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Abstract : Liposome (lipid bilayer membrane) and micelle are small assemblies of amphiphatic
molecules (lipids and surfactants) organized in aqueous phase, and offer promising prospects of under-
standing complex natures of biological membrane and for pharmaceutical and pharmacological uses.
These molecular assemblies provide extensive varieties of micro-sized environment (microenvironments)
and have great effects on chemical equilibria, kinetics and structure formation of membrane.

In this article, the interpretations for 4 factors characterizing microenviroment, 7. e. micropolarity,
microviscosity, surface potential and membrane potential are given. The effects of these factors on

the functions of liposome, micelle and biological membrane are also reviewed briefly.
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Fig. 1 Schematic presentations of liposome (lipid bilayer membrane) and micelle
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Fig. 2 iz b 7% D ®BFHK, methylene blue (MB) & 3,3'-dipropyl-2,2'-thiadicarbocyanine (diS-Ca(5))
KIER (PH=7.3) 1T, ORI Y HHBHINI x4 27 > 57002 ) v (PS) TRRINTI YR Y = 4 2L
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Fig. 2 A (a) MB spectral change upon B (@) DiS-Cs (5) spectral change upon
addition of PS membrane. The me- addition of PS membrane. The medium
dium contains 1 mM Tris-HCI and contains 1 mM Tris-HCI and 0.73 #M of
2uM of MB at pH 7.3, 25°C. The diS-Cs (5) at pH 7.3, 25°C. The amount
amount of lipid added (in gg/1 ml of (dried) lipid added (in xg/lml of me-
of medium): (1) 0; (2) 0.38; (3)0.70; dium): (1) 0; (2) 0.06; (3)0.126; (4) 0.190;
4) 1.85; (5) 2.04; (6) 2.60; (7) 3.21; (5) 0.252; (6) 0.315. (b) DiS-Ca (5) spectral
(8) 3.84; (9) 4.47. (b) MB spectral change upon addition of NaCl. 0.315 pg
change upon addition of NaCl. 4. PS/ml. The medium is the same as that
47pg PS/ml. The medium is the on the (a) except for the concentration
same as that on the (a) except for of NaCl. [NaCl]:(1) 0; (2) 2; (3) 4; ()
concentration of NaCl. [NaCl]: (1) 14; (5) 24; (6) 54; (7) 104 (in mM)

0; (2 1; (38) 2; (4) 4 (in mM).
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Fig. 3 Dye spectral change upon addition of PS membranes.
The medium contains 1 mM Tris-HCI at pH 7.3, 25°C.
(@ 2 pM MB with (1) 0; (2) 15; (8) 150 #g PS/ml. (b) 3 M
diS-Cs (5) with (1) 0; (2) 2.7; (3) 20 pg PS/ml.
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PS2HFE (VR —a) iwhnF+ 8D MB ® diS-Ca(s) kSR & b g L, BRE-BAELIIZDTH
%019 NaCl ZiEiNd 2 EHEMTIH18E D, AHRGBRCHEREKL L TEIN, RIS FRRCEET 3, @k
DEHRTZRASh TV AEER, Fig.3 itk vBbbicdnd, T4hbdb, KEKRHDD MB ® diS-Cs (5) ic PS
YRV = A RBRRMT S L, —BEBRE_RELINEHRE, ZhE L@y ®Y - slRTHERIN, =
BA—BEEKROHEICEHSTN T, Fig. 3 ®OMB, diS-Cs (5) it D TD R bV Lid/KBKADBERM
B, 22 b3 YRV - 2RPOMBRICZNZNL 58 DTH %, diS-Cs (5) DR, BEHDARI V3
OFIB AR ER, KPOHL D EREMIC 7 L TWb, MB OHE, 20Oy 7 MI/DE L,

Table 1 {zMB, diS-Cs (5) X &1z 9-aminoacridine(9-AA)IZ DT, A DA T ORNGBAREE (1 max)
EHEIE OB 2R D T/NT 2 — 4~ (FEE ¢ © Reichardt-Dimorth OEr6)) DBAE %2R L 12,19 ¢ @ Table 1

