensitive to low tempera ture  and inhibitors of 
respiration. Cells in either the absence or presence 
of D B c A M P  plus testololactone were found to be 
equally sensitive to Con A killing and to bind equal 
amounts  of [ l~ I ]Con  A. 

M A T E R I A L S  A N D  M E T H O D S  

Cells were cultured as described previously (2). In the 
current experiments testololactone (4) is used instead of 
the previously used testosterone propionate in order to 
avoid possible toxic effects of the latter compound. The 
growth rate of cultures plated in the absence or presence 
of the reverse transformation agents, 0.3 mM DBcAMP 
plus 3.3 x 10 5 M A-l-testololactone, is identical for 
the first 24 h after plating. To determine the effect of 
various agents upon cloning efficiency, cells were plated 
in duplicate, exposed to the agent, and clones counted 
after 6 days of growth. The cloning efficiency of control 
cells was ~80%. 

Cultures were incubated at 37°C with Con A in a 
humidified CO2 incubator (unless otherwise indicated) 
and rounded cells scored as previously described (2). In 
experiments to test the effect of temperature on Con A 
cell rounding, cultures were preincubated for 5 min with 
2°C medium minus or plus DBcAMP and testololactone 
and with 20 mM HEPES buffer (pH 7.2) added to 
control medium pH outside the CO2 incubator. Cultures 
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were then incubated with Con A at 2°C for various times, 
The addition of HEPES buffer was without effect on Con 
A cell rounding. In energy inhibition experiments, cul- 
tures were pretreated for 30 min with inhibitors of energy 
metabolism before Con A addition. 

Specific iodination of tyrosine residues by lactoperoxi- 
dase (Calbiochem, San Diego, Calif.) at 22°C was 
carried out by slight modifications of the procedure of 
Arndt-Jovin and Berg (5). Con A at a concentration of 1 
× 10 -4 M was dissolved in phosphate-buffered saline 
(PBS; reference 6), containing 0.1 M c~-methylman- 
nopyranoside and 1 × 10 3 M [12Sl]Na (specific activity, 
450 650 #Ci/#mol). The reaction was initiated by the 
addition of lactoperoxidase (7.7 × 10 7 M)and  H202 (1 
× 10-" M) and stopped after 20 rain by dialysis at 4°C 
against PBS, 0.1 M sucrose for 16 18 h with three 
changes, followed by dialysis against 400 vol PBS for 1 h 
in three changes to remove sucrose. The 12~l-labeled 
Con A was then used immediately. The specific activity 
of the preparations varied between 4,700-6,300 cpm/#g. 

Cells were treated with [t2'l]Con A in FI2 medium 
with 5% dialyzed calf serum minus or plus DBcAMP and 
testololactone as appropriate either at 37°C followed by 
incubation in a humidified CO2 incubator or at 2°C as 
described above. Treatment was terminated by removal 
of medium followed by four washes with 2°C PBS. After 
solubilization of the cultures in 0.5 N NaOH, radioactiv-- 
ity was analyzed by liquid scintillation spectrometry. 
Parallel petri dishes without cell inoculum were incu- 
bated with [t=~l]Con A for each experimental determina- 
tion to control for possible binding of Con A to serum 
proteins attached to the dish (7, 8). Specificity of 
[~25I]Con A binding was tested by pretreating cultures 
with a-methylmannopyranoside (9) at a concentration of 
0.05 M. 

In control experiments, little if any difference in 
[~25I]Con A bound was found with between three and five 
washes with either 2°C PBS or with warm medium minus 
or plus reverse transformation agents. Phosphate-buff- 
ered saline washes were found to cause detachment of 
only 3-5% of the cell population. 

The volume of cells grown in the absence or presence 
of reverse transformation agents was estimated by re- 
moving the cells from the petri dishes by trypsin and 
determining the relative cell volume with a Coulter 
counter (Coulter Electronics, Inc., Hialeah, Fla.). The 
lower threshold value of the counter aperature giving 
50% of the maximum cell count was considered to be the 
average cell volume. The surface area was then calcu- 
lated assuming the cells in suspension to be perfect 
spheres. 

R E S U L T S  

Killing of  Cells Grown in the Absence or 
Presence of Reverse Transformation Agents 

The u l t imate ly  comple t e  rounding  by Con  A o f  
cells g rown  in the  absence  or  p resence  o f  D B c A M P  

plus t e s to s t e rone  (2) suggests  tha t  cells g rown  in 
the absence  or  presence  of  reverse t r a n s f o r m a t i o n  
agents  m a y  be equal ly  suscept ible  to Con  A killing. 

