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Abstract : Several xenobiotic carbonyl compounds are reduced to corresponding alcohols iz vivo, but the
multiple enzymes are responsible for the reduction. We have classified the reductases into aldehyde
reductase and carbonyl reductase, and compiled a list of enzymological characteristics of the
reductases from nonmammalian and mammalian tissues, adding the current studies carried out in the

authour’s laboratory, with brief discussion of some of the entries.
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warfarin, daunorubicin, acetohexamide ¢ OFEMZEH UICBITEERLE L T INI. 10, HERREY
B prostaglandin, S IOKEB{LRAT v 4 K287 583 L LT 9-ketoprostaglandin reductase, a-¥ XN
B-hydroxysteroid dehydrogenase »BIS U T3 &R EIN, ZOHEEEEE, HEFROEHR B X OGEL
FHMR L E0 5, R—BRVEREY S LOEERAREDVE = W EaBORBIBEE L T s el L e S
NTET,
Hv R = vt EHORBICEE T 2BRRTREFRL, ZOBRMENREEDL S RO 4HIIEIN TS, T4b
%, alcohol : NAD+ oxidoreductase (alcohol dehydrogenase, EC 1.1.1.1), alcohol : NADP+ oxidoreductase
(aldehyde reductase, high-Km aldehyde reductase EC 1.1.1.2), alditol : NADP+ oxidoreductase (aldose

reductase, low-Km aldehyde reductase, EC 1.1.1.21) 33 X ¢ carbonyl reductase (ketone reductase, aldo-
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Fig. 1. Tissue distribution of soluble aldehyde reductase ‘
in man and animals. Activity was assayed with 80 uv» NADPH
and 1 mM pyridine-4-aldehyde at pH 6.0, and is expressed as
units/g of protein=SD from the assay with animals and
specimens indicated in parentheses. One unit of the activity
is the amount of enzyme that catalyzes the oxidation of
1 umol of NADPH/min at 25°C.v
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keto reductase) M55, & (AR Tid, carbonyl reductase & aldehyde reductase ZDWVWTHFDA LS
HAER & OB RERRIR T & T 2 DEBRBEIT DO TERL, HABY, BEICEETARBEEO AL,
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Fig. 2. Tissue distribution of soluble' carbonyl reductase.
The activity was assayed with 80 zx NADPH and 1 mx
4-benzoylpyridine at pH 6.0, and represents units/g of
protein - SD. '

1. ARz MEEWETEEO—RHEE

B R =N EEHORTAH CBE T 28R, FEBRIEDE MCE T T, aldehyde reductase & carbonyl
reductase XA IN 3, Aldehyde reductase i, Bi7 VF e FE2GLIEHEL LOHEKRY V7 e FE2HEYH
TB7 03~ VKGR 2 RIG 2T %2 DU, carbonyl reductase ix, UNDT V7L FRXUtyr by
BLBILTA L {EOEEREEE2/RT, Aldehyde reductase i, 3512, 77 FEIHT 3 BRI/
high-Km B & B0 EfED low-Km BOBHERE L U THEET 3. Carbonyl reductase &, LIAlic xenobiotic
ketone reductase!), aromatic aldehyde ketone reductase2®, ketone‘ reductase4’ LIFIENTWIIBEZROKR
BAS LUTHOLN TN S, -
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Aldehyde reductase i5X{* carbonyl reductase EHEIBZLEIID VL DD EICRED 5N T 540,
Aldehyde reductase (ZHEFLEIIZT T, BRECMEROBE L b e E BB FET 5T . Fig. 11T
i3, BEL BT SEOWMABYS LU =7 b ) SEMBC T 577 aldehyde reductase j5#t% pyridine-
4-aldehyde %ILEE U CHIEVIHRE L F DI, ABBRELZAELIC T TOMSE THREID, =91, =
YRR LT v b TREF, oY IO FTRFLECHVEE2ZRBD .. HE®IE, p-glucuronate
& glyceraldehyde »#E & UTHWKEARIMEINT L 38  —7, carbonyl reductase fHEHEIZ 5 DF)
WRE I CHEME O, =7 P VIRE, <o REEVEY MM, Povie bRbTE <, Bick D EAREOM
Bomy»Rres (Fig.2)o
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Fig. 3. Intracellular distribution of carbonyl reductase in
mammalian livers and chicken kidney. The mean specific
activities of the fractions are plotted against the
percentage of total protein in each fraction. N=nuclear
fraction, Mt=mitochondrial fraction, Ms=microsomal
fraction, Cyt=cytosolic fraction.