Table 1 Solvent effects on the absorption maxima, 2 max of cationic dyes
l Dielectric } Er 60 y 2 max/nm
Solvent | P e ] )
|  Constant Kcal/mole MB DiS-Cs (5) 9-AA
H.0(1 mM TrisHCL pH 7.3) | 78.5  «  63.1 664 648 422.5
methanol ; 32.6 56.3 653 653.8 423.5
ethanol , 24.5 51.9 | 655 656 424.5
1-propanol ! 20.1 | 50.7 655.8 657.5 425
1-octanol | 10.3 i i 658 662 426.5
benzene 2.3 | 34.5 . 659.8 672 428
hexane 1.9 ; 30.9 § * 675%k 430%*
methanol-H20 mixtures ! i )
Wheon=>0 78.5 63.1 ; 664 648 422.5
0.13 72.6 | 663.8 650
0.24 67.5 663.5 651
0.30 64.8 j 663 652
0.44 58.4 f 661.5 652.8 423.2
0.50 55.6 660
0.56 i 52.8 . 658.5 653.3
0.66 ] 48.2 | 657.5 653.5
0.79 41.8 | 655.5 653.5
1 32.6 56.3 653 653.8 423.5
methanol-aqueous 5 M NaCl
mixtures
wumeoun=0 | 35 ‘ 668 * 423.5
0.13 | i | 669 653.5 424
0.24 | . 668.5 654.5 424.2
0. 30k ‘ 1 668 654.8 424.2
0. 38k | 665, 655 424
0. 44k % | 663.5 655 424

* insoluble. ** rapid bleachings were observed. *¥¥ methanol + aqueous 4 M NaCl

24 30T,

YRV — AR 2IVHO MB, diS-Cs (5) 8L 9-AA OWINBAKE LD, ZhbDOEEDE
BOBEPN OB HHHFEL ¢ &L TRY, Table 2 ITRU 1219 MB i Y RV — AR 3 2 VRO B EED
BB (e =56~68) 1T, diS-Cs (5) IEMMEDHEE (¢ =7.5~13.5) KM DIAENS T LD 2o FEMIZE
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Table 2 Absorption maxima, 2 max, of cationic dye monomers and effective dielectric

constants, ¢, in membrane and micelle

. MB } DiS-Cs (5) | 9-AA
Membrane and Micelle T T — ——
2 max/nm ¢ 4 max/nm ¢ A max/nm ¢
_ % ]
Phosphatidylcholine (PC) (11 mM) 663 68 ; 663 8.5 423—424%
. B _ |
Phosphatidylserine (PS) |
662.8 65 I 664 7.5 424.8 20.5
(0.03—0.21 mM) J
Phosphatidic acid (PA)
663 68 663 8.5 424 27
(0.03—0.21 mM) |
] | o S R
Phosphatidid acid (PA) | !
663 68 :
(0.21 mM, pH 10) | i
O S e S
|
Heptaethylene glycol monododecyl ;
663.5 63 ‘ 663.5 8.0 423.6 33.5
ether (HED) (20 mM) i
- L i
Sodium tetradecyl sulfate (STS) | | ‘
665, 5%* ’ 660 13.5 I 424.5 23.0
(10 mM) } ‘
Disodium hexadecyl phosphate :

. 661.5 56 j ‘
(SHP) (10 mM, pH 10) | |
| i j

¥ Jess accurate because of appreciable turbidity
¥k the close value of imax is obtained in aqueous solution of 2 M NaCl
The concentrations of MB, diS-Cs (5) and 9-AA used are 2,3 and 2x10-8 M, respectively.

~ods, Fige 1 O 5 bAELC EBERINSG, COXIRLUT, MB REDCKE IS T 5 VBB
DHNEEAEZNT EDS, diS-Cs (6) FEOPIBICI DA Z BB BEESE N EVD» B, F12, MB REORE
i (surface potential) O Fr—7¢ LT, diS-Cs (5) FETHR T O NIIKBRIEIOENZE, TiobbEEN

(membrane potential) D7 e —FEUTHWONABZ Ldbd b, £, 9-AA XBETRTH NI KBREHD
PH OEDHEIRAVEN S, CNHD 3 DIk, HTHBRNEH, EERFEOBEEL B EI OV ICESMENLET
bY, EHYBEENBEOSEFIIN DI T3,

