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Abstract

The interaction of three lectins (wheat gerdiex europaeud, and Lotus tetragonolobusgglutinins: WGA, UEA-I and
LTA) with either N-acetylp-glucosamine or-fucose neoglycolipids incorporated into phospholipid monolayers and liposome
bilayers was studied at the air/water interface and in bulk solution.

The results show that for both systems studied, synthesized neoglycolipids were capable of binding their specific lectin and
that, in general, the binding of lectins increased with the increase in the molar fraction of the saccharide derivative incorporated in
either the monolayers or bilayers. However, whereas for UEA-I, molecular recognition was enhanced by a strong hydrophobic in-
teraction, for WGA and LTA successful recognition was predominantly related to the distance between neighboring sugar groups.
The observed lengthy adsorption times of these lectins onto their specific ligands were attributed to interfacial conformational
changes occurring in the proteins upon their adsorption at the interfaces.
© 2003 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

A living cell is delimited by a membrane, which is
the center of various functionSfaron and Lis, 1993;

Abbreviations: UEA-I, Ulex europaeusl agglutinin; WGA, Feizi, 1985; Kitano et al., 1998Among them, many

wheat germ agglutinin; LTA,Lotus tetragonolobusagglutinin; biological communications and recognition processes
DMPC, dimyristoylphosphatidylcholine are mediated by interactions involving cell-surface
* Corresponding author. Tel+33-1-4683-5645; glycolipids or glycoproteins{oseman, 1970; Ashwell
faé: ;;?2ég?eii-3§3oiique rosilio@cep.u-psud.fr (V. Rosilio) and Morell, 1973 The recognition of the sugar moi-
1 Present address: Laboratoire de Rechercheé&eD@ppement ?tles by their .SpeCIf_IC proteins can mduce_ a Cha_nge
de Pharmacie Gahique Industrielle—ISPB, UniversitLyon-I, 8 in the three-dimensional structure of the interacting
avenue Rockefeller, 69373 Lyon Cedex 08, France. molecules. The structure of the carbohydrate moiety
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of molecules which are recognized by membrane uptakes of polysaccharide-coated liposomes might be
lectins depends both upon the nature of cells and effectively controlled by changing only the terminal

upon their affinity in key-lock specificitiedMonsigny
et al., 1979.

Although lectins were originally isolated from
plants, proteins with lectin-like domains have also
been identified in mammals, including humans
(Kishore et al.,, 1997 They are involved in vari-

sugar of the polysaccharide derivative-rhannose,
a-D-glucose orB-galactose) Akiyoshi et al., 199].

Also, Shimada et al. (19973howed that liposome
surface-exposed galactose residues, attached to the
distal end of a poly(ethylene glycol) chain anchored
in the liposomal bilayer were effectively recognized

ous functions such as glycoprotein endocytosis or by the galactose particle receptor on the Kupffer cells.
pathogen lysis. Increasing evidence suggests that con-n another work, byMurahashi et al. (1997t was

formational properties of carbohydrates play an im-

reported that the recognition of neoglycolipid-bearing

portant role in the recognition phenomena that control liposomes by liver cells took place. Apart from their

the specificity of these processesafe et al., 1994

For example, the interaction between wheat germ ag-

ability to adsorb on a liposome surface and anchor to
its bilayer membraneSancho et al., 1993these neo-

glutinin (WGA) and a sugar residue is dependent on glycolipids were found to be able to form supramolec-
the number of ethoxy units separating the headgroup ular assemblies such as vesicl&mmanouil et al.,

of the sugar receptor from the alkyl chain. Ethoxy

1998; Blanzat et al., 19990r nanoparticles formed

units added to receptor structure allow a headgroup of spherical sugar-persubstituted dendrimers (sugar

to extend into the solution and they facilitate sugar
interaction with specific lectins.

