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Biotransformation of 1-nitrobenzo[ e]pyrene by the fungus
Cunninghamella elegans
JV Pothuluri, JP Freeman, PP Fu and CE Cerniglia

Division of Microbiology, National Center for Toxicological Research, Food and Drug Administration, Jefferson, Arkansas
72079, USA

Biotransformation of 1-nitrobenzo[ e]pyrene (1-nitro-B eP), an environmental pollutant derived from the nitration of a
non-carcinogen, benzo[ e]pyrene, was studied using the fungus Cunninghamella elegans ATCC 36112. After 72 h
incubation, 89% of 1-nitro-[ *H]BeP added had been metabolized to two major metabolites. These metabolites were
separated by reversed-phase high performance liquid chromatography and identified by H NMR, UV-visible, and
mass spectral techniques as 1-nitro-6-benzo[  e]pyrenylsulfate and 1-nitrobenzo[ e]pyrene 6- O-B-glucopyranoside.
Comparison of the fungal metabolism patterns of 1-nitro-B eP and B eP indicates that the nitro group at the C-1
position of B eP altered the regioselectivity of metabolism.
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Introduction to form intermediates by mammalian microsomal enzymes

Nitro-polycyclic aromatic hydrocarbons (nitro-PAHSs) in to elicit their mutagenic, genotoxic, and carcinogenic

the environment are formed during combustion process ; rglﬂgre“?r? du i;knT(?femz'ggg:fsalinacﬁglll(g?sogé ano_eiﬁ:rs-
or from atmospheric reactions of PAHs and nitrogen b Y Y

. . - .otic cells; neoplastic transformation of cultured normal
oxides, both of which are abundant environmental contamiz uman diploid fibroblasts; induction of DNA strand breaks:

PS?T:S digs(e):]I' e’\rl:gtgri%_ezA;ns d hkaévrﬁstéieenhizttee(r:tsedur'gaim;frs'ﬁc%duction of sister chromatid exchanges; induction of DNA

) X : . %pair' and induction of chromosomal aberrations [7,23].
sediments, and even in certain food products [15]. Nitro- Previous studies with several nitro-PAHs usiGg ele-

Eﬁr;';n:"[elsgggftox'c and may pose a health risk toganshas shown that, depending on the position of the pres-
1—Nitroben,zo{a].pyrene (1-nitro-BP), an environmental ence of a nitro group on the PAH molecule, the metabolism

pollutant derived from a non-carcinogenic compound pattern can shift which is indicative of a highly regioselec-

benzoBlpyrene (BP), has been detected in diesel Soott|ve manner of oxidation [7,16,17,22C eleganstrans-

; : forms BeP to 3-benzdflpyrenylsulfate, 10-hydroxy-3-
extract (2ug g of extracted organic matter) [12]. 1-Nitro- e )
BeP is a structural isomer of the environmental Comami_benzo[a]pyrenylsulfate, and benzejpyrene 30-5-gluco

nants 1-, 3-, and 6-nitrobenzlpyrene [11]. Rat liver pyranoside [19]. In the present study, we report the first

microsomal metabolism studies with 1-nitr@® [11] investigation of fungal metabolism of 1-nitroeB and the

2 . L egioselective manner of oxidation due to the nitro group
show weak mutagenicity to bacteria, which is dependenrl[j\t the C-1 position of BP.

upon nitroreduction and transesterification. The majo
metabolites produced from rat liver microsomes incubated

with 1-nitro-BeP are thetrans-4,5-dihydrodiol and 6-hy- Materials and methods

droxy- and 8-hydroxy-1-nitro-8 [11]. The phenolic 1-Nitro[*H]BeP (specific activity, 2.47 mCi mmd; radio-
metabolites of 1-nitro-BP are mutagenic and the K-region o) purity>98%), and unlabeled 1-nitrod® (purity
trans-dihydrodiol is the most potent mutagenic derivative 99%) were synthesized by nitration o8B as described in

[11]. ; L
' . : . Fu et al [11]. High-performance liquid chromatography
Microbial metabolism of some nitro-PAHs was recently (HPLC)-grade solvents were purchased from Fisher Scien-

reviewed [7,16,23]. The fungaSunninghamella elegans ... . .
. . ific (Pittsburgh, PA, USA). All other chemicals were
metabolizes both PAHs and nitro-PAHs to products thajgagent grade and the highest purity available.