TCT, 7 uifEErRb T iORAVCIEIRER ¢ w8 dsa 2y b2BIL LS. FEERLVIBIEAE
g, H—-sEEORENMRICEO TN, EROERICETI I 2 —4—Tdhd, T EVPIXY -2
WIS FUNVOERETHRE L U COREBERT 3RE—LRETH 5 (Fig. 1 2. —75, BRZRY bz
EONNENAEMIZ, BRITLEZOEABEORESFOSFHBEEFAZEDL T 5, LIIW-T, 2CT
BoN2EPFEBE L, ATFRGTOBELIBACATEERN - OHEFRAOHS 2, FEELVIERN/ T £
— & —TEXHATIHML 12 effective LB EZARILL S 201319 KIFKADESP, I L VA TOGBEEEED
FOEIEMIZ, polarization-dipole, dipole-dipole Dz KFERE A2 EBE QAL L 520 CORL T 7 n il
PHERTEDTIIE, KERESEREOART VA, - vDY ) - AREHERE L L CTHVIDOBERTH 5,9

RyEy, ELyRF 741y, IHRELOBHELEDHFRHRMEYD T L VLIRE A CORF 72 5 AL 25 BF 58
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INTW 32, ChsoDEEMIIEALER: 2 VORAEMITIKIYIAEINS T LEP¥Do 5 TE TS W11~
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3. KEBAMEEEN
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KB (surface potential) ik, BRI v DS THEEEKREKBR E OREIHFAET AEEBMIC L HE
REINZHBEHRT > v v Th b, Fig- 4 WRINB L5, MB 2V RV - AL (HEGEHKP), BHES
NZ&d 2 (CZEMER Kd)o DEEHPIEOATENLZIR (BUKHEHR) ks Po 0L, REEANCX
SR exp(-e ¢/kT) OHEE L THEDINS 2 e BFEEM, kR FVY T UERTD 5,
P=Po exp(-e ¢/kT) M
Po i3 EBIICTIIEEHNTHEED Y B Y — LE~D MB OSFRZEHTH D, PREMEH 2H OBE~OHEEKTH
%o Fig.2 @ MB OAIEE% Fig. 4 iU eS0T 2 &, BB ¢ (mV) RO b KE %0
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Fig. 4 Partition and dimerization equilibria of MB in aqueous membrane system.
P : partition coefficient between aqueous and membrane phase,

K4 : dimerization constant in membrane
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Fig. 5 Surface potential of lipid mem-
brane (liposome) presented as a
function of mole fraction of acidic
lipid. The broken and solid lines
indicate the theoretical values es- o
timated from the electrical double _sold \ , | |
layer theory. a : dissociation coef- 0 4 8 2 16
ficient of head group J 1 mM
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Fig. 6 Variation of surface potential of lipid membrane
(liposome) with ionic strength J. The solid lines
present the theoretical values for the a value in-
dicated.
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TZOEEBRELSENMT S5 2 2 v ) RY - 2 EIRN VAT N EREROLTEE 2Z A 55, E%ﬁai&%@
BHEE ¢ &, 2O ¢ OEPVEELRFRLZTHA9. iz, HEREDOH 2BODZEER BRELPRE) &EH
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3-2 &N

JEEE, (membrane potential) (ZRDANDKEKREDENZETH %o Fig. 7R T X 51T, BEN 4E 3O
NENDOERTBA JELE JED, BT, BEADA 4 > OHEIC & H RS © 2 IEEELL 4dEn DFIE L TERDb IO
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Membrane
Outside Inside
l A L . :
»ES AE—AED+AEM—AED

Fig. 7 Electrical potential profile across the red blood cell membrane.
4E} is the surface potential between outer and bulk medium, 4Ey
is the diffusion potential through the membrane, AEI‘) is the sur-
face potential between the inner surface and the cell interior, and
4E is the (trans) membrane potential.
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Fit,
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Fig. 8 Relationships between selective permeability of ion and membrane potential
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THB COBZ4 4 OBEERRPEND I b o —ovid, AEREORABETD 2158 2 DTFESA + R
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4. T oOH

Fig. 9 1T 3,3'-dialkyl-2,2"-carbothiacyanine D& %2R 12, C OEIRKILET ORIEIRE TR TRU IR
FEFITBNT, » BTHENET LS TREESTTERICY 3,27 BT ORLREIX, oLk, CospFHAEIE
EHFL, BF2ANVF -0 HHOEECHRHI TSN 3.5 —F, COFTHRTYULIETORE (—FFH) =

) Nt
N Vv 1 T

CnHzn,,

CrHanag

Cn
Fig. 9 Structure of dialkyl-thiacarbocyanine (Cn :n=2 or 18).

