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Dielectric Behavior of an Aqueous System of Multi-wall Vesicles Formed with
1,2 dioleoyl-sn-glycero-3[phospho-L-serine] sodium salt
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Dielectric behavior was examined for an aqueous solution of a two-tail lipid, 1,2 dioleoyl-sn-glycero-3[phospho-L-
serine] sodium salt (DOPS Na). At the concentration and temperatures examined (0.02 g cm™ and 15-60 °C), the lipid
molecules formed unilamellar and multilamellar vesicles having a large, correlated fluctuation in curvature. The system

exhibited the dielectric dispersion attributable to the electrode polarization of the mobile ion, Na*. The observed
dispersion frequency and intensity were higher and smaller, respectively, than those expected for the Na* ions freely
moving between the electrodes. This result suggested that the motion of Na* in the DOPS-Na system was mostly

confined between the vesicle walls. Furthermore, analysis of the dielectric behavior of the DOPS Na system at various 7’
suggested that the spatial confinement for the Na” motion loosens with increasing 7.
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Scheme 1. Chemical Structure of DOPS Na.
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Fig. 1. Dielectric behavior of DOPS Na aqueous system with
C=0.02 g cm™ at 15 °C(symbols in part (a)) and the dispersion
curves calculated by utilizing the intrinsic mobility 4, of dilute
Na* cation and macroscopic electrode gap L in the Macdonald
theory (curves in part (b)). The curves in part (a) represent & and
&" calculated from the Macdonald theory with adjusted parameters,
effective mobility 4 of Na* cation interacting with vesicle walls
and the effective moving stroke d of Na® cation. For further
details, see text.
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Fig. 2. Schematic illustration of the DOPS Na aqueous system containing
vesicles (part (a)) and a layered structure mimicking the constraint
for the Na* motion due to the vesicle walls (part (b)).
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Fig. 3. Dielectric behavior of DOPS Na aqueous system with C=0.02 g
cm™ at various temperatures as indicated (symbols). The curves
indicate results of fitting with the Macdonald theory.
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Fig. 4. Temperature dependencies of effective mobility x, of Na*
(unfilled circles part (a)) and effective moving stroke d of Na*
(part (b)). The filled circles in part (a) indicate the intrinsic
mobility 4, of dilute Na* reported in literature.'>



TA D N2VFVAA N - 7 Ve r 3 [T AT H-L-8 ) ] F BT AHEOSEREN S 7 VKR O BN E)

BEn L GBE B L 0w, BELOARDIR o, BIO, &
WL Z DN TUTO X ) IcRkREND.

£=1+ (et H)E 6@

2p,pen
ettt |
i 1_(1u+ /'12—)2 ;‘xczm (l:'\/—_l)
dppen (AS)
'gvacgnlw
ve=l+ == = & (A6)
Hen
1/2
o —|_ne | eL (A7)
: 8vucgkaT 2

AL V72 DOPS NadD L 9 72 g Bl kb9~ D33k ¢
13100 % BHEEZ T 5 DT, niTHEOEEEEEICE LWEE X
TEW. o T, EADA L DEBHE 3 X P & B
FIREEEL SR C VR, W, W, WHEIOEET FIv ¥
Y Ay(@)BEq. Al-ATIZ L > TR &N 5. ROBFEER
g LFHERK L, y(0)DIEHRe{y(w)} & B Im{y(w)} Z W
T, TROLIITRDLND.

gw)=¢, + le{y(w)},
.

vac

L

gw)=¢, + . Re{y(w)} (A8)

vac

1)

2)

5)
6)
7)
8)
9)
10)

11)

12)

13)

REFERENCES
Israelachvili JN, Intermolecular and surface forces: with
applications to colloidal and biological systems, Academic
Press, London, 1985.
Yamagata Y, Senna M, Nihon Reoroji Gakkaishi, 28, 73
(2000).
Demé B, Dubois M, Gulik-Krzywicki T, Zemb T, Langmuir,
18, 997 (2002).
Kato T, Miyazaki K, Kawabata Y, Komura S, Fujii M, Imai M,
J Phys-Condensed Matter, 17, S2923 (2005).
Hirai M, Hirai H, Koizumi M, Kasahara K, Yuyama K, Suzuki
N, Physica B- Condensed Matter, 385-386, 868 (2006).
Komura S, Shimokawa N, Andelman D, Langmuir, 22, 6771
(2006).
Imai M, Suganuma Y, Nakaya K, Komura S, J Phys-
Condensed Matter, 17, S2929 (2005).
Macdonald JR, Phys Rev, 92, 4 (1953).
Deme B, Kanaya T, to be published.
Chem Soc Japan ed, Kagaku Binran II, Maruzen (in Japanese),
Tokyo, 1984.
Matsumiya Y, Balsara NP, Kerr JB, Inoue T, Watanabe H,
Macromolecules, 37, 544 (2004).
Sakurai T, Electrode Polarization in Ilonic Conductive
Polymers, MS Dissertation (in Japanese), School of Science
Osaka University, 1995.
Vlaev LT, Genieva SD, J Structural Chem, 45, 825 (2004).

211