are generally less mutagenic than the parent compoun ; . F _
[4,7,8,16], while mammalian systems show a greater tend, The fungal incubation conditions reported previously

. o 20] were modified in this study as follows: after growth
ency toward the more common bioactivation pathwaysI .
[7.8.21,24]. The biological activities may be mediated byof C. elegansATCC 36112 cultures in 30 ml of Sabouraud

. L : o . dextrose broth for 48 h, 3 mg of 1-nitroeB dissolved in
metabolic activation via oxidative and reductive pathwaysol5 ml of dimethyl sulfoxide was added to each culture. Al
flasks were incubated for an additional 72 h in the dark,
Correspondence: JV Pothuluri, PhD, Divison of Microbiology, HFT-250 and then the contents of the flasks were pooled and filtered
National Center .for Toxicolog’ical I‘\”esearch, Food and Dru’g Adminis’-to separate the broth from the myce."”m.- The mycelium
tration, Jefferson, Arkansas 72079, USA and the broth were then extracted with six equal volumes
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acetate was evaporated and the residue was dissolved jiase at time zero, while the remainder (60%) was bound
methanol for analysis by HPLC. Sterile control flasks dosedo the mycelium. The radiolabeled fractions for the culture
with 1-nitro-BeP showed no changes. incubated for 72 h were separated by HPLC (Figure 1);

Kinetic experiments were conducted with 1,8@i of 1-  radioactive fractions were collected every 0.5 min and
nitro[*H]BeP and 3 mg of unlabeled 1-nitroeB added to detected by liquid scintillation methods. Insets above the
culture flasks. The percent metabolism to various productsajor peaks, | and Il, and the parent compound, 1-nitro-
was quantified by liquid scintillation methods [20]. BeP, show the amount of radioactivity (dpm) recovered in

Fungal metabolites of 1-nitrod® were separated on a each peak (Figure 1).

Perkin-Elmer (Norwalk, CT, USA) series 10 HPLC The kinetics of the disappearance of 1-nitt¢jBeP and
equipped with an LC-95 UV-visible absorbance detectorthe appearance of the two labeled metabolites are shown
operated at 254 nm. A Supelcosil LC-PAH C18 columnin Figure 2. Since about 72% of the added radioactivity
(25 cmx 4.6 mm; Supelco, Bellefonte, PA, USA) was usedrecovered in the organic phase at time zero was found in
to separate the metabolites. A 40-min linear gradient othe 1-nitro-BeP peak, this absolute recovered radioactivity
methanol-water (from 30 : 70 to 95 : 5 [vol/vol]), at a flow of 1-nitro-BeP was adjusted to 100% to correct for extrac-
rate of 1.0 ml mint, eluted the metabolites. 1-NitroeB tion efficiency. At 48 h, the 1-nitro-& peak had decreased
metabolites were collected from repeated injections. Fracto about 25% of the radioactivity at time zero, while metab-
tions with similar HPLC retention times were pooled andolites | and Il accounted for 54 and 21%, respectively. At
concentrated. The metabolites obtained were further purf2 h, metabolite |1 accounted for 72% of the recovered
ified by reducing the flow rate to 0.8 ml mih radioactivity and at 96 h only 6% remained as 1-nitrePB

UV-visible absorption spectra of the metabolites were(Figure 2). Sterile control flasks dosed with 1-nitreFB
determined in methanol with a Hewlett-Packard showed no changes in 72 h.

(Wilmington, DE, USA) 8453 UV-vis spectrophotometer. The structure of metabolite I, aided by NMR analyses
Mass spectral (MS) analyses were performed using a FinnicTable 1), including extensive homonuclear decoupling and
gan MAT (San Jose, CA, USA) TSQ 700 mass specnuclear Overhauser enhancement (NOE) experiments, and
trometer. by comparison with the NMR assignments of 1-nitreFB

The samples were dissolved in methanol and analyzedas determined as 1-nitro-6-bendlpfyrenylsulfate. The
by direct probe/electron ionization mass spectrometrychemical shift of H5, which iperi to the sulfate substituent
(DEP/EIIMS). The first quadrupole of the mass spec-at 8.76 ppm is 0.40 ppm upfield of the H5 of 1-nitrefB
trometer was scanned from 20 to 500 Da in 0.5 s. The ior®imilarly, the chemical shift of H7 which isrtho to the
source temperature was T&Dand the electron energy was sulfate substituent is 0.26 ppm downfield of the H7 of 1-
70 volts. The DEP current was ramped from 0 to 800 mAnitro-BeP. These chemical shifts are all in accordance with
at 10 mA s*. For the suspected sulfate conjugate metabstructural assignment [19]. The absence of aliphatic reson-
olite, the ion source was 176 and was scanned from 50 ances eliminates the possibility of conjugation with glucose
to 700 Da in 0.5 s with DEP heating at 15 mA&.s or glucuronic acid.

