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ABSTRACT 

We have investigated the molecular basis of the agglutinability of CHO subclones 
which respond differentially in terms of morphology and surface architecture in 
the presence of dB-cAMP in the medium. We have demonstrated that the 
agglutinability of these subclones with both wheat germ agglutinin ( W G A )  and 
concanavalin A (Con A) probably depends on the free lateral mobility of the 
lectin receptor sites in the plane of the membrane .  The nonagglutinable surface 
architecture seems to depend on the presence in the membrane  of a protease- 
labile peptide(s), which appears to be distinct from the lectin receptors, as well as 
on continuous protein and R N A  synthesis. This dependence on continuous tran- 
scription and translation may be related to the maintenance of the protease-labile 
peptide(s) in such a state as to restrict mobility of the lectin receptors. The surface 
architecture defined as nonagglutinable also depends on the state of polymeriza- 
tion of the intracellular microtubules and microfilaments. It is suggested that these 
microskeletal elements serve to anchor the lectin receptors in such a manner  as to 
restrict their mobility and thereby reduce the relative agglutinability of a cell line. 
We suggest that control of the free mobility of both the Con A and W G A  receptor 
sites is dependent  on two constraints, one applied by protease-labile ("surface") 
membrane  components and the other by components of the intracellular micro- 
skeletal system. 

The role of the plasma membrane in controlling 
cell growth has been an actively investigated area 
of research over the past few years (7). In particu- 
lar, many investigators have sought differences in 
the membrane of normal and transformed cells 
which might account for the different growth 
properties exhibited by the two cell types (24). A 
number of fairly consistent but not invariable 
types of plasma membrane modification have 

been reported to occur as a consequence of cell 
transformation. These have included (a) an in- 
crease in the average molecular weight of sialofu- 
copeptides released from the transformed cell sur- 
face after extensive trypsin digestion (5), and (b) 
enhanced agglutinability of transformed ceils by 
plant lectins (25). It was of some interest, there- 
fore, that the reverse of these changes (i.e. a 
decrease in the amount of sialic acid associated 
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with a trypsin-releasable class of fucopeptides [28] 
and loss of lectin-induced agglutinability [ 15]) was 
observed when Chinese hamster ovary cells 
(CHO)  1 were grown in the presence of dibutyryl 
cyclic A M P  (dB-cAMP).  

It has also been demonstrated that C H O  cells 
grown in the presence of dB-cAMP lose their 
compact,  epithelial-like morphology,  reverting to 
a fibroblast-like cell aligned in parallel arrays. 
Hsie and Puck (14) have described these changes 
as "reverse transformation." 

We have chosen to work with a series of C H O  
subclones which show a mixed response in terms 
of the above characteristics after the addition of 
dB-cAMP to the growth medium. Comparison of 
the results obtained with these various subclones 
has permitted an extensive evaluation of lectin- 
initiated cell agglutination. 

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

Materials 

Cordycepin, cycloheximide, actinomycin D, colchi- 
cine, N602-dibutyryl adenosine 3'5'-cyclic monophos- 
phate (dB-cAMP), and trypsin were purchased from 
Sigma Chemical Corp., St. Louis, Mo. Cytochalasin B 
(CCB) was purchased from Gallard-Schleslinger Chemi- 
cal Manufacturing Corp., Carle Place, N. Y. 

Cells 

CHO cell line K-I, and subclones M-7 and 24-2 were 
obtained from Dr. Abraham Hsie, Oak Ridge National 
Laboratory, Oak Ridge, Tenn. The other line (clone 
H-7) originated in the laboratory of Dr. R. M. Hum- 
phrey, Texas Medical Center, Houston, Tex. All these 
cells were derived from the original L-proline-requiring 
CHO clone K-1 of Kao and Puck (17). 

The cells were maintained in 75-cm 2 Falcon flasks 
(Bioquest, Cockeysville, Md.) in 20 ml McCoy's 5A" 
medium, supplemented with 10% (vol/vol) fetal calf 
serum, 2 mM glutamine, and an antibiotic-antimycotic 
mixture. The cultures were maintained at 37~ in a moist 
incubator in which CO~ tension was 5% and routinely 
passaged 1 : 10 upon reaching approximately 90% conflu- 
ence. 

Purification of  Lectins 
Wheat germ agglutinin (WGA) and concanavalin A 

(Con A) were purified from commercially available 

1 Abbreviations used in this paper: CCB, cytochalasin B; 
CHO, Chinese hamster ovary cells; Con A, concanavalin 
A; dB-cAMP, dibutyryl cyclic 3'5'-adenosine mono- 
phosphate; PBS, phosphate-buffered 0.15 M NaCI (pH 
7.2); WGA, wheat germ agglutinin. 

wheat germ and jack beans, respectively, according to 
published procedures (19, 1). The purified lectins were 
lyophifized and stored at -20*(2 until used. 

Determination of  Agglutination by 

Wheat Germ Agglutinin and 

Concanavalin A 
All agglutinations were performed as previously de- 

scribed (23). Care was taken throughout all of the proce- 
dures associated with the agglutination assays to main- 
tain the cells in solutions containing the particular con- 
centration of substituted nucleotide or drug which had 
been applied to the cells in culture. 

