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Monovalent bile acids, such as taurine- and glycine-conjugated bile acids, are excreted into bile by bile salt export
pumps (BSEP, ABCBI11). Human BSEP (hBSEP) is physiologically important because it was identified as the gene
responsible for the genetic disease: progressive familial intrahepatic cholestasis type 2 (PFIC-2) . The evaluation of the
inhibitory effect of hBSEP transport activity provides significant information for predicting toxic potential in the early
phase of drug development. The role and function of hBSEP have been investigated by the examination of the ATP-
dependent transport of radioactive isotopically (RI)-labeled bile acid such as a tritium labeled taurocholic acid, in mem-
brane vesicles obtained from hBSEP-expressing cells. The chemiluminescence detection method using 3a-hydroxysteroid
dehydrogenase (3a-HSD) had been developed for a simple analysis of bile acids in human biological fluids. This method
is extremely sensitive and it may be applicable for the measurements of bile acid transport activities by hBSEP vesicles
without using RI-labeled bile acid. The present paper deals with an application of the chemiluminescence detection
method using 3a-HSD with enzyme cycling method to the measurement of ATP-dependent transport activities of
taurocholic acid (T-CA) in membrane vesicles obtained from hBSEP-expressing Sf9 cells. Calibration curves for T-CA
was linear over the range from 10 to 400 pmol/ml. The values of the kinetic parameters for hBSEP vesicles obtained by
the chemiluminescence detection method were comparable with the values of that obtained by liquid chromatography-
mass spectrometry method. This assay method was highly useful for the measurements of bile acid transport activities.
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£ & D BSEP Oigik{E k2RO 2 Z ENA[RET H
5. BUE, RIEWREIEERL, SEEFICX S BSEP
FHEWEMRME O A 7 ) —= > 7k & U THRIRIE N
EEMBAFESFICBWTULSFHAINTNHS, Li
Liamns, 2474V =7 (RI) #HICEE
T DL IRHIBN SRR ) =227 % — D EER
HETEMTZZLIIRHETHO, PWHMEICHEENTE
INTWVWD, INET, £E 513 RIEHEZMEA
L 72\ BSEP i flE: & LT, LC/MS #EIC &%
AT MR E L 2 B L, BSEP ICB 5 &M HE
B DEEREIC D W TREA 2 A 72, 10 AR, HIE
RE R OEREICENSDOD, ERAZY—=
TEOBEMAICE, BREUEENDIARRT S, 25
DT EMS, KOPLHME, EEEICENDIEEEIE
FEORABERFTHI & &L

OB EREELT, 3t ROF T X T
O4 RFkt RaxF—+ (3a-HSD) DIEAICELD
AT DECH_OF T T VXV LAFR
(NADH) ZE=%—9 2HERIZINAHAEICERN,
R DPEFICBNWTHIA<FIHINTVHS, 2D 35
12, AR % NADH #EEY 1 71U 27 KRITED
BIEL, XA FF—EALRIIV I J—)LZ2FIH
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TAWATIE, LEBRI 27U T a2llaabt
7= %€ % 2 )i U T BSEP k& YEHIE DB 3 %
1TV, LC/MS HEIT X 2 ik iG M HIE & DB % %
L.

£ B o #

1. &% #Syoa—)L# (T-CA), 7I)Ld—
IVIH/KERESE (ADH), 1-X MF3 T2 F I AF
VBV 7 2 — K (I-MPMS), 270X)Lt+F4—
¥ (m-POD) J}& U8 NADH |% Sigma #!, NAD®
(NADH free) 1% Roche 8!, 30-HSD i3+ 51 &
28 ) > amlikFERFZ (MDH) KOS

R UM-AFH OB NS > A7 25 —F (GOT)
SRR, A OFERE ROV 2 ) — VSR
LR TR, -7V 2 U MU LI E b
MEFHLEZ 75 /32 5-ZUC B RNUY
L (ATP) HXiCT7SF /o> 5-—U 2 B=F MY
7. (AMP) 34V I Y IVEERIDEAL .
HHEA IR X HPLC AR 2 A L /=, BSEP
kS ERI1E, B o Sf9 Ml iC human BSEP % %
Fl X 7= BSEP [x#fE/Nia (hBSEP vesicles, ¥
JAT L8 ERWE ZOMOEEIINTIR
DEFRh 2 M L 7z

