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In this paper, the structure and function of a new tetrameric carbonyl reductase (TCR) is reviewed. TCRs were
purified from rabbit and pig heart, using 4-benzoylpyridine as a substrate. Partial peptide sequencing and cDNA cloning
of rabbit and pig TCRs revealed that both enzymes belonged to the short-chain dehydrogenase/reductase family and
that their subunits consisted of 260 amino acid residues. Rabbit and pig TCRs catalyzed the reduction of alkyl phenyl ke-
tones, a-dicarbonyl compounds, quinones and retinals. Both enzymes were potently inhibited by flavonoids and fatty
acids. 9,10-Phenanthrenequinone, which is efficiently reduced by rabbit and pig TCRs, mediated the formation of su-
peroxide radical through its redox cycling in pig heart. The C-terminal sequences of rabbit and pig TCRs comprised a
type 1 peroxisomal targeting signal (PTS1) Ser-Arg-Leu, suggesting that the enzymes are localized in the peroxisome. In
fact, pig TCR was targeted into the peroxisomal matrix, in the case of transfection of HeLa cells with vectors expressing
the enzyme. However, when the recombinant pig TCR was directly introduced into HeLa cells, the enzyme was not tar-
geted into the peroxisomal matrix. The crystal structure of recombinant pig TCR demonstrated that the C-terminal
PTSI1 of each subunit of the enzyme was buried in the interior of the tetrameric molecule. These findings indicate that pig
TCR is imported into the peroxisome as a monomer and then forms an active tetramer within this organelle.
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reductase family
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isomal targeting signal (PTS1) & type 2 perox-
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DR WA /N5 4-BP 2HE E L THILRZ
BT R AR L2, AEUEBRO I 4 2BKT
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Fig. 1. Chemical Structures of Acetohexamide and 4-BP
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kDo T BSOS I B W TEMMENED 51
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60
Rabbit  NASSGVTRRDPLANKVAIVTASTDG | GLAI ARR LAQDGAHVV | SSRKQANVDRAVAALQA

Hk * ok
Pig MASTGVERRKPLENKVALVTASTDG |GLAIARRLAQDGAHVVVSSRKQENVDRTVATLQG

120
Rabbit  EGLSVTGTVCHVGKAEDRERLVATALNLHGG | D1LVSNAAVNPFFGKLMDVTEEVWDKIL

Pig EGLSVTGTVCHVGKAEDRERLVATALNLHGG | D I LVSNAAVNPFFGKLMDVTEEVWDK I L

* P 180
Rabbit  DINVKAMALMTKAVVPEMEKRGGGSVV | VAS | AAFNPFSGLGPYNVSKTALVGLTKNLAL

* * *
Pig HVNVKATVLMTKAVVPEMEKRGGGSVL | VSSVGAYHPFPNLGPYNVSKTALLGLTKNLAV

240
Rabbit  ELAAQGN [RVNCLAPGL | KTSFSKALWEDKAQGEEN | [QKLR | RRLGKPEECAG I VSFLCSE

Pig ELAPRNRVNCLAPGL | KTNFSQVLWMDKARKEYMKESLR | RRLGNPEDCAG | VSFLCSE

w260
Rabbit  DASYITGETVVVAGGAPSRL

Pig DASY IDGETVVVGGGTASRL

Fig. 2. Deduced Amino Acid Sequences of Rabbit and Pig
Heart TCRs

Asterisks show the consensus sequences in pyridine nucleotide (coen-
zyme) binding region (Thr-20, Ala-21, Gly-25, Gly-27) and active site
(Ser-151, Tyr-164, Lys-168), and the residues in PTS1 (Ser-258, Arg-259,
Leu-260) .

