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by porphyrin iron model oxidation systems
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Summary

Many environmental carcinogens damage DNA at an initiation step in carcinogenesis, and Ames test isa
: short term screening of possible carcinogens. Most carcinogens require enzymatic activation through
oxidation by cytochrome P450, which metabolizes promutagens to active species in the mutation assay. Iron
(Il porphyrin and an oxidant catalyze the oxidation mimicking the metabolism by cytochrome P450. In
this study, some carcinogens were tested in order to generalize the use of the chemical models. We
investigated the best conditions for mutation assay with the chemical models. The activation of 2-
aminofluorene, benzol[a]lpyrene and tryptophan pyrolysates (Trp-P-1 and Trp-P-2) and 2-
acetylaminofluorene (AAF) in mutation assay using Fe (F;P)Cl and three oxidants ; tert-butyl
hydroperoxide (¢-BuOOH), m-chloroperoxybenzoic acid (mCPBA), and magnesium monoperoxy-
phthalate (MPPT). Aromatic amines displayed higher levels of mutagenicity with #-BuOOH, whereas the
polycyclic hydrocarbon was preferentially activated when mCPBA was used. All promutagens were
; mutagenic in the presence of Fe (F;P) CI/MPPT. Our results show that this activation system will be
generally useful as an alternative of the conventional assay with S9mix, and a type of mutagens will be able
to be estimated from the difference of activity in different models used.

On the other hands, the mechanism of metabolic activation of AAF was investigated with Fe (F;P) C1/t-
BuOOH. A major product obtained from this reaction was 2-nitro-9-fluorenone (NO,F = 0), which
showed mutagenicity on Salmonella typhimurium TA1538. During the oxidation of AAF by the chemical
model, the formation of NO,F = O attended with a decrease of AAF, which was analyzed by HPLC. In order
to estimate the contribution of NO,F = O to the total mutagenicity after chemical model oxidation,
mutagenicity was assayed using Salmonella typhimurium YG 7131 which is deficient in nitroreductase, and
' the result was compared to that in a parent strain Salmonella typhimurium TA1538. The mutagenicity of
AAF decreased significantly in Salmonella typhimurium YG 7131, which suggested that most of the
mutagenicity derived from AAF in the presence of the chemical model was due to NO,F = O formed.
Furthermore, the amount of NO,F = O formed in the incubation mixture accounted for the mutagenicity,
and suggested further that the mutagen formed in the models was NO,F = O.

Keywords : Cytochrome P450 model, metalloporphyrin, metabolic activation, oxidation,
2-acetylaminofluorene
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This paper was presented at the 11th JEMS Annual Symposium at the ABC Hall, Tokyo, June 3 rd 2000. The Symposium entitled “Chemical
Mechanisms of Depression and Repression of Activity In Environmental Mutagenesis”, was organized by Masataka Mochizuki and
sponsored by the Japanese Environmental Mutagen Society.
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Fig. 1 Mechanism of cytochrome P450-catalyzed oxidation

BRI NTEMBINHR SN 25, —FTRIENEELE
I LHEEZRITL 0D 5. BT E Y BULEY
POPUTELRVEREZAELLI VDY, Rk
S FE R WIFRITEETH 5 (Wright, 1980). ERNEE
2 HOTARBBIFRIE, BERE ST 20 KNERE,
pH, £ F YigE L& EOfl# % 5% 1F % (Paolini and
Cantelli-Forti, 1997). ¥ 7BERCTEIXEOLE 2P
HIEPTERVWIEITMAT, R LRH Y Y~
NI BITBAE SN TEERY 2 I RBT 52T
T, RHIRICBI2BRALE LTS, Z2hb 2iE
THHWT, N 0 B2 G wRBROBREISEE
& 72 5 (Meunier, 1994 ; Mansuy et al.,, 1989). EZEEF
VIE pH R USRI B 2 21 H2 < L, B ISH
MOy Dwv. SHICHVLERBWICL 20y b ERH
EZDEVZEZRBROBL 2L, ~EDEENED
N5, COLIEZEETVEHCAILTEEFXE A,
OB ZEET S LR TE, NREL ISR &R
TR MR A Y O HEEA TR L 2 0, B A
BHROMHICEHTH 5.