NMR spectra were recorded at°Z8in the!H configur- The DEP/EI mass spectrum of metabolite | (Table 1)
ation at 500.13 MHz on a Bruker (Billerica, MA, USA) shows an apparent molecular ionratz313 and a charac-
AM500 spectrometer. Samples were dissolved in deuterteristic fragment ion amn/z283 (M*-30). The sulfate moiety
ated acetone and chemical shifts are reported 0@ §tale  was lost upon sample heating and ionization.
by assigning the residual proton resonance of the deuterated The NMR data for metabolite | (Table 1) suggest the
solvent to 2.05 ppm. presence of a sulfate group. Therefore, metabolite |1 was

The suspected sulfate conjugate metabolite was deconjtreated with arylsulfatase and the HPLC, UV-visible, and
gated by adding equal quantities to two test tubes, eachmass spectral analyses were repeated. Metabolite |, after
containing 2 ml of 0.2 M Tris HCI buffer (pH 7.2). To one treatment with arylsulfatase, showed an increase in reten-
sample, 1.0 U (7Qul) arylsulfatase (type V, Sigma) was tion time from 16.0 min to 39.5 min (data not shown). The
added. The second sample served as a control. ReactidlV spectra of this metabolite before and after arylsulfatase
mixtures were incubated for 48 h at &7, Activity of the  treatment (not shown) were similar. The mass spectrum of
enzyme was tested by adding 1.0p:hitrophenyl sulfate the arylsulfatase-treated metabolite 1 (not shown) had a
to a tube containing Tris-HCI buffer and 0.5 U arylsulfat- molecular ion atm/z 313 and a fragment ion ah/z 296
ase. Upon hydrolysisp-nitrophenol formation was indi- (M*-17), which is characteristic of a hydroxy-1-nitrceB.
cated by a yellow color. Samples were extracted with 15 mBased on the increase in HPLC retention time after decon-
ethyl acetate as described above. jugation with arylsulfatase, on analyses of the deconjugated
metabolite by UV-visible spectroscopy and mass spec-
trometry, and on analysis of the conjugate by NMR, metab-
olite | was identified as 1-nitro-6-benappyrenylsulfate.

The HPLC elution profile of the ethyl acetate-soluble The*H NMR spectrum of metabolite Il (Table 1) con-
metabolites formed during 72 h incubation of 1-nitreFB  tained 10 aromatic resonances and also aliphatic reson-
with C. eleganswith the UV detector at 254 nm, shows ances. Based on NMR spectral analysis, the site of substi-
two major peaks at 16.0 and 27.5 min and residual 1-nitrotution was determined to be at C-6. The chemical shifts of
BeP at 45.5 min (Figure 1). Whe@. elegansultures were the aliphatic protons were similar to those reported felP B
incubated with 1-nitroH]BeP, about 40% of the total 3-O-B-glucopyranoside [19] with one exception’'@Hwas
radioactivity added was recovered in the organic-solublenot detected). The NMR results (Table 1) were essentially

Results
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Figure 1 HPLC elution profile and radioactivity of the ethyl acetate-soluble metabolites formed from 13#djBeP by C. elegansinsets show the
amount of radioactivity contained in each peak. Fractions eluting from the chromatograph were collected at 0.5-min intervals and theirti@slioactivi

were measured by liquid scintillation counting.
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Figure 2 Metabolism of 1-nitrofH]BeP and formation of metabolites |
and Il over time byC. elegans

the same as those previously reported for tkeP Blucoside
[19]. The DEP/EI/MS spectrum of metabolite Il is consist-
ent with a hydroxy-1-nitro-BP, since the glucose moiety

as lost thermally to yield the phenol (Table 1). Based orP ) ; o o
" y 10 ¥ b ( ) Lontains a nitro group at the C-1 position, the oxidation at

the NMR and MS analyses, metabolite 1l was identified a
1-nitro-benzog]pyrene-60-B-glucopyranoside.

