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Summary 

Agglutination of $49 mouse lymphoma cells by Ricinus communis I aggluti- 
nin can be reversed by the competing haptenic saccharide, lactose, soon after ag- 
glutination, but after further incubation in the absence of lectin the agglutination 
reaction could not be reversed by lactose and the cells remained as multicell 
aggregates. The irreversibility of $49 cell agglutination was time, temperature 
and lectin concentration dependent and its onset correlated with ultrastruc- 
turally observed deformation of adjacent cell surfaces and an increase in the 
proportion of adjacent cell surface areas in close apposition within multicell 
aggregates. Pretreatment of $49 cells with cytochalasin B or cytochalasin B 
plus vinblastine enhanced R. communis I agglutinin-mediated agglutination, 
while vinblastine alone and fluoride plus azide had essentially no effect. When 
drug-treated cells were agglutinated and then incubated in lectin-free drug-con- 
taining media for various times prior to lactose addition, the drug effects were 
more pronounced. Cytochalasin B alone or with vinblastine inhibited lactose 
reversal of $49 cell agglutination compared to the drug-free controls, while 
fluoride plus azide enhanced hapten reversibility. Electron microscopic analysis 
revealed that the onset of agglutination irreversibility correlated with cell sur- 
face deformation in the drug-treated cells. Cell aggregates that were more 
readily reversible by lactose (fluoride plus az ide)were  unchanged or less 
deformed, while $49 aggregates treated with cytochalasin B plus vinblastine 

Abbreviation: Hepes, N-2-hydroxyethylpiperazine-Nt-2-et  hanesulfordc acid. 
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were more deformed compared to controls without  drugs. These experiments 
suggest a role for cell surface deformability as an important  secondary effect 
during lectin-mediated cell agglutination of $49 lymphoma cells. 

Introduction 

Many different types of tumor  cells are highly agglutinable by plant lectins 
which bind to cell surface oligosaccharides [1,2]. Although several general pro- 
posals have been published to explain lectin-mediated cell agglutination at the 
molecular level (reviews: Refs. 2--4), none of these adequately deal with the 
diverse surface properties displayed by widely different cell types. One aspect 
of cell agglutination by lectins that is receiving increasing attention in general- 
ized models for the agglutination process is the possible role of secondary, 
non-lectin-mediated effects occurring after initial lectin-mediated cell aggrega- 
tion [3]. These secondary effects are seen, for example, when lectin agglutina- 
tion is not  readily reversed by addition of the appropriate sugar hapten. During 
initial lectin-mediated agglutination, or shortly thereafter, addition of sufficient 
competing sugar hapten generally produces complete dispersal of the cell 
aggregates to single cells [5,6]. However, in many systems agglutination is not  
readily reversible by specific sugar haptens [7--10] suggesting that  forces other 
than those contributed by the carbohydrate-binding specificities of the lectin- 
bridging molecules are involved in holding cells together within multicell aggre- 
gates. There are several possible secondary forces that could contribute to irre- 
versible agglutination: cell surface deformability, cell-cell adhesion, surface 
charge, hydrophobic interactions of surface molecules on adjacent cells 
(reviewed in Refs. 2--4,10,11) and undoubtedly others as well. Cell surface 
deformability has been proposed as an essential secondary force in determining 
stability of agglutination in certain studies [12--14], while in other systems the 
formation of cell-to-cell adhesions seems to be important  [9,10,15--17]. 

In the present study we have examined secondary effects occurring during 
lectin-mediated cell agglutination of a murine $49 lymphoma cell line that 
grows in suspension as isolated cells and which does not  establish detectable 
cell-to-cell adhesions. The effects of cell adhesion on lectin-mediated agglutina- 
tion are thus minimized in this system, enabling other agglutination parameters 
to be examined. We found previously that $49 cell agglutination by Ricinus 
comrnunis I agglutinin was completely reversible by lactose addition, but  only 
if the competing sugar hapten was added shortly after the initial formation of 
multicell aggregates [8]. In this paper we show that the loss of agglutination 
reversibility correlates with gross cell surface deformability and the formation 
of areas of close apposition between adjacent agglutinated cells. 