2) HMIEHRERE

IFPLEN R D aldehyde reductase (3 & U CHIFREICRAET A4 5, EERE I 3 OEEBSHESHh, =
7 MNYFFE Far Ry 75 20 aldehyde reductase DREEIINTW S o F10, gy b B OBTEER
BRI ba v F U 7RIS ZrY = AESCHRHE SN T 541010, Carbonyl reductase OEFMIFIANRTEIC D
TS, =7 Y 28k DM FLENY T3 ARSI AT EBI ) 1203 T2 <, W SR 7 v e YR W Hois
Y@ shic (Fig. 3). Ch s ERES OBRREGeBHE CRAMEEAic L Y IBELIN %,

3) WL LU

Aldehyde reductase i3 carbonyl reductase X O BHRICEE IN, 77, HREL E OFER & OBEID 5358
BNTOBL EDD, b b5 LOBMIOKEES & Lo 5B T3 (TABLE 1), KB O e
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TABLE ]. Aldehyde reductases purified from various species

Subunit Stereo-
Species Tissue E? Zﬁ’r;“ € M‘&l:i:aﬁar number pl chemistry Reference
° g (Mol. wt.) of NADPH
Man Brain High-Km 36.2K 1 5.3 A 16
Low-Km* 38K 1 5.9 A 16,17
Liver High-Km* 36.2K 1 5.3 A 18,19
Low-Km¥* 72K 2 (42K, 35K) 8.25 — 18
Placenta High-Km* 32.5K 1 5.76 — 20
Low-Km* 74K 2(32.5K, 39K) 5.76 — 20
Low-Km* 39K 1 5.75 A 21,22,23
Erythro- High-Km* 32.5K 1 5.06 — 24
cyte Low-Km¥* 32.5K 1 5.47 — 24
Monkey Brain High-Km 74K - —_ — 25
Liver High-Km* 36K 1 5.0 26,27
Cow Brain High-Km* 29K 1 6.18 — 28
Low-Km 30K 1 4.88 — 28,29
Liver High-Km#* 40K 1 6.5 — 30
Low-Km 61K 2 (30.5K) 8.25 31
Kidney High-Km 33.5K 1 — — 32
Low-Km 34.7K 1 — — 32
Heart High-Km 34K 1 6.1 — 33
Lens Low-Km 37K 1 4.85 34
Pig Brain High-Km 40.2K 1 5.8 — 35,36
Low-Km 43K 1 — — 36
Liver High-Km* 34K 1 5.8 A 37
High-Km 35K 1 6.8 A 37
Kidney High-Km* 36.7K 1 6.9 A 38,39
Muscle Low-Km* 43K 1 — — 40
Lens Low-Km* 35K 1 4.85 A 41
Rabbit Liver High-Km 32K 1 6.0 A 42,43
Muscle Low-Km¥* 40.2K 1 — — 44
Low-Km* 41.5K 1 — A 44,45
Lens High-Km* 37K 1 — — 46
Low-Km 37K 1 — — 46
Guinea Liver High-Km 36.5K 1 6.0 A 27,47,48
Pig Lung High-Km 36.5K 1 — — 49
Hamster Liver High-Km 39K 1 5.8 A 50
Rat Brain High-Km* 36.3K 1 — — 51
Liver H@gh-Km* 39.8K 1 6.3 — 52
Kidney High-Km* 34K 1 — A 7,53
Lens Low-Km 37K 1 4.75 — 13
Mouse Liver High-Km 35K 1 — — 54,55
Chicken Kidney High-Km 39K 1 7.4, 7.6 A 7,53,56
Low-Km 39K 1 7.1 A 56
Frog Kidney High-Km* 38K 1 — — 7,53
Fruit-fly High-Km* 34K 1 — A 7,53
Yeast High-Km* 33K 1 — A 7,53
Low-Km 61K 2 (38K, 23K) — —_— 57

*The amino acid composition of the enzyme is examined.

