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Lectin-binding curves are reported for a concanavalin A receptor glycoprotein in lipid bilayers and intact 
cells. The results are consistent with previous studies of the structurally dissimilar transmembrane glycopro- 
tein, glycophorin. High-affinity lectin binding to model membranes was influenced by the presence of 
apparently unrelated macromolecules, which we suggest is an example of receptor modulation by local 
interactions. Furthermore, high-affinity binding to the model membranes displayed characteristics, including 
positive cooperativity, similar to those seen with intact cells. 

Introduction 

In recent years, numerous studies have focussed 
on the interactions of lectins with eucaryotic cells, 
especially with an eye to possible implications for 
mechanisms of growth control. Thus, for instance, 
lectin structural requirements for mitogenicity have 
been considered in some detail in the case of 
concanavalin A [1]. The physical response of asso- 
ciated cellular machinery to lectin binding has also 
been considered, although the picture is as yet very 
sketchy. An interesting early observation was that 
local interaction with concanavalin A receptors 
had a cooperative effect upon the cellular struc- 
tures involved in cell and receptor movement [2]. 
There have been a number of studies which 
quantitated lectin binding using radiolabelled 
lectins [3-11], and positive cooperativity is a fea- 
ture common to all such work. The implication has 
sometimes been drawn that a complex machinery 
may be the source of this cooperativity. Although 
studies of intact cells are clearly irreplaceable, 
there are certain aspects of this area of research 
that are well worth examining in model mem- 

* To whom correspondence should be addressed. 

0005-2736/82/0000-0000/$02.75 © 1982 Elsevier Biomedical Press 

branes - an approach which can permit less am- 
biguous interpretation of specific details. We have 
used membrane glycoproteins as lectin receptors 
after assembling them into lipid bilayers. In our 
hands, these structures most accurately mimic the 
(high-affinity) binding properties of cells when 
handled in the presence of serum albumin or dex- 
tran - macromolecules known to coat membranes 
with an adsorbed surface layer [12-15]. The ex- 
planation of this observation is not clear, although 
eucaryotic cells also possess a substantial layer of 
surface material - the glycocalyx. 

To our knowledge, the earliest model system 
experiments which specifically address the origin 
of positive cooperativity in lectin binding are those 
of Jennissen [ 16,17]. He clearly demonstrated, using 
as a model the binding of phosphorylase b to 
alkylated Sepharose beads, the importance of re- 
ceptor arrangement and local density in control- 
ling multivalent binding affinity - and hence the 
potential importance of these factors to coopera- 
tivity in lectin binding to cells. In our own labora- 
tory, during previous work with lipid bilayers 
bearing the glycoprotein, glycophorin, we found 
binding of wheat germ agglutinin to be positive 
cooperative and influenced by the presence of a 



surface layer of adsorbed albumin or dextran 
[ 18,19]. Glycophorin is a transmembrane protein 
of mol. wt. 30000 which is 60% carbohydrate [20]. 
It bears 15 identical short O-linked oligosac- 
charide chains with wheat germ agglutinin-binding 
potential [21]. The concanavalin A receptor glyco- 
protein of human erythrocytes is a 95 000 molecu- 
lar weight species which is a subpopulation of 
band 3 [22,23]. This glycoprotein bears 3-8% 
carbohydrate as a single N-linked segment [24,25]. 
Hence, glycophorin and band 3 represent two 
structurally very different receptors: yet, we dem- 
onstrate here that their lectin-binding curves share 
common features. 

Isolation of band 3 glycoproteins and their 
reassembly into lipid bilayers have been reported 
by various workers [26-29]. We previously used 
the affinity chromatography method of Findlay 
[22] to isolate the concanavalin A-binding sub- 
population for reassembly into bilayers by deter- 
gent dialysis [27]. However, in the present work we 
have combined such an approach with a technique 
which produces large, sealed liposomes: isolated 
concanavalin A receptor with some associated lipid 
was dissolved in 2-chloroethanol with additional 
lipid, and then solvent was evaporated to produce 
a lipid/glycoprotein film which could be subse- 
quently hydrated gently. The resultant structures 
lend themselves well to differential centrifugation 
assays of lectin binding as originally applied to 
intact cells. 

