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Since 1978, mutagenic nitroaromatic compounds have been detected in environmental mixtures
such as the urban atmosphere, automobile exhaust and wastewater. The purposes of our research
projects were to measure the mutagenic and carcinogenic activity of nitropyrenes (NPs) found in
the environment and to study the metabolism of NP in rats and their normal intestinal micro-
flora. The results obtained in the last three years are summarized as follows.

1. 1-NP, and 1,3-, 1,6-, and 1,8-diNP were purified with 70% acetoniirile and 70% methanol
by high performance liquid chromatography (HPLC). The purity of these chemicals was 99.9,
97.8, 99.9, and 85.29%, respectively, and they were used in the mutagenicity and carcinogenicity
experiments. The mutagenicity of 1-NP, 1,6-diNP, and 1,8-diNP showed 417, 8.210%, and 10°
His* revertants/plate/nmol.

2. Nitroreductases {NRases) in bacterial cells are important for the biclogical activation of
nitroarenes, especially NPs, The 1-NP-NRase activity of aerobic bacteria was low, but crude
extracts from the anaerobic bacteria Bacteroides fragilis, B. thetatotaomicron, B. vulgatus, Fuso-
bacterium mortiferum, F. nucleatum, Clostridium perfringens, C. sporogenes, Bifidobacterium adoles-
centis, B. bifidum, Eubacterium lentum, E. limosum, and Peptostreptococcus anaerobius ail easily
converted I-NP to I-aminopyrene (1-AP) and proportionally decreased the mutagenic activity of
1-NP.

3. Four NRases were purified from B. fragilis strain GAI0624. The substrate specificity, the
effect on the mutagenicity of mutagenic nitro compounds, of NRases, I, IIL, and IV was relatively
high for 1-NP, diNPs, and 4-nitroquinoline 1-oxide, respectively, but NRases II had broad specifi-
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city.

4. A new method of measuring the 1-NP or 1,6-diNP content of complex mixtures was
established by using 1-NP-specific NRase I or 1,6-diNP-specific NRase I purified from B. fragilis.
The 1-NP- or 1,6-diNP-corresponding fraction eluted from a Zorbax ODS column in HPLC was
collected and reduced in the dark by the NRase I or III, respectively, to produce fluorescent 1-AP
or 1,6-diAP. The extract of the reaction mixture was again applied to the ODS column, and the
1-AP or 1,6-diAP was measured gquantitatively by using a fluorescence detector.

5. By this method, the amounts of I-NP and 1,6-diNTP in diesel particles exhausted from a
small engine or truck were measured and found to be 60 to 70 and 1 ng per mg of extract, respec-
tively, accounting for 3.6 and 8%, respectively, of the tota] mutagenicity of the extracts assayed
for Salmonella typhimurium strain TA98 in the absence of S9 mix. This suggests that the total
NPs may account for about 30% of the total mutagenicity of diesel exhaust particles.

Since people live indoors for more than 80% of a day, the effects of indoor air on human
health are also important. Kerosene heaters are widely used in Japanese residences because of
their effliciency and low cost. The particles from a room containing emissions at the beginning
of burning of a kerosene heater for 20 min showed very high mutagenicity and a considerable
amount of 1-NP and 1,6-diNP, suggesting that lighting the heater creates mutagenic substances
such as NPs. )

The majority of cancer deaths are attributed to diet or life-style and cigareite smoking.
Pieces of raw chicken with or without a sauce were grilled above a city gas flame and extracted
by sonication with benzene-ethanol. The diethyl-ether-soluble neutral fraction of the chicken
grilled with the sauce for 3, 5, and 7 min contained 3.8, 19, and 43 ng, respectively, of 1-NP per
gram of grilled chicken, accounting for 3.0, 2.7, and 1.3%, respectively, of the total extract
mutagenicity. The neutral fraction of the chicken grilled without the sauce for 7 min contained
only 1.4 ng of 1-NP per gram of grilled chicken.

6. [*HJI-NP or [*H]L,6-diNP bound to DNA, poly(G), and poly(dG) in the presence of
NRase 1 or III, respectively, and NADPH. The main DNA adduct of 1-NP appeared t¢ be N-
{deoxyguanosin-8-yl)-1-aminopyrene on the basis of its retention time in HPLC.

7. 1-NP NRase activity in the various organs of Sprague-Dawley rats and in intestinal
bacteria was assaved in the presence of NADPH or NADY under nitrogen gas. NRase activity
of the liver and of the small and large intestine was relatively high, but that of the lung and
alveolar macrophages was very low. Intestinal contents had high activity, which was proportional
to the number of bacteria in the intestine. The activity of the normal bacterial flora, mainly
anaerobic bacteria, was very high.