2. HEK  T-CA Z20mMm kU R HEEE#E iR
(pH 9.0) IZAf#E L 1.0-400 pmol/ml O #ipH TREV
FEtE e 2 B L /=. NAD* (20 um) /30-HSD
(1.5 Units/ml) DJESIERIEZ, 20mMm ) 2
TREW (pH9.0) ZHWTHRH L. BETI 7Y
> Wik & LT, MDH & (40 Units/ml, 0.1
M U FEEREMER, pH 7.5), ADH ¥&#& (22.5 Units/
ml, 40mMm &0 Y CERFEEWKR, pH8.8), WA
FHOREE CQmMm)/T4/—)L (1.2mM) B
(0.1m b U RAMEMREEIK, pHS8.0) D 3l DIFEWK
EETNFNL1:1:2 (v/v/v) OICEALEZHOD
ZM /=, NAD' (5mM)/MDH (20 Units/ml) /
GOT (1.0 Unit/ml) /7' )V ¥ X B (25mM) RiK
X 50mM 2-7 2/ 2- AF)IVT 0N ) — )VERTE IR
(pH9.5) ZHWTHEL =, (LEFHAHEEITIT,
3.0 uM 1-MPMS 7K¥EHE % T m-POD (20 um) /) 2
J =)V (B0uM) JRETAEIK (0.4MRERF b D L=
W EER, pH9.5) ZMIHL /=,

3. XE  LEERAWEICE, SL—HMU—
45— AB-2300 )L 2 * vt >H—INRI (7 h—%&)
ZHWiz., LC/MS HIEIZIE QP-8000 Fljk{k 7 o<
~7 27 EES G (BEREERE) Z M.

4. (EBRERATEICLS T-CADEE &
P (1.0-400 pmol/ml) D HVEEREHEW (50 ul)
ZRY 7O L CEKINF 2 —T7I1I2E D, NADY/
30-HSD {BE1AW (50ul) ZMA, 37°C T 30 4 fH
A >F 2=l KIRIZIMAKBELET DD
I (Sul) ZMNZ, 75°C T30 4BEL, #@E @
NAD* Z/5rfg L7z, RIGEKR (10ul) 2&0, &
NICEEEY I 7Y > 7k (4ou) ZINA, BEHE
HA 7Y TR (4°C, 12 BER) oAU 7=, hnst
(100°C, 3 /7)) XV Iz {#1EL72#%, NAD*/
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MDH/GOT/Z )V % 2 iRk (200 ul) %N %,
37°C T30 pflA > F aX—b L7z RINE (50 ub)
ZXA 707 —bhD&T )VITHEL, 1-MPMS
mik (S0ul) KO m-POD/)V I/ —)ViREik (50 ul)
EIMAZ, BHIZSPHORBEL®REZT L — K —
5 —TCHlIEL 7.

5. Human BSEP vesicles % i (7= B ES8# X
B&  JHYFEE © BSEP #@ it EERICIE, EH S9
fid 12 human BSEP % %3 X & 7= hBSEP vesicles %
AW, REIGOMEITEOREITIIHE» @ik &
FATHIEEL. T-CA (RAKEE 1.0-50 um)
. CX hBSEP vesicles (7 > /N7 & 50 ug) % & ¥
EHREEHR (100 mM KNO;, 10 mM Mg (NO3) K T
50 mM X7 00— X Z% % 10 mM Hepes-Tris $EH&,
pH7.4,30ul] Z37°CT5HM7T LA Fa—
~#, 10mM ATP (20ul) & % W& 10 mM AMP
Qoul) ZHmU, RISZERBLZ. 2001 > F
aR— kU7, KUz K gk A g R (50
mM A Z O — A, 100mM KNO; % & & 10 mM
Hepes-Tris, pH 7.4, 200 ul) Z¥#HMU, Kz
L7z, DWT, KIGRET AT 74 N—T 1)
Y— (4707 L —hr74)V%—, fLiH 1.0 um,
SURTHE) ZHWTES[AEL, Kin Uk RIbE
- B @R (200 ul X5 [8]) THHF L2, T 1V F —
iz U7 T-CA (vesicles NIZER DA EN T T-
CA) DOEMIFEERICIENn, =4/ —) (1.4ml)
R\, R 2T TR U 72, FRIEIC 20
mM U IR (pH 9.0, S0 ul) Z A TR
f L, RIMEICHES T T-CA OERZITWL, EMME
(pmol/min/mg protein) IZH#AHE L 7/=. 723, ATP
KFEATEYEfEIX ATP 4675 FI2 BT DG EE» 5
AMP HETIZBIT HIEEMEZZE L SIWTRD 2.