Lectin—sugar recognition systems have focused at-

tention in the pharmaceutical field especially on the
development of drug carriers tailored for selective
delivery Boldt et al., 1977; Boullanger et al., 1997;

Chierici et al., 1997; Faivre et al., 2001; Irache et al.,
1994; Ponchel and Irache, 199& seems possible to

coat various drug delivery systems with either lectins
or sugar moieties in order to improve their specificity

balls) that exhibit a highly ordered structure with sac-

charide arrays on their periphefggumi et al., 2000

All these systems are not only potential drug carriers,
but they provide also interesting artificial model sys-

tems for the studies of the mechanisms involved in
molecular recognition. Also, Langmuir monolayers

have successfully been used as simple models of li-
pidic cell membranes to mimic biological phenomena
such as enzymatic action or molecular recognition
(Berthelot et al., 1998; Kurihara et al., 1991; Ahlers

and targetability. Sugar determinants on the surface et al., 1990; Baszkin and Norde, 1999

of polymer nanoparticles or neoglycolipids incorpo-
rated into liposome bilayers hold promise for a more
effective delivery of drugsRoullanger et al., 1997;
Chierici et al., 1997; Faivre et al., 2001Also, one
possible approach to improve oral bioavailability and
efficiency of a drug is to resort to a bioadhesive sys-

The use of monolayers allows studying interactions
at molecular level in the conditions where surface den-
sities and packing of molecules are achieved in a con-
trolled manner. They provide thus, complementary in-
formation to the experiments carried out in solution.
In this paper, we report on the interfacial behavior of

tem based on a receptor-mediated interaction within various neoglycolipids incorporated both in phospho-
the gastrointestinal tract. In such an approach, lectins lipid monolayers and in liposome bilayers and on their
bound to polymer or protein nanopatrticles recognize interaction with specific lectins.

mucosaccharideslréche et al., 1994; Ponchel and
Irache, 1998 Until now, the use of liposomes in oral

drug delivery has been limited because of their rapid 2. Material and methods

dissolution by bile salts. Recentlghen et al. (1996)
overcame this difficulty using polymerized liposomes
coated with lectins capable of targeting them to the

Peyer’'s patch. Thus, a polysaccharide such as pul-

lulan confers physical and biological stability to the

2.1. Materials

The neoglycolipids were formed of Guerbet
alcohol (Gg) directly bound to a sugar moiety

liposomes. Sunamoto and co-workers demonstrated (N-acetylglucosamine) or through a triethylene glycol
that the lectin-induced aggregation and the phagocyte (E3) spacer N-acetylglucosaminex- or B-fucose).
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Fig. 1. Chemical structures of the studied lipids and neoglycolipids.

The B-N-acetylglucosamine derivatives, GICNAgE
(My 613.97) and GIcNACEG2s (My 746.13), were

ter had a surface tension of Bt 0.1 mN/m at 25°C,
in agreement with literature data. A 1 mM HEPES so-

synthesized according to the previously described lution, with or without 10°3M of Ca?*, Mn?t and

route Murahashi et al., 1997The synthesis routes to
fucose derivativesM,, 689.08) led either to the pure
B-FucEksGag or to a mixture of thex- andB-anomers
(8.4:1.6), later referred to as-FuckGyg in this pa-
per (Faivre et al., 200L All studied neoglycolipids
(Fig. 1) were insoluble in water and soluble in the
mixture of chloroform and methanol (9:1) used for
spreading. Dimyristoylphosphatidylcholine (DMPC,
My 677.94), and the lectins: WGAM,, 43,000;
Nagata and Burger, 19Y4LTA (a mixture of the
isolectins A My 120,000), B ¥, 58,000) and C
(My 117,000)) and the UEA-IM, 68,000) were
purchased from Sigma.

Milli-Ro 6 + ultrapure water was doubly distilled on
acid KMnQy before its use in all experiments. This wa-

Zn?t jons (pH 7.4) was used as a buffer. The glass-
ware was cleaned in a freshly prepared sulfochromic
solution and abundantly rinsed with ultrapure water.

2.2. Liposome preparation and interaction
with the lectins

Liposome suspensions were prepared as previously
described Faivre et al., 200Lby extrusion of mul-
tilamellar liposome suspensions containing DMPC
or DMPC/neoglycolipid mixtures through a polycar-
bonate membrane (200nm). The size of liposome
was measured by photon correlation spectroscopy
on a Coulter submicron particle analyzer N4AMD
(Coultronics, Margency, France). The extent of the
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interaction between neoglycolipid bearing liposomes was gently stirred for 5min. The increase in surface
and the specific lectins was deduced from the exper- pressure due to the occurrence of the sugar—lectin
iments in which a lectin was added to a liposome interaction was time-dependent and the maximum
suspension and the agglutination of the liposomes value was reached after several hours. Then a mixed
was monitored by measuring turbidity changes of lectin/neoglycolipid monolayer was compressed at

suspensions. the rate of 4.8 cfimin (0.3 A2 per molecule/s). All
reported results are mean values of at least three mea-