RELED ) bRDEELOFBILIETHY, 37
T — AIZE E L5 cytochrome P450 ASH 0 20 1 &) %
fH5Twb. Cytochrome P450 DFEM IE—E ¥ AN
B¥% T, NADPHHROBRILH % FH L CHFE T 215
TAEL, TORR, BERTILEWICEASNLZ LI
Lo TREBEHEDOBENLEY & Z£#24 % (Sheldon, 1994)
(Fig. 1). Cytochrome P 450 O fii#ftH 4 2 U TlZkIEIR
RED cytochrome P450 IC 3B ASEA S5 &, —BE %
TENTEV T4 Y vFFt /4 PRk EE U CRE
zB®ALL, FRHBRIHFOKRIEREBICR 5.
Cytochrome P450 DIEMEHLTH 2RV 7 1 ¥ gk
ERALA D IAE T % L HEBEE TR SN, TH%
PITEBRETH LRV T 1) v F 217 4 Fhfifkz T’
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Fig. 2 Alternatives for cytochrome P450

BLEEZBILT 2 XVt F Y Py v v NV E2RET S
T ML N TS (Groves et al., 1979). # o
cytochrome P450 X U & § 5 RN OB LR D%
KBS, BT 1) VEERZIFER OO & L~
TFYNTA Y MRERTEIEND, BVT 4 vk
Rk L BALA P S AT F LV OELHBE LT
(Fig. 2).

Z N F TIEFEIT N-nitrosodialkylamine DA H W T
BZTNVFERETVI—VOEREZREICLT, Bk
AT T BALH#E 7V DS % 4T - 72 (Okochi and
Mochizuki, 1995). & 5228 B MR ICHET A WiE
4 % 38412 N-nitrosodialkylamine DL % BER L 7- & =
5, TVFMEENERZYED B\ Salmonella typhimu-
rium YGTI08 TAHED TN F NE (XA F N, =F N, 7
T EN, 7FV) & FD N-nitrosodialkylamine 028 B 5
TDEBL, ZOEREMSTVEVERRETHL L
Z B 5512 L7z (Okochi et al., 1995 ; Okochi et al.,
1997). 2 F DALHEEF IV IZ L o T N-nitrosodi-
alkylamine iZ AR & FBRIC o- KBERBTR# SN
b EDRENT:.

AR TIALEETVEH WA ZERERBICB W
T, RISEBCEBALE OENI X 5B REIGEANOBE
BB L) 2T, WS O»rDERELENCERER
ZRIB L, L EF IV OEREMREBA~OGHAIEAL B
e L7z S5 EFNVEHCTEREOBIL RS
ZRAT 52 E TIREETFVOA A2 RE L 7.

1. ZREREHRICBIIBEEETIVOERM

EEEF N2 RBRE LT Ames IBITIEH L TW A 8F
JEEH DD DD, ZTN5HDHETITRBNT AL % A
HHI L 72 RICEBRZ 1T > T B 72D ICH RS R E L Y
BIZR S NBIENHBE TH 5 (Salmeen et al., 1988 ;
Rueff et al,, 1992). ZRHFZETid Ames 2BV TL%E
TV ERBEZRORDY ITHNT, {LEEFVEZEAL
FEORGHEZEE 7L — MORIMLTREL 72, A%E
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Fig. 3 Structures of chemicals used
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1) ZEFREENDBROTZE

ERIE TH 5 2-aminofluorene (AF) (X 56 72 FUSHERE
RFTIBRFENTWEZ L ITZ, BHICAFTES
ZERS, RFFFRICBWTEEEZRET5720010EY
ELTEAZ., AFOERFEMEREBBE T I/ &
cytochrome P450 12 X D Eftx T FaF I L7 3/
RiZT o728, 7T VLR EDRELE =T TIEmY
G MAR TH D N-acetoxy-2-aminofluorene & 72 ) DNA
& U9 % (Heflich and Neft, 1994) .

BEt L7 USEIIEER B 2B L, SOICRHRZHR
f¥ %7292 CH,CN, dioxane ¥ 721% dimethyl-
formamide (DMF) # f\»7z. AF % & (CH,CN,
dioxane ¥ 721X DMF) {2 f# L, Fe(F;P)Cl 50 nmol/
(CH,CN, dioxane ¥ 721X DMF) # S EB&EICHEL, ¢-
BuOOH 150nmol/V ~ E&#EEK (pH7.4) @M L TR
BB L L7z, ZORIGHEE A v F 2= 1 (25C, 1,3,
5, 10, 20 min) L 721, Salmonella typhimurium TA 1538
LY UBRER QH74HOBBEMNZ, EHICMy TS
TH—%FRIMA TRV T — ZARREEHIT RIS
EAF72. COEREMEREREL, BBILAERER oD
——FH A, EREFEEoOREE, &BUGKHE A, 3,
5,10, 20 min) D 2 THR b HWIEE LR LRHTOa
T = —TCl# L 7. CH,CN, dioxane ¥ 721X DMF O\
ThRORISEREZBWTH AFOEREFEIGFEHAL 7275,
Z D2 R FILYEE CH,CN > dioxane > DMF ONETH -
72 (Fig. 4A). B X 2 OsHE0E ) BRI, B
X o TERT 2 MLENES R L2 L CBRER S
biEMEE RIS A2 L EDH 5N A, DMFIZE
K @ cytochrome P450 12 & Y N- 2 F VORI

HmENTHY (ley, 1990), AHFFRITBWTH DMF i21b
EEFINERIBT AH-DOICAFOEREEIMET 5L
Ez 7.

