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Abstract

The surface pressurg)Y-areaf), the surface potential\\V)-A and the dipole moment(, )—A isotherms were obtained for two-component
monolayers of two different cerebrosides (LMC-1 and LMC-2) with phospholipids of dipalmitoylphosphatidylcholine (DPPC) and with
dipalmitoylphosphatidylethanolamine (DPPE) on a subphase of 0.5 M sodium chloride solution as a function of phospholipid compositions by
employing the Langmuir method, the ionizing electrode method, and the fluorescence microscopy. Surface paténigisite components
were analyzed using the three-layer model proposed by Demchak and Fort [J. Colloid Interf. Sci. 46 (1974) 191-202]. The contributions of
the hydrophilic saccharide group and the head group to the vertical component of the dipole momerdre estimated. The miscibility of
cerebroside and phospholipid in the two-component monolayers was examined by plotting the variation of the molecular area and the surface
potential as a function of the phospholipid molar fracti¥phfspnoiipid, Using the additivity rule. From th&—Xgnospholipia@Nd A Vm—Xahospholipid
plots, partial molecular surface area (PMA) and apparent partial molecular surface potential (APSP) were determined at the discrete surface
pressure. The PMA and APSP with the mole fraction were extensively discussed for the miscible system. Judging from the two-dimensional
phase diagrams, these can be classified into two types. The first is a positive azeotropic type; the combinations of cerebrosides with DPPC are
miscible with each other. The second is a completely immiscible type: the combination of cerebrosides with DPPE. Furthermore, a regular
surface mixture, for which the Joos equation was used for the analysis of the collapse pressure of two-component monolayers, allowed
calculation of the interaction parameté) &nd the interaction energy-(A¢) between the cerebrosides and DPPC component. The miscibility
of cerebroside and phospholipid components in the monolayer state was also supported by fluorescence microscopy.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction derstood at the molecular level, it is understood that the com-

plex glycolipid and glycoprotein molecules sitting at the outer

The functions of animal cells at their surfaces regulate such surface of the cells are involved. Lipid molecules contain-
fundamental biological processes as growth, differentiation, ing sugar groups are called glycosphingolipids. Glycosphin-
and motility. Although the nature of the functions is not un- golipids (GSLs) are presentin most animal cell plasma mem-
branes and are thought to play a role in a number of cellular

- . _ _ functions, including cell recognition, adhesion, regulation,
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as a low pH or degradative enzymé$. A detailed descrip-  apparent partial molar surface potential (APSP). The molec-
tion of the chemical, structural, and functional properties of ular interaction between monolayer components was investi-
glycolipids in general can be found in a review article by gated using the Joos equation. Finally, the monolayers were
Mggio [2]. examined by fluorescence microscopy. Similar analyses are
Glycosphingolipids (cerebrosides) are amphiphilic com- reported for binary cerebroside — steroid monolayers in the
pounds consisting of saccharide and ceramide moieties andollowing articles in series.
are ubiquitous components of the plasma membrane of all
eucaryotic cell§3,4]. Glycosphingolipids are considered to
be receptors for microorganisms and their toxins, modula- 2. Experimental
tors of cell growth, and differentiation, and organizers of
cellular attachment to matric€S,6]. Recent cell biological ~ 2.1. Materials
studies show that cerebrosides in plasma membranes form
clusters, the so-called rafts, with cholesterol and are rela- The cerebrosides (PA-0-5, LMC-1, and LMC-2) possess
tively less phospholipids than other areas of plasma mem-3-O-glucosyl head group linked to the terminal hydroxyl
brane. Glycosphingolipids could mediate the signal trans- group of ceramide. These compounds were obtained from
duction pathway through interaction with these signaling the less polar fraction of the extract of the echinoderms.
proteins and not only circulate between the plasma mem-PA-0-5 was extracted from the sea cucumliEntacta
brane and intracellular organs but also move laterally over australis (Gokakukinko in Japanese). The chemical struc-
the exoplasmic membrane. Such migration could be con-ture of this compound has been already identifi2d].
ducted by raft[7,8]. Glycosphingolipidd9-13] are a ma- On the other hand, LMC-1 and LMC-2 were obtained
jor component of the myelin shesfttd—16] Glucocerebro-  from the starfish Luidia maculata (Yatsudesunahitode
sides and lactosylceramide are the major extraneural gly-in Japanese). These compounds (LMC-1 and LMC-2)
cosphingolipid$17-19] GSLs with tri- and tetrasaccharide- were molecular speciefl9]. LMC-1 has double bonds
containing head groups, known as globosides, are found inin the hydrophobic chains. By hydrogenation with Pd/C
the erythrocyte membran@0]. GSLs show heterogeneity in n-hexane/EtOH (1:1, v/v), LMC-1 was converted into
not only in their saccharide head group, but also in their sphinganine (LMC-1-H) that has two saturated hydrophobic
ceramide moieties. The biological significance of ceramide chains. All cerebrosides were checked by- and 3C-
heterogeneity is not still understood well. However, espe- NMR spectra after purification by TLC and HPLC. The
cially the structure of ceramide for the fatty acid moieties compositions of the hydrophobic acyl chain and long chain
could influence the localization and functions of GSLs on base (LCB) are given iffable 1 In Fig. 1, n andm are the
the plasma membrane, possibly by direct interaction with number of carbon atoms of the acyl chain and long chain
cholesterol, phospholipids, and the transmembrane domainsase, respectively. Dipalmitoylphosphatidylcholines
of receptor proteing21-24] Unusual structures of GSLs  1-palmitoyl-2-hydroxysn-glycero-3-phosphocholine, DP-
will be revealed in future through further technological PC)was purchased from Avanti Polar Lipids, Inc. (Birming-
innovation. ham, Alabama, U.S.A.) and dipalmitoylphosphatidyletha-
However, the organization of cerebroside—phospholipid nolamine(.-a-1-palmitoyl-2-hydroxysn-glycero-3-phosph-
mixtures is quite unclear. As long as we know, reports on oethanolamine, DPPE) was obtained from NOF Corporation
cerebrosides are still much fewer in number than reports on(Japan). Their purity was >99%. All phospholipids were
gangliosideg25]. In the previous studies, we have only re- checked by TLC just before their use and used without fur-
stricted a two-component monolayer system of sphingolipid ther purification. The chemical structures of the cerebrosides
(cereboroside:LMC-2), cholesteryl sodium sulfate (Ch-S), used are shown iRig. 1
and cholesterol and their combinations as to monolayer prop-
erties of surface pressure— and surface potential-surface area
at the air/water interface without fluorescence microscopy Table 1

measurement6]. Acyl chain and long chain base (LCB) compositions of cerebrosides
Here, we have focused on characterizing the Langmuir Composition (%)
behawor of some pure cerebros_ldes, phosphollplds, and PA-0-5 LMC-1 LMC-2
their two-component systems at air/water interface. Surface ,
— f tentialAV)—, and dipole moment Acyl chain

pressur_ey() , Surface potent , p 100 (22:0) 5@ 560

(1 )-Aisotherms were obtained for the pure compoundsand 23 347 355

their two-component systems. The surface potentials were 24 85 85

analyzed using the three—layer.model proposed by Demchak, g part

and For{27]. The phase behavior of two-component mono- 16 m=11) a6

layers was examined in terms of additivity of molecular sur- 17 (m=12) 100 (17:1) 35 5.3

face area and of surface potential. Furthermore, it was ana- 18 Mm=13) 160 122
19 (m=14) 359 825

lyzed employing the partial molar molecular area (PMA) and
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