2.3. Surface tension experiments surements. Deviations from the mean were less than
+0.5mN/m.

Surface tension measurements at equilibrium (con-
stant area) were performed by the Wilhelmy plate
method using a Kruss K10ST tensiometer (Germany) 3. Results
as previously describeééivre et al., 200D The mea-
surements were taken without detaching the plate from 3.1. Interaction of the lectins with
the interface, and the data were continuously plot- DMPC/neoglycolipid liposomes
ted on a calibrated chart recorder. All reported sur-
face tension or pressure values are mean values of at The presence of neoglycolipid molecules in the li-
least three measurements. The accuracy of the meaposomal membranes did not affect the size of the li-
surements was estimated to be 0.2 mN/m. The surfaceposomes and the diameter of vesicles remained in all
pressures of the pure components or their mixtures in cases comprised between 165 and 176 nm. A simi-
monolayers were deduced from the= yg — y re- lar result has been previously reported with liposomes
lationship, in whichyg is the surface tension of pure bearing in their walliN-acetylglucosamine derivatives
water andy is the surface tension observed in the (Sancho et al., 1993
presence of a monolayer. The surface pressure change As it may be noted fromFigs. 2a, ¢ and dor
(Am) corresponds to the increase in the surface pres-all studied lectin/neoglycolipid systems, liposome
sure resulting from lectin injection beneath a spread agglutination increased with the molar fraction of

monolayer. the neoglycolipid incorporated in the phospholipid
bilayer.
2.4. Surface pressure measurements This finding is in agreement with literature data

(Liener et al., 1986; Allen et al., 19Y,Awhich relate

A homemade Langmuir-type all-teflon micro-trough erythrocyte agglutination to the structure of the sugar
was used to record compression isotherms of the stud-(a- or B-fucose). From our experiments it is clear that
ied neoglycolipids and of neoglycolipid/DMPC mono- the level of liposome agglutination was much higher
layers. In these experiments, a chloroform—methanol when UEA-I interacted with the liposomes bearing
(9:1, v/v) solution containing the lipids was deposited the a-fucosyled neoglycolipid rather than with the
onto the water subphase (27€n86 cn?) by means B-fucosyled derivative Kig. 2b. This is consistent
of a micropipette (Microman GilsonBgrthelot et al., with the already reported high specificity of UEA-I
1998. All experiments were run at 2Z. Experi- for the a-anomer Allen et al., 1977. As it is shown
mental conditions were controlled to ensure limited in Fig. 2d LTA displayed a rather low specificity for
water evaporation. In lectin—sugar interaction experi- fucosyled neoglycolipids.
ments, a neoglycolipid monolayer was spread onto the  The agglutination oiN-acetylglucosamine-bearing
agueous subphase so that the surface pressure coultiposomes by WGA appeared to be greatly improved
reach an initial surface pressure value of 9 mN/m by an increase in the neoglycolipid/phospholipid ratio
(o). It was considered that at thigp the neigh- (Fig. 2@.
boring neoglycolipid molecules have still enough The data obtained strongly suggest that the mech-
freedom to orient specifically to interact with ad- anisms of molecular recognition between lectins
sorbing lectins. The lectin solution was injected into and sugars vary from one system to the other and
the subphase beneath the monolayer and the solutionlargely depend on the specific character of the studied
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Fig. 2. Changes in optical density of liposome suspensions induced by the presence of lectins.

molecules. In order to better understand these mech-3.2. Interfacial behavior of the studied neoglycolipids
anisms, and to take into account the presence of

non-specific interactions between the lectins and The interfacial behavior of the neoglycolipids and of
phospholipid molecules forming the liposome mem- their mixtures with DMPC has already been described
brane, lectin—sugar interactions have been studied inin our previous worksKaivre et al., 2001; Berthelot
a model system at the air/water interface. etal., 1998. Compared to the precursor lipid4Gyg),
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the lipids with a sugar moiety attached to them dis- 15F o with cations
play increasing molecular areas at pressures where E o without cations
the spread layers collapsed from their initial bidimen- -
sional structure parallel to the water plane interface
to form tridimensional structures. These areas var-
ied from 37.7 R (collapse pressurer, = 39 mN/m)

for E3Gyg to 52 and 55 & for the fucose derivatives
(e = 39.8 and 28.5mN/m), and up to 63X, =

34 mN/m) for GIcNACEG2s.

