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Nitrobenzene NADPH-, H2O2- and O2-dependent oxidation in soybean and maize
subcellular fractions has been studied. It is demonstrated that in the presence of
nicotinamide coenzyme, transformation via monooxygenase has decisive
significance. H2O2- and O2-dependent transformation of nitrobenzene is
accomplished via either enzymatic or non-enzymatic (radical) mechanisms which
results in formation of m- and p-nitrophenols.
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1. INTRODUCTION

The initial stage of xenobiotic oxidative degra-
dation is hydroxylation. The principle of the reaction
is the following: the lower the molecular polarity,
the faster its functionalization [1]. The biochemical
goal of this reaction is the increase of the polarity of
the organic toxicant, thereby enabling its further
effective metabolic utilization. Hydroxylation can be
accomplished by the cytochome P450-containing
monooxygenases, peroxidases, phenoloxidases etc.

Monooxygenase uses molecular oxygen for
xenobiotic oxidation, preliminarily activating it by
electrons from nicotinamide coenzymes. In contrast
to monooxygenase, peroxidase uses preliminarily
activated oxygen atom of hydrogen peroxide or
organic hydroperoxides. Besides these hemoproteins,
xenobiotic oxidative reactions can also be carried out
by copper-containing enzymes, namely the oxygen
phenoloxidases. They themselves activate the oxygen
consumed for xenobiotic oxidation. It has been
observed they can accomplish the reaction via a co-
oxidation pathway, e.g. phenoloxidase oxidizes the
endogenous diphenol and the resultant quinone (or
semiquinone) hydroxylates exogenous benzene [2,3].

From the aforementioned well grounded  fact
ensues the proposition that in plant cell the
functioning of the three mechanisms of xenobiotic
oxidation is simultaneous or substitutional.

The goal of the presented investigation was to
study nitrobenzene hydroxylation by monooxyge-
nase, peroxidase and phenoloxidase in subcellular
fractions and concretely to  reveal the enzymatic
systems responsible for xenobiotic transformations
in particular cell compartments.

2. MATERIALS AND METHODS

Selection of oxidation substrate. Nitrobenzene
was selected as the substrate of hydroxylation for
the following peculiarities:
1. It is chemically stable, autooxidation is not

characteristic.
2. Its transformation by oxidative enzymes is

achieved only via hydroxylation.
3. The alternative pathway of transformation is

reduction of nitro-groups to amino-groups which
is achieved only in anaerobic conditions excluded
in the current experiments.

4. Its aqueous solubility renders introduction of this
substrate into the incubation zone feasible and
eliminates the artefacts arising from xenobiotic
emulsions or suspensions.

5. The nitrobenzene molecule polarity sharply
differs from that of its hydroxy-derivatives,
making identification of these products easy.

Research objects.  7– 8 day old etiolated soybean
and maize root seedlings were used. Seeds were
swelled in water (soybean for 1 h, maize for 24 h).
Plants were moistened with running water daily and
maintained at 25–28 oC.

Isolation of subcellular fractions. The following
subcellular fractions were isolated from etiolated
seedlings by differential centrifugation [4]: rich
in plastids (5 000 g residue), rich in  mitochondria
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(at 17 000 g in our experiments the intactness of this
organelle was not important), microsomes (105 000 g
residue) and cytosol (105 000 g residue supernatant).
The isolation medium was 0.067 M phosphate buffer,
pH 7.4.

Nitrobenzene oxidation. The rate of nitrobenzene
oxidation was measured according to the quantity
of untransformed  nitrobenzene after incubation.
Nitrobenzene was incubated with the subcellular
fractions: the incubation volume (7 ml) contained
5 mg protein from the subcellular fraction, 0.24 mM
nitrobenzene, and 0.165 M phosphate buffer at
pH 7.4. During 30 min 1.54 mM NADPH, or
1.13 mM H2O2, or distilled water previously saturated
with oxygen at  4 oC were added every 5 min. The
reaction was stopped by 1 ml 30% trichloroacetic
acid, which  was added before incubation in the
controls.

The untransformed nitrobenzene in control and
test variants was estimated spectrophotometrically
from the difference between the extinction maximum
(310 nm) and minimum (265 nm). Each sample was
measured in comparison with the control not
containing nitrobenzene.