2) ZEFEENDOBRILAIDORE

{bSE F VATV B EELANC X 0 AR T % BRAEE P
PRy, EREICHT LT b 8% 5 (Guengerich
and MacDonald, 1984). #Z Tk Fa~xjiutF¥ F&L
T ¢t-BuOOH (Traylor and Xu, 1990), #Ek& L Tm-
chloroperoxybenzoic acid (m CPBA) (Groves et al., 1981),
& magnesium monoperoxyphthalate (MPPT) (Querci and
Ricci, 1989 ; Hoffmann et al., 1990) 2 Fl\VCEREME:%
REE L7z, BAEH OBV X B SO RV 2 RETT 5
7wls, HEET I Y Th b AF ELRAITFRERILK
#TH 5 benzolalpyrene (BlalP) & v THiGET L 72,

AF Z AT omBbHl 2 v T ERE
WHAREL, TOLBEHROMSXt-BuOOH >
MPPT > mCPBA T& - 72 (Fig. 4B). AFIZDWTid
BWERBEIGESH SN/ T, Fe(FP)Cl, 7203
BALH % B RCERFE M2 AB L 7= (Fig. 4C). €D
FE, Fe(F,P)Cl F 72 13M LAl 2 fr { RCTIRAREN T
BHET, Fe(FP)ClEBALAPRAELZRDATER
B2 RH L.

—77, BlalP »ZREMHERCld mCPBA & MPPT &
O HI S A B REVEASHL L /- (Fig. 5A). t-BuOOH %
FWRTEIY hu— L ToOan = —HA%20 T, Bla]
PTRREDLL VAT =—EHFIOTHo720T, bFH,T
EHLPERFEEEREH L. BlaPllowTRbEW
FREEWIE O N2 4M4C, Fe(F,P)Cl, F7zi3M1L
Hlakd RTERREM LB/ (Fig. 5B). ZOH#HR,
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Fig. 4 Mutagenicity of AF in Salmonella typhimurium TA 1538

(A) Effect of oxidant on the mutagenicity of AF in Salmonella typhimurium TA1538 in the
presence of Fe( F;P) Cl. Fe( F,P) Cl 50nmol/plate and #-BuOOH ( @) ;
150 nmol/phosphate buffer (pH 7.4), 3min, mCPBA (H) : »CPBA 500 nmol/dioxane,
20 min, MPPT (&) ; MPPT 500nmol/ phosphate buffer (pH 7.4), 20 min.

(B) Effect of solvent on the mutagenicity of AF in Salmonella typhimurium TA1538 in the
presence of Fe(F;P)Cl and #-BuOOH. Fe (F,P) C1 50 nmol/plate and #-BuOOH
150 nmol/plate. CH,CN (@), dioxane (), DMF (&)

(C) Mutagenicity of AF in Salmonella typhimurium TA1538
AF/CH,CN, Fe (F;P)Cl 50nmol/CH,CN, ¢-BuOOH 150nmol/ phosphate buffer (pH 7.4),
3min ; Complete (@), — Fe(F;P)Cl (&), —t-BuOOH (O
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Fig. 5 Mutagenicity of Bla]P in Salmonella typhimurium TA1538

(A) Effect of oxidant on the mutagenicity of AF in
Salmonella typhimurium TA 1538 in the presence of Fe
(FsP) Cl. Fe(FsP)Cl 50 nmol/plate and +BuOOH (@) ;
150nmol/phosphate buffer (pH 7.4), 20min, m CPBA
(W) : mCPBA 500nmol/dioxane, 20 min, MPPT (&) ;
MPPT 200nmol/ phosphate buffer (pH 7.4), 20min

(B) Mutagenicity of Ba]P in Salmonella typhimurium
TA1538. BlalP/CH,CN, Fe (F;P)Cl 50nmol/CH,CN
MPPT 200 nmol/phosphate buffer (pH 7.4), 20min ;
Complete (@), —Fe(F;P)Cl (&), - ¢BuOOH (O)

Fe (F;P)Cl % 7213 MRALH) 2 Bk { R CRRERFEM % HH¢
$, Fe(F,P)ClE ALK S A L 7R CTOARERE 2
FEH L7,

[ CEEIT 3 2 BRILFIOFEEDEWIE, b Faxiy
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FF T FEEBRE BT T VTR, BILEERES
) TR D ERENEEE R L CnDL 2 L2
ZONDH, AR TIIEREZ XL OBRLERY %2R
FEL TV RWOTRICHEEDFEMIZ DA 5 2w,

