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A bacterium capable of utilizing fenitrothion (O,O-dimethyl O-4-nitro-m-tolyl phosphorothioate) as a sole
carbon source was isolated from fenitrothion-treated soil. This bacterium was characterized taxonomically as
being a member of the genus Burkholderia and was designated strain NF100. NF100 first hydrolyzed an organo-
phosphate bond of fenitrothion, forming 3-methyl-4-nitrophenol, which was further metabolized to methylhy-
droquinone. The ability to degrade fenitrothion was found to be encoded on two plasmids, pNF1 and pNF2.

Organophosphorus insecticides such as fenitrothion (O,O-
dimethyl O-p-nitro-m-tolyl phosphorothioate) and parathion
(O,O-diethyl O-p-nitrophenyl phosphorothioate) are used all
over the world for controlling a wide range of insects. These
insecticides are potent inhibitors of cholinesterase and can
thus be hazardous as a result of runoff from areas of applica-
tion. Microbial degradation is considered to be a major factor
determining the fate of organophosphorus insecticides in the
environment. Studies of microbial degradation are useful in
the development of strategies for the detoxification of the
insecticides by microorganisms (14). While there have been
many reports of isolation and characterization of bacterial
species cometabolically hydrolyzing organophosphorus insec-
ticides (3), reports of bacterial species that utilize an insecti-
cide as a sole source of carbon and energy for growth have
been limited to date (15–17). On the other hand, it is well
known that plasmids can endow bacterial species with the
ability to degrade various man-made organic compounds (18).
Catabolic plasmids have been thought to play an important
role in the evolution of pesticide-degrading ability in microor-
ganisms (3, 18). A plasmid encoding the gene for hydrolysis of
parathion to 4-nitrophenol has been found in Pseudomonas
diminuta (19) and Flavobacterium sp. (13). However, there
have been only a few studies of plasmid-associated organo-
phosphorus insecticide degradation.

In the present study, we isolated and characterized a Burk-
holderia sp. strain capable of utilizing fenitrothion as a sole
source of carbon. In addition, we demonstrated that the deg-
radative capability of the isolate is associated with the two
plasmids harbored by this bacterium.

Isolation and identification. A fenitrothion-degrading bac-
terium was isolated from soil that had been exposed to feni-
trothion for at least 2 years. The fenitrothion-exposed soil was
suspended in sterilized distilled water, and its diluted suspen-
sions were sprayed on plates of MMFF agar, which is minimal
medium (MM) (8) containing 0.8% fenitrothion emulsion
(consisting of 50% fenitrothion) and 2% agar. After a few days
of incubation at 30°C, microbial colonies became visible, and a
clear halo appeared around a colony capable of degrading
fenitrothion. We selected and purified a colony that was able to
use fenitrothion as a sole source of carbon, and this was des-

