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2 < L-o-lecithin vesicle, bacteriorhodopsin@®BR) 222 1x|3E )74 BR vesicle(InBR vesicle)
8] z}zhe] 4ol methylene blue(MB)9] &+43& 20T 60C7HA FT¥PPLE FA3A
A vesicledlH F& FE2 MBo @9)A2} o @A Alole] Y E o)1F%3, TFE2] MBE oligomers
yAdskdch hR-E2) Aol AA(vesicle)?] FE7} oBS- FokAE Y AR AN Sk WG
MB 5% BRE 718 W FF=u)(a/p)= 43 oligomer?t F A 54 ck. MB+ InBR vesicles) A}3te)
25 B304 FAE8|(a/p)7t 27y XA vesicled e Ae)d] T3t o] InBR vesicle
9 $l¢lA 33k3le MB EAE2 29 AHAeld] d3-g ol A2 AR He 7o Al

ABSTRACT. Absorption properties of methylene blue (MB) in L-o-lecithin vesicle, bacteriorhodopsin
and incorporated bacteriorhodopsin{InBR) vesicle systems at 20~60C has been studied by adsorption
spectroscopy. The equilibrium of MB between monomer and dimer in lecithin vesicles has been existed
at low concentration of MB, but oligomer has been formed in vesicle at higher concentration of MB.
In most cases, the MB cluster was redistributed to monomer at the high concentration of lecithin vesicles.
Adding BR to constant concentration of MB decreased the absorption ratio (a/B) of MB, and MB was
formed oligomeric aggregate. Absorption ratio (a/B) of MB was increased during phase transition of
InBR vesicles, but independent of phase transition of lecithin vesicles. It suggested that aggregate of
MB on the surfaces of InBR vesicles were redistributed to monomer under the influence of lipid phase
transition.
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halobium2 ¥ 52 2934l bacteriorhodopsin
(BR)}& 713t} BR peptide 233 ofv| Al ol
216 %7)4) lysine®} retinale] Schiff based 3
et F3BE A Ik B ¢
A& Rhodopsin(500 nm, £=42000) = Bathorhodo-
psin(543 nm) — Lumirhodopsin{497 nm) - Meta-
rhodopsin 1480 nm) = Metarodopsin I1(380 nm)e]
1, o]F 7kl Metarhedopsin 12 Schiff base lin-
kage7} ¥4A3E|HA Metarodopsin 7} Red.
a12] 3 vesicledl AF+AQ rhodopsin{inBR)S o
Alelol| proton pumping2 #HA] =Hofd A|ZAH| x9)
Za3 A2 dejx Ao}, B2 Yggtely
sheiul Aol g #7194 FAFS] metachromasye|
#g d7e AR2AY Qo) YA Fo2A
714 2e] 7)ol AR g F2Y AEE AT
gleje}l ¥t

£ @74+ BR &Aste|A] MB2| metachro-
masyE Yok, o] FE MB £ 244
AR A vesicleo] £A4% o] MB2] metachromasy S
odFstnA} goh E={ AAAR A5 BR vesi-
clesl A o]Fute] TR A AAAeE Ao
7} dol'd of MB2l metachromasys I3z}
gk

4 H

2i7 X Alek.  Methylene blue, L-a-lecithin(soy
bean), bacteriological peptone, tris(hydroxymethyl)
methylamine, dialysis sack 12| 1 D-Nase & Si-
gmail AEE ARz, NaOH, HCl, KCl, NaCl,
MgS0,, CaCl,, MnSO,, ZnS0,, FeCl, 2283 CuSO,
5< Junseirte] GR3-& #AHAlgle] AHéRck UV/
VIS spectrophotometers= Pye-UnicamAFe] model
SP8-400-& A£32, pH vlel= OrionAk] model
611% AHFled, 2&aplgrle dEA4 20
KHz ultrasonicator& tlX]vl]o}7]=  FisherAl2]
(model 129) shaking water bath(+ 1C)& Al
2]7)% ShimatzuAre} ultracentrifuger® AH-§-3t}