6. LC/MS %(C & % hBSEP vesicles #i5%E 48
T 4EES T 4 121E Mightysil RP-18 (150 mm
X2.0mm I.D., 5um, PBEE/ L#®E) ZMHL .
VRBERIZIE 35% 7 = MU IL/10 mM EEfE 7 > E
ZULREERZEZRAY, #H#EZ 0.2ml/min IZEE L
=. 1A ftE—RETL 7 bR S L —E—R
(EAT1 T4 F i E—R) 2EHLE. %7
TAY—HAICIZEFE 4.5/min) 2HNTF 7L
75 —BEIE—45VICREL . EESTITIE T-
CA Oy 7B A 4> [M-H]- (m/z514) Z2E=
& — A % > &9 5 Selected ion monitoring % %

W, WEERICKDERL =, EBROES. S Fk
IZ hBSEP vesicles & T-CA 21 > F a2 X—FL &
#%, LC/MSIRIT K DilgkiGEz R 7.

7. BRERINT A= — (Ky ERV Vinax FED
BH)  hBSEP vesicles i p49% 1 O 3 &1 /N 5
A—% = ZLTFOHITHRENFE L 7=

Vinax X§
vzm

Vv, S, Ky RN Vi 13T 0L 1, i 26 O W) 3
(pmol/min/mg protein), T-CA R (uM), Mi-
chaelis-Menten &3 (uM) K Ok O & K% JE
(pmol/min/mg protein) % /R, Ky KT Vi fl
I3 Kaleida Graph (Synergy Software #) ZF|H L,
FEARREREIFICT L > TRO /2.

fa R &ER

1. {EFRAAEROEM#%ET Human BSEP
DIEH RIS D FAEIZ M 7 X Bins BRI
KOEBY, ¥ AAGEKRS T > G R >
MIEOIETER TS5 L3N TNS 6D 22T, &K
HETIIWMEREELT, TCAZHWDZ & &
U, ALZEFICRE DRI K B AR/ O 5 & BRI
DNWTHEHT S Z & &Lz (EERNHETEICLD
JIE 71 % 0 E OO BEWE % Fig. 1127 L7z, 1419 £,
NAD* R, D 3o- KEEEZ BT 5 3o-
HSD OERITR D, ML h#fT L, NADH 73
ER% 9 % (Production of NADH), DWT, 7L
F UM X D BEIDO NADY %404, ARk L 7=
NADH 3EES 1 71U > 72k > dBANEE
#i, ZHRE SN 5 (Accumulation of malic acid). #
/=Y > dfd, MDH KO NADY O RN
XD, Y1420 7KL THEIEI N
NADH KUF FHOFFBAN LI N5 (Genera-
tion of NADH). Z @3- )iz NADH @ A4 iR iC
o202, ERLAEAFTOERZ IS
CERANC GOT IZX D Y ZANTF U & U THRH
~BRET S, DWT, ARkl 7= NADH I, &
EIKTH S 1I-MPMS &KL, 1-MPMSH, % 5
A, BEBEILDA—N—FFI R7=2F>
(07) ELiEEE{b/Kk#E (H,0,) ML (Generation
of H0,), V3 /=)WiK DALEFRHENEL 5.
ZTORNBEZNEL, HITBOEREZTODBDOTH
%.
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HITE R DA BB BT 2 B3R SO NI L 2E 78
FroRELETS ZEE LR B, FHBPEIC
W EOBEEEZZE LIt T L — Y —4—
ERWE. £7, (L¥EFAITBITS 07 &£ HO0, D
ARRRMIZDWTHET L 72, NADH (2X1077 M)
ZHWTI-MPMS OB #EREZBFLZEI A, 1
“S5uM OHEHIFH TR ARDIHEIIEZ G5 A DT, 1-
MPMS JEE1X 3.0 uM IZF%E L7z [Fig. 2(A)]. X
2, VIV OREBEEMRFLZEZ A, 20-
100uM D EZITHRRNDFIEEGATDT, I3
J—)VIBEZ 80uM IZERE L= [Fig. 2(B)]. &5
IZ, m-POD & KU pH Z#Ft L, THF4 20