Materials and Methods 

Materials 
The concanavalin A receptor of human 

erythrocytes was isolated from outdated bank 
blood by a modification of the method of Findlay 
[22] as described previously [27]. Lipids were ob- 
tained from Sigma and were pure as judged by 
thin-layer chromatography on silica gel plates 
(Silica Gel GF 254 from Stahl). 2-Chloroethanol 
was from Eastman Kodak and unlabelled lectins 
were from Sigma. Concanavalin A receptor was 
3H labelled by a modification of the method of 
Moore and Critchton [30] and was typically 76% 
trichloroacetic acid precipitable with a specific ac- 
tivity of 3.5-105 cpm/mg protein. NaB[3H]H4 
was obtained from New England Nuclear. 3H- 
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labelled concanavalin A was also obtained from 
New England Nuclear and was 75% trichloroacetic 
acid precipitable with a specific activity of 1.8.106 
cpm/#g of protein. Bovine serum albumin was 
either ultrapure globulin free, or the 96-99% frac- 
tion V purchased from Sigma (both of which gave 
the same results). Dextran T-500 was obtained 
from Pharmacia. 

Liposome preparation 
To the desired amount of concanavalin A 

receptor in 50 mM dodecyltrimethylammonium 
bromide (as eluted from an affinity column [27]) 
was added a 0.5 mol ratio of phospholipid. This 
solution was dialyzed at 0°C against 5 mM Hepes 
buffer containing 0.025% azide for 3-4 days, and 
the precipitate collected by centrifugation for 10 
min at 9770 X g. This precipitate was dissolved in 
2-6 ml of 2-chloroethanol, and to the solution 
were added enough additional phospholipid and 
cholesterol (in a small volume of 2-chloroethanol) 
to make  the final mol  ratio 1 . 5 : 4  
cholesterol/phosphotipid and the lipid/protein 
weight ratio 1:1. The solution was shaken vigor- 
ously and transferred to a '500 ml round-bottom 
flask for solvent removal by rotary evaporation at 
34°C. The resultant film was further dried over- 
night in a vacuum desiccator. Subsequent hydra- 
tion with physiological saline at 37°C produced 
liposomes. Glass beads could be added to gently 
roll lipid from the walls. The subpopulation of 
liposomes large enough to sediment when centri- 
fuged at 850Xg for 5 min was used in these 
experiments. 

Binding assay 
The basic procedures used for measuring lectin 

binding to liposomes and cells have been described 
elsewhere [18,19]. Incubation time was 25 rain for 
model membranes and 80 min for intact cells. 

Results 

The original affinity column procedure of 
Findlay [22] for isolating the concanavalin A-bind- 
ing subpopulation of band 3 employed the deter- 
gent, Triton; but it is readily adapted to use of the 
dialyzable and ultraviolet-transparent species, 
dodecyltrimethylammonium bromide [27,28]. The 
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result is a relatively pure (detergent-containing) 
solution of the receptor, to which one may add 
various quantities of lipid. Subsequent removal of 
the detergent has been shown to lead to assembly 
of a lipid-protein complex with demonstrable lectin 
binding and anion transport function [27,28]. In 
the work described here, only small quantities of 
phospholipid were added back to the detergent 
solution for the purpose of producing a stable 
precipitable form of the concanavalin A receptor. 
For the actual binding studies it was desirable to 
have large, stable, multilamellar liposomes. The 
best method for preparing such liposomes seems to 
be hydration of lipid films previously produced by 
evaporation of organic solvent from a lipid solu- 
tion [31]. Since both lipid and concanavalin A 
receptor were found to dissolve in 2-chloroethanol, 
this approach was applicable to our system. Low- 
speed differential centrifugation isolated a popula- 
tion of large, multilamellar liposomes which could 
be handled like intact cells. 

Table I illustrates typical data obtained with 
radiolabelled concanavalin A receptor and lipids 
in an attempt to characterize the extent of 
l ipid/protein association, and the stability of this 
association to repeated washing procedures. Re- 

% % lipid 
concanavahn A remaining 
receptor after 
remaining washing 
after washing 

