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Comparative Sfudy on the Transport Characteristics of Canalicular Liver Plasma
Membrane Vesicles Prepared by Two Different Methods
Im-Sook Song, Suk-Jae Chung and Chang-Koo Shim'

College of Pharmacy, Seoul National University, Seoul 151-742, Korea
(Received January 21, 1999)

ABSTRACT—Canalicular liver plasma membrane vesicles (cLPM) were prepared according to two different methods (Inoue
method and Meier method), and were evaluated for their protein yield, enzyme activity and transport characteristics. No dif-
ference was found between the methods in the protein yield (i.e., 0.1420.031 and 0.1520.050 mg/g liver for Inoue method
and Meier method, respectively). The activity of alkaline phosphatase, a marker enzyme of canalicular membrane, was sig-
nificantly (P<0.05) higher in the vesicles of Meier method (3.5210.91 mmol/mg/hr) than in the vesicles of Inoue method
(2.28+0.94 mmol/mg/hr) indicating that more purified cLPM were obtained from Meier method compared with Inoue
method. ATP-dependent vesicular uptake of taurocholate and tributylmethylammonium (TBuMA) was observed for vesicles
of both methods, and the kinetic parameters responsible for the transport were similar between the vesicles of both methods
(for example, V .x: 9.72 nmol/mg protein/30sec and Kq,: 0.63 mM for Inoue method; V. 10.1 nmol/mg protein/30sec and
Kiu: 0.70 mM for Meier method). A pH gradient dependent counter transport of TBUMA was also observed for both vesicles
with similar kinetic characteristics. Either the uptake of taurocholate in the absence of ATP or that of TBuMA in the absence
of pH gradient, which may represent passive diffusion of respective compound into the vesicles, was more rapid for the ves-
icles of Meier method than for the vesicles of Inoue method. For example, passive diffusion rate constants (Kq) for TBUMA
uptake into the vesicles were 0.00030 and 0.00052 p/mg protein/min for the vesicles of Inoue method and Meier method,
respectively. It may indicate that more leaky vesicles are obtained form the Meier method compared with the Inoue method.
These aspects together with the time necessary to prepare the vesicles (i.¢., 8 hr for Inoue method and 23 hr for Meier method)
should be considered before selecting an appropriate method for the preparation of cLPM.

Keywords—Canalicular liver plasma membrane vesicles (cLPM), Inoue method, Meier method, Uptake, Tauro-
cholate, TBuMA, ATP, pH-gradient
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Ca®* AAE F YYPOE 3= Inoue HY oY A Fet
AXEZ FA AZSH= Meier H2E AMS-
ZAet] AFol ARE-3lL Tt ©]
BAGHT AF APl RIEHI Jsl= B
ZAHE 2o, B3l o % EAY
Aol AAF R HlwE Bavt gith. 7217] o whgez
ARt AL 5 B3-S o9 72 vt
7350l mE e
& Azt o}
o)A &= Inoue B 2 Meier Holl wha) BA)
gt ARE ZAIRE v, Aol gl S g4
< HlwEta, Yol 29 k&2l taurocholate} tributyl
methyl ammonium(TBuMA)°| EAE#E} AXUZ uptake™
= EAE vZssiet. o710l taurocholate= ATP ¢J&F o
2 RAEAS Fashe E29 RYE, & TBUMAE ATP
2 pH gradient]EH 0.2 5H= B4 U= M™%
T30 B AEe F3lo] F e o Eo| mAEHT
AFYE FEEE 718 §4S a3l dHole ol Ao
7} GAIRE, X E fiesd AQEE A7 AXA 9 £ 5
o] M7kA] 2 FAThE thazhe] ztelzt 9S8 EUth

