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Characterization of the kinetics of neural cell adhesion molecule 
homophilic binding 
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A solid-phase assay has been developed for the investigation of the kinetics of neural cell adhesion molecule (NCAM) 
binding. Using this assay we can show that NCAM binds to itself in a time-dependent and saturable manner. Binding 
constants (KB values) of 6.9 x 10 -s M and 1.23 x 10 -~ M, respectively, were obtained for adult and newborn rat NCAM 
homophilic binding. Binding is specifically inhibited by Fab' fragments of polyclonal anti-NCAM antibodies but is unaf- 
fected by heparin or ehondroitin sulphate. This indicates that the NCAM homophilic binding site is separate from and 
independent of the heparin-binding site and that a developmental modification, probably polysialation, gives rise to 

marked differences in the adhesive properties of NCAM. 
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1. INTRODUCTION 

Several cell adhesion molecules have been im- 
plicated in cell surface interactions during develop- 
ment of the mammalian nervous system. The 
neural cell adhesion molecule (NCAM; for review 
see [1,2]) is currently the most extensively 
characterized of these. It is expressed on all major 
neural cell types in the central and peripheral ner- 
vous systems [3-5]. It mediates aggregation of 
single cells [6] and histotypic deployment in neural 
tissue culture [7]. It has been shown to have a func- 
tional role in neuron-neuron, neuron-astrocyte, 
astrocyte-astrocyte and neural cell-substratum 
adhesion [8-10] and to be involved in nerve- 
muscle cell recognition [7]. 
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NCAM-mediated adhesion appears to occur by 
a homophilic and possibly polyvalent binding 
mechanism [1,11,12] in which NCAM on the sur- 
face of one cell binds to NCAM on an opposing 
cell. Studies by Cole and Glaser [10] have 
demonstrated that cell surface NCAM also par- 
ticipates in cell-substratum interactions in the 
developing chick nervous system. Cole and co- 
workers [13] have also presented data indicating 
that although NCAM-mediated cell-cell and cell- 
substrate adhesion involves a homophilic binding 
mechanism, the binding of heparan sulphate may 
also be required. 

The purpose of this study was to determine fur- 
ther the specificity of NCAM homophilic binding 
and its dependence on heparin, to characterize the 
kinetics of this interaction and finally, to compare 
the binding constants (Ks values) for newborn and 
adult forms of the protein. 

2. PROCEDURES 

2.1. Determination o f  affinity constants 
NCAM purified from newborn (P0 NCAM) or adult rats 

(P40 NCAM) according to published procedures [14] is 
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detritonized using SM2 biobeads [15]. Protein is sonicated for 
10 s immediately before use and is then immobilized (2/~g/ml; 
1 h at 22°C) on nitrocellulose paper discs (5.5 mm diameter). 
Excess unreacted binding sites are blocked with 1.0°70 BSA in 
PBS. Control discs are coated only with BSA. Increasing con- 
centrations of 1251-labelled NCAM [125I-NCAM] of known 
specific activity and ranging from 10 -s M to 4 x 10 -7 M are in- 
cubated with paired NCAM- and BSA-coated discs in a total 
assay volume of 40/~1. After 4 h at 22°C, discs are washed and 
counted. Specific binding is determined by subtracting 
unspecific binding (binding to BSA-coated discs) from total 
binding (binding to NCAM-coated discs). Data are analyzed by 
non-linear curve fitting using the McPherson 'Radlig' program 
[16]. 

NCAM binding to nitrocellulose filters is quantified by in- 
cubating discs for 1 h at 22°C with 125I-NCAM (2/~g/ml) of 
known specific activity. Discs are then washed extensively and 
the amount of bound NCAM calculated by counting in a gam- 
ma counter. 

Competition assays are performed by preincubating paired 
NCAM- and BSA-coated discs for 30 rain with competitor 
(Fab' fragments; heparin; chondroitin sulphate). Incubations 
are then carried out with standard amounts of 125I-NCAM in 
the presence of competitor. 

3. RESULTS A N D  D I S C U S S I O N  

Both preparat ions  of  N C A M  bind  to 
ni t rocel lulose- immobil ized prote in  in a t ime- 
dependen t  (fig. 1) and  saturable manne r .  At  22°C, 
maximal  b ind ing  occurs after 4 h with a 7"1/2 of  
65 mi n  for P40 N C A M  and after approx.  20 h and  
with a Tt/2 of  130 min  for P0 N C A M  prepara-  
t ions.  The differences in  these two figures indicate 
a slower associat ion cons tan t  for P0  N C A M .  This 
is p robab ly  a t t r ibutable  to the 3-fold higher 
a m o u n t s  of  polysialic acid (PSA) found  on  N C A M  
isolated f rom younger  animals .  Analysis  of  
equ i l ib r ium b inding  data  (fig.2) by Scatchard plots 
[16,17] revealed average b ind ing  constants  of  6.9 +_ 
2.4 × 10 -8 M and  1.2 +_ 0.9 × 10 -6 M for P 4 0 - P 4 0  
a nd  P 0 - P 0  N C A M ,  respectively (table 1). 

Bm~ values, or m a x i m u m  n u m b e r  of  receptor 
sites available for b ind ing ,  were estimated to be 
0.75 +_ 0.28 × 10 -8 M for P40 N C A M .  Based on  
an  average es t imat ion of  54 ng immobi l ized  
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Fig.1. Time course for homophilic binding of P0 (e) and P40 (o) NCAM. Assay conditions are as described in section 2. Assay 
points represent the mean of two separate determinations. 
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Fig.2. Scatchard (a) and Hill plot (b) analysis of binding data from a representative P40 homophilic binding experiment. 