ignated strain NF100. Strain NF100 was identified on the basis
of morphological, physiological, and biochemical characteriza-
tions. The guanine plus cytosine (G1C) content of bacterial
DNA was determined as described by Tamaoka and Komagata
(23). Quinone type was determined by high-performance liq-
uid chromatography (HPLC). The 16S rRNA gene was ampli-
fied by PCR, and the nucleotide sequences of the purified PCR
products were determined as described previously (9). Taxo-
nomic properties of NF100 were as follows: cell morphology, a
motile straight rod with dimensions of 1.2 to 2.0 mm in length
and 0.5 to 0.8 mm in width and having a single polar flagellum;
Gram stain, negative; oxidase and catalase production, posi-
tive; nitrate reduction, positive; urease production, negative;
G1C content, 62.5% 6 2.5%; and major quinone type, ubiqui-
none Q8. The following additional tests or reactions were
positive: acid production from glycerol, adonitol, L-arabinose,
fructose, D-glucose, D-galactose, inositol, lactose, mannitol,
mannose, melibiose, rhamnose, ribose, sorbitol, trehalose, xy-
lose, and growth on succinate, gluconate, malonate, citrate,
and malate. The following additional tests or reactions were
negative: acid production from cellobiose, erythritol, inulin,
maltose, raffinose, salicin, sorbose, sucrose, and starch; growth
on maleate and propionate; production of H2S, indole, and
acetoin; and hydrolysis of esculin, gelatin, starch, Tween 80,
casein, and cellulose. The isolate grew at 37°C, but growth was
negligible at 42°C; it did not require supplementation of vita-
mins in the growth medium. About 1,492 bases of 16S rRNA of
NF100 were determined. A phylogenetic tree was constructed
from evolutionary distances by the neighbor-joining method
(data not shown). Following phylogetic analysis, strain NF100
was placed in a cluster making up the genus Burkholderia. The
highest degree of similarity found, 97%, was obtained with the
16S rRNA genes of Burkholderia cepacia (DDBJ accession no.
AF097532), B. vietnaminensis (AF097534), and B. multivorans
(AF097531). Based on these observations (24), the isolate was
identified as a Burkholderia sp. and designated strain NF100.

Metabolism of fenitrothion. To determine the degradation
pathway of fenitrothion, NF100 was inoculated into MM con-
taining 0.4 mM fenitrothion and incubated at 30°C on a recip-
rocal shaker. Samples of culture medium were periodically
withdrawn and analyzed. Growth of NF100 was measured as
the increase in absorbance at 540 nm by spectrophotometry.
Fenitrothion and its metabolites were identified and measured
by HPLC, using a Shimazu model 6A high-performance liquid
chromatograph with a diode array detector. The samples were
injected into a C18 column (Develosil ODS, 0.6-cm internal
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diameter, 20 cm long; Nomurakagaku Co., Aichi, Japan) at a
flow rate of 1.0 ml/min. Retention times and UV spectra of the
sample peaks were compared with those of known standards.
Nitrite was determined by the modified Griess-Ilosvay method
(11). The concentrations of fenitrothion and its metabolites
and culture growth were observed for 15 h after inoculation of
the medium (Fig. 1). NF100 completely hydrolyzed the added
fenitrothion in the initial 3 h without detectable growth.
3-Methyl-4-nitrophenol levels increased and then disappeared
completely at between 1 and 13 h of growth, and methylhyd-
roquinone was detected in the culture during the logarithmic
growth phase. Nitrite production continued during the loga-
rithmic phase and ceased upon entry into stationary phase.
These observations indicated that the metabolism of fenitro-
thion in NF100 was initiated by its hydrolysis to 3-methyl-4-
nitrophenol, which was metabolized to nitrite and methylhyd-
roquinone, the substrate for oxygenase-catalyzed ring fission.

Hydrolysis and utilization of organophosphate insecticides
by NF100 were examined on the basis of growth in MM con-
taining an organophosphate insecticide as the carbon source.
NF100 was inoculated into MM containing a 0.5 mM concen-
tration of an organophosphate insecticide and incubated at
30°C on a reciprocal shaker for 24 h. The concentration of the
insecticide and growth of NF100 in the culture were measured
as described above. The following insecticides were used:
methyl parathion (O,O-dimethyl O-p-nitrophenyl phosphoro-
thioate), parathion, EPN (o-ethyl O-p-nitrophenyl phenylphos-
phonothioate), diazinone [O,O-diethyl O-2-isopropyl-4-meth-
yl-6-pyrimidinylthiophosphate, and malathion [S-1,2-bis
(ethoxycarbonyl)ethyl O,O-dimethyl phosphorodithioate]. NF100
hydrolyzed methyl parathion, parathion, and ENP to 4-nitro-
phenol, which was further metabolized as a carbon source. The
strain also hydrolyzed diazinone but could not utilize its me-
tabolites. Malathion was not hydrolyzed by NF100.