=

Alet

SH-TBUMA(0.2 C¥/mmol)= tributylamine(Aldrich, Mil-
wakee, WI@} *H-Methyl iodide(85 Ci/mmol, Amersham,
Arlington Heights, ILyE 37} ¥gA1A A st *H-
Taurocholéte(3.7 Ci/mmoly}= NEN Life Science products
(Boston, MAYIA FdstH e 71el 8 AJeke Sigma
Chemical Co.(St. Louis, MO)oIlA] F-9)3ted AMg-slich &
Algaet A¥ 29] uptake AHE & ] AME-3F incubation
buffers] 23 th&-3 Zth (1) ATPEA AH9] 734,
250 mM sucrose, 10 mM Hepes, 10 mM Tris, 10 mM
MgCl,, 02 mM CaCL(pH 7.4)°19.3, (2) pH gradient®]]
#dE A9 ZH$, 82 mM sucrose, 100 mM K*-glu-
conate, 91 mM MES, 14 mM Hepes, 29 mM Tris, 0.2
mM Ca-gluconate(pH 5.9} 70 mM sucrose, 100 mM
K*-gluconate, 76 mM Hepes, 70 mM Tris, 0.2 mM Ca-
gluconate(pH 7.9)°] 1 t}.

ZAEHAE 2F 29| uptake AINA uptakeE ST
At filterS AL o ARE-3 ice cold stop solution®] FA
< T ZYT (1) ATP SE8 239 A, 250 mM
sucrose, 10 mM Hepes, 10 mM Tris, 10 mM MgCl,
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9% - A

%

AR
02 mM CaCl,, 1 mM TBuMA or Taurocholate(pH 7.4)
o|3, (2) pH gradient] FHE A A ¢, 204 mM
sucrose, 150 mM K*-gluconate, 10 mM Hepes, 10 mM
Tris, 5 mM Mg-gluconate, 0.2 mM Ca-gluconate, 1 mM
TBuMA E= taurocholate(pH 7.5)¢] A T}

DMEal AxFo| M=
923 22 F 7 W) ot BAEE AFXE A
slet. 7 Wil wet BAEEet AXE A2k 38
Scheme Il & & 3}5t).
1) Inoue WA I% :N, cavitation and Ca®* precipitation
el ol g A xb

Inoue®] HFR wskt) RE A 7|79 Aok WIAIA
ARSI, BE HAHL ice bathdolA 3T §4
FF(SD rat, 240-270 g, tH3t AF FE) 4vl=]e] & A
g AgsE ARSI EHAA HEIAL VIR A AE
H, 7+ 3 buffer A(250 mM sucrose, 10 mM Hepes,
10 mM Tris, 0.2 mM CaCl,, pH 74) 20 m/®] H|E&=E
Dounce homogenizer(Wheaton, Millville, NJpPIl o] 20
3] Ashe-52 2 homogenizationd}ith. ©] 4-& AZXE o
FAZ1 H buffer AZ 7151 500 mie]l H=E XA,
A% %7t 2 mMe] H=5 EDTAE 71s8i4ct. o] o 7}

tlo PN

Method I (Inoue method) Method Il (Meier method)

[ Isolated liver | [ isolated iver |
Dounce hornogenizer Dounce hornogenizer
(20 strokes) {20 strokes)

[ “Tver homogenate | 1mM EGTA

{ bverhomogenate |
i A500mm* 15min{JA-14)
Pellet-+Flufly layer |

2mM EDIA
4300mm*10min{JA-14)

|_Pelet+Fufylayer | |

B5500mm* 10mIn{JA-14) ’;gg&:gsxd (;'%"r:ﬂn( JA-20)
| Pellet+Fiufiylayer | [ Cloudy layer ]
l’ 800-650psi N, 9000rPM* 10minJA-14)
[N, Cavitation ] |L_Petet |
l 14mM CaCl, £ 223%3u:m°f?Mn(7on)
[ CaPrecipatation | | wnitelayer |
i 8800mm*20min{JA-14) l 29000mMm*30min(Z0T)
|__Suppematant | |_Pelet |
2450080m*60min{70T) l i;&’géﬁ?gﬁ:r‘(’%;’e
L CLPM (peliet) J CLPM (upper layer)

bILPM (lower layer)