Lys BF—7 XBHEEOT7I/E) &, O Tyr
L D 13 5% N RN Ser FRIEE D FED R
SNz FESDR Iy IU—BEOEY D XY
LAF R iR MeaEgoa 23 ZXE45T
# 5 Thr-Gly-XXX-Gly-X-Gly & F — 7 A% Thr-Ala-
XXX-Gly-X-Gly L TN D LMo
T,@ﬁ#&@i&@ﬁ@TﬂH&ﬁm7yi

”E@“é@%ff%é ZEMHSNIE . &

WWHiEEE D C RKiumicld, <IVAFY — Lk
‘/7 +) (PTSI) &o”}f;éhé 7 2/ BRECH Ser-
Arg-Leu (SRL) OHEFENHER I N, 7235 PTSI
ELTEBEL<AENTVSEY 2/ BEE 5T Ser-
Lys-Leu (SKL) T® %7, SRL & Of Ser-His-Leu
(SHL) 72E% PTS1 & U THEAET 5 Z &R
hflﬂé 17,18,26)
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ZTORE, ABERIZNAFIV—AICRETSZ
EDFEND SN 10 Y F RT LK D TCR
MRNAF I —LBEETHHOICHBD ST 0iA
HHEohSoBEEINAZEEEL T, RIVFF
V—AD—HEENRE DA DREIC L > ThiES
NABEZENRE L2720 EE 2 5N5. FERE &
L T Yoshihara 52713, mEMEHEE L THRIN
TW/= > v b NADP* {& 7F 14 isocitrate dehydro-
genase RN FF IV —LAIXRETHBETDH D
e, RLOWETHLENMILTNDS,

42, EEHEMHLMAZTRRZME THFRD
T DED TCRIX, < OFEHET VT b R,
HEWGT N, oD IR IEEMROF ) >
FOBITRIS 2 il U, WRAWERERREZERL
7o 131629 F )L R Z)VIRTGEER O T 4 BIKEER T
&% CBR2 1%, NADPH D #7553 NADH % ffi %
FRELTHHTEZ NS UHF RN T & LIiKkD
TCR 1%, #iE%3% & L T NADPH Z B RMICERL
Fo 1O BRENZ T F RO T F0ED TCR
12, NERMERETH S all-trans L T F — )V & 3h %R
MNBILT DRENZHT DI EN D079 ZD X
S W all-trans L F 5 —)L 0 5 all-trans L
F )= DBETR G E T2 2 En s, Ml
{bDOFEBIZEHET S all-trans LV F ) A > BOES
RZEFIEL TWD e NS 5.2 L L R)VAF
V= LIZRET B2 U F KRUT 0 TCR O 4
BB ONTIE, 505 %OF MmN
PWETHD.

FIVRZIVETCEREOHRERHN LT, 7oK/
14 RENRL<HENTNVWS, I T, UHFLED
TCRIZKIZFT 7 IR /1 REOEEEFTN., &K
BEEIIM D NIV AR =)V Tl F & AERIC, kaem-
pferol %> quercetin 72 ED 7 TR J A REEICL > T
HMHEBIND ZEDMEENOONL.D ETIATA4
BERIVAZIVETTEEFE (CBR2) 1%, VU /L
7 TF RO XD AR I X o TIEME
fEEND ZENWEINTNS. 30 L LT K
U7 5 L&D TCR I, T@ﬂ%%@%?UX?y
/e EDRAFINSIHFEIC X > THICHESI NS Z &N
HIHA U 7z, 163D
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4-3. IEERAERTRIG b FPEREBYO
i %> B i |2 A AE S 5 HLEAR D 1)V AR 2 ViR e
(CBR1D) &, ¥ F o EZ2FT 22 0EMIE
MESKZBRMIE LTS 2 &M @MEINTW
% 32730 2 2 TT A DMK TCR 7%, AEEHE ORI
BEUHE &L THWE 4-BP 2 VK EINIOE T
LZMES L. ZORRE, 74 L TCR I
4-BP %7 )L 2 =)L S (—) -a-phenyl-4-pyridyl-
methanol |2 N ARINMICIEICT 2 T ENHERI N
7= (Fig. 3).3%

[0}
3
| 4-BP
=N
NADPH
recombinant
Pig Heart TCR
NADP*
OH

' N
| S(-)-PPOL
=N

Fig. 3. Stereoselective Reduction of 4-BP to S(—)-a-Phenyl-
4-pyridylmethanol [S(—)-PPOL] by Recombinant Pig

