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Abstract

3-Nitrobenzanthrone (3-NBA) is a potent mutagen and possible human carcinogen present in diesel exhaust and airborne particulate
matter. Nitroreduction is believed to play a crucial role in nitroarene activation and mutagenicity; however, quantification of nitrore-
duction rate in mammalian samples has proved difficult. In this study, we present a sensitive method to quantify 3-nitrobenzanthrone
reductase activity in murine tissues via normal-phase HPLC with fluorescence detection of the reduced product 3-aminobenzanthrone (3-
ABA). Calibration linearity was obtained for pure 3-ABA concentrations of 1-500 ngrfrt §.99), with a detection limit of 0.25 ng/ml
(S/N=3). Incubation time, substrate concentration, and protein concentration in the reaction mixture were optimized, and the detection
limit of the enzyme assay is 0.97 pmol/min/mg protein. The appa¢grandV . for post-mitochondrial supernatant from MitaMouse
liver (i.e., liver S9) were 23.AM and 70.2 pmol/min/mg protein, respectively. Analysis of replicate samples of "WiMtause liver and
lung S9 yielded mean activity values of 3%(8.0 and 61.% 4.3 pmol/min/mg, respectively. ANOVA revealed significant effects of tis-
sue type and incubation condition (i.e., with or without)NThe results show significantly higher activity in lung, and, in contrast to
that observed for 1-nitropyrene, incubation in open air (i.e., withoutbbbbling) causes only a marginal decrease in activity. Quan-
tification of 3-NBA nitroreductase activity in murine tissues will provide insight into the published tissue-specific mutagenic activity of
3-NBA.
Crown Copyright © 2005 Published by Elsevier B.V. All rights reserved.
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1. Introduction micronuclei, as well as gene mutations at tkeand hprt
loci in several cell lineg§4—6]. In vivo experiments (per
3-Nitrobenzanthrone (3-NBAFig. 1) is a potent bacte- 0s) revealed an increased mutation frequency atcihe
rial mutagen and suspected human carcinogen known to beocus in several organs of the transgenic Mitiouse
present in diesel exhaust, airborne particulate matter, and(e.g., liver, lung, colon)[7]. Finally, 3-NBA has been
more recently detected in soil and watdr3]. In bac- shown to induce DNA adducts in cultured animal cells
terial assays such as the Salmonella mutagenicity test, 3[8-11], and a variety of tissues following in vivo exposure
NBA yields a mutagenic potency of 208,000 revertants/nmol [12,13]
(TA98 without S9), a value that is comparable to the potency  Nitro polycyclic aromatic hydrocarbons (nitroPAHSs) such
of 1,8-dinitropyrene, the most potent direct-acting bacterial as 3-NBA require metabolic reduction in order to generate
mutagen reported in the literature (257,000 revertants/nmol inreactive electrophiles (e.g., nitrenium ion) that react with
TA98 without S9)[1]. In mammalian cells, 3-NBA induces DNA. Mechanistic information about the biochemical path-
ways involved in the conversion from parent nitroPAH to
« Corresponding author. Tel.: +1 613 941 7373; fax: +1 613 9418530,  DIVA damaging electrophile comes from numerous sources.
E-mail addresspaulwhite@hc-sc.gc.ca (P.A. White). For example, the direct-acting mutagenic activity of 3-NBA
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NH 2. Materials and methods
2
O 2.1. Chemicals and animals

Caution:3-NBA is a potent mutagen and suspected human
0 carcinogen. It should be handled with extreme care.