+ BSA - -BSA 
+ BSA --BSA 

i I 

Sample prior to washing 100 100 100 100 
1st wash 57 57 44 43 
2nd wash 60 62 50 45 
3rd .wash 56 66 45 45 
4th wash 55 58 37 39 
After 6 h (5th wash) 45 50 40 34 

ceptor-bearing liposomes were made as described 
in Materials and Methods, but with the inclusion 
of tracer quantities of radiolabelled material. The 
liposomes were then subjected to repeated dif- 
ferential centrifugation with subsequent super- 
natant removal. Sample recovery in the pellet was 
monitored at each stage. Clearly, there is a sub- 
stantial loss of structures not sedimentable at low 
g forces during the first washing, and this loss 
apparently is greater for those (less dense) lipid 
structures possessing relatively less protein, as ex- 
pected. It is perhaps appropriate to emphasize at 
this point that variability of liposome size and 
receptor distribution, both within a given prepara- 
tion and from one preparation to another, is an 
important limitation of these experiments. Note, 
however, that the liposomes are relatively stable to 
subsequent washings, even after many hours, and 
insensitive to the presence or absence of adsorbed 
macromolecules. Fig. 1 illustrates the appearance 
in the fluorescence microscope of receptor-bearing 
liposomes used in our experiments. 

Fig. 2 typifies the lectin-binding behavior of 
model membranes bearing the concanavalin A re- 
ceptor glycoprotein. Such membranes, when coated 
with a layer of serum albumin, accurately mimic 

TABLE I 

LIPOSOME STABILITY TO EXHAUSTIVE WASHING 
PROCEDURES 

Receptor-bearing liposomes of dimyristoylphosphatidylcho- 
line/cholesterol were prepared as described in Materials and 
Methods, but with [3Hlconcanavalin A receptor and [14C]phos- 
phatidylcholine. Liposomes were washed in Ca 2+- and Mg 2-~- 
containing phosphate-buffered saline by differential centrifuga- 
tion (850>( g for 5 min). BSA, bovine serum albumin. 

Fig. !. Fluorescence micrograph of an albumin-coated, recep- 
tor-bearing liposome stained with rhodamine-labelled con- 
canavalin A and extensively washed by differential centrifuga- 
tion. The lipid was dimyristoylphosphatidylcholine/cholesterol. 
Photographed at 23°C on a Zeiss fluorescent microscope 
(× 1600). 
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Fig. 2. High-affinity 3H-labelled concanavalin A binding to 
liposomes of dimyristoylphosphatidylcholine/cholesterol bear- 
ing the concanavalin A receptor glycoprotein from human 
erythrocytes. Curve a is for liposomes exposed to serum al- 
bumin, and curve c is a Scatchard plot of the same data. The 
liposomes in curve b were not treated with serum albumin, r is 
the number of micrograms of bound lectin per assay tube (final 
volume 300/~1); c is the number of micrograms of free lectin. 
The calculated average number of high-affinity sites per lip(> 
some from curves a and c is 6.105 (see footnote, p. 198). 
Temperature of assay 23°C. Con A, concanavalin A. 

the posi t ive coopera t ive  b ind ing  curves r epor ted  
for  intact  cells exposed  to var ious  lectins [3-11].  
The  posi t ive  coopera t ive  feature is emphas ized  by  
Sca tchard  t rea tment  of  the da t a  (Fig. 2c). No te  
tha t  in the absence  of  a surface coat  of  adso rbed  
a l bum i n  (Fig.  2b), the lect in b ind ing  is uns tab le  to 
r epea ted  washing procedures .  Lect in  b ind ing  was 
revers ible  at  any  stage b y  the inh ib i to ry  sugar,  a -  
methy l -D-mannos ide .  Fig.  3 demons t ra tes  that  the 
s t r ik ing dependence  of  h igh-aff in i ty  lectin b ind-  
ing on the presence of  a surface coat  of  serum 
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Fig. 3. High-affinity 3H-labelled concanavalin A binding to 
receptor-bearing liposomes of dimyristoylphosphatidyl- 
choline/cholesteroh (a) coated with Dextran T-500, and (b) 
uncoated. The average number of lectin-binding sites per lip(> 
some was 2.106 (see footnote, p. 198). Temperature of assay 
23°C. 

a lbumin  is not  pecul ia r  to that  mater ia l :  dex t ran  
has a similar  effect. Yet  dex t ran  (a high molecular  
weight neut ra l  po lysacchar ide)  and  serum a lbumin  
have li t t le in c o m m o n  other  than  their  p ropens i ty  
for b ind ing  to l ip id  membranes .  

