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1.1 KFENS

1,2- 3R H i -3-BE AR BE ARG ( DOPC) | 1,2- I AR Hil-3-BiigBE £ B2 (DOPE ) | #iHEHE (SM) |
it 2 T e RO I [T ( Chol ) #4906 B Sigma A7 2 ] 5 G005 SRR 55 L& A BRI TE LA 7R 34y 43
Mrafi; AKh ZWZERIK. 51 A0S (WET-SPM-9500-J3, H A S H 3 w)) 5 LB 4% ( KSV-Minitrough,
7522 KSV 23 d]).
1.2 LB WEBMNH&E

FHED N B VUG 2 BEA T Ve, PR GBI K vhsk. B ASTR) (0 Mg ik e G 005/ It (AR LG N
3:1)H, JERRIE R 0.5 mg/mL MFR. Pt R 2 1 s (0 A VR X 2 M B 4 I AR e T, 3k
HAZRAEE. #E 15 min, FRUAHDAVIER S E)G, LA 10 mm/min (9308 TR, 3 &
H Wilhelmy f8 F 20 R4 I, 05065 B2 4 0. 01 mN/m. 76 [ & 09 B8, fd 1 36 B 82 s, LU
1 mm/min B3R £ XUZ B, 83 S0 &k B, %07 Bk T R, B MR, RO 4
(25£0.5) C.
1.3 EFHEHMERN

IR U2 S P 125 43 W ) S B R e A AR . SR At o, Ao Sk, i KT o
125 pum x 125 wm, #RECMER Si;N, , B8 0 HE0C8 0.06 N/m, XA &R 146178 10 7° N &t
9, B ARZ S 512 x512. HIBE X 0.5 ~1 Hz.
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REAE IR m S Ae . I E BT E RS 0 S S RUX 45 4. 8 ARG 5 0 & BEEE /R He oA 10 LVE
FEXTGE, 4381 DOPC, DOPE FIA# L BERE X RUZ ML A0 5200 7 ) A& 2 A v 40 )2 2 1 e g e g e
FPIHELRES. SR AR PR R —FR A IR A0 m-A M2k, PEBGE 400218 16l & LB XUZE, #E4T AFM
RURIIR
2.1 SM/Chol ZEIEH) AFM #& il

Bl 1 25H T SM/Chol —JUIRARG ) m-A fhZk; B2 44 THEARIR F M E N RUZ ) AFM 1%,

AILE W, FEREES R 1.5 mN/m B, SUZ PS5 T 50
FRIRAAEAER, TERBRLR S /NIX I AE A 45 Z d0f
1, ST A AERT IR R B[ 2(C) ). BEH R HEd
JESTB93EAN, m-A thZRTE 14. 7 mN/m Ab H 3035 05, g 20 +
Ut BH B3 5 MRS TG I A 20 7 1) VS A T AL R A gm-
g NAFM B R AT UUE H, SUZEEIRF 2 A EooL. .
BLIUBICEEHS, /N0 200 wm, 4 Fe - e T
RIS 80% [ 2(B) ], LA 5 3CHR 8 ] i1 5L 5 Fig.1 A curve of the SM/Chol (1:1,
Bodm—2. 43R0 ) k2 K3 38.5 mN/m B, molar ratio) bilayers
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Fig.2 AFM images of the SM/ Chol bilayers deposited on mica at different surface pressure
a/(mN+-m™"): (A) 38.5; (B) 14.7; (C) 1.5. Scanning range; 2 pm x2 pm.



No. 5 #R ¥ &% . DOPC, DOPE Feih 2 B e - 35 55 15/ 12 [B) BE SR JE 25 4 69 % v 915

NEXUZTHIX Z RS TE R 5450 [ K 2(A) .
2.2 DOPC X} SM/Chol M= & 45+ B9 541
1E SM/ Chol HINASEEE/R ) DOPC, RUZMEE5H &A= T A8tk (&1 3 FilE 4) . 7600 138

IR, X2 158 52 L34 50 43 O /N UK 25 44 [ 18] 4 50
(C) ], WA HERE 2(C) F /NS X 2548, i e
DOPC 43T AF] SM/Chol R4, 12141814 30 F

AR, R T AR LS. K 4 (B) KR
J14 13.6 mN/m B il 28 B OBUZ B8, 0T LLE HAUZ
FECHE B T B A A0 RS RS, SMY/ Chol TE RIS A ok 4

JEAR < R G5 EEAE WA TS T A DOPC i | 02 &jan",;fo,‘;ful;f;mfm:,;:”’
(DOPC 7E% W N A . 5 SM/Chol —JC#H%F  Fig.3 A curve of the SM/Chol/DOPC(1:1:1,
SEFRE B, A RRE R Y BN B IX 7 T R R molar ratio) bilayers

254 30% , 58] SM F1 Chol 43 F A #8435 DOPC — 4> BUAE A TCF AR gs M b, 24 K1 & Sy ik 5
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Fig.4 AFM images of the SM/Chol/DOPC bilayers deposited on mica at different surface pressure
a/(mN - m~"): (A) 35.5; (B) 13.6; (C) 1.4. Scanning range: 2 pm x2 pm.
2.3 DOPE 3% SM/ Chol 3 =R &89 %M
DOPE fIA ] SM/Chol 3RILH 5 HE R AR RATT R (B 5 A 6). MR (1.7
mN/m) I, OUZ RS B ) 70 B /o 2544 [ ] T 4of