3, BT v = U A, SV, AU BBEC e ReRr o AL N rne YT T 4~ EO—IRT
DMz, AEE#H NADPH 2484 & 440 T NADPH, ADP 508 bV 7 & v m#E 2B L k2 v
WP T 42T 400 T 57 4= DEIISREHFEE T - T3, £72, KifkdD low—-Km aldehyde reductase
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TABLE]] . Carbonyl reductases purified from various species

Subunit Multiform Stereo-

. . Locali- Molecular . Refe-
Species Tissue : : number number¥* chemistry
zation weight (Mol. wt.) (pI) of NADPH rence
Man Brain Cytosol 32K* 1 3(7.0,7.9,8.5) B 5
Liver Cytosol 31K 1 3(7.9,8.3,8.9) B 27,61
Monkey Liver Cytosol 80K — 6-7 — 26,55
32.5K 1 3(8-9) B 26,27,55
Cow Kidney Cytosol 56 K — - — 32
26.5K — 3(—) — 32
Pig Brain Cytosol 35K 1 — — 36
Kidney Cytosol ca 30K 1 1(4.8) — 62
Dog Liver Cytosol 92K 2 (24K) 1(9.3) B 63
Rabbit Liver Cytosol 78K 3 (26K, 24K) — B 42,55
38K 1 1(6.9) B 42,55 -
29K 1 1(5.8) A 42,55
Kidney Cytosol — — — B 3,4
Guinea Liver Cytosol 36K 1 1(9.0) A 27,47,48
pig . 34K 1 1(8.1) A 27,47,48
Liver Microsomes 115K 4 (32K) 1(7.0) — 64,65
34K 1 1(7.8) — 64
Lung Cytosol 86 K* 4 (23K) 1(9.8) B 27,49
Hamster  Liver Cytosol 92K * 4 (23.5K) 1(6.0) B 50,66
29K — 6(5.0-8.3) — 50
Rat Liver Cytosol 35K* 1 7 (5.2-6.1) A 27,67,68
69
Mouse Liver Cytosol 29K 1 1(8.7) A 55
Lung Cytosol 90K * 4 (24K) 1(8.7) B 70
Chicken Kidney Cytosol 29.5K* 1 2(7.9, 8.4) B 27,71

*The amino acid composition of the enzyme is examined.
*The number of multiforms is detected on isoelectric focusing, except that bovine kidney enzyme

is analyzed by electrophresis.

2, BREEERZ VN RETEZ 7427402 b 977 4 —IDBRHIN T B , ABEEOBEIZISH
THBLUZUNEL S VR, BRERIEOZ DAV HEEDBIRNTH S, Aldehyde reductase DEE TdH
3% D7 VF e KBk, $12, carbonyl reductase i k- T BILINBDT, COX I LEHZHAWIZHER
1 DDREE Y 5 HED aldehyde reductase 2#iHHT 5 Ltk d. BIAWE, e MKiTiE, ¥ 4O aldehyde
reductaseTEET % & AN T8, Z0#K, 2N 51 high-Km & low-Km aldehyde reductase!,carbonyl
reductases) ¥ X ¢F succinic semialdehyde reductase!® & [{® I 72, FRIETlE, high-Km aldehyde reductase
SEREDHIE DR & L T p-glucuronate, low-Km aldehyde reductase jE#:D#|izid glyceraldehyde 73
BHUTWAEEINTN S, : B . . A
e B LOEMDOS L OffIZIE high-Km & low-Km @ 2 fD aldehyde reductase 3FHET 5. I 5T, b
MEAR20~2D 5, WIRBIC L bR A9 F R0 low-Km aldehyde reductase 25§58 N T 5o T aOA
BELREDTFEMBELMD 2 RVEADERAGREZBA LN T E® , 7 ¥ FHAW O low-Km BEELL ST T £
FRD & =7 kY% o high-Km B, 2NN 2HOBLIOSFROZBELR T 272, BIRFENELDPD
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aldehyde reductase MOFFFHITHON T B 33, T 2 BOEE Cl2fil, BHUOBR CALH LBEERSHER T
BEREINTVBO OT, XEEDOEZES 7AVFALTHI0 ENEEREBE T ey v Vv FREIDAELZ D
PR SBRIL PIRUZTIEL S L0,

