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Abstract

Two-component Langmuir monolayers formed on a subphase of 0.5M sodium chloride solution were investigated for two different
cerebrosides (LMC-1 and LMC-2) with steroids of cholesterol (Ch) and cholesteryl sodium sulfate (Ch-S); i.e. LMC-1/Ch, LMC-1/Ch-S,
LMC-2/Ch, and LMC-2/Ch-S were examined in terms of surface pressyreéhersurface potential (AV) and the dipole moment)(as a
function of surface area (A) by employing the Langmuir method, the ionizing electrode method, and the fluorescence microscopy. Surface
potentials (AV) of steroids were analyzed using the three-layer model proposed by Demchak and Fort [R.J. Demchak, T. Fort Jr., J. Colloid
Interface Sci. 46 (1974) 191-202]. The miscibility of cerebrosides and steroids in the insoluble monolayers was examined by plotting the
variation of the molecular area and the surface potential as a function of the steroid molar fragtigp Pased upon the additivity rule.

From theA—Xgeroia@Nd AVimn—Xsteroia PIOtS, partial molecular surface area (PMA) and apparent partial molecular surface potential (APSP) were
determined at the different surface pressures. The PMA and APSP with the mole fraction were discussed for the miscible system. Judging
from the two-dimensional phase diagrams, they can be classified into two types. The first is a completely immiscible type; the combination
of cerebrosides with cholesterol. The second is a negative azeotropic type, where cerebrosides and cholesteryl sodium sulfate are completely
miscible both in the expanded state and in the condensed state. In addition, a regular surface mixture (the Joos equation for the analysis of
the collapse pressure of two-component monolayers) allowed calculation of the interaction paranagigittie interaction energy (—Ae)

between the cerebrosides and Ch-S. The miscibility of cerebroside and steroid components in the monolayer state was also supported by
fluorescence microscopy.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction long-chain base, sphingosine. Although the functional im-
plications of these structural variations are largely unknown,
Sphingolipids, e.g. ceramides, sphigomyelin, cerebro- some of them are obviously involved in defining antigenic
sides and gangliosides, are important constituents of cellularspecificities of cells. We have reported that surface behavior
membranes. The principal component of sphingolipids is the of some pure cerebrosides and of two-component monolayers
made from cerebrosides (LMC-1 and LMC-2) and phospho-
- _ _ lipids (DPPC and DPPE) at the air—water interface in the first
DOl of original article:10.1016/j.colsurfb.2005.01.012. . . | der to k the detailed int ti
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molecular structure difference, i.e. the number, location and Ch was dissolved im-hexane/ethanol mixture (7/3, vlv;
orientation of hydroxyl groups attached to the acyl chains the former from Cica-Merck, Uvasol, and the latter from
with or without double bond. Due to the physicochemical Nacalai Tesque). On the other hand, Ch-S was dissolved
importance of Ch molecules in cell membrane, the interac- in chloroform/methanol mixture (2/1, v/v; both two from
tion between Ch and other lipids has been studied by variousCica-Merck, fluorometry), because Ch-S was insoluble in
physicochemical method2-5]. Then, steroids (in particu- n-hexane/ethanol mixture. The preparing for the subphase
lar, Ch) were found to be widely distributed in all cells of the (0.5 M NaCl solution) was described in the first paper in se-
organism. Itis a principal component of cellular membranes ries[1].
and plasma lipoproteins. In addition, Ch plays an important
role in modifying the physicochemical properties of cellular 2.2. 7—A andAV—-A measurements
membrane§6—8].
As long as we know, reports on cerebrosides are stillmuch ~ The 7—Ameasurement was performed by the automated
fewer in number than reports on gangiiosi(ﬂ@h In one of Langmuir film balance whose resolution is 0.01 mN]Tn
the fewer papers, the adsorption ot the monolayer of ~ The trough (500 mmx 150 mm) was made from aluminum
pure cerebroside or pure cerebroside sulfates was reportedoated with Teflon. After spreading, 15 min of time was al-
[10]. The report showed that cerebroside was a liquid- lowed for the solvent to evaporate. The monolayer was com-
condensed (LC) film and cerebroside sulfate was a typical Pressed at a constant rate of 1000~ nm? mol~* min~*.
|iquid_expanded (LE) film, indicating that membrane prop- The AV-Ameasurement was SimultaneOUSIy carried out
erties of cerebrosides were sensitive to their molecular struc-during thex—A measurement. The potential was measured
ture such as the length of hydrophobic chains and the size ofwith an electrometer (Keithley, 614) a”tfAm air-ionizing
head groups. However, the report about cerebroside—steroicelectrode at 1-2mm above the interface, while a reference
interaction using the monolayer study does not seem to exist.€lectrode was dipped in subphase. Other experimental condi-
In this study, we have focused on characterizing the tions were the same as described in the previous (aed].
Langmuir behavior of pure steroids of cholesterol (Ch) and
cholesteryl sodium sulfate (Ch-S) and two-component sys- 2-3. Fluorescence microscopy
tems of cerebrosides and steroids at the air/water interface.
Surface pressure Js, surface potential (AV)—, and dipole . X : : X
moment (4 )-area (A) isotherms were obtained for the pure ing the same film balance equipped with a fluorescence mi-

