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The bio-membrane plays important roles in the living systems. A variety of biological and
chemical reactions take place on the bio-membrane interface and their reactivity is consid-
erably affected by the surface structures of the membranes. A comprehensive elucidation on
the relationship between the structure and reactivity on the bio-interface at a molecular level
is extremely important to understand and further control these life processes. In my Ph.D.
study, with respect to the issues mentioned above, the surface structures of various biologi-
cal interfaces including the supported monolayers and bilayers which are used as models for
the bio-membranes have been investigated by atomic force microscope (AFM) together with
other surface science techniques under various environments.

An outline of my Ph.D. thesis is given below:

Chapter 1 gives a brief introduction on the previous studies on the bio-membranes and
bio-interfaces. After a general description of the structures and functions for the cells, our
interests are focused on the bio-membranes which play crucial roles in the life process of
the cell. Several modern techniques used for in-situ investigation on the bio-membranes
such as m-A isotherms, Brewster angle microscope, differential scanning calorimetry, fluo-
rescence microscope, vibrational spectroscopy, sum frequency generation (SFG), and AFM,
are shortly described with some application examples. Then, previous researches on the
structures and reactivity on the bio-membranes using these techniques, especially AFM, are
concisely reviewed. Finally, the objectives and an outline of the present thesis are given.

Chapter 2 bbrieﬂy describes the experimental instruments used in the Ph.D study  in-
cluding the Langmuir Blodgett (LB) techniques, AFM as well as infrared spectroscopy. The
operation fundamentals and the experimental conditions for each technique in the study are
given in details.

Chapter 3 presents in-situ AFM study on the hydrolysis reaction of the phospholipids
bilayers catalyzed by a phospholipase A; (PLA;) enzyme. Based on the high catalytic se-
lectivity of PLA, toward L-enantiomer phospholipids, five kinds of supported bilayers made
of L- and D-dipalmitoylphosphatidyicholines (DPPC), including L/L, L/D, D/L, D/D, and
racemic LD/LD, were prepared on a mica surface with the gel-phase, to explicate the ki-
netics and mechanism of the enzyme-induced hydrolysis reaction in detail. By introducing
enzyme-inactive D-DPPC into the upper or bottom leaflets of the lipid bilayer, we are able to
independently determine the dynamic structural changes in two leaflets during hydrolysis re-
action. The present results demonstrate that the hydrolysis catalyzed by PLA; preferentially
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occurs at the edges of pits or defects in the bilayer surface. The present kinetics analyses
reveal that the lipid molecules in bottom leaflet flip up to top leaflet as soon as the L-DPPC
molecules in the upper leaflet hydrolyzed (induced flip-flop process), much faster than the
spontaneous flip-flop process known for the lipid bilayer. Based on these AFM observation
results on the lipid bilayers made of different combination of enantiomers, a novel kinetics
model is therefore proposed to quantitatively account for the PLA,-catalyzed hydrolysis of
the supported phospholipid bilayers.

Chapter 4 shows the studies on the temperature-dependent phase transition processes of
the supported phospholipid bilayers by using AFM and SFG measurements. The mechanisms
for the phase transition process of the supported lipid bilayer have been discussed in a com-
parison with free lipid vesicles in solution. The phase transition of the supported lipid bilayer
takes place in a layer by layer fashion, i.e., the top layer melts first before the bottom layer
starts to melt. The interaction between lipids in the bottom leaflet and solid support surface
significantly affect the phase transition behaviors. The full width at half maximum (FWHM)
of the melted fraction determined by AFM and SFG for the phase transition region in the sup-
ported lipid bilayer is much wider (~10°C) than that of the endothermic peak determined by
differential scanning calorimetry (DSC) for the free lipid vesicles (~0.2°C) due to the same
reason. Finally, the influences of the membrane proteins on the phase transition processes of
the supported lipid bilayers are also investigated. The adsorption of a protein (PLA,) induces
the different phase transition. Only the gel and liquid phases are present after the adsorption
of the membrane protein, suggesting the instability of crack phase after protein adsorption.

Chapter 5 describes the structural studies on a cationic surfactant molecule, dioctade-
cyldimethyl ammonium chloride (DOAC), which has been used as a synthetic model lipid
molecule, due to its similar amphiphilic structures to phospholipids. The AFM observations
are used to evaluate the morphologies of DOAC monolayers. The present results reveal that
the surface morphologies of DOAC monolayers are substantially improved by mixing with
a neutral lipid of stearyl alcohol in the monolayer or halide ions in the subphase. It sug-
gests that the stearyl alcohol and halide ions have strong condensation effects on the DOAC
molecules in the monolayer by shielding the repulsive interaction between their head-groups
and increasing the van der Waals interaction between the long hydrocarbon chains.

