
Biochimica  et Biophysica Ac ta ,  401 (1975) 458 467 
C) Elsevier Scientific Publishing Company,  Amsterdam Printed in t h e  Netherlands 

BBA 77066 

MEMBRANE MOBILITY A G E N T  ALTERS THE CONSEQUENCES ()F 

LECTIN-CELL INTERACTION IN A M A L I G N A N T  CELL MEMBRANE 

S t t L O M O  L U S T I ( P .  I )OV  14. Pt. U Z N I K  ~'. N I C H A M A  %. K t ) S O W E R "  and E D W A R D  k l  
K O S O W E  R ~''' 

"I)eparlmeHt ~/ l_(/e Sciem'e,s. Bar-Ilan Unirerxil.t, Ramat-Oal~ I I.srael) ~'Department ol Human  Gem'tic.~. 
Sack  ler School  ~ /  Medicine.  Tel-,4 t ic  U/~irersit)', Ramut-,1 t'ir. "1 ~'1-A t'ir ( I~rael ) • l)epartmeHt ol Chemi~- 
Iry, Tel-A viv University,  Ramal - / t  viv, Te]-A viv ( Israel} and '~Departmettt ol  ( hemixtr.v, S ta te  Unit'er~'it 1 
o[  New York. ,S'lot O' Broo]~, A. }'. I 1794 ( U..S'.A. 

(Received Eehruar'. 261h, 19751 

S U M M A R Y  

The membrane mobility agent 2-(2-methoxyethoxy)-ethyl :S-(cis-2-n-octxl- 
cyclopropyl)-octanoate promotes cap formation fl'om wheat germ agglutinin-receptor 
combinations at the expense of agglutination in membranes of malignant masto- 
cytorna cells. 

I N ' I R O I )  U( 'TION 

Malignant. transl\~rmed cells are agglutinated by several plant lectins at lectin 
concentrations which do not cause agglutination of the corresponding normal cell 
(Ik~r reviews, see rel~s I and 2). Alteration in the membrane by transtk~rmation i, 
implied, with the nature of  the change and the mechanism of its expression in terms 
of agglutinability still unknown. 

Differences in agglutinability cannot be explained by differences in the quantit3 
of lectin bound, since normal and transformed cells may bind the same amount of 
lectin [2]. In some studies, clustering of binding sites after lectin attachment has been 
observed in transformed but not in normal fibroblasts [3 5]. Cluster formation. 
which is assumed to facilitate efficient cell to cell contact, has beeb ascribed to a 
greater freedom of movement of lectin-receptor complexes within the membrane of the 
transformed cell [2, 3], Others, however, have failed to demonstrate a correlation 
between lectin-receptor complex clustering and agglutination [6]. In addition, al- 
though lectins induce agglutination of lymphoma cells under conditions l\~r which no 
agglutination of normal cells occurs, the mobility of  some lectin-receptor or antibody- 
receptor complexes is greater within the normal cell membrane than within the 
transformed (malignant) cell membrane [7, 8]. The relationship of membrane site 
mobility to agglutinability is thus unclear. 

Abbrcvialions: A2C, 2-(2-methoxyethoxy]-cthyl 8-tcis-2-n-oclyleyclopropyl }-octanoale; FI]  ('~ 
lluorescein isothiocyanate. 
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A number of cyclopropane derivatives which enhance the lateral mobility of 
antibody-lg site combinations (promoting cap formation) on lymphocyte membranes 
have been developed by Kosower et al. [9]. These agents, called membrane mobility 
agents, provide one means of altering the distribution of membrane sites and examin- 
ing the consequences of this alteration to the behavior of the cell. In the present study, 
we have used one of these reagents, A2C (see formula), to probe the interaction of 
wheat germ agglutinin with mastocytoma cells. 