Methods 

Cells. The murine lymphoma $ 4 9 . 1 T B .  2 ($49) [18] was obtained from 
Dr. R. Hyman of The Salk Institute (San Diego, CA) and grown as a suspension 
culture in Dulbecco-modified Eagle's medium supplemented with 10% heated 
horse serum [19]. Cell viability was determined by dye exclusion using trypan 
blue or by plating efficiency. 
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Lectins and labeling of  lymphoma cells. R. communis I agglutinin was affin- 
ity purified as described previously [20,21] and labeled with 12sI by established 
procedures [21,22]. '2SI-labeled R. communis I preparations varied from 0.5-- 
1 • 106 cpm/~g protein before dilution with unlabeled lectin. Cell labeling tech- 
niques are presented elsewhere [~1,22]. 

Cell agglutination. Lectin-mediated cell agglutination was assessed by the 
procedures of Oppenheimer and Odencrantz [23]. $49 cells (final concentra- 
tion, approx. 4 • 106 cells/ml) were incubated with various concentrations of R. 
communis I agglutinin in 16-mm wells of 54 Linbro trays at final volumes of 
0.4 ml in N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (Hepes)-buf- 
fered medium. The cell suspension was gyrated for various times at approx. 1.5 
Hz on a rotary table with a radium of gyration of approx. 11 cm [24]. At spec- 
ified times the samples were removed from the wells, placed in vials on ice and 
10 ml of filtered 0.2% formalin/Isoton (Coulter Electronics) was added to each 
sample. Agglutination was determined with an electronic particle counter (Cel- 
loscope, Particle Data) using an assay which detects disappearance of single 
cells to form cell aggregates. For the sugar hapten reversibility experiments, 
$49 cells were agglutinated with R. communis I agglutinin, washed with phos- 
phate-buffered saline to remove excess lectin, and incubated in the same wells 
with gyration for various times at different temperatures in Hepes-buffered 
medium before addition of lactose (50 mM final concentration unless stated 
otherwise). The cell samples were then incubated an additional 10 min with 
gyration and samples were removed for assay. 

Drug treatments were performed as follows. Cells (usually 4--8.  106/ml) 
were incubated with cytochalasin B (10 ~g/ml final concentration; Sigma 
Chemical Co., St. Louis, MO) containing 0.1% dimethylsulfoxide vinblastine 
sulfate (1/~M final concentration; Sigma Chemical) or sodium fluoride (5 mM 
final concentration) plus sodium azide (2 mM final concentration) for 15 min 
at 37°C. Some incubations contained cytochalasin B (10 ~g/ml) plus vinblastine 
sulfate (1 mM). After preincubation with drugs, $49 cells were then aggluti- 
nated by R. communis I agglutinin in the presence of the drug(s). All solutions 
used in further manipulations contained the drug(s) at the same concentrations 
until final diluation with formalin/Isoton. 

Electron microscopy. Ferritin-R. communis I agglutinin conjugates were syn- 
thesized and purified by previous procedures [ 25] or by the following method 
[26]. Affinity-purified lectin was added to purified ferritin (Immuno-Diagnos- 
tics, Solana Beach, CA) in a ratio of 1 : 5 (w/w)~!n 0,2 M: ~odium~ chloride/ 
0.005 M phosphate buffer, pH 7.2, containing 0 .2M D-galactose~ The reaetion 
mixture was split into two equal portions and 10 pl of 1% glutaraldehyde in 
distilled water was added to one of the samples. 10 min later and at each suc- 
cessive 10 min interval 10 pl of 1% glutaraldehyde was added to each reaction 
mixture. When the sample containing the additional 10 ~1 of glutaraldehyde 
displayed a slight turbidity under a strong beam of visible light, the reactions in 
both samples were terminated by addition of 0.25 vol. of 1 M glycine in the 
phosphate buffer. The samples were centrifuged at 27 000 × g for 15 min at 
4°C and the small pellets discarded. The supernatants were pooled and centri- 
fuged at 160 000 × g for 120 rain onto a 0.5 ml cushion of Sepharose 4B beads 
(Pharmacia, Piscataway, NJ). After removal of the supernatants containing 
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unconjugated lectin, the pellet of ferritin and ferritin-lectin was gently 
resuspended in phosphate-buffered saline and purified by affinity chromatog- 
raphy [26]. Ferritin-lectin conjugate activities were monitored by agglutination 
of rabbit erythrocytes [25]. 

