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CHCR1
CHCR2
CHCR3
CIA
CYP
DMEM
DMSO
DNA
EDTA
FCS
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GAPDH
GRAVY
GSH
hCBR1
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MALDI-TOF
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mCBR3
MK-STYK
MRNA
MRP

W5 —

R

adenosine monophosphate

area under the curve

coomassie brilliant blue

carbonyl reductase

complementary deoxyribonucleic acid
Chinese hamster carbonyl reductase 1 type 1
Chinese hamster carbonyl reductase 1 type 2
Chinese hamster carbonyl reductase 3
coactivator independent of AF-2 function
cytochrome P450
Dulbecco's modified eagle medium
dimethyl sulfoxide

deoxyribonucleic acid

ethylenediamine tetraacetic acid

fetal calf serum

forster resonance energy transfer
glyceraldehyde-3-phosphate dehydrogenase
grand average of hydropathy

reduced glutathione

human carbonyl reductase 1

human carbonyl reductase 3

high performance liquid chromatography
horseradish peroxidase

hydroxysteroid dehydrogenase like 1
immobilized metal affinity chromatography
isopropyl-p-D-thiogalactopyranoside

lac inhibitor

the C-terminal low-identity region

the N-terminal low-identity region
matrix-assisted laser desorption/ionization time-of-flight
mouse carbonyl reductase 1

mouse carbonyl reductase 3

map kinase phosphatase-like protein
messenger ribonucleic acid

multidrug resistance-associated protein
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PVDF
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rCBR3
RNA
RT-PCR
RyR2
SDR
SDS
SNP
TAE
TEMED
TIP30
VEGF

nicotin-amide adenine dinucleotide (phosphate)
reduced nicotin-amide adenine dinucleotide (phosphate)
polyacrylamide gel electrophoresis
phosphate-buffered saline

polymerase chain reaction

prostaglandins

prostaglandin A;

glutathione-conjugated PGA;

prostaglandin E,

isoelectric point

polyvinylidene difluoride

rat carbonyl reductase 1

rat carbonyl reductase 3

ribonucleic acid

reverse transcription-polymerase chain reaction
ryanodine receptor 2

short-chain dehydrogenase/reductase

sodium dodecyl sulfate

single nucleotide polymorphism
Tris-acetate-EDTA
N,N,N',N'-tetra-methyl-ethylenediamine

30 kDa HIV-1 TAT-interacting protein

vascular endothelial growth factor



AERNICR T D R{LETTEER

ARTEE . AR ES BT T DA OSORMIZ LY | HEMEEMERF L TV D,
BRI e A ER 2 FFom i FWE AR LD, & L TEBENEESEE LTHREL TV
%, BERIZIL, REEMOEREL & 50 10RO ~E8T 2B R, K
PR SIS 2 9= 2 N AK oy e 3 70 & Flix DAL OS2 T 2 b OB EEND, 2D 95 b,
FefbaE ol R 13, ERNOBRGETPOS S 5 Z LI > TEEEZRH L., Z0EED
AR DG L - THEBBRRZ T2, BB CEEEZ AT oMET7 7 IV —0—>
(Z SDR (Short-chain dehydrogenase/reductase) A —/3—7 7 I U =R IF 55,

SDR A—/X—T7 7 I J —

SDR A — "—7 7 I U —|X., NADMP)H) (nicotin-amide adenine dinucleotide
jkhglhkOy(phosphate)) # ffili#% & L CHW DL - BER 7 7 I U —Th | ikFE - K
FATINSOE % i3 % (Fig. 1a), & R~/ & DNA R 75 fifH, EOMOEY %2 5D 5 &
47,000 FEFLL L OB FRAHSNTWAIERREEFE 7 7 IV —ThHD D, ZDOARA—/3—
77 U BT DRI, HUAYITIE 200-850 77X AR AL CRERL S, BERITO T R
JBRD—BERIT 15-30% R LKWV 2, Ll EHEO N RUICHAET DR G T T
— 7 (Rossmann fold consensus sequence)X°7%y - H R (ZFEET DG T 2/ B
(Catalytic tetrad) 73 i@ E IR FE STV 5 (Fig.1b) 19, B FHER® SDR ###1%. Rossmann
fold consensus sequence <> Catalytic tetrad @ J&JE S D EFHIZF:-S T, Classical SDR -
Extended SDR * Complex SDR * Unassigned SDR - Atypical SDR ® 5 DD 3¥E X573,
T & A EDRESED Classical SDR - Extended SDR IZJE3 5 19,

SDR B3R ORI 72 NIRIVEIVE IR, AT rA ROV F /A R EOABNMETEEYE T
%, & O SDREEHED D bR &b 24 flIT, DXL > TR S 2 DOIRIPER 2 &
L., WELOREIVRIEINTWND Y, ZDO7=H, SDR A—/3—7 7 I U — 3, EENOE
b« BN EAET 2 Z LI K 0 A EERHE AT R OBEH TH L EEZIHLNT
Wb,



(a) NAD(P)H NAD(P) *

Reduction 0“

o 0
-1 -l
01—P=0 o=
+ \i? + H +
n;||1:|] o on NH, O;II’=|] OH OH w,
) "_f:l Dehydrogenation i ._’¢.
A A
H o0— o 0
NADPH, R=P0,2; NADH, R=H NADP*, R=P0,2; NAD*, R=H
(b)
Rossmann fold
CONsSensus sequence
(for coenzyme binding)
Thr Gly xxx Gly x Gly
\\“\_/
NH, — — COOH
200-350 a.a.

Asn--- Ser---Tyr--- Lys

Catalytic tetrad
(for catalytic reaction)

Fig. 1 (a) A typical enzymatic reaction by SDR enzymes. Most SDR enzymes catalyze the
reduction/dehydrogenation using NAD(P)(H) as a coenzyme. (b) The primary structure of a
typical SDR enzyme. Rossmann fold consensus sequence, which is important for cofactor
binding, is conserved in the amino-terminal part of the enzyme. In the center of the molecule,

there is highly-conserved "catalytic tetrad" for catalytic reactions.

SDR Z—/%—7 7 2 Y —{ZBT % CBR1 (Carbonyl reductase 1)

SDR A —/"—7 7 I —|ZJ&F 5 CBR1 %, Classical SDR (27748 = 415 NADPH & 177!
DOHEREITCEHEFE THY V. NADPH Zffil#sE & L CNERMEABIEEDECRY) - ) oiz
JTLHICBI - LTV D, FRICARBERIZLL IR T L 0 . OMBREE AR i 5 A 12 B2
72 PGE (T A5 75 0y B)IDHIHRL, @7 > b THA 7 U U RIBATEENGHT 5 2
LT RV RIERRBUCE G 54 5 Z & b - FRIR O W2 b1 B S 4, IBER 72 KM
11531 & & 2 b T 5 (Fig. 2),

DCBR1 (2 X % PGE: il

PGE:2 3728 AAII O BFEC M H A IS S5 LT b 2B X BN Tn5 12, CBR1 X, PGE:
EAEL S E LB TEEZA LT 5720, CBR1 OFHEITN A OHERSC T4 I
% & PRI, Ismail 51X, CBR1 @ PGE: fU#IEM & NADIBEDOREKRIZER L, ~
U AETMIEWT, CBR1 OFBL L2305 L DR REOMENCBIE S 5 2 & 2R L7z 19,



CBR1 metabolizes prostaglandin E,(PGE,) . CBR1 metabolizes anthracycline
anti-<cancer drugs.
o PGE, w  PGFy
: L . ; L , o oH .o - o oH .III'I -
W S DSYSL PeYSL
i o o o CBR1 .o o o ;
:5 — :o
Cell proliferation o o
Angiogenesis

Doxorubicin Doxorubicinol

NN

Downregulation of CBRT gene expression
increases the concentration of PGE,.

Oxidative Inhibition of
Nuclea? wess O
CBR1 suppresses
the cell proliferation
and angiogenesis of
\ cancer tissues. /
Heart failure

Cell death

{ N
CBR1 promotes both the frequency of heart
failure and the development of drug
resistance for anthracyclines.

Fig. 2 Multiple functions of CBR1 based on the catalytic activities towards various
substrates.

Fo. BEVEIREL DS AP INHEREIG 23 Av 0D JBFE D 28 AUKHIRERAZIZ 3510 5 CBR1 O FBLN 55
WA, THRARTHDL Z EAHEIN TS 419, CBR1 OFBFIZ L > T PGE2: DR
A RTEPEAL A U DS AR IS 36 1T 2 /T D PGEIREEN A5 Z £12 XV [ VEGF
(Vascular endothelial growth factor) DRENFHFE I, MEF/ERILELZSI SRS bd Z
ENZDOEFO—2 LB Z bl 129, PLEXY, CBR1 X, PGE: fREi A L 722 A il il
K& LTHET D EE2x DD,

@CBRLICE DT v s 7Y A 7 U 2 RGLs AF O

KBERIIT b IY A7 U CRPBAIEDOREEER &L L THEL TS O, 7 h T ¥ A
7 U RPN AIIT, BTN A  BER ANZIEWIIRN A AR SV EET DRI EE R
PIRAIETH DN, HEERKFOICBREN 2 LHESEZI SRS TabnTWD, =
DLHEFEORKEO—EIX, CBR1 IR SN TEKRINDG TV R T A7V R ASE
DRHED DD ~DERETHH LB X HILTWD 91110, CBR1 12 X AREHIT L - THER
IND T3 — ARREHEW X, /R RIS R E LA E ~ Car A A 2320 7
VU2 RIK 2 (RyR2, Ryanodine receptor 2) DI T 100, R o> Nat/K+-ATPase



IR DA F R TR HIEER WX 0, BENIOLDAEREFERT D, ZO0mE
ExERET 572012, CBRI OEENSEHATHL LB 06 TEY %19 BIEZ OFIEH
DT E L THRENED TN D,

Flo, T ITHA TV URBAFEO - THL FX Y v e %, b MELAAHSK
MCF-7 fliffa ~LE#4 2% & | EAE LU T CBR1I A E S, MENTO RE ey AR
HHENTLHET S 20, X512, CBR1 ORIBLEFANT >V N TH A 7 U 2 RPI AZKITK Bt
P b ZEd 2022, DL EL Y, CBRIBIRMZRIAEFERIZ, 7> b4 7 U U RILDAEDRI
TEH Tod 2 DARRRN AR O KRN ML 2 BH Loo, JIRAMEREZMREL, Z03EMIE
WD SIN A UET L LTINS,

CBR1 iz E\WHEEME 2 3 3 & oA CBR3 (Carbonyl reductase 3)

Watanabe &3 1998 412, 21 FYEAUKIZAFET 5 CBR1 Eln T Diif#lZ CBR1 &It &
BEWHFEINEZ R CBR3 BIE 7% FIE LT 28, SDR A—3—7 7 I J —DEFEEMHTOT
J B —BCRIL MR 15-30%FRFE KV A3, CBR3 & CBR1 ik FT 71.8% & W9 @7
J We—ER %59 (Table 1), firis &7z SDR A —3—7 7 2 U —BEE &G T OH 4
FEIZBWT, B b CBR3 (% SDR21C2, t k CBR1 (X SDR21C1 L 4TS H41, MiEESR N
SDR21C 777 I U —%FLTWbH sV, CBR3 X, YUA Ty k- Frf=
— AND AL LR BRI SN ANV Y a T RFEE L TS (Table 1), CBR3 OEhFER]
DOEERRFEIL, CBR3 OEEMZ/RIET HLEXHND,

ORI FE SDR A— =7 7 I U —NOY 777 IV —ZF LT, #lxiX SDR7C
+77 7V —I2Jg& 95 SDR7TC1-SDR7C6 i 35-72% D7 2 J — K& R L, +_XCLF
J —IVKFBEEREMEEZA L D, BE L OmWERM: - fEEER R PlcB D CHEBL OB
FALFAOME 29% 73, £72. SDR16C subfamily 2§75 SDR16C1-SDR16C5 (28T
HIEERIZ, 7 X /BRI E 32-63% & thlkiym WARIEIMEZ R L, AR RO 2 i3 2 = &
NHHINTWD U, CBR3 1%, CBR1 & O@E WML, FHEOBEFLFENIEE 2 /35
R EEENBWER TH L Z N PRI, L L7 o AR50 Z BAG L7 YK,
CBR3 IZBF 2 EITIF E A EFE Lo T2, &2 TAIFIZE VN T, CBR3 ® PG XK
X UA~DORBHEEEZALCT D2 LIk, KEEEORKZEN - lBRNERZ AL
T2 L ZHMIZ, CBR1 & DS T O CRERL I E Z MG 5 2 & & LTz,

BEsE O EBRIBERE X, LSS ORBHEMEZ /it L CRESN D, DF D, BEROMREMH
BRI, AFROS OMBHEE A RETT 5 2 ERMETH D, £ T, AFEIZENT
t NCBR3%ZZ7m—=27 1L, bt s CBR1 &EERIFICHERGT L-, & 52, £ /L)
WELT, v b FyA=—ZANLAX—D CBR3 AV 7izo0Th, ORI
H 72 B U DWW TR L 7=,



Table 1 Identity between CBR3 and CBR1 in humans and rodents

n.aé.i.a. hCBR3 rCBR3 CHCR3 mCBR3 hCBR1 CHCR1 CHCR2 rCBR1 mCBR1
hCBR3 - 74.5 76.5 76.6 71.8 70.4 715 68.2 70.0
rCBR3 84.8 - 87.0 92.4 73.2 74.0 75.8 73.2 74.3
CHCR3 86.6 94.2 - 86.7 73.2 74.0 75.1 71.1 73.2
mCBR3 85.2 97.5 93.9 - 74.0 74.7 76.5 72.6 75.1
hCBR1 53.2 72.1 70.5 74.0 - 78.7 78.8 78.2 80.6
CHCR1 70.1 68.5 70.3 68.7 87.7 - 95.0 81.4 83.7
CHCR2 70.0 68.4 70.2 68.7 89.2 95.7 - 81.8 83.0
rCBR1 70.5 72.8 71.8 76.3 85.9 85.6 86.2 - 88.9
mCBR1 70.7 75.8 70.2 75.6 97.7 87.7 88.4 90.3

(%)

The identities between each CBR in nucleotide or amino acid sequences level were shown
at the lower left or the higher right in the table, respecitively. h(CBR3, human CBR3 (GenBank
No. NP_001227.1, NM_001236.3); CHCRS3, Chinese hamster CBR3 (GenBank No.
BAB62842.1, NP_001230936.1); rCBR3, rat CBR3 (GenBank No. NP_001100580.1,
NM_001107110.1); mCBR3, mouse CBR3 (GenBank No. NP_766635.1, NM_173047.3);
hCBR1, human CBR1 (GenBank No. NP_001748.1, NM_001757.2); CHCR1, Chinese
hamster CBR1 type1 (GenBank No. BAB62840.2, AB043541.3); CHCR2, Chinese hamster
CBR1 type2 (GenBank No. BAB62841.1, AB043542); rCBR1, rat CBR1 (GenBank No.
NP_062043.1, NM_019170.2); mCBR1, mouse CBR1 (GenBank No. NP_031646.2,
NM_007620.2).



Wi W LR = L SeEEE CBR3 OB %

SDR A —/3—=7 7 I U —IZ@$ DEE#MET, —fRIZ 200-350 7 2/ fRFRIEETRERL S 1, 7
7 IV —NIZBIT BERM DT I 7 BB EOARIMEIL 15-30%F2E &AK < | flilE SRR & seik
T#& % Rossmann fold consensus sequence °fifiiiE 7 X / 2 CTh % Catalytic tetrad 72 £, £/
TFREEIIREH TH D, LL7enns, B F CBR3 (hCBR3) & &  CBR1 (WCBRDIX 5 &
27T 7 XV BEA TR SN TR Y. 7 XV BERLY L ~UL T 7T1.8% D —BrR & R RMFS
. ENENOBEFEREFITFEMIZE N THRAMENFE W (Table 1), EFEHLMMIZESNTZ
VENDEESEE HE O X MG E T Ic L5 & 2520 Z U O I3IERICIEF I L Twn
%o FFIZ, THDDOREMEEND “RBEOH AT 5 & mEEFEM T REENZIE—
BELTWLZERHLNTHD (Fig. 3),

CBR1 DAEKNIZEB T 2 HEMELZZ X 5 L. ZOHEEERE TH S CBR3 OMEZH 600
THZEITEETHLIN, TNETITABERITZEA LTSN TI oo, RETIL,
hCBR3 DO#EfE AR N AR 2 B G0N 5 &2, KRIGEREBUHEL 2 CBR3 % %El -
L, 2 ORERIFRIEEIZ DWW TIRET L7z,

b MNERRICI T D CBR3 O HLEMT

KB B & ik

hCBR3 & hCBR1 ®2&fE 7 n—=7": t | fetal brain cDNA (Clontech Co. Ltd., Japan)
EEHEMELT, UFTO7 74 ~v—%2HnTENZENDEMLT% PCR (Polymerase chain
reaction)¥£(Z X 0 HElE L, pGEM-TEasy "7 ¥ —~/ u—=27 L=, /7 u—=27Iiz
H0rix. ABI PRISM 310 Genetic analyzer (Applied Biosystems, Foster City, CA, USA) %
AWTERESIZRE LTz, 26D 7T A K&, pGEM-hCBR1, pGEM-hCBR3 & 4 fF
iz,

hCBR3 (K FHREEBILE AVE 3L 0D il BRI SR FR k)
hmhCBR3f02(Ndel): 5'- acg cat atg ccc cge get cc -3'
hmhCBR3r02(ZcoR]): 5'- tag aat tca gea age tec gaa gea gac -3
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Fig. 3 Amino acid sequences and secondary structures of hCBRs The amino acid
hCBR3 (GenBank No. NP_001227.1) and hCBR1 (GenBank No.
NP_001748.1) were aligned by GENETYX ver. 8 (Genetyx Co. Ltd., Japan). Tubes and
arrows indicate a-helices and p-sheets, respectively. These secondary structures are
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numbered following Hoffmann et al. 2. The secondary structures of the enzymes are based on
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hCBR1CK T PR IELE 30 E 40 O il BREE 3R 585k L)
hmhCBR1f03(Ndel): 5'- cge ata tgt tcc geg cge cc -3'
hmhCBR1r02(ZcoR]): 5'- acg aat tca gga caa ggt aca aaa tgg ggc -3'

YEE PCRIE : £ HlEasH kDO E F ¢DNA 71 77 U —(Clontech Co. Ltd., Japan) % #57!
\Z, LFD7 74 ~—%H\T hCBR3 Bfn{ & hCBRI Bl %E L7, PCR 7n 7/ 7
LELUNIZR LTz, hCBR3 & hCBRI1 1% 30 £721% 35 41 7 v® PCR Ki~%. GAPDH
(Glyceraldeyde-3-phosphate dehydrogenase)i® 30 %1 7 /L ® PCR K& %1772 >72, 1.6%
7 v — A7 )VITAE (Tris-acetate-EDTA; 2 M Tris, 1M [z, 50 mM EDTA, pH 8.0) %
HAWZEXIKEINZ LY DNA 2758 L. 1.0 ug/mL =F v A7 u~A KITAE (2 X > TDNA
st LTz, B L7 DNAIZ UV FCTHH LT,

hCBR3
hmhCBR3f01: 5'- tat cag tag ttt gca gtg ttt aag g -3'
hmhCBR3r01: 5'- cag tcc tga tge tgt ctt tee ¢ -3'

hCBR1
hmhCBR1f01: 5'- ctt cct gcg caa gga gta cgg -3'
hmhCBR1r01: 5'- acc tte ttc tgg get ct ggt g -3’

PCR 7'u /7 A
94°C 5 43t preheat
94°C 30 #: denaturing
64°C 30 #): annealing PCR %1 7 v
72°C 30 #: extension

72°C 7 47 additional extension

MR

CBR3 & CBR1 ® mRNA % RT (Reverse transcription)-PCRIZ X » CHEET HITFEE L.
OIS DBEFIIEBELS L~ LT T7% & &\ identity 2/~ 3 DT, TNENDT T A~
—ty FOBRICHEELZT 52 L. OBIBNENFRETHLEARTIENTEDHI L,
DB TH D,

7T A= —OFRMEIZE LT, 10 ng ® pGEM-hCBR3 ¥ L O pPGEM-hCBR1 % #8122
NEhoO7I74~—ty N AWTPCRIZEICE VBB TZHIEL7-E Z A, hCBR1 OHiE
77 A ~—"TIX hCBR3 #Efa FI3IE S 417, Wb F 72 S 72 - 7z (not shown), K-
T, DT T4 ~—ky MIHREDE 2L OB 2 ERITHIEST 5 LB 2 b,



F 72 BEIE IR ICEI L CL AIBEIC 10 ng @ pGEM-hCBR1/hCBR3 % #7(Z PCR %17V >, 10-20
YA 7 NVOBEEEY % 7 v — A7 VEKIKINC X > THRE - Mt L7z (Fig. 4), = DF5HE.
ZTNEND PCR VA 7 VIZBWTIZIERED PCREHNEONT-Z & L0, HEiEgh=RICE
LTIEERECThLEZEZ DN, DFEV, ZOF T4 ~v—ty FZH\T, hCBR3 &
hCBR1 OY-E&MNFRETH 5 LW S 47z,

hCBR1 hCBR3

Cycles 10 12 14 16 18 20 10 12 14 16 18 20

T T O LT TR -
S ——
4 .