CH2 

CH3(CH2)vCH-CH(CH,)TCOOCH2CH2OCH2CH2OCH,~ 

We have now found that the membrane mobility agent A2C promotes a 
redistribution of lectin-membrane site complexes, a cap-like arrangement forming in 
place of the diffuse arrangement observed in the absence of the agent. The membrane 
mobiliD agent simultaneously diminishes the degree of agglutination by the lectin, 
and in addition, increases the sensitivity of interphase cells to the cytolytic effect of the 
lectin used (wheat germ agglutinin). The latter sensitivity is characteristic of masto- 
cytoma cells in mitosis, as shown by Lustig and Pluznik [10]. 

M A T E R I A L S  A N D  METHODS 

Cel&. A mastocytoma cell line (P-815-X2) [1 I] was used. The cells were grown 
in Dulbecco's modified Eagle's medium (Gibco, USA), supplemented with 10 o heat /o  

inactivated horse serum. The cell line was maintained by transferring 105 cells to 5 ml 
fresh medium every 4-5 days. Cell populations with low mitotic indices (less than I "o) 
were used in all the experiments. Cells were washed and suspended in buffer containing 
140 mM NaCI, 3 mM KC1, 8 mM NazHPO4, 1.5 mM KH2PO4, pH 7.3. 

It'heat ,qerm a991utinin. Unlabelled and labelled wheat germ agglutinin with 
fluorescein isothiocyanate (FITC-agglutinin) were obtained from Miles-Yeda, Reho- 
rot, The lectins were kept frozen until use, then diluted with PBS to the proper 
concentration. 

Membrane mobility a.qent. A2C, [2-(2-methoxyethoxy)-ethyl 8-(cis-2-n-octyl- 
cyclopropyl)-octanoate)] was dispersed in phosphate-buffered saline by sonication 
for 2 min (MSE ultrasonic disintegrator)just before use. 

Incubation and assays. A2C, dispersed in buffer, was added to the cell suspen- 
sion to linal concentrations of 0.05 ILl to0.5 id/ml containing 5 • 106 cells. Cell suspen- 
sions were incubated in the presence or absence of A2C at 24 "C for 30 rain. Wheat 
germ agglutinin (10 t~g/ml cell suspension) was then added for additional incubation 
at 4 C and 37 C .  Aliquots were withdrawn at various time intervals for determina- 
lion of (a) extent of agglutination, (b) distribution of FITC-agglutinin bound to cell 
surface and (c) cytotoxicity. 

Extent of agglutination of the cells by the lectin was determined according to 
Eckhart et al. [I 2] and calculated on the basis of the number of cells which were not 
agglutinated out of  the total number of cells present in a control sample incubated 
without lectin. The distribution of FlTC-agglutinin on the cells was observed with a 
Zeiss incident light fluorescence microscope. 

Cytotoxicity was determined by counting cells in 0.4 Y~, trypan blue solution in 
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phosphaie-bufl'ered saline. In samples trealed with wheat germ agglutinJn, countin7 
was performed after desaggregation oJ cell agglutinates to single cells bv the addition 
of 0.3 M N-acetyl-I)-glucosarnine. Percent of lysis was determined bx comparing lhe 
number of cells found after incubation with wheat germ agglutinin to number ol'cells 
tk)und after incubation wittlout the lecfin. 
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R E S U L T S  A N D  D I S C U S S I O N  

E{l~ct o f  A 2 C on the distribution o f bound FITC-agglutinin and on agglutination 
~/' cells by wheat germ agglutinin. FITC-agglutinin added to mastocytoma cells at 
37 C is distributed in the form of a ring of clusters (Fig. la), an appearance which is 
unchanged for samples taken throughout the incubation period. Mobility agent alters 
the observed distribution of bound lectin, in the first few minutes, the distribution of 
lectin sites on the cell surface ofA2C pretreated cells is similar to that of control cells. 
AFter 10 15 rain, the fluorescent label is found in the form e r a  cap-like arrangement 
within a limited area on the cell surface (Fig. lb). 