Table 1 

Summary of binding characteristics for P0 and P40 homophilic binding 

PO..PO P40-P40 

Ka value 1.48 + 0.63 x 10 -4 M (7) 6.92 + 2.4 x 10 -s M (4) 
Correlation coefficient 0.76 + 0.07 (7) 0.75 + 0.11 (4) 
Hill coefficient 0.92 + 0.05 (7) 0.88 + 0.09 (4) 

KB values were obtained from Scatchard analysis of the data using McPhersons (1985) 
equilibrium binding data analysis (EBDA) program. The correlation coefficient refers 
to the fit of the Scatchard data. Data are presented as mean + SE. The number of 

experiments contributing to the data is shown in parentheses 

N C A M  per nitrocellulose disc, it could be 
calculated that  there was a 1 : 1 binding of  N C A M  
molecules to each other. This does not necessarily 
imply that polyvalent binding of  N C A M  does not 
occur. Rather it suggests that equal amounts  of  
labelled and immobilized N C A M  bind in doublets 
or  greater aggregates. Hill plot analysis o f  the data 
(fig.2; table 1) corroborated this finding, sug- 
gesting the existence of  only one affinity site (Hill 
coefficient 0.88 +_ 0.09; mean + SE) and the 
absence of  any cooperativity. Thus, it appears that 
binding of  one N C A M  molecule does not enhance 
or inhibit binding of  subsequent molecules imply- 
ing that although the capability for multiple 
binding of  N C A M  molecules to form aggregates 

does exist [12], such aggregate format ion is not en- 
couraged. In any case, the simplest explanation of  
adhesion in doublets is consistent with the reports 
o f  Rutishauser et al. [12], who show that  greater 
than 80°70 of  NCAM molecules in their prepara-  
tions exist as monomers  or dimers. 

F a b '  fragments of  polyclonal ant i -NCAM an- 
tibodies were able to interfere with N C A M  
homophilic binding by up to 5007o compared to O- 
F a b '  fragments (Fab '  fragments prepared f rom 
preimmune serum) further verifying the specificity 
of  the N C A M - N C A M  interaction (table 2). 
Hepar in  or chondroitin sulphate were incapable of  
interfering with ihis binding (table 2) implying that 
the NCAM-hepar in  binding site and the NCAM- 
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Table 2 

Ability of various agents to inhibit NCAM homophilic binding 

Agents Binding to P40 NCAM as 
a percentage of control 

O-Fah' (1 mg/ml) 
Anti NCAM Fah' (1 mg/ml) 
Heparin (200 pg/ml) 
Chondroitin sulphate 

(200/~g/ml) 

100 (4) 
47.7 + 11.7 (4) 
97.8 _+ 3.5 (3) 

98.5 ± 8.4 (3) 

Data are expressed as a percentage of control + SE. Control 
values are those determined in the presence of O-Fab'. The 
number of experiments contributing to the data is shown in 

parentheses 

N C A M  homoph i l i c -b ind ing  sites are  separa te  and  
independen t .  This  obse rva t ion  is a t  va r iance  with  
the  m o d e l  p r o p o s e d  by  Cole  et al .  [13], in  which it 
is a rgued  tha t  hepar in - su lpha te  p ro teog lycans  
cross- l ink  oppos ing  N C A M  molecules  and  pe rmi t  
h o m o p h i l i c  b ind ing  by  induc ing  a c o n f o r m a t i o n a l  
change  in the  pro te ins .  In  these studies we show 
tha t  N C A M  homoph i l i c  b ind ing  can  occur  in the  
absence  o f  hepa r in - su lpha te  p ro teog lycans  and  
tha t  hepa r in  does  no t  a f fec t  the  a m o u n t  o f  b ind ing  
observed .  

The  a f f in i ty  cons tan ts  de t e rmined  for  the  in- 
t e rac t ions  o f  adu l t  and  P0  N C A M  are  consis tent  
wi th  o ther  repor t s  which suggest  tha t  the  rates o f  
N C A M - m e d i a t e d  aggrega t ion  o f  b r a i n  vesicles or  
cells is inversely p r o p o r t i o n a l  to  thei r  sialic acid  
con ten t  [18-20] .  The  a m o u n t  o f  P S A  assoc ia ted  
wi th  N C A M  decreases  with pos tna t a l  deve lopmen t  
[19,21]. In  this  s tudy,  we show tha t  the  a f f in i ty  o f  
N C A M  homoph i l i c  b ind ing  increases  wi th  age sug- 
ges t ing tha t  the  d i f ference  is due,  at  least  par t ia l ly ,  
to  d i f ferences  in sialic ac id  conten t .  Fu r the r  s tudies 
a re  necessary  to  assess the  effects o f  polys ia l ic  acid  
r e m o v a l  and  o f  o the r  pos t - t r ans l a t i ona l  mod i f i ca -  
t ions  on  N C A M  homoph i l i c  b ind ing .  

In  conclus ion ,  it  has been  shown tha t  N C A M  
b ind ing  can  be measu red  in an in vi t ro  b ind ing  
assay  and  yields KB values  o f  app rox .  10 - s  M and  
1 0 - 6 M  for  P40 and  P0 homoph i l i c  b ind ing ,  
respect ively.  Binding  fol lows classical  kinet ic  
mode l s  for  a single a f f in i ty -b ind ing  site and  shows 
no coopera t iv i ty .  H e p a r i n  and  chondro i t i n  
su lpha te  fai l  to  in ter fere  with N C A M  homoph i l i c  

b ind ing  imply ing  tha t  the  homoph i l i c -b ind ing  site 
is i ndependen t  o f  and  separa te  f rom the hepar in -  
b ind ing  site on  N C A M .  
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