TABLE i3 & 5ic, carbonyl reductase (v PBEIOBEADOED» OBEHINTLSEDS, X4 WS
aldehyde reductase ITHA~A7cwe A BE KIS R AEER Y b v 2EHUIONERENTHE T, aldehyde
reductase & FAREOFRICL VBB INT V3, ABERZLOBPERBTHTREINIEBRDORL 2 FEDOZE
EUCHEETADT, LNbDEEDSHCE, FEABIKE SLF 702 b7 2 -2y Vv IPWEHTH S, —
7, MBEER O carbonyl reductase OfEHE, ENTE v MFI oV - LOBEORE MO 1213 Th B2, RE
EEERNT & A AIA G, TR EBEREORE 2 CToDIOREIC AWV 2 BERIC A EEER 2 RN 2 BEBDH 5.

v FBIUBWOR, FF, ¥ carbonyl reductase [ HEEMEARRL, W), v, vH I, BIOIAAZR
2 =50 BF T3, AFEBIOMEENRL 2 2EOBESSEEIN, L1H L OMBOES T & B 5 i3 charge
heterogeneity %7894, TOZFIE, 7 I VEBHMRTHEEUT2E» D T L, OBHRE —HT 360 0T, &S
L EAURIBERD Tty v SR DELIZEDEELLN S,

2. SEFHER

Bk Ohigh-Km » low-Km aldehyde reductase (i3 R g 516,17.26.28.72,7023, 7 25 5 k5l
aNntz 28O high-Km aldehyde reductase’? % [f, [ERBORI A, LML 72 high-Km BER I
low-Km B#R CERZXRIGE2RT . BEEBYH TROTNORE S A FEINTIE L 530 23, mgsEER,
i R BIRENLE Y PE TR DOIF high-Km aldehyde reductase 56 N v 33 & 7 v FOHA
low-Km aldehyde reductase!) Tif, KXRIGVBRD LN T A, £12, MEMARESHRICL32EBBICER
¥ high-Km B HEONIRKERLP S, HEWEICSL T EicE 85 AKBEDT 1/ REFIDOK & 52 ks
BREIhTwa™,

Carbonyl reductase (3 aldehyde reductase & 1248 {LSFAVIC 7 % 17,26,47.49,56,70.78) , KEEZE D SR £ 121
B CORELRTIZLI S 20, =T F VBT X E N E » MNFD DM carbonyl reductase @ FE
B2 5T ENVE » b & v 2Df carbonyl reductase™ [t G LFBELESBEEIN TV S DI L, €
NEY MFI 2oV —nD2BOREESD SIPENE v FOFFLITOBED™ R ZTXTIEERI L.

