YAKUGAKU ZASSHI 131(12) 1765—1779 (2011) © 2011 The Pharmaceutical Society of Japan 1765

—Review—

R EYEO B B LD E S iR
—R 7 W EFIC(C—

b By M

The World Constructed by Self-organization of Some Amphiphils
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The world constructed by self-organization of some amphiphils was discussed on the basis of micelle formation,
vesicle formation, and oriented-nano-wire formation. First, the micelle formation of a both water- and oil- soluble sur-
factant, Aerosol OT, was discussed. Solution states of micelles and monomer were discussed on the basis of thermodi-
namic and NMR spectroscopic analyses of micelle formation. Next, micelle-vesicle transition was discussed. It was
proposed that the phospholipid LUV formation by removing detergents and destruction by adding detergents occurred
via 4 stages. The 4 stage model instead of the 3 stage model could not only elucidate the complicated phenomena ob-
served during micelle-vesicle transition, but predicted the size and properties of the vesicles formed by detergent removal
from mixed micelles. Next, the vesicle formation of a fatty acid with a single hydrophobic chain different from phos-
pholipid, which has two hydorophobic chains, was discussed. The vesicle formation was strongly affected by the
presence of preformed vesicles and the size was biased on the preformed vesicles. It was shown there exist two pass ways
in the process of micelle-vesicle transition by pH jump. One is fission of the preformed vesicles after transfer of
monomers from newly added oleate micelles and the other is transition from the mixed micelles after partial solubiliza-
tion by the oreate micelles. Then, the vesicle formation of HCO-10, which has 3 hydrophobic chains, the mixed vesicle
formation of phosphatidylethanolamine and lysophosphtidylcholine, which can not form vesicles, and the phospholipid
vesicle formation and destruction by removing and adding PEG-lipid, were discussed. Lastly, oriented nano wire forma-
tion of mulamyldipeptid-conjugated lipids with ca 5 nm of diameter was discussed.
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Fig. 1. Rotational Isomers about the C—C Bond in the CH-
CH,COOR Fragment

Table 1. Rotational Correlation Times Calculated from Eq.
(6) and Eq. (7) in Context

Solvent n = (T)) Rad (A) R (1)
D,O 22 1.6X10-10 8.2 3.8X10°10
6.7 2.0X10-10
CD;0D 1 9.5X10~ 11 5.5 8.5X10~ 1
CDCl; 5 4.1X10-10 10 4.5X10-10
CeDg 13 8.1X10-10 11 7.5X10-10
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Fig. 2. Partition Behavior of Octylglucoside between Mem-
brane and Water Phases
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Solid line represents calculated curve from Eq. (9).
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Fig. 3. Partition Behavior of CHAPS between Membrane and Water Phases, Particle Size and Turbidity
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A: Optical Density (OD) at 500 nm, B: Relative Particle Diameter (D,/D,) and C: Order Parameter vs. Total Octylglucoside
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Fig. 6. Size Change of Vesicles in the Process of Adding De-
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Fig. 8. Four Stage Model in the Process of Micelle-vesicle
Transition
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DONFIFI MU w7 ZEFE LN, 450 Luisi 5
X DR D DB R EEMOEFEOB SN S, IE
NN OHCERIIECHEMEE LT, “au-
topoietic self-reproduction” D EF I 2 2 EZ XK L
7o EReNT I EEICHFIET 2 ) X —RE
MEEBAE W T &A%, N2 7 )V D B0 R
Z[REICT 5.