3-NBA  (3-nitro-7H-benzp€anthracen-7-one)  was
obtained from the Sigma Library of Rare Chemicals
Fig. 1. Chemical structure of 3-nitrobenzanthrone (CAS 1711-34-9) and its (Sigma—Aldrich, Oakville, ON). Custom synthesized 3-
corresponding amino metabolite 3-aminobenzanthrone. ABA was a generous gift of Volker Arlt (Institute of Cancer

Research, Surrey, UK). The solvents acetonitrile, methanol
(MeOH), ethyl acetate, tetrahydrofuran, dichloromethane

is decreased in nitroreductase-defici®atmonellaTA98NR (DCM), toluene, andn-hexane were all HPLC-grade
in comparison with the parent TA98l]. Levels of 3- (OmniSo?, EMD Chemicals Inc., Gibbstown, NJ). All
NBA-DNA adducts formed in vitro are positively correlated other chemicals were analytical grade. Dimethylsulfoxide
with NADPH:P450 reductase activities in human hepatic (DMSO) was obtained from Sigma-Aldrich (Oakville,
microsome samples, and inhibition of NADPH:P450 reduc- ON). Oxoid nutrient broth No. 2 was obtained from
tase bya-lipoic acid results in decreased adduct formation Oxoid Inc. (Ottawa, ON). Glucose-6-phosphate (G-6-P),
[11]. Furthermore, the frequency of DNA adducts are 45- reduced nicotinamide adenine dinucleotide (NADH),
to 78-fold higher in Chinese hamster lung V79 cells over- nicotinamide adenine dinucleotide phosphate (NADBNd
expressing human NADPH:P450 reductase compared withglucose-6-phosphate dehydrogenase were obtained from
the parental V79MZ cellgl1]. Sigma-Aldrich (Oakville, ON). Transgenic mouse strain

A mechanism for 3-NBA activation, recently proposed by 40.6, also known as the Mdt4dMouse (CD/2 k generated
Arlt et al. [14], requires an initial nitroreduction by cytosolic  from BALB/c x DBA/2 [19]), was bred and maintained
reductases such as xanthine oxidase, DT-diaphorase, aldeunder conditions approved by the Health Canada Animal
hyde oxidase, or microsomal NADPH:P450 reductase to Care Committee.Salmonella typhimuriunstrains TA98
produce an unstable hydroxylarylamine. This unstable inter- and TA100 were obtained from Molecular Toxicology Inc.
mediate can then follow one of several alternative path- (Boone, NC).S. typhimuriunstrains YG1041 and YG1042
ways to yield a reactive electrophile that can damage DNA. were generous gifts of Takehiko Nohmi (National Institute
Spontaneous dehydrogenation of the protonated hydroxy-of Health Sciences, Tokyo, Japdap].
lamine can yield reactive nitrenium or carbocations. Acety-
lation of the hydroxylarylamine byN,O-acetyltransferase 2.2. Preparation of Mut?Mouse tissue homogenates
yields an acetylated product, which can readily provide and Salmonella lysates
the reactive cations via subsequent deacetylation. Alterna-
tively, further reduction of the hydroxylarylamine will result Healthy male Mutd" Mouse specimens were euthanized
in the formation of a stable amine. In the presence of by cervical dislocation, and selected tissues (e.g., liver,
cytochrome P4501A2 in the liver, the amine product can lung) excised for further processing. The collected tissues
be converted back to the hydroxylarylamine intermediate were rinsed with ice-cold 50 mM phosphate buffer (pH
[15]. Interestingly, there is currently no evidence to sup- 7.4), minced with scissors, and homogenized (PCR Tissue
port ring oxidation of 3-NBA by cytochrome P450 enzymes, Homogenizing Kit, Omni International Inc., Marietta, GA)
a reaction that has been observed for other nitro com-in cold buffer at a 1.5 (w/v) ratio. The homogenate was then
pounds such as l-nitropyreii#6]. 3-Aminobenzanthrone  centrifuged for 20 min at 9008 g (4°C) (Eppendorf 5415R,
(3-ABA) (Fig. 1) has been identified as the major prod- Brinkmann Instruments, Mississauga, ON), and the super-
uct of 3-NBA reduction in rat lung type Il alveolar cells natant (i.e., post-mitochondrial supernatant or S9 fraction)
[17], and the presence of 3-ABA in the urine of mine work- kept at—30°C until enzymatic analysis. To obtain bone mar-
ers has been used as a marker of diesel exhaust exposurew, femurs were flushed with cold phosphate buffered saline