3. EHRIRYE

1) High-Km aldehyde reductase

Hiﬁ?{,ﬁb%“mm BIXOBET® cBlF 3 8B EEH¥E O high-Km aldehyde redudtase OFEE XN L
T3 b, 4-nitrobenzaldehyde, pyridine-3-aldehyde %30 % & T A5HEEE7 V7 & K& p-glucuronate 75 &
OYevBEEZ10% M O Km BETHETLT 5. b, BK7 v e FREEHRE UTHA s
»3, glyceraldehyde 35X (¢ laurylaldehyde i, F&FE7 V7 e FEIEABEIR L (EBILIN S, ZOfltic, 7Y
F & HOVFEBHKP 2,3-butanedione iU H L TAEEY y MU XBTINSE T L HEIN T 5%,
UL, BEER, BHESIOERERy PUEYF v HRE(EELUTHAIh S, 72, & b, 79F¥®
BXU'T v FFF® O high-Km aldehyde reductase (%, HESEHHAYHE daunorubicin 2% pH 8.5 TiEJT
THEPEEIN TS,

HERIZ 381 2B E 25 e T2 BT, MirxOEKR7 V7 e ST 2 8BRECODVDTHREI DTV %
25, A®EFE L-ascorbic acid OAEKIc p-glucuronate »EILTAECHETAZEEZEA LN TNATM, 2O
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fls, p-xylulose 2ET Ry b —2-Y VERAEE~OBESBSELVE » bBLOE PTREREBINTVLAE® , 72, K
DOEEFEIC 2 Tid, phenylethylamine ¥ X ¢¥ indoleamine FREADEBRMHINT 2 /fhic k bEST S a-b Fox
VVERHETAERT VT FEHEYETAT VA - VENEBITT A EBHEI N T WL 318, Zof, 7 v b
45D Tit succinic semialdehyde MEIL2fTL, FI2EE, Vayer ef ald® (3 AEEFRHS y-hydroxybutyric acid
B succinic semialdehyde ~DZHL AT » TV 5 Z & % y-aminobutyric acid* AR S HHS 2T L1z,

2) Low-Km aldehyde reductase

Low-Km aldehyde reductase DLE 45 EIx high-Km aldehyde reductase & X {ELIL TV 325, 20D
FHE7 v e Mgy s Km Er—BIZ 107*M~1073" L EVH TSN T 5. 72, high-Km aldehyde
reductase 23V o UvRP LSBT IO, ABRE N 2IZEALRILET, p-glucose, p-xylose 7z &M
TN =28 L BT 13, KBERPAOABERGHEE (, p-glucose DETLIC LY, HRKBETRIHERE
FED sorbitol AT A1c®, KBAPORBEESHEL, HAMOBRE 25 &R IN, KEFRHEDREE
FOWEF B 712, MIEYWNEEOREE™ & high-Km aldehyde reductase & [{#ic, &&k7 2 v EHFED 7

TABLEJ[. Substrate specificity for steroids of carbonyl reductases

Rabbit liver Guinea pig liver Mouse

Steroid pl 6.9 pl 5.8 pl 9.0 pl 8.1 liver lung

Km Vmax Km Vmax Km Vmax Km Vmax Km Vmax Km Vmax
(t) (U/mg) (em) (U/mg) (pm) (U/mg) (p#m) (U/mg) (#m) (U/mg)  (#) (U/mg)

Reduction

Testosterone — (3 220 5.1 — (3 — (D — (0 —  (0)
5“'Anf7r§fcfﬁ‘§jone 80 1.0 61 16.1 65 0.08 41 3.5 — () 13 13.2
Sﬂ“Anf;[‘;’_ségione 53 0.6 83 4.2 — (D - 17 1.9 — @
Sa-Androstan- = _ (3 — (@ — KD — (15 6 0.9 — @
Sa—Anscgfltf‘f}ione - @ - @ ) — o 2 1.8 — (D
So-Androstan- 20 0.4 — (0 23 0.20 10 13.5 7 10— (0
5‘*“A“§5?§ff‘f’7“_one — (0 — (0 — an — (14 - - — (0
i-Androstene, o — @ 130 32  — (@) — @ 2 0.4 — (O
se-Androstane o 59 2.5 32 152 23 005 — (5 2 04— (11
sf-Androstame’ 37 L1 210 3.8 19 0.03 14 2.4 £ 2.0 — (D
Oxidation