Fig. 1 shows the effect  of  Con  A on the  c loning 
eff ic iency of  Chinese  h a m s t e r  ovary-K1 cells 
g rown in the absence  (E form) or p resence  (F 
fo rm)  of  reverse t r a n s f o r m a t i o n  agents .  Con t inu -  
ous exposure  of  e i ther  cell form to _< 5 t sg /ml  Con  

A causes  little to  no reduct ion  in c loning eff ic iency 
or  in colony size. 10 u g / m l  C o n  A causes  a 
reduc t ion  in c loning eff iciency and reduces  the 
colony size of  cul tures  in basal  med i um (E fo rm)  

by ~75%.  Litt le reduct ion of  F fo rm colony size 
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FIGURE I Effect o f  Con A on the cloning efficiency o f  
cells grown in the absence (E or epithelial form) or 
presence (F or f ibroblast form) o f  D B c A M P  plus tes- 
tololactone. Cells were plated in the absence or presence 
of reverse transformation agents. 18 20 h post-plating, 
Con A was added to the preexisting medium, c~-methyl- 
mannopyranoside (~xMM) at a final concentration of 
0.01 M was added to some cultures. O - - ©  Relative 
cloning efficiency of E form cells in the absence o f a M M .  
0 - - 0  Relative cloning efficiency of F form cells in the 
absence of ~MM. © © Relative cloning effi- 
ciency of E form cells in the presence of c~MM. 
• - • Relative cloning efficiency of F form cells in 
the presence of ~xMM. 
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occurs at this concentrat ion.  With > 10 # g / m l  
Con A the cloning efficiency of cells in either the 
absence or presence of D B c A M P  plus testololac- 

tone is decreased equally and precipitously. No 
colonies of ei ther cell form have been observed in 
cultures (2 × l0 s cells) exposed continuously to 40 
# g / m l  Con A. Addit ion of 0.01 M a -me thy lman-  
nopyranoside ( ~ M M ) ,  a specific inhibi tor  of Con 
A binding (9), prevents Con A inhibition of colony 
formation.  

To test whether  Con A growth inhibit ion results 
in actual cell death, the reversibility of Con A 
inhibit ion of colony format ion was examined. 
l-day exposure to 40 u g / m l  Con A causes an 
appreciable decrease in cloning efficiency of E or F 
form cells, and by the end of 3-days' exposure to 
Con A no colonies are found 6 days after Con A 
removal (Table I). In previous work, a 6-h expo- 
sure to 40-100 ~tg/ml Con A was shown to cause 
no reduction in cloning efficiency (2). 

Concentration Dependence and Kinetics o f  

[x251]Con A Binding to Cells Grown in 

the Absence or Presence o[ Reverse 

TransJormation Agents 

To test whether  the difference between E and F 
form cells in Con A rounding in short  term 
experiments  is due a difference in the amount  of 
Con A bound to ei ther cell form, the concentra t ion 
dependence and kinetics of binding of x251-1abeled 
Con A to cells was investigated. 

Fig. 2 shows the concentra t ion dependence and 
kinetics of Con A binding to E or F form cells 
during incubation with [~5I]Con A. No difference 
is apparent  in the amount  of [~2~l]Con A bound in 

TABLE l 

Reversibility of Con A Inhibition of Cell Growth 

Con A exposure 
(40 ~ag/ml) Cloning efficiency 

E F 

Control 85 % 82 % 
l day 34 % I I % 
2days 1 %  < 0.5% 
3days < 0.5% < 0.5% 

200 cells were plated in basal medium in the absence (E 
or epithelial form) or presence (F or fibroblast form) of 
DBcAMP plus testololactone. 18-h post-plating, Con A 
was added to the preexisting medium. At various times, 
Con A-containing medium was removed and replaced 
with Con A-free medium. 

a 30 min or 2 h exposure to cells grown in the 
absence (E) or presence (F) of reverse t ransforma-  
tion agents at any concentra t ion between 0.5 and 

100 u g / m l  (Fig. 2). In control experiments,  l~51- 
labeled Con A was found to have normal  biologi- 
cal activity as previously reported by others (5, 10, 
11). About  two and one-half  t imes as much Con A 
is bound per cell after  a 2-h exposure to ['251ICon 
A than in a 30-rain incuba t ion?  Under  the binding 
condit ions used, only 3 5%, at most,  of the 
apparent  binding is not blocked by 0.05 M c~- 
methylmannopyranos ide .  Fig. 2 shows the kinetics 
of binding of [12~I]Con A at a concentra t ion of 40 
#g /ml ,  a concentra t ion  of Con A showing great  
differences in rounding between E and F form cells 
(2). No significant difference in Con A binding at 
37°C to E or F form cells is found at any t ime 
point between 5 min and 2 h. 