Discussion

Cunninghamella elegansnetabolizes PAHs and nitro-

PAHSs [7,16] byC. elegansTherefore, by analogy to other
studies on the fungal metabolism pattern of PAHs and
nitro-PAHs [1-5,8,25], we propose that, in the transform-
ation of 1-nitro-B2P by C. elegansthe initial attack is at
the 6,7-positions of the aromatic ring to form the 6,7-oxide,
presumably by a cytochrome P-450 monooxygenase reac-
tion [2,3,9,25] followed by a non-enzymatic rearrangement
via an NIH shift mechanism [1,2] to form a phenol
(Figure 3). Subsequent conjugative pathways [25] involve
sulfation and glycosylation. The formation of 1-nitro-6-
benzog]pyrenylsulfate and 1-nitrobenzgpyrene-60-3-
glucopyranoside supports phase Il conjugation reactions
(Figure 3). In the metabolism of pyrene and 1-nitropyrene
by C. elegansoxidation occurs at the C-6 and C-8 pos-
itions of the pyrene molecule to form 6- and 8-hydroxy-
pyrene and 6- and 8-hydroxy-1-nitropyrene [4,6]. Even
though 1-nitro-EP is similar to 1-nitropyrene in structural
configuration, except for an additional aromatic ring, oxi-
dation occured only at the C-6 position to form a phenol.
Comparison of the metabolism patterns for 1-nitrePBand

eP indicates that in the metabolism of 1-nitr@® which

the C-6 position of BP is indicative of a highly regioselec-

tive manner of oxidation. In contrast, mammalian micro-

somes hydroxylate 1-nitrod® at both the C-6 and the
C-8 positions [11].
Studies with 2- and 3-nitrofluoranthene usi@gelegans

PAHs by phase | (oxidation) and phase I (conjugation)a|50 showe(_j formation of sulfate conjugates of 8- an_d 9-
reactions [1,3,16,25]. We have previously reported thaflydroxy-2-nitrofluoranthene and 8- and 9-hydroxy-3-nitro-
unsubstituted BP is metabolized b{. elegando the sulf- ~ fluoranthene, respectively [16-18]. The nitro group at C-
ate conjugates of 3-hydroxyeB and 3,10-dihydroxy-8° 3 shifts the oxidation to the C-8 and C-9 positions of the
[19]. A glucoside conjugate of 3-hydroxyeB is also for-  3-nitrofluoranthene molecule compared to fluoranthene
med [19]. In the present study, the oxidation of 1-nitro-[17]. C. elegansalso forms sulfate conjugates from 1- and
BeP by C. elegansto a hydroxylated intermediate, which 2-hydroxy 6-nitrochrysene [22]. Formation of sulfate con-
was then conjugated with sulfate or glucose, appears to begates from 1-hydroxy-6-nitrobenzjpyrene has also
similar to the metabolism of other PAHs [1,8,16] and nitro- been reported [14].



Table 1 HPLC retention times, mass spectral and UV spectrophotometric absorption maxima dalid, MWR spectral parameters of metabolites formed from 1-nitrobefzpiene byC. elegans

Compound Assignment HPLC Mass spectral properties UV-visible-light Proton NMR assignments, chemicab)slaftsl (
retention time m/z (% relative abundance) absorption maxima coupling constdpts (
(min) [ion assignment] (nm)
| 1-nitro-6-benzo§]pyrenylsulfate 16.0 313(28) [M?3 284(16), 283(100), 281(12), 225, 272, 309, 380 &H,, 8.26; 8H;, 8.36; 6H,, 8.16;
269(11), 268(49), 267(12), 266(25), 255(41), &Hs, 8.76; 8H,, 8.51; 6Hg, 9.09;
254(12), 252(15), 250(11), 240(11), 239(32), 8Hg, 9.01; 6H,0, 7.83;6H,,, 7.63;
238(34), 237(52), 226(20), 119(30), 107(27) 815, 8.18 ppm;J, 3=8.4; J,5=8.9;
J76=8.8,J910= 8.4; 31011 = 7.0;
Ji111,=8.4 Hz
Il 1-nitrobenzo]pyrene-6- 275 313(27) [M?, 284(19), 283(100), 282(24), 224, 270, 304, 375 SH,, 8.30; 8Hs, 8.41; 6H,, 8.23;