3-nitrobenzanthrone 3-aminobenzanthrone

[18]. and the solution centrifuged at 10,00@ (4°C) for 1 min.
Although there is a great deal of evidence confirming the Pellets were kept at30°C until enzymatic analysis.
importance of nitroreduction in 3-NBA mutageniclfy,10], Bacterial cells were grown overnight in 100 ml Oxoid

quantitative determination of the rate of 3-NBA reduction nutrient broth No. 2 at 37C with agitation, harvested by
in bacteria or mammalian tissues has not been attemptedcentrifugation, and washed with 50 mM phosphate buffer
In this work, we present a sensitive method to quantify (pH 7.4). Cells were disrupted by sonication (Braunsonic
3-nitrobenzanthrone reductase activity in mammalian cells 1510, Branson Ultrasonics Corp., Danbury, CT) at 250 W
and/or tissues. The rate of 3-NBA reduction, assessed via 3-for 6 x 30s with 15s intervening intervals on ice. The
ABA production, was determined using normal-phase HPLC homogenate was centrifuged at 900 for 20 min (4°C)
with fluorescence detection. and the supernatant kept-aB0°C until enzymatic analysis.
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The protein content of the homogenates was determined viaanalyses (not shown) confirmed that the 10 ng/ml 3-ABA

the Bradford method (Bio-Rad Laboratories (Canada), Ltd.,
Mississauga, ON) with bovine serum albumin as a standard
[21].

2.3. Enzyme reaction systems

standard was stable for atleast 1 weekd4Since 3-ABA s
sensitive to metals, the HPLC system employed only PEEK
(polyetheretherketone) tubing (Tsuyoshi Murahashi, Kyoto
Pharmaceutical University, personal communication).

2.5. Data analyses

Nitrofurazone reductase activity was assayed by measur-

ing the temporal decrease in absorbance of nitrofurazone

at 400 nm (molar extinction coefficient 12,960 #¥cm—1
[22,23) at room temperature (approximately Z3). Reac-
tion mixtures contained (1 ml) 50 mM Tris—HCI (pH 7.0),
0.1 mM nitrofurazone, and 0.1 mM NADPH (reduced form).
The reaction was initiated by adding 0.5-1.0 mg of cell or
tissue preparation (i.e., S9 fraction).

3-NBA reductase reaction mixtures (total volume 1.0 ml)
consisted of 50mM sodium phosphate buffer (pH 7.4),
3.0mM MgCh, 1.0mM NADH, 1.0mM NADP, 4.0 mM

Fluorescence and photodiode array detector signals were
collected and integrated using MassLynx 4.0 (Waters Cor-
poration, Milford, Massachusetts). The concentration of the
catalytic product, 3-ABA, was determined using a linear cal-
ibration curve with integrated peak area data from standards
between 1.0 and 500 ng/ml. Specific enzyme activity was
calculated as the 3-ABA production rate (pmol/min/mg pro-
tein). The apparen€,, andVax values were calculated from
plots of enzyme activity versus substrate via least-squares,
non-linear regression analysis (SAS version 8.02 for Win-

glucose-6-phosphate, and 1unit of glucose-6-phosphatedows[24]). Treatment effects (e.g., tissue type, incubation
dehydrogenase. This NADPH generating system was thentime, nitrogen bubbling) were examined using least-squares

purged with ultra-pure Blgas (BOC Canada Ltd., Missis-
sauga, ON) for 30 min on ice before adding substrate (i.e.,
3-NBA) to a final concentration of 20M. The reaction
was initiated by adding 0.5-1.0 mg protein of the prepared
tissue/cell fractions (i.e., S9 fraction) and incubated anaerobi-
cally at 37°C for 30 min. The reaction was stopped by adding
100pl methanol, and the product was extracted with 1.0 ml
toluene/ethyl acetate (1:1, v/v). The extraction was performed
three times; the combined solvent evaporated under ultra-
pure N, and the residue dissolved in 0.5 ml ethyl acetate. The
amount of 3-ABA produced was determined using normal-
phase HPLC (see below). All calibration standards and ana-
lytical samples were dissolved in ethyl acetate.