44, Z—N—FFL I HILER~DAS
7 &0 TCR X, 7« —BIVHERT Aok 712
EENSF ) CHED 1 DTHD 9,10-phenanthrene-
quinone (9,10-PQ) ZZNHEMIZ 2 ETEILT 5. 19
& 5ITT Z LMED PV 53 2 F W T2 RERFE RN 5,
TCRIZEK D 2EFEILINZ 9,10-PQ I, Fig. 4
WRTEDIZ, VLRYIZZAHYA N ENLTA—
N—FF LRI NINEERTHIENHEAL
2.3 ZDXSICLTL Ry Z AT A Z)IVENL
THRINIEA—=NN—FF T RI VNI, LIRIC
KUTEHEERERZSEEZTREEND 5.
BF/VHEO2EBTRELEMET SEEEL T
DT-P7 R I —EnL<HGNTWS, Ll DT-
PRI YL, THLEOEEE S & 9,10-PQ
DRIERIZBNWT, LRI XYL I ENTS
ZA=N=FF T RIPHNOERICEEG LN &
DEMND 53Tz, 3

5. TCR O:FERl#§H%
MIIN/NSED 1 D TH BRI T F IV —LDT
U w7 R, Y 5 —ERMENME: pELL R B
FT7IN-CoAFFH—EiRREDEL OBENT
EFNTVWSE, INETHRXRTELLDIC, TIFR
TH L&D TCR & £/ AF2Y —AIZFET
HBFETHD. mil, ZOEH NI AFV—1A
Pre 32 DIER | E X I BE T D WFZEANEFEITITON TN S,
51. RULAF2)—LBREZOZEE X

Heart TCR WA F Y — LABEFEOREREEICEET 5> 7))
0] 0
OO ot
NADPH
9,10-PQ
01
NADP*
o
OH OH o o°
02.- HZOZ
Fig. 4. Proposed Model of Superoxide Radical Formation during Redox Cycling of 9,10-Phenanthrenequinone (9,10-PQ) in Pig

Heart2®
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ELTiE, PTSI EPTS2D2DOARIEESNTVDS
N, 2L ORNFFY —LBRIVIF RO TS
DM D TCR &AL PTS1 B TdH %, PTS1 HEE
#FiX, FDOZEIKTH 3 peroxin protein 5 (Pex5p)

IHREE L TRV AF 2 — ANGEIT N, 904D DT
Pex14p, Pex13p O RING (really interesting new
gene) 7 1 > H =) A F > (Pex2p, Pexl0p,
Pex12p) M SRS N2 EE I E 2% TV A
FV—LANRBIEALSNS. 4D PexSp (3MifaE & X
WFFIV =L N w7 ZAMOT v MVZEKE
ZAONTHY, TOFMSY YA 7 )LD S
MIZINDDH B, 4344

5-2. RIVAFI)—LBETTIL ~vF
F—LWET T FIVPTSI OF X JEEESIE L
TiE, SKLhmbI<H SN TWS, Larl, U
X KO T 0K TCR O CRKICHEET DT I/
el %iE SRL TH 5. & I TT7 4 LKk TCR O
SRL fig41%, SLL XU SL (FUXRTFR2FEHD
WM Z2RE) ESNICER L /- TCR OFHA
27 % —7% HeLa filldiZB AL I S, TCR Ok
BPUARE W= BRI X 0 e N R TE T % 3
Niz. TOFER, #1150 TCR BEHAKISHIEE I
BED, NVFAFV—LNBEINLNDTZ.
L7275 T TCR OMAEMN 5 )V FF 2 — LA
Dk, PTSI & U CHEEES % SRL ELANICTHD
< ZEMfERE NI,

b 5O PTS1 BIEEHRIT, ZLEMAKRE L THIRLE D
SR F IV —ANEIND I ENH SN TN
5.9 UL LAaNSEESOWRITBNT, A

Z A7 % LM TCR % B HeLa fifdNIZE A (in-
troduction) U781, N7y —2EA L THllE
NTREHIBEHEELER ST, NbFFV—1A
NEEEINBMN DT TNEDOERERNS, 7
% ik TCR IZBWTIE, C A D SRL EHIAY 4
BEAREEONMICHEZEL TR, TOZREKTHS
PexSp ICF S iz 2 E R I Nz

5-3. iESEEREN RNVAFY —LBEFE
THh 57 H 0K TCR OHikEEREZ I 5ITH S MC
T 572012, HAHZET & i TCR Ok &
fRMT 2 i A 7. 4540 £ T EER AR AT T & i
TCR) &% (NADPH) O 2 718 &K% i
£T2 2 EITRII L7240 2 2 TRIT 2 BT AR
DG 2T L&A, 4O T 1=y b

Tetramer (Pig Heart TCR)

Fig. 5. Import of Pig Heart TCR into Peroxisome as Its
Monomer

N: N-terminal. The monomeric molecules form an active tetramer in
the peroxisome.