Fig. 4 The efficiency of amplification of hCBRs Ten nanograms of pPGEM-hCBR3/hCBR1
were used as a template, respectively. The conditions for amplification are followed by the

procedure described in Materials and Methods.

WIZ, B FcDNA 7477 U =% ENZENOBET% 30 £721% 35 A 7 M2 T,
PCR 2 XV 4G L 72 iEM & ke L 7= (Fig. 5), £ DfEH., hCBR3 & hCBR1 1%, &b 56
WA 7Rk A0 2ok L7z, hCBR1 (X, FrICHTR - BRIV REBLAS AL o7z, —J7, hCBR3
X, PN - B B IR 5RO BN H 4172, hCBR3 & hCBR1 O3l & %
g% & 35 YA 7 V0 hCBR3 OIE&EN, 30 YA 7 /L0 hCBR1 OElE & & 1FI1F
[f% CTd-7-, hCBR3 & hCBR1 ® PCR HEzh=R13 R L frs D 2 & 225, hCBR3 13
hCBR1 (CHAREEMINZ ERHL M E o7, Ll XY, hCBR3 O3 BRI B
filk & FEBLEDOMEIZH VT hCBR1 &R Dl 21T TWD Z ENRB I T,



@w o o
® o 8 g
5 =2§=5‘5m %EEE
3
§E5m3§g$2:g3§x8=m
S 20 5 2 o6 ¥ 038 2 © > 3 858 cycle
8 £ £ 2 = v o £ 6 ¥ o & 0o & 758
30
hCBR1
35
30
hCBR3
35
GAPDH}--------------- 30

Fig. 5 Tissue distribution of the transcripts of hCBRs The length of the amplified
fragments was 334 bp for hCBR3, 332 bp for hCBR1 and 575 bp for GAPDH, respectively.

% hCBR3 OfilaNS A

SDR A—/3—7 7 I U —|ZJ& T HEERIE, MIE Y VO B MakiE R, I b= R
U T2 RN TR 2 2R RfEZ T, LarL, hCBR3 OMKANRIEMIZI & Tl
moTz, 512, hCBR1 OHMIBEANRBIEMEICE L <, AREE S ORI BV CRUKRE )
{2 CBR1 OIEMR AT SN D Z M OMIE S L < ISMEANAEERSICRET 5 EE 26
NTNWDLDH VT, BRSO RTER EFEMARBTIZI SN TR oTc, £ 2 TAREITIE,
hCBR3 & 3£iZ hCBR1 MR NBEMIC DWW TRET 21772 o 72,

KB B L ik

77 A MHEZ : pGEM-hCBR1/hCBR3 Z#HIZ LA T O T4 ~—Z2HW\ /= PCRIZLD

Hindl1l & EcoRl YA b Z{REF Lo BEFRER T D cDNA Wil 21572, 24156 D cDNA Wil %
Hindl1l/ EcoRI #1t# . p3XFLAG-CMV10 (Sigma Aldrich Co., St. Louis, MO, USA)®»
HindlIl/EcoRI A b ~FA LTz, BEINTZT7 T A RTiE, CMV (Cytomegaro virus)
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FrE—4—LE T, NKIC 3 H0 FLAG # 7 3%l S L7z hCBRIACBRS S5 T4 = —
F&h5, b0~ % —% p3xFLAG-hCBR3, p3xFLAG-hCBRI &4 ftif 7.

hCBR3 CKF FHpEIE HindlIl OFRFRENL)
mthCBR3f09(HindIIl): 5'- acg aag ctt ccc cge get cc -3'
hmhCBR3r02(ZcoRI): AEE il HilR,

hCBR1 CK5F FRRER X Hindl11 OFRF%ENL)
mthCBR1f15(HindIIl): 5'- cga age ttt tce geg cge c-3'
hmhCBR1r02(ZcoRI): AEEE—HilZHilR,

FAESEE : b N A4 B Sk HEK293 #ifldid, 10% (v/v) FCS (Fetal calf serum). 0.12% (w/v)
NaHCO3, 100 U/mL <=3V > G. 100 pg/mL 2~V 7 b~A > %5& AT DMEM
(Dulbecco's modified eagle's medium)£5#1 T, 5% CO2 f7A4E F 37°C THE:#E L7, MR OMELL
I, B2 5] L 10 mL @ PBS (Phosphate-buffered saline; pH7.4, 137 mM NaCl, 2.7 mM
KCl, 8.1 mM Na:HPO4, 1 mM KH2PO4) TUEH . 1 mL @ 0.25% (wiv) b U 7> 20z 5%
CO2fF{E ., 37°C T 1 /MU L TR Z 58T 4 v a2 bR Lc, iUl FCS 25
DMEM Kittha 9mL Nz b U 7o v & 006 S8 @ERMEEIC D KO LWERT « v
> = (falcon) | ZAH % Mk T2,

DNA F5 2R 72273 ay :DNA FT A7 =27 3 a 0 24 Befffiic HEK293 Hif % .

EHEMHOTZOIZIE 35 mm BEFET 1 v ¥ =~ 5x104 cells/35-mm dish, #life f0)% G ta
729121% 35 mm 2D p-dish (ibidi, Nippon Genetics Co., Ltd., Tokyo) ~~ 1x104 cells/35-mm
dish #y k77 L7, DNA h 72 A7 =7 v a VEAN, =YV GEANLT |
~A T EER LRV DMEM ~Eih a2 #i L7-, & 512, Translt LT1 (Mirus BioCorp.,
Madison, WI, USA) & 1 ug @ p3XFLAG-hCBR3/hCBR1 75: 2:1 OFIE TEM L, JFE-DNA
BEEEER L, BNz 7-, £ 0 48 Feffite, ARER~E L7,

BOEMH : 5587 1 v v a b RER, PBSIC TS L7, B A7 L—/S—THl
fuz &40, 1000 X g, 10 3[HE O Z1TV, MRS 21572, Z Ofifail4 500 pul © 100 mM
FEU U LY CEEREEHR, pH 6.5 I L., 4°C ITThU T 4 H A 7Y =/ — % — (Model
W0220 sonicator, Heat System Ultrasonic Inc., Farmingdake, NY, USA) % fiv»T 90 B d

BE 21T 72 572, 16,000Xg, 10 O L% Bif4d, BEAEMHIRE L THW .

EHEEDOERIT, BSA (Bovine serum albumin) # 2 #E50kE & L, Bio-Rad Protein Assay &
#K (BioRad Laboratories Inc., Richmond, CA, USA) % i T Bradford #5202 X » TIRE L
7

-11-



SDS-PAGE (Sodium dodecyl sulfate-polyacrylamide gel electrophoresis) * V=X ¥ > 7' &
v 7 4 v 7 : SDS-PAGE ®7-® |2, JEE 1 mm, 10 cmx10 cm @ 12.5% 435 /L (370 mM
Tris, pH 8.8, 12% (w/v) 7 7 U L7 2 K-E 2(29:1), 0.1% (w/v) SDS. 1% (w/v)i&ilE 7 > &
=7 A, 0.05% (v/v)TEMED (N,N,N',N"-Tetra-methyl-ethylenediamine)(Z. 3% &7 /L
(476 mM Tris, pH6.8, 3% (Ww/v)7 7 VLT 2 F-E A, 0.1% (w/v) SDS. 0.15% (w/v)i i
TrE=U A, 0.05% (v/V)TEMED)A EJE LT SDS-ARV 727 VAT I R VARBLT,
TKEh 5 & BT, kENE RIS & D 2xSample Buffer (10% (w/v) SDS. 50% (v/v) Glycerol,
25% B-mercaptoethanol, 0.005% (w/v) bromophenol blue) %z, 100°C. 5 4rf], ZL
oz bk EMESE7-, SDS kENANR (25 mM Tris, 192 mM Glycine, 0.1% (w/v)
SDS)HIZ THkEN A 1T 72 o 7=,

SDS-PAGE . 7 v v 7 4 > 7&Kk (25 mM Tris, 200 mM Glycine, 0.02% (w/v) SDS,
20% (viv) A% =) efnwlct 7wy T 0o 75Q mAlem?, 60 53)I2 & Y PVDF
(Polyvinylidene difluoride) i~ H'E # #55- L 7=, #a5-f % PBS (2 T . Blocking One
(nacalai tesque Co. Ltd., Japan)iZ T 4°C, —Mp7 1 v X 7 %4772 -7, D%, PVDF
i %2 PBS-T (PBS containing with 1% (V/V)Tween-ZO) \ZTHEE L. mouse anti-FLAG M2
monoclonal antibody (dilution 1:1000; Sigma Aldrich Co., St. Louis, MO, USA)IZ 5| & i & .
HRP (Horseradish peroxidase)fZ:# sheep anti-mouse IgG antibody (dilution 1:10,000 ; GE
healthcare, Japan) % ZLEL L7-, &HE (X, ECL plus ¥ A7 A (GE healthcare, Japan) &
HRP 2 X VA UL %2 T A R ¥ 7 F v —II (ATTO, Japan)iZ T L 7=,

R EOEPUARIC K DR gufs : DNA 7 27 =7 v a @ 48 %, HEK293 #fi
iz PBS TUEH L. 4% (w/v)2XT KRV A7 07 b R/PBS T, 10 [ « S|IEIC CTHEE LT,
PBS T X < L72t4. 0.4% (v/v)Triton-X 100/PBS T, 20 47 - SR THIKMEL 0 i AL
AT/ o712, PBS T2, 5% (w/v) Goat serum/PBS T, 1 Fffli] - |RiEIC T vy ¥
JaATIR o Tz, D%, PBS THF L. 1 kFUALEE (1 FF[# - =i, mouse anti-FLAG M2
monoclonal antibody, dilution 1:500){Z5] & fi &, 2 WHUALLER(L FFRE - ==IE. AlexaFluor™
488 17 goat anti-mouse IgG antibody (Molecular Probes Inc., Eugene, OR, USA).
dilution 1:2,000) %177 - 7=, _IRHUALIR% , PBS CTX < ¥ L, AEZ L 72, 1 mg/ml DAPI
(4',6-diamidino-2-phenylindole dihydrochloride)% & A 72 Mounting buffer (20 mM Tris,
pH 8.0, 20 mM DABCO. 90% (v/v)7' Vv —/)Z&EE L. %7/ - DNA 244 L=, {E
L 7230HE, LSM510 £ 8 L —H— 2 % ¥ B EE(Carl Zeiss, Oberkochen, Germany)
2T, BE L,

iR

e~ S EAEIX, VXU oS 220, MaRNEEEEZE RS
ZEBBHD, TDILD, %HH@W%E‘@%*&E#?%E i, Eﬁﬁ%ﬂ%ﬁéﬁtﬁﬁ%’fﬁjﬁé‘&
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WO MREZ T TWRNWI EE2RE LR TNE R 5w, HEK293 Mg ~E A L 7z
p3XFLAG-hCBR3/hCBR1 7L il B S N-MEERENEEEZ BB L TWVD Z & 2R
T 57202, anti-FLAG ik AW C o2 T avs o v 7 %1772 ->7= (Fig. 6), =D
F;‘E WTFNOBAEEBE b western blotting FTH—ON RE/R L, j(é‘ 726 (5553 i %

ZTTWhnwEan, E7 I VBRI »EBIND S ZBL T,
3xFLAG-tagged hCBR3 (% 37,307 Da, 3xFLAG-tagged hCBR1 % 36,832 Da ’Céb 5, ER
KENCB T 2BEBENSCHIB Lo TF2IF,. T ZE4 40 kDa, 37 kDa Th > 7=,
3xFLAG-tagged hCBR1 |IZ VK IZHH &7z 25, 3XxFLAG-tagged hCBR3 I V7
HELYDH/NIWVWBIIELZ R LT, 2O SDS-PAGE L TOHAREZIELEENZHOWVTIH, A
B IR W TR 5, S 612, MRNREMEICE L T, HEK293 MifdlZ 88l S &
oA RS EIUREIC I VR L2 2 A, BN~OREIZTIZEAEROGNT, W
A 8T T RE~ORYE— 72 Jjfez o Lz (Fig. 7).

Fig. 6 Expression of 3xFLAG-tagged hCBR3 and hCBR1
in HEK293 cells Two percent of the cleared lysates of
HEK293 cells transfected with FLAG-tagged hCBR3 or
hCBR1 expression vector were separated by SDS-PAGE,
and detected by western blotting using anti-FLAG M2 ~80.0
monoclonal antibody as a primary antibody.

p3 X FLAG-hCBR1
p3 x FLAG-hCBR3

mock

~49.1

~34.8

~28.9

™20.6

—= 7.1
(kDa)

#—fi hCBR3 EHBEOMM & HAMEE

#—T8 hCBR3 % L 'hCBR1 D& H/E 5

BERAL IR 21T D T2 B REBEEEAERLETH D, KEOBNERE A
FlcfgsrZenTx éﬁﬁ%ﬁ%ﬁfﬁ-ﬁ tAFVUHis) ¥ 7 & ﬁﬁl%ﬂ’ v DB S0
72 IMAC (Immobilized metal affinity chromatography) B XV EAHEZKER L, ¥1A
WhTZhra~ N TT77 4 =2V BETHZ LiIcLoT, i@**&%ﬂ’%%%é%lﬂg*ﬁ@
ROEELATIR ST,
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DAPI Anti-FLAG Merge

FLAG-hCBR3

FLAG-hCBR1

Fig. 7 Cellular localization of 3xFLAG-tagged hCBRs in HEK293 cells FLAG-tagged
hCBR3 and hCBR1 expressed in HEK293 cells were stained with anti-FLAG M2 monoclonal
antibody. Blue, DAPI; Green, hCBR3 or hCBR1.

