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Biotransformation of Arylnitroso Compound by Mammalian
1,4-Benzoquinone Reductase

Kyungsoon Kim* and Hae-Yong Shin

Department of Chemistry, Mvong Ji University, Yongin, 449-72

Abstract

Quinone reductase was purified to homogeneity from bovine liver and the purified enzyme catalyzed the
reduction of phenanthrenequinone as well as benzo- and naphthoquinones. The enzyme catalyzed the biotransformation of
arylnitroso nitroso compound and the reaction product was identified by TLC, GC, GC-MS and NMR. The reaction
was almost entirely inhibitable by Cibacron blue 3GA or dicumarol, potent inhibitors of mammalian quinone

reductase.
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Quinone2 A&, FFo] & AAA Bz} EAjsin} A
AolM =4& vElE ez e drH61016.21]
714 Wl A quinonee L-AA 150} semiquinone
radical- 44319 o} semiquinoned 00l &J3) 4tHEts o
superoxide anion radical(O: )& A438}3l quinones A
A A1 71T} Superoxide= H0p2 #8E 1 o] HiOe %
2 gAo] £ hydroxyl radical& R4 AIZ1Th Quinoneo]
A E o 2M redox cyclinge] A4 = o] oxidative stress7}
ob7lE @ BAAXEO,, H0, HO-)o] AR,

16,19]. w3 =& guld w= GSH 22 nonprotein
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sulfhydryl compound 52| 4 X1 nucleophilez} 2% gt
S¥ozH =L YERVIE g [1618).

Quinone reductase= quinone?] two-electron reduction
S #ujste] hydroquinoned A4 A Z1TH17,22-25]. of-H
2 go olated §714 ol 4 electrophilic quinone®)
ARG, %o} quinone] one-electron reductions] <
3t semiquinone radicale] #4S WA FOEZMH aerobic
conditiondl| 4} reactive oxygen species®} &4 & wtopErh
Liu 5& quinone reductaseE +#A7|%H menadioned]
oAzt gl o3 cytotoxic effectdE ZAarlZ F glo
1, quinone reductase toxicity 2 5-E A X & H 33t
Z93% d9gdS suvln B1EYcH16]. Quinoned] two-
electron reduction 4/d-E 2] hydroquinone2 glucuronide
9} conjugation®] o] BjA = 4 QOB E quinone reductase
= detoxificationo] #ojats Aoz A7 TH818,19,26].
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Quinone reductases= polycyclic aromatic hydrocarbon,
azo dye, 2,3,78-tetrachlorodibenzo-p-dioxin 59 T3t
sHHE] ojste] fiheEvH9-11,20,21].

Prochaska 5-& 2(3)-tert-butyl-4-hydroxyanisoled] =%
Al719 mouse liverdl] A quinone reductase &Ao] F71H
g 2udlged [19], Bayney 52 B-naphthoflavonest
22 planar aromatic compoundol] 2J3] quinone reductase
mRNA7} induction ¥t} H &4 T}H2) F2d #7135
A& {8k Saccharomyces cerevisiage®] AR§-0] A|=EH I 9]

o B AAGME S cerevisineE A}REd BEE UE

2J3}3 quinone reductase”’} o] ¥HS-o] #AI Pt B
AL 12].

Quinone reductase= EfFFE°]A xenobiotic metab-
olizing enzyme2 2 <A 3128 xenobiotic metabolizing
enzymeE-S U0 2 Zho|AM o] %11 broaddt 7]
2 Eol4E et WIS UEZL AFESS AR
AE Aol B AMSEP AEFHMER A
7= gtk B dfdMe THFENA quinone reductase
7t FA= EREE By ojyg UEZ A 39HEY 4WE
o Fodster] GRS FR817] st TRHFEQ A9
7ro @ B E quinone reductaseE Y3 & HAEH A4