Chapter 6 summarizes the observed results and gives a general conclusion for the on the
present Ph.D. study. Finally, a prospect for the future study is given.
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Structure and Reactivity of Bio-interface Studied by
Atomic Force Microscopy (AFM)
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AHRRORE T, B2 &L - ELZRISPWHEELNEC D, ZORSEEPYHTIZ
BOXEEE L HERICESBEINTWS. ChD T AR L, & 5ICEICHIHE
XREMATEEDIT, 7 TFLNVTERKBREICE T 320 FHEEEMIHT S C LR
AIRTH 5. HEZIBLBRBEFRICENT, N AV 2—T 21— R BI 3858 L KIS
HORGROMENEIERZ HIE L, BV ZEMTAERER & DR TR IBEME (AFM) ZAV
T, BLDRED TR NI ED S LB EHNERBOREEIERE T F LIV THRN, FHIC
SR IRRIEIC 51T 5 BRRIGPHEGEIBRIC DWW TEHMICHZE L 2.

REHEITTIaT7-Tudzy b (B)EEZAV, EEEOEFIVE UTERKE
KL OMBOXFIEE 0 FREIIE FRZEBRL - FICBRR IS ORI
ZRAL, BEZ7THROBEEZERGTL, BRoF ISR E DRUEKBEEEL,
KO EICBRRISOER L BB ZRART AN TER. Eie, &y b7y T L1ER
VIV OHBZRDIEL, REFIEDZE T TOE DG AFM BlllZERH Lz, T OFiE
B, FTERDONAFA 2 E2—T 2 — ATORISEORICHT T, Eo A3 EAMHGENS
LDOTH5 (B2 E).

HFBRERBEOBERTFLE2 Y VIEEDFORFTRKRICET B T X 7IIVEEOMK
DRRISZME T ABETH B RARY—H A2 (PLA2) IcEH L, IsE ) FEXE
TOBERISIC DV TEHIICRAN . MHEEE L DIEE 5 FBIEIAX, BOo L TBOR
WERATZZEHRETH M, HEER, MARED L ABES FO» L MilEH T
% EMFROVARIRORERFE U UL B FROEMI, MIEEEN TV D BSFL
DHAEHETL/DDLDD RUT IR LD/AD FONEFHEE 5 FEEBEBEL, Ik
DFRIGICES BERMO D FHEDZEILICDWT ARM IC L h 2D THIZL, BO LT
BORMERICDWTEBMICERTE D XS Ik o7z, T OIS RRISIE, BEORKMEY
A bDTy VYA b THETL, IKDBERIDERD S BiBES 5 < L H AFM EE T
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B LTz ThED AFM fIERRICH D ¥, BERISORIGHEE RN 2R H, B
KX BIKARRIEDIENIC, V VIEESFOERN T Y v 7 - 70y TEE L LZHES
FOMKGBRICHESFETY v THEEER L L, BERISORRIGAREDOEEENE
REL B 3 &)

HIAER NS DOXFRE S FROEGEEBRICOVTHAN, BAGE L THOHEERE
BEZRTEERY IV INVR LA, HEBENLVEETRICR S L 2BRAILE. BEL
FLltil, XBBE_STFHROXEED 5B DB, 7V IEEORSE ICBW
TZEBHODBII DS C LA ARM I & » TR Nz, 522 EHE, AREDIZH
W, BHERENHET S 75y VHENIRBE_/ FROMEGEBERICHREI N &
HIC,AFM IEIC & > TR BN BRBORMREEH S, L TEREBOMKRNE REL >/ —
H BRIV BREATELICED, 7oy 7HPBRITERL o T. XHBE -5
FRROMHEGRERIIBIRCEZ VB OMEERIC X > TARES BEINL T L2
b LTz (58 4 E).

HEERATIRENFTHANET Y EoY LERBESAOM Y FROEEELKE
ARFM RAIEIC X ORET LTz 77 2 — Ao X MeA F DV EET 358, BT
DEEEME FIHEDOHENBON. — A, PWEBEL T THS -+ 7 2TFHh/—ik
DRBICBWT, B FEOXRMICHEIEDIRONZN, &4 L UTHEEEAIERICTFEIC
BT LD AFM IR SBRAE Nz ChoDERICX Y, By FRANICEI KT >~
Eoy LEEENAIR FRTOXBEEROMENR AR LBUKSEEO 7 7 V7L
TNV AMHEBE AV B FROXEBEICKERFELRIEFTCLEHOMI LI GBS
),

CNZET B, ZERIREBRT ARM IEENA A A V2 —T 21— XADRED T4
BORMISH L, AHERAIC BT 2BERISPHEBRIGED FLNIVTRAS T L
KR LTz, AR, CORPBFOEBREOEROAL LT, ISAMETLEEL 1 %
P 2EZZL0THY, REILERUATEHBE LEDHOERBICE TSI L CAKTHS.

X o T, EHIZ, tiBERHEL (T%) ORI R BEINIBRHZLDEEDS.
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