D C RIFICHEMET S SRLELANIE, WIhd 4 BIK
HEONERICHE L THD, RILAF v — LAtk
/0%w<mm)tbf ZTDZHEKRTH % Pex-

pICERFBEEINIB VW ENHSNIZR D 2.4 —
ﬁ,7&uﬁﬂm@$gm%mL$mfw,C$
Ui D SRL LA RS RTICE L L TWD Z &AMk
MmO BN Lzh> T % .00E TCRIE, Fig. 5
IR EDIZ, CARuid SRL Bl 578 PexSp & #5H
TEHHEARELTNVAF Y —LANE@EIN,
RNV FFV—LDI MY w7 ANTEERENEZ R
T ABKRZIRRT D2 &A%, FEL RS RIT O RS RIC
HEOWTHIEI N,

6. HHYIC

AEETIE, UHFRIT Y OLRICHEET 2 4 &
KA R ZIViEITCEEFE (TCR) O EHEEICD
WTHEF L 7=, 512 TCRIZ, MBEN/NEETH
HRNAF ) —LIRET HBEETHD & aH
S5NTTDHEEDIT, REZOMILEN S X)LV FF
“/‘/*—A’\O)iﬁw_*ﬂa% IDNWT, BIEETIZESN
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TEHI R Z Rz,

THF KN TZ LD TCR 1, B kD peroxiso-
mal short-chain dehydrogenase, 47 <7 2 ® NADPH
KEWHL FF—IVB TR, 9 1 XKD L &K
VIR ZIVIETCEER, 950 RN v MLIRICETET 5
FIVIRZIVETTEERY &7 IV BEAICZHB N TE
WHIFTME (>80%) Z/xRL7z. S5I2IN5 DOEEHE
Wb, CEREGICPTSI EARINDT I/
BCH DEEDEZR X 11 TCR @ ortholog TH 5 Z &
PHIBAL 7=, LAL, Zhs0OREERICBIT S PTSI
DY 2 /EEHIE SRL XIZSHL TH D, md &
<HILENTWS SKL IZEZ% T 2B DI AW HE 7
Mo, TNLOMHED C K7 2/ HBEHIA
SKL O5&E1L, BREEEZRT 4 BARBENAZ
ETHBDIENS, RO HTHELMOBEETIOY
2 BESNNBEREINBANDEDDEEALN
%)' 45,52)

&1L, b b @ peroxisomal short-chain dehydro-
genase (X)L A F3V— A 2,4-dienoyl-CoA reduc-
tase, accession number: AF044127)471%, b hiEfE
Fm4ZEES (Human Gene Nomenclature Com-
mittee) 12 & > T dehydrogenase/reductase (SDR
family) member 4 (DHRS4) &&=, Ll
t ~ DHRS4 OBEFRLAWBREIC DN TIE, £/2
FEAEmFINTVRN, FITEHESITE
DHRS4 D FALER 72 RIS D W TR e et 2
A, WSONDOHERFENWHIRZH{TNS, ™ 35
WWEBIRN AT I 7 icEkD 2@EO e
DHRS4 ZRAKDHFENHER I N TN S . b b
DHRS4 ZERARKD B & EFEN AL A DB & D
BfREBHSNZT 5 2 &1F, 4BOEELRITHE
Thb.¥

BEE AT L ZZPHZERERIZ, NE DS
AP (BEARNFERFERIEFEZOEL), W HH
2 (B BFEFIR ), R A BUIR (RO REEFED)
M E B (MRS, hAARRE%
(REAUREEEAER), il (S8 (BRARZERZ
R EWITEEL), BRAZUHER IR (RRARFERE
Bl g g 7eil) KOS RIR (BEA KRS
HBEFH) Ot L ORFEMFITE > THELNEL
HDTHB. THHTENZRETITHEHUL £T.
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