Results 

Reversibility o f  lectin-mediated agglutination 
$49 lymphoma cells were chosen for the present experiments because they 

grow in a suspension as single cells and show virtually no tendency to form 
homotypic aggregates. When $49 cells are agglutinated by R. communis I lec- 
tin, agglutination occurs as a dose- and temperature-dependent process (Fig. 1). 
After treatment with lectin for 10 min the multicell aggregates formed can be 
completely reversed by the immediate addition of lactose (50--100 mM final 
concentration) to form a single cell suspension (Fig. 1). $49 agglutination by 
concanavalin A is also completely reversible by a-methyl-D-mannoside (50-- 
100 mM final concentration) after similar short incubation with lectin (data 
not shown). However, if R. communis I-agglutinated $49 cells are washed once 
to remove excess lectin and then incubated for an additional 60 min before lac- 
tose is added, agglutination can no longer be reversed (Fig. 1). The failure of 
lactose to reverse lectin agglutination occurs in a temperature-dependent man- 
ner and is not due to loss in cell viability. Incubation of cells for 60 min at 4°C 
after initial agglutination by low concentrations of R. communis I agglutinin 
(0.1--1 pg/ml) results in nearly complete dispersal of the cell aggregates by lac- 
tose, but after washing and incubation for 60 min at 37°C only 50% of the 
agglutinated cells can be dispersed by lactose (Fig. 1). 

The time course of the onset of the irreversible agglutinated state was 
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Fig. I .  Leet in  c o n c e n t r a t i o n  dependence  o f  S49 cell agglut inat ion and dispersal of mult icel l  aggregates by 
lactose. Cells (4--8 • 106/ml)  were incubated  for 10 rain with various concentra t ions  of R. c o m r n u n i s  I 
agglutinin at  ST°C (4), 22°C (Q) or 4°C (o). Similar samples were t rea ted at  various concentra t ions  o f  R. 
c o m m u n ~  I agglutinin for 10 min,  washed and incubated  for  60 min  at  37°C (A), 22°C ( l )  or 4°C (e) 
prior  to  addi t ion  of 50 mM lactose for I 0  min  at  the same temperature .  Control  exper iments  received lec- 
t in for 10 min  at  37°C, 22°C or 4°C prior  to  immedia te  addi t ion of 50 mM lactose for 10 min  (0). Data 
have been averaged from three separate exper iments .  
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Fig. 2. Temperature dependency of lactose disper~l of R. c o m m u n l #  I-mediated $49 cell agg~iates,  Cells 
(4--8 • 106/ml) were agIlutinated for 10 min at 2S°C with 5 ~¢/ml lectin, washed and then incubated for 
various times at ST°C (A), 22°C (a) or 4°C (*) prior to 50 ~nM lactose addition. Open symbols indicate 
samples in which lactose addition was omitted. Sta~dird devial~onI:are indicated by bars. 

Fig. 3. Dependence on lactose concentration for disper~l of R. c o m m u n i s  I-aI~lutinated S49 cells. Cells 
were asglu~lnated for I 0  rain a t  22,°C with 5 ~g/ml lectin and wuhed .  After 90 rain post-a1~intinatlon, 
various concentrations of lactose w e ~  added tO duplicate samples and aggint~nation a ~ e a e d  after 10 min 
at 22°C. 