Cell Synchrony 

Cells were grown to confluence in McCoy's 5A + 
10% fetal calf serum and then left at the monolayer for 
48 h, during which time most of the cells collected in G~. 
After this, the cells were replated at lower cell density 
and allowed to grow for 22 h in McCoy's 5A + 10% 
fetal calf serum. McCoy's 5A + 0.5% fetal calf serum 
was then added to the cells for 16 h. This effectively 
blocked the cells in G~. After 16 h, medium containing 
10% fetal calf serum was returned to the cells, and the 
cell counts were taken from duplicate plates every 2 h 
over the next 16 h. 

R E S U L T S  

Morphologic Response to dB-cAMP 

Hsie and Puck have previously demonstrated 
that the addition of dB-cAMP to the epithelioid 
C H O  subclone K-1 caused this particular clone to 
elongate,  thereby making it more "fibroblastic" in 
appearance (14). It was demonstrated at the time 
that this elongation in the presence of dB-cAMP 
was dependent  on the polymerization of the intra- 
cellular microtubules and microfilaments (14, 30). 

In order to evaluate what relationship, if any, 
might exist between the lectin-initiated cell agglu- 
tination of  individual cells and the morphology 
assumed by the cells in the presence of  dB-cAMP,  
we have investigated the agglutinability of four 
independent  clones of C H O  cells which show var- 
ied morphologic response when exposed to riB- 
cAMP.  As can be seen from Table I, only sub- 
clones K-1 and H-7 became markedly elongated 
in the presence of the nucleotide analogue. M-7, 
whose morphology closely resembled that of K-1 
and H-7 under normal growth conditions, showed 
no visible morphological response to dB-cAMP.  
Line 24-2, which had a fibroblast-like morphology 
in the absence of the nucleotide analogue, ap- 
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TABLE I 

Effect of dB-cAMP on the Morphology of the CHO 
Subdones 

Morphology 

Subclone Control + 1 mM dB-cAMP 

K- 1 Epithelioid Fibroblastic 
H-7 Epithelioid Fibroblastic 
M-7 Epithelioid Epithelioid 
24-2 Fibroblastic Fibroblastic 

The determination of the morphology of the subclones 
relates to the original definitions of Hsie and Puck (14). 
"Fibroblastic" refers to cells which are extremely thin 
and elongated, whereas "epithelioid" cells are more 
compact and do not arrange themselves in longitudinal 
bundles on the plate surface. For a scanning electron 
microscope study of the effects of dB-cAMP on CHO 
cell morphology, see Porter et al. (26). 

peared to elongate slightly in the presence of dB- 
cAMP.  

Butyric acid, which might have arisen as a de- 
composition product of dB-cAMP,  had no marked 
influence on the morphology of any of the cell 
clones when present in the medium at a concentra- 
tion of 1 mM. 

The morphologic response of K-1 and H-7 
could be detected within 2 h of adding dB-cAMP 
to the growth medium. The cells returned to the 
epithelioid form 2-4 h after removal of the nucleo- 
tide from the medium. As previously reported by 
Hsie and Puck (14), the change to the fibroblast- 
like morphology was completely inhibited by the 
presence of 5 • 10 -4 M colchicine in the medium. 
Similarly, the addition of colchicine to cells grown 
in the presence of  dB-cAMP produced a morpho- 
logic reversal to the epithelioid form within 4 h 
after addition of the drug. The addition of 10 v,g/ 
ml cycloheximide or 1 /xg/ml actinomycin D to H- 
7 cells grown in the presence of dB-cAMP did not 
affect the morphology of the cells even after 4 or 8 
h of incubation, respectively. Similarly, the addi- 
tion of cycloheximide or actinomycin D to H-7 
cells immediately before the addition of 1 mM dB- 
c A M P  did not prevent the morphologic transition 
from the epithelioid to fibroblastic form. 

Effect o f  d B - c A M P  on Cell Growth 

To determine whether 1 mM dB-cAMP had any 
significant effect on the growth rate, generation 
time or final cell density which might have compli- 
cated the comparison of the surface structures of 
cells grown in the presence or  absence of the 

substituted nucleotide, we at tempted to evaluate 
the effect of dB-cAMP on the growth of the sub- 
clones. 

As can be seen in Fig. 1, the growth rate and 
final cell density to which the lines grew in the 
presence or  absence of 1 mM dB-cAMP were very 
similar. The population doubling time of each 
subclone, in both the presence and the absence of 
the nucleotide analogue, was approximately 12 h 
and the final cell density was 2.5 x 10:' ceUs/cm ~. 
In a few of the experiments,  the final cell density 
of  the treated cells did drop off during the last 12 h 
of investigation. The reason for this drop-off in 
final cell density is unknown, although it is un- 
likely to have arisen from a depletion of nutrients 
since addition of new medium to either the treated 
or  the untreated cells at high cell density did not 
significantly increase the final cell density of either 
cell culture. Toxic effects of the nucleotide ana- 
logue are unlikely, since cells which have been 
cultured for many generations in dB-cAMP 
showed no change in generation time or  replating 
efficiency, even if replated from high cell density. 