3) BXDZEERZRVEEERERIR

INFEFTORHRL S, Fe(F;P)Cl/t-BuOOH 2S5 EH
7TIvEEBIERILL, Fe(F,P)Cl/mCPBA & Fe
(F;P) CI/MPPT 13 % B\ &k ALk 3 % 5@ < 1571t
L, ZEEIHT 2BLA 0B S, B
W7 I YE%Z BT 5 Fe(F,P)Cl/t-BuOOH % iV TA
FaYA4 7))y 7T THSTrp-P-1& Trp-P-20%
BEMNZRBE L2, Trp-P-1& Trp-P-2% 7 3 A5
IR Te FuFx v 7 I 7 R2 B L BICEREE
%5813 5 (Mita et al, 1981). Fe (F,P) Cl/¢-BuOOH
FSEHZMRFE L8R LY, CH,CN > dioxane >
DMF DIHICZEREMPSEH L 22 &5, ZOELIE
B EALAY DB RSV TEREM % REBEL /2.
Trp-P-1 X CH,CN % iV CRE L 7228, Trp-P-213
CH,CN & dioxane (ZIZi# L %24 - 72728 DMF % Hw
THEB L. ZOKRIIAF O RFEHRER & [ U4
T, Trp-P-1& Trp-P-2 0 W ofbay b 25 Rt %
IR L7z (Fig. 6). Trp-P-1 TIZELAI DA TH LR
TERB L7288, ZOEEEFETEN I Fe (FP) Clo{FEIC
Lo TEHIZHML7:. Trp-P-2 TidFe(F,P)Cld 5\
(3 t-BuOOH % i R TIIEREE A %I T, Fe(F,P)
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Iig. 6 Mutagenicity of Trp-P-1 (A) and Trp-P-2 (B) in
Salmonella typhimurium TA 1538
(A) Trp-P-1/CHCN, Fe (F,P)Cl 50nmol/CH,CN, ¢-
BuOOH 150 nmol/phosphate buffer (pH 7.4), 20min ;
Complete (@), — Fe(F,P)Cl (&), -¢-BuOOH ()
(B) Trp-P-2/DMF, Fe (F;P)Cl 50 nmol DMF, ¢-BuOOH
150 nmol/phosphate buffer (pH 7.4), 20min ; Complete
(@), —Fe(F;P)Cl (&), —t-BuOOH (O

Clét-BuOOHDEF L 2% TOALRFELZ ML
7z,

T, FEET I VHFEARTH S 2-acetylamino-
fluorene (AAF) 17 X / EMB 7T F LI TBY, 7
t b7 I FEON-KELEEZ R L TEREY %273
3 % (Heflich and Neft, 1994). AF Tli& Fe(F,P)Cl
50nmol/t-BuOOH 150 nmol TZE R JE M % M T & 7275,
AAFIZAF R UEHTRERERZBEL 20 o 7.
ZZTAAFORZHRT L HFILEET VO® T I
R L7224 T % Fe(F,P)Cl 250nmol/t-BuOOH
750nmol THET L7z & =5, AAFIZHEICKE L TER
EHE2 5 L7z (Fig. 7). $7:Fe(F;P)Cld» A\ idt-
BuOOH % B { A CTII AR FEM: % 5% Bl4 3, Fe(F,P)Cl
L t-BuOOH A {FE L 2R TO AR AAF OIFHEERH L
72. AAF DZERFIEEIZAF X ) KL, 73 27 #ICkk
NTT7 I FEOHFPBRALSHIZ S WD AAF DER
FEEPET LA EZ .

INETORKEL Table 112F L7z, B 5BILH
FHVAB L TERTAERENELATREELSHS D
DD, FELDERFIEE KT L CEREEZ BB L
THED, EEEF ML - TEE SN TR % 5]
L7z. Rueff 5 i3ffi # DfbEE TN & HWTEREER
BRZISH LT 5%, FUSHEZ EREML L2BICERR
M2 REL TV (Rueffetal, 1992). DR TIIHE
BR7 3V (AF, AAF)e~sua$ 427y 7 73 10Q)
t-BuOOH T < M b s, ZHBAFHIEIALATE (B
[a]P, 7, 12-dimethylbenzo[a]anthracene, 3-methyl-
cholanthrene) 13 PhIO T WEREM 2B T LI ¢ %
WELTWD, {b¥EFVE LTt-BuOOH X &HIET

800
2
[} L
E 00
2
c
]
s
s aoo}
14
200
i
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Fig. 7 Mutagenicity of AAF in Salmonella typhimurium TA1538
AAF/CH.CN, Fe (F;P)Cl 250nmol/CH,CN, t-BuOOH
750 nmol/phosphate buffer (pH 7.4), 10min ; Complete
(@), —Fe(F,P)CI (&), —¢BuOOH (D)

2

VRZFOFEAEEEAT L0 L, MPPTR
mCPBA XS RAFEFEHRRAAZE L0 IEHILL
7. ABFZECTOREEE, Rueff 5O & 2R E KT
LEALR OB RN LHEIE Th - 72, Fe(F;P)Cl,
EHlH D NFHE 2R RTIIEREN 25887, 1t
FEFNVASImix DRXEE U CEREMERBRICEHT
X5 bhhot.