assessed by agglutinating $49 cells for 10 min at 22°C with 5 pg/ml R. com- 
munis I agglutinin and then incubating the washed, agglutinated cells for vari- 
ous times prior to lactose addition. Incubation at 4, 22 or 37°C after agglutina- 
tion does not cause cell dispersal unless lactose is added (Fig. 2), and there is 
no effect on cell viability when assessed by dye exclusion. Agglutination at 
22°C, followed by washing and incubation at 4°C results in almost complete 
lactose dispersal of the cell aggregates 0--30 rain after R. communis I agglutina- 
tion. However, lectin-agglutinated $49 cells show only about 70% lactose rever- 
sibility (i.e. 30% of the cells remain agglutinated) after 60--120 rain incubation 
at 4°C (Fig. 2). At incubation temperatures of 22 or 37°C, fewer cell aggregates 
could be dispersed by lactose addition. After a 120 rain incubation at 37°C, 
pre-agglutinated $49 cells are not affected by hapten addition (Fig. 2). In Fig. 
3 the dependency on lactose concentration for dispersal of cell aggregates after 
a 90 rain post-agglutination incubation indicates that 50--70 mM lactose is 
optimal. 

Ultrastructural examination of $49 cells agglutinated by ferritin-R, commu- 
his I agglutinin suggests that deformation of the lymphoma cell surface occurs 
during the lectin-free incubation after ferritin-lectin agglutination. $49 cells 
agglutinated for 10 rain at 22°C with ferritin-lectin (equivalent to 5 pg/ml R. 
communis I agglutinin) appear as rounded cells with few distinctive surface fea- 
tures. High concentrations of ferritin-lectin molecules are seen between adja- 
cent cells indicating the presence of multiple lectin cross-bridges that are prob- 
ably responsible for initially holding cells together (Fig. 4). Agglutination of 
$49 cells by ferritin-R, communis I agglutinin for 10 min followed by imme- 
diate addition of 50--100 mM lactose results in removal of cell-bound ferritin 
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Fig .  4 .  Cell  c o n t a c t  m o r p h o l o g y  in a m u l t i c e l l  a g g r e g a t e  o f  $ 4 9  l y m p h o m a  cel ls  a g g l u t i n a t e d  f o r  1 0  
r a in  w i t h  f e r r i t in -R ,  c o m m u n i s  I a g g l u t i n i n  ( e q u i v a l e n t  t o  5 / ~ g / m l  l ec t in )  a t  2 2 ° C .  × 4 2  500 .  

Fig.  5. L e g e n d  is t h e  s a m e  as  in  Fig.  4 e x c e p t  t h a t  $ 4 9  cel ls  w e r e  a g g l u t i n a t e d  b y  fe r r i t in -R ,  e o m m u n i s  I 
agglu t~nin ,  w a s h e d  a n d  i n c u b a t e d  f o r  9 0  r a i n  a t  3 7 ° C  p r i o r  t o  a d d i t i o n  o f  5 0  m M  l a c t o s e  f o r  1 0  ra in .  
X 3 6 0 0 .  
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Fig. 6. L e g e n d  is the  s a m e  as in Fig. 5. No te  t h a t  s o m e  ferri t in-R, c o m m u n i s  I agglu t in in  mo lecu l e s  still 
r e m a i n  on  the  sur face  o f  the  cells a f t e r  l ac tose  add i t ion .  X42 500.  

and complete dispersal of multiceU aggregates similar to the quantitative data 
in Fig. 2. However, subsequent incubation of the agglutinated cells for 90 rain 
at 37°C results in stable cell aggregates which cannot be dispersed by 50--100 
mM lactose. Examination of these non-dispersible $49 cell aggregates reveals 
that many of the cells are more deformed and flattened in appearance and the 
cell surface areas in close proximity on adjacent cells are increased (Figs. 5 and 
6). Although at this time lactose addition still removes most of the ceil surface- 
associated ferritin-lectin, the $49 cell aggregates are unaffected and are not  dis- 
persed (Fig. 6). 