KB B & 1k

7T A I P KEH i CHE Iz pGEM-hCBR3/hCBR1 % Ndel/ EcoRI THLEE L 7=
DNA Wiz, N K His ¥ 7BAEBEO KGERBRBEHAZ ¥ —TH 25 pET-28a O
Ndel/ EcoRI A4 h~fFEA LT, 26D T A3 & pET-hCBR1/hCBR3 &4 SiF7-, 1%
LINTTT7AI FTIERBEMEANICBNT, T7T 7eE—%—XA ., N KIZ 6 #® His
DT T AL —%E L= His % 7 35 S 4072 hCBR3/hCBR1 EHE A2 — K& 5, @
B & 5k F <id. lacl (lac inhibitor) 73 T7 7' v & — % — {265 2 28, IPTG
(Isopropyl-B-D-thiogalactopyranaside) D ¥RANC X W Z Ol ABAEEER S v, & BE ORI
BInb,

KBEICLDPEAEREALEAEGRER : pEThCBR3/hCBR1 OFNEFHIZ L » TRIGE K
BL21(DE3)pLysE Z# &l L7z, ThEtnhoan=—%_ 25 ug/mL I+ ~A %G A
725 mL @ L (Lauria)-Broth T,37°C, —BtfR & 5 553% L7=, ¥ H .5 mL O55% K % 25 pg/mL
AF~A T &G AT 125 mL @ L-Broth ~ME 2 f# X . #E£(600 nm)2® 0.5-0.8 12725 £ T
RE DRREAT IR o7z, £D#%, IPTG ZHRED 02 mM &5 K912, S HIT 34
REfRR & 9 FEa aAT7r o 7o, Higtk. 8000xg, 10 DL THEE L, 20mM F FY v A
»EAEMETIR, pH 7.5 IZRRE L, KIGE A VES L7z, S 5T, 8000xg, 10 73Dl THEE L,
20mM F N U T AV CMEREERR, pH 7.5 (28R L7z, KIGE % 5 _filonr Lic ik & RO
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BaECT, HE-KEH Y =4 —%—SONIFIER 250 (Branson Ultrasonics, Danbury, CT,
USA) % W CRFEME L7z, 15,000xg, 20 4y Distlath 0 138 2 R % 8 H 85 BRI
ATy & U CE BB RAE L2,

BRI, His # 7 & NittE OBRECE S, NinT 74 =T 41— HF L7~ b
T 74—k E VAR T A~ NI T T 4 —IZKXDHRED 2 B L VAT
72577, 20 mM R U U LAY CEEREER, pH 7.5 TE#{E L7 1 mL @ bed volume O
HiTrap chelating affinity column (GE healthcare, Japan)~, #ffix & HE 5B KGH nla
MWy EeEn— RN Lz, 0%, 10mL ® 20mM F U 7 A U ERGEE R, pH7.5 &, 5
mL @ 2.5 mM EDTA (ethylenediaminetetraacetic acid) & A 20 mM F b U &7 A U U JikE &
R, pH 7.5 TH 7 L&¥EE L, IWHERETR 20 mM F NV U AV U EEFEE R, pH7.5, 50 mM
EDTA, 500 mM NaCD T L7z, 2056, BERERENEWVESZ, 20mM 7~ v
LU kRN, pH 7.5 THAHE L 72 10 mL @ bed volume @ Sephadex G-50 (X 57 /v 5
WHTZLra~ 777 4—I280, BEEITRo7, BAER, REF IR LA
IZRVE=LE,

SDS-PAGE L VTRZ Ty T 47 REF MR LITELRRICIT o7, —Ik
Pk & LT rabbit anti-rat testis CBR1 7R U 7 @ —F L4k 29 (dilution 1:4000), —&KHLik
& L C HRP i anti-rabbit IgG antibody (dilution 1:10,000, GE healthcare, Japan) % V>,
ECLplus iZX v i L7-,

MALDI-TOF2 (Matrix-assisted laser desorption/ionization time-of-flicht) mass

spectrometry : 5 mg @ Sinapinic acid (LaserBioLabs, Cedex, France)(Z 0.1% (v/v) kU 7 /)L
FuEigZ 300 uL, 7 F= kU /L% 200 pL Nz CHEHE, AR L 10 mg/mL O~ RV v 7
AVRIR & EL L7z, 200 ng/ 10 pL OFEREAE % ZipTip C4 (Millipore Co., Milford, MA,
USA) % AW T U 7=, ZipTip IZfRFF L7723 EHE, ~ MY » 7 ABHR 2 uL & T MALDI
7L— b RICEH - RS % JEICHE L7,

Zeta BALORE : 0.5 mg/mL OFEMEAE 3 mL (20 mM F b U 7 AU U ERFEREK, pHT.5)
% . Electrophoretic light scattering spectrophotometer (ELS-6000; Otsuka Electronics,
Osaka, Japan) ~7 774 L. HE LT,

wa R

IPTG |2 L 2 ##a 2 B BB OFBFHEICHE LT, KRATo atEE A Einik 4 SDS-PAGE
IZTHWKBI L7 & 2 A IPTG IZ L > TREOEBAEN P4 1-& (His-tagged hCBR3, 33749
Da; His-tagged hCBR1, 33455 Da)iTf#Z#FE X T\ /=(Fig. 8), €2 T, IPTGIZ X 5%
HERBRFE 1T o 1ol A DO A 1T 72 o 72,
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hCBR3 B X O'hCBR1 EHEIZHB VT, 125 mL O KIGEEFRIR XL 0 &I E X% 4 mg
DFEREE 2 BB L < ﬁﬁw?é EMNTEI, £, KBRUEICEAL T, SDS-PAGE ©
CBB %etaffe L v | ¥ —7efspEAE BRIz L sz (Fig. 9a), £/, T H D&
HEIXZVZRX T avT 47250 antirat testis CBR1 7R U 7 @ —F /LHUK 29~
P4 oR” L7-(Fig. 9b), rat CBR1 I3HEET I / F&RLS ., hCBR3 & 68.2%. hCBR1 & 78.2%
EFHIREIMED @V (Table 1), ER X 7= HE S antirat testis CBR1 Uik ~AZ 255 %
RLTEZ e, MEHEDHEIIZhCBRs THhDH Z ENXF S,

Fig. 8 Bacterial expression of hCBRs protein
induced by IPTG The cleared lysates from
BL21(DE3)pLys transformed pET-hCBR3 or
pET-hCBR1 were separated by SDS-PAGE, PTG — + — +
and stained by CBB. The induced proteins

hCBR1
hCBR3

—75

are indicated by arrows. —50

His-tagged
hCBR3 Q: —37.5
His-tagge
hCBR1 —25
—20
—15 (kDa)

I OREREIIHEE Y I BRESINOERE SN0 FRETIE, 294 Da LHEN Tk
57, SDS—PAGE L TIZEFR—OBEE LRI & FREI N, FEERIZIZ hCBR3 23EF
HEDSGTEIY LBEEN/NS <, hCBR1 & WfEICBES L =(Fig. 9), /-, Z0B%
1. HEK293 M1 #1555 +7- 3xFLAG-tagged hCBR3 & 3xFLAG-tagged hCBR1 |2
BT HEIEE sz (Fig. 6).

ZOBRGDOFEKFE LT, Mg T hCBR3 NWEHREEHFEDMIMZZIT TWDHAEEMENE X
oo DA, BERIEE~ORBENEL TE 2020, 2D SDS-PAGE L TOBEIE DAY
72 IR D ENDOJRIKIZ SV THGET L 72, MALDI-TOF2 mass spectrometry (2 X % 4y 7 &} E D
it F(Table 2), . X7 hCBR3 Oy F=&ix. 7 X /BESIOEHHE S - Blim LDy 1
BER—E BT ENTE, BFREEOMNEZZ T TR EHBrsi/e, £7-. hCBR1

Doy FEITA 129 Da B Lo TR IV /S ro7ed, ZORKE L TRBENICE T
L. FERBMET R VB CTHDATF A=V BIEORAF A=Ak ENEZ BN, fERE L
CT. hCBR3 3 XWhCBR1 ® SDS-PAGE L TOMARBENE D=L, KIBENIZE T 5
ONOEREOMINC LD D TIIRNWEEX bV,
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(a) o (b)
O
=
— — o
— MM o
o o om
o oom (SN 8
Q0O 0 £ c
£ £ C
—75
—50
—37.5
—25
—20
—15 (kDa) —15 (kDa)

Fig. 9 Purified enzymes on SDS-PAGE (a) Purified enzymes (each 1 pg) were
electrophoresed on SDS-polyacrylamide gel, and stained by CBB. Lane 1, His-tagged
hCBR1; Lane 2, His-tagged hCBR3; Lane 3, The mixture of the proteins. (b) The proteins
(100 ng/Lane) were detected by western blotting using anti-rat testis carbonyl reductase
polyclonal antibody?® as a primary antibody.

Table 2 Theoretical and experimental molecular weights of

bacterially expressed hCBRs

M.W. estimated ) M.W. estimated
Theoretical M.W.
by SDS-PAGE by MASS
His-tagged
35Kk 33,749 33,744
hCBR3
His-tagged
33k 33,455 33,326
hCBR1

M.W., molecular weight

SDS-PAGE (28T, HEEHEIZ. Dodecyl sulfate ion 23 & LEEMEDEM &2 H D720,
BIE T CHtB~BET 5, i, EHEOHEMN D TEY 7V OEMPIZEFR L THD LD
AIfEIZB N T, HAE O SDS-PAGE FOBEE &3 FEN RV Z /R 29, @ IL,
Dodecyl sulfate ion 23— EMHE TEAEISHE AT D702, BA0 &S 720 OBERBDIFIE
FEIZ D B2 BD,
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SDS-PAGE IZBWTH T R&EBHEORMZ b 7253 K & LT, GRAVY (grand
average of hydropathy) score & ZEFE S (pDNH T B s 2930, GRAVY score I, HEHED
7R B DR SN D EAEEEROBUKYE - BUKMEICBET 2HETH Y . £ OES 0
PLETH 2 EBKMER W E B X5 3D, Dodecyl sulfate ion (3 AE OBIAMS 7 A4
— L0 BBUKMEY 7 AZ —IZHAEMEH Lo W ew 32 SDS-PAGE O v 7V FHRLZ BT
BUKMER ST VTS WEREIZ EEBE Y720 28557 % Dodecyl sulfate ion (ZH#I15 5 &
Bz bbb, D=, GRAVY score 73 & VVEHE X, SDS-PAGE H T Dodecyl sulfate ion
DEFENREL, BEIEN S FENPDL TEINTELO LY b REL 5 30, His-tagged
hCBR3 ¥ L O His-tagged hCBR1 ® GRAVY score (%, Z#LE4-0.367 3 L0277 TH
» (GRAVY CALCULATOR, http://www.gravy-calculator.de/{Z X 2% H). W& EE & b Bk
PHERFRNE ST, 2O 51X SDS-PAGE EOZE@E 25T 2 Z LR TX e oiz,

pl 2MEWE REIL, SDS-PAGE O 4rif 7 /VEBR G T (pH8.4), R ET 5, 207k
b, [EPEER ORI K - T Dodecyl sulfate ion OfEAMENE T L. SDS-PAGE L&)
NN 72D, 2F D, SDS-PAGE CHIESND 0 TFENEEOSFRERLD b REHEH
SNDHI ERHMLILTUVS 2930, His-tagged hCBR3 1%, His-tagged hCBR1 (Tt ~E i
@ pl MK L | AT ClE Hisrtagged hCBR3 23 FHXIIZ SRV R ME O B 2 T & TR S
7= ( Histagged hCBR3, pl 6.46; His-tagged hCBR1, plI 8.77; Compute pl/Mw,
http://web.expasy.org/compute_pi/|Z & 5 B H), % Z T, Histagged hCBR3 # L O
His-tagged hCBR1 OE HEMDIEIE CTH D zeta BAL3PZHE L7, 20mM F hU LAY
VEERETENR, pH 7.4 123\ T, Histagged hCBR3 i His-tagged hCBR1 (Z fb#k LIEF 12
FRUNEMEE 2 7k (Table 3) 2 & 225 . Z 0 SDS-PAGE b TOE 2R D OJRIR O —E I,
hCBR3 DMEEMICES D EEZ X BT,

F7-. fthoEFfio CBR3 A/ v 27 L CBR1 A/v Y u ZIZEI LT, GRAVY score 73Bi
IKMEZ RE 72N Z &8 CBR3 AV Y a7 @ pl s CBR1 A /v Y 1 7 pl (IZHE~TH & 2K
VMEAZY, T v b, = A, Chinese hamster (ZB W TR I, Zhbo@EAL Y m
B WTH e MEAE & AEEIC SDS-PAGE THH®W 7223882~ 3 2 L3 PRI,

Table 3 Zeta potentials of hCBRs

Zeta Potential (mV)
His-tagged CBR3 -55+3.3
His-tagged CBR1 -2.4 £0.97

Each value represents the mean + S.D. obtained from three independent experiments.
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% T hCBR3 ¥ LU hCBR1 OEEHEMBIENEIZ 31T 5 pH M

ARER =HiFH —HIZEB W T hCBRs O K& R Z M. L, hCBR3 | hCBR1 tht&ﬁgﬁ‘%
EOFEEEDEBEEMTH . EO7=D pH BHMEATE T zeta BALMEWZ & 2B B0
7o T OWEALFRIE NS, SDS-PAGE ECTOMEREDEHOEICORND EEZ BN
5y MEAEIZZOX ) RMEOEWDRH DD T, In vitro \ZBW CEERIEVEZHIE T 5 B,
il KBRS N IR D ATREMEN B D, KRS VR = g eim e 2 e T 858, WA=
BILMMIHOZTE LG TH A2, HOREOFEETH 5 pH IZHAE L CHEAE M
TRERMIGEHEDZEE LTHND AR S 2 bz,

hCBR1 i%. pH6.5 it pH THD Z ENF BN TS 923, hCBR3 IZ2oW Tt
SFEN TV, ARIETIE, hCBR3 O /LR = Vi eif HRIEIC 81T 5 pH it 2 st L
7=

KB B & 1k

RBEIC L 2EHERA L ERERERE « KHH—HOFELERRIATR o7,

F VR = VB TR DBIE : pH 4.0—6.0 2 100 mM F U 7 A7 = L FRiEEIRIC C.pH 5.5
—pH 8.0 2 100 mM F + VU 7 AV U EEFEERIC TR L, 130 uM NADPH, &£H & L T1
mM 4-benzoylpyridine % B <RI L7-, BEBRINIE., ZOWKICEEORKUEAEZINZ.,
BAtA L7-, BERLUGIE, 25°C BV T T -7,

NADPH (%, 340 nm (ZHRWLIL % FF>—J5, NADP*Z 340 nm (WX & Ff7= 72\, 2D
720, EREORIESRIZE W T GBI #E e & | Z k% L <497 NADPH 7> 5 NADP+
~NOBEHIZ LY | BERLUSIATIRO 340 nm TOWINA AT 5 (Fig. 10), Z @ 340 nm O
W OWANTHY 4 5 %, NADPH O /W ERE 6.22%x103 M-1+cm-', NADH O %/
W YEAREL 6.27x1038 M1eem 1 2B AR L, BERIEMEAZ R LT, EALE IR OREFRTE I
BWTHRLEWIEEE 100% & L, fHEEZ Ko7,
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0 OH | /% NAD(P)
> e | {\¢
PN T EIN
/ \ g- |
NADPH +H* NADP* § NAD(P)H
The absorption at 340 nm is decreased T TG
with conversion of NAD(P)H into NAD{(P)". wave length (nm)

Fig. 10 The measurement of carbonyl reducing activities based on the consumption
of NADPH Carbonyl reducing activities of CBRs are dependent on the decrease of NADPH.
Since NADPH, not NADP*, has an absorption at 340 nm, the rate of the decrease of an
absorption at 340 nm reflects carbonyl reducing activities.

iR

CBR3 £ LU CBR1 @ pH H&#EMEIZ DWW T ORER % Fig. 11 1IZ/R L72, WEERIZHBWT pH
BIEPEIXIEIEREECH 72, O2F D, pH6.0—pH 6.5 IZBW Tl b @V EEREEZ R L, 99
RN TRV TEERTEME B D T 2 M B o iz, BL N OB VAR = Vi oiE
OHIFEDEE, pH 6.5 1B\ T{T/RH & & LT,

100

T3 or

20

Relative activity (%)

23

Fig. 11 pH dependency of the enzymatic activities of hCBRs Carbonyl reducing
activities of hCBRs are shown as the ratio of reducing activities at optimum pH (hCBR3, pH
6.0 in 100 mM sodium phosphate buffer; hCBR1, pH 6.5 in 100 mM sodium phosphate buffer).
The lines at pH4.0—6.0 and at pH 5.5—8.0 were the results of reactions in 100 mM sodium
citrate buffer and 100 mM sodium phosphate buffer, respectively. Each value represents the
mean £ S.D. obtained from three experiments. o, hCBR3; m, hCBR1
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# =1 hCBR3 ¥ X N hCBR1 DAfil% ke F b

SDR A —/3—7 7 I U —|Z@ 7T DR cBERIGEM 2 T 28#1X. NADPH ¢ L < iX NADH
R & L CHWD, hCBR1 /X, NADH LY ¢ NADPH # A CTHWA Z En 5T
W59, ARIETIE, ARBEFH ZEHE THIZBW CRE L= pH (BT, hCBR3 &£ =2
m—/L L LT®D hCBR1 DAl R S Z O TR B E O 54 BRI L O &5
DWTEIZ LV RET LTz,

KB B & ik

RBEIC X 2EAERA L BEBOERR : AEH —HO AL RRICATR -7,

ANVR =)VigTAEEORIE : 100 mM 7+ U 7 AU KRR, pH 6.5, fif#%k & LT 130
uM ® NADPH & L <% NADH OW§iuaa VT KRS “HO 5k & RRICIT R o 72,

AN =R TAEYE O FEERIZ K 2P : 100 mM F U » AU AR, pH 6.5, filili%
F L LT 130 uyM ©» NADPH # W T, [HEMEEHE & L T 2-AMP (Adenosine
monophosphate), 5'"AMP, NADP+ NAD*OFAE F, AHiH _HOFIEE FREEZIT2 -7,
ThENDOEEL Fig. 12 1R LT,

NADP* NAD* 5'-AMP
[|]H

=
=
=
=

[

N N
0 0 0 0 OH OH
0—P=0 0=—P=0
5-AMP—¢—\ 5'-AMP—6—\—,7
0—p—g M My, g \M OG- 2'-AMP
SENE . g B
0 LN H/) 0 I\H II/J
g
OH 04-P—OH OH OH ﬂ
| OH 0—P—0OH
0 B
2'-AMP 0

Fig. 12 Structures of coenzyme-related compounds for inhibition of NADPH-linked
carbonyl reducing activities Structures of both NADP* and NAD" include that of 5'-AMP.
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BER A~ DOMEERIE & ORE (FREEERORIE) - AEETEH KaAaid, MEsOs D)zl & Lz
X DTRFZLnTE D,

fiife O (1) CBRs-Coenzyme Complex = CBRs + Coenzyme

[CBRs]-[Coenzyme]
[CBRs-Coenzyme Complex]

X @ K,=

d

[CBRsl], CBRs & H'E 2L, [Coenzymel, filfEIEE;
[CBRs * Coenzyme Complex|, FFEMEFREEH A IREE

X DLV, KfER/NSTFIUT NS VT E | BER - fiBERE S IRES IR E W E
BEIND D, BFEEMEZOBFMENRO B D, Ko T, KfEIZRESR & ifER
DFEEBAMEDIEEE L L THW B D MBS (DD X 9 IO R Z 0 S 72 WA A7
HEET NV OYE. 0T NV ERIT 5B TH 25 Hill equation WD Z LN TE 5,
Hill equation %, i @R L7z, 72, X @ EMRAA~LHR L2 G~ 71>  (Hill
plo)iZ E V. RETNAA~DEIFNREZLYTHLNE I NERFTHZENTED, 2F0, [
JH Y Th 572 513 Hill plot IXEARICEYGE 40523, %24 T7e i+ Hill plot [XEARIZIA]
Ji L72u,

Kl % 8B L O L F ORI L7 »> T, B L7z, 3mL @ 20 ng HREAE
(100 mM 7=+ U 7 AU CEERETE, pH 6.5) & fiskit /b~ AL, 25°C (2B THleEtE
Z (RF-5300PC, Shimadzu Co. Ltd., Japan)iZ Lk ¥ . bt 290 nm + #¢ 335 nm |2 Tk
MU/, Ehucslsfix, 28O NADPH £z, #Ez20E Lz, ZO#{EE 20—30 [A]
BVIRL, BIRETOSENEZMRE Lz, #EREZINA TOWARWRFOEGIRE & A IRE DA
FEFRZMZ T & EOWMBEDEE . HHOWHTS (delta F) & L7z, delta F & #ifEERE D
R84% % . SigmaPlot kinetic module (Systat Software, Inc., Richmond, CA, USA)% i T,
Hill equation = () ~FEMHIEIR L, Kafliz 15372,