In order to demonstrate that the growth rate 
determined for C H O  cells grown in the presence 
of dB-cAMP was not an artefact of a rapidly 
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FmUgE 1 Growth of CHO subclones • dB-cAMP. 
CHO cells were replated from approximately 80% con- 
fluence to 4 x 10 '~ cells per 25 cm 2 flask and allowed to 
grow in McCoy's 5A medium supplemented with 10% 
fetal calf serum. Duplicate plates were counted every 12 
h. For counting the cells were removed from the plate 
with 0.25% trypsin and counted in a Coulter counter. 
The cell counts are expressed as the total number of cells 
present in a 25-cm 2 tissue culture flask. A, M-7; O 
Control, �9 + 1 mM dB-cAMP. B, K-l; �9 Control, O + 
1 mM riB-cAMP. C, 24-2; �9 Control, O + 1 mM dB- 
cAMP. D, H-7; �9 Control, O + 1 mM dB-cAMP. 
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cycling subpopulation of cells the H-7 subclone, 
grown in either the presence or the absence of dB- 
cAMP, was synchronized. After synchronization 
in G1 by serum deprivation, the cells were released 
from the block and the increase in cell number was 
monitored. As can be seen in Fig. 2, cells grown in 
both the presence and the absence of dB-cAMP 
doubled at the same time, suggesting that the 
entire cell population maintained its normal dou- 
bling time in the presence of dB-cAMP. 

Agglutinability o f  ClIO Subclones 

We investigated the relative agglutinability of 
the four CHO subclones primarily to clarify two 
hypotheses: (a) that there may be a correlation 
between the morphology of a cell and its relative 
agglutinability (15); and (b) that microtubules 
and/or microfilaments might be involved in modu- 
lating cell agglutinability (9, 27). 

As can be seen in Table II, all of the subclones, 
including the elongated 24-2, were readily agglu- 
tinated with both Con A and WGA when grown in 
the absence of dB-cAMP. Table II also demon- 
strates that an individual cell clone bound approxi- 
mately equal numbers of lectin molecules when 
grown in the presence or absence of 1 mM dB- 
cAMP. It is interesting to note that both the H-7 
and 24-2 subclones bound 10L103 times more 
WGA molecules per cell when compared to the 
number of Con A molecules bound. 

Table III demonstrates that the relative agglu- 
tinability of both the H-7 and 24-2 subciones was 
dramatically reduced after incubating the cells at 

x 2 .  ~ . - - - ' - ~  

i i i k 112 i 116 
4 8 

Time ( h ) 

Growth of synchronized I-/-7 cells - dB- FIGURE 2 

cAMP. H-7 cells were grown as described under "syn- 
chronization" in Materials and Methods. Synchronized 
cells were plated at approximately 1.1 x 10 e cells per 25 
cmz tissue culture flasks. Cell counts were taken of dupli- 
cate plates every 2 h after replating. Cell numbers are 
expressed as total number of cells per 25 cm 2. For 
counting, the cells were removed from the plate with 
0.25% trypsin in PBS and counted in a Coulter counter. 
e ,  H-7 cells grown in McCoy's 5A + 10% fetal calf 
serum. �9 H-7 cells grown in McCoy's 5A + 10% fetal 
calf serum + 1 mM dB-cAMP. 

0~ in the presence of both Con A and WGA. 
Reduced agglutinability of the H-7 and 24-2 sub- 
clones was also observed after fixation with 0.5% 
glutaraldehyde (Table IV). It should be noted that 
prefixation of both the H-7 and 24-2 subclones 
followed by incubation with 125 /xg/ml Con A 
reduced the agglutinability of both subclones by 
only 50%. Incubation of the prefixed cells with 
12.5 p.g/ml Con A, however, produced essentially 
no agglutination (Table IV), suggesting that at the 
highest concentration of Con A only limited iectin 
receptor mobility was necessary to insure aggluti- 
nation. Prefixation of both cell clones drastically 
reduced the agglutinability of these clones with 
125 /zg/ml WGA (Table IV). Extended fixation 
times (up to 4 h) did not change the data in Table 
IV. 

Taken together, the data relating to incubation 
of the cell clones at 0~ and glutaraldehyde fixa- 
tion of the bilayer suggest that Con A- and WGA- 
mediated agglutination of both subclones was at 
least partially dependent on the ability of the ag- 
glutinin receptors to move laterally in the plane of 
the membrane. Similar conclusions have been 
reached by a number of other workers (16, 21, 
29). 

It has been reported by other workers that incu- 
bation of agglutinable cells with vinblastine sulfate 
to disrupt the intracellular microtubular system 
rendered such cells nonagglutinable (36). Table 
III, however, demonstrates that incubating H-7 
and 24-2 cells with 0.5 mM vinblastine for 2 h did 
not reduce the subclones' agglutinability with Con 
A or WGA. Incubation of either of these sub- 
clones with vinblastine for up to 5 h or more 
similarly had no effect on their agglutinability with 
either WGA or Con A. That vinblastine is acting 
intracellularly to disrupt microtubular structures 
has been strongly suggested by the data of Aubin 
et al. (2) relating to the need for permeation of the 
CHO cell by colchicine in order to affect Con A 
capping. 

Incubation of the H-7 or 24-2 clones with 2/zg/ 
ml cytochalasin B (CCB) for 2 h also had no effect 
on the agglutination of these clones with either 
lectin, although it did markedly change the mor- 
phology of the cells (11), possibly as a result of 
disrupting the intracellular microfilaments. 