O-B-glucopyranoside

Parent 1-nitro-BP 45.5

281(13), 267(11), 266(14), 255(25), 254(15),

252(11), 239(18), 238(15), 237(24), 227(12),
226(20), 225(15), 141(12), 135(28), 133(22),
126(14), 125(15), 123(10), 121(17), 113(16),
112(13), 111(12), 110(11), 109(12), 107(20),
98(28), 97(24), 96(13), 95(28), 91(17), 89(25),
84(13), 82(12), 77(11), 71(11), 70(42), 69(42),
68(13), 60(92), 56(33), 55(56), 53(16)

298(11), 297(60) [M, 268(13), 267(65)
[M-30]*, 266(14), 251(30), 250(100) [M-47]

248(20), 240(17), 239(75), 237(13), 133(11),
125(49), 124(32), 120(24), 119(12), 112(14)

SHs, 8.82;8H,, 8.07; 6Hg, 9.12;
8Hg, 9.00; 8H,0, 7.85; 6H44, 7.67;
OHy, 8.20;,5=8.4;J,5=9.2;
J76=8.8;J5,10= 8.4, J1011=7.0;
J1112=8.4 Hz
é for glucose moiety: 1 5.42; 2,
3.80;365; 4, not detected,
', B.71; 64 3.96; 6b, 3.77
J for glucose moietyd, » =7.7;
The other coupling constants could not
be accurately measured but were
consistent with a glucose moiety

210, 271, 304, 375, 488 SH,, 8.33;8H,, 8.46; 6H,, 8.28;
SHs, 8.36;8Hg, 8.45; 6H,, 8.24;
OHg, 9.21; 8H,, 9.10; 6H40, 7.90;
OH,q, 7.75; 815, 8.25 ppm;J, 3=8.4;
J45=8.9;J,,=7.5;J,5=8.0;
Jo10=8.4; J1011=7.0; 311 1,=8.4 Hz

aApparent molecular ions after thermal deconjugation.
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1-Nitrobenzo[e]pyrene 6,7-oxide 6 [elpy

Figure 3 Proposed pathways for the metabolism of 1-niteRBoy C. elegans The structure shown in brackets is a proposed intermediate that has
not been detected.

The conjugated metabolic products of PAHs and nitro-  1985. Fungal metabolism and detoxification of the nitropolycyclic aro-
PAHs produced byC. elegansare generally considered gnSagic hydrocarbon 1-nitropyrene. Appl Environ Microbiol 50: 649—
deth]flcatlon PrOdUCtS [1’3'21]' Th_e baCtenal muta- 5 Cerniglia CE and DT Gibson. 1979. Oxidation of berapyrene by
genicity of 1-nitropyrene decreases with time and loss of = the filamentous fungu€unninghamella elegansl Biol Chem 254:
mutagenicity of glucoside conjugates of 6- and 8-hydroxy- 12174-12180.
1-nitropyrene was consistent, indicating the detoxification 6 Cerniglia CE, DW Kelly, JP Freeman and DW Miller. 1986. Microbial
potential ofC. elegans[a]. This type of metabolism b, neabol of pyrene, Chem Bl et 57 202210 L
el?gamhas been previously demonStrate.d for other Xenc.)bl_ nitroaromatic and nitropolycyclic aromatic hydrocarbons. In: Biodeg-
otics [1,3,5,14,25]. However, mammalian sulfate conju- | agation of Nitroaromatic Compounds (Spain JC, ed), pp 99-115,
gation could result in bioactivation of the xenobiotic [13].  plenum Press, New York.

Rat liver microsomal metabolism studies with 1-nitro- 8 Cerniglia CE, JB Sutherland and SA Crow. 1992. Fungal metabolism
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ally, nitroreduction via cytochrome P-450 occurs [11]. In  eri: evidence for the presence of cytochrome P-450. Arch Biochem
contrast to the activation pathway in mammalian metab- Biophys 175: 443-452.

olism, the formation of sulfate and glucoside conjugateslo Fu PP. 1990. Metabolism of nitro-polycyclic aromatic hydrocarbons.

. s Drug Metab Rev 22: 209-268.
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