7 (mN/m)

0 2 4 6 8 10 12 14 16
. . . 1110°3
3.3. Interfacial behavior of the lectins at the [UEA-I] 10° mg/ml

air/liquid interface

20 . .
m With cations

The surface properties of the lectins were stud- © without cations
ied at different concentration ranges: for LTA at
[1-10 nM], for UEA-I at [30—-300 nM], and for WGA
at [0.1-3.5.M]. The extent of their adsorption at the
interface with air after a long period of time (24h
for UEA-I and WGA, 40h for LTA) was found to
be highly dependent on the nature of the subphase
buffer (Fig. 3). Whereas the presence of calcium, L T
manganese and zinc cations in the buffer solution did [LTA] 103 mg/ml
not modify WGA adsorption, these cations lowered
LTA adsorption and enhanced that of UEA-I. 20

The results of adsorption of the three lectins on m with cations

. . . o without catio
DMPC monolayers, in the presence of divalent cations, 15
are illustrated inFig. 4. From this figure it is imme-
diately apparent that the presence of a DMPC mono-
layer affects adsorption of the three studied lectins in
a different manner. Whereas for WGA and LTA, a sig-
nificant reduction in the extent of adsorption at high
surface coverage was observed, for UEA-I the profile 1Y T T R T TP
of Arx versusrg exhibited a maximum. 0 2 4 6 8 10 12 14 16

TWGA1102 me/ml

7 (mN/m)

10

7 (mN/m)

3.4. Adsorption of the lectins into DMPC/
neoglycolipid monolayers at low initial
surface pressurenp = 9 mN/m)

Fig. 3. Effect of the three divalent cations &n Mn?* and C&*)
on the interfacial behavior of the studied lectins.

The extent of interaction between mixed monolay- The conditions of the sugar—lectin interaction were
ers and the lectins was inferred from the change in considered ason-specifiovhen the lectin and sugar
surface pressureA(r) following lectin injection be- were non-specific to each other or in the absence
neath spread DMPC/neoglycolipid monolayers. At a of the divalent cations. Thus, for LTA and UEA-I
given adsorption timd, Ax represents the sum of non-specific sugars to the lectins were used whereas
the surface pressure due to both the specific interac-WGA/GICNACEsGzg interaction was studied in the
tion ns (of the lectin with its ligand) and that due absence of the divalent cations. The results of these ex-
to the non-specific interactiomps. Both non-specific periments are presentedfing. 5. They show that for
and specific interaction contributions to lectin bind- each studied neoglycolipid/lectin system, the val-
ing to the monolayers were studied independently. ues are independent of the DMPC/neoglycolipid ratio.
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Fig. 4. Surface pressurer) or surface pressure changeAsn(),
induced by lectin adsorption at the free air/solution interface
(mo = 0mN/m) and into spread DMPC monolayers, in the pres-
ence of divalent cations.

All  specific sugar—lectin interactions were per-

formed in the presence of divalent cations in solution.

The results, expressed as (Aw — mpg) are repre-
sented inFig. 6. At all studied WGA concentrations,
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Fig. 5. Surface pressure changes imon-specific conditions
(Amr = mps, 1o = 9MN/m). A lectin was injected beneath a
DMPC/neoglycolipid (4:6) monolayer: (a) for WGA, in the ab-
sence of the essential divalent cations in the buffer solution; (b)
for LTA and UEA-I, the neoglycolipid was unspecific to the lectin.

a significant surface pressure increase was observed.
It should also be noted that the neoglycolipid/ DMPC
ratio had a strong influence on the extent of WGA
adsorption and that the highest surface pressure
changes were obtained when the mixed monolayers
contained about 50% of GIcNAgEByg. As for the
UEA-l/a-FuckGyg the observedAnr values were
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Fig. 6. Surface pressure changes ispecific conditions
(ms = A — mns, o = 9MN/m). All studied lectins were in-
jected beneath a DMPC/neoglycolipid (4:6) monolayer, in which
the neoglycolipid was specific to the lectin, and in the presence

of the three divalent cations in the buffer solution.