Effect o f  dB-cAMP on 
Cell Agglutinability 

In order to determine the effect of dB-cAMP on 
the agglutinability of the CHO subclones, each 
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TABLE II 

Agglutinability o f  CHO Subclones +- dB-cAMP 

Agglutinability (%) Molecules lectin bound per cell 

Con A WGA [~2sI]Con A [;Zsl]WGA 

+1 mM +1 mM 
dB- dB- + 1 mM + 1 mM 

Subclones Control c A M P  Control cAMP Control  dB-cAMP Control  dB-cAMP 

H-7 95 10 80 10 3.1 x 106 6.2 • 10 ~ 5.8 • 10 a 5.7 • 10 s 
24-2 90 20 75 10 1.2 x 1@ 1.9 • 106 9.2 x l0 s 1.25 • 10 ~ 
M-7 100 100 90 100 1.6 x 106 1.4 • 10 ~ NT NT 
K-I 100 100 90 100 NT NT NT NT 

All agglutinations and lectin binding were performed as previously described (23). Ceils which were grown in dB- 
cAMP were maintained in dB-cAMP throughout the binding assays. All agglutinations were performed with 125 ttg/ 
ml Con A or WGA. Incubation of the lectins with 1 mM concentrations of their respective haptenes before addition 
of the lectins to the cells reduced agglutinability to less than 10% of the control and lectin binding to 10-15% of the 
control. The number of lectin molecules bound was determined using a molecular weight of 110,000 for Con A (23) 
and 34,000 for WGA (19). NT = not tested. 

TABLE III 

Effect on Agglutinability o f  Agents Implicated in Modifying Lateral Mobility in the Cell Membrane 

Agglutinability of Subclones (%) 

H-7 24-2 

Experimental -dB-cAMP + d B - c A M P  -dB-cAMP +dB-cAMP 

Con A WGA Con A WGA Con A WGA Con A WGA 

Control 90 85 10 10 95 90 10 10 
Incubation at 0~ 10 10 10 10 10 10 10 10 
Incubation with 0.5 mM vinblas- 90 80 90 85 70 80 90 80 

tine sulfate for 2 h 
Incubation with 2 /zg/ml cytochal- 90 90 95 95 90 90 95 95 

a s i n B f o r 2 h  
Incubation with both 0.5 mM vin- 90 90 95 95 90 90 95 95 

blastine and 2/zg/ml CCB for 1 h 
Incubation with 10 /zg/ml trypsin 90 90 90 85 90 90 90 85 

for 5 min at 22~ 

Cells were grown for 48 h in the presence or absence of 1 mM dB-cAMP before initiation of the described 
experiments. Preincubation of either lectin with its respective haptene reduced agglutinability to less than 10% of the 
control. All agglutinations were scored with 125 ~g/ml Con A or WGA. 

subclone was grown for 48 h in 1 mM dB-cAMP 
and its relative agglutinability with Con A and 
W G A  was determined.  As can be seen in Table II, 
the presence of dB-cAMP in the growth medium 
significantly reduced the agglutinability of H-7 and 
24-2 with Con A and W G A .  The agglutinability of 
M-7 and K-1 with both lectins was unaffected by 
the presence of dB-cAMP in the growth medium. 
It is particularly noteworthy that K- I ,  which 
showed a dramatic morphologic response to dB- 
c A M P  (Table I), remained agglutinable with both 
lectins. The agglutinability of all of the subclones 
was unaffected by growth in 1 mM butyric acid 
(data not shown).  

E f f e c t  o f  T r y p s i n  

Treatment  of the H-7 subclone, which had been 
grown for 48 h in 1 mM dB-cAMP,  with 10 p.g/ml 
trypsin for 5 min at 22~ increased both the Con 
A- and WGA-ini t ia ted agglutinability to that ob- 
served in the cell line grown in the absence of dB- 
cAMP (Table III). This mild protease digestion 
did not significantly modify the number  of lectin 
receptors available for ei ther Con A or W G A  
binding (Tables II and V). 

Table V demonstrates  that the "trypsinized" H- 
7 subclone,  after return to media containing 1 mM 
dB-cAMP,  can "repair"  the protease-induced sur- 
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TABLE IV 

Effect of  0.5 % Glutaraldehyde on Con A- and WGA-Mediated Cell Agglutination 

Percent agglutination 

H-7 24-2 
Concentration lec- 

tin -Glutaraldehyde +Glu ta ra ldehyde  -Glutaraldehyde +Glutaraidehyde 

gg/ral Con A WGA Con A WGA Con A WGA Con A WGA 
125 90 100 50 50 90 100 50 25 

12.5 50 95 10 I0 50 95 10 0 
1.25 25 50 0 0 25 50 0 0 
0.125 0 NT 0 NT 0 NT 0 NT 

H-7 and 24-2 subclones were grown for 48 h in McCoy's 5A + 10% fetal calf serum. The cells were then removed 
from the plate as usual for agglutination and fixed for 1 h at 22"C with 0.5% glutaraldehyde prepared in PBS. After 
fixation, the cells were washed three times with PBS and then used in the standard agglutination assay. Preincubation 
of either lectin with the appropriate haptene reduced agglutinability to less than 10%. 