Drug effects on lectin agglutination and reversibility 
In order to determine the possible mechanism(s) responsible for the irre- 

versibility of lectin agglutination we next assessed the effects of  various drugs 
known to perturb lectin agglutination. Cytochalasin B (10--20 ~g/~) enhances 
$49 agglutination by R. communis I agglutinin while vinblastine ~ (1--10 
~M) produces essentially no effect (Fig. 7). Combinations of ~blutine sul- 
fate (1 pM) and cytochalasin B (10 ~g/ml) incre~ lec~-mediated Wutina- 
tion slightly above the level for cytochalasin B alone, but only when higher 
(1 ~g/ml) agglutinin concentrations are used (Fig. 7). Pre-incubation of $49 cells 
in sodium fluoride (5 mM) plus sodium azide (2 raM) has no effect on R. com- 
munis I-mediated agglutination. Cytochalasin B, vinbiastine sulfate, a combina- 
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Fig. 7. E f f e c t s  o f  v a r i o u s  d r u g s  o n  R. c o r n m u n i s  I - m e d i a t e d  a g g l u t i n a t i o n  o f  $ 4 9  cells.  Cells ( 4 - - 8  • I 0 6 /  
ml )  w e r e  i n c u b a t e d  w i t h  c y t o c h a l a s i n  B (CB, o) ( 1 0 / ~ g / m l  f ina l  c o n c e n t r a t i o n ) ;  v i n b l a s t i n e  su l f a t e  (VS,  
&) (1 /~M f ina l  c o n c e n t r a t i o n ) ;  o r  c o m b i n a t i o n s  o f  v inb l a s t i ne  su l f a t e  p lu s  c y t o c h a l a s i n  B (VS + CB,  e )  f o r  
1 5  m i n  a t  3 7 ° C  a n d  t h e n  a g g l u t i n a t e d  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  l e c t i n  f o r  1 0  m i n  a t  2 2 ° C  in  the  
p r e s e n c e  o f  the  d rug ( s ) .  C o n t r o l s  (n )  w e r e  i n c u b a t e d  a n d  a g g l u t i n a t e d  w i t h o u t  d rug ( s ) .  S t a n d a r d  devia-  
t i o n s  a re  i n d i c a t e d  b y  ba r s .  

Fig.  8. L a c t o s e  d i spe r sa l  o f  R. c o r n m u n i s  I - a g g l u t i n a t e d  $ 4 9  cells  a t  2 2 ° C .  Cells  ( 4 - - 8  • 1 0 6 )  w e r e  incu -  
b a t e d  w i t h  1 0 / ~ g / m l  c y t o c h a l a s i n  B p lus  1 ~M v i n b l a s t i n e  su l f a t e  (CB + VS,  e ) ,  1 /~M v i n b l a s t i n e  su l f a t e  
(VS,  A) o r  5 m M  s o d i u m  c h l o r i d e  p lus  2 m M  s o d i u m  az ide  (FI + az ide ,  o)  f o r  15  m i n  a t  3 7 ° C .  Drug-  
t r e a t e d  cel ls  a n d  c o n t r o l s  (e )  w e r e  a g g l u t i n a t e d  w i t h  5 / ~ g / m l  l e c t i n  f o r  1 0  m i n  a t  2 2 ° C ,  w a s h e d  a n d  i n c u -  
b a t e d  f o r  v a r i o u s  t i m e s  a t  2 2 ° C  in  t h e  p r e s e n c e  o r  a b s e n c e  o f  d r u g ( s )  p r i o r  t o  a d d i t i o n  o f  5 0  m M  l a c t o s e  
f o r  1 0  r a i n  a t  2 2 ° C .  

tion of these two agents, or sodium fluoride plus sodium azide did not affect 
the quantitative binding of 12SI-labeled lectin at any lectin concentration tested 
(data not shown). When hapten reversibility experiments are performed after 
agglutination by R. communis I, followed by washing and incubation at 22°C 
for various times without lectin, drug effects are more pronounced. Vinblastine 
sulfate or vinblastine sulfate plus cytochalasin B inhibits lactose dispersal of the 
$49 multicell aggregates, while sodium fluoride plus sodium azide enhances 
hapten reversibility (Fig. 8). 