[Coenzyme]”
= (2) deltaF =
K, + [Coenzyme]”
delta F
=X (3) log ( F_ deltaF ) = n log [Coenzyme] —n logK,

n, B IVREG Ka, 50%E0 R 0O A e 35 e B
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iR

hCBR3 (2B LT, 130 uM NADH % il & L7-RFOREFRIGMEIX. NADPH % #fifs6 &
L7-& & OREEEMICHR L, 45+5.2% Tdh->7-, £7-. hCBR1 (2B L T%. NADH %4
FER L L7728t 39 + 3.8% L BERIGMEDORAD it L7z, K> T, CBR3 [Tl & LT
NADH X ¥ NADPH %Z4fief#st Th b & PRI,

mfE%3E O NADPH % H\\N 72 1 V7R = VIEJeiE ISk LT, 5'-AMP ¥ LT NADHZ, 13&
h EBLETEME 2 R & 72y 7203 (Fig. 13b, o). NADP+E X OY 2'-AMP 777E F Cl, PHFICHE
#5F7-(Fig. 18a, d), 5-AMP {77 F CHEZ =177 2-AMP IZ L > CHEREZZ T 5
ZEh, WL NADPH 2y 7D 2 ) Vgt L mBiintE 2 "4 & ZEx bnb, LLEX
v . hCBR3 %, hCBR1 & [A£kIZ NADPH 73+ D 22 U gkt & @it 2R3 2 &2 &
». NADH XY & NADPH % 4fie = &R STz,

—7J7 hCBR3 & hCBR1 OEFWE & ORFLRZ kT 5 & NADP+B LU 2-AMP @
PR CiX, hCBR3 X hCBR1 I FfAE S THE 5 3 (Fig. 13a, d). hCBR3 X hCBR1 2k~
C NADPH ~® B A D FHRHAR N 2 & D3RI Sz,

W, K0 ERMICEESR & MR OBMMEEZ G 272012, dEHRIEIC XV iR O
S8~ DR E S Kafd Z2 & LT,

SDR A—/"—7 7 I U —IZ@THEEFEDON O0X, WETH MY S 77 UREIC K S
b2 YE 290 nm + #YE 340 nm fFUTICHRAR ' — 7 2 FE o o3t &4 3439 hCBR1 123
WTH ZORBIIB/EESIND 3, hCBR3 ICBWWT A TH Y (Fig. 14a). X 290 nm
DHFEA T F V% 300—400 nm THIE L7= & Z A, hCBR3 (% 329 nm THKOE I
HEhiz, FREHICEHE VT, hCBR1 1X 338 nm THik D HOEA B H S 7= (Fig. 14a),
ZoEYEE, NAD(P)H @ 340 nm ORRRIN & 1ZIE—T 5, D7, NADP)H {7/E T
TiZ. NAD(PH OEEHE~DBETIC L » T, LB x X —H) (FRET, Forster resonance
energy transfer) 2’22V, MU b7 7 URERIEICHET 2EAENETTT D 3D, oF D,
NAD(PH 28, ZO®HKD 7 = Fv—& LTHL & TS5, NADP)H OEERE~DOfEA
EXEINTAUTE AW T 2 DT, ZOHEOBTH ZfREEIC, BsEE NADMPH OBifntE
ZRET HZ LN TE H(Fig. 14, #BIEEE),
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Fig. 13 The effect of coenzymes for NADPH-linked carbonyl reducing activities of
hCBR3 and hCBR1 The carbonyl reducing activities were measured under the coexistence
of NADP* (a), NAD" (b), 5'-AMP (c), and 2'-AMP (d). The carbonyl reducing activities of each
protein without inhibitory coenzymes were supposed to be 100 as a standard. Each value
represents the mean + S.D. obtained from three independent experiments. o, hCBR3; m,
hCBR1.

B NAD(PYH O I &, sl 285 L 7= e e (deltaF) & 7w » b L7255 % Fig. 15
(R LTz, Wil &t NAD(PH ZiRINT 5 2 &1 Ko THSLME SR L, EHEH
i & 7= (Fig. 14b), = Ol % Hill equation 2 I IERIEENF L 7=k 5. Table 4 (2%
9 Kufi#157-, F7-. Hill equation 3\ (3)I2 X Y Hill plot ZkH7=L = A, Fig. 16 DX 5
(2R D C B 7R B 27k L. Hill equation 3 () ~DIEMIEIRIFE N Z YL TH o722 L 2VR
S,

hCBR1 @ NADPH |23 % Kuf 1.2+ 1.1 pM (%, Bohren & 30723/~ L72fE (1.5 + 0.4 uM)
ENZIER—TH Y AR R D BIFITHEEE L TV 5 &I < 4u7-, NADH @ KuifiZ. NADPH
DFIUZEERT, hCBR3 Ti34 10 5. hCBR1 TI3AI 40 5 & . B TR EVVEEZ R LT,
SFE Y | WEEFILIC, NADH 2k LC NADPH ~ L 0 @WEFMEA B35 Z L 2L M
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L 72, Sciotti & 3%, hCBR1 ® NADPH ~DO & # kI EE 27 I/ WiEkk & LT Lysl5,
Arg38 Z[FiE LTc, TNHDT X/ IR WMET X/ kA ~E#IZ T 25 &, NADH ~D
BAMETZ D205 OO NADPH ~OFMMENME T T 52 K0, 2hbo7 I ikt
IZ NADPH @ 2'(\. U U EgfE & O CHEICH BN T 5 Z LIV BFEEZ &0 5 LB R
bNTW5, Lo 2507 2/ EEERIZhCBR3 ICBWTHEFEESNTEY (Fig. 3). 72
J Bi% 225 6. hCBR3 @ NADPH ~Om#ifntEnsff S iz, 7. mk%# O NADPH
& D KifE%#E %2 %L, hCBR3 iX hCBR1 (2t~ T NADPH (25 LT, #J 6 fE# k2 g u
LB LD (Table 4), #ifEHRIC X DPLEEROM R Z Ik L7 (Fig. 13a, d), KufE
I%. 325+ 330 - 340 + 345 nm TOHEEICB W THHEH L7223, 335 nm THMH L72fE & A
HMICRIZETh -7,

LI E& v, hCBR3 i hCBR1 & [A#EIC NADPH 45N 20 U gk & otz &
W NADPH % 4fief#£CH 0 | LIBEOTEMERIE IS IIMiEE%E & L CNADPH Z# 52 L L L
776

Table 4 Kgvalues of hCBR3 and hCBR1 towards coenzymes.

K4 for NADPH Kq for NADH
hCBR3 7.5+23 73+£8.9
hCBR1 12+11 43+5.2

Kq values were shown as uM. Each value represents the mean + S.D. obtained from three
independent experiments.

(a)
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]
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(b)

Decrease of
the fluorescense

290 nm

NAD(P)H

335 nm

hCBR3
NADPH (M)

relative fluorescence

315

wavelength of the emission light {(nm}

hCBR1
NADPH (M)

relative fluorescence

wavelength of the emission light (nm)

Fig. 14 The principle of the detection of coenzyme-enzyme binding by fluorescence
decreasing (a) Fluorescence spectra of hCBR3 and hCBR1 with the excitation at 290 nm are
shown. The intensities of fluorescence at 335 nm at each protein were supposed to be 1.0 as

a standard in order to observe the differences in the fluorescence peak. Bold line, hCBR3; thin
line, hCBR1. (b) Since the binding between them occurs FRET, the fluorescence is decreased

when the coenzyme NAD(P)H exists in the enzyme solution.

(a) hCBR3-NADPH

2480 A
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g
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x) ) a0 =1] 0
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1
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(b) hCBR1-NADPH

[
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(d) hCBR1-NADH

250
200
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100

a0

delta F (relative fluorescence)

o T T T T 1
o el 40 &0 a0 100
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Fig. 15 The decreasing of the fluorescence of the protein excited at 290 nm Typical
fitting curves are indicated. The decreases in relative fluorescence (ex. 290 nm/ em.335 nm)
of hCBR3 (a, c) and hCBR1 (b, d) fitted to the curves of Hill equation.
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Fig. 16 Linearity of Hill plots The results of Fig. 15 were converted into Hill plots (equation
(3)) in order to consider the degree of linear regression.

HIUET hCBR3 3 X WXhCBR1 O A1 /LR = )LIig oiE

SDR ZA—/3—7 7 I U —lZHBWT, 7 I/ BEINFELERRD 5546, € ORESEL
PR L EOEREW ENmLENTWS, Bl 21X, SDR7C subfamily (Z/& 3 5
SDR7C1-SDR7C6 1%, ENZNDT X/ BEEISINZ BT 35-72% & LLig ity W FERIMEZ 7R L,
TRTUTF ) —BIKRRBERIEEEZ A L D, WHE OEOBE - fliEERFERNEe Zick
THRLOBERALFINEE 29 % 777, £7-. SDR16C subfamily (28§35 SDR16C1-SDR16C5

CEBWTHEERIZ, 72 /WAL 32-63% & i@ W FHREIEZ R L, [RIER O RO % fil it
THZEBRMBLENTND Y,

hCBR3 %, hCBR1 & 7 2/ E&fcH E 71.8% & @\ O FEREME 2 7~k 37 7= 9 (Table 1), BEE{L
FIMEE b ERIOMEZ R~ T b0 L PREISN, AFRICEWTI ZE T, REFH =M%
H « 5 =T TR L2 K D 1C, in vitro BESETE PRI EIZ 3510 2 feiiid pH OfHlESR R 2 1 38R L
TWD I EEHOMNT LN, —F, KEFH=Hi%E —HIZ R Lz SDS-PAGE LEIZHiT 2 A5
BRBEE L L TERIAIND L) B b PRI E 2 CRRIC R D S AR LT,

ARFEH BV T, hCBR3 O K&FARE « KL, BERIEHEHERICER T 2 ZBREMC
DWTIRE LTz, AREITIEE, 25054 F, hCBR3 & hCBR1 @ 4 /LR = /Lig eif i
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W, TDOERITER LEFE1To 72,

#—1H hCBR3 8 X WWhCBR1 OF A NEEE T 2 RETEME

TN R = VIBTCIEMEZJIET HBE, BHE ., 7 A MEEICRT 2B UIEE L & U TR
T5H I ENZNARIETIL, WAV AR=VIBETCEEOT A MEE & L T%H 3415 menadione,
4-benzoylpyridine, p-nitrobenzaldehyde % F/& & L T, AFEH =HilZB W THRE L7- pH6.5
OFEER . NADPH # fififf & L CHW TR = VB eisMh 2 1E LT,

KB B & 1k

RBEIC L2 EAERALEBOERER | AR _H{H HOELRRICIT R T,

A NR = VRTEEEDRE : 100 mM F U 7 &Y CEREEK, pH 6.5, ¥ & LT 130
uM @ NADPH % W C, AREitE IO kL L FRRIC TR o 7o, BERE) ) FRIMRT D72
ETNENDOIEIZK LT, BEREN)FRTA—=F —ThDHI =) ZEH KnfE - ﬁﬁﬁiﬁl
HEI kcac B+ ARIEZN R kead KnE % RO Tz, LLNICEDHEZ R LT,

FNENDPREDOIEFITKRT 2 VA= Vil %2 . BALREM H72 Y o NADPH 12 L %
340 nm OB ENLFEMH L, HHEREICX LTy Lz, ZOB%E%, SigmaPlot
kinetic module % i\ T, Michaelis-Menten equation = () ~FEFIEEITE L, 2D
% %57-, Michaelis-Menten equation | @%f'ﬁf’f%ﬁ/*\ﬁi(ﬁﬁi ) DTE R Z R TIT o
QAT =i AN T e Ltnjr;%it’(é‘b 0. B ORI Z ORUTHE D Z & A3
LTS,

Ko B3 BeRSOSTHEE D 50% DR EE 2~ $ I OSBRI 2 £, Bk & RE & @ﬁ%nf
IS 20 | ARTAUTIENE EBFPED S W SN D kear fEI, LRI 720
DDWESR 7 I3 e S 2 i ROBOUGIEIE TH V| WSRO EEL ’ﬂ‘?‘é%ﬁ)ﬁﬁiﬁf#%
#£9, kead KnfEIZ. Michaelis-Menten plot ® 7 — 7128\ T, JFAIZEBIT 2B OMEE T
b, ZOMEPBRKREFIUTEEMEIRE ORI BUSHER BV & 2 b, REPMERE ORF
DRSO FERE & 72 5 (Fig. 17),

K. [Substrate]
K, + [Substrate]

=X (4) V=

vi HNIRER Y 72 02 1 D OEESR Sy S ROS & il 9~ 2 ek (SO BE)
[Substratel: SSHEH 31T 5 B RE
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Tangent line to the curve at the origine
(slope: Koy ! K,y

kl:ﬂt _______rl" ___________________________

Ko l2 [

x .
K [Substrate]

Fig. 17 Michaelis-Menten kinetics The increasing concentration of a substrate enhances
the enzymatic reaction. Michaelis constant (K, value) is the concentration of a substrate at
which the rate of the enzymatic reaction is half of k., value.

LM FEH hCBR3/WCBR1 DIEMEAIE : AFH i fikic kv, HEK293 #ifi~
p3XFLAG-hCBR3/hCBR1 # F 7> A7 =7 3> L, EAEEME L=, 100 mm 2553
T4y anbii SNTZERED 90% % BEE UM U7z, BERSIE, 100 mM F R Y
v LU EEREER, pH 6.5, FE & LT 1 mM 4-benzoylpyridine, #ifi#3#% & LT 130 uM @
NADPH % H T, AREiH O FIE L RIS S I 464 L T2 Z 5 NADPH H %k 340
nm ORI ZFIE & L TiT -7z, p3XFLAG-CMV10 Z kT > A7 =27+ a > LMD
BAHEMIERICEDEEE RNy 7 7T FE L, ZNENORBRZBLRFEZ N TV AT 27
Vay LIEHIROEEMIRIC L ABREEZ, Ny 7 7707 METEIWZb O HEE
RIEEEZ R L, BREEQEORBEREIL, VA ¥ T7ryT 407 ETIRIER%ETH-
7-(Fig. 6),

iR

HNVR= VIR TIEEZ R ET D720 K77 A M EEE TH D menadione,
4-benzoylpyridine, p-nitrobenzaldehyde (Z%}3 %, ## hCBR3 3 L U hCBR1 DEEFEE
% NADPH OV &4 fHEL L TCHE L, MEMEEZEXICHE M I N ZBERIEMNEZ
Michaelis-Menten equation 2 (4)~FEFEEIF L7 D% Fig. 18 1Z/Rk L=, F7=, £ DA
JFRNOEM LR E) )T A —F —% Table 5127~ L7, hCBR3 (X hCBR1 (2T,
p-nitrobenzaldehyde (Zxf L TIXWY KnfEZ 7R L7z MO FE TIEFERD KnfE TH 72, —
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jj\ ](cat'fﬁ & kead K 'fﬁﬂi\ 100—1000 {%%ﬂ%g'f&ﬁ)o f:o

Flo. ENENOMEFE OE 2 il S8 S E 7 HEK293 e o & B E iR O sRiE e,

hCBR3 & hCBR1 728 € #v £ #u

51 + 6.2 nmoles*min—!*mg-!

E 25 + 05

nmoles*min—l*mg! ThH v, KIGE ORI 2 ilifER O RIX, A5 RICBWTHE
iz, PLEX VY, hCBR3 X hCBR1 & &7 2/ By EOFEIMZ2 R4 —F, 7 A Mk
Bk D R = ViR e iE ISR EN TH D Z E DR E Tz,

Table 5 Kinetic constants of hCBRs towards test substrates

hCBR3 hCBR1
Kea/K Keat/K
Km kcat Ca.t _1m Km kcat ca.t _1m
@ (miny @ miny
7 min ) 7 min )
pM) pMY)
_ 43+ 024+ 29 = 440
menadione 0.0056 15
12 0.023 2.1 10
o 300+ 0.70% 360+ 400+
4-benzoylpyridine 0.0023 1.1
38 0.037 18 37
_ 130+ 059+ 1300+ 190+
p-nitorobenzaldehyde 0.0045 0.15
30 0.054 320 27

Each value represents the mean + S.D. obtained from three independent experiments.
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Fig. 18 Michaelis-Menten plot of hCBR3 and hCBR1 towards test substrates
Enzymatic activities of hCBR3 (a, ¢, e) and hCBR1 (b, d, f) were shown. The rate of the
reaction was measured based on the decrease of NADPH absorption at 340 nm. The assay
was performed in triplicate. Enzyme activities are reported as mean + S.D.