compounds and their two-component systems. The surface®'0Scope (BM-1000, U.S.I. sygtem, Jap.an).. The flugrescent
potentials were analyzed using the three-layer model pro- probe (1 mol%) was a xanthylium 3,6-bis(diethylamino)-9-

posed by Demchak and Fdit1]. The phase behavior of (2—octadecyloxycarbo.nyl) phenyl chloride (R18, Molecular
two-component monolayers was examined in terms of ad- Probes). All the experiments were carried out on 0.5M NacCl
ditivity of molecular surface area and of surface potential. &t 298.2K. Image analysis was performed using NIH (Na-

Furthermore, it was analyzed employing the partial molecu- tional Institutes Health) imag_e. Ot_her experimgntal condi-
lar surface area (PMA) and apparent partial molecular surfaceions were the same as described in the preceding [paber
potential (APSP). The molecular interaction between mono-

layer components was investigated using the Joos equation3. Results and discussion

Finally, the monolayer behaviors were examined by fluores-

cence microscopy. 3.1. 7—A and AV-A isotherms of steroid monolayers

Fluorescence microscopy observation was made by us-

The n—A, AV-A and p—A isotherms of LMC-1 and

2. Bxperimental LMC-2 monolayer were discussed in the preceding paper

2.1. Materials [1]. Fig. 1shows those of steroids (Ch and Ch-S) spread on
0.5M NaCl solution at 298.2K. Ch and Ch-S exhibited a
The cerebrosides (LMC-1 and LMC-2) poss€s€- liquid-condensed (LC) monolayer, their collapse pressures

glucosyl head group linked to the terminal hydroxyl group of were 42 and 50 mNmt, and the extrapolated areas were
ceramide. The procedures of extraction and purification were 0.39 and 0.38 ni) respectively.

describedin detail inthe preceding paper in sdfif€holes- The surface potentials (AV) of Ch and Ch-S showed posi-
terol (Ch) was purchased from Nu-Chek-Prep Inc. (USA). tive values, and the Ch monolayer showed the larger variation
Its purity was >99%. Ch was checked by TLC just before its of AV under compression than Ch-She AV value of Ch

use and used without further purification. Cholesteryl sodium and Ch-S reached 385 and 256 mV at the closest packed state,
sulfate (Ch-S) was obtained from lipid extracts of the echino- respectively. It seemed that this differenceAil (~130 mV)
derm[12]. The purity was checked by TLC and it showed one resulted from the difference in polar head group between Ch
spotat normal phase chromatography. The chemical structureand Ch-S.

of two cerebrosides used in this work was shown in the pre-  The vertical component of surface dipole momentwas
ceding papefl]. calculated from the Helmholtz equation using the measured
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500 ey We want to determine the contribution of the steroid
400 _ _ segment (Ch and Ch-S) and sulfate group (Ch-S). The
F ] contributions of hydrophobic chains and hydrophilic head
a 300 E groups of some cerebrosides were determined in the
E 20 E 3 preceding article[1]. There are some parameter val-
< ues for the three-layer modely1/¢1=0.040D, e2=7.6,
100 3 £3=5.3 [11], 11/e1=0.025D,e2=7.6, e3=4.2 [14], and
oE 3 u1le1 =—0.065D,e2 =6.4,63=2.8[15]. We have used a set
F 1 of values introduced by Taylor and Oliveira because our ex-
e e EE—— perimental conditions have resembled to their ones. Then, we
400 |- ® ] made sure that the parameter values provided good agree-
- . ments with our experimental conditions by using the data of
> 00 ] stearic acid in the preceding pag}.
E Lol _ Firstly, we evaluated the contribution of the hydropho-
2 2 2 1 bic steroid segment of Ch from the following equation (see
100 C 7] Table 1):
1 S . ui(Ch)= pa/er +udM/er + u$9es = 036D (3)
o0 i @ ] Surface dipole moment values have been proposegjor
50 - K . for the different conformations of the OH groups(OH-
- ol ] gauche) =1.00 D, up(OH-trans) = —0.63 D, andu»(OH-
= L ' i free)=0.18 D. We have employed the aboye(OH-
é 30 - 11 . gauche)=1.00 D, as many studies support the gauche con-
® 20 i ] formation for condensed alknanol monolayers. Using the ex-
L 2' . perimentally determined\V values (se€Table 1) and as-
10 - N suming the set of the values {jz1 = —0.065 D,s> = 6.4, and
S AT . ] e3=2.8), we were able to obtain$®'%e; = 0.264 D, so