3-1. BIABIEILHADLRI T IILADERE %
LA 2B NU D LMK S IV R L TER
T35 ZOEXDOpHIZ10~11TH3. D3It
JVIRWE % pH 7.5~9.3 Ob—F 221 8.6) 127
ETEIRNNERIIINICEBT S, Z0LEDH
SMUDNRI T INEIET B &R 7 IV RRGEE D
FZLLBEEIND (Fig.9). WEZIEEIINT Y
WERZEEZY —F5E 1/100 RED N 7 )L DE
TR IV R B B 22T %, YEE
HWETETEERS VYA X T2 &, #Hik
WHER LRSIV DOTA XEH SN CDFEIET S
N7 I, 52

—h, TIVIERTHMLEE, &7772a>d
YA X&#H|ET S, 150nmicY A>T L4
AR INWVIZEENOF LA V2 YIVIETRE

Fig. 9. Freeze Fracture Electron Micrographs of Oleate Vesicles 5 min (A) and 1 h (B) after Adding Oleate to Borate Buffer (pH
8.5) and 5min (C) and 1 h (D) after Adding Oleate to Borate Buffer with Preformed Vesicles
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BRI IWVIZEEBINOF LA VI IVERZE A
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B E 1 9IS 5 ERIIZ < Birs. U
FEE N ZIIVITMA 2583 S WA 7)hideh
B THEA 78, F LA X 7)VITIA T
BHENSOWHOXRT T IVZEA, KDREVWRT Y
NWDHETRD (Fig. 10). WFTH L WXV ILE
RO D LD TH B, 39
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Fig. 10. Elution Profiles of Preformed Oleate Vesicles, Phospholipid Vesicles, and Mixed Vesicles after Addition of Oleate Micelles

at Various Molar Ratios
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Fig. 11. Phospholipid Vesicles/Oleate Vesicles or Oleate Micelles Interaction

DEGIVIVENINWRI TN EDL BT EFEE
RLTWEZEMNS, IS VIVRKELRIINATT
ZHNINWRIINVEF LA VEBIZK DRI N
FREIBINEXRIVINVCEBELEDBDTH S
(Fig. 11), 55:56)

HOEMUDRIVIVINEET HEE, FHillTE
HNRIIINEHEMNUDELET BN IV
WIRIZH DT LA BPBD, NN HHLT
TEREHDTHD. ZOT7O0RAFFHL1 VEIL
WISRI D WVICERT BT O AL 0D +43En,. F
HZICTEDRI I NIEHHEED LD T
OYA X&KL Tnd, —HEZEDILIVIEKE
MA=%6, X 7)VvE—WaEbkl 4 L1 g
I XEF L1 2B/ RERGI I hs XY
IIVICERLEZHDTHD. miFENTOEXT
RKEBNRITIVERRL, BEIEZENT O ZT/A
SR VIV EKT S (Fig. 12), 3559

33. NV IWHERDEBNFBIT O A

2RIV DB FEITIE T < e frhbh T
723, N7 IV RR D B F R AT Z 5l A 7= i 7
W, RIZIIFIBIVICHEXRTE2EH-NRESRD
INEWSUV THEFITET S, ZOHBAEXT I
ZEORIE2MHER HED U THO ONEYET

Possible mechanism

Transfer of oleate molecules to phospholipid vesicles

Sox lumo;‘e . O
¥ O . OO

9 Oo
27 Q9o TN . .

Solubilization of phospholipid vesicles

Fig. 12. Possible Mechanism of Self Replication of Oleate
Vesicles
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Lo T
Ap=pd—ud=RT In Cp, (13)

EBRIIXRI VIV ERHRT 52 & Tirbn/z. £H
R OWPE X VEEANRS 7 IVIERIEE % AfED 0
250X < (FREEEDORIRBEEL Thizwn) £
HEREPEHLEEZA, 255CITBVWT Aud=—17.5
kJmol~!, AH®= 14.9kJmol~!, AS°=75JK"!
mol ! Tho/z. AHIZIWATHY, IILEkE
[k, REBREOLY O =R 7 JLIERKRDEK
}ITHBDZENDn5S.