8. [PHII-NP was orally administered to conventional and germfree rats. Its absorption to
various organs and excretion into feces and urine are more rapid in the conventional than germ-
free rats. Metabolites in the feces and urine of conventional rats are different from those in germ-
free rats on the basis of HPLC and mass spectrum analysis. The following metabolites were
detected in the feces of conventional rats: 1-AP, l-acetylamino-6-hydroxypyrene {1-AA-6-FHP) and
1-AA-8-HP, with each metabolite being formed in nearly equal quantity. Urinary metabolites
detected after treatment with j-glucuronidase were 1-AA-6-HP and 1-AA-8-HP, with 6-hydroxyla-
tion occurring to a greater extent than 8-hydroxylation. The major metabolites detected in both
the feces and urine from the germfree rats were 1-nitro-3-hydroxypyrene (1-N-3-HP), 1-nitro-4,5-
dihydro-4,5-dihydroxypyrene, 1-MN-6-HP, and 1-N-.8-HP. I-AP was not found as a metabolite in
germfree rats. These results suggest that the intestinal microflora contributes to the overall meta-
bolism of 1-NP.

9. Of the NPs, 0.1 mg of 1-NP or 1,6-diNP was inoculated subcutaneously into male BALB/c
mice once a week for 20 weeks. In the group injected with 1,6-diNP the first tumor appeared on
day 112, and 10 of the 20 mice developed tumors at the site of injection by 60 weeks after the
first injection. However, no tumors were induced in any of the mice injected with 1-NP.  Alf of
the tumors induced were transplantable for five generations in male BALB/c mice. Histologi-
cally, most of the tumors showed the characteristic features of malignant fibrous histiocytoma.
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1. 1-NP > diNP ol : BREME

WE O 1-NP ok, diNP #30 1% %R
Wb, EEEEse<1 37— (HPLC) ¢
A L7 diNP B4 OFERFEDS, 2A0iy50%
LB I Edidode o fo, TRRICIA S DT
o, thioo NP Eofslikiemtit (B
1), if4F> Zorbax ODS » F 4 (4.6mm id. X
250 mm) % L, BEEAE LT 70% acetoni-
trile % fv+7= HPLC (50°C, 1mifmin) “TiZ,
1,6- & 1,8-diNP k044, 1,3-diNP, 1-NP
HZORFTHEBLTER, i, BUMHELLT
709 methanol % {#if§ L7 HPLC (50°C, 2ml/
min) ¢k, 1,6-diNP, 1,8-diNP, 1,3-diNP, 1-NP
OIEFCEE L TE L, MiFEOEBHREC L - T,
e 99997 o> 1-NP : 97.89 o 1,3-diNP
b, BEOBBIEC LT, 99.9% © 1,6-diNP
L 85.2% o 1,8-diNP (14.8% 13 1,6-diNP) %
BAZEMNTEL, REEROLDO 1LE6AINP
i, o A 2R LSRR vt 7

1,3-dinitropyrene

1,6-dinitropyrene
1,8-dinitropyrene

19.61
1-nitropyrene

14.73
16.48
21,11

E 1 Zorbax ODS #35AiRk%=trt L viEondE BEEELT a 704 7=tV

e, b, 0% A& — iR L,
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57 4 — (TLC) L v, =X 5w LTRSS
L7 NP #E¥ & o8 Mermelstein 264523kt
1,3,6-triNP, 1,3,6,8-tetraNP, I Lo o
=t e{b&o B REMS, preincubation %
Hwfe Ames BECHlIEEL o E 2 A, 1LB-dINP ©
TEREWAR LW, HiT5 58 TAREE (—)
S% wH LT, 10°His* fURERIER/ 7 v — 1/
amol v ATEWGBRR LA, CHIE, £F T
RBENACERFEOPCHEEO & © D —2TH
5. 1,6-diNP i3, 8.2 10°His* [+ 1 — + famol,
1-NP =it 417 His*/7 - — r/amol T - 1o
2. MIER X5 NP DR
I-NP 13, REPOHFIRDHICRE LCHFE
LTWAEEIZE, BREELLICADMCA ST
7<e LrL, MR RV A, Fhbiiks
LTH L), BACKIGAATLES Z L0
A BRA, BFRBE RO NP 3 g i
e wo e, Kigs o7, £ THMicBE
Shaiie, FEMEE ET S DLEbh
Do REE, JhEAAFFAMEEL T pyrene #i4
ULaé, fMMinAOBREBC I - CHLD NO, i
LoT=rtrfhdh, I-NP 54D, FhiER
THZELEZ LR, ERIC, HRKTHEGMR
Ewir I-NP 23 Fhtv s (aR), Tk &
I-NP BFELT VB M BT, 1-NP H
EEE e, nodc Ay, DR
MO ETEMIE & BT 2 HEnE L bhb,
T, HEEAOME@ S NP LRESL,35°C
48R, #XF+vS-mTRR LA, -
NP ©DZEFEy 6.19% wild Uik, ®iC, IB%
M 4 7 488 ¢ & 5 Bacteroides thetaiotao-
micron, B. fragilis, Escherichia coli T Fh k
I-NP :%\AL, 37°C, 15 MRRE L
5, BIZH TR BEREELS A Uit Eo ocoli
ETREREEBD Uind od, IRBGHE LI
Tik, I-NP OZERFEMECESY 52 id -1,
1I-NP & B. fragilis LD RIEHEER -5 A
THiItH L, TLC CHE LT, £, foi
A2 b A l-aminopyrene (1-AP) L [EE
Lice &6, WEMEMMBEKE ORGERS S,
HPLC DRI, ~AALY Ak 1-AP