2.4. Normal-phase HPLC detection of
3-aminobenzanthrone

The HPLC system consisted of a Waters 600E multi-

ANOVA or paired-samplé-tests (SigmaStat 2.03 for Win-
dows, SPSS Inc., Chicago, IL). For the latter analysis, the
homogeneity of variance assumption was verified using the
Bartlett tesf25].

3. Results and discussion

3.1. Chromatography conditions for
3-aminobenzanthrone quantification

Murahashi et al. developed a sensitive HPLC method to
quantify trace amounts of 3-nitrobenzanthrone in surface
soil and water following catalytic reduction (i.e., reflux with
Raney Ni) and HPLC detection of 3-aminobenzanthi@he
We adapted this sensitive analytical method to quantify 3-
nitrobenzanthrone reductase activity. However, 3-ABA flu-
orescence is highly solvent dependant, displaying minimal

solvent delivery system, a Waters 2767 sample managerfluorescence in polar solvents such as methanol and water,

with 20l injection loop (Waters Corporation, Milford, Mas-
sachusetts), a Tosoh TSK gel CN80Ts cyanopropyl column
(5pm particle, 804 pore, 4.6 mmx 250 mm i.d., running at
ambient temperature) (Tosoh Bioscience, Montgomeryville,
Pennsylvania), and a Waters 2475 Multifluorescence
detector.n-Hexane/ethyl acetate (60:40, v/v) was used as
mobile phase with a flow rate of 1.0 ml/min. Excitation and
emission wavelengths for 3-ABA detection were 470 and

and elevated fluorescence in low polarity solvents such as
ethyl acetate and-hexane[3]. Maximal fluorescence and
optimized excitation/emission wavelengths for 3-ABA in a
variety of solvents were determined using a multi-wavelength
fluorescence detector scanning from 200 to 800 nm. The
results obtained, summarizedTable 1 showed slight vari-
ations in the maximum excitation and emission wavelengths
and maximum fluorescence imhexane. In addition, the

570 nm, respectively. Fluorescence detector gain was set taresults showed a significant negative relationshis=0.89,

1 and energy units full scale (EUFS) was set at 1000. Linear
calibration curves, which were run daily, were obtained for
concentrations between 1.0 and 500 ng/rA{0.99). Cali-

p<0.002) between solvent polarity (expressed as Pl or polar-
ity index) and relative fluorescence intensityid. 2). n-
Hexane or other non-polar solvents proved to be ideal choices

bration curves were analyzed by ordinary least-squares linearas LC mobile phases.
regression. There was no evidence of variance heteroscedas- Normal-phase HPLC employed a cyanopropyl bonded-

ticity, and no weighting was applied.
3-ABA calibration standards in ethyl acetate were pre-
pared immediately before each calibration run. Additional

phase silica column as the stationary phase, and although
n-hexane permits maximal fluorescence of 3-ABA, it proved
too weak to elute 3-ABA from the column. Addition of
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Iﬂab'? 1 o nensites (REU) of 3-aminobenzanth ABA concentrations from 1 to 500 ng/nmi4=0.99).Fig. 38
axima uorescence Intensities (o) -aminobenzantnrone . . . .

. . shows a chromatographic run of a blank reaction mixture (i.e.
310 ng/ml ty of solvent '
(310ng/mb in a variety of solvents buffer system, S9) extract that should not contain 3-ABA. A

Solvent isgg'ty i';'fec:;f;ence (Enxrﬁ')tat'on (Ennr:]'f‘s'on small peak was identified around the retention time of 6.9 min
with an average integrated peak area of 20 units3). This

Hexane 0.00 7869.48 461 536 extremely small peak may be the result of injection carry over

Toluene 2.40 6453.02 468 550 ysmailp Y ) 1° -arry

DCM 3.10 4490 31 468 530 from the previous run. Using a signal-to-noise ratio of 3.0,

Tetrahydrofuran ~ 4.00 2722.02 473 574 the integrated peak area of 20 units yields a calculated 3-ABA

Ethyl acetate 4.40 3477.12 470 570 detection limit 0.25 ng/ml.