Scheme I-Flow chart of the preparation methods of cLPM.
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31Z] EDTA= Ca* ©] 2% chelation 3led 7HA] £ 9] tight
junctiong SFSIAXITE S5 WRkSH H S Fa dhly
FE 8 2 mE FATL, UHAE 4300 rpmollA 102
ZHJA-14 rotor, Beckman, Palo Alto, California) 8 Z}$14)
shth Y4lEE FA oA AR pellet? fluffy layerS
250 ml buffer Aol BEAIZ] H 5500 rpmeoll A 1087F
(JA-14 rotor) WZ- LA 3 ). Pellets} fluffy layerS 100
m/ buffer A% AFGAZ] H N, cavitation X (Par,
Moline, IL)oll ¥3UTt. N, 9#-& 800-850 psiz & He
Ag 1587 2Rk § 4ES 3] Bw3E sl N,
cavitation FX|7+] U}l <3 THE} dB) Tt
o] AL ThA] 14 mM CaCLE ¥ 33+ 320 m/ buffer A
2 F4AA 1587 wRkCato) o8] {5k A=y
AT el @A "rhdk o, 8800 rpmellA] 20
E7HJA-14 rotor) YZHAA Bt AL AES ThA] 24500
pmel| 4] 60%-7H(70 Ti rotor, Beckman) 2948} pelletS
LAt o] pelleto] BAEAE AFo|t}. o] pellets %]
buffer Aol EEAIA, AP A7A -70°CHN A RA5G T}

2) Meier H(Al TH : ZAEE &A%, 4528 2% 5
AA| zZH)yel o3k A 22

I RolMel FUg FFo=z 34 F(SD rat) s E2F
8 7S F %32, homogenization A7 F, butfer B(250
mM sucrose, ImM EGTA, 5 mM Hepes)Z 34 A]H
1000 mP] H=% 3%t o|F 2 mAz WA F} A
< #sted AT, YR E 4500 pmollA 158-7HJA-14
rotor) W7 A4 BT A E pellets} fluffy layerES buffer
B 500 mioll @A F percoll 67.3 mi 7}sta] 2 4o
19000 rpmellA] 602-7HIA-20 rotor, Beck-man) J2r415151
o} 35 MR olT@NE)E T2HE oz A
AA HI H buffer C250 mM su-crose, 50 mM Tris)
500 miell SAAIFIL 9000 rpmoll A 1027HIA-14 rotor) ¥
24T BAE pelletS tHA 400 ml buffer Coll &
AlA 38% sucrose® 42000 rpmolA 70%-7H70 Ti rotor)
ZAAEATE FAE AHe) FNFS TEE wlog F
g 5 29000 rpmellAl 30%-7H(70Ti rotor) QA &3tk ot
Al 374 E pellet2 buffer CE BEAA, 38% 8 ml, 34
% 5 ml, 31% 5 ml®] sucrose & 7 ml¥ loading3}
a7, 42000 rpmel A 3.5 A} ZH70 Ti rotor) LA 8T}
P9 WS @MEHE AF, (LPMH olE & 52T &
X, bILPM)& #3#3t, 742h-8 29000 rpmol| A1 3087
(70 Ti rotor) 2YA3AT. A BHH SF pelletS 4
ZFo] buffer Aol EEAA, AFA7ER -70°Co A B3}
Atk

DAMEkaet Azo| "Wt

1) Sy =

7} homogenates$} EAIEAE A Fo] TlEES protein
assay kit(Sigma, St. Louis, MO)2 A3t Lowry %l
uz} g 7aiiet.? o) YA standard®+ bovine serum
albuming: AH&-3} -

2) 4K

I3 0 e o8] AxF ZAGaT 4axe) $&8 &
ot 7| 9|8t Pakarthy 5o #Hol wal ZAg#Tte
marker enzyme$! alkaline phosphatase(ALP)S] 45 &
A3ATEY o] Wl ALPS] 7]EZ%E p-nitrophenol phosphate
£ A3t