LRIEE LI, ShbDz Enk, B fragilis i &
% 1-NP oFZMAMESL AP Thoo &
ot

=@ 1-NP nitroreductase (NRase) »3HIEE#HE
MHOECCFEL T 200%, S#ELLT
Wio koA, 100,000 g, 2 EpBEOO BT
fedrt 8-100 @i iEiEd b -7, =D NRase
vk 100°C, 10 £y[Hl oI c 915 Lic,s

Wi, WEMEERIEE L O SRk F
FHEZ L U, JBROERERER R IOk
KA b HE U SR B 138k o O R
fE Y, 9,000xg, 10 frflsl @ Lo NRase &
#, NP 2EH: UTREFCRELLE G 1),
NRase DHEEMSE GO, HHEEETHD B
Sfragilis, B, thetaiotaomicron, B, valgatus, Fuso-
Clostri-
dium perfringens, C. sporogenes, Bifidobacter-

bacterinm mortiferum, F. nucleatum,
inm adolescentis, B, bifidum, Eubacterium lent-
um, E. limosum, Pepiostreptococeus anaerobius
TH D, FEHEE T, Klebsiella, Enterobacter,
Proteus %[\ T, TXNTEWESEETH T,

tEolEMEO 5%, F. nucleatum, B. ado-
lescentis, P, anaerobius Y, OEREBEERE CH
Bo Fife, B. fragilis, B. vulgatus, B. thetaio-
taomicron, B. adolescentis, E. lentam 13, B
MTEEME O EBRE T H 5, F 1 T,

NRase o LGS EG-ERRY, RSCRIGED
TREHEZET LTV AL EHR LT w5, DF

b, TA8E, (—)89 Td 1-AP OFEREFEH4NE
W, I-NP b 1-AP e AR 3ol T
TREERETT20THD (B2)

B. fragilis w2\ Tix, {RAFHRS X OSBRSS BE
Pk 5 ¥k NRase iEMEERMIE L& 25, 2.36
#0.14 nmol/h/mg RET, HWHc X2 ZEt
A E Tl ot

3. Bacteroides fragilis @ 4#fieo NRase &
R & T b D IR AS Bk

NP JEA BB A D MHEESE - o & %,
NRase {E#:VBAEERAEAET ELE-C
i & O X » T, Bacteroides fragilis
GAI0624 #re> NRase DR A AT, —HES
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® 1 AMAEHMNH D L-nitropyrene nitroreductase iFik & TREE DML

B 3 % % IR
& i AP g & )
{nmol} (nmol/h/mg # v -2 7 50)
(—) HhhE 0 0 100%*
5 A O
Bacteroides fragilis 44,2 2,27 33.8
B. melaninogenicus ss intermedius 5.6 0.27 74.1
B. melaninogenicus ss melaninogentcus 8.3 0.63 66.2
B, oralis 6.4 0.47 73.3
B. thetaiotaomicron 69.0 2.59 16.6
B. vulgatus 54,3 2.35 28.5
Fusobacterium mortiferum 41.0 2.1 37.3
F. nucleatuym 37.8 1.99 27.2
F. varium 17.5 0.93 45.5
Clostridium perfringens 41.0 1.89 33.8
C. sporogenes 35.0 1.83 31.8
Bifidobacterinmm adolescentis 14,0 1.68 54.6
B, difidum 31.3 2.47 3.9
B. breve 4.6 0.42 75.1
B. infantis <0.4 <0.08 93.3
Eubacterium lentum 27.6 1.59 45.9
E. limosum 19.8 1.02 46.1
Lactobacillus brevis <0.4 <0.04 80.7
L. casel ss casei 1.7 ¢.12 8i.3
Propionibacterium acnes <0.4 <0.04 80.7
Veillonella alcalescens 4.8 0.34 73.2
Peptococens magnus <0.4 <0.04 76.0
Peptostreptococciis anaerobius 36.8 2.73 34.7
Streptococcus intermedius <0.4 <0.04 71.0
o
SRR (R EE Rk
Enterobacter aerogenes 15.7 0.84 54.6
Escherichia coli 7.2 0.38 74.6
Klebsiella pnewmoniae 21.2 1.09 56.2
Proteus morganii 10.6 0.71 60.7
Salmonella typhimurium 3.0 0.19 72.0
Psendomonas aeruginosa 3.6 0.27 75.1
Micrococeus Iutens 7.3 0.44 75.3
Staphylococcus aureus 2.3 0.17 74.6
S. epidermidis 10,4 0.58 638.3
Streptococeus faecalis 5.3 0.35 74.6
BT ME
Acinetobacter calcoaceticus 1.7 0,22 76.8
Aeromonas hydrophila 2.8 0.27 79.8
Enterobacter sp. 14.4 1.01 56,1
Proteus mirabilis 11.8 0.79 68.6
P, retigeri 26.5 1.17 54.2
P. vulgaris 32.2 1.34 44.5
Pseudomonas aeruginosa 5.1 0.34 75.9
P. alcaligenes 2.8 0.30 80.0
P. fluorescens 4,7 0.34 7.1
P. puiida 3.3 0.34 80.2
P, stutzeri 4.3 0.46 76.6
Bacillus sp. 13.8 0.65 57.8
Micrococcus sp. 2.2 0.19 86.2