MeOH 5.10 28.60 513 604 A major concern regarding the application of a sensitive

Acetonitrile 5.80 852.59 472 596

3-ABA detection method to a biological enzyme assay is the
effect of the biological matrix on the fluorescence intensity
increasing proportions of ethyl acetate increased eluotropicof 3-ABA, and the efficiency of 3-ABA extraction from the
strength for acceptable 3-ABA elution. An acceptable reten- reaction mixture. To address this issue, 75 ng of 3-ABA was
tion time of 6.9 min was obtained witkhexane/ethyl acetate  spiked into an extract of a blank biological reaction mix-
(60:40, v/v) at a flow rate of 1.0 ml/mir{g. 3A). ture (i.e., no substrate), dried, and re-dissolved in 0.5ml
Nitroreductase activity in enteric bacteria such &s  ethyl acetate for chromatographic analys$igy. 3C shows
typhimurium is usually measured spectrophotometrically the resulting chromatogram with strong 3-ABA peak. Repli-
using nitrofurazone as a convenient subst{a#23] Ini- cate runs yielded a mean 3-ABA signal that is 9.0.5%
tial attempts to adapt this method to mammalian sam- of that expected from the 3-ABA calibration curve=3).
ples proved unsuccessful (results not shown). Although the Moreover, when 75 ng 3-ABA was added to a heat-inactivated
method could readily be employed to assess nitroreductaseenzyme reaction system, 3-ABA recovery and detection was
activity in S. typhimuriumstrains TA98, TA100 (i.e., 17  79.7+8.2% of that expected from the 3-ABA calibration
and 53 nmol/min/mg protein, respectively), and the nitrore- curve fi=3). Collectively, these results confirm good effi-
ductase (i.e.cnr) enhanced strains YG1041 and YG1042 ciency for extraction of 3-ABA from the enzyme reaction
(i.e., 660 and 568 nmol/min/mg protein, respectively), the mixture, and only minor interference from the extract of the
method was not sufficiently sensitive, or perhaps inappro- biological matrix.
priate, to detect nitroreductase activity in MUsMouse Fig. 4A shows the spontaneous reduction of 3-NBA
tissue samples. Consequently, subsequent efforts to assed® 3-ABA in a reaction mixture without enzyme. The
nitroreductase activity in Mufd Mouse samples employed peak area (i.e., 1477units) indicates a concentration

the aforementioned HPLC method. of approximately 5ng/mlFig. 4B and C show typical
chromatograms of extracts from the enzymatic reduction

3.2. Calibration curve, 3-ABA detection limit, and reaction with either Mutd'Mouse liver S9 or lung S9,

matrix effects respectively. Under the optimal reaction conditions (see

below), the specific net reductase activities were 39300

Fig. 3A shows a typical chromatogram of a 10 ng/ml and 61.1 4_.3 pmol/min/mg prote_zin for liver S9 and lung
3-ABA standard run under the aforementioned conditions. S9. respectivelyr(=4). Considering the observed rate of
Replicate runs showed good reproducibility and a relative SPontaneous reduction, two times the activity in the biolog-
standard deviation of 3.6% for this concentration=6). ical blank was used to calculate the detection limit for the
The relative standard deviation for a 100 ng/ml solution was determination of specific enzyme activity. The calculation
1.0% (1=5). Good calibration linearity was observed for 3- Yielded a 3-NBA reductase activity detection limit of slightly

less than 1pmol/min/mg protein (i.e., 0.97 pmol/min/mg
9000 protein).
8000 =089
7000 F Ratio = 39.9, p<0.002
6000
5000
4000
3000
2000

3.3. Optimization of enzyme reaction conditions

Several factors, including incubation time and the amount
of total protein added to the reaction mixture, were
found to affect the measured 3-NBA reductase activity of

