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Abstract — Spherical phospholipid bilayers, vesicles, were formed with respect to phase of each layer via a double
emulsion technique. The conversion of phosphatidylcholine (PC) to phosphatidic acid (PA) at the outer layer, caused by
phospholipase D (PLD), induced a curvature change in the vesicles, which eventually led them to fuse each other. The effect of
the lipid layer physical-properties on the PLD-induced vesicle fusion was investigated using the fluorescence intensity
change. 8-Aminonaphthalene-1,3,6-trisulfonic acid disodium salt(ANTS) and p-Xylene-bis(N-pyridinium bromide)(DPX)
were encapsulated in the vesicles, respectively, for the quantification of the fusion. The fluorescence scale was calibrated with
the fluorescence of a 1/1 mixture of ANTS and DPX vesicles in NaCl buffer taken as 100% fluorescence (0% fusion)
and the vesicles containing both ANTS and DPX as 0% fluorescence (100% fusion), considering the leakage into the
medium studied directly in a separate experiment using vesicles containing both ANTS and DPX. It was observed that
the fusion occurred to the liquid-phase of the inner layer only. The fusion behaviors were very similar for both solid and
liquid of the outer layer. However, the leakage was faster for the solid-phase outer-layer than the liquid-phase outer-
layer. The difference in the leakage seems to be caused by the lipid concentration and the lateral diffusivity in the layer.
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2.4 o

2-1. B|Z& M=

Dioeloylphosphatidylcholine (DOPC), Dioeloylphosphatidic acid
(DOPA), Dipalmitoylphosphatidylcholine (DPPC), “L2] 32 Dipalm-
itoylphosphatidic acid (DPPA)= Avanti Polar Lipids(Alabaster, AL)=
-¥|, 8-Aminonaphthalene-1,3,6-trisulfonic acid disodium salt (ANTS)
2} p-Xylene-bis(N-pyridinium bromide) (DPX)+= Sigma Aldrich(St.
Louis, MO)ZH-E] 242 7] ¥ Q1) o] AR5 7141 A2
7 glo] nlE ARE-E STt DOPA (22 DPPA)E 10 ml9] tert-butyl
methyl etherl] 10 mg/ml®] F 5= 59101, o}7]o] pH 7.40]1 25
mM ANTS, 40 mM NaCl, 10 mM Tris-HCI2] 100 pl & N& =
7kttt o] €42 50 nm A3-S 2= 78 mm 73] PTFER]| &
HAA v AdS FAgeh 22 WA 0 R B UE S 250 vAks
@/dsh=tl, ANTSEHAIll 90 mM2] DPX, 12.5 mM ANTS®} 45 mM
DPXE 77} golEth ndgo 50 wE FAPIE olg-sto] et
$1Z pH 3019 10 mM Tris-HCIS] 5894 10 mlefl = 3tc}, o] 9}
1§35t DOPC (K= DPPC)7} 10 mg/mlZ 50} fert-butyl
methyl ether & 50 plE FAP]E o]838k] W2wh$ 2 st}
FHF AAH FEE 0.1 mg/mio] Frt FYE = 2PdolA, Bl

A71A o x wntE v Aas o] Zhste Ak g e A4l
(3700xg)E 74 232 7ol A Kok A E] FA Yl
AAA. Lol FTels FARoRA B xHgelo] f5drh

o] Az BlEEAEH O R o] de] dEA] Jlvh24].

2 EEHPA ] gRIE fAsto], v gk A7 o] 747 S
St 7195343 = A0 ELS-8000 (Otsuka Electronics Co.
Ltd, Osaka, Japan)©] ©]- &% 0.1, o]E 93| F 23} terr-butyl
methyl ether®] =9} FHEL ZF2}F 0.23 ¢P and 1.3686°] U} [25].
Z4A47}, v AR 2250 A7 Z47F 75+ 10 nm ¥} 80 + 10 nm

ol o A i o] IF 673

O 7 Yepstt) A 7W3) o] 9lel| s, 2l Ul g et 1
ME3hR= ANTSS] 720 Sl 21 2l 7 Fo] F2sh 3
SHA QFaE ettt 1A Rk, pH 302 wtolxl &) g7l
A] pHzk W gle] =17Fe ANTSS] 3341717} 54

olct.