*ZESE kS, L-pitropyrene %L E LCHERBLTHAS ¥, RGETMB LAt 0% 45 714 TAS #,
SO HENTHELALOTH D, 100% i3 584 His¥ (RSN 7 v — FERLE,
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B 2 Bacierpides fragilis GAI0624 - ihik
(S-100 fij43) @ l-nitropyrens nitroreductase
Pj; % l-aminopyrene O - RO
I

1-nitropyrene 500 nmol % -&¥icFNHE 5
mi % 37°C CEHRL, SETEIEE 05
m! L, 20% NaCl % 0.1ml iz, B
=7 2ml T3 EHE L, BEF L-nitro-
pyrene r &gk l-aminopyrene it HPLC
TME L, FISHOBHFERRE 39 v=
7T TAYS Bk, SOmix SEIRHECIIE L s

FHRAYBEE TS Lo mEE 100,000
g 2RMEBEOL, ToLiichs S-100 @y
gl (40~609%) Li-#, DEAE-cellulose
HIF AR FIT -, BERESEIE
B34 & D> NRase MG B, B
E@4r4 Sephadex G-200 & Affc i
EoA, BHESOOERY — BB L, K
/v — 7% NRase I (OFEH 52,000, /2
fe¥— 7% NRase I (FRf 180,000 &6
# Ut-, NRase I 4 X 5o hydroxylapatite
# 5 &, chromatofocusing # ¥ AThTC, 416
&% wE581 7, DEAE-cellulose # 7 4 ®IER
FEE 4, CM-cellulose % hydroxylapatite i
ISR L e D - o @ T, Sepharose 2B, #iT
Sepharose 6B @ & AFB% Ty, KO
BEiS T B, k& — % NRase Il (5F
£ 320,000), JnXie € — 2% NRase IV (0T
B 680,000) :#rfh L7, NRase I 3, HE
Sepharose 6B T# LT, 178 {%% CHM

% 2. Bacteroides fagilis © §-100 [H4ys L UGS nitroreductase I, 11, I, IV oIBEE5HE

His* $URZERMEL 7 v -+ ()

= b = kAt
(pgf7 V=) (—) B  S100  NRasel NRase I  NRase I NRase IV
1-NP 427+ 4.6 125+ 8.3 T8k 1.6 134k 4.6 306k 2.9 269 9.0
(0.25) (100) (29.3) (18.3) (31.4) (71.7) (63.0)
1,3-diNP 477:622.5  12i% 7.4 293x14.3 168+ 8.5 139%10.2  246:11.9
(0.002) (100) (25.4) (61.4) (35.2) (29.1) (51.6)
1,6-diNP 584+ 5.3 151+ 2.6 577k 3.3 303% 5.4 212+ 6.2 581 6.0
(0.002) (100) (25.9) (98.8) (51.9) (36.3) (99.5)
1,8-diNP 706::12.9 176+ 4.9 639%10.6 350229 156+ 8.3  652%55.3
(0.002) (100) (24.9) (90.5) (49.6) (22.1) (92.4)
1,3,6-4riNP 3826 9.6 115k 8.7 317+ 45 300 6.2 200= 7.9 349=10.1
(0.004) (100) (30.1) (83.0) (78.5) (52.4) (o1.4)
1,3,6,8-tetraNP 526+ 3.7 270% 5.3 4ldx 8.1 4202215 430+ 7.8 487:11.4
(0.025) (100) (51.3) (78.7) (81.6) (81.8) (92.4)
2-Nitrofluorene 635:026.7  300::21.9  467: 4.2 408x16.0 410+ 8.7 497:20.9
®) (100) (47.2) (73.5) (64.3) (64.6) (78.3)
2-Nitronaphthalene®  186% 3.6 90 9.5 268 6.1  221+11.6 200112 182 3.4
20 (100) 48.4) (440 (118.8) (107.5) (97.9)
4-NQO® 678154 73 3.4 483:15.9 3354324  662%14.5 66k 7.5
(0.20) (100) (10.8) (71.2) (49.4) (97.6) (.7)
Nitrofurantoin® 440221 109+13.1  429£10.0  437=24.5 456 7.9 453::15.1
©.5 (100) (24.8) 97.5) (99.3) (103.6) (103.0)
B(a)Pe 546::19.2  461% 9.2 S41£29.5  536+£27.5 534238 5463213
(20) (100) (84.4) (9. 1) (98.2) (97.8) (100.0)
1-Apd 466:£11.6 447182 430=10.7 423177  464%23.2  473% 6.8
(10) (100) (95.9) (92.3) (90.8) (99.6) (101.5)

®: TA98, (~) 89; *: TAL00, (—) S9; *: TAIO0, {-) S9; : TA9S, (+) S9.
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{++) nitroreductase [[|

2,15 ]7 217
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| ,&-diaminopyrene
7.8
STOP