2. {EEEFIVIC LD 2-acetylamino-
fluorene DZEERMHRIRMEIBDHZEH

bEEFVEHCTRBEBROBRTTCEHT 2720
12, LFETF VLo TEREMZRBEA L AAF 2 S
ERIFIEEAROHHE - FE% A7z, AAF I Miller 512
£ o THRPAYWEORBEEAL OB A L 72L&
THhY, BAEE TICHMRRHREIRE S TS
(Miller et al., 1961).

OIS 4 13 %8 BB 1 308k o 414 (AAF 500 nmol, Fe
(F;P)Cl 250 nmol, £-BuOOH 750 nmol) & ¥ 3 k& D{bi
€7 )V % B\ (AAF 0.5mmol, Fe (F;P)CI 0.06 mol, ¢-
BuOOH 15mmol), & SIZSHMZ 2B ERLT
AAF # L 3¢ CERFEZBIR L 72, [BoN %
BB L0t =T hT00r v 757412
LDoEEL, BonErHoABREELREL, &
BEEEAE Bl L 72, '"H-NMR, IR, MS D37 —
yEh, RBrLEELLLEWERF L L T2-nitro-9-
fluorenone (NO,F = 0) % [d]€ L 7z (Fig. 8).

I TERBEWRBOLMT TONOF =0 DA%
WatT 272012, EETHDAAF L NO,F = O DR
By 72 74t % HPLC THeFt L 72. AAF i3 Fe (F.P)CIO &,
% 7213 t-BuOOH D A DIFAE T TR L 727 o 7297,
Fe (F;P) Cl/f-BuOOH O£ T Tid AAF 500 nmol {3 U
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Table 1 Mutgenicity of some mutagens activated by Fe (F;P) Cl and oxidant

mutagen oxidant
Aromatic amine AF, AAF t-BuOOH > MPPT
Polycyclic aromatic Bla]P MPPT > mCPBA
hydrocarbon
Heterocyclic amines Trp-P-1, Trp-P-2, t-BuOOH

N-Nitroso compounds ~ N-Nitrosodialkylamine  ¢-BuOOH
Alkyl = methyl, ethyl,
propyl, butyl

AAF

t-BuOOH

2-Nitro-9-fluorenone

\ (NO2F=0) )

Fe(FsP)CI @:[j\ 0
NHCCH:s

Physical properties

"H-NMR (ppm, in CDCI,)
8.47-8.50 (m, 1H, Ar-H)
8.40-8.45 (m, 1H, Ar-H)
7.58-7.80 (m, 4H, Ar-H)
7.42-7.49 (m, 1H, Ar-H)

IR (cm)
1714 (-C=0)
1520, 1338 (-NO,)

MS m/z 225

m p. 221.0~223.5°C

Fig. 8 Identification of NO,F = O from AAF by Fe (F;P) Cl/¢-BuOOH

B A L T 221.5nmol (# 50 %) % T L 7 (Fig.
9A). ZBEREMRBORKEL Y, Fe(F,P)Cl/t-BuOOH

CEREMERIL, Fe(FP)Cl #7212 +-BuOOH % &
CRCIERBERZRIL 2V Ed L7 T/
Fe (F;P) Cl/t-BuOOH DFF1E FiZBW T, AAF 5 H %
BMREREE UCHZELZNOF = 00ER 28172
(Fig. 9B). Z0O#EFE, NOF = 0 DA i3 SUS B 124K
FLTHEML, BPLAAAF® ) 5 NOF=0133.6%
2R L7,

WAL ETFVDOFAETICBIT S NOF =0 DR
FEUEREHNOFG 2BRET L2010, =buLyrs—
¥ % RIE L7z Salmonella typhimurium YG 7131 % B\,
Pk TDH B Salmonella typhimurium TA1538 & DR
TR LAE., bt Ly y—F¥E2RELA
Salmonella typhimurium YG71311%, = b ufb&Wi e
FRFILVTIVICETLTSEIENTERVZDICER
FIEHEAME T 3 % (Yamada et al., 1997). EHTHh 5
NO,F = O & Salmonella typhimurium TA 1538 {2 LT
Salmonella typhimurium YG 7131 TH L WEREFEO
ET2A L, NOF = 02 EMAL S §° 8 BFE MK
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T L7z (Fig. 10A). [R#kIC Fe(F;P)Cl/t-BuOOH IZ & 5
AAF O RIFGY b Salmonella typhimurium YG 713112
BWTELWERTAASNZZ 55, [LEEFIVORF
1E T2 BT 5 AAF AR FE DO KBS 2NO,F = 0
CEBbDTHBZ LAbh -7 (Fig. 10B).