The  d i m y r i s t o y l p h o s p h a t i d y l c h o l i n e / c h o l e s -  
terol  l ipid b i layers  used for most  of this work  are 
f luid enough to pe rmi t  gross g lycopro te in  redistr i -  
bu t ion  on the t ime scale (25 min) of  the experi-  
ments  (Refs. 32 and  33 and  personal  observat ions) .  
However ,  Fig. 4 d isp lays  da ta  ob ta ined  with the 
more  rigid l ip id  matr ix,  d ipa lmi toy lphospha t idy l -  
cho l ine /cho les t e ro l ,  in which rap id  g lycoprote in  
t rans la t iona l  d i f fus ion is great ly  reduced.  Fig. 4 is 
bas ica l ly  s imilar  to Figs. 2 and  3, suggesting that  
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F i g .  4 .  H i s h - a f f i n i t y  3 H - l a b e l l e d  c o n c a n a v a l i n  A b i n d i n g  t o  

receptor-bearing liposomes of dipalmitoylphosphatidyl- 
choline/cholesterol: (a) coated with serum albumin, and (b) 
uncoated. The average number of lectin-binding sites per lip(> 
some was 1.10 6 (see footnote, p. 198). Temperature of assay 
23°C. 
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gross lateral receptor redistribution is not an es- 
sential feature of the experiments described here. 
This is in agreement with our previous observa- 
tions on the wheat germ agglutinin/glycophorin 
system [ 18,19]. 

Since the concanavalin A-binding population of 
band 3 is the only substantial receptor for that 
lectin in human erythrocytes, it seems reasonable 
to compare concanavalin A-binding curves for red 
blood cells with those obtained using our model 
membranes. Several such curves are shown in Fig. 
5a and b. The same data appear in Scatchard 
analysis in Fig. 5c and d. In fact, these curves are 
reminiscent of those already described in Figs. 2 -4  
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Fig. 5. High-affinity 3H-labeUed concanavalin A binding to 
human  erythrocytes: (a) in the presence of serum albumin, and 
(b) in the absence of serum albumin. Curves c and d are 
obtained by Scatchard treatment of the data in curves a and b, 
respectively, r is the number  of micrograms of bound con- 
canavalin A per assay tube (final volume 300 #l); c is the 
number  of micrograms of unbound concanavalin A. The num-  
bers of lectin-binding sites per erythrocyte were calculated to 
be 4. l0 s (curves a and c) and 1- l05 (curves b and d). 

for lectin binding to model membranes. They 
clearly manifest a (positive) cooperative nature 
associated with a population of 1-4 .105 sites per 
cell having a lectin affinity of about 10 6 M -t .  
Previous authors have recorded sigmoidal lectin- 
binding curves [36] and downward-curved 
Scatchard plots [11] for red blood cells exposed to 
concanavalin A. Our values for number of sites 
and binding affinity are also in very good agree- 
ment with literature values from the same labora- 
tories [11,34]. However, it has not been reported 
that lectin binding to cell membranes requires the 
presence of exogenous macrornolecules such as 
albumin or dextran. Indeed, as Fig. 5b illustrates, 
we do not find such material to be necessary for 
high-affinity lectin binding to erythrocytes, al- 
though measurably more sites exist on erythro- 
cytes in the presence of a layer of exogenously 
added serum albumin (Fig. 5a). In our work fresh 
human erythrocytes were drawn in citrate/saline 
and washed four times. In fact, though such wash- 
ing may fail to remove as much as 50% of the 
original serum proteins bound by cells (Brooks, 
D., personal communication). Furthermore, cell 
membranes bear a substantial surface layer of 
material in the form of glycolipid and glycoprotein 
headgroups as well as peripheral proteins. Hence, 
it may not be surprising that the concanavalin 
A-binding curves obtained for intact erythrocytes 
are more or less independent of exogenously ad- 
ded material. 

It must be stressed that the approx. 10 6 binding 
sites per liposome* described in this work are 
high-affinity sites. That is, although bound lectin 
molecules are readily displaced by inhibitory sugar, 
in the absence of such competition they remain 
bound in the face of extensive washing procedures 
lasting many minutes. However, Table II il- 
lustrates the fact that each liposome possesses 
much larger numbers of lower affinity sites. Such 
sites are only apparent in binding assays which do 

* Average numbers  of  high-affinity binding sites per liposome 
or cell were calculated from Scatchard plot intercepts. In the 
case of liposomes, this number  represents an average over a 
population differing greatly in size (e.g., 3-50 #m). K a for 
lectin binding to the concanavalin A receptor in liposomes 
and intact cells (from the slope of the Scatchard plot de- 
scending limb) was in the range 105-106 M - i .  