TABLE V 

Restoration of  the Nonagglutinable Surface Architec- 
ture a~er Trypsin Treatment 

Time after Percent aggluti- 
trypsin nation 

treatment 
(h) Con A WGA 

Lectin molecules bound per cell 

[lal]Con A [L~I]WGA 

0.5 90 90 4.6 x los 5.0 x los 
1 90 80 4.8 x l0 s 5.1 x los 
2 50 50 4.8 • los 5.7 x l0 s 
3 50 20 5.1 x los 5.3 x los 
4 20 10 6.2 x 108 5.9 x los 

H-7 cells were grown for 48 h in 1 mM dB-cAMP. The 
cells, still attached to the plate, were washed once with 
sterile PBS and then incubated for 5 rain with 10 p~g/ml 
trypsin at 22~ After trypsin treatment the cells were 
again washed with sterile PBS and then medium contain- 
ing 1 mM dB-cAMP was returned to the plates. Aggluti- 
nation was scored every hour thereafter with 125 p~g/ml 
Con A or WGA. 

face alteration detected as enhanced agglutinabil- 
ity within 4 h after the removal of trypsin. A 
similar t ime course for a return to the nonaggluti- 
nable state after trypsinization has been reported 
by Nicolson (20) in 3T3 cells. 

Kinetics o f  the Surface Change 

In order  to determine the kinetics of the surface 
change, either from the agglutinable to the nonag- 
glutinable state or  from the nonagglutinable to the 
agglutinable state, cells grown in the presence or  
absence of the cyclic nucleotide analogue were 
changed to the opposing medium and agglutina- 
tion was scored every hour thereafter.  Fig. 3 A 
demonstrates that within 2 h after replacing dB- 
cAMP-containing medium with medium free of 

the nucleotide, the agglutinability of  clone H-7 
with Con A and W G A  increased markedly and by 
4 h had returned to a state of maximum agglutina- 
bility with both lectins. Similarly, the addition of 1 
mM dB-cAMP to cells grown in the absence of the 
nucleotide resulted in a reduced agglutinability 
within 4 h after addition of  the nucleotide (Fig. 
3 B). 

Effects o f  Cycloheximide and Ac t inomyc in  

D on Maintenance o f  the 

Surface Archi tecture 

To determine the role of transcription in main- 
taining the surface architecture detected as lectin- 
initiated cell agglutination, cells were incubated 
with 10/.tg/ml cycloheximide, 1 /xg/ml actinomy- 
cin D, or  1 /zg/ml cordycepin at the time of  the 
medium change, and the agglutinability with 
W G A  and Con A was followed every hour there- 
after. As  can be seen in Fig. 4 A,  B, addition to 
the growth medium of l 0 / z g / m l  cycloheximide at 
the same time as 1 mM dB-cAMP prevented the 
modification of the surface architecture from the 
agglutinable to the nonagglutinable state. Fig. 4 C, 
D demonstrates that the same effect was observed 
if actinomycin D was added at the time of the 
medium change, 

Addit ion of  cycloheximide, actinomycin D, or 
cordycepin to the cells immediately after the re- 
moval of dB-cAMP from the medium did not 
prevent the modification of the surface from the 
nonagglutinable to the agglutinable state (Fig. 5 
A,  B). 

Interestingly, the addition of  cycloheximide to 
cells grown in the presence of  1 mM dB-cAMP 
without removal of the nucleotide from the growth 
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FIGURE 3 Kinetics of the surface change detected as 
Con A- or WGA-mediated cell agglutination. A. H-7 
cells were grown for 48 h in the presence of 1 mM dB- 
cAMP. At time 0, the cells were washed three times with 
McCoy's 5A + 10% fetal calf serum and then incubated 
in this medium lacking dB-cAMP. The relative agglutin- 
ability of the cells was then determined every hour with 
125 /zg/ml Con A and WGA as previously described 
(11). O, Agglutinability of H-7 cells with 125/.tg/ml Con 
A. II, Agglutinability of H-7 cells with 125 /xg/ml 
WGA. B, H-7 cells were grown for 48 h in the absence 
of dB-cAMP. At time 0, McCoy's 5A medium contain- 
ing 10% fetal calf serum and 1 mM dB-cAMP was added 
to the cells and the relative agglutinability of these cells 
was determined every hour with 125 /~g/ml Con A and 
WGA as previously described (23). O, Agglutinability of 
H-7 cells with 125 /xg/ml Con A. (3, Agglutinability of 
H-7 cells with 125 p.g/ml WGA. 

medium resulted in a surface change from the 
nonagglutinable to the agglutinable state within 4 
h after the addition of the drug (Fig. 4 A and B). 
The time course of the return to the agglutinable 
state in the presence of cycloheximide was approx- 
imately the same as the kinetics observed after the 
removal of dB-cAMP (Fig. 3 A) .  The addition of 
actinomycin D to cells grown in the presence of 1 
mM dB-cAMP also resulted in a modification of 
the surface architecture from the nonagglutinable 
to the agglutinable state. However ,  the time 

course was slower, requiring approximately 6-8 h 
before the surface returned to the state of maximal 
agglutinability (Fig. 4 C, D). The addition of cy- 
cioheximide or  actinomycin D to cells grown in the 
absence of dB-cAMP did not affect the agglutina- 
bility of the cells over  the incubation time em- 
ployed in these studies (Fig. 4 A - D ) .  

