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Lipid bilayer membranes on TiO: substrates were investigated by means of atomic force microscopy (AFM)
and fluorescence microscopy. Lipid bilayer membranes deposited on flat solid surfaces are called "supported planar
bilayers" (SPBs) , and expected to be an effective cell-membrane-mimicking model system iz vitro. TiO; is widely
used in cosmetic products such as sunscreens, face-powders, foundations, etc. I propose that the SPB on TiO,
surfaces can be a good model-system of the cell/cosmetics interface on skins.

Single-stepped rutile-TiO low index surfaces were used in order to clarify the effects of surface atomic
structures and chemical properties of each TiO. surface. Single-stepped TiO-(100) , (001) and (110) surfaces
were prepared by HF aq. immersion and thermal treatment at 700-850°C at O flow. The SPBs were formed by
vesicle fusion methods using extruded vesicles through 50-100 nm and sonicated vesicles. Two kinds of saturated
phospholipids, dimyristoylphosphatidylcholine (DMPC) and dipalmitoylphosphatidylcholine (DPPC) , an
unsaturated phospholipid, dipalmitoleoylphosphatidylcholine (DPoPC) , or their mixture were used for the SPBs on
purpose.

After the single-stepped Ti0-(100) surface was incubated in the 100-nm-filtered and sonicated DPoPC vesicle
suspension, a defect-less and full-coverage SPB formed. Fluorescence recovery after photobleaching experiment
showed that the SPB retains the fluidity. In the AFM images, the trace of the single steps was recognized on
the DPoPC-SPB on the TiO: (100) . This step-trace was also observed on both gel-phase and liquid-crystal-phase
domains in a phase-separated binary SPB of DPPC and DPoPC. The gel-domains edges along the substrate steps
preferentially appeared. It was also found that the nucleation of the gel-domains occurred on the terrace regions.
These results indicated the atomic structure on the substrates actually affects to the assembly of lipid molecules in
the SPBs.

The DMPC 50-nm-filtered vesicles transformed to planar bilayer on the O»annealed TiO-(100), but adsorbed
as vesicles on the UV-rradiated TiO»(100) . Stable hydrogen-bonded water layer formed due to the UV-induced
hydrophicity on the TiO: surface. The water layer worked as the barrier for the interaction between the DMPC head
group and the substrate.
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EboTWwhv, BERIRE SS0CHRETIE, AT v 7H
ST YITNVAT Y THYLEEH, WD RAT v TR
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W2 T, BRSO A HEIZ X ) SPBIEIZ 4D
HND0E) atlEh ol RIVEESE % 1TbH % v TiO,
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ERY 7 VHWE L7 F F CFREBEOTEAHE S 2h - 72
(X 7b) -

4. £ &

KL D TiO, RIMTY Y VAT v THND L) #E
ALY 1Mo 72 b D TH B DS, MBAZIREF T o
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7228 d, ABOADZAATHFT LI LN TELLEE
ZTWh,

5. # #&

TiO, B dh R EIC ATy 7 & 75 A& Z L T
SPB LM % 17\ Z Ok 2 AFM & S BBMEic X -
THIE L7 SPBIZET- A7 v 7 & O FK ik % Rt
L2 RE2 L S>TBY, FOMEOTAICL 5 TSPB
W TOMTEEDBRIC K A A4 VREEREAE RS A4 b OFIK -
MEIEBEINLZEEFHLMI L. 72, TiO, Fii
DOIEFRBKEDFEBUZ X o TIREEDO W AERERE DK & <
AT A ERZRB L.

B

ARWFFE. S FRHAIETERT - FREERESR. AdTER
& FIREMBIEER L OIEFTZETH b0 AWFZEICK LT
P a o2& F LAMRIEAT A X o Y — ek E
B E#H 2L FE T,

(ZEXH)

1) P. M. Oliver, G. W. Watson, E. T. Kelsey, et al,
Atomistic simulation of the surface structure of the
TiO, polymorphs rutile and anatase, J. Mater. Chem. ,
7, 563-568, 1997.

2) T. Ohno, K. Sarukawa, and M. Matsumura, Crystal
faces of rutile and anatase TiO, particles and their
roles in photocatalytic reactions, New J. Chem., 26,
1167-1170, 2002.

3) Y. Iwasawa, Dynamic oxide interfaces by
microscopic techniques at high resolutions, Surf. Sci.,
404-404, 8-19, 1998.

4) U. Diebold, The surface science of titanium dioxide,
Surf. Sci. Rep., 48, 53-229, 2003.

5) R. C. MacDonald, R. I. MacDonald, B. P. M. Menco, et
al., Small-volume extrusion apparatus for preparation
of large, unilamellar vesicles, Biochim. Biophys. Acta,
1061, 297-303, 1991.

6) R. Tero, M. Takizawa, Y. J. Li, et al,, Lipid membrane
formation by vesicle fusion on silicon dioxide surfaces

modified with alkyl self-assembled monolayer islands,



TBREF L EICHBULBECERANOREFEOTES LUV UV BHEDHR

Langmuir, 20, 7526-7531, 2004.

7) R. Tero, H. Watanabe, and T. Urisu, Supported
phospholipid bilayer formation on hydrophilicity-
controlled silicon dioxide surfaces., Phys. Chem. Chem.
Phys., 8, 3885-3894, 2006.

8) Y. Yamamoto, K. Nakajima, T. Ohsawa, et al.,
Preparation of atomically smooth TiO, single crystal
surfaces and their photochemical property, Jpn. J.
Appl. Phys,, 44, L511-L514, 2005.

9) S. Furuikea, J. Hirokawa, S. Yamada, et al, Atomic
force microscopy studies of interaction of the 20S
proteasome with supported lipid bilayers, Biochim.
Biophys. Acta, 1615, 1-6, 2003.

10) K. Hashimoto and H. Irie, Photo-induced Hydrophilic
Conversion on TiO, Surface, Hyomenkagaku, 25,

252-259, 2004.

11) C. A. Keller and B. Kasemo, Surface Specific Kinetics
of Lipid Vesicle Adsorption Measured with a Quartz
Crystal Microbalance, Biophys. J., 75, 1397-1402, 1998.

12) L Reviakine, F. F. Rossetti, A. N. Morozov, et al.,
Investigating the properties of supported vesicular
layers on titanium dioxide by quartz crystal
microbalance with dissipation measurements, J. Chem.
Phys., 122, 204711-204711-204718, 2005.

13) C. M. Ajo-Franklin, C. Yoshina-Ishii, and S. G. Boxer,
Probing the Structure of Supported Membranes
and Tethered Oligonucleotides by Fluorescence
Interference Contrast Microscopy, Langmuir, 21,
4976-4983, 2005.