0 02 04 06 08
2

—

thatu§ed= 0.74D.
Secondly, we similarly evaluated the contribution of the

_ _ _ sulfate group of Ch-S:
Fig. 1. Surface pressure)sarea (A) isotherms (a), surface potential (AV)-A )
isotherms (b), and surface dipole moment J#A isotherms (c) of steroids w1 (Ch-S)= u1/e1 + Mgulfate/g2 + Mgtermd/g3 — 023D
on 0.5M NacCl solution at 298.2 K ((1) Ch and (2) Ch-S).

Area / nm

(4)
AV values: . .
Then, we obtained the following valug,$"@€= 0.22 D
AV = | [eoeA (1) (usHae/g, = 0.034). The value ofu$U™@@ group is about

. . . one-fifth of uo (OH-gauche).
wheregg is the permittivity of a vacuum and is the mean I Ha gauche)

permittivity of the monolayer (which is assumed to beA).

is the area occupied by the molecule. Th¥ values involve

the resultant of the dipole moments accompanied by the polar
head group, the-€H bond group, and the subphase.

3.3. Compression isotherms of cerebrosides/steroids
two-component monolayers

Next, turning to the discussion toward two-component
systems, four combinations of two-component monolayer

3.2. The surface dipole moments,(rof steroids systems composed of the two cerebrosides (LMC-1 and

As is the first paper in serid4], the surface potential of
monolayers was analyzed using the three-layer model pro-Table 1

posed by Demchak and Fgit1]. Surface potential data used for dipole moment evaluation
We have compared the experimental valueg ofin the Sample Ao (Nn?) AV (mV)
most condensed state of the monolayer with _those calculated pc-1 0.42 249
11 calc by the three-layer model-based equation: LMC-2 0.39 104
Ch 0.36 385
K icalc = H1/€1+ [2/e2 + u3/es (2) ch-s 0.33 256

. . Ap is the molecular surface area obtained by extrapolating the high-pressure
whereju/e1, palez, andusles are the contributions of the portion of ther—A isotherms to zero pressuraV is the surface potential

subphase, polar head group, and hydrophobic chain groupat maximum compression. In all cases, the subphase was 0.5M NaCl at
respectively. 298.2K.
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LMC-2) and two steroids (Ch and Ch-S) have been stud- and LMC-2 were found to be typical LE film in the preceding
ied in order to clarify the effect of molecular structure, the paper1].

molecular interaction between two components, and the mis-  The interaction between LMC-1 or LMC-2 and steroid
cibility on the monolayer state. For the above purpose, the molecules was investigated by examining whether the vari-
n—A, AV-A, andu | —Aisotherms were measured at various ation of the mean molecular areas as a functioiXgf or
compositions at 298.2 K on a 0.5 M NaCl subphase for two- Xcn.s satisfies the additivity rulgl6]. Comparison between
component systems of LMC-1/Ch, LMC-2/Ch, LMC-1/Ch- the experimental mean molecular areas and the mean molec-
S, and LMC-2/Ch-S. The isotherms of all two-component ular areas based on ideal mixing is showrig. 3A and B
systems are shown iRig. 2. The isotherms of five two-  at four surface pressures (5, 15, 25, and 35 mN)nThe
component at discrete mole fractions are also inserted in theA—Xch (Fig. 3A) shows a big negative deviations at all sur-
corresponding figures. All the curves of the two-component face pressures, and alge-Xc,, does negative deviations at
systems exist between those of the respective pure compoall surface pressures as showrfig. 3B. It can be said from
nents, and they successively change with the increasing molethe figures that these negative deviations result from good

fraction of steroids. fit in size between the small polar head group (Ch) and big
polar head group (cerebrosides) and between the big steroid
3.3.1. Cerebrosides (LMC-1 and LMC-2)/Ch systems segment (Ch) and almost straight chain (cerebrosides). For