% ZTFe(F,P)Cl/t-BuOOH 2 & ) AAF 2 5 4% L 7>
NO,F=O0&IZX L TAAFDOERFEMEZ Tuy L, &
D NOF = 0 DEREFE LK L2 25, WD
WM —2 L, AAF OZEREERIZAER T 5 NOF =0
Tt ¢ & 7> (Fig. 11).

U Eo#H L0, Fe(F,P)Cl/t-BuOOH IZ & 5 T AAF
IEINO,F=0 KBt a3nbZ L EHL, 51 LEE
FVOFELETIZBIT 5 AAF O RFEHIZNO,F=0
WX BWEMETH B Z EDHL M - 72 (Fig. 12).

TNFVYBROIMOBLIZHE SN TEY, NOF
DINBALIZMILTD 5 C. elegance TOENRBREETH
D, ¥729y MFo3IZuovy—2allloTHEKTS
(Pothuluri et al.,, 1996 ; Cui et al., 1996). F v FR ¥
FOMNI 7 ay—2%H\\7: AAF O H R T, AF,
7-hydroxy-AAF, 5-hydroxy-AAF, 3-hydroxy-AAF, 1-

NI | -El ectronic Library Service



The Environmental Mitagen Society of Japan (JEMS)
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Fig. 9 Decrease of AAF (A) and increase of NO,F = O (B) by
Fe (F;P) Cl/t-BuOOH AAF/CH,CN, Fe(F;P)Cl 250
nmol/CH,CN, +#BuOOH 750nmol/phosphate buffer (pH

74), 25T

800 (A) NO,F=0 (B) AAF/Fe(FsP)Cl/t-BuCOH
2
i 600
2
c
S
$ 400
3
['4

200

0 10 20 0 250 500

NO,F=0 (nmol/plate) AAF (nmol/plate)

Fig. 10 Mutagenicity of NO,F = O (A) and AAF with Fe (F;P)
Cl/t-BuOOH (B) in Salmonella typhimurium TA1538
(@) and Salmonella typhimurium YGT7131 (&)

hydroxy-AAF 2 EDVHIL TV AP, FOHRTT7IVF

L VRO OBEL T 2-acetylamino-9-fluorenol & 2-
acetylamino-9-fluorenone 234§ % Z & 2335 X I,
S HIZ9RBRALIE BB TDH o> 72 (Smith and
Thorgeirsson, 1981 ; Lenk and Rosenbauer-Thilmann,
1993). 2 F DALEEFNVIZ X B AAF OB G T,
BEERNERBRIC T VA L VRO 2 BEILT 5 2 L 29K
Inzz.

—F, NBRALICIZ=PuftadEW oL,
prostaglandin H synthase %° peroxidase % Bi{b##E & L
THW8F%ET, AF %5 2-nitrofluorene (NO,F) 7 24 %,
PHE XN TV 5 (Boyd et al., 1983 ; Boyd and Eling,
1984). Prostaglandin H synthase (2 & % AF OEE{LTZE
REWHEREIT LI EFHRINTEY, MBI
BB LUOERFEMAEBRBEIME SN TS, 20%
REGGEEFRZ= b ofbAY DS O BbAERY & Sh, B
WAFHRO 7Y =5 VA nk ShTw5 (Boyd and
Eling, 1985 ; Boyd et al.,, 1985). %72 NO,F 45 4:4k)y

1200

800 |

Revertants/plate

400 |

0 10 20
NO,F=0 (nmol/plate)

Fig. 11 Correlation of mutagenicity of AAF by Fe (F;P)Cl/¢-
BuOOH with that calculated based on NO,F = O formed
under the same conditions
Mutagenicity of AAF in the presence of Fe (F;P)Cl/¢-
BuOOH (@), mutagenicity of 2-nitro-9-fluorenone (O)

m (l:l) Chemical model
ﬁ
NHCCH3 NO2

[o]
AAF NO,F=0

Fig. 12 Formation of NO,F = O from AAF by Fe (F;P) Cl/¢-BuOOH

DBENMEICL > CTAF X2 RH L TAAF AR L,
NO,F & AAF TlZ[F U DNAfHINEZ T § 5 2 & 3%
EENTW5B (Mbéller et al., 1987 ; Moller and Zeisig,
1993 ; Moller et al,, 1994). AF & NO,FizZh =Nt
BILESNTEWRT LW EEND 5, 72 b7 3 M)
T HITRBICERTF I —ENEGT S, fLEET
N TRERTF & — Y EOBRIIAEET, BILRICL S
TT7 I PGP EN B Z & %2R L7 (Peng et al.,
1995). fLHFEFNMIZL B AAFOBILIZE Y 72 b7 3
FEREON-BELE 7 VE VY BROIMDTEIL SN
NO,F=0%RELAZ L, ThITIHREINTS
59, FIHBLERTHS.
L B