Testosterone —  (6) — (3 31 0.98 100 2.3 20 3.6 — (2
sa-A “f;gfgf‘_‘;ione — (® — 20 0.18 130 3.2 6.5 3.5 — (O
5B“A“f7r2ff,*1‘f’3_one 170 0.2 — (0 20 5.88 18 0.6 8.5 0.6 — (0
Se-Androstan (@ 380 48 — (@) — @ — ©® — (©
S one 180 6.7 100 03— D — KD — © = ©
SB—Anéi;?cSﬂtflI}]ione 130 0.5 — O — (O — (0 — — — (0
5B8-Androstan- — @ S — — W L — W

3~o0l~17-one

The value in parenthesis is the activity with 0.06 mM substrate relative to the reductase activity
with pyridine-4-aldehyde.
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N7 e R L8 succinic semialdehyde B wd A2 EBHBEINT WV B, i5F, Wermuth et alD i, v k
% low-Km aldehyde reductase #5 high-Km aldehyde reductase & dtiz 10-8m LI FD{EL Km {f Tisocorti-
costeroid D21/ D7 V7 & K %EILL, corticosteroids ORFICBEE T A & 2RE U,

3) Carbonyl reductase

Carbonyl reductase it high~23 - ¢f low-Km aldehyde reductase kb & 5 IC[R8im BB R 2R, FE
Br VT e FROAL O THEREY bl 2 VRS KIBEITT 52 & THEM-SIT 5T 5 2627.47-50,55,67—
m o OFE#FIZF 12, 2,3-butanedione 35 X ¢° phenylglyoxal 7¢c KO 7~ P BHAIBIGL, Hlona x4
—FOBESFREEESD EEOEE2RTY, ve B, 7R -2BRE BT, BERE7VFe FLor
PUoERBEASETLULEV. UL, Ty MY Ik~ i OB L, acetaldehyde #5 X (' acetone
BEEBER7Z Ve FBI0Tr b U BEARBIGETL, OBWHMBROBELZEL-TW3, F12, 73X
@ carbonyl reductase %3 pH 6.0 ®F pH T daunorubicin # 3BT T A ENHEINTEY, 20EE
pH 2387 % 2 &7 high-Km aldehyde reductase * 2 XBIIN T3,

T, ABMROEBROBHGER SN, He2OEEREEIC >0 THRA SN TV 2. & MY OffFEE 1073y
D KmffiT 9-ketoprostaglandin %#TU7c. 72, TABLEN WWRT LT v b, EvEy MO BINY
VXD DESFEMRBIE Y 2B LT OB 3-H 20 17-7 b AT B 4 F 2K Kmff Tifi<
BILT B EVMEINTISH, 2D &» 5, carbonyl reductase 2525 o 4 FRBicES T2 L BREBIN
o UL, bt MFSD BIMES, $v28 sk 4 FF6 fRDOBERR 7 P27 v 4 FEGEEIZIZEALERS
3, BRICL O RLZTEVRINT

BrxOEEHET7VFe FEBIOr b BIOBTERTH 27 v a - VR EH & U BKERERER, WIhoE
BHEEOBETHIIE A LHTE S, ABEEH high-Km aldehyde reductase %> low-Km aldehyde reductase
ERBRICZ ORIGEEBSETTICEC T2 8 DL EbN 3. UL, TABLEN wiRdTXiice vy MO LN
YD QENSTFRBERGE AL 1T-t Fafr 2704 FBL0 8- Raxy 257 04 FRUKEREEEL2HEL,
%72, 20 Km {#H K BREBTOCTIVCSVER TS C LML st

4. WERERE

High-Km aldehyde reductase {ZW N OHER L XERAKRORE TS NADH &b § NADPH Z#BE#E L L
THHIL, 2@ Km {fid 1076~107%x &K<, BWOBRMELRLU TV %, COB#KO NADH (KEMHFERZTEL,
NADPH 2B BE80MI0BLUTThd b —J7, %< D low-Km aldehyde reductaseid high-Km aldehyde
reductase I H#: U TEW NADH [kiriEs 2R 0, ZORGHEE X NADPH 2HiEEHRE LIZEED 10~50
QTR % 7413,31,30)