Halobacterium halobium R,2| #j2F 3! BReJ
8], 7 3000m/ A1z}t flaskol| shA]-8-9 1000 m!
(NaCl 250 g, MgSO, 20g, KCI 2g, CaCl, 0.2 g, ba-
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cto-peptone 10 g, MnSO, 3 mg, FeCl; 23 mg, ZnSO,
44mg CuSO, 50 mg}¥& $3, 7)o H-halo-
bium R, € FF3l 100~150 rpm o2 EEr vl
Filact ol 2x= 40CE FHx3lHA 100W
HAHF 4702 WE TARPEA 49 7L vl sl
o] wjF-S 13000 goll A VAL 3 FHEE 7|2
dgo3q) 24|71 ¥ D-Nase 5mg& ¥ 0.1 M-
NaCl &qell 2447 F-4A|Hel. o] A27}
%29 e AN BFEE 40000 gol A 4087} R
At & 45U BRE 9gdcl. 28)i ho-
mogenigerd AH-3}d FULRE FE F UE
WA Relstq HFEe] A BRE Ao, 4T ¢
3= AR HAct

BRS| A4 U MB TR H=E. 0.1 M-tris
base &N pH=75)°] 10 mmol L-a-lecithin2
vortexing¥t &) 2~3% 223 M3ty @
vesicled WHEZ, o] AEH vesicleo} 23 BR £
AL 7 F D522 JAshHA Axgu A
st BRE ATA Alfer 4C o5tz nagch
Tris-buffers] MB#] B34-9-& I1mM= ghE4le
o AAslol] BB o)u At BE F4
A& ol AFHTE AR, 5 o] A-EHch

= % 2

MB % 2x|Fe Ec&z. o2 MB %%

2 2™ Fig 13} ek MB & F7)l
WE o Frme] FHEEc B F5UY FhEol
o § 27 Jepdel o) A& MBe] Fx7}) 371l
oz} o)} YA39-E& <vsts, o% 3 MB
A o% dapRte] 2 v Feur) e}
wek o] A2 ehEa} sjAloligomen® 223 9l
t}. MB2] 58 1.29X10°°ME A3t %2
9] Fx& W A FAE WE Fig 29 1
elfich. A ds MB9 F=0|(lipid]/IMB])7} 60
X)=0.98) ¥ ol A= A A FFxula/B)
7} ©}A] 2719k £33 MB9) 5§ 259X10°°
M2 4% delx 52H)7} 16(X,=094) ¥l A
F}=u7} A Zrlshe Aoz REEg, s
A MB FE(B79X1075M e 587t 14
X,=094) ¥-2olA oligomerel] =g v F5u7}
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Fig. 1. Absorption spectra of MB at 20T; 1: [MB]=
324X107%M, 2:[MB]=647x10"%M, 3:[MB]=129
X107 M, 4 :[MB]=255X10"°M, 5: [MB]=3.79X

107° M, 0.01 M tris- buffer (pH=7.4), path length=10
mm.
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Fig. 2. Absorption spectra of 149X 10-°M MB in L-
a-lecithin vesicle at 20T; 1:X,=0460, 2:X,=0.635,
3:X,=0.723, 4:X,=0.886, 5:X;=0.919, 6: X,=0.966,
7:X=0974, 8:X,=0985 9:X,=0988 10:X,=0991,
11:X,=0993, pH=74 (tris- buffer), X,=[lecithin)/
([lecithin]+ EMB]), path length=10 mm.
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Fig. 3. Absorption spectra of 3.79X107*M MB in L.
a-lecithin vesicle at 20C: 1:X,=0.300, 2 : X,=0.390,
3:X;=0658, 4:X,=0818, 5:X,=0.876, 6 : X;=0.936,
7:X,=0965, 8:X,=0976, pH=74 (tris- buffer), X\=
[lecithin]/({lecithin]+ [MB]), path length=10 mm.

cles] F=7F 713} @} dimers) Aol 3l
Hi, %% 095 olddlAe MB7F monomer®
A ge) g, vz Y MB S vesicled]
57t 2713l G}l 282 oligomer(y F79)71
P59} ol AN o2 A3k dimerr} ¥
4%l MB 55 27A¢Ae NAe)53%e] MB £
2+9] oligomer Ao F& AR EF ATH F=
Aoz gl a2y MBS Fx7h AY dox ve-
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Ego SN sl dove Aoz 4G
k.