TABLE II 

HEM_AGGLUTINATION INHIBITION USING STOCK 
LECTIN SOLUTIONS PREADSORBED WITH LIPO- 
SOMES 

Aliquots (50 /~1) of the liposome suspensions used in our 
experiments (2- 107 liposomes per ml) were incubated with 150 
/~1 of solutions of known concanavalin A concentration. These 
samples were centrifuged at 850X g prior to use of 50/LI of the 
supernatant material in a hemagglutination-inhibition assay. 
This approach avoided adding liposomes directly to microtiter 
wells. End points were recorded as the highest lectin concentra- 
tion at which agglutination failed to occur. Inclusion of 3 mg 
albumin per ml did not alter the end points. Knowing the 
number of liposomes added to each stock solution of con- 
canavalin A, one may calculate the amount of lectin bound per 
liposome (and thus removed from the stock solution). Lipo- 
somes with receptor bound 1.9.107 molecules of concanavalin 
A per liposome in the above experiment. This represents a 
conservative estimate of the number of available binding sites, 
but provides no information about the affinity of such sites 

Sample (~g) Concanavalin A 
originally added to 
stock solution 
corresponding to 
hemagglutination 
end point 

No liposomes 0.03 
Liposomes without receptor 0.47 
Liposomes with concanavalin A 

receptor 3.75 
Liposomes with concanavalin A 

receptor + 0.1 M a-methyl-D- 
mannoside a 0.03 

a When the stock lectin solutions contained 0.1 M inhibitory 
sugar and were dialyzed subsequent to removal of liposomes, 
the hemagglutination test could be used to check specificity 
of binding. There is no binding to liposomes in the presence 
of inhibitory sugar. 

not  involve extensive washing, i.e., lectins bound  
to them have a dissociation rate which is fast on 
a time scale of minutes (as in fact do most  nonco-  
valent associations in solution). The numbers  of 
these low-affinity sites can only be estimated f rom 
hemagglut inat ion inhibition assays, but  they do 
not  appear  to be strongly influenced by the pres- 
ence or absence of  a lbumin or dextran. F rom 
Table  II  it is apparent  that  there are more  than 107 
low-affinity sites per liposome, and also that these 
sites are largely 'specific' by the criterion of  in- 
hibitability by a-methyl-D-mannoside.  Their coun- 
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terpart  on cell membranes  is well known [35,36]. 
However,  the significance of  such low-affinity sites 
is unclear. Certainly, appreciable numbers  of  them 
are not  related to saccharide receptors. For  ins- 
tance, various authors have pointed out that  con- 
canavalin A binds with low affinity to plastic, 
lipid, and glass - and this binding is sugar inhibi- 
table (Refs. 35 and 36 and references therein). 
Table II  demonstrates  that, a l though liposomes of 
lipid alone bind lectin, considerably more low-af- 
finity sites appear  when the liposomes bear recep- 
tor glycoproteins. In our  system, high-affinity 
binding sites only appear  in liposomes bearing the 
appropria te  receptor glycoprotein. Typically, it is 
the high-affinity binding sites which are consid- 
ered to be instrumental  in specific exogenous ini- 
tiation of  a cellular metabolic response, while the 
low-affinity sites are mentioned in connect ion with 
cell agglutinability [35]. The concanavalin A affin- 
ity for monosaccharides  is only about  10 3 M-1  [1]. 
Lectins binding to a membrane  surface with this 
affinity would b e  expected to be measured in 
agglutination assays or in assays which do not 
involve repeated washing, It seems reasonable to 
assume that the much higher affinity (106 M -1)  
seen for a subpopulat ion of concanavalin A recep- 
tors in cell membranes  arises f rom some form of 
polyvalent  a t tachment  [ 1 ]. 

Discussion 

An important  question that arises with regard 
to this work is, why should a surface layer of 
adsorbed macromolecules influence high-affinity 
lectin binding to a receptor glycoprotein? There is 
a considerable body  of  data in the literature re- 
cording the fact that molecules such as dextran 
and serum albumin adhere to cell membranes  and 
lipid model  membranes  [12-15]. We have seen no 
resultant structural change at the level of light or 
electron microscopy in our  bilayer systems. One 
might suggest that  the impor tant  effect of  the 
adsorbed layer is to make accessible oligosac- 
charide chains that were otherwise cryptic - per- 
haps  by  ' unc lumping '  tangled or collapsed 
headg roups .  O u r  own  m e a s u r e m e n t s  with 
spin-labelled glycoprotein headgroups [37], how- 
ever, indicate that, if anything, a surface coat  of 
adsorbed material reduces oligosaccharide free- 
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dom of motion. In any case, it seems likely from 
the hemagglutination studies that there is no lack 
of lectin-binding sites - only a lack of sites that 
can participate in high-affinity lectin attachment. 
One of several alternative possibilities is that the 
effect of serum albumin/dextran is to stabilize the 
lectin itself. If so, the requirement for stabilization 
of the lectin is only manifest at the membrane 
surface, since the same lectin preparations bind to 
intact cells in the absence of exogenous macro- 
molecules. Our tentative explanation is a third 