3 a-Hydroxybile acid NAD'
3a-HSD
3-Oxo-bile acid NADH

Production of NADH |-/

- U R
Oxalacetate  ~ ~ NADH =\ #  Acctoaldehyde
| MDH | | ADH |
Malicacid < N Nap Ethanol
\ I I Accumulation of malic acid }/

Malic acid NAD" 1-MPMSH, 0,
v X X
NADH NADH 1-MPMS
Oxalacetate Generation of H,0,
. Luminol m-POD
Generation of NADH
Chemiluminescence detection
Fig. 1. Principle of the Chemiluminescene Detection Method

for Bile Acids Using 3a-Hydroxysteroid Dehydrogenase with
Enzyme Cycling Reaction
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Fig. 2.

Light intensity (count, x10 )

uM KON pH 9.5 1T/ E L 7=

KiZ, T-CA OEg{bts (Fig. 1, Production of
NADH) &I DOWTHE 217>k, ARRIGIZHE
HEUETFCTHETTH5DT, KINED pH #at L7z &
%, pHIODEE T HRADFHIEEZGA . &
512, NAD* Wi tNZ 30-HSD I E 2 i L, *h
F4, 20uM, 1.5 Units/ml 123 & L (Fig. 3), Kb
RefI3 30 picix®E L7z, &% E LM, T-CA
OREBBZIERLZEZ A, F—=FIIRmL TR
7%, 0.2-20 nmol/ml O #iPH T, BAEF/REMRE >
0.999) 55N, KOMIEDOEREZMHEIET ST
EMTER. LLRBYRS, ZOBREMBIZBIT 5K
PR 5%1% 100 pmol/ml & BSEP fifi 24 7E M E ~ D
FICEHERENARTDHZENHBHALE 22
T, ROMEICEISICEEY I Y 7 EEHAG
®, mEELERSZEELT.

NADH O & E&E /7r#ri% & LT, MDH K& ADH
ERATHBEYA 7 2 7EICKD, BlkLizk
512 NADH # ¥ig <3 5 HFiEkMNIL I N TW
5.1510 bt FAFHOFEAN MDHIZLD Y
COAMANEHEINDHBE, #iFE3%E TdH S NADH (3
NADt [ZZ&#ian%. ZORICTY /—)L& ADH
MEETNUX, NADH Ik Ty /—)id7th
7Tk RANEEHI N, [FFFIC NADH S FOVE
R 5. ZORIBANEDIRYT (B2 >r) Z&
LY TN BHT D& &% (Fig. 1, Ac-
cumulation of malic acid). Y1 71 > 7K T,
H7-@ERED NAD* 2/ix25 & MDH IZX D&
HL2Y OdBIIAF OB E®BLIh, 0
Be, ZMEBICISU /= NADH 249 % (Fig. 1,

®)

15

O 1 1 1 ]
0 25 50 75 100

Concentration of luminol (zM)

Effects of 1-MPMS Concentration (A) and Luminol Concentration (B) on Chemiluminescence Intensity
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(A)

Light intensity (count, x10 )

Light intensity (count, x1 05)

20 40 60
Concentration of NAD" (uM)

(B)

0 2 4 6
Concentration of 3a-HSD Unit/ml

Fig. 3. Effects of NAD™ Concentration (A) and 3a-HSD Concentration (B) on Oxidation Reaction