I3 I Yo ofs) AT ZAFAY 2X 9 inside
out configurationd Z43t7] 915} Warren®] whol whe}
sialic acid®] ¥& A sAHS

3) BAERE Ax2 F54%

RE F548LE A% o1} 7|<’(Rapid filtration tech-
niqueyg o-&3ld FYEIATED -70°ColA] RAJE mAEHE)
AXE 37°C FE4IA Ae] 50 F 1~1.5 mg/g liver®]
s Ert B5E buffer AS ARESI] BJAAIZIT o] 3]4
A 20 WE 37°CoN A 457} incubation A1 ¥, 1 uM *H-
taurocholate(030 uCi) B 5 uM H-TBuMA(.080 nCi)
7} 3234 incubation buffer(X} <&t =) 80 W 7186k =Y
2] vortexingdt] A3)F A]7Hs<¢t incubation AlZth. In-
cubation 7§A] F LUA A|7ke] At &, ice cold stop solution
(A1eF #Fx) 4 miE 7Hete] B3-E SHAT1A, ice cold
stop solutionol] ¥]&] AAE 045 um MF-MEMB 25 mm
filter(Seoul Science, Seou)S M A Az of Az o3
& 4 ml ice cold stop solution®. = F ¥ A& oL TH
g goju] vlo]dd] ¥ ¥, 4 ml9 scintllation cocktail
(Ultima gold, Packard, Turku)2 7}ste] 2 E¢3le] Wallac
1409 liquid scintiflation counterE ©]-&3}¢], o] & =9 Wb
AIE9-8 SH3INY. ATPE 5322 § TBuMA uptake
o] F=E4 e 4F57] HstdAE 001~1 mMe] *H-
TBuMA 80 p/0.16 uCiyS EAIEA 22X A 7l8le] F
A3 uptaked S 3T

Data £44

chi ekl 4TS Student’s ttestS Sl F-o)AlS
AR SR L, TAEGTE £X 29 uptake A two-way
ANOVAE AMg-3te] o/dS AArt. P<0.0591 73-%-ll
T BAIFHeE FoHd Aoz #A AT

TBuMAS] uptake Al oA BoF HlolH = the
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2] o] fitting} <] kinetic parameterS -3} T}

Vu S
" Ka+S

+K4 - S (l)

V : subsfrate uptake velocity
S : substrate concentration
Kg: passive diffusion constant

29 H 1

[

DAEtEel &% Fo| cHiE s W §4 HY

EAEERY A2¥F Gl $E5S [ Y(Inove )] ¢
0.1410.031 mg/g livero) 3 X ¥ (Meier )¢ 7% 015+
0.050 mg/g liver2 F ¥H 7kl Z}o)7} g1 THTable D). ©]
= 6 23" 3H12(0.12 mg/g liver)dl] Hlakd] 33
REEEo AT

Alkaline phosphatase(ALP)= EA| g3 atol gt E4]3t=
marker enzyme©| LYY A G#E AXF ] ALP FA0]
7+ homogenated ALP /o]l H]dtd 50u] o) F713ich
A, Azd BAERY A3 UE P9 o8¢l A
Aol AFEE FHHASS YR [ - 11
oel] AzE BAERE AF Fo] LA Zizke) 7}
homogenateol] B13ted 526 2 80H F7HEiATh & 1 Ho)
U I HOE 5 5& BAERY AXE AZXE F e
S Gt e, T e 938t Alxg 2AEE &A%
%9 ALP 84 (3.52 mmol/mg/r)o] T Wl 2l&te] Az
H A¥F9 ALP &4 (228 mmo/mghrE Tt Egkoh
(p<0.05)(Table I). W2HA =7t & mA R &AXE
Azs7] H3iMe O ol B {3 Aoz A=A
o]= II He] 7% sucrose gradientE ©]&3ld =2 £

T= T

Table I- Protein Content and Alkaline Phosphatase (ALP)
Aactivity in cLPM Prepared by Methods of Inoue (Method |)
and Meier (Method II?