2-2. QXA EADY 2ol FXIE 2lExE8% Y

QIR AR F 4D (Sigma Aldrich, St. Louis, MO)2] 552 1 nMS
gt} o] de) HRE Y AFATERE, & AP X HAF
TR =2 2HA JAXAEA A ADZ) 1 Mo o] Hshrt
S0 W%y wjio|th20]. ANTS7F 7&ste 2 E5-8 Wallac
Victor3 multi-well fluorometer (Perkin Elmer, Waltham, MA) S =
FEUEFo] St} QAT EAD7}F X3 SFgos 9]
& w9} A7) EFE A 2 T ENS FYT wo] FPA7] 2
o7} #ZFTHA, ANTSS} DPX Aol 9] & gad =2 mjd &2 9]
ANTS F&5 2v|s7 €}, 18|22, ANTSS} DPXV} 217} <
shel A= HER 7 BEE0] 9 4191 A= FiEstE 210
A FFA7)2) WslkE g3t

FAA719 Ta53kE A oo AEES SISt ANTS
<} DPX7} 247+ st g xEE2 S0 st FA7E S
A8laL, 71 Al71E 100%(0% §5hE FUk RFdell, ANTSS} DPX7}
3] 49l Edo] Yt 2 EEHES] S04 SHE e
0%(100% &= =) et 249 =5 v#s)o 2 g,
ANTSS} DPX7}41Q1 2l 8- 27138 3715 0% F==
T AN EADE Tt ARt & A7 S S e
th. ZA W37 YEREA] 942 A1 o] $-of] Tween 2022 %] 2|3}
of 3% Aele] FFA7IE 100% FE& AP E J8ER, &
el 2o A A vE-2 ATt wet haEE AV E S
ate] %o a= Tekal AR FE%E T TOEHA ARES
I Utk FFA7] 5 olglele FArskE B3t 2lxEar]e) 57
o 2RE YEEAF) WekE U 4 9tk

3. 2y 3 nE

AEsE gRlah] S8k o] F3E Ay o] el wharE gl
 A7A e} T UsHAl VERATH20]. pH 3] W&o F -
F71et Soll, FgA718] Mk A w1A] kg, 1, Al
AL M= A e Wbyt A= vk ARG A Aol 2
3} 7bsdo) o R, Fgado] FYEA] obe gl
A3k Aedo] A gl om RS} flas SRl o] Avk=
F3PH TR o7 o] Fo S St

QAR EADO R FHHE Y EHFG e ofe] 7k s
o] Y= 7I1A 7 k. 1 AAEE HEFS o A7, A
/3, B0 F, ol &E e, 12al 23S 7 5] A (Phaseys 1L
e o b R B B K ekl e A= I = )
7go] AalA Sk 18]z, A I S A 9)E T IS
o] el 3 ATrellA 1 Yol P E e ArH21]. A
1 mg/mlelA] 1~10 nMe] JIA AR EAD FEollA BE2HS] T2
W3}l xpo)do] FERA] F9kth. A3 & HARSE -g-ale] o]
25524 NaCl 5 mM¥} CaCl, 1 mMo] 122 | 3ic}, o] K} vk
SEAME aAHgo] WskEl= Zlo] wHEE|SL7] wiitolvth6,27-29].
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Fig. 1. Fluorescence intensity with respect to time for each layer of the vesicle. (a) and (b) are corresponding to the solid and liquid phase of
the outer layer at the solid inner layer, and (c) and (d) are to the solid and liquid phase of the outer layer at the liquid inner layer.

TeER, 7 o b AL e thE QIAbES A E o] Jle R,
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IEL ol5T TERE IHER R 2AES 1)

ANTS?] &3A7]ol th gt A7} Fig. 10f] A= o] Qlct. A3t
kit Al7] 2] M7t S E T Fig. 19] ()2 (b A9 k%
Zoll tisto] upgo] Z¥zt AAV ST} A del ddd we] Aol
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Fig. 2. Distribution change for each phase of the vesicle inner-layer.
(a) is corresponding to the liquid phase and (b) is the solid

phase.
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