MW OERERFNFABRORBRL LTHLEET IV
HAwi-& Z 5, ZRETH 5 2-aminofluorene, benzolal
pyrene, b1V T N7 7 YEGIEYW TH B Trp-P-1 & Trp-
P-2, 2-acetylaminofluorene DZEEF M2 HI L7z, &
LIZRN 7 4 ) YEESEE, BILALZE T HVWRTIEE
BEHERBELET, (LEEFLVOXETORTHEEZR
MLz, ZoOX)ICERBEERRIZBNT, [LFEETV
WL o TEREZEEALT LI ENTE, kZEFVO
RBRERL LTOBERAMIH ORI Roz. SHITH
WBRIVT 4 SRR EBRILFI OB 2T 5 2
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LTHOWLERFEY RRICHRINT A DL
D, FHICHEES D VIIEIREORE L 58 R % # IR
ICHE LT AIEFET NV OMELIEFTE 5.

CFET VK o THERT AR & AT AR DR
TEEATIZET, WEFTHHAINL TR WRERERED
R e o TR R AL ARSI L. L EET VIS L S
AAF DB LB EEREMBHABBEEMAL 2. Fe
(F;P) Cl/t-BuOOH IZ & % AAF D% BF I D K ER 50
2-nitro-9-fluorenone I2 X 2 b D TH o 7z, fLFEEFT NV
AAWLZ LTRSS VNV EORBERZ I TREOR
HERCTRIEERIT) 2D TEL. SHIHESHIIG
WHRTOBILERYZ FHETE, LT VIMEE
WIRHTE A2 L 2R L7z, Mk bR cdh 51t
ZEFT NIRRT A I EEOMFICERH T
A LRI, FHABREORRIC OB A Z EHS
P07z,

2EXm

Boyd, J. A., D.J. Harvans and T. E. Eling (1983) The oxidation of 2-
aminofluorene by prostaglandin endoperoxide synthetase, J. Biol.
Chem., 258, 8246-8254.

Boyd, J. A. and T. E. Eling (1984) Evidence for a one-electron
mechanism of 2-aminofluorene oxidation by prostaglandin H
synthase and horseradish peroxidase, J. Biol. Chem., 259, 13885-
13896.

Boyd, J. A. and T. E. Eling (1985) Metabolism of aromatic amines
by prostaglandin H synthase, Environ. Health Perspect., 64, 45-51.

Boyd, J. A, E. Zeiger and T. E. Eling (1985) The prostaglandin H
synthase-dependent activation of 2-aminofluorene to products
mutagenic to S. typhimurium TA98 and TAI8NR, Mutat. Res., 143,
187-190.

Cui, X., J. Bergman and L. Moller (1996) Preneoplastic lesions
DNA adducts formation and mutagenicity of 5-, 7-and 9-hydroxy-
2-nitrofluorene, metabolites of the air pollutant 2-nitrofluorene,
Mutat. Res., 369, 147-155.

Groves, J. T,, T. E. Nemo and R. S. Myers (1979) Hydroxylation
and epoxidation catalyzed by iron porphyrin complexes. Oxygen
transfer from iodosylbenzene, J. Am. Chem. Soc., 101, 1032-1033.

Groves, J. T., R. C. Haushalter, M. Nakamura, T. E. Nemo and B. J.
Evans (1981) High-valent iron-porphyrin complexes related to
peroxidase and cytochrome P-450, J. Am. Chem. Soc., 103, 2884-
2886.

Guengerich, F. P. and T. L. MacDonald (1984) Chemical
mechanisms of catalysis by cytochrome P450 : a unified view,
Acc. Chem. Res,, 17, 9-16.

Heflich, R. H., R. E. Neft (1994) Genetic toxicity of 2-
acetylaminofluorene, 2-aminofluorene and some their metabolites
and model metabolites, Mutat. Res., 318, 173-174.

Hoffmann, P., G. Labat, A. Robert and B. Meunier (1990) Highly
selective bromination of tetramesitylporphyrin : an easy access to
robust metalloporphyrins, M-Br8TMP and M-Br8TMPS,
Tatrahedron Lett., 31, 1991-1994.

ey, J. (1990) Oxidation of methyl groups of N, N-dimethy-
Ibenzamides by a cytochrome P450 mono-oxygenase model
system, Tetrahedron Lett., 31, 4921-4922.

Lenk, W. and R. Rosenbauer-Thilmann (1993) Metabolism of 2-

180

aminofluorene. I, metabolism i vitro of 2-acetylaminofluorene
and 2-acetylaminofluoren-9-one by hepatic enzymes, Xenobiotica,
23, 241-257.

Mansuy, D., P. Battioni and J. Battioni (1989) Chemical model
systems for drug-metabolizing cytochrome P450-dependent
monooxygenases, Eur. J. Biochem., 184, 267-285.