For the analysis of inhibition, 1 mM of sodium
azide, diethyldithiocarbamate and tiron—a super-
oxide radical scavenger (4,5-dihydroxy-1,3-benzene
disulphonic acid)—were added to the incubation
volume before incubation. For observation of the
effect of CO it was introduced rapidly into the
incubation volume 2 min before the reaction.

Thin layer chromatography. Nitrobenzene
hydroxylation products were identified on Kodak
silica gel plates in the solvent system benzene:
ethanol 95:5. In this system the Rf’s of m- and
p-nitrophenols equal respectively 0.63 and 0.53.

The chromatogram was developed by sulphanilic acid
disodium salt. The reaction developer contained 0.5 g
diazonium salt per 100 ml 8% sodium carbonate solution.

Electronmicroscopic analysis. For the histo-
chemical examination of peroxidase activity in plant
cells, some of the 7-day old seedlings were incubated
for 24 h in 0.154 mM nitrobenzene dissolved in water,
and some were used as the control. Fixation of the
root apex and incubation was carried out by the Geyer
method [5]. The material was cut on an LKB III
ultramicrotome  and observed in a Tesla BS-500
electron microscope.

3. RESULTS AND DISCUSSION

Nitrobenzene NADPH-dependent oxidation was
studied in subcellular fractions of soybean and maize.
For revelation of the catalytic rôle of cytochrome

P450  all subcellular fractions were saturated with
carbon monoxide (inhibitor of this hemoprotein). The
results obtained  are presented in Table 1.

CO in all cases blocks the assayed  NADPH-
dependent xenobiotic oxidation, corroborating the
participation of cytochrome P450-containing mono-
oxygenase in nitrobenzene oxidative degradation.

Adding hydrogen peroxide intensifies the nitro-
benzene oxidation reaction in all plant subcellular
fractions. This is especially evident in the cytosolic
and microsomal fractions (Table 2). Histochemical

Table 2. Rate of H2O2-dependent nitrobenzene oxidation
(µmol min–1 ( mg protein)–1) in maize and soybean root
subcellular fractions, and effects of azide and tiron.

tnalP tnairaV sditsalP -ohcotiM
airdn

-orciM
semos

losotyc

eneznebortiN
H+ 2O2

239.0 388.0 271.1 670.1

eneznebortiN
H+ 2O2 ediza+

048.0 099.0 212.1 641.1

eziaM eneznebortiN
H+ 2O2 norit+

090.0 710.0 308.0 566.0

eneznebortiN
H+ 2O2 ediza+

norit+

700.0 210.0 210.0 230.0

eneznebortiN
+ H2O2

468.0 357.0 522.1 990.1

eneznebortiN
H+ 2O2 ediza+

849.0 068.0 710.1 782.1

naebyoS eneznebortiN
H+ 2O2 norit+

402.0 450.0 309.0 426.0

eneznebortiN
H+ 2O2 ediza+

norit+

220.0 710.0 880.0 300.0

Table 1. Rate of NADPH-dependent nitrobenzene oxida-
tion (µmol min–1 ( mg protein)–1) in maize and soybean
root subcellular fractions, and the effect of CO

tnalP tnairaV sditsalP -ohcotiM
airdn

-orciM
semos

losotyc

eziaM
+eneznebortiN

HPDAN
544.0 370.0 066.0 851.0

+eneznebortiN
OC+HPDAN

440.0 0 360.0 610.0

naebyoS
+eneznebortiN

HPDAN
563.0 680.0 000.1 274.0

+eneznebortiN
OC+HPDAN

040.0 800.0 190.0 520.0

investigation of maize root apex cells confirms
oxidation by the peroxidase mechanism: it was
observed that in the control, enzymatic activity is
localized in the cell wall, plasmalemma and
tonoplast; in microsomes it was not detected at all
(fig. 1). After 24 h nitrobenzene action on roots,
enzymatic activity in the afore-listed structures was
sharply increased and the most interesting result was
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the manifestation of  high peroxidase activity in the
endoplasmic reticulum (fig. 2). This must have
resulted not only from induction. It may be supposed
that under the action of nitrobenzene,  transformation
of cytochrome P450 to peroxidase may take place.
This was proved in our previous investigations [6,7].
Besides, nitrobenzene oxidation is not decreased by
adding  NaN3, which points to the fact that the
peroxidase mechanism is not the only one of
oxidation. The participation of free radicals formed
from hydrogen peroxide during oxidation could not
be excluded.  This is corroborated by the significant
decrease of nitrobenzene oxidation rate in the
presence of  tiron  (a superoxide radical scavenger)
(Table 3). The maximum inhibition of the process
occurring during the simultaneous action of  NaN3
and tiron points to nitrobenzene oxidation occurring
by both peroxidase and radical mechanisms.