Fig. 2A and B showsr—A, AV-A, andu | —A isotherms AV—=Xch in Fig. 4A and B, both LMC-1/Ch and LMC-2/Ch
of binary LMC-1/Ch and LMC-2/Ch systems, respectively. systems indicate positive deviations at all surface pressures.
Ch had no transition point on thei—A isotherms, and also  This result suggests that these phenomena arise from the di-
the 7—A isotherms and fluorescence images (later section) minished interaction in thaV due to the above-mentioned
indicated LC film behavior. For cerebrosides, both LMC-1 packing between cerebroside and cholesterol molecules.
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Fig. 2. Surface pressure Xmarea (A) isotherms, surface potential (AV)sétherms, and surface dipole moment, A isotherms of the two-component
systems on 0.5M NaCl at 298.2K: (A) LMC-1/Ch, (B) LMC-2/Ch, (C) LMC-1/Ch-S, and (D) LMC-2/Ch-S systems.
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Fig. 2. (Continued.

3.3.2. Cerebrosides (LMC-1 and LMC-2)/Ch-S systems the ideal line at all surface pressures. LMC-2/Ch-S system

Ther—Aisotherms of two-component monolayers for the was also the same tendency as LMC-1/Ch-S system. Com-
cerebrosides (LMC-1 and LMC-2) and Ch-S systems are paring the AV—Xseroig plots of cerebrosides/Ch with that
shown inFig. 2C and D. Ch-S had no transition pressures of cerebrosides/Ch-S iRig. 4, the adverse deviation is ob-
and shows LC type on its—A isotherm, and also fluores- served, indicating that the difference in head group of steroids
cence images (later section) indicated LC film. The inter- considerably affects the electrical properties of cerebrosides.
action between LMC-1 or LMC-2 and Ch-S molecules was  To understand the contribution of each component in bi-
analyzed in the same procedures as Se@&i8ri (additivity nary systems in more detail, we also employed partial molec-
rule of area and\V). Forr =5mN ! of LMC-1/Ch-S sys- ular surface areas (PMAs) and apparent partial molecular
tem (Fig. 3C), experimental values show a negative deviation surface potentials (APSPs) as the same of the first aflitle
from the theoretical line, indicating enhanced attractive inter- When PMA and APSP are evaluated, the molecular occupa-
action between LMC-1 and Ch-S. The-Xch-s shows good tion and orientation behavior at the air/solution interface can
agreements with ideal lines at=25 and 35 mNm?'. For be more clearly seen, respectiv§ly,18].

LMC-2/Ch-S system, thé—Xch-s indicates negative devia-

tions at 5-25 mN m* and the good agreement at 35 mN'n 3.3.2.1. Mean surface areas} partial molecular surface
These results indicate that cerebrosides and Ch-S are almosgreas (PMAs), mean surface potentials (4)\and apparent
ideally mixed in the monolayer state. partial molecular surface potential (APSP).

Analysis of the surface potential (AV) of the two- Although we will discuss the miscibility of these systems
component monolayers in terms of the additivity rule is in more detail in the next section, cerebrosides/Ch-S systems
presented inFig. 4C and D. For LMC-1/Ch-S system had an evidence of miscibility from the change of the collapse
(Fig. 4C), comparison of the experimental data versus cal- pressures wittch.s and fluorescence images (FM: as dis-
culated variations clearly indicated negative deviations from cussed latter). So, the analyses of PMA and APSP were made
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Fig. 3. Mean molecular area (A) of two-component monolayer as a functi¥gepfig at four surface pressures. Dashed lines, theoretical variation assuming

l_....|....|....I....I....l....l....,...._
[ ]
0.8 -
~ N ]
g N . .
= L N . ]
~ L ", .. .. o
= [ \x., ]

] " P ..
< L 3
0'2: 1 1 1 1_-
[ SmNm’ ISmNm’ 25mNm’ 35mNm™ ]
| I IR RS PR P PR PR M
0 0.5 0 0.5 0 0.5 0 0.5 1