Method I Method 11
(Inoue method) (Meier method)
Protein yield ~homogenates 180 £ 23.2 180 £ 23.2
(mg/g liver) cLPM 0.14 £ 0.031  0.15 £ 0.050
homogenates 0.044 = 0.012 0.044 £ 0.012
ALP activity
+ + 0.91*
(mmol/mg/hr) cLPM 228 £ 094 352 £ 091
enrichment 52 80
Inside-out(%) cLPM 30 33

a : Each data point is expressed as means + S.D.
* : P<0.05 from Studnets t-test
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e FHE 2 3 ukEske § A o] Bk wiEe
2t AZtE

Mzeke] upg HEek EA5ke sialic acid®] 3& 4
3hH 2A g A¥9] inside-out configuration®] V&S
& 4 AO [ HH 0 el o3t AlxE ZAERY &
¥9] inside-out configuration®] H]&& Z+zt 30%9} 33%
o|t}. ATPE T3 OE e UM ST 45
ATP binding site7} Al ZEH] Q1&o]| ESHEE inside-out
configuration®] RA|GTE SX T FEddct. 2=
2 7153 3 inside-out configuration®] H]-&o] &= A
g A3 E de Aol T

DAEaE ATR| & AlF
1) Taurocholate uptake

40 +

(A)

Uptake (pmol/mg protein)
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—_—

0 1 2 3 4 5 90
Time (min)

Figure 1-Uptake of 1 pM *H-taurocholate into cLPM in the pres-
ence (@) and absence (O) of 1.2 mM ATP and an ATP re-
generating system (3 mM phosphocreatine and 3.6 pg/100
creatine phosphokinase). (A} ; cLPM from Inoue method (Method
I; N, Cavitation and Ca®* Precipitation method), (B) ; cLPM from
Meier method (Method II). Each data point is expressed as means
£S.D. of triplicate measurements for three different vesicle prep-
arations. * : p<0.05 from two-way ANOVA.
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Taurocholate= H5FAHS] =8 A& = AU pHollA
9%°)ge] o) F o7 EA 5] Wio] FZ ATP 9&4
seTsol o8l EAgHES Sl g Fo8 vy
© 2HoIHe|2¥Y TEHF A 92)¥ 1 ume] *H-
taurocholateE A3} uptakeS AAH02 =331 o,
I¥ 8 IEes Azg A3 A¥E BT ATP &
A A12] uptake-A17F profile®] ATP 2]&7F uptaked] 232
%1 overshootg& R0, ATP £2)A12] uptake”} ATP H)
EAIA 2] uptakedl] Bl F Sl = S 819 th(Figure 1).
o|2HH I ¥ I Wl &3ty AzE mAgd A¥E
BT ATP 9)&E3] 55550l 28] taurocholateE F53h=
T4 24 (Bile acid transporter)S 7HA L 93-S g
A Th Uptake profilecll A overshoot®] EHole II W
(Figure 1-B)°] I ¥ (Figure 1-A)ET} T4 0T mA g
2 TR uptaked] $lo}Al ATPO]EA uptake: inside
-out configuration®] F=5gA ol 2]3]A 7t uptakes] =2 >0
I ol wet THE RAgaY AE 29 uptake’t FoHE AR
< 1 'He 2 YhE A7} inside-out configuration®] 5
Aol Bl go] Trhe AL 9wtk ey yelA g
overshoot 017} A2 &2 &%= taurocholate?] &%=
€ F=o7HAA uptake AFE 3t 2 AHAZRE Vb
Kn & 73t sidsior & Aoz AZdr.

