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[Background]

Lipid rafts on biomembranes are thought to have essential functions in signal transduction in living organisms.
The structure and function of lipid rafts are expected to contribute to the understanding of cellular functions.
Phospholipids, the main components of biomembranes, spontaneously form lipid bilayer structures in water. The
liposome, which is closed to the lipid bilayer, has attracted much attention as a model system because its structure
is similar to that of biomembranes. Further, the phase separation formed in liposomes consisting of
multicomponent phospholipids is helpful as a model system for raft formation studies. From this point of view,
studies on phase separation at the liposome membrane surface have been conducted, and many studies have been
researched to control the phase separation behavior by using electrically neutral phospholipid membranes.

However, considering the biological environment, the presence of charged lipids, the induction of phase
separation under isothermal conditions, and the roles of metal ions and polyamines inside and outside the cell are
all critical. Previous studies have reported phase separation of phospholipid membranes containing charged lipids
by the addition of metal ions and phase separation induced by osmotic application of the hypotonic solution to
neutral lipid membrane vesicles. In conjunction with these studies, we use a system that more closely resembles
the biological environment, considering the effects of the presence of charged lipids, isothermal environments,

variable temperature environments, the addition of metal ions and polyamines, and the valence of charged lipids.

[Objective]

In this thesis, we clarify the changes of phase separation on the DOPS/DPPC binary GUVs in a hypotonic
solution under isothermal conditions. We investigated the formation of the phase separation of DOPS/DPPC/Chol
trinary GUVs adding monovalent to pentavalent metal salts and amines at room temperature, 30°C, 40°C. Also,

we discussed the effect of multivalent charged lipids on the membrane behavior based on line tension calculations.

[Results]

First, phase separation was induced by osmotic pressure on the GUVs, and a three-phase coexistence structure



was observed: a DPPC-rich phase, a negatively charged DOPS [DOPS(-)] phase, and a neutral DOPS [DOPS(N)]
phase. The ionic dissociation of the DOPS head group was found to be essential for phase separation. Next, as the
concentrations of metal ions and amines increased, phase separation formation was promoted. It was found that
phase separation was more likely to occur at room temperature than at 30°C, 40°C. On the other hand, the
concentration at which phase separation was induced significantly varied depending on the type of metal ions or
amines. The concentration required for phase separation was temperature-sensitive for amines, which are linear
chains. Last, confirmed that charged lipids decreased the domain line tension and that the addition of CaCl,
suppressed the decrease in line tension. It was clarified that electrostatic interaction is involved in the decrease of
line tension.

These experimental results suggest that the degree of ionization of charged lipids, osmotic pressure,
temperature change, structure and concentration of added salts (especially metal ions and amines), and lipid
valence significantly affect raft formation. Our findings may be helpful for the contribution of understanding the

formation of ordered structures in living organisms and can be a model for charged lipid membrane.

Keyword: lipid; charged lipid; phase separation; osmotic pressure; salts; polyamines; line tension

RXBEOKRDES

WL EAFZE TR, EMIEENCB T D AERNO A 4 VBREECIREZ (LI OV TELET D LT, AkE
T VIR EEEO ARSI ZEST 2 F2 B L. mEIREBEOH B DWW TS HE R ER AT > TV
Do

MR AR Sy B A\ T, miEIRE AME O B 22 B 2 DMz L, /0BE (Z 7 b) Bk
WCHTENREC & D5 EM AR DR O EENEICBET 28722 AR & & bICBELRT LENRTETND,

B CHIE A L7tk ik, WENRE Z S OIRE R 5 IR E O BRIk AR
FHOYHE R A A NS H 2 DB EMRAT 5720, SEAMT T, BH 2N B ERIC O W TERE
Tole, MPBEIY RY —ACREEEMA D Z LICE - THIEEZ Ik, DPPCICETH, ~A 7 A1
H##8 L7= DOPS AH[DOPS (=) 1., 35 & Tvth# DOPS #H [DOPS (N) 10> =AH L AFA s 23822 S 47, DOPS ~v K2
=T DA F U fREET, FHESEICEETH Y, MOBHISEER D D EEHL NS LT,

FEE T, @BRA A ET IVE EMIEENCES R 7 I UEEET) IRINRECES T 5 W ENE
DA BRSO W TEREZIT o712, &RA 407 I VHEORKE # EF S8 51250 THRAEEY
FROIEENBLIZR X, 40°C< 30°C & AR THIRDIT ) BHASER T W2 EZH LI L, — 5 T
FATBEN S| S Z SNABEIL, 2B A A7 I VEOMBEHICL > TRESEARD Z ENRBO BN,
FROBEA 5 S8 ZTIREICIL, I T4 ORE LA BER L. BEEOB AT ST I EITMR B2
PR EE PRI U CHURICISE T 5%, AU T I VL, IBEOREEZZITIC WEEEZH LM
L7,

BB CTIL, ZAMOMERE 2 AW IEEROMR ST 28152 U, MoBERIC 30T 2 Bl E D% E) &
Z DMK DR LITHONWTERET>T2, RAAL CREENDHEREICL VKT L, CaCly ZHRN
T 5 ERERADOETERIH SN D Z EPER SN, FRICAEMSEICR W CTEE &S ZH S
Phosphatidylinositol 4, 5-bisphosphate (P1P,) O#EME/ER N REENETICEEGT 52 &
I ONC LT, BHETIE FicBH oM E2RIET 2 & & b FERBEIZOW TR TN S,



W OREFRAEEF 7RI, RAVKZERIOMEERIZER LW, AR TiE, ~y ROEBHRIREIC
HEHLTWAET, 2=—27 T, ZNETICRWVWHTFRMRESZL BAFENTEX TV,

b, AR, BPEIEE & S DI S\ T T 7 MURSHEARLIERIC X - CHIE S TV 2 TR
Pea < AR08 L DT 0 | SRIICEIT 3 & 2 ABKE W, Lo THE (w7 U 7444 T R)
DRI L LTS 5 b 0 LB I,



