50 1 BIMKFFIR(A AHF K Vol.50 No. 1

2011 1 Journal of Xiamen U niversity ( Natural Science) Jan. 2011
= Ja W *
BEE, R, kM E R HEW
( , 361005)
R Langmuir Zeta
s TEM Gemini( )
Gemini s
; ; ; Gemini
:0 648 T A 10438 0479(2011)0F 0076 06
, ) s Gemini
Ss.
(bovine serum albumin, BSA)
) Gemini
[3]
, Zeta BSA
s Lang
; muir -
’ ’ ) Gemini
; Gemini
Gemini [F2] (
Gemini ) 1 . s
CH, CH, 1
H,C —'N— (CH,);— N'— CH,- 2Br
1.1
Cutly Culls . $S100 ( Sonx IV );
1 Gemini PHS2301 ( )3 (
Fig.1 Structure of Gemini surfactants ); Zeta (
Brookhaven ); Varian Cary 50
. 2010-05 31 ( Varian ); SFA-20
(XMKJ€X20052001) ( HFTECH ); N1-2RC

* : hangh@ xmu. edu. cn ( }: LB (KSV



o J7 o

2000 1II ); JEM-2100( HR)
( )-
(Sigma Aldrich 299%) ;
(Sigma Aldrich 299% ) ; BSA(
, 298%); Gemini
, [ 4] ,
- 3 ( ,
)s o ( ;
); Tris HCI : 0.1
mol/ L. NaCl 0. 005 mol/ L. Tris
pH 7.4
1.2
1.2.1
50 BL/ min 35 C
R 30 min )
R 1 mmol/ L.
24 h, .
, 40%
~ 50% 50% ~ 60% ,
BSA 3:1: 6
BSA )
1.2. 2 Zeta
25 C , Zeta BSA
BSA Zeta S2
S2 BSA
Zeta
1.2.3 ~
(T~ A)
BSA )
BSA
1.00,0.333,2. 00 ¢/ L. , BSA
) . 3
BSA 44 28. 4. 1

Langmuir  (

700 mm X 120 mm X 10 mm)
0.3 mN/m

(20,0.30. 1) C,

30 min, s

10 mm/mimn

,  Wihelmy T~ A
1.2.4
s BSA
280 nm 25, 30,
35,40,45 C s
S2 (1 mmol/ L) , 280
nm ,
1.2.5
Gemini BSA
. ) 2% ( )
,4 min , ,  JEM-
2100 Gemini
2
A '[5]
Aexe= A 12— (A1X1+ AzXz)_ (1)
An ,
A1 A2 12
D) I~ A . Xl
X2 12
A XC g
Lel : A exe = 0
l M A exe< 0,
5 Ae.xc> O,
S
[7]
dT
e=-A FTE (2)

12.5 mN/ m< €& 50 mN/m ,



o 78 o

) 2011
100 mN/m< €< 250 mN/ m , 250 R
mN/m< € s , ,
BSA Zeta R
kapp : BSA 3 1 I I
o -10 -8 oc"
Tw— T , I
ln(Tw_ T()) = kappt. (3) [1F12]
, Teo b T t BSA . 3 ’
In[(Te—0)/(Tem B)]~2 - 20.38 mV, 3
3.2 T~ A
3 3 a, c,d b 20 C
BSA 20 C T~
3.1 BSA Zeta A 4 & A )
()
2 a, d, ¢, b (Ao)
BSA . 3, , . 3
, Zeta - 24.57,4.13, — 13. 88, (b) , 44.92 mN/m ,
- 20.38 mV. B 0~ 18 mN/m ( 0. 54~ 0. 80
, BSA Zeta , nm’ ), 18~ 29 mN/m, 29~ 43 mN/ m( 0.24~
1 0.33 nm’) 3 — —
100 + , T A
4 2 2
80
S > ’
<
R
g
g w0l 0.27  0.58 nm’ , 0.58
nm’ s
20
0
60 40 20 0 20 40 60
Zeta potential/mV =~s0f
2 25°7C (a) (d) BSA(c) E \
Z 40}
(b)  Zeta E
Fig. 2 Zeta potential distribution of pure 230 L
phosphatidylcholine(a) , cholesterol(d), %20
BSA (c¢) and their mixture (b) at 25 C L;;
£10 d
7 a| b\ \c¢
1 BSA Zeta 0k s NPT , ;
Tab.1 Comparison of the Zeta potential of different mixtures 0 I Méizcular Arz.t?/nml g 1
Zeta / mV
3 20°C (a) (¢ BSA(d)
/ - 4.89 (b) 7~ A
/ BSA _ 25,38 Fig. 3 T A isotherms of the monolayer of pure cholesterol
(a), phosphatidylcholine(c) , BSA(d) and their mixture( b)
/ /BSA - 20. 38