The addition of 10 ug/ml of wheat germ agglutinin to mastocytoma cells causes 
their agglutination at 37 C. Preincubation of the cells in the presence of AzC dimin- 
ishes markedly the agglutination, and the agglutinates which do form are composed 
of only a few cells rather than the large, multicellular aggregates seen with wheat germ 
agglutinin alone, as shown in Fig. 2. The distribution of FITC-agglutinin on the 
aggregated cells is shog.n in Fig. 3. The control cells forming the multicellular aggre- 
gates exhibit the fluorescence from the FITC-agglutinin as an uninterrupted ring 
around the cell periphery (Fig. 3a). In the A2C pretreated cells, the fluorescent label 
occupies only particular portions of the cell membrane, those engaged in cell to cell 
contact. No contact or further aggregation is seen on those portions of the cell mem- 
brane free of FITC-agglutinin (Fig. 3b). Decreased aggregation is clearly a conse- 
quence of the decreased opportunity for cell to cell interaction presented by the limited 
area occupied by the lectin-receptor site complexes. 

The diminution in the extent of agglutination with increasing concentration 

Fig. I. Disn' ibution o f  FITC-agg]ut in in on control  and A2C-Ireated cells. The A ~ (  Ire~ltmenl \~as 
~ i t h  0.15 !d 1111 cell s u s p e n s i o n .  F o r  o t h e r  de ta i l s ,  see text .  la) C o n t r o l  ceils:  15 m m  after F I T ( ' -  
agglutinin clddilion. (No furl.her change is observed on addi t ional  hlcubation.} (bl and 2}. A_>('- 
treated cells: I5 I11ill after PlTC-agghi l in in ciddition. 
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I--ig, 2, Effect of  A2C on ~lgglutination of  nl~lStOC:,,toma cells by x~ hczlt germ ~lgglutinin, AzC 0.25 
ml cell suspension. Aliquot removed 15 rain ~tftcr ~13e~t germ ~lgglutinin ~lddilion. viewed ~lnd photo- 
gr~lphed tit room tcmper~lture. (~l) Control cells. (b) A2C treated cells. 
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Fig. 3. Distribution of FITC-agglutinin on ~lgglutinated cells in control and A2C-trcatcd cells. (a), 
Control sample. (b) A2C-tre~ted sample. 

o f  A2C is paral leled by the increase in the number  of  cells showing caps. as graphi-  
cally i l lustrated in Fig. 4. 

E[l~wt o f  A 2 C on the viabilitv o f  in terphase mas too ' toma cells. The e ffect of  A 2 C 
(with and without  added  wheat  germ agglut in in)  on cell viabil i ty is shown in Fig. 5. 
Incubat ion of  cells with A2C alone for 90 rain at 37 "C did not affect cell v iabi l i ty  
when the reagent  was used in amount s  up to 0.25 ul/ml.  Higher concent ra t ions  caused 
cell death,  as manifested by lysis. All intact  cells remained viable, as shown by the 
t rypan blue exclusion test. No cytotoxic i ty  was produced  by incubat ion of  cells with 
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Fig. 4. R e l a t i o n s h i p  o r c a p  l ' o rmat ion  to a g g l u t i n a t i o n  in A : ( ' - t r e~ l t cdce l l s .  f o r d e t a i l s o f p r c m c u h a -  
t ion and  whea t  ge rm a g g l u t i n i n  a d d i t i o n ,  see text.  F o l l o w i n g  i n c u b a t i o n  in the presence  or  ~ heat  germ 
agg lu t i n in  { 15 rain) ,  the cel ls  were coo led  to 1 2 (" ;_tnd a l i q u o t s  t aken  for d e t e r m i n a t i o n  o r a g g l u t i n a -  
l ion and ['or eva lua t io l l  o r  cap  l b r m a t i o n .  " C a p s "  ~ e r e  def ined as an ~.lccumul~.ition or  f luorescent  
label  over  I 2 o r  less of  the vis ible  c e l l s u r l h c e .  