Plasmid curing. The ability of strain NF100 to utilize feni-
trothion was unstable and was lost irreversibly. The ability of
bacteria to degrade some pesticides is known to be controlled
often by plasmids (18). Thus, NF100 was examined for its
plasmid content by the alkaline sodium dodecyl sulfate plasmid
extraction method (2) and agarose gel electrophoresis. The
molecular sizes of the plasmids were determined by analysis of

their digestion patterns after treatment with restriction en-
zymes BamHI and PstI. The total size of each plasmid was
estimated by comparing the electrophoretic mobilities of the
fragments with those of lambda DNA digestion products of
known sizes. NF100 was found to harbor two large-molecular-
size plasmids, designated pNF1 (105 kb) and pNF2 (33 kb)
(Fig. 2, lane 1). To confirm that fenitrothion metabolism is
controlled by pNF1 and pNF2, we examined the correlation of
loss of fenitrothion degradative ability with plasmid removal. A
curing experiment with mitomycin C, which is the agent used
for curing Pseudomonas and related genera of plasmids, was
conducted as described previously (9). When NF100 was
treated with mitomycin C, 2% of the treated cells lost their
fenitrothion-hydrolyzing activity. The cells unable to hydrolyze
fenitrothion either were carrying a smaller plasmid termed
pNFD2 or had lost pNF2 (Fig. 2, lanes 2 and 3). These cured
strains, NF101(pNF1, pNF2D) and NF102(pNF1), simulta-
neously lost their ability to hydrolyze methyl parathion (Table
1). Restriction analysis of pNF2 and pNF2D revealed that a
portion of approximately 13 kb was deleted from pNF2, with
the concomitant loss of fenitrothion hydrolase activity. A phe-
notypic property correlating with the presence of pNF2 was
fenitrothion-hydrolyzing activity (Fed1). The ability to utilize

FIG. 1. Utilization of fenitrothion as a sole source of carbon for growth by
Burkholderia sp. strain NF100. Symbols: h, optical density of the culture at 540
nm (O.D. 540); ■, fenitrothion; {, 3-methyl-4-nitrophenol; E, methylhydroqui-
none; ‚, nitrite.

FIG. 2. Agarose gel electrophoresis of plasmids from strain NF100 and its
plasmid-cured derivatives. Lanes: 1, NF100(pNF1, pNF2); 2, NF101(pNF1,
pNFD2); 3, NF102(pNF1); 4, NF103(pNF2); 5, NF104(pNFD2).

TABLE 1. Growth responses and plasmid contents of NF100 and
its derivatives

Straina Plasmid(s)
contained

Growthb on carbon sourcec

FNT MP 3M4N 4N MHQ HQ

NF100 pNF1, pNF2 1 1 1 1 1 1
NF101 pNF1, pNFD2 2 2 1 1 1 1
NF102 pNF1 2 2 1 1 1 1
NF103 pNF2 2 1 2 1 2 1
NF104 pNFD2 2 2 2 1 2 1
NF1023 pNF2 2 1 2 1 2 1
NF1033 pNF1 2 2 1 1 1 1
NF1023E pNF1, pNF2 1 1 1 1 1 1
NF1033T pNF1, pNF2 1 1 1 1 1 1

a Strain descriptions: NF100, wild type; NF101 to NF104, cured strains;
NF1023 and NF1033, spontaneous mutants (Rifr Strr) of NF102 and NF103,
respectively; NF1023E, transformant of NF1023 (via electroporation with
pNF2); NF1033T, transconjugant of NF1033 (via mating with NF100).

b 1, growth; 2, no growth.
c Carbon source abbreviations: FNT, fenitrothion; MP, methyl parathion;