% I hCBR3 & LU hCBR1 @ PG (x4 o AEHENE

RITTEIZF C hCBR3 28 hCBR1 (kbR 7 A MEEITKRIT 2 B VAR = VI el AN R E Y
ThbHZ EEHLNT L, RETIL, CBR1 ONREMEEZEDO—>TH S PG ITHT 5iE L
TP % e - MY LTz,

CBR1 IZ[FRIE 724 79). PG 9-keto reductase X° PG 15-hydroxy dehydrogenase D F-(X
£ CPGIGHICRE G T AR L L CHLNTEERE TH Y  pH AT T PG 9-keto reductase
I&ME% . pH10 £ T PG 15-hydroxy dehydrogenase i&tEa 54425 9  £7-, ZZFF
A PGA1L (PGAI-GS) & Zh=RIICE TT A Z E b AL TWVWD D, Z D PGA-GS 1Z.MRP1
(Multidrug resistance-associated protein 1) PGA1 T72 < PGA1-GS % &R Al fa st ~BE
M3 252 & X0 PGAL OIS ~DOYMHERE IR S L Tnb & X650 3, CBR1 @
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PGA1-GS ~DETIEED AR E R ITIAHTH S 9, hCBR1 (X, PG OGENEEA I L TH
AARRRIE AT O PGE: IRE 2G5 Z LTk v NAMBOMER LRI EL 5 2, &Kk
HNZBEDOTRICEEZ 525 LWMESNTHDIEY 1219 hCBR1 IZ& > T PG AEEIT L
7oA PR EN IO CTEETH S, £ 2T, CBR1 OEELRLED 1 >ThDH PG OREH
(2B L T CBR3 DR & st L7z,

KB B & 1k

RBEIC L 2EHERA L ERERER « AHH—HOFELERRIATR > T,

AR = VRTEIEHEORIZE : 100 mM 7 hU U AU UEEFEER, pH 6.5, #ilE#E & LT 130
uM @ NADPH % fiWC, AREigE HHO KL L RRICAT IR o7, INVETFH AT a AR
77 (PGs-GSH)IZ. Wermuth & Iwata B D J7iEICHE > TYERLL 7= 539, BAKHYIZ X,
100 mM F + U 7 AV VU EEFEER T T 15 mM OE R L 2 F 4 (GSH) & 25 uM @ PG
ZEFR SO 10 43Aiic 25°C I TR - BFE L, s L,

ALK RIEMEDRIE : CBR1 1%, pH10 1T & W 9 HEM A T iz T, PG 15-hydroxy
dehydrogenase {EME&2FFH ., —HD PG @ 15 (i BH/AKFETHZ ERH BTV D 539,
AKX 7T KEEMEEZNIET S 7-912, 100 mM Glycine-NaOH #2#%, pH 10, i
% & L C 130 uM NADP+% H 7= 539, 1 mM 4-benzoylpyridine (Zxf9 5 i&oif %
100% & L. Bl/KSETEME &2 FHRHEME(%) & L TR LT,

iR

CBR1iZ. E F® T v 3940 Fx 4D uHhF DDA /LY a7 IZB0 T, PGE:, PGA:,
PGA1-GS ~DEICIEMZ /R L, PGA1-GS ~DIiEILIETEIL PGE: ~DIEITLIETEDEEF TH 5
ZEMHE SN TV A, hCBR1 13, PGE2, PGA:1 38 X TN PGA1-GS (ZxF L CTiEILiEMEZ R~ L.
F72. PGALIZH L THHIsRW LK RZTE M 27~ L7z (Table 6), LA EDOFEFRIEX Wermuthd
WELFFETHY, BHMEZHER T Lnb, X T4 U EGICET 2 %0 RAFITH
REL TS Z ERENTe, —J7, hCBR3 IIAEIET L7 T X TORILE PG IZHBW TS
AT 2 2 LT TERN Tz, Flo, A FFAUALE PG T LT 3.1% D& uif % i
H L7=(Table 6), L7>L. 4-benzoylpyridine ~Mi&tiEM(Z->\ T, hCBR3 7 hCBR1 (&
WARTRENTHDLZEEBETHE, TOABPNERIZ LWEEZLNS, LEXY,
hCBR3 1% PG |2k} L TR Z A I RN EB 2 bk,
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Table 6 Enzymatic activities of hCBRs towards PGs

Concentration

Substrate hCBR3 hCBR1
(nM)

Reduction
4-benzoylpyridine 1000 100 100
PGA; 25 n.d. 0.70+0.11
PGE; 25 n.d. 1.6+0.34
PGA;-GS 25/15000 (GSH) 3.1+0.57 6.5+0.76

Oxidation
PGA; 25 n.d. 25+35
PGE; 25 n.d. 2.7+0.50
PGA;-GS 25 /15000 (GSH) n.d. -

Reductase/dehydrogenase activities of hCBRs towards PGs are shown as the ratio of
reductase activity towards 4-benzoylpyridine. Each value represents the mean + S.D.
obtained from three independent experiments. n.d., no detectable activity; GSH, reduced
glutathione; PGA-GS, glutathione-conjugated PGA;.

=T hCBR3IBIUVhCBR1DT >V FT7H A7 U RPINAERF I LE S ZxT D
G

Ty T ATV RPN AET, ABARCHB AL EDZ L ONRAFEIZHN A AT |k
NERTDH, BRIICEERFIDAETH L, LG, KEFORMENDO—>TH
% C13 fiz 7 a—REEMITDEA~EET 22 L1k, EERENEHN TH 2 LA 2%
FlEEZITEEZOLNTWA[Fig. 29010, TD7=w, AFA|D C13 (LT V=2 — LAHFEEY) ~
OFETTABHERE X, BIVEH OB %%zéifi%f%é

ZORFNT, B RH ORI THD CYP RICE S22, B MZBWT, 7 b T
TA 27U RPT #Ai@ﬁ%%&%ﬁf%é%#/»t// ZxtT A EEAARHEEO—
& LT CBRLI BZEFHN5 9, LnL, tMOBELEERIZENTHLT V M T7H A2 U U Riin

AHITHR L TIEHEEZ AT 2000 H 0 | MEHED 5TV D 49747, £7-, 12986/Sv/Ev
~ U AHSEIEIE L 0 Bk Sz CBR1 O~T v /) v 7 70k~ A(129 58) % AW T fi# T ic
L0, RNV AL D ORERIEDIH ST E ORENRH LB 10, ZD ) v 7T 7 b=
7 X% CBTBLI6d %~y 7 7 A LTe~w U AT LRROFREPHHR I N oTc L O S &
510, Z OFERIT, ~ U ADOBGHTERIC L Y CBRIOBEEDEAWREL L Z LA RL TN,
L oT, AERRNICBWT CBRLIZ FF VL E Y UARBHTTELS BIS- LTV A28, £ O B5 13
2O TIER MR O bR I T e, CBR1 USAOT > T A 7 U U RHLH AR
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HWEE O & LC, CBR1ICEEICHLL L7z CBR3 A &N 5, & 2 TAREINZEBWT,
hCBR3 @ R Vv vy ot 2 EHEIE 2 it Lz,

hCBR1 23 R Y LBy 2T 288, BER TH 5 0N EORIEICE ST 5 137 /v
a—URHED TH D R Vv ey 7 — U (Fig. 192)LISMT, W< O ORBIFEM AR S
549, LnLinn, R¥VLey /s — VPSS ORBEDIL, METH Y M OBRHERIC
DOWTEHEMRZAHIN TN ®Z Linn, REYLEY ) — A ~DORHEEIC DN T DA
Et L7z, NADPH Db 2515 & U7c BERTEMERIE CTld, A8 5 H 255 122h %
NOEGEERFTHZENTERY, REYALEY ) — L ~DRBORIZESEZHTHD
2. A% % HPLC (High performance liquid chromatography)(Z & - CT/oyEf « ©& L7z,

KB B & ik

RBEIC L 2EHERA L ERERERE « KHH—HOFELERRIATR o7,

FEINE KT B INAR=VETLEEORIE : 100 mM ) b U 7 A Y U ERERME TR, pH
7.4, ffiiEF & LT 1mM @ NADPH, B XN FHEREDO RV ey a2 B IEM L, 25°C
2T 2047, PRI L7z, VT, mEOBERERE 2 RIE LSRR T2, Z ORI %
BEBRIROBME & U, BERRS % 25°C ICCHEME L7z, YL EDOSEMIZIWT, BER LR 5
531543 +30 0D RF¥F VY ) —)vEL FREIEWVRIE L7z & 2 A, FpITkt L CAERY
ENEMEE R L0 T, 30 5PN O SUG DS EERTEERIE ISR LS Z R EnT, &
ST, BERMUGR A 15 3 & Lo, BERRISELS 16 0%, HEOMTE M= LE%
HZ IR, BERRISEEIE LT, EIE SN BEERS AR OR#EEY 2. HPLC 12 X
> TorlfE - EE LT,

HPLCIZX 3 FXYAEY ) —)v AT N a—VEREEY) OEERE . HlShi-EE
SOGERHE 50 pl 2 HPLC f@dricfit L7-, K%Y/ 2 (Sigma aldrich) & R¥ Y 1 e ) —
JL (Toronto Research Chemicals, Toronto, ON, Canada)iZ. JihZ 3¢ 460 nm FF #5550 nm
W T EITo72, 4.5%150 mm ® C18 7 A2 T, BEIFALE L T21% 7 h=FU L%
FRLZEZA, REVILVE T UIRERR 7.9 97, R¥ VB Y 7 — VT REREF 15.1 4
&, BIREICABE L 7= (Fig. 19b), #OLMH O E &M SV T, 0.25 pmol-25 pmol Df# T K
VB ) = E B RICEREN R SN2 (R2=0.9991) D T, ZOMIZB N TERETT-
7

ENENDRED RF YNV E VAT DBERMISHED R Y ve s ) — VAR EZ E
L. OB EARZEFIUEHE —H & FEEIZ. SigmaPlot kinetic module % VT,
Michaelis-Menten equation . (D) ~FERIEENFE L., Kol * Keat B * kead K [E% 1572, B
FIEGFESLMTOREIN LI R YA E Y ) — AR SN2, Sz R
INVE Y ) VFBER N K o TORG BT LB Sz,
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Fig. 19 Properties of doxorubicin and doxorubicinol (a) Structures of doxorubicin and
the metabolite, doxorubicinol are shown. (b) Chromatogram of the mixture of doxorubicin and
the metabolite, doxorubicinol. Each 0.25 pmol of the compound was loaded on the HPLC.

iR

BISH#E N RV ey ) — VO E 2 AR U FE R OS2 it . AE
Thod KXV ILE Y OREZMNZ7 2 » b L, Michaelis-Menten equation = (4)~Jf##
JBIElE LT 77 7 % Fig. 20 (T8 LT, £, FEIEREITED 15 O BERE) ) PR /3T A —
4 —% Table 712/~ L72, hCBR1 ®ZNZENDMEIZ OV T, Bains H O 40 L R OE %
IRLTEZ e, REBRRIIZYTHD EE 2T, hCBR3 @ KxfEix, hCBR1 Dff &
ZIER%ETHY, RE ALV EOBMEICEWTRIBE O EE2 bR, £2. kot
& kead KnfEIZSUVWTH hCBR3 & hCBR1 TIXIZIERIBETHY ., ¥V e ~DfK
BHEICOWT, 7R MBS PG IR 216 & 13272V . hCBR3 & hCBR1 TiXFRIFE T
boEZEZ B,
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Fig. 20 Michaelis-Menten plot of hCBR3 and hCBR1 towards Doxorubicin Kinetic
activities of hCBR3 (a) and hCBR1 (b) were shown. The rate of the reaction was measured
based on the production of 13-doxorubicinol that was detected by HPLC-fluorescence. The
assay was performed in triplicate. Enzyme activities are reported as mean + S.D.

Table 7 Kinetic constants of hCBRs towards doxorubicin

hCBR3 hCBR1
KeatlK KealK
Km Kcat Ca.t _1m Km Kcat Ca't _lm
(uM) miny ™0 (uM) miny "
n min ) n min )
pM) uM)
290 + 270 +
Doxorubicin 12+ 2.6 0.041 14+ 24 0.052
120 80
270 £
REPORTED - - - 11+1.28 0.040
478

Each value is based on the results of Fig. 19. Enzymatic activities are reported as mean +

S.D. Reported parameter values for hCBR1 are also given for comparison purposes. ?Bains et
al. *"
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FIH NME

AREEIZRBUWT, hCBR3 OREARIME 2 hCBR1 & O IZB W THET L., L FORERZ215
776

(1) mRNA #8i2BI L, hCBR3 i% hCBR1 & RIRICHRIA VR Y i 2 " b DD, Z D%
BEIIRENTHDLZ L2 bne Lz, 72N REEICEIL T, hCBR3 X%+ F 7
T RALSDRTEERD T, KIGE S O FEIEERIFEFE FCoEERFRIZH N T,
hCBR3 X Biflciti sz, 25 L0, hCBR3 WA k7T X AD A[IEMEEI 5y ~D )&
EEHOMMNE LT,

(2) hCBR3 1X SDS-PAGE LT, #ET 2 /BEESINLEH IND /0 18 & ik L TF 3kDa
Ir. BENEN/ NS o Tz, ZIUIEIRRZEM 2SIk 25D Tid7e <. hCBR3 0¥ L5
BIEBEIC LA bDTHLEEZ BT,

(3) pH Fi#PEIZ2u T, hCBR3 i hCBR1 & [F#kIC pH6.5 fHT I A tEds Bt S iz,

(4) HiEER MOV T, hCBR3 13X NADPH @ 2'(7 U U EEEE~D @ BLFtEIZ LV . NADH
£V b NADPH ZhfteZ & 2B S0 LT,

(6) 7 A MEER PG, PG-GS (Zxt7 2 & eif MBI L T, hCBR3 /3 hCBR1 (2~ THRE
T o7z, —J. hCBR1 OFEEHMTHL F¥x V)L 2x LTk, hCBR1 & [
FEDRERTEMEZ A LTV,

LI EX Y, hCBR1 O HEKEEE TH S hCBR3 1%, 7 2 /B E hCBR1 & & W A
HEHETHHOO, hCBRI OAKNIEE TH D PG TR LTI L A CBEREEZH LTV
WZ & T A MNYEICKT DIV R = VETCIEESRERN TH D Z L6, hCBR1 & 1T
(CABIBSREN e D LB X bz, — ., XY LB U ~0ELiEMHIT hCBR1 & [F%
BRETHDL ZLnb, REFOEENRE~DOREENREINT,

-37-



FB_E CBR3DT v bk Fx¥A=—ANLAZ—F )Y n T OREELTFRIRE

F—FIZH VT, hCBR3 OEERLFHIRHE A 5272 L, hCBR3 & hCBR1 DEEF#(LF
HOR I AT 72 758 2 R L7-, hCBR3 287 A MBI U T keat IR kcad Kun TESREH]
Tholc—F, REY LB AT HBEREMED hCBR1 LRISRE Th o7 2 &id, B
FHEREEEX D L CHERAZERTHLEEZE X ONDH, FFIZ, hCBR3 & hCBR1 IZ L% K%Y
NES CORHEM THD RFVLE Y ) —Lid, REVAEY AL D04 L OBEY)
ARINTHRY 91110 IEYNERIZ R T AREER O&FNZE 2 5 ETHBRRN,

hCBR3 & & VLY VR OARE~DRE G 2 G 28R, G5 ARGt 2 E o 21213
BHEPMImE 25 e NRKRBR CIXRADR S5, 207D, Bt T Vv EHWTEME N EIT 7
%, LnL7eh 5, hCBR3 X° hCBR1 @ & 5 72 B 2 11 5 BRI LR 2 28D A1 Y 1
TRNZEB W CHEEICRT 2 ABEEEN R 5 Z £ 8B D 1950 207012 LIL LITEMET
ILTORERE v MNRIRRBROREFRICEEE S EEh., TSR T S22 0835, LoT, @)
WAy a7 OWEERET A ENNEATHD, £ T, ARTHEIMET LELTT v
keF¥A ==X LAX—@D CBR3 4/ 1/ (rCBR3, rat CBR3; CHCR3, Chinese
hamster CBR3) OEEZE(LFEHIFHEZf#NT L. CBR3 A/ Y v VMOl %# 1772 - 7=,

i Sy hBLOF v A =— AL AX—OD CBRS 4V v VR COREEFHFER

rCBR3 1%, 7/ AEHI & FEIZ LT — 2 _R— A LOBRSNITFEL TN, 7 a—=27
OB FIIFRNT BT D MEN 2o T, ZDT=8, 7 LAY & I T T A ~— %345
sm—=271, hCBR3 LFfRICE A& V&G EAE & L CHRE{T>7, £7-. CHCR3
X Terada 5125V 2001 FFIZHHIC v —=7 &7 CBR3 A /v Y a7 Tk 5 ) 5L 52
INFETICEBIEATFOMITITIZTLEAEITONL T I holc, WMEERIZEL T,
Michaelis-Menten plot % V7= S8 E) ) 2RIt 247 - 7=,

KB L Tk

rCBR3 X XU CHCR3 EHERINY ¥ —D#E% : SD (Sprague-Dawley) rat ik ¥
¢cDNA 7—/L (Clontech Laboratories, Inc., CA, USA)»H . U FDF T4 ~—ZHWNT
I'CBR3 {E%%iﬁarllfﬂ L/f\—o

IR PR Ll BRI 5 0D BRAR AL
mtrCBR3f01(BamHI): 5'- gcc gga tec tgg tee gtg tgt cec tet ga-3'
mtrCBR3r01(Nod): 5'- gece geg gee gee att cat cte tea cge taa cg -3'
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S S 072 DNA Wr i % BamHI/Notl (2 X - TULFE L, pET-28a @ BamHI/Nof YA b~
AL A R%& pET-rCBR3 &4 ff1F 72, CHCR3 & AEREL~ 7 ¥ —|IBEITHE S
TWEeEbDEFEHLEZ Y, 2o 77 A3 RTiE, pET-hCBR3/hCBR1 & [FEkiIZ, T7 7
2E—4&—XF . N EKIZ 6{ED His 37 7 A% — % L7z His # 7 03k S ivie rCBR3
BIETE LN CHCR3BIE TR — RaiLs,

RBECEP2EAERIALEAERE : LTI A REHAWT, 655 HH —HED
J7ik L RRRICAT I o T2,

MALDI-TOF? Matrix-assisted laser desorption/ionization time-of-flight

spectrometry : FEH L7-EAEIL, F—FEFHE _HFE -HEFEHROFIEIZLY, B TEEZIE
L7,

AN =)VRTAEEDRE « 55— T U —HO STk L FRRICAT R > 72,

iR

rCBR3 4 & U CHCR3 % hCBR3 & [A#ED 1T, RIGFE I TREICHE LY —I0RH
T2 2 enTE(Fig 21), WiFEHR & BHEET I/ BRI 6FHE S5 50 7 &ITK 34 kDa
THDHDIZK LT, SDS-PAGE LEToORMNMFDOyFEITHK 36 kDa T - 7= (Table 8).,
MALDI-TOF2 MASS O, rCBR3 O34, #ET I/ BESINGHAE SN TR ETH
—TdbHZ L. CHCR3 O¥é, MIEMIL 130 Das/ha <, BaRBAGT X VBRI TH DL AT
F =V FRIEDOPLA T A =AMk E 2 Hiiz(Table 8), L - T, KEGFENTOX X7 &%t
T 5 ERERAT N & OFIFRGEMITE Z > T2 &l Sz, SDS-PAGE Loy 7
2RI LC, His # 7 @lA rCBR3 1 X O CHCR3 @ GRAVY score (%, -0.411 3 X 1%-0.419
(GRAVY CALCULATOR, http://www.gravy-calculator.de/{Z X 2 FH) ToH v | Hiuli 72 Bk
12X % SDS-PAGE TOBEEOEHHITE 2 I W EHWr sz, pl 1% 6.59 (His-tagged
rCBR3) ¥ X O 6.62 (Histagged CHCR3) T & ¥ (Compute pl/Mw,
http://web.expasy.org/compute_pi/iZ X 5% ), hCBR3 & [RRIZIK pl (2L 5 KBRS T
DM EN SDS-PAGE L TOBEED/NS SDRRO—2>ThbEEX bV, DFD .,
CBR3 ® SDS-PAGE L TOBEIE /NS S|, BRI L 635 EI TH D Z L DRI
7
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Fig. 21 Purified enzymes on SDS-PAGE
Purified enzymes (each 1 pg) were electrophoresed

rCBR3
CHCR3

on SDS-polyacrylamide gel, and stained by CBB.
Lane 1, His-tagged rCBR3; Lane 2, His-tagged CHCR3.
75
— 50
315
— 25
= 20 (kDa)

Table 8 Theoretical and experimental molecular weights of animal CBR3s

M.W. estimated ) M.W. estimated
Theoretical M.W.
by SDS-PAGE by MASS
His-tagged
36 k 34,299 34,293
rCBR3
His-tagged
36 k 34,431 34,301
CHCR3

M.W., molecular weight

WIZ, o ORI % V. menadione, 4-benzoylpyridine, p-nitrobenzaldehyde (Z
%9 D EERIEMNIE 217 - 7=, Michaelis-Menten plot % Fig. 22 (2., BEE JFH) /1T X —
A —{Z2OU T Table 9 12/~ L72,

(a) (b)
6 25+

= o 204
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%] @ 104

8 2 I

@ L H

> > 05
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Fig. 22 Michaelis-Menten plot of rCBR3 and CHCR3 towards test substrates Kinetic
activities of rCBR3 (a, ¢, e) and CHCRS (b, d, f) were shown. The rate of the reaction was
measured based on the decrease of NADPH absorption at 340 nm. The assay was performed
in triplicate. Enzyme activities are reported as mean + S.D.