at the air water interface at 20 C



e 79

1
80 , 25 C, 25~ 45 C
- 5 C, 0.048 2,0. 043 7,
0.039 0, 0. 035 5. S22, 82
Eaof 0~ 5 min
Z o
E 25 C s
T2t ;
I 1II IIB 0~ 2.5 min 1 ,
0 ) ) ) . - " ’
0 02 04 06 08 10 12 , ,
Molecular Area/nm? ’ 2 5~ 4min I ’
4 20 °C BSA >
e~ A , S2 BSA
Fig.4 €A isotherms for the mixture of cholesterol, , D
phosphatidylcholine and BSA at 20 C « ”
) I ,
2 25°C BSA T~ A -
R Zeta ,
Tab. 2 The basic information of the the T-4 ) Zeta 9.17 mV,S2
isotherms at 25 C 22.27 mV,
T/ (mN-+m-1) Ao/nm? [16] R
45. 38 0.79 > ,
46. 08 0.35 ’ ’ o
BSA 43.10 1.50 ‘ ; Ink= lnA
— (EJRT), k T
44. 92 0.42
,Ea ,  Ink~ /T , 2.5~4
min s E. 33.75
kJ/mol.
, ) 3 BSA S2
’ 0.27 nm* .5~ 4 min( )
70.2 mN/ m, ; , ’
27,10 mN/m T~ A 020
Aee= - 0. 15,
-0.12 nmz, s 2
BSA 1 z
3 =
3 ;
[ 14 15]
’ M T 8 £ &K% H 25,30,35,40,45 C.
3.3 5 BSA /82
5 s BSA Fig. 5 Turbidity as a function of time for phosphatidy
/S2 Icholine vesicle ( with cholesterol and BSA) /S2

at different temperature



.+ 80 - ) 2011
4
/S2
Bl /82 18. 39
kJ/mol s BSA
, BSA
. + /S2
+ BSA/S2 ,
+ + BSA
\ 6 BSA (a) 2
, 20 min  (b)
Fig.6 The phosphatidylcholine vesicle containing BSA
* 52 and cholesterol (a);after 20 min with S2 ( b)
R (Zeta
-4.89 mV), S2 , ) S2 20 min , )
+ 100 nm . s
S2 R S2 100 nm s S2
+ BSA (Zeta BSA
- 25.38 mV), S2 S2
, S2 . 7 :
+ BSA + Zeta
-20.38 mV, +
+ BSA Zeta . 1 4
s Zeta ) . , BSA
4.9, , BSA BSA
, <2 . , , BSA
S2 . Zeta
’ S2 -24.57,4.13, - 13.38 mV, BSA
’ . 3
3.4
6 (a) (b) BSA 7 ,
3 BSA /82

Tab.3 The rate constant of system phosphatidylcholine vesicle with cholesterol and BSA/ S2 at different temperature

T(K) 298.15 303.15 308. 15 313. 15 318.15
In(kyp/s™") 0.3019 0.3752 0. 4460 0.5436 0.7324
4 BSA /82
Tab. 4 Comparison of the activation energy of different mixed system of phosphatidylcholine,
cholesterol and BSA mixed with S2
/82 + /82 + BSA/S2 + + BSA/S2
E.(kJ+ mol ") 18.39 36.22 29.63 33.75
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Effect of Protein and Cholesterol on the Phosphatidylcholine Vesicle

GAO Sujun, XU Xiaorming, HUANG Ming-xiang,
LAN Qin, HAN Guo bin"

(College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China)

Abstract: Biological membrane with phosphatidylcholine, cholesterol and protein ( bovine serum albumin, BSA) was simulated. The

mixed monolayer at the air / water interface of phosphatidylcholine, cholesterol and BSA was investigated by Langmuir balance tech-

nique. The Zeta potential of cholesterol, phosphatidylcholine, BSA and their mixtures were investigated. The excess area of mixed

monolyer and Zeta potential showed that there were interactions of mutual attraction among phosphatidylcholine, cholesterol and

BSA.The interactions made the mixed vesicle more stable. The effect of cholesterol and BSA on the structure transformation of phos-

phatidylcholine vesicle was studied by means of kinetic and T EM . Gemini surfactants intercalated the bilayer via electrostatic interac

tion and hydrophobic effect and made the vesicle breakdown as a result. T he E, was calculated from the change of turbidity at 25, 30,

35,40 and 45 C. Comparing with previous results, the E, of phosphatidylcholine, cholesterol and BSA was larger than phosphatidyF

choline vesicle, and betw een those of phosphatidylcholine veside with cholesterol and phosphatidylcholine vesicle with BSA. On the

other hand, it indicated that the phosphatidylcholine vesicles with cholesterol and(or) BSA were more stable to Gemini surfactants

than phosphatidylcholine vesicle and harder to be brokendow n.
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