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Online Monitoring of the Aggregation and Fusion of DPPC/PA by
Static and Dynamic Light Scattering
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Peking University, Beijing 100871, P. R. China)

Abstract: Static and dynamic light scattering were employed to monitor the temperature-induced aggregation and
fusion processes of liposomes consisting of 1,2-dipamitoyl-sn-glycero-3-phosphocholine (DPPC) and palmitic acid (PA)
in a molar ratio of 1:2. At 25 to 41 C, the size and the relative molecular mass of the liposome increased with
increasing temperature indicating the occurrence of aggregation or fusion. Meanwhile, the size showed strong angular
dependence, suggesting that the vesicle structure was at least partially destroyed upon aggregation. During the
subsequent cooling process, the size and relative molecular mass continued to increase. On the basis of these results,
we propose that the aggregation is caused by the adhesion of liposomes in the palmitic acid rich zones. The formed
aggregate had a structure between that of bilayers and inverted hexagonal (Hy) packing. Upon aggregation, the ratio of
fusion was small. Our results also indicate that the vesicle was kinetically stable. Once the transition from the gel
state to semi-inverted hexagonal (Hy) packing was triggered, the aggregation or fusion of the liposome proceeded
automatically.
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Inset in (B) shows the temperature dependence of the relative molecular mass.

DEHRIAT T X . 0T LA HAE SR A X T
HERER ARG . SRR S 25 CHE, B8 PR Y
Ry B THERTHY 164/89.4=1.8 15, #0XF 2 7 i & T+
IRHTAY 3.7 £, WRACH Rl G B AE, IR 40 F i
ST A5 00 2 R R A 3 N R B4~ (B 1.82=
3.24 F%). FAVES B 25 R e 3.24 R, Ui A HEL
HAEMHERUE A

TR RS RS MRTEE
FRIESCHUN I, J8 25 H TR 36 2
). E 6A PR, WItGHE BRI A R A
UG M 2R H s — 3, TE B P g 2o 5o
AT RE SRR 2 Bk 5 R i . (A 7E THEE P IR
FErh RS g 2k (& 6(B, C) 5 HLEIIA 45 RA #
FA S, a8 25 4 1 SRR, X S5 1R 2 FE 4 1)

2.4




006 Acta Phys. -Chim. Sin., 2010 Vol.26
5r . Sr
(A) 25 °C (heating) o (B)41°C

41 6F
s 5
‘q‘l‘ 3+ = 4 F
= e

2 » 2 -

o
2 ©0oo0000
] 1 1 1 1 1 1 0 1 1 1 1 J
0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.000 0.005 0.010 0.015 0.020 0.025 0.030
q q
10 020
o
8 (C) 25 °C (cooling) 0.15 (D) 25 °C (cooling)
o,
[/
—O— 30°

6L ~
S 3 010 7 \o
= 4 ~ Q

0.05 F \o
/ \,
2T /
~
Coo ©000000 0.00 p=0=0=0=0=0=-0=0 ©~0~0-0-0
o
0 1 1 1 TS el J 1 1 Il J
0.000 0005 0010 0015 0020 0025  0.030 10° 10" 102 10° 10" 10°
4 R»h,upp/ nm

6

B3 DPPC/PA 5 RS AT E H(A-C)F s Bk 1 | LR (D)

Fig.6 Unstability (A-C) and anisotropic structure (D) of DPPC/PA liposome at different temperature

SER B HAMRATEME T AR K S, R, 8O
BT IRLAR 23 A1 (RIS A1 30°). H T30 6 D B
I, X I R R, 7R TR T m AR 7 10 A
ST L Z s AT, Wil 6D Fs, DPPC/PA 8 iATE
R 25 CHE, Ry, A RS HU, DL R AFETE
H—E AT, —NZAA R b, ZE ) XTFR
SERRAETT AR, IR R AR ARG R A A R B ).

ZEA VL FEHURES B, FR45 A Sk e TR
15t A B/ Aig 195 R (PC/FA) A 2 Bifi i B & A6 4 722 1 i
B RATIAN 25-41 CHIRE A 72 2 th g
JOEAA S AT R 28 S S AR AL AR 5 T Y. i
Jo A S PR BB 2 1 B EL AT A3 J2 45 4 1
U, BT AEAK HA EHE R R T —E e e .
SR R AR/ NIRRT, g ot B2 i 1 5K
I B A R T S R N )i FIpiY N
FRA— L5 AR A, B S0 A k2 1
A ECRAE. ARG BRI AR T B 1R 43t
St 2 [ B RIVE L, st R R T ®iAg 4 1 1
WA, I H AR Bl T 1 = IR — 52 . A [R] 22