A ATP B]EA]A)9] taurocholate uptake SA] I % ol
wE BAEAY AF7F B30T (Figure 1-B). ATP H]E)A|
9] taurocholate®] uptaketr= F~&24+He Quldhs wA|gaat
2F7} leakyd<rE FEEAN] 98k uptake o) =7] W E
o, I o2 vHE HAEAT A¥71 [ Yog WE 24
8% ¥R o leakydtthy A7t & gl

2) TBuMA uptake

TBuMA= T3] oF 40%7t T $oF wjdsle #7]
Foleo® Aelr talER] edar Tl AR 927
el f71ge]l2] mAgH Foag S Al £
24 383tE o)t} Voltage-clamped %71 (K* ionophore2!
valinomycing 5 pg/mg protein F =2 A st Lt
Wl K=Kl FA & 270)3telA £ j9jol] pH
gradient(pH 5.9 in/pH 7.9 ouw)E F3. 5 uM *H-TBuUMA
9 &3 uptakeE EA 3 S W, 2 uptake - pH
gradient7} §1-& W(pH 5.9 in/pH 7.9 out)2] uptake ZLE.T}
ERSH, 13 1 g ) A A3 BARe) &
A 5} Th(Figure 2-A, B). 9232 E o] £Xd&= ©] pH
gradientE 7FH L2 3l TBuMAE &5 543 HY
TBuMA Ul 8= (proton/organic cation exchanger)7}
EATE FHEL T A} ©] FEAE 228 TF A

3

100
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€ 2004
3
[=]
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E 100 i
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©
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Figure 2-Uptake of 5 uM *H-TBuMA into cLPM in the presence
(@) and absence (O) of an outwardly directed pH gradient. Mem-
brane vesicles were treated with valinomycin (5 mg/mg protein) for 10
min at 37°C. (A) ; Inoue method, (B) ; Meier method. Each data point
is expressed as means + S.D. of triplicate measurements for three dif-
ferent vesicle preparations. * : p<0.05 from two-way ANOVA.

2 bile acid transporterdll 93] FFTEE FFAE )
e e}t o] pHvt TiEA HAL o] pH AolE 5
Hog {7 gol+E°] ¥F FEEH

o] #FAE ot & vpgE ] ek o] §lo] trans-
stimulation &g Xl 54| (symmetric transporter)©] 2
2 2 zH AE9] inside-out configurationol] TAIGC] F &
At Ao )53 uptakeS: HOlE 202 ARSI

o] Rad AR pHglel o8k X QRZe] pH
£ 7.0 o)z, §#E2 pHE 7.25 ©|2 2 HYTBuMA o)
S| = bAoA JFE 0 2 9] excretiond]] TR
T gl 7P EU 29] reabsorptionol] Fed3itii &
T AE Aok

38 5 uM H-TBuMAE ATP7} F71E 9L w7} ATP
7t AR Zoks wol vlst] oA JA Frtsta?
(Figure 3), ©]&dt dA2 1 Holl o3t Alxd =AEA=t
A% (Figure 3-A)°) H]3le] T He] BAEAT AF (Figure
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Figure 3—Uptake of 5 uM *H-TBuMA into cLPM in the presence
(@) and absence (O) of 1.2 mM ATP and an ATP regenerating sys-
tem (3 mM phosphocreatine and 3.6 ug/100 pl creatine phospho-
kinase). (A} ; Tnoue method (B) ; Meier method. Each data point is
expressed as means + S.D. of triplicate measurements for three dif-
ferent vesicle preparations. * : p<0.05 from two-way ANOVA.

3-ByellA @ASIRILE. o) e 7 BAgT] S8k
P-glycoprotein®} AFo] ¢l Aog B iHgch? o]
Figure 1914 taurocholate®] ATP 2154 uptakeX oA #:ak
| Zae AR AT F7HEIR 49k Aol TBuMA
uptake Fto] I YollA o] %& 210 2XE taurocholate?] 74
+ PRI HES S F ANeH, e dEd o
3l overshooto] YEhhe Azl FHe AE I ol 9%
EAFEY 2¥7 O leakyB T A4 & Qe A7
=13