AHgEt] S YEZ A7) H3E ZAEIY T

Mz @

Ale}

Bovine serum albumin, NADH, glycine, ethylenediam-
inetetraacetic acid (EDTA), N,N,N’,N'-tetramethylethylen-
ediamine (TEMED), acrylamide, sucrose, N,N'-methylene-
bisacrylamide, CM-sepharose, Sephacryl S-200-HR, brom-
ophenol blue, Coomassie brilliant blue R-250, lauryl
sulfate, ammonium persulfate, Tris|hydroxymethyljamino-
methane, ammonium sulfate, TCA 52 SigmaAl AF&
AHE-8lE ). 14-benzoquinone, methyl-14-benzoquinone,
1,4-naphthoquinone, 5-hydroxy-1,4-naphthoquinone, 2-hy-
droxy-1,4-naphthoquinone, dicumarol, methyl orange, an-

thraquinone, Cibacron blue 3GA, 1-aminoanthraquinone,
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phenanthrenequinone, 4-nitrosophenol, nitrosobenzene, 4-
nitroacetophenone, cyclohexanone, pyruvic acid, 2-ben-
zoylpyridine, p-anisaldehyde, 4-(dimethylamino)benzaldehyde
5% AldrichAtol A 748142 Coomassie brilliant blue
G-250¢ BioradAtol A 7T 718 Aleke =3 )
A A Aok AR

B2 EME 2F

Assay tube]] 25 mM Tris-HCl (pH 8.0), 200 1M NADH,
250 uM 14-benzoquinone, &4 %S 78l Shimadzu
model 3100 UV-NIR spectrophotometerE A}&-38le] 340
nmo| A NADH 2tsle] ot F3= ZAE A8
Quinone reductase®] 1 unite= 1 £33 1 umole] NADH2]
A8t Eujste Yo FYstArh

CHHE HMak g M7|gsH
ol g 2O bovine serum albumin (BSA)S X FE

A2 o Bradford¥ [3]22 A #F3l9t). Polyacrylamide
gel electrophoresist Laemmli®y [15]9] e} 438} 0}

g2 A
1,4-benzoquinone reductaseZ Kim and Shin 4 [13]
02 AAFES 4 7H 1 mM EDTAS 2§38}= 50 mM
potassium phosphate &5 (pH 7.5)% 7}3 0 4T9|
A @FAFA 7T FARL 10,000xgo] A 15837 948
S (NHy)SOsZ 50% F3FA|A 20,000xgd
1pelsto] AUEL AAY T A5 o
NHy):SOsZ 75 % E38}A1AH 20,000xgo A 158-7F 44
Aotk o] IHES 1 mM EDTAS
10 mM potassium phosphate #% % (pH 7.0,

> x oo
L2 5
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A Ay =9 F 4T BAS Bh LA $EA
AZ HYA7] CM-Sepharose Z &l loading s}t &
fzdoz 83 HolF F 0~05 M NaCl 4% 3%
71272 9 AS EEAHY £4 FARES Hol ¥
23la] 959 AZ 3858 Sephacryl 5200 Z o] 7}3)
e GFHoF AMA F Ba Ao de SR
o} thg Mol AMEEIGL) ol AAL BF 0~4T



Thin layer chromatography (TLC)

Silica gel 60F-254 plateE Al83td TLCE 314
o1 hexane/ethylacetate (6:4) €4S H7jA oz ALE3)
gk

Gas chromatography (GC)

HP5 column3} flame ionization detector (FID)7} 72
Hewlett-Packard 6890 Plus gas chromatograph system
AHE84tE Oven temperature= 15T /ming 100-300
T2 Z273% 392 injection port temperature= 200
ZA 39t Gas flow
2 20 ml/min, ¥-7] 200 ml/min

Xl
o
=

T, detector temperatureb 300C=
rate= 224 1 ml/min, §

oI5k,

GC-mass spectrometry (GC-MS)

HP6890 Plus gas chromatographo] ¢12¥ HP 5973
mass spectrometer 2 70 eVojA4 $=83}9t}. Oven temper-
ature= 15C/ming 100-250C= X2 7Y st}

Nuclear magnetic resonance spectrometry (NMR)
Jeol-LA-300 NMR spectrometers A}-43to] 300 MHz
Al CDCLE AF&-3}e] proton NMR spectrag Al

g Y na
A 7oz RE AAY 14-benzoquinone reductases

disc polyacrylamide gel A71%9% 3 47 @ bandZ Y
guton o Hadg AHEed 7|A50 4L ZAkeH
(Table 1). A A ¥ 14-benzoquinone reductase= Phanero-
chaete chrysosporium ©. 258 A4 ¥ quinone reductase [5]