possibility: that the function of the layer of ad- 
sorbed material is to influence somehow the op- 
portunity for stable polydentate liganding. For 
instance, the adsorbed surface layer would be ex- 
pected to reduce oscillatory motions of glycopro- 
tein headgroups and /o r  of the lectin itself, which 
might improve the potential for long-term multi- 
dentate binding. Fig. 6 is included in an attempt to 
clarify these concepts: the features shown were 
taken from an article by one of us (C.W.M.G. in 
Ref, 38). The fact that adsorbed macromolecules 

Fig. 6. Scale drawing of the concanavalin A receptor glycoprotein as it is thought to exist in the erythrocyte membrane. Most of the 
features of this figure have been described in detail by one of us (C.G.) previously [38]. Components shown and their ratio and 
arrangement correspond to literature descriptions of red cell membrane architecture (see references to coded insert). Where known, 
structural details were derived from CPK space-filling molecular models, while other species are shown only as globes of appropriate 
dimensions. The left-hand outer surface of the membrane section shown has been drawn with adsorbed serum albumin (oblong, 67000 
molecular weight [44]) and IgG (T-shaped, 160000 molecular weight [45]). B3, band 3 [23,46] (One of the four shown has been 
blackened). G, glycophorin [46,47]. A, ankyrin [48]. AP and D, peripheral proteins such as alkaline phosphatase and glucose-6-phos- 
phate dehydrogenase, respectively [46]. G1, glycohpid (ganglioside). 



are capable of influencing the dynamic behavior of 
other surface structures has been demonstrated by 
Wolf et al. [39,40] and by McConnell and co- 
workers (personal communication) (see also Ref. 
37). 

If it is true that nonspecific macromolecular 
interactions at a model membrane/water interface 
can influence the nature of specific binding events, 
as seems to be the case in this study; then similar 
effects may well occur at cell surfaces. There is 
certainly no lack of opportunity for receptor inter- 
action with local structures at the cell surface: 
oligosaccharide headgroups, peripheral proteins 
and adsorbed material contribute to a layer 
hundreds of angstroms thick. It has been reported, 
for instance, that insulin-binding affinity is a func- 
tion of receptor mobility in human lymphocytes 
[41]. 

Positive cooperativity in binding events arises 
classically from induced exposure of new sites, or 
from induced affinity increases in preexisting sites. 
In most cells there exists the potential for active 
participation in this process via down regulation of 
receptors (negative cooperativity), generation of 
new receptors, or cytoskeletal rearrangement of 
existing receptors. None of these possibilities exist 
in our model membranes; however, the receptors 
are capable of lectin-dependent spontaneous redis- 
tribution and reorientation. In this regard, one 
would anticipate both receptor clustering (equiva- 
lent to patching in cells) and headgroup immobili- 
zation, subsequent to lectin binding. As pointed 
out in Results, our model membrane binding curves 
do not seem to depend strongly upon gross recep- 
tor redistribution over large distances. This also 
seems to be the case for intact mature human 
erythrocytes [34,42], although local rearrangements 
certainly must occur, if only involving headgroup 
cross-linking and reorientation (see Fig. 6). That 
creation of a higher local density of receptors 
(through clustering or conformational transition) 
may lead to positive cooperativity in lectin binding 
has been suggested by others [17,43]. This phe- 
nomenon was particularly clearly demonstrated in 
the model studies of Jennissen [ 16]. Another possi- 
ble source of positive cooperativity in the model 
membranes described here would be lectin-in- 
duced exposure of new binding sites. This is much 
more difficult to envisage, however, than favorable 
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rearrangement of existing ones. In any case, it 
seems clear that at least some membrane receptor 
glycoproteins are capable of cooperative behavior 
independent of the involvement of other cellular 
machinery. 
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