The arrows show the carbon atoms at which electron density
in the m-r* excited state is approximately zero.
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ANVE-D—IEXFEULTHHEINSE Ta 2 ThH b, LILH - T, HFHEEGIC X 5BFHHHE < 4 v F - DR
O LBHEA~ORNBKE L i, 3E0mS GOEIR) KT 5, i, HTHEIEERR, BROFY x5
FEEOHBE O L Y EEZT 5, COBICUT, VY - 2DBR e VHOBREHED T 7 akkEs, ¥t
IEPBREIToNG. WE, 7ol (GFHEER) 5 —E CHESKE » Th3HERT, ZoBRINK
P ¢ 2R TR, NODOREFRMBELSN 5.0

(1/¢) = (1/¢0) + (1/A) (kT/7) )
TTT, o IIEEEDH 5 ARBIHEP TCOUNNETH 5. Ak, HSFHEEICBEFRET IEREORE IZRT /S
TRA=E=Thb, BRICHEBEL TV 2807 vF VI EL T, 2AKD ethyl ZE2HVIRLD, 2EXORHD
octadecyl 2NV HEVBARKEL LD LIZHST, BEDHY, Bk 250 FAREOIMHNKRE L, ¢
BARELL B0

YRV — b5 2THER I R VHROBROMMNEZHEL, KAL) 72 2HHETI L, T 2 VvPATEIEIKE »
=52 FR7 - X (cp), 10, MEHEORHVKRARED 2 3 FETIE 7--8cp, MEEDEOT IVIRED 2 7FIE
Tik 7==33 cP KAEMBA OGNS0 K EDHY—EHTIZ 7= 1cp BELDT, 2 ARV XY - 2D /0
KO C &5 B 6D ‘

I ukiTN T A a4 0 b REBRNRE S, I eEERRDOTHEERART, BELARRERNSYEE To
b0 CC TR -TcDiR, BESFORREEICHT 2 AHEOHEBEDSFEONFHRHEEERC L 2 ETh
b0 LOMBRONENUEMBLVFMGEL, BIEELL TERLILOTH S, I 7 oksEOlEX, $ic NMR
% ESR DEFMZHE LM MICHNE ORFRISMRIED & 3 22 SN T 5890 MRRERIEE DB S, MEiZ 50
FEESTEAROEEKICN T 2 EEDOEBEDHEEE Th 5,

BHE 2 FIRPAERKED R 7 e BB REINEL, ROBRBIUKET 5. BaciZ sy VIRRE & 0 5 B DK IR
&, BERBE W) REMEDR VIREDSH 5. COHRBHOEBRFBEOBECHEERZEZEASL LY, BEETHS
3, CHIRDVTOERRRTRNTHET S, L, FEKEOIEESAERRE CREEREBICH 2, HlAE,
KE T CRE SN ICEROAEKKORE R, KR THHRBHREBICS 5 &5 LHRITE 505 i & FRE T [ U
OET b EDOIREMRIER L 5D TH %,

5. I/NBROABFBIRICICHT 2HE

HTHE SN 52 EFOBE (BGETRKIE) &, HEFAIORE, WHRHA L BTFRANRE OMLEARD 1 + o WKk
L EDBBEZZATNSS™ b DBERBZEHOMERLZZIPTL, LIWoT, VRV -4 2V TOETF
BERIGE, 27 oREOPRE2RATICHHBELIDTH 2.0 F1z, ChEOFBRIE, EERRORBRMETIIG
AT HELOHMRARE5A2 & /BINTV S,
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Fig. 10 iz 3, 3'-dialkyl-2, 2’~thiacarbocyanine (diS-Cs (5) D THIKE L) D 2ED 7 VFVESL = F U
FEEURED (C2) PREDF 7 27 vvdicUzd D (Cis) 2IEA X HD T v (HED) lhiAZEE, T
N 72Je@Al & U T, EDTA —> methyl viologen (MV2Y) OB FBEIZHEEL 1R 2R T MENIAERL 12
methyl viologen @ 7 v & (MVT) OBEE%Z, fIIICRKHEZRL Thb, OB, XEBIER2E &
# C2 ® Cis OERREBOLERENEETH 5, FIOBETHRNIZL YT, T 2P TEEREEISE L, C2 % Cis
O FAREESIH S, BIREBEZELIN S, $12, T 2VRKBKB I D BYHFBRBEL, Chd i
RERZEMTZ GROD 90 BRE LKD) BOTMFVENS 2EEEL T3 Cis i, 3 2 VHDOEREEDR)
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REIDEIZY, SEBIVBLR22E08b» %, VRY - AFEARTH LIRS REIN S ™

0 10 20 30 40
Irradiation Time , min.