BE 3 Bacteroides fragilis @ niteoreductase | k07 M B X TEGERTE LT I /&

o HPLC Ax—v

a. nitroreductase 1 = 1 3 l-nitropyrene 4408 X » TER S -aminopyrene

DE— 7 %RT,

b. nitroreductase III = X5 I,6-dinitropyrene MMES© BGIC k- T EflEhi 1,6-di-

aminopyrene @ & — #iR¥ET,

L7o

Zhb O LEIS R L 4 o NRase
& S-100 @iy DILEHRIER D0, £
D=t eibEtpE 37°C, 3REMMRIRE, %=
FATHE L, BELCVBEREM:S Ames ik
THIE L (F82), S-100 @E4yvr, i Lz~
o= bw L&t OBERFEY FHic Kbz
P20 NRase I 3, 1-NP %3855 L CEREM
Axar 2o, 1,3dINP b4 LFER Lich,
1,6-diNP b 1,8-diNP Licii@B@% 52 i -
#eo NRase I 1%, 3-~<-Cod diNP DZERFEEY
WA &g, NRase IV 1, 4-nitroquinoline I-
oxide ig5Aa ¥, NRase IT i3, HieE

e Rk AR Ui,
4. BE&¥ho 1-NP kIt 1,6-dINP o
O

BT OBAPCERER TS I-NP £ 1,6-
diNP 4 M523 A0, benzene-ethanol (4:1) HHiY
% HPLC kT4l L, 1-NP RL@s<
1,6-3iNP HMES* ST LT, FThFhEHE
HOEHENRE - Tk, ECERTCER
Vo 1I-NP EFOBECE, T 1-NP EYES
%, Bacteroides fragilis 555801 72 NRase I,
WiEE® NADPH, v g (pH 6.8) X
L, 37°C, 5 BB LRIG &, BefE= Tl
WL, BE HPLC i€, SEEhTtEa L
I-AP @ ¥ — 7 Ffis b OREIEXEL,
T I-NP @R LL (®3), 1,6-diNP DR

DLy, 1-NP, 1,3-diNP & L8 1,8-diNP %
aFicy 1L,6-dINP fHYES 24T L, NADPH
HFAT ¢, NRase Il 2fEA X THRT LA, &
T LT & U7 1L,6dIAP %4 Trhhilithd, TE
HPLC oL, ZOMNHMERRETS L
ist, RBeWPcgEhg L6-diINP #ER
Lz (®3), 1-NP 35 17F 1,6-diNP i HiRERE
b, FhFR LIx10® X 1.3x107 pmol
TH -1

5. BEHOEREMEE NP EEHR

T o BN O A & LTS o fle Jo& s s
ExbhTED, TOREHRFEC—2LLT,
F 4=z OPF T ARD D, Biliy A
RO TR ERSEROEFEDHREEA TS
#, MO EHEFRF TH S NPEHOSHERIH
Mo T B T4 F U v 2R/ NEF ; — ¥
Axviy (HigEE 269c0) vy v EAFE
A — g = bCl0E— FBEEROF 4 —H¥A P Ty
7 (HESdR 5.785co) DN TRWECERE
vk, TA98HE, SO MifinT, PRy A 1m® 24
fo b EF R, 135000 3 LO¢ 69,700 His* g
ERIEHER/ 7 v — b, % 1mg HiobT
3,240 ot 2,720 His*/ A v+ Ch otz 18
R O ELz, benzene-ethanol (4:1) ARk
<, M=vevid, thilith 1mg M,
1-NP 13 60~T70ng, 1,6-diNP 1280 1ng ‘TH b,
FNFREEHEREMRD 3.6 SIU 8% &5
Wtse 1,3-dINP & 1,8diINP 3@ UEETh T
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# 3. l-nitropyrene ¥ X O¥ 1,6-dinitropyrene @ in vitro EEBERFINT X 5 DNA ~DiEs

kOB 4% #

FEEE (pmolfmol P % 2 v+ V) (%

1-nitropyrene 1,6-dinitropyrene

B o2& R IE &R
(~—) nitroreductase 1 % -t III
(—) NADPH

{+) p-chloromercuribenzoic acid

{—) DNA, (+) #h%8: DNA

(=) DNA, (+) KI%H (RNA

(—) nitroreductase III, (-+) nitroreductase I

{—) nitroreductase I, (+) nitroreductase NI

71.248.8 (100 )
2.0:£1,3 ( 2.8)
1.940.6 ( 2.7)
19.8:£1.4 ( 27.8)

294,7:+21.3 (100 )
2.1% 1.1 ( 0.7)
5.9+ 1.4 ( 2.0)
73.8% 8.5 ( 25.0)
123.6:+7.5 (173.6) 278.7::36,0 ( 94.6)
56.6+4.6 { 79.5) 272.3+14.5 ( 92.4)
— 26.3% 7.5 { 8.9)
32.9+4.6 ( 46.2) —

FELTCR AT [PH]-nitropyrene % 7-i% [*H]1,6-dinitropyrene 40 4M, NADPH 4mM, Zam—A-GD
VB SmM. Fa=-R6-) YEEFE VR — ¥ 1 BEr/ml, U REMENE (PH 6.8) 100 mM, XIB% DNA
10 mMP, % X U° Bacteroides fragilis nitroreductase 1 21 pgfml % fovk nitroreductase 111 239 pgfml. # &ir,