3M4N, 3-methyl-4-nitrophenol; 4N, 4-nitrophenol; MHQ, methylhydroquinone;
HQ, hydroquinone.
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3-methyl-4-nitrophenol and methylhydroquinone was lost in
0.5% of cells treated with mitomycin C. These cured strains,
NF103 and NF104, had lost pNF1 (Fig. 2, lanes 4 and 5),
indicating that a phenotypic property correlating with the pres-
ence of pNF1 is utilization of methylhydroquinone (Mhq1)
(Table 1). Both of these cured strains, NF102(pNF1) and
NF103(pNF2), retained their ability to liberate nitrite from
3-methyl-4-nitrophenol and to utilize 4-nitrophenol and hydro-
quinone as sole sources of carbon (Table 1), indicating that the
oxidative pathway for removal of the nitro group and the hy-
droquinone-degrading pathway are encoded by the chromo-
some.

Mating and electroporation. To further establish the roles of
pNF1 and pNF2 in fenitrothion metabolism, a mating experi-
ment was performed by the filter mating method as described
previously (9). Spontaneous rifampin-resistant (Rifr) and
streptomycin-resistant (Strr) mutants of NF102 and NF103
were isolated and designated NF1023 and NF1033, respec-
tively. Conjugal transfer of pNF2 into NF1023(pNF1) (Fed2

Mhq1 Strr Rifr) was not successful. Therefore, NF1023 was
transformed with pNF2 by electroporation. The pNF2 DNA
purified from NF103 was transformed into NF1023 by using a
Gene Pulser (Bio-Rad, Richmond, Calif.). Electrocompetent
cells prepared by extensive washing with a 10% glycerol solu-
tion were mixed with the pNF2, and the mixture was electri-
cally pulsed at 400 V, 25 mF, and 2.5 kV in accordance with the
manufacturer’s instructions. The electroporation enabled
NF1023 to hydrolyze fenitrothion. No differences in the feni-
trothion-hydrolyzing abilities of wild-type NF100 and NF1023
transformed with pNF2 (NF1023E) were observed (Table 1).
A plasmid similar to pNF2 was recovered from the transfor-
mant NF1023E (Fig. 3, lane 4). On the other hand, the Mhq1

phenotype was successfully introduced via filter mating into
NF1033(pNF2) (Fed1 Mhq2 Strr Rifr), using NF100 donors
(Table 1). The frequency of plasmid transfer from NF100 to
NF1033 ranged from 1026 to 1025 per donor cell. All of the
NF1033T transconjugants (Table 1) were able to utilize meth-
ylhydroquinone and harbored pNF1 (Fig. 3, lane 5), indicating
that methylhydroquinone degradation is mediated by pNF1.
These observations indicated that both pNF1 and pNF2 were
needed to metabolize fenitrothion and that pNF2 was needed

to metabolize methyl parathion (Fig. 4). We concluded that
pNF2 encodes a fenitrothion-hydrolyzing activity, that pNF1
encodes a methylhydroquinone-degrading activity, and that the
oxidative pathway for removal of the nitro group from nitro-
phenol is not mediated by the two plasmids. These conclusions
were supported by the following observations: (i) the loss of
pNF1 and pNF2 from NF100 via mitomycin C treatment co-
incided with the loss of methylhydroquinone-degrading and
fenitrothion-hydrolyzing abilities, respectively; (ii) the subse-
quent introduction of pNF1 into NF1033 and pNF2 into
NF1023 resulted in reestablishment of the ability to degrade
methylhydroquinone and the ability to hydrolyze fenitrothion,
respectively; (iii) both cured strains NF102(pNF2) and
NF103(pNF1) retained the capability of oxidative removal of
the nitro group from nitrophenol; and (iv) the plasmid profiles
in strain NF100 and other derivatives used in the experiments
(points i to iii above) were confirmed by agarose gel electro-
phoresis (Fig. 2 and 3).