directly increased with the:-fucose molar fraction

in the mixed monolayers. The highest adsorption
of UEA-I was obtained with the pure-FucEGog
monolayer. Moreover, at the highest studied UEA-I
solution concentration, enhanced lectin adsorption
appeared only with a monolayer constituted of the

pure neoglycolipid. The adsorption of both LTA and
WGA into mixed monolayers was comparable and
the obtained surface pressure changes were higher
than their values with the pure neoglycolipids.

3.5. Compression of monolayers

Mixed Langmuir films of DMPC/GIcNACEGs
were compressed after lectin adsorption. These exper-
iments made it possible to evaluate whether desorp-
tion of adsorbed lectin from the monolayer occurred
or not. The recorded—A isotherms clearly showed
that, above 28 mN/m, the isotherm corresponding
to DMPC/GIcNAcEGgs in the presence of WGA
was almost identical to that of DMPC/GIcNAgE:s
spread on water (in the absence of the lectin). This
would strongly suggest that the lectin was displaced
from the monolayer as the result of compression
(Fig. 7). As for UEA-I and LTA they both withstood
their compression and remained in monolayers even
at low molecular areas.

4, Discussion

Using the monolayer approach, we have tried to bet-
ter understand how lectins adsorb on liposomes walls
and what are the main factors that contribute to the
agglutination of neoglycolipid-bearing vesicles.

For these reasons we have first plotted the surface
pressure versus time (data not shown) according to
the equation Infrre — ) /(;re — mo)] = —kit, in which
7 andre are the interfacial surface pressures at time
t and at equilibrium, respectively, ant is the ini-
tial surface pressure. This representation takes into ac-
count the dependence of the adsorption kinetics on the
rate constank;. The obtained relationships exhibited
three linear regions. Whereas the initial slope yielded a
first-order rate constant of adsorptidq ), the second
one corresponded to a first-order rate constant of pro-
tein penetration-rearrangemekp). The slope corre-
sponding to the third linear regioks) was due to the
rearrangement of protein molecules in the monolayer.

From the results summarized ifable 1it may
be inferred that despite its rather low surface tension
effectiveness, UEA-I exhibited the highest rate con-
stants and was characterized by the shortest overall
adsorption process. This would suggest that UEA-I
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Fig. 7. Comparison of the—A isotherms for DMPC/neoglycolipid monolayers compressed on a Langmuir trough, in the absence and in

the presence of a lectin in the

subphase.

rearranged much faster than the two other lectins. Also (= = 153 mN/m at the studied concentration), is the

the absence of any lag-time in adsorption kinetics sup- biggest lectin in size out of the three proteins. It has
ports the hypothesis of limited conformational changes a dimeric or even tetrameric structure, depending on
for this lectin at the air/water interface. In fact, contrary the nature of the isolectirk@lb, 1968. Since the re-

to those required for WGA and LTA, relatively high arrangement of monomeric structures at the air/water
surfactant or alcohol concentrations were usually nec- interface is generally more rapid than that of poly-

essary to denature UEAAJifgensons and Ross, 1982
The LTA, which exhibits the highest surface pressure expected to reach its equilibrium conformation state

meric ones $uttiprasit et al., 1992 LTA would be
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Table 1

Adsorption kinetics of the three studied lectins(E0~2 mg/ml) at the air/water interface, as deduced from the plotscfln ) /7e] = —kit

at 7o = 0 mN/m, e is the surface pressure at equilibriutg, the time to equilibriumks, ko, k3 are rate constants related to time periods
t1, 12, t3

Whole process Adsorption Penetration Rearrangement

7e (MN/M)  te (h) Lag-time (h) kg (min™1) t1 () ko (min™1) to (h) ka (min—1) tz (h)
WGA 35 21 0.7 4.82¢< 1074 8.3 2.42x 1073 9.0 1.11x 102 3.0
UEA-I 1.8 15 0 3.08x 1073 8.0 4.62x 1073 4.2 1.21x 102 2.8
LTA 15.3 40 1.0 1.34x 1073 13.0 5.21x 1074 19.0 8.64x 1073 7.0

after longer periods of time than UEA-I and WGA, as their interaction with several binding sites of WGA.
shown inTable 1 Conversely, for UEA and LTA, thes values increased