A XOHPREZHRZEZ S, LUV LD H SUV
DHTE/ R—EMRENEGNWI &S LUV Q5N
BANZENC K ORETHD ZENHEHTE S,

4. ZOMELKD D WREETF DO 7 IILFK

41. RXT7FPLITH /LT I/ K
A7 7F2Na) DRI IIFRS RAT 7
FONLEY J—=IV7 2 IMERH NS <, AF
HIFI) N BOBEREED GV, —F, 1 A8H
DUYRATyF )l NIAHETIIVEEK
U, BEzrvE L XA3ERICH U TR ER 2/ 3
LHZENAENTVWS, LALZOWEZRESLT
KIZHHT 2 EHBREEE AT 5 2 0 TR VIV %
BT 5. EEBREL, NS0T, BT Cl
LT3 100 %cms™ ! DA —4—T, ®AT 7 F
Dhay > X0 —HEESWAAIILEL > DXDIZ
R RENWSFIIH L TEEZR 7y F2)ay >
CHBREDOEBFREE, o CTREEDOSWVNY
Y—HEZ AT % (Table 3). NMR IZXuE, X
)V OIRE DR AIEIESFRT, VIKRAT 7 F I
JY DRAMINC L T .

4-2. PEGHipid C LD RLVILDODEKER
g6 RKUIFL ) a=)NEIKEBAKAE
2RE, URY—LAZINTHETDZZEITXOHM
MNP RICK D Z KN, MERPFTOU R —L4
FHmMEL < HWET DD TYRY —LO DDS FIH

KBWTIAKHWSLNTWNDS, 485 RY TFL 7
A=)V THBEI LIRS HEELT, BEZTY >
F1—12 U7z PEG-lipid " LIF LITHWSE N S.
PEG-lipid I3z H S HEEME TH D, U M5
BRI 7O EEICREREEEZB X
9. M3EEENS LEMEEAK T, KRET
TR 7 IV HOREZ S REEZEHD TND
£S5 THh%. U gHE/PEG-lipid & & IgHE 2 /K IZ
50T % & PEG-lipid QRS IR TRI 7 )LD
A XHDNELBD, RITIVMIIVF T AT —Mn
S5FVIITAT—=IBD. BENT VIV EHEE—R/
I nE, YA ADNEIL 25 ERRFICHZICD &
DRERTIINVEDBRENIZITAT =TT )V
MAERRT 5 (Fig. 13). /KR, BEAKMIZESED
RzgEl, MENPEGICXDEEEINZHDEE
A6N5. BNV —REICHT 8L, 7h—
L2 BUKEHIC L D B2 %, DSPE-PEG TI3EE
KEMICTHENY Y —fE2ETFIE50, 28D
cholesterol-PEG [FEED /N ¥ —HEZE & 5. choles-
terol-PEG O &I N Y Y —HEIZEK T 9 5.
4-3. HCO-10 DX 7 LK HCO-10 (Poly-
oxyethylene (10) hydrogenated caster oil ether) I3
IARHER T MBI EA A > G TH 2.
KIZHET B EXRT 7 IVIROEERERT 2 Z &
A% Horiuchi 512 & D # T /. 660 HCO-10 1F[E
BIZHWSENTWS Z &G, DDS I EH O Rt
5, MaytEzifEx, UCIEEXDRLEZXRI V)&
g U7z, HCO-10 {3 #IT X D g5 XA 230
nm ON V)V EFKL, U CEEOEES & FEERMN
JEAMIZE DY A DT Nu[ETho7/=. Lnl,
AT IR D & XS 7V AHHE X MR & LT
SBEL . Cll A F 2 OF i E E T k=2.46 X
1073s71, JbtA > OFEEEEERIT k=579X
1075s L TP L > F >RV IVDFENL DEND
—TEDONUY—HREHFT DI ENbno Tz, BUKH

Table 3. Permeation of Cl~ and Calcein from PE/LysoPC Mixed Vesicles and PC Vesicles

Vesicles permeation PE : LPC PC
-1 -1
k(s~1) or p(cms—1) 5:1 5:3 5:4
extruded k for CI- 1.2X1073 3.8X10-3 4.1X1073 4.7X1073 2.0X10-¢4
k for calcein 2.7X1073 1.7X10°3 1.5X10°3 2.7X10°3
sonicated k for C1~ 8.9X10~4 9.6X10~4 6.0X10~4 8.2X1074 1.1X10~4

p for Cl~

3.6X10710 3.5X10710 2.0X1071° 3.7X107'0 53X10°!1
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Freeze-fracture electron micrographs