Examination of drug-treated cells by electron microscopy revealed some 
changes in cell shape. Pre-treatment with cytochalasin B (10 #xg/ml) results in a 
slightly more irregular surface with the occasional presence of broad surface 
blebs (similar to Oppenheimer et al. [27]), while the other drugs produce no 
obvious changes in gross cell morphology. When drug effects on lactose disper- 
sal of cell aggregates are analyzed ultrastructurally, cell deformation and lack of 
reversal of agglutination after a 90 min incubation appear to be related. Cell 
aggregates that show lactose reversibility in the presence of drugs such as sodi- 
um fluoride plus sodium azide are unchanged or less deformed compared to 
controls, while agglutinated $49 cells incubated with cytochalasin B (10 #xg/ml) 
plus vinblastine sulfate (1 mM) show greater cell deformation and an increase 
in cell surface area in close apposition in the multicell aggregates (Fig. 9) com- 
pared to controls (Fig. 6). 
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Fig. 9 .  S 4 9  cel ls  w e r e  i n c u b a t e d  w i t h  c y t o c h a l a s l n  B ( I 0  # g / m l )  p lu s  v inb l a s t i ne  su l f a t e  (1 # M )  f o r  1 5  m i n  
a t  3 7 ° C  a n d  t h e n  a g g l u t i n a t e d  w i t h  fe r r i t in -R ,  c o m m u n i s  I a g g l u t i u i n  ( e q u i v a l e n t  t o  5/ .~g/ml l e c t i n )  f o r  
1 0  r a in  a t  2 2 ° C .  T h e  a g g l u t i n a t e d  cel ls  w e r e  w a s h e d  a n d  i n c u b a t e d  a t  2 2 ° C  f o r  9 0  m i n  in  t h e  p r e s e n c e  o f  
d r u g s  p r i o r  t o  a d d i t i o n  o f  5 0  m M  l a c t o s e  f o r  1 0  m i n  a t  2 2 ° C .  R e m a i n i n g  cel l  a g g r e g a t e s  w e r e  f ixed  a n d  
e m b e d d e d  f o r  e l e c t r o n  m i c r o s c o p y .  N o t e  t h e  g r e a t e r  s u r f a c e  d e f o r m a t i o n  b e t w e e n  a d j a c e n t  cel ls  in  t he  
agg rega t e .  × 4 2  5 0 0 .  

Discussion 

Lectin-mediated cell agglutination appears to be governed by a variety of 
interrelated factors that determine whether agglutination will occur in any 
given system [2--4,11]. These include: (a) the biochemical nature of the agglu- 
tinin molecules; (b) the number of agglutinin molecules bound to cell surfaces 
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and the nature of their cell surface-binding sites; (c) the correct mobility and 
topographic arrangement of cell surface agglutinin receptors; (d) the  presence 
of cell surface structures such as blebs, microvilli and pseudopodia; (e) repul- 
sive and attractive nonspecific charge and non-charge forces between cells; (f) 
inner and outer membrane surface peripheral or membrane-associated compo- 
nents such as cytoskeletal assemblages and cell coat mucopolysaccharides; (g) 
specific adhesive forces between cells; and (h) cell surface rigidity or deforma- 
bility. These various factors can affect lectin-mediated cell agglutination dif- 
ferently, and cell agglutination probably occurs when the sum of the factors 
favoring agglutination outweigh opposing forces [ 2,11 ]. 

Little is known concerning the factors that affect the reversal of lectin- 
mediated agglutination by specific saccharides. Lectin-mediated agglutination 
in certain cell systems such as human erythrocytes is almost completely revers- 
ible by specific saccharides as much as several hours after agglutination [8], 
while others (usually nucleated cells) can only be partly reversed or are com- 
pletely irreversible within less than an hour after initial agglutination has begun 
[9,10,28]. The irreversibility of lectin-mediated agglutination has been attri- 
buted to cell-cell adhesive interactions that stabilize the multicell aggregates [9, 
10] and/or nonspecific secondary binding of lectin molecules to cell surfaces 
[3]. 