Generation of NADH). &Y 7Y > 7 KixTIl,
NADH 2% 3000 51 7 )L /Kf DA 7 V) > 7 H
THETSEINTHBD, TOREKREIL, F17
U 27 ROREFMBALURWEEITHL, B EICET
5EINTVWS O NADH 2 =4 —9 % ki T-
CA OEREICHHEANREEHERI I Nz, £ I T,
T-CA OHIEREM LE2BHEL, A7V 2Tk
DiEAZEHRFT LI EE LT

BEEY A7) DT RINIBT S, SRR, HE
RESE O RISFRHFEEERY OFRGZERATLS & &
L, BEROE 4. 126> T, T-CA DM 2o /.
TORER, FonmERRIE, 10-400 pmol/ml @
HPHT, BAFRERME :>>0.999) 255 L (Fig. 4),
FZHERA > b % 4 [EIE U 72358 O R 2
(R.S.D.) 131.2-94% THo7=. £-HHEREAIZ
2.0pmol/ml 720, BEFEYA VY > J KIn%EFIH
LBWEBEIZIL, 50 50 HlE & Em LED
53, BSEP #iiikiE PEHIE N O © 43I EET
HBHEHR TN

2. Human BSEP vesicles O #ix% & 8| F N
b 5 5 Y E 1% 2 F W T hBSEP vesicles iIZ2 81 5
BETEEEIE 2475 2 & & L. REOFEREIAD
AL T, Sk sRBRICH A U - & iR
KoEEN, LPETEDD2NKMYEL T T-CA
EHBETDHIEERD, TN ERMEDDFEIERIE D
%N IX T-CA O i & T Ml 12 528 % K 3 nl RE1E
MNHbd. I T, PHKEEFELT, T-CA 2HNE
T, EBROIS. 1/t THES N Y 2 31 %
L, ZOHMEMIIBEMED T-CA ZHRML, £
DEB 4. TS TT-CADERZITHO. FO
B, TSR Twiang, Mo aEIckS

s
%600
=)
=
S
S 400
£ 200
z
)
—
0 A Il L J
0 100 200 300 400

Concentration of T-CA (pmol/ml)

Fig. 4. Calibration Curve for T-CA

FEEOREBEHIFD NN/ KRIZ, &
A ONZ LC/MS HEIZ K U T-CA DBk 1 2 Hl
L, foniEMEztkd 52L& L. ATP
HDHNIEAMP $EETF, T-CA (RAEEE 5 um)

& hBSEP vesicles (¥ > /37 & : 50 ug) % 37°C T
201 > Fa2aX—hKL, vesicles ICTHDA TN/
T-CA ZAMLEFHHREFEML I LC/MS EITED
E'L, WAEEEZROZ (Table 1). & O
B, KECX0ESNZ ATP, AMP HE FXDE
SN 7ZIEPEME e Y ATP K /7 1E PEfE 1L, LC/MS ¥
WCEDESNRRELILS FIT BHEREZHG AT,

DlboZ &hs, LitlikasE OFcEm HE I &
FET BRI TR EHRIN. 35, &
(L2325 CHE E % I W T ATP (K E #2415 B IS B
1} % T-CA OEEEREHICOVWTHRNLZEZ A,

ATP K7k G IS R E IR EKGFENIC LR T 5
LEwicfafitEzR U7z (Fig. 5). T-CAITxd %
HWERMINT A= — (Kn R Vi ) %