Incubation of these cells grown in the presence 
or absence of dB-cAMP with cycloheximide or 
actinomycin D for the indicated periods of time 
did not affect the number of W G A  or Con A 
molecules which can be bound to the cells (data 
not shown). 

Effect of  Vinblastine and Cytochalasin B 
on the Maintenance o f  the 
Nonagglutinable State 

Fig, 6 A demonstrates that, within 1 h after the 
addition of 0.5 mM vinblastine sulfate to nonag- 
glutinable H-7 cells, the surface conformation re- 
verted from the nonagglutinable to the agglutina- 
ble state. The addition of 0.5 mM colchicine also 
produced a reversion to the agglutinable state, 
although in the presence of this drug the reversion 
was slower, requiring 4 h to produce a complete 
change to the agglutinable state (data not shown). 
The addition of 1 mM lumicolchicine (35), a de- 
rivative of colchicine which has been demon- 
strated not to disrupt microtubules, had no effect 
on the relative agglutinability of the C H O  cells 
(data not  shown). Fig. 6 B demonstrates that 
incubation of nonagglutinable H-7 cells with CCB 
for 1 h resulted in a dramatic increase in agglutina- 
bility of the subclone with both Con A and W G A .  

Incubation of H-7 ceils grown in the presence of 
dB-cAMP with both vinblastine and CCB also 
resulted in an enhanced agglutinability of the H-7 
cells (Table III). It must be noted that incubation 
of cells grown in 1 mM dB-cAMP with colchicine, 
vinblastine, or CCB for the indicated times also 
produced a striking change in the morphology of 
the cells. Both vinblastine and colchicine caused 
the fibroblastic cells to revert to an "epithelioid" 
form whereas CCB produced a distinct "round- 
ing" of the cells. 

It will, of course, be appreciated that the terms 
"epithel ioid" and " rounded"  are simplifications of 
complicated processes. The scanning electron mi- 
croscope (EM) work of Everhart  and Rubin (11) 
suggests that the surface morphology of such cells 
is very complicated (see Discussion). 
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FIGURE 4 Effect of cycloheximide and actinomycin D on the agglutinability of the I-I-7 subclone grown in 
the presence or absence of dB-cAMP. H-7 cells were grown for 48 h in either the presence or the absence 
of dB-cAMP. At time 0 either 10/xg/ml cycloheximide or 1 #g/ml actinomycin D was added to the culture 
medium and the relative agglutinability of the cell lines was determined with Con A or WGA over the next 
8 h. A. Effect of cycloheximide on Con A-initiated cell agglutination. �9 H-7 cells were grown for 48 h in 
McCoy's 5A + 10% fetal calf serum. At time 0 the medium was changed to McCoy's 5A + 10% fetal calf 
serum + 1 mM dB-cAMP + l0/zg/ml cycloheximide. Agglutinability with 125 p.g/ml Con A was then 
monitored every hour for the next 8 h. [2, I-1-7 cells were grown for 48 h in McCoy's 5A + 10% fetal calf 
serum. At time 0, 10 p.g/ml cycloheximide were added and agglutinability with 125 #g/ml Con A was 
monitored every hour for the next 8 h. 0 ,  H-7 cells were grown for 48 h in McCoy's 5A + 10% fetal calf 
serum + 1 mM dB-cAMP. At time 0, 10 p.g/ml cycloheximide were added and agglutinability with 125 
/zg/ml Con A was monitored every hour for the next 8 h. B. Effect of cycloheximide on WGA-initiated cell 
agglutination. Same as A, except that agglutinability was monitored with 125 /xg/ml WGA. C. Effect of 
actinomycin D on Con A-initiated cell agglutination. Same as A, except that 1 p.g/ml actinomycin D was 
added rather than cycloheximide. D. Effect of actinomycin D on WGA-initiated cell agglutination. Same 
as C, except that agglutinabillty was monitored with 125 p.g/ml WGA. It should be noted that these 
concentrations of cycloheximide and actinomycin D were sufficient to inhibit 90% of the protein and RNA 
synthesis, respectively, within 1 h after addition of the drug to the medium (data not shown). Essentially 
the same results in C and D were obtained if the cells were incubated with 1 p.g/ml cordycepin in place of 
actinomycin D. 

D I S C U S S I O N  

Over  the past 5 yr the term "agglut inabi l i ty"  has 
been  used to describe a process in which trans- 
formed cells are c lumped in the presence of rela- 
tively low concent ra t ions  of lectin, whereas  thei r  
normal  counterpar ts  remain  as single cells. This 

process was originally conceived as resulting from 
a simple cross-linking of cells by the mult ivalent  
lectins. However ,  many laboratories  have demon-  
s t rated tha t  agglutinability with at least one  plant  
lectin, Con A,  involves multiple facets of cell sur- 
face chemistry (22).  A m o n g  the various parame-  
ters which have been implicated in mainta ining the 
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the addi t ion or  removal  of dB-cAMP.  Our  evi- 
dence suggests tha t  a n u m b e r  of cellular compo- 
nents  are involved in de termining  bo th  the Con A- 
and  W G A - m e d i a t e d  agglutinability of the investi- 
gated C H O  subclones.  