A port ion of Con A binding at 37°C may reflect 
pinocytot ic  or other forms of uptake and may 
mask impor tan t  differences in [~251]Con A binding 
to the cell surface. In fact, E and F form cells 
pretreated with 2°C medium bind equal amounts  
of Con A in a 5-rain to 2-h exposure to 40 # g / m l  
[~2~l]Con A at 2°C, a tempera ture  at which 
pinocytosis is blocked (Fig. 3). At 2°C neither  cells 
grown in the absence or presence of reverse 
t ransformat ion  agents are rounded above back- 
ground during a 2-h exposure to 40 u g / m l  of Con 
A. Replacement  of the cold medium with warm, 
Con A-free medium results in a significant round- 
ing of the cells during the ensuing 2-h period. 

Only slight differences in the amount  of Con A 
bound per unit of cell surface may exist. Little 
difference in cell size is found between E and F 
form cells detached from substrate.  The volume of 
F form cells is 13% larger than that  of E cells, and 
the surface area is 9% larger assuming each cell 
form in suspension to be a perfect sphere. 

Effect o f  Inhibitors o f  Respiration on 

Con A Cell Rounding 

The inhibit ion of Con A cell rounding by low 
tempera ture  may indicate a possible dependence of 
rounding on cellular respiration. To examine this 
possibility, cells were pretreated for 30 min with 
inhibitors of glycolysis or oxidative phosphoryla-  

1 The lack of saturation in these experiments is appar- 
ently due to the presence of calf serum. Con A by binding 
serum components may form a multilayered lattice on 
the cell surface. 
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FIGURE 2 Concentration (A) and time (B) dependence of [1251]Con A binding at 37°C to Chinese 
hamster ovary-KI cells grown in the absence (E or epithelial form) or presence (F or fibroblast form) of 
DBcAMP plus testololactone for 18 h. In (A) I-I--FI, • - - •  cpm [12H]Con A bound during 30-min treat- 
ment of E or F form cells, respectively, in the absence of 0.05 M a-methylmannopyranoside (aMM). 
r"l. l-1, • - • cpm [t2sl]Con A bound during 30-min treatment of E or F form cells, respec- 
tively, in the presence of 0.05 M aMM. O, • cpm [125I ICon A bound during 2-h treatment of E or F form 
cells respectively, in the absence or presence of 0.5 M aMM. In (B) ©--O,  • - - 0  cpm bound during treat- 
ment of E or F form ceils, respectively, with 40 #g/ml [~251}Con A in the absence of 0.05 M aMM. 
O O, • • cpm bound during treatment of E or F form cells, respectively, with 40 #g/ml 
['2sl]Con A in the presence of 0.05 M c~MM. 
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t ion and then exposed to Con A in the presence of 
inhibitor.  

T rea tmen t  of cells in the absence (E) or presence 
(F) of reverse t ransformat ion  agents with inhibi- 
tors  of ei ther glycolysis or oxidative phosphoryla-  
t ion significantly depresses Con A cell rounding 
(Table II). The F form appears  to be more 
sensitive to energy inhibit ion than the E form. Use 
of inhibitors of glycolysis and oxidative phospho- 
rylation together  gives most  effective inhibit ion of 
Con A rounding. If allowance is made for the 
background of ~6% rounded cells in non-Con 
A-treated cultures, cyanide or azide together  with 
sodium fluoride gives ~80% inhibition of Con A 
rounding of E form cells and almost  100% inhibi- 
tion of F form rounding. A similar synergistic 
inhibit ion of rounding by inhibitors of glycolysis 
and oxidative phosphorylat ion together  can be 

observed using I × 10 -5 M iodoacetate instead of 
sodium fluoride. 

The effect of respiratory inhibitors on Con A 
rounding is not the result of binding of insufficient 
amounts  of Con A. Replacement  of the inhibi tor  (I 
× 10 3 M KCN,  2 × 10 3 M NaF)  Con A-con- 

taining medium with warm Con A-free medium 
results in rounding of either cell form to the same 
extent as the control  cultures t reated with Con A in 
the absence of inhibitors for 2 h. 

D I S C U S S I O N  

The equal  inhibition of colony format ion by Con A 
of Chinese hamste r  ovary-KI cells grown in ei ther  
the absence (epithelial or E form) or presence 
(f ibroblast  or F form) of DBcAM P plus testololac- 
tone is consistent with the previously reported 
ability of  Con A to round completely either cell 
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form over a period of hours  (2). Tha t  Con A 
actually kills cells is demons t ra ted  by the nonre- 
versible inhibit ion of colony format ion occurring 
during a I to 3-day exposure to 40 u g / m l  Con A. 

