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Abstract of Thesis

Studies of biological membranes have been carried out intensively due to their many functions and
applications. Various techniques have been utilized to analyze lipid self-assembly systems. The fluorescence
probe analysis method has been a well-known approach to characterize the lipid membrane system. However,
the fluorescence probe can sometimes disturb the membrane itself, and might have phototoxic effects. Therefore,
an alternative method using nanoparticles and Raman spectroscopy was proposed. The nanoparticles have been
employed to enhance Raman signals, which is commonly known as surface-enhanced Raman spectroscopy
(SERS). The objective of this thesis is to establish an alternative analysis approach for lipid biomembranes
using Membrane-SERS (MSERS).

In chapter II, the synthesis of silver nanoparticles (AgNPs) has been done by using ultrasound irradiation
as the reducing agent and seaweed K. alvarezii as the natural media. The seaweed K. alvarezii with AgNPs was
characterized by UV-vis spectroscopy which showed the localized surface plasmon resonance (LSPR) of the
AgNPs. Transmission electron microscopy (TEM) results showed that almost spherical AgNPs with an average
diameter of 11.78 nm were successfully synthesized.

In chapter III, the MSERS study for 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC) lipid membrane has
been constructed using AgNPs with several different sizes (AgNP@lipids). The green (532 nm) and red laser
(785 nm) were employed to study the effect of excitation wavelength and the enhancement of Raman intensities
of liposome membranes. The AgNP@lipids has been used to understand the fundamental behavior of lipids and
their biological roles. They showed increased Raman intensities after applying the AgNPs; however, high
aggregation also occurred, which was related to the silver properties.

In chapter IV, the MSERS technique was applied to gold nanoparticles (AuNPs). Small and large sizes of
gold have been utilized for the analysis of modified lipid systems (AuNP@lipids). The MSERS-based
characterization for zwitterionic DOPC and cholesterol lipid system was compared using AuNPs with different
sizes. The Raman signals of the fingerprint and CH regions of the attached lipid on AuNPs were enhanced
differently. Therefore, AuNPs can be potentially used for lipid analysis using MSERS.

In chapter V, for further MSERS lipid analysis, 1,2-dimyristoyl-sn-glycero-3-phosphorylglycerol (DMPG)
was used. The MSERS method using different sizes of AuNPs has been studied. The anionic lipid-coated AuNPs
(AuNP@lipids) resulted in low enhancement of Raman signals due to the loss of hot spot formation caused by
electrostatic repulsion of the lipid. On the other hand, the present MSERS method was found to improve the
analysis of anionic lipid membranes.

In chapter VI, the MSERS method of AuNPs has been used to observe the dynamic behavior of the lipid
membranes and amyloid-B. The AuNP@lipids with amyloid- was found to enhance the Raman signals of both
lipid and amyloid-B. The amyloid-B has been analyzed, and its fibrillation behavior was also monitored based
on Raman intensities. This method successfully determined the behavior of amyloid-f on the lipid biomembrane.

In chapter VII, the general conclusion of the MSERS strategy was to analyze lipid membranes with AgNPs
and AuNPs. This provided new insights into enhanced lipid membrane signals that could be an alternative lipid

biomembrane analysis method.
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BRI RE VG T A 72D18, AERESCE T VAERE(D CREE20 TN H 9 2 F58 - Rtk 2 &1 - IR
PRS2 FIEREZ S RE SN TS, —RITIE, s+ e —7ERRb K<FIHENSFIETH D, £R
I - =T VAERBIRE2S T O R L, fEL OB TIEE LTIERLTWD. L LARRDL, HEE
KT DD ED T LIV TRITT 2R E LCRRAR S o712, AL TIE, @B kit o~r otk
A S EEHERTEMRBEIN TS, BRICHLNTWHIREHEMRT ~ Vo tiEE2 ke L, REORL2 D4R
F R R RERGEEE, &2 VISR EIRNEIZERIT5 2 SIC kY, BEIIMISRIRE S 10 T ~ R ELIRE 2 1
MEELHFELMEL L. H1ETIE, @B/ FofEs L OREHRT v 2O BB 28R4 R
HLZ. F2ETIE, Agh /HTOFMEr—ARZT 4 L LT, EMEEMHICBITHTEM/DLSBESE 4B LT, @&
T RTOFMGEER LML, BTl R T AT 51D BEREHEIZONTH LN LI, FIET
1%, RIEEDRRDAgT b+ %, HEUER) 7 P (DOPC)FICERN L 7= 45 5, IEEIENEICEET D ERELED Y 7
TR INDZ Eam Lz, BAETHE, RIECRLEFEREZAvT VR FIZEH Lz, Auh ki &2 v
DOPCIEZ FHM L7245 R, Ag)h /R L C, VUVBEDTO T v U BELBREN K E RIS Z L 2R L
7. B, SEREHROT T MIHES T E— 7 ZEMICHNT LR, TRERNE O R DA EICAFE
TOHEMEERIED T ~ VEELIRE O, T /RO A4 XB L OMEMGFIEIKET 22 25T L.
BATETHE, Avt bt %, EREOERKSO—2CTHh 5 AEMIEE(DMPOICES LT, EHERNZR T ~ i
MradifiL, 85 B CIk, ZDORFICE SN T, Aud /K1 2 &M L7 T VAERB Y K Y — A (A FER DMPG/DMPS)
& Alzheimerdpi BI# -~ 7"F R (Amyloid-B) & DAHAAEM Z Mgt L=, T O/RER, ME7% 7~ BELREY 212, @FE O
ST TE R otz, U UVIBES T 72 b ONCAmyloid-B4y T, filALIC OV TH, BT < R ENE SN
LZZEEWHGC L. LLEDX 9T, AR TIE, &RT ki OFE Tk, Agor Aut kit & B L 7-E
BEOTEE L, bW, ZORMEMIRT ~ i Fii L <, mEEICEREONEREEBST 5 FIEL ik
SEL, FRUCE D AERES F-AREOMBEERZM#ITT2 2 ENAETHDH 2R L. LoT, HE (T%)
DGR E LTMEDOH 2 b D LD 5.