9} w7 = NADH®F NADPHE =5 electron donor

2 AT 4+ Aok E=3 AFE benzoquinones 7
naphthoquinones %4t ofyz} phenanthrenequinoneo

A E 2 #4985 JYepdisdn Constam 52 P. chry-
sosporium quinone reductase’} methvlbenzoquinone, 2,3-
dimethoxy-5-methyl-1,4-benzoquinone & o}
uinoneEol ate] AS Yepdon Hudged [7],
Brock 5%
reductase”} 2-methoxy-1,4-benzoquinone, 1,4-naphthoquinone

%%+ benzog-

P. chrysosporium©. 2 3-8 “4AH 1,4-benzoquinone

Table 1. Substrate specificity of the 14-benzoquinone re-
ductase purified from bovine liver

Relative enzyme activity
(% of control)

Substrate (100uM)

NADH  NADPH
(200pM) (200pM)
1,4-Benzoquinone 100 72.2
Methyl-1,4-benzoquinone 53 30.4
1,4-Naphthoquinone 10.5
5-Hydroxy-1,4-naphthoquinone 52 19
{Juglone)
2-Hydroxy-1,4-naphthoquinone 14 13
(Natural Orange 6)
Methyl orange 1.8
Anthraquinone 0 11
1-Amino-anthraquinone 0
Phenanthrenequinone 61.6 36.6
4-Nitrosophenol 39 41
4-Nitroacetophenone 32
Cyclohexanone 0.6
Pyruvic acid 15 0.6

Reaction rates are expressed relative to the rate with 14
benzoquinone (100 uM) and NADH (200 uM) as equal to 100.
100 mM sodium phosphate buffer (pH 7.0) was used. All
substrates were assayed at a final concentration of 100 uM.

g VAR AHE
1,4-benzoquinone reductase+
tophenone 5ol thated® &4 vehfgion WA=
222 #ola7] 93t TLC, GC, GC-MS, NMRS 4|3
5 th A4 9 4-nitrosophenols} NADHE Z§-35le] 2
Lo A 30%& ¥HeA171 3 ethyl acetate® 333}
S A7 e TLC, GC, GC-MS% 333}
& NMR=Z A4
thin layer chro-

sy B ualgoid] & 7elA FA"

4-nitrosophenol, 4-nitroace-

silica columno g REg &
Y3e 725 HaAsgth e FEAL

matography (TLC) 3t ZHzb= Fig. 13 Zt} Hexane/
ethylacetate (6:4) €8S F/jBo g Algegon HAdE
2 4-aminophenol®] Rf k2l 0.12¢]A4 spot& YeRA ST
I FZ9E gas chromatography (GC)3+ Z 7+ Fig. 2
9} o retention time 8829 min oA AWAHEQ 4-
aminophenol®}] & peak’} YElGTE GC-MS spectrum£
Fig. 30] UEMAGIOM Mass (EA 70V) 1092 Ujebgt®

-
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Hx:EtOAc=6:4
0 0 < 4-Nitrosophenol (Rf : 0.33)
® ° < 4-Aminophenol (Rf : 0.12)

Fig. 1. TLC chromatogram of the reacion mixture of 4-
nitrosophenol, NADH and the purified 1,4-benzo-
quinone reductase.

1: 4-nitrosophenol (standard), 2: 4-aminophenol (stand-
ard), 3 : reaction mixture

&

4-aminophenol

HO-C )-NH,

Intensity(pA)

&

4-nitrosophenol

HOL{-NO

1 " 1 1 “ I 1
O 5 10 15 20 25

Retention Time(min)

Fig. 2. GC chromatogram of the reaction mixture of
4-nitrosophenol, NADH and the purified 14-
benzoquinone reductase.