Xon

I L L A Losss rnns easny
[ (C) ]
0.8 -
~ A ]
£ [ .
= L 4
~ L -
3 . ‘\\\‘\\;
od = _
< - 3
0'2- 1 1 1 I-
[ SmNm 15mNm 25mNm’ 3SmNm ]
PN PP Y PR PR FEE R FETT FTTTE PETT

H. Nakahara et al. / Colloids and Surfaces B: Biointerfaces 42 (2005) 175-185

=)

0.5 0 0.5 0

X h-S

0.5 0 0.5

-

2

Area / nm

2

Area/nm

0.8

L L R L L L L BN L NN LN

(B)

B BT BN

0.6
04F \1_4?\\‘.‘_-:\.. ------ . ‘i-
02f \ B B s
[ SmNm 15mN m 25mNm 3SmNm™ ]
| PPN NI FERT PR PEREE PR FRRE FPees
0 0.5 0 0.5 0 0.5 0 0.5 1
XCh
I s L AR RAas Rassd easeseasss
[ (D) 1]
0.8 -1
0.6 J
o 4
0‘2-_ 1 1 1 ]
[ SmNm I5mNm 25mNm’ 35mNm™ ]
P PR BTN PR FTET PRRTE FEETY PRRTE TN
0 0.5 0 0.5 0 0.5 0 0.5 1
XCh-S

the additivity rule; closed circles, experimental value: (A) LMC-1/Ch, (B) LMC-2/Ch, (C) LMC-1/Ch-S, and (D) LMC-2/Ch-S systems.
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for the cerebrosides/Ch-S systems as the first paper in seriesnagnitude of APSP variation is about 0.0~ 14 mV mol~1
[1]. The PMA-Xch-s curves for cerebrosides/Ch-S systems even atr =35mN n1 L. In consequence, the surface orienta-
are shown irFig. 5. Itis noted that if the two-component sys-  tion of Ch-S molecules is affected more strongly by LMC-1
tems are ideal mixing, the PMA and APSP should be parallel chains than by LMC-2 ones due to the matching between
to the axis ofXch-s (the additivity rule). The PMA for both  unsaturated hydrophobic tails and steroid group and to the
cerebrosides/Ch-S systems indicates the similar contractingelectrical interaction between hydroxyl group of LMC-1 and
behavior over the whole mole fraction at 5-25 mNnAt sulfate group of Ch-S.
35mNnTL, it is found that Ch-S molecules occupy almost
same surface areain binary LMC-1 or LMC-2/Ch-S systems. 3.4. Two-dimensional phase diagram

In contrast to PMA, the AVqh—Xpppc curves for
cerebrosides/Ch-S systems suggest the similar interaction of  From thesr—A isotherm for the binary systems of LMC-
Ch-S between LMC-1 and LMC-2 as shownhig. 6. The 1/Ch, LMC-2/Ch, LMC-1/Ch-S, and LMC-2/Ch-S, their two-
APSP for each cerebroside/Ch-S system indicates the simi-dimensional phase diagrams were constructed by use of the
lar behavior at different surface pressures as shovgny. collapse pressure fxchanges at various molar fractions of
For LMC-1/Ch-S system, it is found that APSP of LMC- steroids. Representative phase diagrams at 298.2 K are shown
1 molecules decreased with increasing the mole fraction of in Fig. 8.
Xch-s, while the that of Ch-S increases with increasig-s
from 0.1 to 0.7, and reaches the individual one at the mole 3.4.1. Cerebrosides/Ch
fractions above 0.7 (4.s>0.7). Especially, ach.s=0.3 By the same procedure as the preceding pHgethe first
and 0.5, the orientation of LMC-1 tends to tilt by the addi- type of phase diagramis constructeéfig. 8A for LMC-1/Ch
tion of Ch-S. On the contrary, for LMC-2/Ch-S system, the and 8 B for LMC-2/Ch. We recognized that Ch is completely
APSP of LMC-2 decreases from its own value over the whole immiscible with cerebrosides. For example, in the phase dia-
mole fraction and its original value increases from about 35 grams for LMC-1/Ch at lowetr values, LE film of cerebro-
times to about 45 10~**mV mol~! with increasing surface  sides (LMC-1) is formed independent upon Ch; the film is
pressure. On the other hand, the Ch-S values remain almosseparated into LMC-1 domains and steroids (Ch) domains,
constant over th&ch.s range from 0.5 to 1. However, the like island and sea. Their region is expressed as M.(LMC-
Ch-S value decreases from the original one with decreasingl) + M.(Ch). If further compression of the film is made up to
mole fraction of Ch-S oveXch.srange from 0.1to 0.5. The  the collapse pressure of the given Ch, then the Ch starts to
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form a solid film (Bulk) of its own (denoted Bulk(Ch) in the  eter, anT is the product of the Boltzmann constant and the

figure). Until the Ch completes its solid formation, the sur- Kelvin temperature.