Fig. 22 Kb, rCBR3 B X" CHCR3 @7 A N HE T Xt 5 B 3% i 13,
Michaelis-Menten equation 2 (D2 L TR [BFT 25 Z L3R &z, £ 2T, FERIEE
IR LV EEREN )R T A — 2 —%157-(Table 9), 7 A MEEIZkH 5 hCBR3 OEHEIE
P£(Table 5) & NN OBEWFETD CBR3 OEEFILM:(Table 9) % i35 & rCBR3 I L
CHCR3 Ol 5123 T hCBR3 (ZHAT Kufl, kear lED N EVMERIN R STz, KnfEDEW
EANTELE T DD kearfEIE, 7 A FEE A TSR LT 5.4—75 £ & FRIT@mVMEI R S
Too ZORERE LT, kead KnfiH 2.7—6.Tf5EVMEZ R LTz, 2F 0, 7 A2 NYEDEIRE
REFS X OMRIR E RO 5128 T, rCBR3 35 L OV CHCR3 DE#EF#IETEDY hCBR3 (2~ &
HWTHDHZ EPNRENT, 2EROT I 7 BEYIOMFEMEIZ-OUVT Table 11278 L2 K 9512,
hCBR3 & rCBR3 &8 XU CHCR3 1%, 74.5%. 76.56% CT& %575, rCBR3 & CHCR3 % 87.0%

-41-



& HREICmV, £72. mCBR3 & [AERIC hCBR3 (TS - #f

¥ CBR3 & mW RN A

759 (Table 1; rCBR3 v.s. mCBR3, 92.4%; CHCR3 v.s. mCBR3, 86.7%) Z L 7» 5. hCBR3 X
D B EERIEED @RI H D OIXT S ALY v T 2BfRICE A D 2 L AVRRENTZ,

Table 9 Kinetic constants of CBR3 orthologues towards test substrates

rCBR3 CHCR3
Km kcat kcat/Km Km kcat kcat/Km
(uM)  (min™)  (min?-pMY) (uM) (min™)  (min*-pMY)
_ 580 + 18 + 89 + 29+
menadione 0.031 0.033
190 8.6 17 0.32
o 1500 14 + 620 + 3.8+
4-benzoylpyridine 0.0093 0.0061
+370 2.6 170 0.64
_ 340 12 + 320 £ 4.1+
p-nitorobenzaldehyde 0.035 0.013
+120 1.4 120 0.45

Each value represents the mean + S.D.obtained from three independent experiments.

B Ty FBIOF v A =— AL AZ—@O CBR3 ALY 0 SETO

R L e ARETRE D Hrifi

ATEiIC 3V T, rCBR3 38 LUV CHCR3 7 hCBR3 (ZH~T 2 b EVE T3 238 el R iENE

ERFRED R YL E Y AT 2RERELFf > TE D,

CEROHDOMHRIEETH D Z LIRS NI,

NEWEAICH D Z EEZASNT L=, hCBR3 1%, H—=F LR L7-X 912, hCBR1

REVLEY ) —)IVORELICE
ELTWAZENTFHEEND, #FO7-®, hCBR3IZL D RE YV LE S OMHEEEIX. FRIKHY

AEIZHBWT.rCBR3 &£ CHCR3 D R¥ VL E L kT AREREEZ M+ A2 2 L1k,
CBR3 ® R® v vy AREHNCBIT 28MfEEDFE 2 HE LT,

KB L ik

RIFEIZ L 5BEEEHALEAEER : LRLo77 A3 FE2HWT,

Tk & RBRICAT 72 o T2,

FEINAENCHTEINA=NVELEEORIE, BXW, HPLCIZLB Fx vy )/

—NVDEE : FEOHETHR L7 rCBR 8 XU CHCR3 & W\ T,
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Velocity (min-)

FfIC HPLC I &L D F¥ YA EY ) — LDl a1To7c, FIRED ¥ YL ey o2 H L
LIEGAICERSNT RX YL E Y ) — VB2 RIS R 2 B L, Michaelis-Menten
plot Z1ERk L7=, Z OfEFR % K2, Sigma Plot kinteic module % W72 3ERERIIFIC L D |
KB, kel kead KnfEZ B H LT,

fti
rCBR3 } LU CHCR3 O R VLB AT DMEREZ . FF: YLy ) — O/
2% FLIZHE H U 72 Michaelis-Menten plot % Fig. 23 (2, FEE#) /) FEH)/NT A —F — (2O T

Table 10 278 L 7=,

(a) ()

o]
1

Velocity (min1)

H 100 200 200 H 100 200 300
Doxorubicin (uivl) Doxorubicin (uM)

Fig. 23 Michaelis-Menten plot of rCBR3 and CHCR3 towards Doxorubicin Kinetic
activities of rCBR3 (a) and CHCR3 (b) were shown. The rate of the reaction was measured
based on the production of doxorubicinol that was detected by HPLC-fluorescence. The
assay was performed in triplicate. Enzyme activities are reported as mean + S.D.

Table 10 Kinetic constants of rCBR3 and CHCR3 towards doxorubicin

rCBR3 CHCR3
Km kcat kcat/Km Km kcat kcat/Km
M) (min?)  (mint-pM™) (uM) (min)  (min™*-pM™)
o 180 + 2.6+ 81+ 20+
Doxorubicin 0.014 0.012
45 0.63 17 0.38

Each value represents the mean + S.D.obtained from three independent experiments.
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Fig. 23 X9, rCBR3 3 L CHCR3 ® K Y /L b ¥ x4 5 HE b IE
Michaelis-Menten equation . (DI L CRLERT D Z RSNz, €I T, 3’%@%
SR L0 EEREN )R RT A — X — %1572 (Table 10), Kn fHICBIL T, W O®EE D
hCBR3 (Table 7, 290 + 120 pM)(Zxf L TRV MEZ R L7=Z & 275, rCBR3 8 L1 CHCR3
X REF YA AT HBFEZ hCBR3 LV b @2 EAVRS T, £, kearBIZOW
T hCBR3 (Table 7, 12 + 2.6 min DIZxf L C, £ 50%DEZEZ /R L= Z Einb, e KRMIGHE
RN EE X DINTo, kead Knfi (Table 7, 0.041 min? « pMTENZ Ev5, RE Ve
VRN K fi & Pel U TSR ERFIZIE, rCBR3 B8 XUV CHCRS 2MEIEMEA /79 2 L )3
Sy RV W

B /NE
REIZBWT, T VEREME LTI ETFoNE2T7y FBIOTF ¥ A =— AL AH
—® CBR3 AN YuaZIZB LT, 7A MEEBLO RS VY LEV TRT DEERETEM 2 0 E

L. BT OfERzEHGT,

(1) FHlicz m—=227 172 rCBR3 5 L' CHCR3 D7 A b IEITKF T D EERTENE
hCBR3 (2t~ % & mV WM 2R LTz,

(2) FE VAL KT HEEREEMIZ OV T, rCBR3 3 XU CHCRS i%, hCBR3 (2t~
BVMEHENZH D L ODOFE/RIEEE2 R LTz,
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WEE b MBI D IV = VIR TR O ELR AT

FH—EIR L7 L 912, hCBR3 & hCBR1 iZEWHRMEZ R LN 6 6, filiE#%E NADPH
~®ﬁﬁﬁ%7x%ﬁ“ ZxEd D VR = VETEIETEIZE L TR & < B7R DRI
L7z, £7-. hCBR3 (Z hCBR1 & #7210 PG ~ORFHEMEEZH I RN Ehn, &< R
RAHERNERELOMETHDLZ LE/R LT, —FH, XV LE v ~ORBHEE IR
ETHo=Z 26, hCBR3 @ R VL E L U AERNRBA~DOE G RSN, EHIC
% FEIZB W T rCBR3 X° CHCR3 & hCBR3 & O #kfi#ENTIZ L V. rCBR3 3 XU CHCR3
t hCBR3 &L[AERICFFR Y LB EZRHL S D2 &R LTc, Zhbld, FEFYrev
R THD FXRYALEY ) —LDOERBICL > TRIDZEEZONTWHEWERATH H.LAR
A9 %F L C, EREICEI 59 CBR3 MBS L CWAH Z L &2RB L TWD,

REYILE NCLDOARERETIT 5700 ED—2E LT, REYLETY VN R
FINE Y ) = AA~ORGHEROIHINE 2 HALTUNS 1950, K%V L E Y R LAE
IZXT 5 PR3 E L TR SN T& 7~ monoHER (%, CBR1 Z[HET 52 L1280 F¥ VL
vy =L DOERBEZMHIT HFE A S M STV S Y, — 7 hCBR1 1% PGE:2 7> 5 PGFy,
~OH - RIEMELICEE2#EFE TH 5729, hCBR1 OEEEZ A5 2 #HAIIX PGE: &
ﬁ% L7eBNABERIER 72 EORIWER Z 3B 5 L #%2 S5, hCBR3 X R¥ Ve v AR

HEEZ BT D0 PG ~ORBFNEEEZH S22 L 5, hCBR3 BRHESRKIL, EfLo X9
REWERAZRBEET RE YL e NS REYLEY ) — A~ EBREZIH T 5 L&
2 HD, LoLRn G, WmEESRIIHEE T I/ BRELHI O @O FERIPE D B R BLAOBH 55 3K 00 B
IIES Tldnwe TREND,

Z ZTCTAETIE, MBERERZNENORRNLEROBRBE~OERNY LT 572012, il
R OREFRACFHMEE O H 4 £ 3 iHk o [ E 23 A T2,

#—Hi hCBR3 & hCBR1 ©7 X / BEEAIfENT

hCBR3 & hCBR1 TEEHRALFHIMEE O 228 2 A 3 SHIORR D722, WEAE
I RSN E R L R EME O WSRO RIE 21T o 72, i ﬁSQYCHustaniéffﬁb\7;$E
[ MEARAT Tl ﬁ—wﬂtﬁﬁ iiﬂiﬁf{: LT WS, JRFTOFRIEZ T~ 2 FEIZE, A& Th b,
% ZC. Harr plot {2 TWRICT T T 4 T VAR RIVEREAT 54 55)755TT1/\ Je3 T AR TR D AR ViE
WA [RE Lz,

KB B & ik

Harr-plot #Z#7 : hCBR3 (GenBank No. NP 001227.1) & hCBR1 (GenBank No.
NP_001748.1) &7 X 7 il %, Harr plot fi#fr~fit L7z, Harr plot fi##riZ. GENETYX
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ver. 8 7’11 77 A(GENETYX, Japan)% f\ C, unit size to compare % 5, dot plot score
3 & L THATE T - 7=, fitfillZ hCBR3 7 X/ BEECA &% B D R~ Al hCBR1 O 7
L BERANE DAY S MHEMEERT Lo, 5 7 X iR EE A 1 BALE LT 1
BT 8 7 X VB AL EOMFEMEDRRO DN HEICZEDEIZ Ry a3 b, £DT
W, FERIZE—72 7T 2 7 BEECAIE L1 Harr plot ([Z8WT, £ EWSA T~ ERE 2
2

iR

hCBR3 & hCBR1 @ Harr plot X, &K E UL TE ENGA F~M» 9 BEREEZRL, 2K
OFFEMERENZ L2 H 57O TR LIEWFig. 24a), LLARRG, 72/ BB IRERE X
O C RN, BRI AR 7 R I ROV aEIR A R L7z, 246 ok %A | LirN (The
N-terminal low-identity region: 140-159 7 I / & %% ) & LirC (The C-terminal
low-identity region: 230-244 7 X / i) & 4 51F 7=, LirN (%, filiit7 I /2D 1 >ThH
% Ser139 OWEICALE L. aEF1 & oEF2 @ 2 S Do-helix #3&E 2 R T 2 fHK T H - 72 (Fig.
3, Fig. 24b, d, ), £ 7=, LirC I%, &G/ — 7 ik &1 3I1E — 84 % 58k ¢ H - 7= (Fig. 3, Fig.
24c, d, e),

(@ 4 CBR1 277
1] -
N Asn113)“~ i
2 s /.\LurN (140-159)
i3] | ~
O B e
Catalytic tetrad TYr193 /-
Lys197 - _
LirC\
277 (230-244)
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(b)
CBR1 140- SIMSVRALKSCSPELQQKFR -159

CBR3 140- SLQCLRAFENCSEDLQERFH -159
* * **  kk ok

(c)

CBR1 230- WVRTDMAGPKATKSP -244

CBR3 230- PVKTDMDGKDSIRTV -244
* kkk ¥

(d
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(e)

Fig. 24 Identification of the low-identical regions between hCBR3 and hCBR1 (a)
Harr-plot analysis for hCBR3 and hCBR1 in their amino acid sequences revealed two
low-identical regions between hCBR3 and hCBR1, LirN and LirC. Sequence alignments of
LirN (b) and LirC (c) between hCBR3 and hCBR1 were shown, respectively. Structures of
hCBR3 (d) and hCBR1 (e) are also shown (hCBR3, Protein Data Bank, 2HRB; hCBR1 Protein
Data Bank, TWMA). NADP", LirN and LirC are colored by yellow, green and red, respectively.

BE A TEEREAEZ MO BRSO AT

AREERTEHIC TRE & 72 hCBR3 & hCBR1 O FATHFREIMEDR 2 SO fEx, fiffit 7 3 7
FR R B DI EHE I (LirN) & B AEG/L— 7 IR LirC) TH v | &6 b OREIR G BE R R 15
ZHz 9D MRS N, 2N HOMHEEA, hCBR3 & hCBR1 OEERMEEEIC & D & 5 /e
EHZ D00, TNENOFEROX A THRAELQEZER L2 OFR L FIOMEE % fif
sz ick oLy,
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KB B & Tk

FAIBRELERIAI F—OHEE : LtN B L O LirC IZE B LA A TEZREAED
%\éfﬁ/\“? H—tEE LTz, ZTOHEEZLDTICRE Lz, £/, SHEx A TBEREAERIAN
J A= Lo THIATDHX A TREFZERAE % Fig. 25 I~ LTz,

pET-hCBR3 7 > 7L — I, UTDO7T7 A4 ~—I2X% PCR %#47v>, hCBR3 ® 1-117
T2 BFRIEICHY 35 DNA W h =17, Z @ DNA W%, pET-hCBR1 @ Ndel- Kpnl
P A F~iA L pEThCBR3/1 #1572, A7 Z —|Z L W REBL SN HBEFEEHE hCBR3/11%,
hCBR3 @ 1-117 7 X / E&F&L & hCBR1 @ 118277 7 2 J BEREDOFT A T EAE TH 5,

hCBR3 (K5 N #RER I BREE 3= 0O FRGKET)
hmhCBR1f03(Ndel): 5'- cge ata tgt tcc geg cge cc-3'
mthCBR3r03(Kpnl): 5'- tcg ggt acc aaa aaa att tgt ctt cag tgt ca-3'

pET-hCBR1/3 LD =912, pET-hCBR3 27 > 7' L— NI, UFDOT T4 ~—I2 L%
PCR %17\, hCBR3 @ 118-277 7 X / BRFRFIZHE Y 9% DNA Wil 24572, Z @ DNA /v
%, pET-hCBR1 @ Kpnl-EcoRI 1A b~FAL, Y%7 7 A N&fFlz, K77 A R
I RBE SN DEEHEAEIL, hCBR1 © 1-117 7 2/ fgFk k& hCBR3 @ 118-277 7 2 J g
BRHOXAZEHETH D,

hCBR1 (K5 F#RER I BREE 3= 0O FRGEAL)
mthCBR3f03(Kpnl): 5'- ttt ggt acc aga aac atg tgc aac gag tta -3'
hmhCBR3r03(ZcoR]): 5'- acg aat tca gga caa ggt aca aaa tgg ggc -3'

pET-hCBR1LirN3, pET-hCBR1LirC3., pET-hCBR3LirC1 ®#%L(Z1%. In-Fusion® PCR
cloning kit (Clontech Laboratories, Inc., Palo Alto, CA, USA)%Z /=, % v, PCR T
7o AGEIR D DNA Wi fi & | Inverted tail-to-tail PCR T#7= 77 A X R0 % & LDEREG
%, In-Fusion®)& 592 L W #ifE L7z, ZiHD DNAWH 25572012, LFO7 T A
~—Z& Wiz,

pET-hCBR1LirN3
Inverted tail-to-tail PCR (template, pET"hCBR1)
mthCBR1f12: 5'- agt gag acc atc act gag gag gag ctg -3'
mthCBR1r13: 5'- aga tac gtt cac cac tct ccc ttg ggg -3'
Inserted DNA fragment of chimeric region (template, pET-hCBR3)
mthCBR3f07: 5'- gtg gtg aac gta tct agt ttg cag tgt tta gg -3'
mthCBR3r07: 5'- agt gat ggt ctc act gtg gaa cct tte ctg -3'

pET-hCBR1LirC3
- 49 -



Inverted tail-to-tail PCR (template, pET"hCBR1)
mthCBR1f05: 5'- acc ctg tgt act tgg cce tt -3'
mthCBR1r06: 5'- gca gca agg cat tca gga gga tc -3'

Inserted DNA fragment of chimeric region (template, pET-hCBR3)
mthCBR3f05: 5'- ctg aat gce tge tge cca gga cca gtg ceg -3'
mthCBR3r05: 5'- caa gta cac agg ggt cte age cce ctg cte -3'

pET-hCBR3LirC1
Inverted tail-to-tail PCR (template, pET-hCBR3)
mthCBR3f04: 5'- acc cct gte tac ttg gee cte -3'
mthCBR3r04: 5'- gca gca cgc att cac cag aat ¢ -3'
Inserted DNA fragment of chmeric region (template, pET-"hCBR1)
mthCBR1f11: 5'- gtg aat gcg tge tge cca ggg tgg gtg aga -3'
mthCBRCBR1r12: 5'- caa gta gac agg ggt cte tge ace tte tte -3'

pET-hCBR1LirN3 (T X W BELS N LR EAE (X, hCBR1 07 I/ ik D 5 6 LirN
FEI DA hCBR3 HK D ¥ 2 7R EHE., pEThCBR1LirC3 I L W BB SN D EEAE
IX. hCBR1 @7 X /%D 9 6 LirC #Hkd A hCBR3 HIXkDF X TEEAE L E.
pET-hCBR3LirC1 (C L ¥ BB I N L EEH'EIZ. hCBR3 O 7 I / ik 5 H LirC fHElk
DF hCBR1 KD ¥ X FEFEBEAE 2 TN ENRERT 5,

pET-hCBR1LirNC3 iZ. pET-hCBR1LirN3 ® Ndel/Kpnl i % . pET-hCBR1LirC3 ™
Ndel/ Kpnl 4 b ~FEATLHZ LICXOVEEI N, K77 AI NICX VBB INDHBEFRE
F'E1X., hCBR1 ©7 X / ik d 5 % LirN f#Hik# L O LirC 8l 74 hCBR3 H KD ¥ 2
THFRERE TH D,

Catalytic tetrad
Rossmann-fold |

(a) consensus sequence ,_ly"n 97 Substrate-binding
Asn114 Ser139 ™93 ] loop
CBR1 1 ‘ * ‘ ‘ el c
N- .
Vet | I I I |
1 M7 —— — 277
CBR3/M N- I | [ -C

277
]-C

CBRILIrN3  -mmmm— st

Iy N
|

CBR1LIrC3 .