Figure 4= uptake A8 %7] 30% 5SHTBuMAS] =4
g3 AFY 29 uptakert HAFH 22 Friste Alzhol
EAEAT A¥UE uptakeHlE TBuMA g 3o uja}
EX 2oty 2o 99 FH& BHY) upakes, of
3 Hde ATP HIEA3IIA 2] uptake(F 5 F4bo) 2J%
uptake)E VERNT, 2 A 319 Xo)&E 2golA AMy=
ATP ¢]&2 TBuMA uptake® YEMATE Figure 42 3E
ATPSIE uptake= TBuMAS] F=7}F 3715 wiel 31y
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Figare 4-Substrate concentration (0.005-1 mM) dependency of
TBuMA uptake into cLPM in the presence (@) and absence (O) of
1.2 mM ATP and an ATP regenerating system (3 mM phospho-
creatine and 3.6 Lg/100 Wl creatine phosphokinase). (A) ; Inoue
method, (B) ; Meier method. ATP-related carrier mediated uptake
(M) was estimated by subtracting TBuMA uptake in the absence of
ATP (O) from that in the presence of ATP (@). Each data point is
expressed as means +S.D. of triplicate measurements for three dif-
ferent vesicle preparations.

< d9ih? agela] HR7) uptake 7 202] TBUMA
FEE (A9 fiingdle] 4= JETNES T80 Table T
ol A3t o]2HE 1 ¥ AE(Figure 4-A)% I ¥ &
EE ATP 9E3 uptake SAll= Zpol7t 1o} ATP H]
AEH uptake(® FFEAN ol uptake) S W &
F(0.00052 wimg protein/min)7t 1 ¥ AX (0.00030
mg protein/min)2. Tt} Tk E9hth, o] 2XE] taurocholate A
Pt v A E T 2¥7F L H AF BT} leakydt
Aoz H7Eu,

4 B
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Table II- Kinetic Parameters of ATP Dependent TBuMA
Uptake into cLPM

Method I Method I
P
arameters (Inoue method) (Meier method)
Vinax
(nmol/mg protein/30 sec) 972 101
Ki (mM) 0.63 0.70
K (ui/mg protein/min) 0.0030 0.0052

For meaning of each parameter, see Equation 1.

A 28FH=F 8 hr 222) ¥HH, T H(Meier ) A9
Aol Bl Alzte] Bo] AR5EF 23 hr £28) FAY
F 2% Azdolth 1 E-E 11 Yol vls) FAAA ol
Aol Mol Blate] =71 Yrk(Table 18] ALP 84).

Sialic acid 3 ¥ 2% €] £ 3} inside-out configuration
o HI&L 1Y AF¥HT I Y &%7}) b =th(Table 9]
inside-out configuration). ©] 2 ¥+= ATP &) 3} taurocho-
late®} TBuMAS] uptake7} T ¥ AFEoA [ ¥ AXxT
=2 Zl(Figure 1, Figure 43} Yx8k= Z3to]t). Table 1T
oA TBuMAS] ATP 9&3 FEgAe] £524 wehu|e
T Vol FE ©lF WGt o

¢+ taurocholate(Figure 1)9F TBuMA uptake(Figure 2,
3 B Table 1] Ky 3H)o loir] ATP H]2]&2 <) uptake
& TEE ¢ uptake)y= O ¥ 2F7F 1 H 2¥ R}
Atk oles I ¥ 237 I ¥ A¥EY leakydtthe RS
AAFekE Aol

ol 7o) RAFHT LX) AxWHo| w} oFE
uptake 5430 Tha: zjolE B o2 H LEE A
zated dee At 2wt Al o=t 24 dEve
e W aEsle] 48 EAo) Bk Az Wye Ay
sfojob & Zlojtt. &, oHE FEHA 7L asymmetricdto] oF
= binding sitel} driving force TE& Fa7} 2he] §&ofut
EA)SIH inside-out configuration?] ¥)&0) &L A
o X Az RS Mesof & Rolx, 2FE] lipophilic
&t passive diffusiono] B2 FE9| 5% 47 driving
forceZ A3} AL STIA leakage’} R EAHAT AF
Az FHS MYsjor & Ao}

HAle| 2
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