wheat germ agglutinin alone. Preincubation or the cells with A , C  increased the 
sensitivity of ' the interphase cells to lysis by wheat germ agglutinin, the degree or  lysi~ 
being proportional  to the amounts  of  A , C  above 0.05 itl/ml. It had been previously 
round that wheat germ agglutinin alone had no cytolytic effect on interphase mast()- 
cytoma cells whereas mitotic cells were lysed by the lectin [10]. The sensitivity of  the 
interphase cells towards wheat germ agglutinin in the presence or  AeC is thus reminis- 
cent of  the sensitivity observed ror cells in mitosis. 

E~(l'e('l o J" low le#nl~cralu#'c a#ul o/,~oUizm# ~zziU<, ou a,q,qluli##alion, c~qvqHq anU 
crnHr.vis. Incubation o1" control cells with 10 l~g/ml o1" wheat germ agglutinin at 4 ( 
did not restilt in agglutination and FITC-agglutinin was distributed as a "'ring" on 
the cells. Neither " 'cap" rormation nor cytolysis occurred in A,C-treated cell~ incu- 
bated with wheat germ agglutinin at 4 C. The addition or 10mM sodium ~lzide to 
A,C-preincubated cells at 37 C 5 rain berore the addition of  wheat germ agglutinin 
promoted cell agglutination by the lectin, prevented "'cap" formation and inhibitcd 
cell lysis. The results of the experiments are presented in Table I. 

Siqni/icancu. The interaction orwhea t  germ agglutinin ~i~,ll membrane receptor 
sites is shown in our work to be modulated by the nlembrane mobility ugent A , ( .  
The agent promote.~ "'cap" formation,  diminishes cell agglutination and enhances /he 
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Fig. 5. C y t o t o x i c  effect o f  whea t  ge rm agg lu t i n in  on A2C t rea ted  m a s t o c y t o m a  cells. An effect pro-  
p o r t i o n a l  to the c o n c e n t r a t i o n  of  A z C  is s h o w n  by the l ine m a r k e d  : W G A .  A para l le l  l ine is found  
for the effect o f  A2C in the absence  o f  whea t  germ a g g l u t i n i n  ( W G A  l ine)  at much  h igher  A2C 
c o n c e n t r a t i o n s .  

T A B L E  I 

T H E  E F F E C T  O F  S O D I U M  A Z I D E  A N D  O F  L O W  T E M P E R A T U R E  O N  T H E  C O U R S E  O F  

WHEAT G E R M  A G G L U T I N I N  
( 'ELLS 

Conditions 

4 ('" 

agglu t ,  caps  lysis ~ 
("~,) (? ; )  (%) 

AzC  0 0 2 
A a C  0 0 0.5 

INTERACTION WITH A2C-TREATED MASTOCYTOMA 

37 C NAN)"  

agg lu t ,  caps  lysis ~ agg lu t ,  caps  lysis ~ 

(!'0) (~!,,) (",,) (~'i,) (%) (",,) 

34 32 42 84 0 2 
85 0 1.5 84 0 0 

:' Cell samples were preincubated in the absence oi" presence of 0.3/d/ml A2C for 30 min at 
24 C. f o l l o w i n g  w.hich s a m p l e s  were coo led  to I 4 C, whea t  germ agg lu t i n in  added  and t h e e s t i m a -  
t ion  of  a g g l u t i n a t i o n  and the ex ten t  o f  cap  f o r m a t i o n  done  15 rain la ter  w i t h o u t  w a r m i n g  the s amples .  

u Cell  s a m p l e s  vsere p r e i n c u b a t e d  in the absence  o f  p resence  or 0 . 3 / d i m  A : C  for 30 rain at 
24 C. f o l l owing  which  cel ls  were  t r ans fe r r ed  to 37 C a n d  N a N . ~ , a a s a d d e d t o g i v e a  final concen t r a -  
t ion of  0.01 M. W h e a t  ge rm a g g l u t i n m  ',,,'as added  5 r a i n  la ter  and  i ncuba t ion  c o n t i n u e d  at 37 Cli:~r 
15 min,  at v~llich t ime  a l i q u o t s  ,,sere ut i l ized for tile d e t e r m i n a t i o n  o f  the ex ten t  o f  cap  f o r m a t i o n  and 
Ihe degree  o f  a g g l u t i n a t i o n .  