&4y FH D carbonyl rcdnctase (2w 3"y NADPH (KM TH H, NADH (KEMHEHZIZ E A RIS,
BATEBFZEDOI LIV BIUN LR 2=, < v 2810 OFERIEE L 30, 73 35 L% 25% 0 NADH {K7F
PG 2R T, &2, TOVE » MO ORFIE NADH 2#Ezd e Uicifaic, NADPH (REEHEND2. 505D
JEHE 2 TH, NADH iutd 28tk NADPH X h10f5(K <, AP Tk NADH Z#i#Rs UTRIAT %
MR EL b O & DG, - |

ABEOBTRIGIC B 5 NADPH OKEEBOTKEREENS pro 45-15 % 08 pro 4R-(4-3H) NADPH % f
WTHREE 3mm\ 2D o TABLE ] 12789 X 51z high-Km aldehyde reductase ¢ low-Km aldehyde reductase
ROFNOFICKNT H AR (pro 4R JKEFEEME) %L 723, carbonyl reductase R, WIS
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Bic kb Rg 3EREM RS (TABLE ). T4b5, v 49¥ (pl 5.8), ELVEv b, T7v bBIOvYRFORK
BFEREZABEETHZDITL, i carbonyl reductase i B (pro 4S KEREM) 2R 7. AIE
OEFRVINIEVE Fery 270 4 FRUKEBREE2Z2FGLTOSHA TS BRFEBRLEL -T2, L0
X5 SR REOE T, IS OEEPTNCELRBWTZORER2FICTAMETHI LB AR T

bo

5. B & A

1) High-Km aldehyde reductase

BF, B, B2RUDHELT, WTFNORMED 20 SHEBHK ORESE §, barbital 35X ¢F phenobarbital Zg &/
VeV - VBRI L W EBRICHEEINS, U T, BrXOFEEKICOVWTZOHEERDERBBRE INT
5%, %72, diphenylhydantoin, benzodiazepine 7 X OHUREMIIT L HHEIN S T EBHFELEIN T 38D 23,
ZDVEFI RS & AR & OBEIC DWW TIRRIZIES Tl L. $ 12, valproic acid $ high-Km aldehyde
reductase Zih {[AET 28 , ZDM, #H, Kl FDESRE, p-chloromercuribenzoate 73 & SH HEXI®K &
% quercitrin L ED T I K 4 Fitk - THHEIN 325, pyrazole, disulfirum Ti3z4 {HEINF, alcohol
dehydrogenase i3 (¢~ aldehyde dehydrogenase & XH|IIN T 5,

2) Low-Km aldehyde reductase

Low-Km aldehyde reductase (Z¥ERRMBANFE#HFR TS key enzyme EZZ 5N TWVWA1D T Epbh, Z0
IBEDIZHITE L D low-Km aldehyde redutase PHEFICOWTHIZES L INT W3, D ANVK RS, HAD
73K ) 4 K8 3 k¢ chromone, Alrestatin % sorbinil8® 2 EHELDAFaeBESBIIOWTHELEINTL
%, b DAY, low-Km aldehyde reductase %IEFSHMNICHET S, 72, s OBEFAEWITNS
high-Km aldehyde reductase %[ 5 cHic s OEFRICNT 2HH DA TRIHERDOXINIEATETH
%25, low-Km aldehyde reductase (2/5,V ¢ — VRS L8 valproic acid T3 & ATHEINLWC ET
KBS 3. —F, AERIHBENEERE (10—100 mM) OWMERY F 9 40 E OB A F Vit kb, 1.5~2f5iiElE
L3 %3256,

3) Carbonyl reductase

A®25% 4 high-Km aldehyde reductase, low-Km aldehyde reductase *[EKEIC7 58/ 4 Fick blEEIN
%55, Fi4 (D carbonyl reductase IKHZRYEND 5129, ABHEOILBLHENEEAIRHESNW TE5, HE
BRI LD B s W HBABRZERZRLU TS, UL, NvEY - VBB TREZEINT, COET high-
Km aldehyde reductase & KA IN TV 3,