Muta™Mouse liver S9. The results shownFig. Sindicate
1000 . that the formation of 3-ABA increases with increasing incu-

oo,o 1.0 2.0 3.0 4.0 5.0 6.0 bation time, reaching a maximum approximately 30 min after
the start of the reaction. The slight decrease in measured 3-
ABA formation at 60 min, which is not statistically significant
Fig. 2. Effect of solvent polarity on 3-aminobenzanthrone fluorescence at P<0.05, may be caused by transformation of 3-ABA by
intensity. The excitation and emission wavelengths are showatite 1 enzymes such as cytochrome P4501NZcetyltransferase

Fluorescence (RFU)

Solvent Polarity Index
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Fig. 3. Chromatograms of (A) a 10 ng/ml 3-ABA standard solution; (B) an extract of a blank enzymatic reaction mixture without substrate; and (C) 75ng
3-ABA spiked into an extract of a blank enzymatic reaction mixture (final concentration 150 ng/ml). Upper values are chromatographic retenkinvetimes
values are integrated peak araasiexane/ethyl acetate (60:40, v/v) mobile phase on a Tosoh TSK gel CN80Ts cyanopropyl column ¢4 Z50mm, i.d.).

Flow rate, 1.0 ml/min. Excitation wavelength 470 nm, emission wavelength 570 nm.

(NAT) or sulfotransferase (SULT), which have been shown to steady increase in the rate of 3-ABA formation. The results,
be involved in further metabolism of 3-ABR.0,15] When illustrated inFig. 7, show a linear increase in the rate of 3-
reaction time was held constant (30 min), increases in the ABA formation up to approximately 2@M 3-NBA, beyond
protein content of the reaction mixture from 0.13 to 1.5 mg which the reaction begins to approach zero order kinetics.
total protein yielded a rapid increase in 3-ABA formation up The apparenKy, and Vyax of the reaction, calculated

to a protein content of 0.5 mdrig. 6). Additional increases  via non-linear least-squares regression, were 28%nd

in protein content did not yield further increases in 3-ABA 70.2 pmol/min/mg protein, respectively. Although the calcu-
production and the relationship begins to display zero order lated kinetic parameters are interesting, comparisons with
kinetics above 0.5 mg. When both reaction time and protein published values for other organisms and/or enzyme systems
concentration were held constant (i.e., 30 min, 1 mg protein), is not possible, and potentially misleading. Nitro compound
increases in substrate concentration (i.e., 3-NBA) yielded a reduction in mammals is a multi-step process involving sev-
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Fig. 4. Chromatograms showing spontaneous and enzymatic reduction of 3-NBA. (A) Spontaneous 3-ABA production in a reaction mixture without enzyme.
(B) Chromatogram showing 3-ABA production in a reaction mixture containing liver S9. (C) Chromatogram showing 3-ABA production in a reactien mixtur
containing lung S9. Upper values are chromatographic retention times; lower values are integrated peak areas. Details regarding the reactiatograhtty
conditions are provided in the text.

eral intermediates (e.g., nitroso, hydroxylamino), and in all be dependent of the concentrations of several substrates (e.g.,
likelihood, more than one enzyni&0,15] Consequently, = reduced NADP]28]. Further characterization of the kinetic
nitro compound reduction will not adhere to the principles properties of the relevant murine enzymes would require
of ordinary Michaelis—Menton kinetics. Bacterial nitroreduc- purification of the active enzymes or enzyme complexes, and
tion is thought to follow a ping-pong or double displacement characterization of the precise cofactor requirements.
mechanism in which the enzyme reacts sequentially with

more than one substrate and releases more than one prod3.4. Nitroreductase activity in Mutd Mouse tissues
uct[26,27] Although ping-pong kinetics can yield a family