Lectin Receptors 
All of the C H O  clones tested showed extensive 

binding of bo th  Con A and W G A  to specific 
receptors  on the cell surface. O u r  evidence,  like 
that  of many o ther  investigators (22),  demon-  
strates tha t  the relative agglutinability of each cell 
clone was not  de te rmined  by the n u m b e r  of lectin 
receptors  available on the cell surface. This is 
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FIGURE 5 Effect of cycloheximide and actinomycin D 8 
on the change of surface architecture from the nonagglu- 
tinable to the agglutinable state. A. H-7 cels were grown 
for 48 h in McCoy's 5A + 10% fetal calf serum + 1 mM 
dB-cAMP. The cells were then washed three times with w 
McCoy's 5A + 10% fetal calf serum and finally incu- ~ ~oc 
bated in McCoy's 5A + 10% fetal calf serum + 10/~g/ 
ml cycloheximide ( e )  or 1 tzg/ml actinomycin D (�9 ac 
Agglutination was scored with 125 /zg/ml Con A. B. 
Same as A, except that agglutination was scored with 6c 
125 /~g/ml WGA. m 10 p,g/ml cycloheximide added at 
time of medium change. [], 1 p,g/ml actinomycin D 4c 
added at time of medium change. 

2C 

surface s tructure defined as enhanced  agglutinabil- 
ity with Con A are the n u m b e r  of lectin-binding 
sites (23),  the  mobili ty of lectin receptors  in the 
plane of the m e m b r a n e  (16, 21,  29),  the micro- 
skeleton (32, 27, 36) and  protease-labile surface 
s tructures (6, 20),  and others  (22).  

One  difficulty which has been  encounte red  in 
fur ther  characterizing the molecular  basis of cell 
agglut inat ion has been  the lack of a cell line in 
which the modula t ion  of the surface conformat ion  
from the  agglutinable to the nonagglut inable  state 
is rapid enough  to allow one to follow the surface 
change of a " synchronous"  populat ion.  The  C H O  
cell clones discussed here were ideal for such a 
study since the transit ion from the agglutinable to 
the nonagglut inable  state occurred within 4 h after 

A 
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FIGURE 6 Kinetics of the effect of vinblastine sulfate 
and cytochalasin B on Con A- and WGA-initiated cell 
agglutination. A. H-7 eels were grown for 48 h on 
McCoy's 5A + 10% fetal calf serum and 1 mM dB- 
cAMP. At time 0, 0.5 mM vinblastine sulfate was added 
to the culture medium and agglutinability with 125 /zg/ 
ml Con A and WGA was determined every 0.5 h there- 
after. O, Agglutinabillty with 125 p,g/ml Con A. e ,  
Agglutinability with 125/zg/ml WGA. B. H-7 cels were 
grown for 48 h on McCoy's 5A + 10% fetal calf serum 
and 1 mM dB-cAMP. At time zero, 2 p,g/ml cytochal- 
asin B were added to the culture media and agglutinabil- 
ity with 125 /xg/ml Con A and WGA was determined 
every 0.25 h thereafter. O, Agglutinability with 125 tzg/ 
ml Con A. e ,  Agglutinability with 125 /zg/ml WGA. 
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strikingly demonstrated in the H-7 subclone which 
binds approximately two times more Con A when 
grown in the presence of dB-cAMP compared to 
the amount bound in the absence of dB-cAMP, 
but which shows little agglutinability with Con A 
when grown in media containing dB-cAMP. This 
finding is in distinct opposition to our previous 
findings in 3T3 cells (23) and suggests clearly that 
each cell line must be treated independently. The 
data reported in this manuscript suggest that in- 
creased lectin-binding is neither necessary for nor 
sufficient to explain the enhanced agglutinability 
of some cell lines. 

Mobility of Lectin Receptors 
As has been demonstrated with a variety of 

other cell lines (16, 21, 29), incubation of the 
CHO subclones at 0~ or prefixation with glutar- 
aldehyde blocked the agglutinability of the various 
subclones grown in the absence of dB-cAMP. In 
agreement with the work of others, this suggests 
that the free mobility of the lectin receptors in the 
plane of the membrane is an essential facet of the 
agglutination process. 

Role of Surface Proteins in 
Modifying Agglutinability 

Treatment of the nonagglutinable CHO clones 
with low concentrations of trypsin rendered the 
cells as agglutinable as cells grown in the absence 
of dB-cAMP. This suggests that protease-labile 
surface structures probably play a role in control- 
ling the relative mobility of the lectin receptors 
and, subsequently, the relative agglutinability of 
the cells with Con A and WGA.  

It must be noted, however, that an alternative 
interpretation of the protease data is possible. 
Willingham and Pastan (33) have suggested that 
cell agglutination is dependent on the levels of 
intracellular cAMP which, in turn, determines the 
topologic distribution of microviili on the cell sur- 
face (34). Follett and Goldman (12) have demon- 
strated that trypsinization of BHK cells signifi- 
cantly increases the number of surface microvilli. 
Thus, trypsinization of the nonagglutinable CHO 
cells could enhance agglutinability by increasing 
the number of surface microvilli. Such an interpre- 
tation is presently being investigated in our labora- 
tory. 