740
6(C) ], SRS, SH T A, Bk 2 ol
SN/, VI 0N X A . A T S H
M 18,5 mN/m I, 14 B SUZ LB T 9 2 00 43 -
FHE5H , SM/ Chol/DOPE J¥ B ) 388 K 1 W A543 17 4 g 10r
X 4% g P20 A 25 T8 ¥ 4 DOPE [ (3 3R F - .-
DOPE i), /N4 1wl P 6(B) ). LI " Mean molecala arca Al
th, WS T AT B SR AN AL 2 BT W Y Fig.5 A curve of the SM/Chol/ DOPE
AL %*@, MHEFE EHERTHRESAEFHES (1:1:1, molar ratio) bilayers

Fig.6 AFM images of the SM/Chol/DOPC bilayers deposited on mica at different surface pressure
w/(mN-m~"): (A) 33.4; (B) 18.5; (C) 1.7. Scanning range: 2 pum X2 wm.
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BEBCHH /3 B LG, BB I JFURL ) 5 b o3 A ZEIRDE A B IX IR 1Y 3R 1T T34 33. 4 mN/m B,
SM/Chol/DOPE S It 22 JRBEA5HE | 1 F] B 55 ] 4 N5t i v JE ) At A S 58 e 23 18] B0 A EL AR T A
KLE6(A)].
2.4 HEBEEEYT SM/ Chol XUZ E L5 HH9 %M

MBI LR T E R, ETEIRIEA M i A i A AR . AR AnTE 7
FE 8 Fran.  TEFRTH R J1EAKET, SM/Chol/ Ceram- o 50
ide WUZ RSB H 5 HE PR ZR AR A 20 104 20 B /N ad
XA 8(C) ], Kiln[EII24 12. 5 mN/m It il
i RS IR B g B2 SR AR B 45 K, /N
300 nm[ 181 8(B) J. FEAEHL L5 (Y Tsm AR 8L T
Ceramide #E J AH UL A4 25 74 (28 30 45 49 | 1Y) 52 ok v
250 1 RUBBEAS H B A T 5 BRI T 02 04 06 08 10 12 14 16
BOA B S T P AHE 1 ’ X5 T RAE - A Fig.7 @A curve of the SM/Chol/Ceramide
XK. MERMAETIH 40.0 mN/m HTJ‘, X2 BRI 5 (1:1:1, molar ratio) bilayers
BRAEGE, R E 98% [ E8(A)].
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Fig.8 AFM images of the SM/ Chol/Ceramide bilayers deposited on mica at different surface pressure
a/(mN - m~'): (A) 42.4; (B) 12.5; (C) 1.5. Scanning range: 2 pm x2 pm.
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Fig.9 Molecular structures of DOPC, DOPE, SM, Ceramide and Chol
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Fig.10 Schematic diagrams of lipid bilayers

(A) The uniform liquid-ordered phase structure of SM/Chol; (B) and (C) the phase separation occurred when DOPC and DOPE

were added; (D) at low surface pressure, the uniform bilayer of ceramide/SM/Chol; (E) as the surface pressure increasing, the lip-

ids of bilayers flip-flop to form vesicle structure.
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Influence of DOPC, DOPE and Ceramide on the Organization of
Sphingomyelin/ Cholesterol Bilayers

HAO Chang-Chun', SUN Run-Guang'* , ZHANG Jing’

(1. Laboratory of Biophysics and Biomedical Engineering, College of Physics and Information Technology,
2. College of Food Engineering and Nuitritional Science, Shaanxi Normal University, Xi'an 710062, China)

Abstract Lipid rafts are of a dynamic microdomain structure found in recent years, enriched in signal mole-
cules. The change of structure and function of lipid rafts can result in many diseases. LB technique and atomic
force microscopy were used to study the effect of 1,2-dioleoy-sn-glycero-3-phosphocholine ( DOPC) , 1,2-dio-
leoy-sn-glycero-3-phosphoethanolamine (DOPE) and ceramide on the structure of sphingomyelin( SM )/ Choles-
terol LB bilayers. We found that each bilayer of lipid mixtures took on uniform distribution bilayer structure
when the surface pressure was low. When increasing the surface pressure, great changes were taken place on
the bilayers: (1) The bilayers composed of SM/Chol appeared uniform liquid-ordered microdomains structure,
with coverage of 80% of mica. (2) In SM/Chol/DOPC bilayers, the liquid-ordered microdomains formed by
SM/Chol floated onto the fluid-disordered small DOPC granule, about 30% coverage. (3) When adding
DOPE to SM/Chol, the bilayers had changed obviously, meanwhile liquid-disordered, liquid-ordered and gel
phases coexisted on the mica. (4) The Ceramide induced the bilayers of SM/Chol rearrangement, the lipids
of bilayers occurred flip-flop to form vesicle structure. At the higher surface pressure, all the systems could
form specific platform structure. The bond capabilities of molecular groups play an important role in forming
structure.

Keywords Lipid raft; LB technique; Atomic force microscopy (AFM) ; Phase separation
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