Bacteriorhodopsin £8. 3478 713 oG FH-
8] ukE Ap&tZ1]) chondroithin sulfate &35}l
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Fig. 4. Plots of absorption ratio (a/f) of MB as a
function of mole fraction of L-u-lecithin vesicle at 20
Ti O:[MB]=129X10"°M, A :[MB]=2.60X10"*
M, 0):[MB1=379X10"5M, X,=[lecithin]/[lecithin]
+[MB]J).

o}z 4to] polypeptide A3HE o|F BRE ¥al=
7zk 3070 RS olp)xAMMER FAX a-helix
T2 708 D reke g AU £ by
dse] cP!~¥ BRE o A Adjel A4
712 dol proton pumpinge] ‘ieheid, B AY
<4 BR%) F=7} ¢k 73X 107 %Mo) HE 1.5X1073
M InBR vesicle(S m)o 4] ApH/At= 0.001/mine
2 Jeldc}, Fig. 52 1.19X107°M BRejA4 MB2)
Fxiztel) g Fradge=elch MBS E#80)
06 FolA o/p7t HHE el o] o)
2204 MB7F 32 7} @o] £4sin], MB
57 o% A MB A5 zhal7h @ o
£2 oJ{AE YA wigol BRY Eqe |
At oz g9 B4R oS 23T A2
2 A4k Fig. 7). Fig. 6& 129X10°M MB
¥xo4 BR 37lel |E MBS FpaREgolr),
BRe) E¥& 005 #712l€ £-&33(594 nm)o)
A wglon) BR-go]| FrstEA FEFHe| A
3tx ksich olRL a—pey Alo|o] Yo
Ae Zeg MB #a-50] H¥sle BR £419)
FgAele) JAAA AR el A e A
ztgic). BR #-AbolA AeA opw|xibg 2
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Fig. 5. Absorption spectra on the various MB conce-
niration in the presence of 1.19X107°M BR at 20C:
1: Xun=0, 2: Xyp=0.214, 3 : Xyg=0.354, 4 Xyp=
0451, 5:Xup=0522, 6:X\p=0.578, 7:Xuz=0621,
8:Xus=0657, 9:Xup=10.685 10:X=0711, 11:
XM5=0.732, IZ:XMB:0.750. 13:XM}3=0.766, Amp=
[(MBJ/A([BR]+{MB1), pH=74.

2
!

ABSORBANCE

°
°
e

4

WAVELENGTHInm)

Fig. 6. Absorption spectra of 1.29X10~°M MB in the
presence of BR at 20C: 1:Xp=0, 2:Xpr=0.0206,
3: Xpz=0.0406, 4:Xgp=0.0600, 5:Xpr=0.0961, 6:
Xpr=0.160, 7 : Xeg=0.215, 8: Xpzr=10.264, 9: Xpg=
0.307, 10 : Xpr=0.380, 11 : Xgr=0.439, 12 : Xgr=0.463,
13: Xpe=0489, 14:Xp=0.529, Xpr=[BR]/((BR]+
[MB]), pH=74.

Fof Fold sto] APAALE o5, 254 o}
olxxARSe BR Ext9] upgFe] FoiA =9 pro-
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Fig. 7. Plots of absorption ratio (¢/B) of MB as a
function of mole fraction of MB and BR in the prese-
nce of 1.19X10°°M BR (O) and 129x105M MB
(&), Xus=[MBI/([BR]+[MB]), Xer=[BRJA[BR]
+[MBD), respectively, pH=74.

teolipid 53 A4 43288 A rKinside-
out HeB, 22|22 MB $AE-& peptide AF
Akg Fd] EA7 = ApA opn) Al HHo4
B} go] AYsA € Aok FEE] 005 ©)
Aol avt B F5ue G A oS g S
Fravt 24 Z71skddch )7 BRel Al
chondrothin sulfated] ®ls] MB -£A-52] 3|3hA|
YL ¥ ZAA7, Auated Bele J-2¥
A9 Femzh elA] g ez Hol o)A
o]4ke] HFAE HAY ZleE Rk =Y dH
Aol A9} Faule) F718-2 BRY F40 2 (500
nm; £=42000M 'em™Y) ZF7lekEc} 2A el
tiFig. 69 29 =% 10; [BR]=34X10"°M). Fig.
8L AAAZ A}FARE InBR vesicled] = 37}
ol P& 1.29X10-5M MBS F529Eolc}, Fig.
63} 8 FE-&) th¥ o/BF Fig. 99 247 23t
Fig. 8414 MBel ¥=7 Ad4¥ « InBRe] 37}
3ol met v Faazt Z71eiA 594 nmellA 5
F 34} A Y=t QA A<l A7+43% BR(InBR)
< integrated protein®]2Z §2] BRel vl F3
Ao gkl Ao 2 InBR vesicledl 4] MB
A2 AAY ApA FEA B} FRHoR
A3t BRe A4 HEAHN g2 APNE 2
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Fig 8. Absorption spectra of 1.29X10-°M MB in the
presence of incorporated BR-L-a-lecithin vesicle at
20C: 1: Xiar=10.369, 2 : Xiner=0.506, 3 : X,pr=0:635,
4 Xpr=0.744, 5 Xx=0839, 6:X.,.:x=0883 7:
X1er=0.933, 8: X1gr=0.968, 9 : X|,pr=0.977, 10:
Xiner=0.982, 11: X,,pr=0.985, 12:X,ge=0.987, 13:
Xiipr=0.990, 14 : Xi.pr=0.991, X.ez =[InBR1/([InBR)]
+[MB)), pH=74.
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Fig. 9. Plots of absorption ratio (a/B) of 1.29X10"5M
MB as a function of mole fraction of BR (Q) and
InBR vesicle (A) at 20¢