Rapidity of the Surface Change 
The H-7 subcione modified its surface confor- 

mation from the agglutinable to the nonagglutina- 

ble state within 4 h after the addition of dB-cAMP 
to the medium. This modification was dependent 
on both RNA and protein synthesis. Return to the 
agglutinable state after the removal of dB-cAMP 
also required 2-4 h. However, this surface modifi- 
cation was independent of protein or RNA synthe- 
sis. 

Maintenance of the 
Nonagglutinable State 

Maintenance of the nonagglutinable state was 
dependent on continuous protein and RNA syn- 
thesis. From this evidence, we would suggest that 
maintenance of the nonagglutinable surface archi- 
tecture on these CHO subclones is dependent on 
the presence of protease-labile surface peptides 
whose association with the lectin receptors is de- 
pendent on continuous transcription and transla- 
tion. Similar conclusions have been reached by 
Baker and Humphreys (3) as well as Borek et al. 
(4) in work performed with other cell lines. 

Our work with vinblastine and cytochalasin B 
suggests a role for both the microtubule and mi- 
crofilament systems in maintaining the nonaggluti- 
nable surface architecture. Such a role has been 
suggested by a number of other workers (32, 9, 
27). 

In our opinion, there are a number of alternate 
explanations for the effect of vinblastine and cyto- 
chalasin B on the maintenance of the nonaggluti- 
nable state of the CHO cells. One possibility is 
that the intact microtubules and microfilaments 
behave as stabilizing agents directly responsible 
for limiting the mobility of surface structures, as 
proposed in references 9, 22, 27, and 36. Such a 
function could result from a direct association of 
the microtubules or microfilaments with the lectin 
receptors or might result from the formation of a 
meshwork on the inner side of the plasma mem- 
brane in a manner analogous to that recently pro- 
posed for "spectrin" (10). Electron microscope 
observation does suggest that microfilaments may 
be found in association with the plasma membrane 
(13). However, there is little evidence to support a 
direct association of microtubules with the plasma 
membrane (31). A second possibility which must 
be considered as an explanation for the effect of 
vinblastine and cytochalasin B on maintenance of 
the nonagglutinable surface architecture is that the 
microtubules and microfilaments serve to control 
the presence and distribution of such surface struc- 
tures as microvilli. Work by Willingham and Pas- 
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tan (33, 34) suggests that such macrostructures 
may play an essential role in determining the rela- 
tive agglutinability of a cell line. A third possibility 
which must at least be considered is that the ef- 
fects of vinblastine or cytochalasin B that are unre- 
lated to their effects on the microskeletal systems 
are responsible for the observed results. That vin- 
blastine is acting intracellularly on CHO microtu- 
bules has recently been strongly suggested by Au- 
bin et al. (2), and Ukena et al. (32). A direct 
demonstration that the effect of cytochalasin B on 
agglutinability is directly traceable to its effect on 
microfilaments is more difficult. Goldman (13) 
has demonstrated that CCB does not act to disso- 
ciate all of the intracellular microfilaments in 
BHK21 cells. Kletzien and Perdue (18) as well as 
Cohn et al. (8) have demonstrated that CCB acts 
to inhibit sugar uptake, presumably by binding to 
the sugar transport site. As a result of scanning 
EM studies, Rubin and Weiss (30) have suggested 
that CCB acts at the cell surface to modify surface 
macrostructures. 

It is of interest to note that incubation of agglu- 
tinable CHO cells with colchicine does not affect 
the relative agglutinability of the cells as it does in 
the SV3T3 system (32). This work implies that 
dissociation of the microtubules does not result in 
the capping of the Con A receptors. This result 
has recently been supported by the work of Aubin 
et al. (2), and our own unpublished work dealing 
with the patching and capping of fluorescently 
labeled lectins. Only a coordinated biochemical 
and morphologic evaluation of a cell system such 
as is offered by these CHO cell clones will allow us 
to distinguish between these three alternative in- 
terpretations. 

Despite the difficulties inherent in using the 
various drugs alluded to in the above paragraphs, 
it is clear from our work with these CHO sub- 
clones that simple polymerization of the microtu- 
bules is not in itself sufficient to reduce the agglu- 
tinability of a subclone. This is shown most graphi- 
cally by the K-1 subclone which, although it re- 
sponds morphologically to dB-cAMP, neverthe- 
less remains agglutinable with both Con A and 
WGA. As we have mentioned, this morphologic 
response is dependent on the polymerization of 
the microtubules. The fact that the cells remain 
agglutinable in the presence of dB-cAMP suggests 
either that a class of microtubules separate from 
those that determine morphology is responsible 
for reducing the mobility of surface structures, or 

that a secondary interaction of the lectin receptors 
with the polymerized microtubules is essential for 
reducing the mobility of the lectin receptors. 

Thus, in the CHO cell clones described, we 
would suggest that the accumulated data implicate 
protease-labile surface structures as well as the 
cellular microskeletal elements as the cellular 
components capable of stabilizing the relative mo- 
bility of the lectin receptors and thereby determin- 
ing the relative agglutinability of a cell clone. We 
would suggest that limited proteolysis or disrup- 
tion of the microskeletal system can release the 
restraint to lectin receptor mobility and thus per- 
mit agglutination to occur. 
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