Meunier, B. (1994) General overview on oxidation catalyzed by
metalloporphyrins, In | F. Montanari and L. Casella (Eds.),
Catalysis by metal complexes, Kluwer Academic Publishers,
Netherlands, pp. 1-47.

Miller, E. C., J. A. Miller and H. A. Hartmann (1961) N-Hydroxy-2-
acetylaminofluorene :
increased carcinogenic activity in the rat, Cancer Res., 21, 815-
824.

Mita, S., K. Ishii, Y. Yamazoe, T. Kamataki, R. Kato and T. Sugimura
(1981) Evidence for the involvement of N-hydroxylation of 3-
amino- 1-methyl-5 H-pyrido[4, 3-b]indole by cytochrome P 450
in the covalent binding to DNA, Cancer Res., 41, 3610-3614.

Moller, L., J. Rafter and J. -A. Gustafsson (1987) Metabolism of the
carcinogenic air pollutant 2-nitrofluorene in the rat,
Carcinogenesis, 8, 637-645.

Moller, L. and M. Zeisig (1993) DNA adduct formation after oral
administration of 2-nitrofluorene and N-acetyl-2-aminofluorene,
analyzed by *P-TLC and **P-HPLC, Carcinogenesis, 14, 53-59.

Moller, L., M. Zeisig, T. Midtvedt and J. -A. Gustafsson (1994)
Intestinal microflora enhances formation of DNA adducts
following administration of 2-NF and 2-AAF, Carcinogenesis, 15,
857-861.

Okochi, E. and M. Mochizuki (1995) Dealkylation of N-
nitrosodibenzylamine by metalloporphyrin/oxidant model
systems for cytochrome P 450, Chem. Pharm. Bull,, 43, 2173-2176.

Okochi, E., E. Namai, K. Ito and M. Mochizuki (1995) Activation of
N-nitrosodialkylamines to mutagens by a metalloporphyrin

a metabolite of 2-acetylaminofluorene with

/oxidant model system for cytochrome P450, Biol. Pharm. Bull,,
18, 49-52.

Okochi, E., A. Kurahashi, K. Ito and M. Mochizuki (1997)
Detection of mutagenicity in Ames test using a metalloporphyrin
/oxidants model system for cytochrome P450, Mutat. Res., 373,
99-105.

Paolini, M. and G. Cantelli-Forti (1997) On the metabolizing
systems for short-term genotoxicity assays, Mutat. Res., 387, 17-
34.

Peng, H., G. M. Raner, A. D. N. Vaz and M. J. Coon (1995)
Oxidative cleavage of esters and amides to carbonyl products by
cytochrome P 450, Arch. Biochem. Biophys., 318, 333-339.

Pothuluri, J. V., F. E. Evans, T. M. Heinze, P. P. Fu and C. E.
Cerniglia (1996) Fungal metabolism of 2-nitrofluorene, J.
Toxicol. Environ. Health, 47, 587-599.

Querci, C. and M. Ricci (1989) A very efficient alkene epoxidation
by magnesium monoperoxyphthalate catalysed by manganese
porphyrins, J. Chem. Soc. Chem. Commun., 14, 889-890.

Rueff, J., A. Rodrigues, A. Laires and J. Gaspar (1992) Activation of
promutagens by porphyrinic biomimetic systems, Mutat. Res.,
269, 243-250.

Salmeen, I. T., S. Foxall-VanAken and J. C. Ball (1988) A
preliminary study of an iron porphyrin-iodosylbenzene system for
activation of mutagens in Ames assay, Mutat. Res., 207, 111-115.

Sheldon, R. A., (1994) Oxidation catalysis by metalloporphyrins, A
historical perspective, In . R. A. Sheldon (Eds.), Metallo-
porphyrins in Catalytic Oxidation, Marcel Dekker Inc., New York,
pp. 1-27.

NI -El ectronic Library Service
|




The Environmental Mitagen Society of Japan (JEMS)

Smith, C. L. and S. S. Thorgeirsson (1981) Am improved high- mutagenesis and chemical carcinogenesis, Mutat. Res., 75, 215-
pressure liquid chromatographic assay for 2-acetylaminofluorene 241.
and eight of its metabolites, Anal. Biochem., 113, 62-67. Yamada, M., J. J. Espinosa-Aguirre, M. Watanabe, K. Matsui, T.
Traylor, T. G. and F. Xu (1990) Mechanisms of reaction of iron (II) Sofuni and T. Nohmi (1997) Targeted disruption of gene
porphyrins with hydrogen peroxide and hydroperoxides . solvent encoding the classical nitroreductase enzyme in Salmonella
and solvent isotope effects, J. Am. Chem. Soc., 11, 178-186. typhimurium Ames test strains TA1535 and TA1538, Mutat. Res,,
Wright, A. S. (1980) The role of metabolism in chemical 375,9-17.
&
181

NI | -El ectronic Library Service