of familiar Lineweaver—Burke plots, tH&y, andVmax values Nitroreductases are classified into two groups, oxygen-
relating to formation of the final product (e.g., 3-ABA) will  insensitive and oxygen-sensitii@9]. Type | nitroreductases,
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08 members of the oxygen-insensitive group, catalyze the two-
T oz electron reduction of the nitro moiety to the fully reduced
3 amine (R-NH) via electrophilic reactive intermediates (i.e.,
E " nitroso and hydroxylaming9,30] Type | nitroreductases
< 05 include DT-diaphorase (EC 1.6.99.2) and the nitroreduc-
g - tases of enteric bacteria (e.dgscherichia coli nsfBand
bl S. typhimurium cnr[30]. In contrast, type Il nitroreduc-
© a3 tases, members of the oxygen-sensitive group, catalyze one-
-% 0.2 electron reduction, generating nitro anion radical intermedi-
E o4 ates which are readily re-oxidized back to the parent nitro
& compound in the presence of,@30]. This latter group

0

] ] ] ] is thought to catalyze the formation of the fully reduced

10 min 20 min 30 min 60 min . . .. .
Incubation time amine only under anaerobic conditions. Examples of this

group include NADPH-cytochrome P-450 oxidoreductase

Fig. 5. Effect of incubation time on the formation of 3-ABA by (EC 1.6.2.4) and NADPH-+boxidoreductase (EC 1.6.2.2)
Muta™ Mouse liver S9. Substrate concentration wagu®0and 1 mg pro- [30]

tein of Muta™Mouse liver S9 was used. Values and bars represent means

and standard errors € 2), respectively. The presence of oxygen in the reaction mixture has been

shown to reduce the in vitro reduction of 1-nitropyrene
by mammalian liver S$31,32] Consequently, experimen-
tal quantification of reductase activity in samples of mam-
1.0 malian tissues requires continuous bubbling of the reac-
tion system with an inert gas such as argon or nitrogen.
In a pilot study examining the 1-nitropyrene nitroreduc-
06 tase activity of Mutd™Mouse liver S9, a significant three-
fold increase [§<0.0003,n=4) in activity was observed

1.2

0.8

3-ABA produced (nmol/ml)

041 between the measurements made following nitrogen addi-
0.2/ tion (11.5+ 1.6 pmol/min/mg protein) and the measure-
ments made in open air (3250.7 pmol/min/mg protein).
00 o2 oa 06 08 10 12 14 16 This result, consistent with previgus findings regarding the
Among of Muta™ Mouse liver homogenate (mg protein) involvement of type I enzymes in the mammalian reduc-

tion of 1-nitropyrend31,32], confirmed that gentle bubbling
Fig. 6. Effect of total protein content on the formation of 3-ABA by of nitrogen effectively purged oxygen from the experimental
Muta™ Mouse liver S9. Substrate concentration wagi.®Dand incuba- system.
tion time was 30 min. Values and bars represent means and standard errors
(n=2), respectively.

45 =
. 3
40 g 9
* * (]
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3 0
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£ 25 1 o E
5 2%
= 20 1 £E
1] c 3
£ S g 20
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o 151 c a
- -g —
<
[=]
"] E
& 2
5 1 ™ 0 = ——
Liver without N, Liver with N, Lung withoutN, Lung with N,
0 : - . .
0 10 20 30 40 Fig. 8. Effect of incubation condition and tissue type on 3-NBA reductase

3-NBA Concentration (uM) activity. Total 0.5 mg protein of Muf&Mouse liver or lung S9 was used

. . . and the incubation time was 30 min. Values and bars represent means and
Fig. 1.MEffect of 3-NBA concentration on the rate of 3-ABA formation by giandard errors, respectively, of four individual Miaouse specimens.
Muta™ Mouse liver S9. One milligram protein of MtdMouse liver S9 Paired-test results show a significant difference between liver with and with-
was used and the incubation time was 30 min. Values represent means ofy Np (p<0.04), as well as between lung with and withot(N< 0.03). A
two independent experiments. Non-linear least squared regression revealedfwo_v\,ay ANOVA showed significant tissue typE-fatio = 22.8,p<0.001)
apparent/max andKm values of 70.2 pmol/min/mg protein and 2.1, and nitrogen E-ratio=11.1,p<0.008) effects, but no tissue type—nitrogen
respectively. interaction.
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