The almost  complete rounding of cells grown in 
the absence or presence of reverse t ransforma-  
tion agents during a 6-h Con A t rea tment  (2) and 
the equal susceptibility of ei ther cell form to Con A 
killing suggests, but does not prove, that  equal 
numbers  and kinds of Con A receptors may be 
present on the surface of ei ther cell form. Binding 
experiments  with [~s l ]Con A at 2 ° or 37°C show 
no difference in the amount  of Con A associated 
with E or F form cells at any concentra t ion 
between 0.5 and 100 u g / m l  or at any exposure 
between 5 min and 2 h. The difference in rounding 
response of cells grown in the absence or presence 
of D B c A M P  plus testololactone cannot  be ex- 
plained on the basis of a difference in the amount  
of Con A bound per cell. Since there is little 
difference in cell size between the two cell forms in 
suspension, little if any difference in the amount  of 
Con A bound per unit of cell surface exists. 
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FIGURE 3 Kinetics of binding at 2°C of 40 ug /ml  

[1~51]Con A to cells grown in the absence (E or epithelial 
form) or presence (F or fibroblast form) of DBcAMP 
plus testololactone for 17 h. O--O,  0 - - •  cpm 
[12sllCon A bound to E or F form cells, respectively, in 
the absence of 0.05 M a-methylmannopyranoside 
(aMM). 0 - -  O, • - - 0  cpm [1251iCon A 
bound to E or F form cells, respectively, in the presence 
of 0.05 M aMM. 

TABLE !I 

Effect o f  Inhibitors o f  Respiration on Con A Cell 
Rounding 

Inhibitor 

Frequency of cells 
rounded by 2-h 
challenge with 

40 u,g/ml Con A 

E F 
None 83% 44% 
Glycolysis 

2 x 10 3 M sodium fluoride 77% 27% 
2 x 10 2 M sodium fluoride 28% 16% 
5 x 10 ' M iodoacetate 38% 7% 
5 x 10 3 M iodoacetate 22% 9% 

Oxidative phosphorylation 
1 x 10 3 M potassium cyanide 57% 6% 
1 x 10 2Msodiumazide 48% 11% 

Glycolysis plus oxidative 
phosphorylation 

1 x 10 3 M potassium cyanide, 
2 x 10 s M sodium fluoride 23% 5% 

1 z 10 2Msodiumazide, 
2 x 10 3 M sodium fluoride 27% 6% 

Cells were plated in basal medium in the absence (E or 
epithelial form) or presence (F or fibroblast form) of 
DBcAMP plus testololactone. 17-h post-plating cells 
were pretreated for 30 rain with inhibitor(s) and then 
exposed to Con A in the presence of inhibitor(s). 

A similar amount  of  Con A has been reported to 
bind to the surface of normal  and t ransformed cells 
by other authors  (5, 1 1, 12). However, Noonan  and 
Burger (13) have reported recently tha t  t rans-  
formed cells bind three and one-half  to five t imes 
more [3H]Con A than do normal  cells during a 
5-min exposure to [3Hlacetyl- or succinyl-Con A 
at 0°C. 

i f  Con A rounding is due directly to binding to 
the cell surface and possible interactions of Con A 
molecules themselves, the t empera ture  dependence 
and inhibition of rounding by respiratory inhibi- 
tors  suggest tha t  Con A cell rounding is mechanis-  

tically more  similar to l igand-induced cap forma- 
tion in lymphocytes than to a cell agglut inat ion 
reaction. Capping is both tempera ture  and respira- 
tion dependent  (14 16). Agglut inat ion,  while tem- 
perature dependent,  is not respiration dependent  
(16). Electron microscope observat ions suggest 
tha t  Con A may induce cap format ion in Chinese 
hamster  ovary-K1 cells, and exper iments  with 
f luoroscein-conjugated Con A demons t ra te  a close 
correlat ion between capping and rounding (Stor-  
rie, manuscr ipt  in preparat ion) .  Cyclic A M P  treat-  
ment  of Chinese hamste r  ovary-K 1 cells may cause 
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Con  A binding sites to be more  f i rmly fixed in 

place in the  cell m e m b r a n e  and hence  restr ict  
l igand- induced  movemen t s .  

The possibi l i ty  that  the  m o d e  of  act ion o f  C o n  A 
in causing cell rounding  may  be a m o r e  indirect ,  
s econda ry  effect  o f  Con  A upon the internal  
concen t r a t ion  of  a smal l  molecule ,  such as c A M P  
or  c G M P  or some  o the r  process ,  cannot  present ly  
be excluded and is cur rent ly  being invest igated.  
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