~ Lysis ,;,,as d e t e r m i n e d  on san lp les  i n c u b a t e d  for 60 rain at 37 C af ter  the a d d i t i o n  of  :~,heat 
germ agg lu t in in .  
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cytolytic effect o|" wheat germ agglutinin. It has been suggested that agglutinability 
of  such cells as transformed libroblasts reflects rapid lateral mobility of  lectin sites in 
those cell membranes,  a mobility greater than that in nornlal cell membranes [3, 13]. 
A more "'fluid" state of  the membrane [14] and an altered interaction xvilh submem- 
brane structures [15, 16] have been suggested as possible explanations I'or tile differ- 
ence in mobility [13]. However, clustering in both normal and transformed cells has 
been reported [6], a Fact which weakens the concept cited aboYe. It is also ofinterest  
that tile enhanced mobility ol" clustered lectin sites induced by colchicine in accom- 
panied by a decrease in agglutinabilit>, [171. 

In studies on cells in suspension, there appears to be an inverse relationship 
between agglutinability and ease of  membrane site motion in ly, mphocytes. Normal 
lymphocytes are capable ol 'cap formation but do not agglutinate in the presence ol ' the 
appropriate  lectin, whereas the malignant lymphoma cell agglutinates but does not 
exhibit facile motion of  receptor sites [7]. In addition, the capacit~ oF some myelo- 
blastic cells to differentiale to normal l'orms is associated with redticed agglutinability 
and enhanced membrane site mob ty [18l. (See also rel'. 19.) 

The results found in our  work are consistent with those found lor cells in 
suspension. Tile observed redistribution of wheat germ agglutinin-membrane site 
complexes and their accumulat ion within a restricted area of  the membrane ("cap"  
I 'ormation) rellcct an enhanced lateral mobili D o1" some membrane components, 
induced by' A,C.  This increased mobility is associated with decreased agglutination. 
The reciprocal relationship is preserved with the changes brought about  by sodium 
azide (presumably Functioning as a metabolic inhibitor) which allows agglutination, 
prevents "cap"  formation and inhibits cytolysis. Further, the enhanced susceptibility 
of  A ,C  treated cells to wheat germ agglutinin-induced lysis in similar to that observed 
for mastocytoma cells in mitosis [10t. Thus, t%:(" alters the response o1" tile interphase 
mastocytoma cell to wheat germ agglutinin into a response resembling thai of  cells in 
nl i los i s .  

We may also note that in preliminary experiments we ha~e Found that A , (  
does not alter ConA-mas tocy toma cell interaction, observed as agglutination of  cells 
alld evenly distributed clusters. Thus difl'erent receptor sites within a particular cell 
membrane may exhibit different responses to membrane mobility agents, this fact 
suggesting that there is some specificity in the action of  these agents. 

The " 'cap" Formation promoted by A ,C  and any other mobility process which 
permits tile accumulat ion of  sites in a restricted area oF the membrane,  would be 
exp;:cted to diminish the probability of  multiple bridge formation between cells. For 
the mastocytoma cells, as well as For other malignant cells in suspension, increased 
agglutimibility is associated with lower mobility for certain sites within the membrane.  

In conclusion, it appears that caution is required before retaining the general- 
ization that overall higher membrane mobility and higher "'fluidity," within the mem- 
brane are characteristic of  malignant cells. 
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