face pressure remains constant. At much higher pressures of In Fig. 8, M. indicates a two-component monolayer

7, bulks of LMC-1 and Ch coexist independently, as shown formed by cerebrosides and Ch-S species, while Bulk de-

by Bulk(LMC-1) + Bulk(Ch). In the middle surface pressure notes a solid phase of cerebrosides and Ch-S (“bulk phase”

region, the monolayer (LE) of LMC-1 coexists with bulk state may be called “solid phase”). The collapse presstfrele-

of the Ch. termined at each molar fraction is indicated by filled circles,
The above implies that cerebrosides and Ch are not mixedwhere the dotted line shows the case where the interaction

in the monolayer state. This means that the lateral interactionparameter (gis zero.

between cerebrosides and Ch is extremely small. Then, two As shown inFig. 8C and D, the two-dimensional phase

components are completely separated, and they form patchedliagrams of the binary LMC-1/Ch-S and LMC-2/Ch-S sys-

monolayers. Therefore, this phase diagram is divided into tems show completely different phase behavior compared

three parts by double parallel lines. with cerebrosides/DPPC systems, as mentioned in the pre-
ceding papefl]. That is, the interaction parameten @re
3.4.2. Cerebrosides/Ch-S 1.00 for LMC-1/Ch-S and 1.60 for LMC-2/Ch-S. The posi-

Next, the second type of phase diagram is constructed tive interaction parameter implies that the interaction energy
and then, the coexistence phase boundary between the orbetween different molecules is smaller than the mean energy
dered monolayer phase and the bulk phase can be theoretiof interactions. Its interaction energy was calculated to be

1
cally simulated by the Joos equatidl7], whichisthe same ~ —413 and—661Jmot= for LMC-1/Ch-S and LMC-2/Ch-

as the preceding paper in serjes S respgctively. Thatis, they are completely miscible, because
interaction energy- As < 2RT(=4958.7 Jmot!). Two com-

1= xiyl exp{(ns, — n5)w1/kT) exp{g(xg)z} ponents are miscible each other in both the expanded state

- . . 2 and the condensed state. This system is likely to be the neg-

+xz7° expl(m,, — m3)w2/ KT} expé(x7)"} (5) ative azeotropic type, and the phase diagram is completely

. . constructed.
where x7 and x5 denote the mole fraction in the two-

component monolayer of components 1 and 2, respectively,3.5. Fluorescence microscopy of cerebrosides/steroids
andz{ andx$ are the corresponding collapse pressures of two-component monolayers

components 1 and ¢, is the collapse pressure of the two-

component monolayer at given compositionxgfand x3, In order more to interpret the phase behavior onithé&

w1 andwy are the corresponding limiting molecular surface isotherms, we investigated the monolayers by fluorescence
area at the collapse pointst andy? are the surface activity ~ microscopy. The contrast is due to difference in dye solu-
coefficients at the collapse poiitjs the interaction param-  bility between disordered (or LE) and ordered phases (or
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LC). Representative fluorescence micrographs (FMs) of pureface pressure (Fig. 9f). In binary LMC-2/Ch-S monolayer, the
systems (Ch and Ch-S) and binary systems (LMC-2/Ch and morphologies of white image do not change up to 50 niNm
LMC-2/Ch-S) spread on 0.5 M NaCl at 298.2 K are shown in in the FM images. The addition of small amount of cerebro-

Figs. 9 and 1@t various surface pressures. side to Ch-S induced the phase separation at the zero surface
pressure. Morphology of the separated phase was changed to
3.5.1. Cerebroside/Ch-S homogeneous images by film compression up to high surface