It seems reasonable to consider that DMPC mono- with the neoglycolipid content in spread monolayers.
layers act as a barrier that hinders lectin adsorption.  Three aspects have been considered: (i) the possible
The results irFig. 4 support this assumption for WGA  conformation changes in the lectins following their
and LTA. Indeed, for both these lectins, the increase interaction with sugar moieties, (ii) the contribution
in the initial surface pressure of a phospholipid mono- from hydrophobic interactions between the lectin and
layer resulted in a significant decrease in the surface the spread lipids, and (jii) the effect of an increase in
pressure change. Conversely, for UEA-I, an impor- the neoglycolipid ratio in the mixed monolayer.
tant increase in the surface pressure was observed at The kinetics of adsorption of the three lectins in the
9 mN/m, when the lectin was adsorbed onto a DMPC presence and in the absence of the specific neogly-
monolayer. Such a behavior has already been de-colipids in the spread monolayer have been analyzed
scribed for other proteins such as glucose oxidase, for from the 7—time relationships (data not shown). The
example, and has been attributed to strong hydropho-results of the calculations are presentedTable 2
bic interactions between the protein and phospholipid The UEA-I-DMPChk-FucEkGzg (4:6) system yielded
chains Rosilio et al., 1997; Zhang et al., 2000; Li a uniquek value equal to #7x 10-3min—1. This con-
et al., 2003. stant represents a combined value of adsorption and

From the data obtained in the non-specific con- penetration processes at the interface. The time peri-
ditions (i.e. the interaction of lectins with a mono- ods corresponding to both the adsorption-penetration
layer in the absence of a specific sugar or of divalent and rearrangement steps were shortened in the pres-
cations,Fig. 5), we have deduced the contribution of ence of the saccharide moiety. From these calculations
the non-specific interactiontfs) to the overall sur- it was apparent that the specific interaction between
face pressure change&s{ = mns = 77 — 7p). It was UEA-I and its ligand led to almost simultaneous ad-
then possible to evaluate the contribution of the spe- sorption and penetration processes. From the results
cific interaction frs = A — mpg) to the surface pres-  in Figs. 4—6and from the calculations ifable 2 it
sure responses obtained after injection of these lectinswas also obvious that in our experimental conditions,
beneath the monolayers containing the specific sugarsin which all sugar moieties were located below the in-
(Fig. 6). The results obtained from these experiments terface, the interaction between UEA-I and the spread
evidenced different mechanisms involved in interac- molecules was driven by both its high non-specific
tion of the three studied lectins depending on the phos- hydrophobic interaction with the lipid chains of the
pholipid/neoglycolipid ratio. Thus, for WGA, a rather phospholipid or neoglycolipid molecules, and its spe-
low adsorption at higher DMPC/neoglycolipid ratios cific interaction with the fucose moieties. All seems
than the (1:1) ratio may be attributed (i) to an unfavor- to indicate that the observed interaction was due to
able change in conformation of WGA after its binding the existence of the cooperative effect of adsorption
to the sugar moieties that would hinder its penetra- and molecular recognition processes. Moreover, once
tion into the monolayer, (ii) to the stripping of some the lectin has penetrated into the monolayer, strong
of neoglycolipid molecules from the interface, due to hydrophobic interactions with the spread lipids would
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Table 2
Rate constants for the three studied lectins adsorbed into (1) pure DMPC and (2) DMPC/specific neoglycolipid (4:6) mixed monolayers
Rate constant UEA-I LTA WGA