AslAl 8 ZolEE ¥ InBR vesicle FxoA
o B JEzAYARE o] FA He Ao P
"} MB #2152 #2] BR3} u]i¥# of InBR ve-
sicleo]] 4} monomer-dimer<>oligomer §3o) 2 o)
FoA e Aoz 2o}, =3 Fig. 49} v, Fig,
9otE  EF-EFX = [InBRIA[MB]+[InBR]))

Journat of the Korean Chemical Sociely



Metachromasy, Bacteriorhodopsin, Vesicle 509

1
_ 184
a
8
2 A
£
=1
S
5 144
Q
3
<
1‘0 L] v b i L]
150 - 35.0 55.0

Temperature (C)
Fig. 10. Temperature dependences of absorption ra-
tio (a/B) of 3.64X10°°M MB (O) and 245X10° M
MB (A) in the presence of 3.75X 107 M L-a-lecithin
vesicle, pH=74 (tris- buffer).

095 oldolA o/p7t THA F7IEHA W AR
vebdch o] BR ¥2 $14l ¢]v] 349 MB
23} 3)¥M= InBR vesicled A v]-¢ <3 s}s]o]
L-a-tecithin vesiclesl) B]s] 212 A-2uh7} FA
dolitz| e Ao Pzt

2%, Fig 100 [lecithin] =3.75X107*M
o2 MB2) ¥57} 22k 364X 1075 M=} 245X 1073
M o %o Wy FFEele/pE Jehideh
5 7% L-o-lecithin®] 41l dipalmitoyl phos-
phatidyl choline®] 4Hdo] LE(38~42C)el" =27
od3kg wkz ¢istty. MB =] g-odofj kol
&t a/pe Fig. 10d 813 oh§- kg Fdle R
vehdo}’, =3k f7]400 e Ay 32X
1075 M lecithin vesicleoll 2] 45X107°M MB2}
o) thE o/ Mo HME Fig. 100 v]s§ ¥
23 9y Ao AU, )AL E A
oo HAH 2L} Mg o A ER vesicle B
L7)4o] Zupge AZY vesicleol vl =27
w o) o)Z=ute] $ET7} VI wfel we)
A4 324 HPste MB 2359 B0
& dgg F3] E3A, B vesicled] A<l
»u7) E7] g Aog Y29t 2212 MBS
el d o] Fu)667 nmht olgA 9] Fu(612
nm)& HlZA @upgel BRY) $59(540 nm °]3h
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Fig 11. Temperature dependences of absorption ra-
tio (a/B) of 1.60X10-°M MB in the presence of 1.12
X107 M InBR vesicle (O) and 2.93X107°M InBR
vesicle (n).
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MB FxzleH MB ¥x5& BRY F%71 %7}
o weh AL o)A} PYL A o]fA)
4 AN S8 YA} InBR vesicle &
Azt A MB A5 S ©)3kAs) oligo-
mer?} Y& o}Fg)on), lecithin vesicieol ]3]
cHEA A 3HE AF39F B At ch InBR vesicled)]
A MB EAESL vesicled] Ao 2xdA ¥
=u)(a/B)7t E71812r} lecithin vesicled| A A}
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vesiclel A BR 24}o] 2 3}=]e} Il MB ¥A15-&
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oA LA Z vesicled] AAEBwo NBujEE
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