Fluorescence micrographs of pure Ch-S and LMC-2/Ch-S pressure. It suggests that cerebrosides become miscible with
two-component monolayers spread on 0.5 M NaCl are shown Ch-S at high pressure.
in Fig. 9as a function of molar fraction of Ch-S at discrete
surface pressures. The numerical value shows surface pres3.5.2. Cerebrosides/Ch
sure in the figures. Essentially, two phases of bright and dark ~ Fluorescence images of LMC-2/Ch monolayers on 0.5M
contrast were observed for pure Ch-S at low surface pressurdNaCl subsolution are shown #fig. 10. FM images of the
(Fig. 9e), which are corresponding to the LE (white image) Pure Ch showed some large domains at zero surface pres-
and gaseous (dark image) regionsl The Ch-S mono|ayer onsure (Flg 109), where the dark black regions at low surface

the 0.5M NaCl substrate forms LC phase at the high sur- Pressure are the gaseous phase because fluorescence is com-
pletely quenched. The medium gray regions are the LC phase

Fig. 9. Fluorescence micrographs of LMC-2/Ch-S two-component mono- Fig. 10. Fluorescence micrographs of LMC-2/Ch two-component mono-
layer (Xch.s=0.5) (a: OmNm?!, b: 29mNntl), LMC-2/Ch-S two- layer (Xh=0.5) (@: 0mN !, b: 17 mN n1'1), LMC-2/Ch two-component
component monolayer g%.s=0.9) (c: 0mN nT?, d: 43mN ntTl) and Ch-S monolayer (%hs=0.9) (c: OmNnT!, d: 32mNnT!) and Ch mono-
monolayer (e: 0mNm!, f: 41 mNnt 1) observed at a compression rate  layer (e: OmNnT?, f: 41mNnT1) observed at a compression rate of
of 1.0x 10~ nm? mol~! min—1 at 298.2 K on 0.5 M NaCl. The monolayer ~ 1.0x 10~ nm? mol~ min~! at 298.2K on 0.5M NaCl. The monolayer
contained 1 mol% of fluorescent probe. The number in these images indi- contained 1 mol% of fluorescent probe. The number in these images in-
cates the surface pressure (mN*h Scale bar represents aén. dicates the surface pressure (mN*h Scale bar represents pén.
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tems, cerebrosides showed miscibility with Ch-S over all sur-

face pressures. Therefore, it turned out that the miscibility of

cerebrosides with Ch or Ch-S results from the difference of

the polar head group. References

[1] H. Nakahara, S. Nakamura, K. Nakamura, M. Inagaki, M. Aso, R.
. Higuchi, O. Shibata, Colloids Surf. B 42 (2005) 157.
4. Conclusion [2] D.A. Cadenhead, F. Mler-Landaw, Chem. Phys. Lipids 25 (1979)
329.
The cerebrosides derived from echinoderm can be spread [3] T.P.W. McMuller, R.N. Elhaney, Biochim. Biophys. Acta 1234
with steroids as stable monolayers on 0.5 M NaCl solution at " &1935) 90-S . Feng, Colloids Sur. A 207 (2002) 113
_ A . _ . Gong, S.-H. Feng, Colloids Surf. .
298..2 K. Ther—A and AV-Aisotherms of cerebr03|d_es_/Ch [5] HE. Ries Jr., Colloids Surf. A 10 (1984) 283.
S mixtures show that the two components are miscible in [6] T. Honger, K. Jorgensen, R.L. Biltonen, O.G. Mouritsen, Biochem-
the monolayer state over the whole range of Ch-S mole istry 35 (1996) 9003.
fractions and of surface pressures investigated. From the [7] W.R. Burack, Q. Yuan, R.L. Biltonen, Biochemistry 32 (1993) 583.
A—Xch-s and AVy—Xch.s plots, partial molecular surface [8] P.L. Yeagle, in: P.L. Yeagle (Ed.), The Biology of Cholesterol, CRC
area (PMA) and apparent partial molecular surface poten- _ Fress: Boca Raton, FL, 1988. = : N

. . . [9] (a) M. Diociaiuti, I. Ruspantini, C. Giordani, F. Bordi, P. Chistolini,
tial (APSP) were determined at the discrete surface pres- Biophys. J. 86 (2004) 321:
sure. Each PMA behavior changes with the mole fraction (b) J. Majewski, T.L. Kuhl, K. Kjaer, G.S. Smith, Biophys. J. 81
and becomes the individual one at high surface pressure for ~ (2004) 2707; o _ _
the miscible system. On the other hand, the APSP shows (307)70'\"- Rosetti, R.G. Oliveira, B. Maggio, Langmuir 19 (2003)
almost the same behavior over the whole mo!e fraction re- [10] P.J. Quinn, WRR. Sherman, Biochim. Biophys. Acta 233 (1971)
gardless of the surface pressure for cerebrosides/Ch-S sys- ~ ;34
tems. The binary systems of cerebrosides/Ch suggest thafi1] R.J. Demchak, T. Fort Jr., J. Colloid Interface Sci. 46 (1974)
the two components are completely immiscible in the mono- 191. _ _ o
layer state. The two-dimensional phase diagram and the Joo$!2 E- ngcur?hl, M(-l'gsg)"’"é'ég- Togawa, T. Miyamoto, T. Komori, Liebigs