DSPE-PEG2000
concentration

Before freeze-thaw

0mol% [

1 mol%

5 mol%

After S cycles freeze-thaw  After 35 cycles freeze-thaw

Bar =200 nm

Fig. 13. Freeze-fracture Electron Micrographs of Egg-PC Vesicles Cantaining 0-5 mol% DSPE-PEG2000 before (a) and after 5 (b)

and 35 (c) Cycles of Freeze-thawing
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P4 X LR EEZRL, o< DRI IE
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IV I REIC TR o 72, O

5. MDP FEHAKD DL ZERMT /MR

LT INIRTF RIIREIERZET 5 HR/NEAL
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FH LI 1A 2OFEFERITVIFOT7Y
AN RELTHKSINEZBDT, 12> 7)Y
ANTHET 7 F > OFRIEICHIA S T E 72,70 [l i
HEHL, Kb TH 2 QEGS 2EERERRT 5.
B30-MDP [FHMTAHY TT AT =X 7 )V ER
L, UVIBEEDEATIMERS 7V 2BKRT
5., —HZD7 I RIKTHS DV-7401 IF & EBRD
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ERIDEBDZEVWEBROBERNPBHIEINS.

SIHICI0 HfEREETIMARL THER IS EERES
nmm BEOEH B KEDT 1 T AN HiE 2nE
Kans (Fig. 14). BHEHISNDZEEE, H—-RE
BEFFDTATANDRTHDZ ENDMND. 41
FTOEIM2-3mm THDH I ERDKMSHHL -
ZEEEZDHEZDOEEIT H BOESERNERIZ
MO HREDEZALND, MK THEN, &
— CHEERIZHU Tz, BEEK mm OO k> F)LNT
ECWHZ LIRS, /707 /700—07FITH
WTIE, B—7aF Jfif (—KkooiH) 2D<5%52&
WIERICHEET, BET T L —REHWTITDON
TW2, 22T, mBEEYE O CHAEIZX
D727 L—hraLT, H—REMEST  MROE
FRINHRETH D L &R L

EHYIC

TP O B AR I K B i KA E B Bk
1%, AR, BRTE20TFZ0b00FICES
ROREZRETDHRFNETENTNS,
EHERNEEERBICH D & &, TOMEOME
BEAERR, R, EEHETIUTRI NI TS
ICIRE S NS, —HEEEIZRY, AFHEZER
REEICHD &&, TOMECHEREIL, FEoR ¥
U TRREINT, 7Ot 2ITEkFE LU EE RN
EREVELET S, HOAELREBRRENS XD IR
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Fig. 14. Electron Micrograph of Nano Wire Formed of Mulamyldipeptid-conjugated Lipids and Possible Model of Molecular Or-

ganization

IWF—DVIRREICE S & &, I M bT
FIVF—=PMRETIUL, EANBRESRT, b DHEH
DHIPH T OGS HEIZA LT, “EELLTHK
bhd. FlzE, K, £EEMEOMT, RMTo
SrEL SR S RAL T B,

AW TR, IO, BN TFEREICHZ I
JVISHE (FREADIZ 1R 1I2DWTHRW, Ric, &4
TR UEREITEE LG DN 7 IV BcR GHELIC
28D ZED Y, SR heXRIIIVICEBET S
BEART 7)) ORESCHEZRET 2R TFITDONTE
KL HWT, XITIVBREHEEE U THRW
BNt 2l A7z, migic, H—7s R
BT Mg, BHOMMRMIZ KD R LS
5Z&%RLUI

BT AiFe e Do R%E5 A THWEZH
RIRF D IEMGERET B DA H TEH VL X
9. ORWFZEIE, BAR, HIEIEESLA, BA g
A FUMEFIESe4E, Tanford S DM WEIE L,
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