Fig. 10 Time course of methyl viologen cation radical, MV, production.
1:Cis in 20 mM HED micelle as sensitizer, 2 : C2 in 20 mM HED
micelle as sensitizer, 3 : C2 in aqueous phase as sensitizer

52 I/ OEEEPEREOBHROSS hibA U REICHT ZHR

B2 S NI HREH &L BTFRAGREBEESHK (NTrodov-) 2RBRL, BHEBE, 79 2Vv4 5o ~ORHE
DEBPB DT A X BEEZ: vVR)RY - 2B 33 7 ofilk, RAOBHOBICEIVKREISEE » 5
5010,75,'{6)

A & U T tetraphenyl porphyrin (TPP) & Z O#FEK, BEFOMESHEEL TiE Tris 2, ZHEELLTT
JEE2H W% Fig. 11 2787, TPP it -SOs~ #2258 %4 L 1z TPPS %, 7% methyl yellow (MY)
&, Thit -S0s™ 2344 L 7o methyl orange (MO) %2Rt 7zo TPES ® MO it A # o ¥ 2HbL, €0

hydrophobic core

ydrophilic mantle

50

Fig. 11 Locations of TPP derivatives (sensitizer) and azo dyes
(electron donors) in HED micelle.
The hydrophilic TPPS and MO are solubilized at rather
polor sites and exhibit higher photoreactivity.

KEMED T & v BHEOE O Y AEh, —F, TFP © MY &3 ¥ VO EEMCIEREDBREICI D AT N
Bo ERUICT U VA X v, ABEORBESFICIIRELINLEVE, T4 U HOBRKENBLY, K
JERETLU 80 T AVA Ly (B TPPT, MY?D) B&EMIN I, —EOBESEEIERIN %,
Fig. 11 0o#4, TPPS-MO ORRNIGH & K #1TT523, TPP-MY 7 —i35fED: 7 o @lBET XTI
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VA F Y DEREEHBC D RTN TPP-MO © TPPS-MY m#lid OG54 (TPPS-MO & TPP-MY)
OHEORIGHE 2R T ORI, BER2FEODTY, T2V EOFTFESARDE CITR bR E R 55 (loca-
tion), IHED T J o BRI TH 20T X DBEREMEDEN T %0 2 BV YR Y — 2D 7 v i, —HBm
i, HMEAIOERIRBZEME 1 F VIR ONT, RSORR 2D, £ 5 HIARINIC L 2001%, A TZHE
Flizk b 3o

YR = AR EVORTDA X LYETH 512, FEA 4 HETHBRE, HERL T v 4 3 o /R EREN
EHREFERL, RIGHELZT 5,7 Fig 12 Y 8V — AP 2 2oVicRh Ao TPP-MO R 2flic & h 7R T,

Fig. 12 Effects of surface charge on ion dissociation
of heteroeximer as (TPP-MO-)* —» TPPt+ +
MO:2-
KRG TPP+MO-——>TPP++MO? - &sfde, KIZTIEHED MO?2 - BRI IEEH 2225, —ERHE
sl x o 6, BERO TPPT LHEET 5. REEMVADR, MOZ- @ NcHUE ShRIGHET, Fil
WCiliPEA U BFEET AK, 2044 UXOEAAMICE Y, B3 5MORANESEBERINS. ALIEDER
VPR O AMICEEE SN TV AR (Vv oy 20FE) BHOMR AL -2 Thb, AL, 7VFVS A%
A D& e NVERETEAA S ORBSHEDHS, 7 VV4 4L OBEFEVR T RIEHHETL 20
BOREELACTRIERTL 2B 25K, BFEEAZAL O TCRATAIEL S LWV, O, FEMIZX
BZECES OB 2RI 5DIIBETHH,B™ LERNBEBTFEENCN T 2 BEEMOHROAMABBEL SN TV 5,

6.
BREL 2 YFHE (VK = 2) ® 3 LM KEERICER S NI TFEAKTH b, BA, MRS X oL
BRBE R RIS 5. C ORI A NI TR, KB & R B EROBEE AT C TR, X
2 T AR A 2 T D BTBIR L T 3 120 3 7 nEBOMER, 35K ERHAOHRRICHAT TN s n
580 B AENBATEL TR, MEPL 72—, & bICERMIET BN bo BECL 74— LI
PO eI RSB DT L~V CORBEIE, %12, B MOMEEMERROIEN, WA
DIEHLEETH Y, EEEEKICBOTECELOBEIINIMETH 5, 5%, ZHm» 5 OESIEIN %,
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