1 2 1 2 1 2

ki (min~1) 1.66 x 10°3/12h 4.77x 10°3/13h 3.66x 103/4h  1.05x 10°3/18h 2.23x 10°35h  8.78x 10°%47h
ko (min—1) 3.64x 10°3/6h 5.28x 107%/30h 1.73x 1073/17h 4.32x 10°3/35h 3.57x 10°%/12h
ks (min—1) 1.34x 100%/3h  1.16x 10°3%2h  2.09x 10%12h 5.80x 10°3/5h 7.85x 10°35h  1.80x 1072/2h

stabilize the protein within a monolayer as shown by tween lectins and neoglycolipids was generally fa-
the profiles of the compression experiments§-ig. 7. vored by an increase in the sugar molar fraction. How-
For WGA, the rate constant; and ky associ- ever, if the adsorption of UEA-I to the pure neogly-
ated with the adsorption-penetration of the lectin into colipid led to the highest change in surface pressure,
a DMPC monolayer, decreased in the presence of for WGA and LTA their binding to the monolayers
GIcNACE3Gog (Table 2. Obviously, WGA adsorption  containing high sugar molar fractions was limited and
was delayed by the interaction between the lectin and for pure neoglycolipid films even drastically reduced
its specific sugar. Other published daBonin et al., (Fig. 6). Such differences between UEA-I and the two
1999 showed that WGA binding to GIcNAcK,s other studied lectins may be attributed to the differ-
induced conformational changes in the protein back- ences in their respective accessibilities to the sugar
bone. It is reasonable, therefore, to think that after moieties and to the hydrophobic lipid chaifigble 3
its interaction with the neoglycolipid, WGA becomes summarizes the values of calculated surface areas cor-
structurally altered. Its lowAx would be in favor of responding to fucose and-acetylglucosamine moi-
this argument. Another argument in favor of the con- eties (data fronfaivre et al., 2001L The comparison
formational change is that WGA was squeezed out of of the data fromFig. 6 and Table 3clearly indicates
the monolayer during compressioRig. 7). Indeed, that at high neoglycolipid molar fractions, the larger
this result demonstrates that the lectin did not strongly the available space in the vicinity of the specific sugar,
interact with the hydrophobic tails of the spread the higher WGA or LTA binding. The accessibility
lipids and could not remain at the interface when the of these lectins to the sugar moiety seems, therefore,
monolayer was confined to smaller molecular areas. to be the only determining factor of their interaction
For LTA, as for WGA, thek; values decreased in  with the monolayer. For UEA-I, one can hypothesize
the presence of the neoglycolipid while the adsorp- that its interaction with the mixed monolayers is con-
tion time dramatically increased. However, contrarily trolled mainly by hydrophobic interactions at the level
to WGA, the overall time period of adsorption and of the lipid chains. Indeed, the reduction of the sur-
penetration processes (35h) was identical to that in face area per sugar moiety from 200 to 88did not
the absence of the neoglycolipid (34 pble 2. This affect lectin adsorptionTable 3.
would mean that whereas the adsorption/penetration of In summary, our results show that for UEA-I its
LTA was delayed by its interaction with the sugar de- binding to both the monolayers and the liposomes
terminant, the rearrangement of the lectin—saccharide bearing its specific sugar determinant is boosted by
complex in the monolayer occurred faster than that
of the lectin alone. As for WGA, the binding of LTA
molecules to their sugar determinants triggered most Table 3
probably some conformational changes that affected Effect of the composition of a monolayer on the size of the
its adsorption at the interface. However, the compres- available area around the sugar headgroups

sion experimentsHig. 7) showed that contrarily to0  Composition of the Available surface area @
i i i - [
\é\:SSAS,iOLnTA remained in the monolayer during com- monolayer «-FUCE:Gog GICNACE:Gas
Another point should be stressed here. In both the PMPC/neoglycolipid (4:6) 204 212

. . . . Pure neoglycolipid 88 100
surface and solution experiments, the interaction be- glycolp
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a combined effect of molecular recognition that takes
place and strong hydrophobic non-specific interaction
of lectin molecules that at least partially penetrate into
the lipid wall. Conversely, for WGA and LTA, the

V. Faivre et al./Chemistry and Physics of Lipids 125 (2003) 147-159

glyceroneoglycolipids with various chain lengths. Chem. Phys.
Lipids 90, 63-74.

en, H., Torchilin, V., Langer, R., 1996. Lectin-bearing
polymerized liposomes as potential oral vaccine carriers.
Pharm. Res. 13, 1378-1383.

size of the available space around each sugar groupchierici, S., Boullanger, P., Marron-Brignone, L., Morelis, R.M.,

seems to play a key role in neoglycolipid recognition
by those lectins. For these two lectins, the specific in-
teractions most probably entail a change in the lectin
conformations that alters their surface properties.
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