: . - - nn. em. .
equa.tlon alk_)wed calculation of the interaction pqramet)ar ¢ [13] (a) O. Shibata, Y. Moroi, M. Saito, R. Matuura, Langmuir 8 (1992)
and interaction energy (—Ae) between cerebrosides and Ch-" ~ 1g46.
S for miscible binary systems. The three types of phase dia-  (b) 0. Shibata, Y. Moroi, M. Saito, R. Matuura, Thin Solid Films
grams were obtained and were classified as follows: a posi- 242 (1994) 273;
tive azeotropic (cerebrosides/DPPC), a negative azeotropic (C)“O; Sh'b?‘far H. Miyoshi, S. Nagadome, G. Sugihara, H. Igimi, J.
(cerebrosides/Ch-S) and a phase separate types (cerebro- Colloid Interface Sci. 146 (1991) 595; .

. . . : (d) H. Miyoshi, S. Nagadome, G. Sugihara, H. Kagimoto, Y. lkawa,
sides/Ch and cerebrosides/DPPE inthe precedlng paper). The Igimi, O. Shibata, J. Colloid Interface Sci. 149 (1992) 216:
sulfate polar head group and hydrophobic steroid segments  (e) 0. Shibata, Y. Moroi, M. Saito, R. Matuura, Thin Solid Films
strongly influence the surface potential. The Demchak and 123 (1998) 327,

Fort treatment was applied to analyze the surface potential of () O Sh'fatar M.P. Kfﬁfﬁv '—angmu'lf( 16 (2000) 10281ki_ e
steroids, from which the dipole moments of the polar head (9 S-Nakamura, O. Shibata, K. Nakamura, M. Inagaki, R. Higuchi,
. . . Stud. Surf. Sci. Catal. 132 (2001) 447.
group and hydl:OphObIC tail were dete.rmmed to be 0.22 fand [14] J.G. Petrov, E.E. Polymeropoulos, H.0kwald, J. Phys. Chem. A

0.74 D, respectively. In fluorescence microscopy observation, 100 (1996) 9860.
the cerebroside/Ch-S systems on 0.5 M NaCl showed homo-{15] D.M. Taylor, O.N. Oliveira Jr., H. Morgan, J. Colloid Interface Sci.
geneous FM images, while that of the cerebroside/Ch system 139 (1990) 508.

. I P 16] (a) J. Marsden, J.H. Schulman, Trans. Faraday Soc. 34 (1938) 748;
showed immiscible pattern. These phenomena indicate that (b) D.O. Shah, J.H. Schulman, J. Lipid Res. 8 (1967) 215.

the mi_S_Ci_bi”ty of two-component system isinfluenced by hy' [17] P. Joos, R.A. Demel, Biochim. Biophys. Acta 183 (1969) 447.
drophilicity of polar head group (hydroxyl group and sulfate [18] c.w. McConlogue, T.K. Vanderlick, Langmuir 13 (1997) 7158.

group).



	Cerebroside Langmuir monolayers originated from the echinoderms: II. Binary systems of cerebrosides and steroids
	Introduction
	Experimental
	Materials
	pi-A and DeltaV-A measurements
	Fluorescence microscopy

	Results and discussion
	pi-A and DeltaV-A isotherms of steroid monolayers
	The surface dipole moments (µ) of steroids
	Compression isotherms of cerebrosides/steroids two-component monolayers
	Cerebrosides (LMC-1 and LMC-2)/Ch systems
	Cerebrosides (LMC-1 and LMC-2)/Ch-S systems
	Mean surface areas (Am), partial molecular surface areas (PMAs), mean surface potentials (DeltaVm) and apparent partial molecular surface potential (APSP)


	Two-dimensional phase diagram
	Cerebrosides/Ch
	Cerebrosides/Ch-S

	Fluorescence microscopy of cerebrosides/steroids two-component monolayers
	Cerebroside/Ch-S
	Cerebrosides/Ch


	Conclusion
	Acknowledgements
	References


