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Effect of Sphingomyeline and Monosialioganglioside-Gm1 on the
Phase Behavior of the Super-molecular Structures of
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Abstract It has been investigated that the super-molecular structures in liquid crystalline states are made
up of DEPE (1,2-dielaidoyl-sn-glycero-3-phosphatidyl-ethanolamine), sphingomyeline, monosialiogan-
glioside-Gm1 and cholesterol by small angle X-ray diffraction. The effect of sphingomyeline on DEPE film
was determined. A structure transition from Im3m(Q229) to Pn3m(Q224) occurred with increasing sphingo-
myeline concentration in the super-molecular structures. The effect of monosialioganglioside-Gm1 content
on the super-molecular structures was also determined. At a critical concentration of monosialiogan-
glioside-Gml1, the structure transition from Im3m(Q*>) to Pn3m(0™**) occurred. The effect of the addition of
cholesterol on DEPE-Shp-Gm1 super-molecular structure has also been investigated. There exists an inter-
action between the polar head (—OH) of cholesterol and that of DEPE, sphingomyeline, monosialiogan-

glioside-Gm1 by oxygen-halogen bond, to form cubic phase of liquid crystalline states. A Pn3m(Q**) struc-
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ture was further formed by hydrophilic/hydrophobic interaction.

Keywords biomembrane; cubic phase in liquid crystalline states; small angle X-ray diffraction
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Figure 1 Structures of 1,2-dielaidoyl-sn-glycero-3-phosphoethanolamine, cholesterol, sphingomyeline and monosialioganglioside-Gm1
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Table 1 The composition of samples (molar fraction)

Sample No. Composition x(Sph)/% x(Gm1)/% x(Chol)/%
11 DEPE+Sph 0.5 — —
12 DEPE+Sph 1.0 — —
13 DEPE+Sph 1.5 — —
21 DEPE+Gm1 — 0.5 —
22 DEPE+Gml — 1.0 —
23 DEPE+Gml — 1.5 —
31 DEPE+Sph+Chol 0.5 — 15
32 DEPE+Sph+Chol 1.5 — 15
41 DEPE+Sph+Gm1+Chol 1.0 0.5 15
42 DEPE+Sph+Gm1+Chol 1.0 1.0 15

43 DEPE+Sph+Gm1+Chol 1.0 1.5 15
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Table 2 The ratios and spacing of the set of lattice planes of the X-ray diffraction of lipid rafts super-molecular structures

Sample No. The spacing of the set of lattice planes/nm Ratio

R 18.830, 13.315, 9.411, 7.685, 6.655, 5.952, 5.433,5.030, 4706  ~/2 : V4 1 6 1 V8 10 1 V12 : V14 @ V16
14.715, 10.408, 8.498, 7.354, 6.582, 6.008, 5.204, 4.906,4.651 2 1 3 1 V4 1 5 1 V6 1 8 1 N9 1410

[, 18:820,13.310,9.412, 7.685, 6.655, 5.953, 5.434, 5.031, 4.705 V2 i N4 V6 8 10 V12 14 Te
14.708, 10.400, 8.492, 7.354, 6.578, 6.012, 5.204, 4907, 4.651 2 : 3 14 1 5 16 1 8 1 V9 : 10

13 14.708, 10.400, 8.492, 7.354, 6.578, 6.012, 5.204, 4.907, 4.651 2 : 3 14 15 16 1 8 1 V9 : 10
20.193, 14.272, 10.076, 8.227, 7.125, 6.373, 5.818, 5386, ~2 : N4 : 6 : /8 1 10 : V12 : V14 : 16 :

21 ) ) .
5.038,4.751, 4.506, 4.297, 4.114 VI8 120 V22 ;24
20.185, 14.248, 10.075, 8.226, 7.124, 6.372, 5.817, 5385, 2 14 1 6 1 V8 1 410 : V12 : V14 1 16 :

5y 5:039.4.751,4.506,4297,4.114 VI8 120 V22 ;24
15.770, 11.150, 9.103, 7.884, 7.052, 6.438, 5.575, 5.256,4.986, 2 : 3 1 V4 15 1 V6 1 V8 1 Vo 1 V10 :
4.754 N}

b3 15770, 11.150,9.103, 7.884, 7.052, 6.438, 5.575, 5.256, 4.986, N RN RN VSR EIN LN SN SN RN )]
4.754 N

31 16.682, 11.795, 9.630, 8.340, 7.461, 6.810, 5.898, 5.560, 5275 2 1 3 14 15 16 1 8 1 V9 : 10

2 16.044, 11.345,9.263, 8.022, 7.173, 6.550, 5.673, 5.348 NN RN VRSN R N PN R N [N [T W
6.495, 3.750, 3.246, 2.502, 2.454 1:43 :2: 47

41 16.044, 11.345, 9.263, 8.022, 7.173, 6.550, 5.673,5.348,5.074 2 : 3 14 1 5 : V6 1 8 : V9 : 10

42 14.236, 10.068, 8.218, 7.117, 6.365, 5.813, 5.034, 4.745,4.502 2 : 3 14 1 5 16 1 8 : V9 : 10

43 16.044, 11.345, 9.263, 8.022, 7.173, 6.550, 5.673,5.348,5.074 2 : 3 14 1 5 : 6 1 8 : V9 : 10
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Figure 2 The X-ray pattern of lipid rafts super-molecular structures
(a) At x(sphingomyeline)=0.5%, the X-ray pattern of lipid rafts super-molecular structures has a structure identical to that recorded for the /m3m/Pn3m mixtures
obtained, with lattice constant 26.626 and 20.805 nm respectively. (b) At x(sphingomyeline)=1.5%, lipid rafts super-molecular structures were induced to form a

cubic phase with lattice constant 20.800 nm
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Table 3 Effect of sphingomyeline, monosialioganglioside and cholesterol on lipid rafts super-molecular structures

Sample X(Sph)%  x(Gm1)/%  x(Chol)/% /M a/nm L‘qmi;;ysztaume
DEPE+Sph 0.5 — — 18.830/14.715 26.626/20.805 Im3m/Pn3m
DEPE+Sph 1.0 - — 18.820 (14.708) 26.612 (20.800)  Im3m—Pn3m
DEPE+Sph 15 — — 14.708 20.800 Pn3m
DEPE+Gm1 — 0.5 — 20.193 28.553 Im3m
DEPE+Gml — 1.0 — 20.185/15.770 28.542/22.298 Im3m/Pn3m
DEPE+Gm1 — 15 — 15.770 22298 Pn3m
DEPE+Sph+Chol 0.5 — 15 16.684 23.591 Pn3m
DEPE+Sph+Chol 15 — 15 16.044/6.495 22.686/7.5 Pn3m/Hy,
DEPE+Sph+Gm1+Chol 1.0 0.5 15 16.044 22.690 Pn3m
DEPE+Sph+Gm1+Chol 1.0 1.0 15 14.236 20.130 Pn3m
DEPE+Sph+Gm1+Chol 1.0 15 15 16.044 22.690 Pn3m
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