In the present studies the role of cell adhesion in maintaining multicell aggre- 
gates of R. communis I lectin-agglutinated S49 lymphoma cells after lactose 
elution of lectin molecules could not be assessed. $49 lymphoma cells grown 
singly in suspension culture do not normally form homotypic adhesions. This 
contrasts with other cell systems which readily form homotypic adhesions 
often at significant rates in the absence of lectin-mediated agglutination [9,10, 
16,17]. It is considered unlikely that the formation of adhesions between $49 
cells occurred because the lectin molecules were able to overcome cell charge 
repulsive forces, because enzymatic removal of most of the cell surface sialic 
acid molecules decreases surface charge density but does not result in spon- 
taneous homotypic aggregation (Nicolson, G.L., unpublished data). 

Deformation of $49 cell surfaces was observed ultrastructurally during the 
post-agglutination incubation period, and this was temporally correlated with 
the onset of lactose irreversibility. Low temperature, in part, prevented this 
irreversible secondary phase of agglutination [8], and this could result from 
prevention of changes in cell deformability. Some lectin molecules are them- 
selves affected by low temperature [29,30], but this does not seem to be the 
case with R. communis I agglutinin [21]. In other investigations aldehyde fixa- 
tion was used to lower lectin-mediated agglutinability; this could also be 
explained, in part, by decreased cell deformability as well as by reduced lectin 
receptor mobility [12--15,27,31--37]. 

When S49 cells were treated with various drugs known to disrupt cyto- 
skeletal systems (such as combinations of cytochalasin B plus vinblastine), both 
the forward and reverse steps of lectin-mediated agglutination were affected. 
The irreversibility of $49 multicell aggregates by lectin saccharide inhibitors 
was dramatically enhanced in the presence of cytochalasin B plus vinblastine 
correlating with an increase in cell deformation seen after treatment with these 
agents. $49 cells do not have abundant numbers of microfilaments and micro- 
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tubules which are disrupted by cytochalasin B and vinblastine, respectively; 
these structures are known to be responsible for controlling shape and move- 
ment in a variety of cell types [38]. Also, the fact that cellular poisons such as 
sodium fluoride plus sodium azide enhance lactose reversal of lectin-aggluti- 
hated $49 cells is also consistent with a possible role for cytoskeletal systems in 
controlling deformability. In several cellular systems sodium azide, sodium 
fluoride or their combination inhibits lectin-mediated cell agglutination [39, 
40], while in other systems it appears to enhance agglutination [23,36]. 
Although other explanations are possible [36], cell systems which are drug sen- 
sitive in terms o f  their lectin-mediated cell agglutinability may exhibit differing 
deformabilities under conditions of cellular energy depletion. 

In contrast to the reversal of agglutination, a direct role for cell deformabil- 
ity in lectin-mediated $49 cell agglutination remains to be established. 
Although low temperature and combinations of drugs known to affect cyto- 
skeletal systems and cell shape (cytochalasin B plus vinblastine) did affect the 
forward rates of agglutination, these effects were not as dramatic as their action 
on reversal of agglutination after lectin-free incubation. 

Each cell and lectin system will have differing properties such that cellular 
agglutination and reversal of agglutination will probably be determined by 
several factors [2,3]. In the $49 lymphoma cell system increased cell defor- 
mability after agglutination appears to enhance the stability of multicell aggre- 
gates, even when most of the lectin molecules are subsequently removed from 
the aggregates by specific saccharide inhibitors. Either the remaining lectin 
molecules found between adjacent agglutinated cells are enough to hold these 
cells together, or the adjacent cell surfaces are now adhesive because of specific 
and/or nonspecific cell-to-cell interactions. That these interactions can be 
reversed by low, non-toxic concentrations of chaotropic agents or neutral 
detergents (Nicolson, G.L., unpublished observations), but not by ionic or 
osmotic perturbations, suggests that nonspecific secondary forces are involved 
in maintaining the multicell aggregates. 
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