_ Al
HE|

CBRALIrNC3 N-mmmm— st

1 277

CBR3LIrC1

CBR1/3 N 117”"‘”2”-(:
CBR3 N-——ﬁ-c

6 His tag LirN LirC
(140-159) (230-244)
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Fig. 25 The structures of chimeric enzymes (b)
(a) The amino acid sequences of hCBR3 and

CBR1LIrNC3
CBR3LIrC1
CBR1/3

CBR1LIrC3
CER3

CBR1
CBR3M
CBR1LIirN3

hCBR1 were shown as gray-colored and opened

boxes, respectively. Each protein was fused
with 6xHis tag at N terminus of the protein — 73
that is shown as a closed box. (b) Purified Y
enzymes (each 1 ug) were electrophoresed 37
on SDS-polyacrylamide gel, and stained by —— - — -
CBB. Lane 1, His-tagged CBR1; Lane 2,

His-tagged CBR3/1; Lane 3, His-tagged CBR1LirN3;
Lane 4, His-tagged CBR1LirC3; Lane 5,

His-tagged CBR1LirNC3; Lane 6, His-tagged CBR3LirC1; Lane 7, His-tagged CBR1/3;
Lane 8, His-tagged CBR3.

—25 (kDa)

RKBEICII2EAERALEREREY : fixDOXF A TWERE ST A3 FNlIHoWT, F—&
B —HONE L RREICIT o T, FRENDF A TEEFEE A'EIX. SDS-PAGE @ CBB
Yetifg |2 B T2 £ TR & 7z (Fig. 25b),

FNHR=NVBETEIEREORIE « AFFIHIFE IO Sk L FRRIC, BEEKSERY O NADPH ©
340 nm (233 1F 2 WD 2 R\ Z AR LU T2,

iR

7 A N HE TH D menadione (Table 11) & 4-benzoylpyridine (Table 12){Zx%f L T, flix D
x A TR ORI FHIMEEIZ DWW TG LTz,

WTIDOF A FEERIZB W THE—OREEICHT D K EIZBE L T, 1 ZIEFEOMENE S
iz, LU, keat X kead K fEIZ, KRE < 2 OOFFAIZSFAI N,

CBR1LirC3., CBR1LirNC3, CBR1/3 i%. CBR3 & [AIERICIRE I 72 B TE % 7~ L. CBR3
REEFETH D EHlrai/c, 26 OF A FEERITT T, CBR3 ICHKT % LirC Ik EZ A
LCW=, —J. CBR3/1, CBR1LirN3., CBR3LirC1 /% CBR1 #DEER L FHIMEE # R L
7o TILHDOF A TEERITT T, CBR1ICH#T 5 LirC fHIRZ {RFF L T 2,

L EX D, hCBRs 7 A FEEITd B RIEMIT LirC sil, >F v, EEHELV—T
IR DT X BEYNCHAT L T, 97205, hCBR3 & hCBR1 @ 7 /V 7R = LigE i I
17 244 100-1000 5122 2 IR DA R L, FICRER G — 7K FEL TWD 2 L
D BN 5T,

-51-



Table 11 Kinetic constants of chimeric enzymes towards menadione

menadione
each
LirN  LirC " k_cat_l _kcit/Km .. enzyme/CBR3
(uM) (min™) (min™pM?)
(Keat/Km)

CBR1 1 1 29+2.1 440 £10 24 2400
CBR3/1 1 1 49+9.1 110+ 13 2.2 370
CBR1LIirN3 3 1 34+6.8 41+6.1 1.2 200
CBR1LirC3 1 3 49+7.8 0.079 £0.0091 0.0016 0.27
CBRI1LirNC3 3 3 42 +8.4 0.053 +0.0044 0.0013 0.22
CBR3LirC1 3 1 45 + 15 120 + 19 2.7 460
CBR1/3 3 3 65+ 17 0.88 £ 0.13 0.014 2.4
CBR3 3 3 43 +12 0.24 £ 0.023 0.0045 1

Each value represents the mean obtained from three independent experiments. Enzyme

activities are reported as mean + S.D.

Table 12 Kinetic constants of chimeric enzymes towards 4-benzoylpyridine

4-benzoylpyridine

each
LirN  LirC " k_cat_l _kcj/Km 4. enzyme/CBR3
(nM) (min™) (min™+pM™)
(Kea/Km)

CBR1 1 1 360 £18 400 £ 37 1.1 480
CBR3/1 1 1 400 + 22 270 £ 22 0.68 300
CBR1LirN3 3 1 380 + 69 140 + 13 0.37 160
CBR1LirC3 1 3 470+79 0.37+£0.033 0.00079 0.34
CBRI1LirNC3 3 3 420+88 0.20+0.033 0.00048 0.21
CBR3LirC1 3 1 450 + 78 97 +19 0.22 96
CBR1/3 3 3 360+71 1.2+0.14 0.0033 14
CBR3 3 3 300+£38 0.70 £0.037 0.0023 1

Each value represents the mean obtained from three independent experiments. Enzyme

activities are reported as mean + S.D.

BoE XA TEEEEAEE AW RS AT

AREFIENIZIBWT LirC i8Ik, >F 0, HEME G/ — 72 hCBR3 35 X O*hCBR1 @
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ZNENORSE T IRINESI T D 2 L #5202 L=, hCBR3 38X hCBR1 1%, #if%
FREAICBWTHEMMEN R/ %, 5F£ Y, hCBR3 |X hCBR1 (25T NADPH (2% L T
EERE 2 R LGB — 35 =815 = 1H), Afi<id LirC 328, #if%% NADPH ~oO B fnik
IZXF L TCED XD BREEE 52 D DN OWTHIT LT,

KB B & ik

R L 2EAERBALLEAERER  fix DX A TR ST XA I FlZHoVWT, H—E
O ITE L RRICAT IR o T2,

BER~DMEERE S DRE (REEEBRDORE) : Fix DF A TRREIT T A I FIZHONT,
o —EH O IO A L FRRIC, AR K VTR o7,

iR

fih 2 NADPH O, Hefhic s sy & (deltaF) % 7' v v b L2 R % Fig. 26 [27R
L7z, NADPH ORMEITEKITE L THELEISAE S -, Z o dhf% Hill equation 2 (2)

(IR IENIE L 7= F. Table 13 (277 KafE % 137-, F£7=. Hill equation 2\ (3)i2 XV Hill
plot Z:R®H7- L Z A, Fig. 27 O X 5 12Hee TRIF72EHRMEZ 7~ L, Hill equation ~®D IR
BN ESThs EEZ BN,

hCBR1 H2k® LirC fEik %7 % CBR3/1, CBR3LirC i%. CBR1 ® Kuiff & FE Ll KB
LTz, —JF. CBR3 Hk® LirC fEik %= £#> CBR1/3, CBR1LirC3., CBR1LirNC3 /X,
BH 5 72 hCBR1 @ KfEIZHE~ K& <, hCBR3 & [F#RIZ NADPH ~OBFMEN KN Z &2
RENTz, LLEXY | LirC fEIE, AL AR = VIESTEM TS CTldle S HliBER ~ORE AT L
TH, CBR3 & CBR1 OMHDZEEDFEK L 72> TWH Z L 2B LN LT,
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Table 13 Kq values of chimeric enzymes towards NADPH

NADPH
LirN LirC “ each enzyme / CBR3
(1M)

CBR1 1 1 12+11 0.16
CBR3/1 1 1 0.21+0.041 0.028
CBRI1LIirN3 3 1 2.7+0.32 0.36
CBRL1LirC3 1 3 71+£17 0.95
CBRI1LIirNC3 3 3 73+15 0.97
CBR3LirC1 3 1 0.66 + 0.10 0.0088
CBR1/3 3 3 21+34 2.7
CBR3 3 3 75+23 1

Each value represents the mean + S.D. obtained from three independent experiments.

(a) CBR3/1 (b) CBR1LIrN3

250 4

delta F {relative fluorescense)
a

delta F {relative fluorescense)
2

T T T V T T T T T T 1
a 2 4 (-] g 10 a 2 4 -] g 10 12 14

MNADPH concentration (ph) MNADPH concentration {ph)

(c) CBR1LIrC3 (d) CBR1LIrNC3

600 - 120 -

=00 4 100 4
400 80
300 €0 4

200 4 40 4

delta F (relative fluorescense)
delta F (relative fluorescense)

100 4 20 q

] T T T T T T V a T T T T d
] 10 20 20 40 50 &0 T0 o -3 4 [:] g 10

NADPH concentration () MNADPH concentration {ph)
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(¢) CBR3LirC1

0 -

delta F (relative fluorescense)

D04

100 4

4 & ]

NADFPH concentration (ph)

(f) CBR1/3

delta F (relative fluorescense)

160 -

140 4

120

100 4

80 4

&0 |

40

204

T T T T d
10 20 30 40 80

NADPH concentration {phvl)

Fig. 26 The decreasing of the fluorescence of the protein excited at 290 nm Typical

fitting curves are indicated. The decreases in relative fluorescence (ex. 290 nm/ em. 335 nm)

of chimeric enzymes fitted to the curves of Hill equation. The results regarding hCBR3 and
hCBR1 are shown in Fig. 15.

(a) CBR3/1

1000 -

100 4

delta F/ {F, .-delta F)

1 10

MADPH concentration {phd)

(¢) CBR1LIrC3

deltaF/ (F_,, .-delta F)

100

(b) CBR1LIrN3

delta F/ (F__ .-delta F)

10 o

14
0.1 T . ]

0.1 1 10 100

MADPH concentration {ph)
(d) CBR1LIrNC3
10

o
=
@
=
5
o
s o
@
=

001

0
MADPH concentration ()

100
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(e) CBR3LIrC1 (f) CBR1/3

100 -, 1-

delta F)
delta F)

=

delta F/ (F,_, .-
delta F/ (F, .-

. MADPH concentration {phd) . MWADPH concentration (ph)
Fig. 27 Linearity of Hill plot The results of Fig. 26 was converted into Hill plot (equation (3))
in order to consider the degree of linear regression. The results regarding hCBR3 and hCBR1
are shown in Fig. 16.

VIR M E S O E TR

AFEFIHi £ TIZ, hCBR3 & hCBR1 OEEFRLFHIFrEDZER D2 < A3, LirC SEUZ K
THLDOTHDHIEEZWLNIC LIz, Tt AERZEN & T 5% CBR3 B LW
CBR1 (TKf L CPHEBRIRMEZFEFEL 2 5 Z L AR L T 5D,

AREETHESE LI A TSR O — %, LirC Iz PO F A TS NTIEBRFETH D120,
LirC #8882 B85 L 72 CBRs DML F LI HERK DR 7V —= v ZITHERRY —n L2 h
55, RENICEWT, WEERICK L CRIMEEZ AT 2AFER L LM &2 B0, HHED
PLEGEMERICE L TR UV —= T 21T 72,

KB B & Tk

KBEIZLAEAERE L ELERES : hCBR3., hCBR1, BLOF A FTEEEREL S5 2 3
RiZoWT, BFB—EE B —HOFEERKIZITR -T2,

AR =)V TR DO RIE - AREFH I —HO J7ik & FERIZ, 250 pM @ menadione %
B L LR RS 0 NADPH @ 340 nm (2331 2 W8 & FR A (S MRAT L 7-, PSR 1T,
100 mM F N U 7 AU UEREER, pH7.4 $ L < 1X DMSO (2 L7z, DMSO I[Zi&fiE L7-
Y. WEEBUSIRIC 5% (WWLLTIC 2% X 9122 7=, DMSO 5% (viv){#AE F T, hCBRs ®
BESRTEMEICZ T e o T2,

FEINEL AT DAINA=VRTCEEDORIE, L, HPLCIZ KD FFI ey )/
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—NVOER: F—ZF HLEOGEEFREFIZHPLCIZ LD REV/ILEY ) — Lo 21T 7=,
ERINZ XYY ) — VR Z iR ST 2 R L7,

iR

ZTNENOMREKDOLEFM % Table 14 (28 L1z, EFMEZ B L&MW,
Ipriflavone, Ibuprofen. Diclofenac L%t hCBR1 %#[HET 2 Z EBHLN LD TH D,
hCBR1 %, 77K/ A FHIZE D BSHEFEINDSZ ENHLNICINTND 19, ZD7,
7T A REOMRFENLDHDE LT, Quercetin X° Rutin., Ipriflavone % &t L 7=,
Quercetin & Rutin |X, BMHPICEENDI 7 TR A4 RTHY ., hCBR1 DIEMZAETH Z
ENHIBILTWD 19, F7 Ipriflavone (%, ARFIZISWTHMFRIE I IS 2 FFOIEAIA AT
el LT EHEhTub, Cibacron blue 3 hCBR1 % #h=RAIZFHE T % 9, Ibuprofen <°
Diclofenac 72 EDIEAT v A RIEFIRIERKIT L 7 oA —B2HETHZ LKV
RIEVEM 2T 505, —J7, CYP2CO Z#PHFET 5 Z LIT L 0 oI & DI ENREFAIFH
HERZBIEEZFTZ ENELI TV 5D, F£7-, Ethacrynic acid (%, /v — 7 FJRIED —F
ThYAIZBNT=T 7 Y Aol LT RS TW5S, ENRAIE D Na+r-K+-2Cl-ATPase
DOREFEWEMEZT L CHRIEHZHE ST 2528 % Phase I fK#EEFE TH 5 GST
(glutathione-S-transferase) = &, HET 5 Z & A LT TN D 59,

ZNH D% < 1L, hCBR3 ¥ L O'hCBR1 (2% L TRIFRE DOFRLEEME A A L T 7= (Table 14),
L2 L, Ipriflavone i hCBR1 (Zx7 5 HEFEEH 2472 < hCBR3 125 L TV HEFETE %
~ L. F£72. Ethacrynic acid iZ hCBR3 (Zx17 2 BHFEEM 272 < hCBR1 (Z%F4 5 BHES
M@ oTz, 725, Ipriflavone 1X hCBR3 #7235 < . Ethacrynic acid /X hCBR1
BIRMENEWLEERTH D Z ERHLNI o7, E 512, Ipriflavone iZ, hCBR3 ®A T
1272 < hCBR1LirC3 %# % X < fi% L. Ethacrynic acid i£ hCBR1 ¥ X O hCBR3LirC1 (2%}
L CHHEEEZ AT 5 2 & (Table 1476, 24 OBRABAFIEMIL, LirC flg% /L C
W5 EEZ bR,

& 5|2 Ipriflavone & Ethacrynic acid (2B LT, hCBR3 53X hCBR1 @ K%V /L
VRN T D EEME ARG L7 & 2 A(Table 15), 7 A M EEICx 3 5 HE & A
Ipriflavone | hCBR3 #&R#JiZ, Ethacrynic acid i£ hCBR1 i#&RAGITARHENEME 2 BRLE L7z,
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Table 14 Inhibitory effect of compounds for hCBRs activities towards menadione

Inhibitor Concentration CBR3 CBRI1LirC3 CBR3LirC1 CBR1

- 100 100 100 100

Quercetin 1puM 61+ 12 54 +6.9 26 +4.6 36 +5.8
Rutin 1puM 52+4.6 49x84 2157 18 £3.9
Ipriflavone 1pM 10£24 12+4.2 89+84 93+10
Cibacron blue 5uM 51+8.4 36 +5.7 22+6.8 12+5.2
Ibuprofen 100 puM 68 6.1 75+9.5 84 +11 94 +£9.2
Diclofenac 100 uM 64 +5.8 69 4.7 60+9.4 69 + 8.7
Ethacrynic acid 100 uM 97 7.1 91+6.4 19+8.2 24+6.1

Remaining activities of the enzymes with each inhibitor towards 250 uM menadione are
shown as values relative to the enzymatic activities without inhibitors. Each value represents
the mean = S.D. obtained from three independent experiments.