6. IiCHE

Aldehyde reductase & carbonyl reductase (& NADPH D/Kk#FE% #ov K = vEIERL, NADP+ & 7ua
—WRBRERT 3 2EEH2EMRIETH 2. CORIGITBNT, BRIINTS NADPH &t HEEOHEBEF L2
RO BT T X ) RIS SHRE SN 3, Cleland® 12 X AR GHEOMZEIME LI, 2EBSTNTHESR
CRE R AR VERE SN 5 sequential HEBICHNT, FE L EROIRFSRE 5 T 5 Ordered Bi Bi &g
NOMETE X Randam Bi Bi @ 2 EHOEENDH 5.

1) High-Km aldehyde reductase

Y VIS DEEFEI: Randam Bi BilfETh 5435, 7 4E88) , 7o MRS, 99 ¥, v MW, BV
B pEFFiZ, NADPH RIS L, ERUICEHR—-NADPH #HA&&Kic7 v 7 REESIEST 2 Ordered
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BiBi B Thso. UL, ERMEHBRICSNT, 7 v MY, b MRS X7 2E% OFEFiE Randam i
D3N, v BOREEIIEEMBES St Di-iso Ordered BiBi ##Th 0, 0 5 KRIGHEEOHREH
WAEHICHERNT2HELH B o

2) Low-Km aldehyde reductase

7 v PREWAS DFEFAIL Randam BEIZOED 23, v M, T AR, o LD IS KBRS D BEF TR
Ordered Bi Bi ##Tdh %,

3) Carbonyl reductase

3DV Y FHOBEEF L, Ordered Bi Bi %0 1z, 4 XFOEEFIL Di-isoOrdered Bi Bi B§#E6 i<t 5 ¢ & 28
o sh TV aIe T &9, BilRo X S EPic L ) B 2 ROBESHRIN TV IO T, 4%351IIn
b DBFROIIGHEEICEET 3 TR TH % 0

Aldehyde reductase % } ¢ carbonyl rednctase OFEFE/EGMICEEE T 3 FEEROEE, RIGHEEORKE, B
F—HBEESROBERREB T 2AMRRD L L, € MY X007 2100 high-Km aldehyde reductase iz
BT AF O &Y UG LOMREEEE UTHEIN TV 5.

FHDOIT

AR = VEEPRERBIUHAER, FE, BEBIOCITHEER S UTHOLONTY 2130, ARFITLEL O
UTW3e ERNEMD # v = vbBBi, 2L 0EOhHRBEYE U TEET 2. T4bb, BEYhicE
BIEWHEY VFe ¥, e b7 Fe R ELUT, i, BT a—-v 7 T, tryptamine, serotonin (DER{LAY
B7 2 2 fb, REGFIISHEED BRI, 27 o4 FaverOR#, GREBBCIIVF 2 - vBEZ ST s ) G
HOBONHINVE = VLS R ERT 50

TS R RIS X CHERPIAER 2V K = VL EORBICBIE T 5 2oV K = VIgTTREHRE, ERRICO TRk
RAYED R I N Y+ - UTOEACHERBEBEEL2E T 230, 27048k VEY, ToRETT0D0E
JOHREEMHEORBESE L, AARBBRIZENT, ZNZNOMBRE SO TN s ERIEE 2R L
TWbo AEEFRIZ, $10, HRCEENCHEETI LD, MBOMKMERS U THIBDOIER s £FEEE 2 F %
e H VAR EEOBSE» S PBEELMELEL LN,

48, ABEROSTEEEORBREFE 2L T, 72, ZORGHEEE 20 S I7BE L 0B#ELSFLAVT
BT AL L BT, 2o 2BBIORBRE CEERRTICHL TRIGEDE L, BH2E T3 VR = VEEYODR
BRRLUTOBMELFR»LDO7 T —-F b HKD 2FEEEL 3,
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