HEEESHE, &£ NP HOBRFEHIL &
7 030% EHEE R,

R ke b8 L o250, S L0
PAKGR L BGN RVBENE s bhE, E
o, ARLHE® B0% LAEAERNTEEL TSR
h, ENEIOEREE WL T 5 ik
BTHDo FHICHAETIE, BB L EHED»
RECHEMA -7 MiEbR T 50T, GBI
b= FERBER O B G OFER IR E 0T
B E L, 28m® D¥RT, ~q FV %
PTG CTF I T 4 E — R
BB & 4ish, benzene-ethanol -G LT, +
AE R FE R ok Ames HCIEREM R JIE
Lz, TAE £k, SO #EBCIE, = F—7 Ak
E D 20 oo FREMEE, FRZEs 1me
Lich 23T His*[7 v — b &<, 1,6-diNP &5
RZEE 1m® M) 0.15ng Chbh, 2FRE
By 18% =l thic L, £ECH
PEFR O EAELGOERFE M, IHisY 7 v o~ b
L8 o T, Wi, TMA P — TR Sk Ui
iz, LTHisY/ 7 v— 1+ Thote, cRBDD 2
b, AiliA b~ FedkbEc NPIEYHIEL, 5
HEGEERETHERT - L hbhot, Lk
Do CRAKEECRE, B BREEGTL
- T, THIRIBEE L IV,

WL NP EREH SR TV B0 TRV
EF L, OB LOBEE, FDEE, i
vh, WRO IR ol BB A DE kT,
benzene-ethanol C¢i#BFEMILL, o, di-

ethyl ether = 3 4 | ¢, ZTRBEMERME L,
ool T VRO MRS DY, TA98
()89 ¢, $E1g Mz b 6,880 His*/7 1 — b
EWVHERGEERIEM AR LicAd, chux, 73/
EiEEEAL £ pyrolysate I Bh D&
Frohb, LhAM, thikoFsd, “0OH
H-OERREMEA 2,170 His* /7 v — + LETF L,
Dvir o T, FREELS O ZE 5L R A0 TA9S
(~) 89 = 600 2 5 3,100 I LT\ tee 2
O I-NP B FR TG5O TRV L FiE
LTER LI, fmite 20 i, 4 LiEx:s
Fo 7 o%Th, HElg ¥4 b ldng o
I-NP L Shich -k, fwhiodslk
357 4MT, FhEh 38, 19 43ng o
1I-NP kg 2 iz, B 2 v TR BRI,
I-NP @i 2 e o710 0C, khiioni g
BoeEd 2 W X »CH Uik pyrene 25, #ifsw
ADBRBEWC X o TE LR NO, ik o T= =ik
EhC, NP B4 UhdbotEr b, K
O "HEEO R G T, 7 SRR
Th, NP @gZFhER 1.2 40k 2.7ng La
ERERhish ot, Lichi o T, hoflE, &t
B L T I-NP EBE RS L 0L Bhh
Bo

6. 1-NP 3 X O¢ 1,6-diNP 1= X 2 DNA
W TERL

[FH]1-NP & [FH]1,6-diNP +% HPLC =}
S TEBLL, Fh7Fh NRase I & NRase II
L X 5T in vitro T DNA fin8k iU & &
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Fd T, IR HILERA Y X CIBEMEIESED 1-nittopyrene nitroreductase G4

ks ¥ ho xR

BERTEME: (R 1-AP nmolih/mg # vy )

NADFPH NADH NADPH/NADH

i <0.01  (<0.002) <0.01  (<0.004)
L i 0.11+0.03 ( 0.025) 0.16:£0.01 ( 0.056) 0.69
£ W 0.2240.02 { 0.051) 0.10=0.004 { 0.035) 2,20
Jiig i 4,35+0.26 { 1.000) 2,85+0.36 ( 1.000) 1.53
i i 0.10+0.01 { 0.023) 0.22+0.02 ( 0.077) 0.46
i:3 [ 0.10£0,01 ( 0.023) 0.15+0.01 ( 0.053) 0.67
" [ 0.42+0.03 ( 0.097) 0.28+0.02 ( 0.098) 1.50
Al ied 0.85::0.02 ( 0.195) 0.7320.02 { 0.256) 1.16
i i) 0.09:£0.01 ( 0.021) 0.07+0.004 ( 0.025) 1.29
i} 7 0.04+0.01 ( 0.009) 0.05%0.005 ( 0.018) 0.80