Many bacteria that metabolize organophosphorus insecti-
cides have been isolated from soils. However, only a few of
these bacteria were found to carry a plasmid encoding an
insecticide-hydrolyzing enzyme. Two bacterial strains from the
closely related genera Pseudomonas and Flavobacterium en-
code organophosphorus insecticide hydrolase (opd) genes on
large plasmids (13, 19). Characteristics of the opd gene and
properties of the hydrolase have been extensively studied (6, 7,
10, 12, 20). In the present study, NF100 was found to carry a
plasmid encoding a fenitrothion-hydrolyzing enzyme. The few
microorganisms capable of hydrolyzing organophosphorus in-
secticides can utilize one or more hydrolysis products as carbon
or nutrient sources (15–17). Formation of 4-nitrophenol via
hydrolysis of methyl parathion has been reported by several
authors (1, 4, 16, 17). NF100 was able to utilize 3-methyl-4-
nitrophenol and 4-nitrophenol, which are hydrolysis products
of fenitrothion and methyl parathion, respectively. A variety of
species able to utilize nitrophenol as a carbon source have been
isolated by researchers (4, 5, 14, 16, 17, 21). The initial step in
the bacterial degradation of 4-nitrophenol was shown to be
oxidative removal of the nitro group, resulting in the formation
of hydroquinone (17, 21, 22). Hydroquinone is further hy-
droxylated to 1,2,4-benzenetriol prior to ring fission in Pseudo-
monas putida (17). However, Spain and Gibson (22) indicated

FIG. 3. Agarose gel electrophoresis of plasmids from recipient strains,
transconjugants, and transformants. Lanes: 1, NF100 (wild-type strain); 2,
NF1033 (recipient strain); 3, NF1023 (recipient strain); 4, NF1023E (transfor-
mant of NF1023 [via electroporation with pNF2]); 5, NF1033T (transconjugant
of NF1033 [via mating with NF100]).

FIG. 4. Proposed pathways of fenitrothion and methyl parathion degradation
by Burkholderia sp. strain NF100. Fed(pNF2), fenitrothion-hydrolyzing activity
encoded on pNF2; Nto(chromosome), nitro group-removing oxidative pathway
encoded on the chromosome; Mhq(pNF1), methylhydroquinone-degrading abil-
ity encoded on pNF1; Hqn(chromosome), hydroquinone-degrading ability en-
coded on the chromosome.

VOL. 66, 2000 FENITROTHION DEGRADATION BY A BURKHOLDERIA SP. 1739



that hydroquinone was directly cleaved to b-ketoadipic acid via
t-hydroxymuconic semialdehyde and maleylacetic acid in a
Moraxella species. Nitrite and methylhydroquinone were de-
tected in fenitrothion-treated cultures of NF100, indicating
that NF100 has the oxidative nitrite group-removing pathway.
Methylhydroquinone may be further metabolized through ei-
ther Moraxella (22)- or P. putida (17)-type ring fission. A num-
ber of plasmids encoding the degradation pathway of hydro-
carbons such as toluene and naphthalene were isolated from
natural habitats or in selective enrichment studies. However,
there are very few plasmids encoding methylhydroquinone-
degrading enzymes as does the plasmid pNF1 isolated in the
present study.

Although a number of plasmid-mediated xenobiotic-com-
pound degradations have been described in the literature (18),
such degradation pathways are in most cases encoded on a
single plasmid in a microbial cell. Burkholderia sp. strain
NF100, isolated in the present study, has a fenitrothion deg-
radation pathway encoded on two plasmids, pNF1 and pNF2
(Fig. 4). In the fenitrothion-treated soil used in the present
study, dissemination of the catabolic plasmid may have led to
the rapid evolution of a strain capable of utilizing fenitrothion
as a carbon source. The combination of pNF1 and pNF2 lead-
ing to total degradation of fenitrothion is an example of the
role of various degradative plasmids in the total mineralization
of some pesticides.

Nucleotide sequence accession number. The 16S rRNA gene
sequence of strain NF100 has been deposited in the DDBJ
database under accession no. AB025790.
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