760 Vol. 130 (2010)
Table 1. Transport Activities of T-CA by Human BSEP-expressing Membrane Vesicles
with ATP® with AMP® ATP dependent activity?
Method . .
(pmol/min/mg protein)
Chemiluminescence (n=3) 79.3+12.3 32.0+5.5 47.3+13.9
LC/MS (n=3) 83.1£5.6 28.94+2.7 54.2+6.4
Each value represents the mean+S.D. of 3 determinations. @) Membrane vesicles (50 ug of protein) from hBSEP ex-
pressing Sf9 cells were incubated in medium containing 5.0 um T-CA at 37°C for 2 min with 4 mm ATP or AMP. b)
ATP-dependent transport activity was calculated by subtracting the transport activity in the presence of AMP from that
in the presence of ATP.
250 100
B ATP
= o
5 200 S AMP
<)
e . .
o
2 = 80 O ATP dependent activity
£ 150 .
£ o)
£ O *
> —
g 100 o
NS on
> g 60
50 ~
c
o p—
0 ] L 1 ] ] g
0 10 20 30 40 50 — 40
. o
Concentration of T-CA (uM) 8
o
Fig. 5. Concentration Dependence of T-CA Uptake by Hu- N’
man BSEP-expressing Membrane Vesicles z\
ATP-dependent transport activity was calculated by subtracting the . ‘; 20
transport activity in the presence of AMP from that in the presence of ATP. oy §
Each value represents the mean+S.D. of 3 determinations. 8 |
Table 2. Kinetic Parameters of Human BSEP-expressing O : '
Membrane Vesicles
- Control ~ Rifampicin
Method K., (um) . fax .
(pmol/min/mg protein) . o . L.
Fig. 6. Inhibitory Effects of Rifampicin on the Uptake of T-
Chemiluminescence (n=3) 34.6+9.7 358.1£54.0 CA by Human BSEP-expressing Membrane Vesicles
LC/MS (n=3) 32.0+8.0 342.7+44.6 The uptake of T-CA (5.0 um) was determined after the incubation with

The K, and V,.x values for T-CA were determined by nonlinear least-
squares regression analysis using the data shown in Fig. 5. Each value
represents the mean+S.E. of 3 determinations.

Michaelis-Menten NS5 R L /=& 2 A, BEo5Nz
K fER O Vinax MBI 2EFESCRE 15 T O LC/MS %
OMHEIE R TIRFFEERFEREZR L (Table 2).
UEDFEREK D, ARAFEFEICHE D hBSEP vesicles
I K B MEy R A TE PRI E IS P TRE CTh 5 2 &
HEAL 72

INET, IJORARY A, TJUXI T

an inhibitor (rifampicin, 100 um) in the presence of ATP or AMP for 2 min
at 37°C in transport buffer (pH 7.4). ATP-dependent transport activity was
calculated by subtracting the transport activity in the presence of AMP from
that in the presence of ATP. Each value represents the mean=+S.D. of 4 de-
terminations. Statistical analysis was performed using Student’s ¢ test, with p
<0.01 considered as indicating a significant difference. *p<{0.01.

R, TINZAEZF>, U7y ESREDHELZD
$EHK Y BSEP D iR {E 2 HET 2 Z LA 5 »
IZENTWDS, 68 KA K 5 BSEP O HEFRE
lil%, ERRDAIRS THBERLEIESEFICBNT
o CHEERERZRZME TS, 22T, HEAEL
TU 7y >ET R EDBT, KRHHiikd BSEP
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FHEVE RN DA 2Bz, U772 ES 2D
HETHDWITEHLTE FITBUT 5 T-CA OBiEE
PHEEADHIEICEIOME L 2. T OfEE, BSEP i
EERISHERERET (3> bo—)b) ITHkL,
77 o ES HERTIRHSMIEFLTED,
a2 hO—)LiZBIT D ATP K GFIE M % 100% &
L 72358 OMXHEMEELT 12.6% TH - 7= (Fig. 6).

BH]T-CA 2 b L —H—& LU THWREBE O 21T
STENSIX, T OMMEMEMEIX 9.0% L L T
B0,V ZTRKOERER/LENTE .

] E ]

A% TId 30-HSD ZUh% &§ 554 D% 2 F
ALTWSZ &m5, BSEP FHEIEMEEIEICHEAT
%6, HonLD, SHIEFRN NS OBRK
JRICKIETEEIIONWTRAN T I2LENH D, £
o, BEYA 7T RINCHENERRM (12 K
M) 20EETS. LaLans, [EMEaTLE
EZEMHEET 2 LC/MS iEM IR D RIFEZ#L
fE e 2 9 2 BRIl L, RIRIZZEBREDFE

RrHEN A REIR YA 70T L — b =5 —ZF|HT
HFNMELETH D, KOPHAEITENIEMERNE
EThHaEZEZON. 5, ISR EMAS
Z &K D, ARiEH BSEP [HEE M FGDO X 7
)= JEELTEREINS Z &IN5,
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