5 0.754:0.07 ( 0.172) 0.39:0,01 ( 0.137) 1.92
i iz} 2,38£0.21 ( 0.547) 1.18+0.18 { 0.414) 2.02
k=1 1] 0.80£0.18 ( 0.134) 0.70:20.07 { 0.246) 1.14
X 5] 1.38+0.06 ( 0.317) 1.3740.02 { 0.481) 1.01
1t g <0.01 (<0.002) <0.0F  {<0.004)
It e <0.01 (<0.002) <0.01 (<0.004)
Milg~sre7 -2 <0.03  (<0.007) <0,03 {<0.011)
BHEY <0.02  (<0,005) <0.02  (<0.007)
I 1.16:0.16 ( 0.267) 1.06%0.10 ( 0.372) 1.09
BEAEY 4.79::0.34 ( 1.10) 4.3240.28 ( 1.516) 1.11
KIGAEE 4.2440,23 ( 0.975) 3.52:40.20 ( 1.235) 1.21
Bacteroides fragilis 7.62+0.27 { 1.752) 6.090.20 ( 2.137 1.26
B. thetaiotaomicron 7.62£0.07 { 1.752) 7.30:£0.18 ( 2.561) 1.04
Eubacterium Iimosum 6.01:4£0.33 ( 1.382) 5.4520.59 ( 1.912) 1.10
Bifidobacterinm adoles- 7.03£0.15 { 1,616) 6.90%0.23 ( 2.42D 1.02
centis
Escherichia coli 0.730.14 { 0,168) 0.60£0.05 ( 0.211) 1.22
Aroclor M F » » OIFEE  7.0020.17 { 1.609) 3.64%0.23 ( 1.277) 1.92

7o (38 3)e MW —ASIDNA W & {£58 Lias,
BEI—FETL R, FAEESES L,
W tRNA i 4 #5& U7AzA, NRase #EFRAn, =/
th NADPH fEIEICIRE Linh o, Ei,
NRase DH#EHIcAH 5 p-chloromercuribenzoic
acid FINCHEA MR EE & fuk, NRasel
E NI EwAd 2 EAInHERELEsh S
Z &k, NRase @th ThatEEagsrfL
TV B 2 &AM S i,

1-NP 11 poly(G), poly{dQ) =, 1,6-diNP 1t
poly(G), poly(X), poly(dG) ik ¢ #H& Ui,
1I-NP o> DNA. {}inih#E¢3E ¢ mononucleoside
TR L, Yy HPLC C4dF LizE o 5,
N-{deoxyguanosin-§-yl)-1-aminopyrene & [& U{%
FEM oL o &, filic deoxyguanosine ¥ kX
deoxyadenosine 844 CTC v e,

7. 7, FEEERE, HEERES s LUBE
P#IE > NRase fEiE

1-NP %, 1-NP — l-nitrosopyrene — N-hydro-
xy-1-AP—1-AP & NRase 1T L T BT &h,
b FREF T I SRR S e E Y
E#EZ BT\ 5B, Sprague-Dawley ¥ ., b DFY
3%, BB, B IVBEANEREO NP Sk
{LB¥EEC 5 5 NRase 0 [hiG#E %, 35 1 Db &3
> TERFAFEETCRELLE (E4), £HBY
homogenize £, 9,000xg, 10 4o LiSE
SOBEREE L IE L, K& TRETSE,
FiSr > NRase {EEL, HIEOBELHELL
ET Lz, flif#d & LCix NADPH % A7
DR IR BHED E D o o HEROP T, I
B, NME, KIBOHESEAE, s MERsH
Bl Wi~ 2 = v 5 - oM, MEFOEHE
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%= 5, l-nitropyrene % 08 1,6-dinitropyrene @ FRAHC LB~ ¥ ASMYE

L e 5 N1y ;

EP e (AL & ERLE CEARES S 3
DMSO (3B 20 0
l-nitropyrene 0.1 2.0 20 0
1,6-dinitropyrene 0.1 2.0 20 10

IR B 5 T, HALE, HCEEs LOUEE
IR kIB O P D NRase SRS B>
o tht, ZRIEASSOBEC AL T O,
BRI EME S NRase Fikic X 5% 0 & Bhbih
foo JERET, WEOHESHE TH 5 Bacteroides
fragilis, B. thetaiotaomicren, Eubacterium limo-
sum, Bifidobacterium adolescentis O ILTEML, T

0.19% LT LaBEELTWhRWIFREEO—>T
honRBETE, EakEo 110 OfFETH -
tro Lot o, I-NPAKEECERBETE,
Bhic o s OSSO NRase i X - T
Birxh, BIEEVWTETIhTEREEORY
AP i h b D EEZL LR B,

8. MERIVOEW F » P CRTIEORE
[*H] 1-NP D

450 o> Wistar RilH R LOEET » b
WA ) —F A4 ACERE L [*H] 1-NP 30 gmol
(3.3 mCi/mmol) # 8 Vv Feiv tHEL, #
BB E R E TS L ELREBRL, &
B L, S5 12, 24, B BHEI O A IER
DS EEALE, BAET » F OFREIR
MEL, HELIEOKSHETIE, PRHIBEF »
POEC, HEEL BV EA b nfe, 48 BY
T, WHT o P TIREERGHED 84% EHS 4
bR 539 AFEMER L URFRtE Rt &
e o liea i T, B, B L ONEEE
bgﬁﬂ‘ﬁf;o