Table 15 Inhibitory effect of compounds for hCBRs towards Doxorubicin

Inhibitor Concentration hCBR3 hCBR1

- 100 100
Ipriflavone 1uM 18+3.6 98+57
Ethacrynic acid 100 pM 95+34 2310

Remaining activities of the enzymes with each inhibitor towards 500 uM doxorubicin are
shown as values relative to the enzymatic activities without inhibitors. Each value represents
the mean = S.D. obtained from three independent experiments.
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FIH NME

AREFEIZEBWT, hCBR3 358 X T'hCBR1 ©7 A MEEIZHKT 2 BICIEELAIBIEIC, b0
B LA OER 2 AT IR ZRER L, U ORREZ15T,

(1) Wil D Harr plot f#ATIZ &0 | RFTAVICAHFEPEAME W i Z B L7z, 2 o —D 3 fili
72 B OEFES] (LirN), & 9 O & DI B G6V— 7k LirC) & I2EEH L7,

(2) NS OMEEICEH UIER L= & X Z iR O ) ZRfTic L 0 . LirC a2
hCBR3 & hCBR1 OFNENDOEFZLFHIMEEIZEIZHEES L TWDHZ EEHLMNZ LT,

(3 PHEHR 7 ) —=2 7|2k v Ipriflavone 2 hCBR3 ERHEF & L C, Ethacrynic
acid Z# hCBR1 BRIUPHFEIK L L TR L7z, 26 6 OEKIE, mEERE O LirC ik /1
L CHEREZBEL WD EE LN,

%< O SDR BB IR E L EBRE R LEGE A RIE T 5, HEAEEFE TH 5 hCBR1 2BV
T, Z8EZAT 5 SDR BE#I12I3fFE L2 VWaEF1, oEF2, aEF3 @ 3 S?Do-helix 1
MIFFEL., hCBR3 & 2N b OE 241 5 (Fig. 3), b OiiEix, SDR EEN L EKE
T HERICEE ok & aF OEHFICEE L EETER A LET 2 60, LirN fEliix, Zo
9 HoEF1, aEF2 & —#9 51 CTH - 7= (Fig. 3, 24b), Zh 6 OfEkIL, HIEN R & &
SICEH>TEBIBREZMET L EZLNTWNDIED, TRENOT 2 B HKRITHERER
TR <, BB TT 2V BEBRAHEEICE Z 572 2 &I X0 RISV CHERE
PERNEN-T e EZ BN D,
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CBR3 X SDR A—/"—7 7 IV —IZ@T 58K THY . CBR1 & mWHFAMEEZ T, B |
SDR A—/"—=7 7 IV — T5 D 5> b, BUEHRE SN TWD HDO7ET T 24 FEHOEEHRE N
JRREICE S LT A Z RN TEY | ABEFEARA—/—7 7 I U — (IR L EER#EE 7
FIV—ThHDHLEZLNTVS LY, CBR1 X, FICLLF DA TR EEMEN RSN T
W5,

(1) PGE: % PGFe, ~ZH#i4 % PG 9-keto reductase &2 A L TEB Y . AAENIZBWT
PGE: OfH#H - RiEVELZHH 9 9, 23 Uik To CBR1 R HEIX, AT PGE B E D
{RIC X 2 &AM - MR ER o6l 2/t L <, BE TRICEEEZ 525 1219,

Q) [RRZRFIIR A AT MVER LIRS BERH SN TWD 7 R I A 27 U RN
WD D BFRIZ REF Y LE v &2 RL ﬁaﬁﬁ“éo T TV AT U RPN AEIL,
BIKTFOICRIER & L TEERLDAEEZRIET 55, ZOREO—S>HREEY K%
NEY )= VOEBIZEIDHEDTHDL EEZLNTWD, ZORWERZ T 572912
hCBR1 ORESKD IR EZEMEN IR ST 5 81,

1998 4=, 7° 7 & DNA k23T hCBR1 #E{5FDirf#I1Z hCBR1 L MFEIMED &V hCBR3
BIRTHFRE SN2 29, SDR A—/"—7 7 I U —(X7 I JBES| L~ UZBWT, 22

DEEFE DFAFMED —MZIZ 15-30% & IRWIZ B 59, hCBR3 & hCBR1 13 71.8% & fizh T
B FH R & o, BT &7 SDR 2 — 38— 7 7 2 U — BB E T OLA RO —{bicEH
T, hCBR3 % SDR21C2, hCBR1 /% SDR21C1 &4 i) b, Wil SDR21C 7'~
7 IV =&ML TND EINT,

SDR A—/3—7 7 I U —NOMHFRMERE WO ~7 7 7 I U —IZBI LT, SDR7C %7~
72U —=SDR16C ¥ 7 7 7 I U —TI& 32-T2%FE DM Z R L, fd TR BEE(L
PIME 2R 2 ENAMBN TN D 29, BERITEER UG & - CTEBMREZ iE T 5720
FHRIPEDS O EE R CIRAEBRABREICR L CH B TH D Z R s D, UL,
hCBR3 (X hCBR1 & D@ WFHEIED & | BRI FRIMEE NI CTh 5. BRI E ZMED &
BRTHDH L THRINT, L L2 bR A B L7224, hCBR3 2R3 2 @5 IHIE &
N ETIE LD o7z, % 2 CTARIZEICE VT, hCBR3 OEEREIEREMIH O =912, hCBR3 %
hCBR1 & O T o CRERL PR A G5 2 & & LTz,

AN JBTEMEICEA LT, hCBR3 IX hCBR1 & FfRICY A 7T X‘A/\@Z:i/‘]*iﬁ R MR

DJRfEZE R LTz, FEEEROZ £ TOARNSEME T2 W TR (s s Z &
(B —F5 f). 72 hCBR1 2B L T Z 4L E Tl g All o B 18 43 1 @ﬁ*ﬁtﬂéh“(b\é_}:
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DG AIEIZIB W TR EN DM O OB BAEEAEERST o —EAE & OMALEHIC

. RE—ZREEERLTNDEEX LD, BIGHERITHACHEZRETHZ LN T
X570, hoBEAE L OHAEERICOWTINE THER SN TRRD 272D, Filfn< D
722D SDR BEFRICBWTEABEMMAERA P REINLTWS, TIP30 (30 kDa HIV-1
TAT-interacting protein)if. T A k17 U ZRIKD coactivator TéH 5 CIA (Coactivator
independent of AF-2 function)<°, Importin B. p53 EHfHAEMAT D Z L2k Y Tumor
suppressor & L CHERET D & EZE 2N TWD 6163 F 7= AHPBERITAHLZN
Hydroxysteroid dehydrogenase like 1 (HSDL1) /& . MK-STYX (Map kinase
phosphatase-like protein) & [EHEIZAHASER T % 69, DL EO#WEIL, SDR BEEA FEA DE
HE EEEEMMEAEER L, IR 22 2 T 5 2 L 2R L TW\b, hCBR3 B LW
hCBR1 & Z D&k 5 REABEMMAMERICE V¥4 7 I X L2BT 5 By MROFBEZ R
LTWD EEBEZTVD,

KIGEIZ 7Bl S 72 hCBR3 35 L UV hCBR1 % SDS-PAGE L CTH—|ZF THI L, Bk
M RS Uz, fililESR & OF IS W TR E S KB 28 U7=fs R, WlER L b
NADH 2tz LT NADPH (Z%f U CREBlfntEz R Uiz, 72 #lilER OBt A L5328k (Table
13)TlX NADP+& 2-AMP 347 FC.NADPH (2 X 2 BEEIEMEA I S /-2 & LY . hCBR3
IZ NADPH 43+ D 2'Wr U U Egdk & o @mBlFPEIC L W NADPH % 4fie & B 2 b, AN
IZEB W T NADPH 35 L O'NADHE 2 mM R O L CIFE7E L, W2 NADP+E L O'NADH i3,
Z DEWFEEDEIE THFIET 5 69, Table 13 (23 T, hCBR3 73 3 mM ® NAD{F7E FiZ
BWTTH NADNZ K AHEEZZ T T enwZ &L MRz T hCBR3 13 NADY
PR &9 NADPH # il & LeBERIE 2 RET 5 B2 b,

NADPH #ffili#3k & L TCHWEZT 2 FEEEIT 3 B RIEENE ORE R, hCBR3 X
hCBR1 (ZHARTRERRERTEE L R LT, o, @841y 7 Thsd rCBR3 BL D
CHCR3 |23\ T%, hCBR3 IZHARARRE W LV DOEERIEETH D H DD, hCBR1 &k
W95 EERIEMEITREN TH 72, CBR1 @ rat, Chinese hamster 4/ 1 7 |ZB L T
hCBR1 & [FAIRREDOERTEE L AT DL ENHALNIENTND Z & &E % 5 L 2860 rCBR3
FBELOCHCRS & FEMFED CBR1 IZHARTT A MEEICH T DEERIEMIIREN TH D &
Hrs /o, 207D, 7 A MEEICH T DEREMEICE LT, CBR3 7% CBR1 ([~ THE
FIEEMEN DL, FMEBAT-MHEETHLEEEZOLND,

—J. F¥ Ve voicxtd 28E#EE%IL hCBR3 & hCBR1 XRRECTH -2, Fiz,
rCBR3 3 L U CHCR3 /L hCBR3 (T kear [HER kead K T 2.9— 12 fHEWH DO HE R
REHEZ A LTV, BRRMIZ R Y veE v UL, &5 71 Fa o0 3K, BB ORER
Il EREEZHFEL, ZOMEITE 10—100 mg/day FRETH S, K¥V/LE T 50 mg
Z b MCHENER LZSE0MFREL, BKEH5ER 1-10 M RBRETH Y 60, ZDHEHIC
MENBIHEET D, ZORUERMA D OHEKERETIX, Mk~OnMm»EZ 5, b Mk
HO KXY e Y CREIZH LTI ARV, i Té%%/wt//@o%zozmﬁ
DT NT I EfEE L WIlERER & U CFEE LR TICE B L Tnbs Z b, R¥ YL
BT R ABIBETICEIT S R Y LB w ORI 2—2.5 1M & RAED b 69,
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2% Y, CBR3 X° CBR1 (Z& > T KnfH XD HARD TIREEIZISUN T RV L 2T
INDHEEZEZDOND, EDOID, KREROBEFIEEDIIE TH D kead Knf[ENEETH D &
Hr sz, Z Oz T, rCBR3 (Table 10, 0.014 mint-pM )3 2 08 CHCRS (Table 10,
0.012 mint*uM1)i%, hCBR3 (Table 7, 0.041 min1-uM )T XTENZEIL 2.9 5, 3.4 K
VY, Loveless © 6913, R VLB OEREIZ DU TEIFE F RN E 43 C D ik
FRNT 24TV T PATFIEO R VL e U REHER B MIFIED R VL e s o REfREIC
THE RN EZB 5202 LT b (human, 0.167 x 109 mol ! - min™ ! -+ mg protein; rat,
0.0496 x 10°mol ! * min ! * mg protein), Z OfEHE[A]IX CBR3 ® K&V LB L U ~DEETE
PEEREETHY ., B hBEIOT v MK TO CBR3 @ R VL By U RE~DF G 030R18 S
N5,

72, LIEIZERIT 5 hCBR3 EHERBEEOHENS S, CBR3 OAEKA FF Y L v~
REF~DEFEE DR REIND, LIEIZBWV T, hCBR3 @ mRNA #¥#l&(X hCBR1 @ mRNA
BRI TR2BUTORSTHD LHEESN D (Fig. 5), —J7. MFl&IZIIT 2 Z 4T 32
2)fELL EEHEE S D, Kassner b & ARG & [FARIC mRNA FEEBURNT 21T o 7o fk . Dl
IZBWT 5 ERRE, T2 3 T 1000 (52 ©, hCBR3 ¥ L&, hCBR1 #EL&|IC b~ T
RN Z & 2R L, KX OfREIFT Ofma s T\ D, —J. 33 AD b MFhEEE % H
W B HE L L T oM E *ﬁﬂﬁ OCI, FRE 11.6 5 (range, 2.46-59.5 {5)DET
hCBR3 & HE 2 hCBR1 EHEIZ Dozt dfEsnTnd, 2F 0, fFlgkicks T
hCBR3 & hCBR1 ® mRNA I//\/l/“C@# 37 & 2L EHDDIZK LT EHE
LTI 10 FRRETH-7-, mRNA L EAE CORBLEAZDEVODJFK L LT, CBRs &
HE DM - OE WA EE SIS, 2F W, hCBR3 EHEZ hCBR1 & H'E DOl id N
R LY b RWZ &2 MV T hCBR3 EEI INEHEIND B2 b5,
CBRs ®&HH ﬁj\ﬁﬁkﬁ?' 1 23 Lol & I s W TR B, DiBZ 38T hCBR3 EHAE X
hCBR1 EHE & RIHLENLL EORBEZ T D LHELE S, hCBR3 D R¥ YV LE T

RSN N f“ Z%t9 % hCBR3 D% 51— E%ﬂ”fﬁ"@“é 16@}:3%7&52@6

T, EYEREFHIRETOEIR R T 7 R 7y N OfFFTIC . FER VLB Y Tk DK
Wik ~D hCBR3 O —H#i £ (SNP, single nucleotide polymorphism)@%’%’%&ﬁi‘i&% =i
TE T2, 100 NOKFT V7 RANABE ZH E Lzt MRIRRER IZH T hCBR3
® C4Y (11G>A) D SNP Z£FF LTV 2 BF 1T, OIS AHHRN TD hCBR3 @ mRNA 1
wEMEW, Ot K% v ey 7 —/L AUC (area under the curve) 335, 2F 0 K
YNE Y AREHENME T LT D, @25%LL ED LA KRR DIBRMEN A S o BEEN L L
IBRIRDE N ERFESNTND, ZNHORERNG, 11G>A 12X Y hCBR3 O¥HL&E
PEFL REVLEY TRT 2REEENBD L, @M THL xR re sy ) — Lok
R LTz EEZ BN, 6, WMNRAMEEZT > 8T A7 U RPLBAHITIHEFE L
ODAREEIIE LT 30 Naxig & Lz MRRRER 2 Tld, CBR3 @ V244M (730G>A)
® SNP Z{RFF L CWABEIT, RV LEy ) — L OLBRENEREIC LD EEZ2 650
AEEER TV RN 5-8Fm <, £72, CBR3V244M O R¥ Y LB Unh R VL E Y
S =N ~ORBHEED AR CBR3IZHAR26FEmWVWZ EbMEINTETWDL U ELD
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hCBR3 DOE:FEIEMNE FAKAN FR Y ALY B L ORIERARBRICES L TWD Z L
Z 58 < R L ABFZE T/r L= hCBR3 @ in vitro TOHRW RV LB v U REHEE X595
HLEDOThH D,

RE Y ILES VBREODARE T T57-00EE LT, RE e Y nb RE VL
vy )= ~ORMEET L ZENAHTHDL Z ENRBIINLTNS 95, CBR1 L N¥%
YNET ORI E L B TEROEMN D FHEME LTEALNTND 919, L LRBL,
AWFFEIZ LD hCBR3 O F¥ VL ey EHHRES ik b MREKABROMEREZ 2D &
hCBR3 & RV LBy U REIAEOEMNEER L L TE 2 54N H -7, hCBR3 & hCBR1
X, PGs fAHHZEI L CRE2EWVDGFIET D, hCBR1 i, PGE: % PGFo, ~ i « RNIETE(L
SHDHZENTEDLMN, —J. hCBR3 IZITZ DIEMH I S /2 h -7 (Table 6), CBR1
1% PGE: U2 L T AMERIZ I 1T 2 Ml s o i a0 AR I B a B 2 . DS Aot 24
il 9% 127159 PGEz 1IN AERMEEERZA L, 7z, HLR. TEERER. EiHds/e Skkx 7o
B~ EE 5 X 5720, FXE Y LET YN R ey ) — A~ E2M4 22 &
## % W, hCBR1 FAEHKII PGE: DEE AT LTeRN A - Y A7 O B ZMD & LT
JEZREWER Y 27 3o b & PSS, —JF,. hCBR3 @IMFHEZLIL, hCBR3 IZ PGs fX
HEEZ RWEEenWew, ZoORMEAENE L R VL ey ViR LARITR L TTPRizhR
ERETHIEMTEDLEEZBND, £ Z TRIZ, hCBR3 & hCBR1 ®7 A FLE~DIE
JCIETE D72 72 45 . FRENOBIRNILEDE %2 A+ 2 L 2 B, hCBR3 &
hCBR1 DAL 70 7858 % A - 5EIk D[R E 2 7k T,

7 2 BEMFEIMEREAT CTH 5 Harr plot fEAT K 0 77 2 7 BRECHIFEFIMEDME 2 S O R ATfE
(LirN, LirC) & LI L7c, = DOENLICIE R LIS Lo A 7 RER ORER L FRIMET OFE R, I
B G/ — 7 HEICIEE—ET 5 LirC 38N, TN EFN DR O ERZ AT RE /23R
ThdrZEEHLMNI LT, £z, EEKR T Y —=712 XV Ipriflavone % hCBR3 (2
RAZRBHERE L CRE L. A TBEZHWEERICL Y ZoEN LirC fEIZ I L
b THD I L amRIE LT, Ipriflavone IFREIZ BT &% < oG HEZE O3 ANTH
L7, B hA~OEEERHE I TND B, 5%, RXF YL ET U Z2EEINTVHEHE
IZ351F % TIpriflavone % 13 U & 35 hCBR3 B IRIPI P HE D EIIE I BLMEIZD RS T S 4
HTEMEEND, Flo, AU THEE L AHX A JESERRIX. hCBR3 3 X TU'hCBR1 @
BRI E 2 REH 288, IR T 2 BESIZRIEL Y 2V — L E LTHEMATLZ
EMNTE 2, hCBR3 IZHET 26, RE YV ILE Y ALK D LARED PRI DA D
BAR N S DICiETe Z E I SN D,
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SDR A —/"—7 7 I U —IZJ& T %, CBR1 IZ @R AHFEME 2~ 90 BLiE uli% 3% CBR3 D%
FALFHIRIT 24T, LT O 21572,

(1) hCBR3 1% hCBR1 & [Al%£IZ NADPH % i35 & 4 2@ clRIEE 2 3 2 L 2 LM
L7z, TA MEEA~OETEMIZE W T hCBR3 X hCBR1 IZLRTREK THHIH DD,
T RIFH A7) RBBAITHA RN ES U ~DIEMEIZRIBETH D Z L& L
L7

(2) hCBR3 %, hCBR1 ONEMHIEE Th 5 PGE IZIGMEEZ R E RN L b iR D4
HRBRENTAMEIC R D Z L 26N LT,

(3) T o#H¥ CBR3 X hCBR3 ¢ b, ZADDERITIH L DD RE VL E U ~DFETR
EMAZRTZEEZHL ML,

(4) hCBR3 & hCBR1 OE##bLFH =R, LirC #IICERTHZ 26N L, &6
(. WSRO LirC IR AR & LR ETE R 2 63 2 baw e A Lz,

LLEX V., CBR3 % R VL E Y UM LARITHT 5 PRSI B 5 FHE 4y
FELTRELE, FEFYALET U OFHHMARREORAIZLY, CBR1 [LEID PGE: %
A& DIBENGRRIE 2 B L=, Y R VL B UMD AR 2T B DB % 23 1
HaIns,
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AT HED DI BT D IR DT T D TR Z 5 Y £ L 72 RS RIS EER. F A%
TPl RIRRA REFFEEEMERESR . VPR A0 DG H L BT £,

7o, AMEELODICHIY | HKIBEBGR D DI - R Z B Y E LI KBRS
BESFIITERR . K D 2 AR AL L B R

S bIZ, AIZEICB T Dl iz - T, HERIHRE - TREZBY £ LI RERORER SR
SEEWPIER IR . TP e e, IS e s, R ESE ISR BB L BT £,
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