The existence of a non-enzymatic (radical)
pathway of nitrobenzene transformation is confirmed

by identification of the oxidation products: it was
observed that in this case m-and p- nitrophenols were
the products.

The action of the nitro-group makes the aromatic
m-hydrogen atom of nitrobenzene more reactive.
Therefore, in this position less energy is needed for
hydroxylation than in the p-position. Hence,
m-hydroxylation presumedly proceeds enzymatically
and p-hydroxylation via active, high energy, forms
of oxygen.

Upon addition of diethyldithiocarbamate
(phenoloxidase inhibitor) O2-dependent oxidation
intensity of nitrobenzene practically did not change;
as for tiron, it strongly blocked enzymatic activity in
subcellular fractions as well as in the cytosol. Under
the simultaneous action of DDC and tiron
nitrobenzene oxidation was significantly suppressed
in all subcellular fractions . It was observed that
when radical processes are blocked by tiron, only
nitrobenzene ezymatic oxidation occurs.

Figs 3 and 4 summarize the scheme of nitro-
benzene oxidizing enzymes’ intracellular distribution
on the basis of the obtained results.

4. CONCLUSIONS

1.In soybean and maize roots nitrobenzene
hydroxylation via monooxygenase procceds most
intensively in the microsomal fraction. The reaction
is catalyzed by cytochrome P450 in the presence of
NADPH and m-nitrophenol is formed as a product.

2.The peroxidase pathway of nitrobenzene
oxidation is the most active in microsomes and
cytosol. In parallel to the H2O2-dependent enzymatic
oxidation, the non-enzymatic hydroxylation of

ER

Figure 2. Histochemical  reaction products: electron dense
precipitates in endoplasmic reticulum (ER). Test (grown
on 0.154 mM nitrobenzene solution). × 36000.

Table 3. Rate of O2 -dependent nitrobenzene oxidation
(µmol min–1 ( mg protein)–1) in maize and soybean root
subcellular fractions, and effects of diethyldithiocarbamate
(DDC) and tiron

tnalP tnairaV sditsalP -nohcotiM
aird

orciM
semos

losotyc

eneznebortiN 492.0 513.0 344.0 078.0

eziaM
eneznebortiN

CDD+
743.0 033.0 274.0 219.0

eneznebortiN
norit+

961.0 800.0 890.0 526.0

eneznebortiN
norit+CDD+

700.0 300.0 520.0 210.0

eneznebortiN 264.0 514.0 226.0 169.0

naebyoS
eneznebortiN

CDD+
094.0 564.0 516.0 049.0

eneznebortiN
norit+

722.0 820.0 242.0 817.0

eneznebortiN
norit+CDD+

940.0 700.0 580.0 900.0

CW

PL

V

Figure 1. Histochemical  reaction products: electron dense
precipitates in cell wall (CW), plasmalemma (PL) and
tonoplast. Control variant (grown on H2O). × 16000.
V:  vacuole.
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nitrobenzene by free radicals occurs, resulting in the
formation of p- and m-nitrophenols.

3.The phenoloxidase pathway of nitrobenzene
oxidation is highly effective in the cytosol.O2-dependent
nitrobenzene transformation is also accomplished non-
enzymatically by free radicals and similarly the reaction
products are m- and p-nitrophenols.

4.A significant difference regarding the nitro-
benzene oxidation mechanisms between the assayed
plants was not detected.

It can be supposed that the selection and operation
of the oxidation mechanisms are regulated generally
by the concentrations of NADPH, H2O2 and O2.
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Figure 3. Distribution of nitrobenzene oxidizing enzymes
in maize subcellular fractions.
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Figure 4. Distribution of nitrobenzene oxidizing enzymes
in soybean subcellular fractions.
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