WHEBET VT, BEHEE LSRR
etk e s L, FhbOfEE, #HakLi S.D.
5, P O&RS O NRase 5 & (B A e b
ate LicthaT, 7o FEATO 1-NP &gl
iz, [EEEo NRase LIFDOEEFENBSLTVW3
LDEELLND,

s kR O (Y% benzene-ethanol

cih L, HPLC ¢4 LIRGRE, Mgtseds Lot
LREFEM TS L, HEMGERS » + LEY
5y bETERVHEDBRA, BEYS » FO3E
iy, 1-AP, Il-acetylamine-8-hydroxypyrene
(1-AA-8-HP) % LU I-AA-6-HP B L, R
ik, FAA-G-HP b 1-AA-8-HP L ofafks
WB L, &2n0, T » » Ofdizl-
AP OHEEITE S HEET, SVIEic l-aitro-
3-hydroxypyrene (1-N-3-HP), I-nitro-4,5-dihy-
dro-4,5-dihydroxypyrene, 1-N-6-HP i X8 1-N-
8-HP Ofifkd, Rk da& B UEELs
B2 Uice BEDZ &b, BRELEOHESHE
W=t e H0RTY, FETKEL E46R
BEfTR-TEY, 7eFribid, HEHTED
EbbhifiitaThbbnrlEr i, BifFo
RMEGORELZ TR - T w0T, FETERE
TR T T B 05, IBE R TERIE Y,
I-NP ofQihc SEEABRELYRLLC-2 D&
b Thb,

9. FBILA NP %LU 1,6dINP It X 53
R

6 B4 oD BALB/c =¥ A 60 Fa, 1R
20 o 3FERSVCER Ui, #iE 99.9% Ll
FCHEM LA NP s L0 1,6-dINP % dime-
thyl sulfoxide (DMSO) ¥ iaLT, %4 0.1
mg/E/EC¢ 20 B, =vA IEY-DEF 2mg
FENBFERCETES L, BRI, &
WeHn DMSO #45 4ml #4E5 L7, DMSO
BERMI XU NP BERcI, 60 HiEOME
CREENISEE Ui wfs (35, UL, L6
diNP &3z, 112 B Be@s Cligms e
i, F0# 126, 202, 204, 245, 252, 259, 284,
301 310 315 REWBIES hic, 60 BT
50% o~ A 207 107E) O EFRATICERE
PR ARERIE A A L () &, TR
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DEEGE, e &4 SRBETET, ®LE
R TH - oo
SHOEBHE

SRFFERLARFED = » 2 L&, k4,
BBHES A, h—Hv 7T ,2,7 3 baE—,
PRI EWHERELCH Y, ToTRENIETE
Bivez &Y, 1978EEEN LW LA D, HE X
hTEh, RENEEER= ki Ths NP
oo C, BEREE - B owT, $1,
EEFTORE, HCBTREEMREOMS oS
R DV Tl B ks Ui,

BRELRFORPEMIE LI -8, &
AL St 1-NP OER AR £ 2R
THd, BEHRA -7 NP RF0F FRIRX
hHoin, AP KRTAhTHBRIREAED
e COBRTEBERLT CREZON, B
¥4 nitrohydroxypyrene J@-5& LaB2v 0 T
WinbA, aminohydroxypyrene =2 acetylamino-
hydropyrene OFEEHIZIHE S hin\ Db, 7Kk
it N-7eFr{bl b REEE DD, 7F
Atk BEMNAIE TR 500, FESTHT
765 DA, f-glucuronidase Ktk DA FiLfT
7o glutathione ¥&SEL O, Th bz, 1-NP
RP2ETED L 5 REE R LT 3D0,
2hr, NP X hEEREED 100 FLLEL HE
diNP oL E 5 T Dhy,

NP #Hix, in vitro B\ T NRase o X T
DNA @ guanine &L N-(deoxyguanosin-
8-yD-1-AP #THT %, I-NP o X 34 A 53
W ORMKITRT I NRase A0 EHTH B, Lo L,
Z ., PO B %5 NP oFEEle i,
NRase (1l Tx &, L LULABERORESC
LB EERRS, FRTIX, oD in vitro Tk
ir % DNA finfhfaic, 1-NP o L o &M
PR RE B LT ADh, I, fin
B OEREEBI LSO 3 b Doy,

&EDIREBER T, 1,6-diINP e BN H D 2
LA EMTR S, HEENRCBRCREY
& LT L6-diNP 3 5 Tl ©, EBI{FR
LIcHiL X b diedr ot OTIE Vs & Ebh
Bo BhicdTn, LvbEiTcoREkRyH<

HLERD D, 4@ I-NP O F oS5
Hah oo hedt, RBERTHS Aty o7
nitrohydroxypyrene % acetylaminohydroxy-
pyrene 7p & ORMEMIIEBEILL VO THH

Dle BGE, 74 —EABRH Y ARIC IR

FEFIZER Y 1-nitro-3-acetorypyrene %58 -
2, b BBESAEVG-DTHES 5 My,
LE, RILDHES B - T b, $HEIKBLD
ML MR LT EiwE#H L T b,
E 23
WEBHORBCIE, REES, HaFENY
Lo, EioREESREECE, F.A. Beland it
DI EE L,
HEERMERMME D B £ ), FHLLLD
fEdwET A EHTEF Ui, HEECWIRIIE
B LT HPLC #AFE LI &b & it
b, TO3EMICKA LIIRERBIESC L
PCENRAT T, 358 LY -TFgE~ 0 2
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