Wiley 275 DatabaseZ A}-43le] HAES &A3 A} 4
AH AAHEL proton NMR spectrometer (300 MHz,
CDCL)E AHgste EAe dxe o 2o § 392
(1H, bro S), 650 (2H, d, 8.6 Hz), 657 (2H, d, 86 Hz),
824 (2H, bro S). o]4te] A Z X 4-nitrosophenolS 7]
Az N8549S W MA4EE 4-aminophenolQ)o] 2415

Ak =3 A A 7+ 14-benzoquinone reductase+

284 / AW}
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e i 9 41 156 =
M g0 70 83 %G 100 430120 130 140 350 190 140 1. iSO "-'Em

Mass to charge(m/z)

Fig. 3. GC-MS spectrum of the reaction product of 4-
nitrosophenol, NADH and the purified 1,4-benz-
oquinone reductase.

Peak abundances are reported versus mass to charge

(m/z).

nitrosobenzene®] #Ax Zv]sl% 2 quinone reductase
9] inhibitorQ] Cibacron blue 3GAZ 1 M H7}5H UE
2a B uhgo] AsHo] 44%9] A4S YL
25 M H7lste g4do] s AEo] g whgo] A
3 AP A #dt (Fig. 4). & 7+ 14-benzoquinone re-
ductased]] ¢]&} nitrosobenzene 3¢ quinone reductase
o] A& A9 dicumarold] o#lXE AMEHY e dicu-

-0.01 t

-0.02

-0.03

AAbsorbanc

-0.04

-0.05

0 0.5 1
Time(min)

Fig. 4. Effect of Cibacron blue 3GA on the nitrosoben-

zene reduction by purified bovine liver 1,4-

benzoquinone reductase.

The reaction mixture contained 100 mM sodium phos-
phate buffer (pH 7.0), 100 uM nitrosobenzene, 200 M
NADH and purified enzyme in the absence or in the
presence of Cibacron blue 3GA. The concentrations of
Cibacron blue 3GA are 0(1), 1 uM (2) and 2.5 UM (3).



marol 1 upM H7} Alof] 886 %9 &AS YeRSI 5 M
A7kehE 225 %9 84¢ JehiAthFig 5). & ¢ 14

benzoquinone reductasex= N,N-dimethyl-4-nitrosoaniline
9] &% Evjatgoe tdds wx9 NN-dimethyl-4-
nitrosoanilineg AM8-sled 24&3 Z dicumarolo] H 7

A JAEZ A4S BAFSIthFig 6). FAH 5L &

5}+.0.
&2

AAbsorbance

1.0 20

Time(min)

0.5

Fig. 5. Effect of dicumarol on the nitrosobenzene reduction
by purified bovine liver 1,4-benzoquinone reductase.
The reaction mixture contained 100 mM sodium phos-
phate buffer (pH 7.0), 100 uM nitrosobenzene, 200 pM
NADH and purified enzyme in the absence or in the
presence of dicumarol. The concentrations of dicumarol
are 0 (1), 1 UM (2) and 5 uM (3).

1/V{mol/min/mg)

4 -2 0 2 4 6 8

) N N WIS N I S Y

10 12 14 16 18 20 22

1/[N,N-Dimethyl-p-nitrosoanilineJmM ™

. The effect of dicumarol on the N,N-dimethyl-4-
nitrosoaniline reduction by purified bovine liver
1,4-benzoquinone reductase.
The reaction mixture contained 100 mM sodium phos-
phate buffer (pH 7.0), 200 uM NADH, purified enzyme
and varied concentrations of N,N-dimethyl-4-nitrosoan-
iline in the absence (1) or in the presence of 40 uM

dicumarol (2).

A Absorbance

1 M 1

400 500 600

Wavelength(nm)

300

Fig. 7. Changes in absorption spectra during the reaction
of Natural orange 6 with 14-benzoquinone re-

ductase.

Reaction conditions were as follows : 100 uM Natural
orange, 200 yM  NADH, 25 mM Tris-HCl buffer (pH
8.0) and purified bovine liver 14-benzoquinone reduc-
tase. Spectra were recorded at 20-min intervals. The
decrease of the absorption bands of NADH and Natural

orange are indicated by arrows.

oo} Natural orange 6 (2-hydroxy-1,4-naphthoquinone)Z
.83 & absorption spectra W3lE £43 Ax= Fig 7
4 Zon AR dHdX i FRE daE HYF
21 21} Naphthol yellow, Alizaring A-3t9S 7
absorption spectracl] #3E e A
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