YT R D R P DX 1) TR BB SR I ZE Mg ot
S S T T BB 07 . N R AL
P K U R R AT, T B i SR 4R
Kepy. ST HEM S 42 CHY, DPPC/PA g AT 14
UUVE, BRI 7, 1B, DUUEW) 2 oS I A RAHMERR
1 AHAEARAR 2 T, AR TR 4y F R s,
ARSI E ENRNIR 0 T I X R ARG, A X
BRI THIRA, U2 A, ol SR 4 Bt
T i HR, IR RAT -1 38 (& 3). |
TR T IS5, PRI A BEHE. 5
Gh, BT EEHE ) 1 F e A, RV R R, RAE
18R 2 = (B 5). I 75 5 Atk AR B AT — 52 B9 H
], DRI Ry, 77 ) A ST 0 1 B AR TSR AR AR, B
SRR BT RS 1 L8] LA/
3 & it

58 FRREOWEEU, FATIRES T DPPC/
PA JIR A Bl 9 AR AL 72, H3R4% T & F DPPC/
PA g R RAEL BRI R G E, B+, B,



No.X

X MRS By RS OCHUN TELR IR B DPPC/PA iR BIA R R AR Rl 2

007

RF B A3 A AU 38 X B s il & 45 R
FEHUR BRI A s 7% He, AT USRS 3 45 Fh &
UG IEAE s SR 45 00 St S o v 22 L ) TR -
“stalk” 1 E] 25 Bl A X — FE A HTIOANTE. it
O 32 F, X IR B A F R E ML T SR —
A BN T UERA T 2 S SR T AR 2
AR B R A B AT AS B 026 T T A a4 HL
HER.

References
1 Bangham, A. D.; Horne, R. W. Journal of Molecular Biology,
1964, 8: 660
2 Basu, S. C.; Basu, M. Methods in Molecular Biology, 2002, 199: 1
3 Lo, Y.L.;Rahman, Y. E. J. Pharm. Sci., 1995, 84: 805
4 van Dijck, P. W. M.; Kaper, A. J.; Oonk, H. A. J.; de Gier, J.
Biochimica et Biophysica Acta: Biomembranes, 1977, 470: 58
5 Blaurock, A. E.; Mcintosh, T. J. Biochemistry, 1986, 25: 299
6 Slater, J. L.; Huang, C. Biophys. J., 1987, 52: 667
7 Koynova, R.; Caffrey, M. Biochimica Et Biophysica Acta: Reviews
on Biomembranes, 1998, 1376: 91
Cevc, G.; Richardsen, H. Adv. Drug Deliver Rev., 1999, 38: 207
Lentz, B. R. Eur. Biophys. J. Biophy., 2007, 36: 315
10 Bentz, J.; Duzgunes, N.; Nir, S. Biochemistry, 1983, 22: 3320
11 Jahn, R.; Scheller, R. H. Nat. Rev. Mol. Cell Bio., 2006, 7: 631
12 Papahadjopoulos, D.; Nir, S.; Duzgunes, N. J. Bioenerg.
Biomembr., 1990, 22: 157

13

14

15

17

18
19

20

21
22
23
24

25

27

Knecht, V.; Mark, A. E.; Marrink, S. J. J. Am. Chem. Soc., 2006,
128: 2030

Templer, R. H.; Seddon, J. M.; Warrender, N. A.; Syrykh, A.;
Huang, Z.; Winter, R.; Erbes, J. J. Phys. Chem. B, 1998, 102: 7251
Seddon, J. M.; Templer, R. H.; Warrender, N. A.; Huang, Z.; Cevc,
G.; Marsh, D. Biochimica et Biophysica Acta: Biomembranes,
1997, 1327: 131

Zellmer, S.; Cevc, G.; Risse, P. Biochimica et Biophysica Acta:
Biomembranes, 1994, 1196: 101

Cevc, G.; Seddon, J. M.; Hartung, R.; Eggert, W. Biochimica et
Biophysica Acta, 1988, 940, 219

Kantor, H. L.; Prestegard, J. H. Biochemistry, 1978, 17: 3592
Rogerson, M. L.; Robinson, B. H.; Bucak, S.; Walde, P. Colloid
Surface B, 2006, 48, 24

Torchilin, V. P.; Weissig, V. Liposomes: a practical approach.
New York: Oxford University Press, 1994 [Torchilin, V. P.;
Weissig, V. GBI XSREME, M 3. bt fb2= Tl e,
2007: 3-10]

Pencer, J.; Hallett, F. R. Langmuir, 2003, 19: 7488

Wu, C.; Zhou, S. Macromolecules, 1995, 28: 8381

Schmidt, M.; Stockmayer, W. H. Macromolecules, 1984, 17: 509
Zhou, S. Q.; Burger, C.; Chu, B.; Sawamura, M.; Nagahama, N.;
Toganoh, M.; Hackler, U. E.; Isobe, H.; Nakamura, E. Science,
2001, 291: 1944

Li, S.; Palmer, A. F. Langmuir, 2004, 20: 4629

Hallett, F. R.; Watton, J.; Krygsman, P. Biophys. J., 1991, 59: 357
Koynova, R.; Tenchov, B. Current Opinion in Colloid & Interface
Science, 2001, 6: 277



