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The mechanisms governing compatibility of biomaterials with living systems have been
intensively investigated for further development, design, and application of biomaterials. The
structure of water, in particular its hydrogen bonding interactions, have been proposed as the
key factor in the interactions between artificial materials and biological systems. Hydrogen
bonding states of interfacial water as well as the hydrogen bonding interactions between
functional group of biomaterials with water molecules in the solution have been reported playing
important role in macroscopic behavior of biomaterials

In this study, the role of hydrogen bonding interactions that govern properties and
behaviors of biomaterials are studied. Self-assembled monolayers (SAMs) are model platforms
that enable analysis of interactions between organic artificial surfaces and biomolecules or
living cells because they provide high—ordered and well-defined structure, the physicochemical
properties of their surface are easy to be controlled. SAMs were employed as the model system
representing bioinert artificial surfaces. Behavior of interfacial water, especially the
hydrogen bonding states between interfacial water, is proposed to give contribution to
water—induced repulsion that govern bioinert behavior. Since most of biomaterials found nowadays
are made from polymer, a polymer posing temperature-responsive behavior was employed as an
example of biomaterials. Changes in hydrogen bonding interactions that involve functional groups
of the polymer and water molecules in the solution are proposed to be involved in the phase
transition mechanisms.

Employing vibrational spectroscopy methods, changes in hydrogen bonding interactions
can be examined. Surface—enhanced infrared absorption (SEIRA) spectroscopy is suitable for
investigation of changes in hydrogen bonding interactions of water molecules in the vicinity
SAMs since it enables analysis of interfacial water and prevent spectra of bulk water.
Temperature—dependent attenuated total reflection infrared (ATR-IR) spectroscopy is suitable
to observed changes in hydrogen bonding interactions that involve functional groups of
temperature-responsive polymer at the phase transition temperature

0ligo (ethylene glycol)-terminated (OEG) SAMs formed on gold surface have been widely
employed as a model of bioinert surfaces for the investigation of the mechanisms underlying
bioinertness. Methoxy—terminated OEG SAMs formed on gold (EG3-OMe/Au) and silver (EG3-OMe/Ag)

are suitable to study effects of the metal substrate on the protein— and cell-resistance




behavior. EG3-OMe/Au poses lower molecular packing density compared to that of EG3-OMe/Ag.
Theoretical studies suggested that the molecular packing density affected the interactions
between terminal group of SAMs and the interfacial water. Herein, EG30Me SAMs were employed
as the model system to clarify mechanisms underlying bioinert behavior of artificial surfaces
at molecular level. Effects of molecular packing density of EG30Me SAM on bioinertness employing
gold-supported (3.5 molecules/nm?) and silver—supported EG30Me SAM (4. 6 molecules/nm?) have been
systematically investigated. Protein adsorption and cell adhesion assays confirmed that
gold-supported EG30Me SAM exhibited bioinertness whereas silver—supported one allowed protein
adsorption and cell adhesion. Surface force measurements on approach of two—identical
gold-supported EG30Me SAMs revealed repulsive forces that were not observed in the case of
silver—supported ones. It has been proposed that the repulsive forces were originated from
interfacial water in the vicinity of bioinert EG30Me SAM. Results of surface—enhanced infrared
absorption spectroscopy (SEIRA) measurements showed that hydrogen bonding networks of the
interfacial water were modulated by interactions between water molecules and ethylene glycol
moieties of EG30Me SAMs that strongly depend on the molecular packing density. The hydrogen
bonding states between interfacial water correlated with water—induced repulsion that govern
bioinertness. The modulated hydrogen bonding interactions of water molecules in the vicinity
of bioinert EG30Me SAM plays important role as a physical barrier in the mechanisms underlying
bioinertness

This study also revealed the importance of hydrogen bonding interactions in the phase
transition machanisms of poly(allylamine)-co-poly(allylurea) PAU in aqueous solution. PAU is
an example of temperature-responsive polymer that is compatible with biological system.
Understanding the phase transition mechanisms of PAU in aqueous solution contributes to
development, designs and applications of biomaterials posing temperature—sensitive behaviors
PAU is one of few polymers showing UCST (upper critical solution temperature) behavior in aqueous
solution. UCST polymer solution is transparent at higher temperature and is opaque at lower
temperature. In this study, phase transition mechanisms of PAU were investigated by
temperature—dependent IR spectroscopy measurements and density functional theory (DFT)
calculations. Temperature—dependent IR spectra of higher-molecular weight PAU showed shift in
frequency of CO stretching modes from 1604.5 to 1615 cm! at the phase transition. DFT
calculations for models of PAU showed that the model having hydrogen bonding interactions between
ureido units exhibiting lower vibrational energy of CO stretching modes compared to that of
without ureido—ureido hydrogen bonds. This study proposed that the breaking of hydrogen bonding
interactions between ureido units was the key factor in the phase transition mechanisms PAU

posing UCST behavior in aqueous solution.

H#5 © FSCEEIEL, FI3C 2000 G- B30 300 EA LR ORMT S0y, b LI 800 iEA 1R H L TS 20,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

HEE  WREBE, RLRIP—F VR (TZR)ICTA U F— Ry MARSNET O T, AR ATREREFH O N A TIERL TLESN,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).







