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A bacterium capable of utilizing carbaryl (1-naphthyl N-methylcarbamate) as the sole carbon source was
isolated from carbaryl-treated soil. This bacterium was characterized taxonomically as Arthrobacter and was
designated strain RC100. RC100 hydrolyzes the N-methylcarbamate linkage to 1-naphthol, which was further
metabolized via salicylate and gentisate. Strain RC100 harbored three plasmids (designated pRC1, pRC2, and
pRC3). Mutants unable to degrade carbaryl arose at a high frequency after treating the culture with mitomycin
C. All carbaryl-hydrolysis-deficient mutants (Cah™) lacked pRC1, and all 1-naphthol-utilization-deficient
mutants (Nat™) lacked pRC2. The plasmid-free strain RC107 grew on gentisate as a carbon source. These two
plasmids could be transferred to Cah™ mutants or Nat™ mutants by conjugation, resulting in the restoration

of the Cah and Nah phenotypes.

Each year, pesticides are manufactured and used in massive
quantities, and toxicity remains a major environmental prob-
lem associated with pesticide usage. Carbamate pesticides,
such as carbaryl, comprise the major proportion of agricultural
pesticides used in today’s agricultural industry. Microorgan-
isms capable of degrading carbamate pesticides are thought to
play a significant role in the breaking down and detoxifying
pesticides in the environment. These microorganisms have re-
ceived considerable attention because of their potential use in
pesticide waste detoxification as well as their effect on the fate
of carbamate pesticides in the environment. Thus, there are
many reports on the isolation and characterization of carb-
amate-pesticide-degrading microorganisms (5, 18, 25).

The involvement of naturally occurring plasmids in the deg-
radation of synthetic organic compounds has been extensively
documented (23). The dissemination of biodegradative genes
by bacterial plasmids has led to the rapid evolution of certain
specialized strains capable of using these xenobiotic com-
pounds as substrates (17). The extensive use of carbamate
pesticides in agriculture has induced the rapid evolution and
dissemination of specific degradative pathways for the com-
pound in soil bacteria (8). Recently, plasmids involved in pes-
ticide degradation have also been recognized by several inves-
tigations, and the genes for the degradation of phenmedipham
(22), EPTC (26), carbofuran (9, 21, 28), bromoxynil (24), and
parathion (19) were identified on the plasmids. Thus, plasmids
are thought to play important roles in the evolution of pesti-
cide-degrading capabilities. However, little is known of the
plasmid-mediated degradation of carbamate pesticides. Our
interest has been the degradation of carbaryl (1-naphthyl N-
methylcarbamate), which is one of the most commonly used
carbamate pesticides for the control of a wide variety of insect
pests. Carbaryl is known to be metabolized by microorganisms
belonging to a variety of bacterial genera, such as Achro-
mobacter (25), Blastobacter (12), and Pseudomonas (3, 4).
However, there are no reports of plasmid-associated carbaryl
degradation.
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In this report, we describe the isolation and characterization
of an Arthrobacter strain capable of utilizing carbaryl as the sole
source of carbon. Furthermore, we demonstrate that the pathway
of carbaryl degradation was encoded on two distinct plasmids.

MATERIALS AND METHODS

Isolation and culture conditions. The bacterial strains were stored on nutrient
agar plates. Minimal medium (MM) (12) containing 1.0 mM carbaryl was used
(MMC), as well as MM containing 1.0 mM salicylate (MMS) and MM supple-
mented with 0.2% glucose, 0.4% Bacto Tryptone, and 0.2% yeast (MMGTY).
Liquid cultures were shaken at 120 rpm in a reciprocal shaker at 30°C.

Strain RC100 was isolated by enrichment culture techniques using an inocu-
lum of carbaryl-treated soil collected from agricultural fields with histories of
carbaryl application. A 10-g carbaryl-treated soil sample was suspended in 100 ml
of MMC. The suspension was incubated at 30°C for 2 days and then transferred
to fresh MMC. Following growth in medium for two serial transfers, the culture
was spread onto MMC agar plates. We selected a colony that utilized carbaryl as
a sole source of carbon. This was designated isolate RC100. Spontaneous ri-
fampin-resistant (Rif") and streptomycin-resistant (Str") mutants of RC100 were
isolated by plating MMGTY-broth-grown cells on nutrient agar supplemented
with 25 pg of rifampin or streptomycin per ml.

Bacterial strains isolated, used, and derived and their plasmids and relevant
phenotypes are shown in Table 1.

Taxonomic identification. The strain was identified on the basis of classifica-
tion schemes published in Bergey’s Manual of Systematic Bacteriology (14). The
guanine plus cytosine (G+C) content of bacterial DNA was determined as
described by Tamaoka and Komagata (27). The quinone type of the strain was
determined by high-performance liquid chromatography (HPLC) with the ref-
erence standards. For sequencing of the 16S rRNA gene of RCI100, total
genomic DNA was prepared from strain RC100 by a standard phenolic extrac-
tion procedure. A portion of DNA (ca. 100 ng) was used in the PCR to amplify
the 16S rRNA gene with two eubacterial primers, pA and 1492r (7). The result-
ing PCR products were purified with QTAquick spin columns (Qiagen, Valencia,
Calif.). The nucleotide sequences of the products were determined by automated
fluorescent dye primer sequencing with an SQ5500 sequencer (Hitachi Instru-
ments Service Co., Ltd., Tokyo, Japan). The forward sequencing primers
spanned positions 1094 to 1112 and the reverse primers spanned positions 536 to
518, 805 to 786, 1111 to 1093, and 1406 to 1389 (numbered as for the E. coli 16S
rRNA gene) (13). Computer analysis was performed with DDBJ software pack-
ages. The sequence of the 16S rRNA of the bacteria was compared with other
available 16S rRNA sequences by using the BLAST search option of the DDBJ
database to determine the closest phylogenetic neighbors.

Carbaryl hydrolase activity. Cells were grown in MMGTY for 24 h and then
were harvested by centrifugation (10,000 X g, 15 min, 4°C). The cells were
washed twice with 50 mM potassium phosphate buffer (pH 7.0). The cell paste
was resuspended in the same buffer and then disrupted by sonication for 20 min
at 0°C. Cellular debris was removed by centrifugation (10,000 X g, 15 min, 4°C).
Carbaryl hydrolase in the cell extract was assayed in a reaction mixture contain-
ing 250 wM carbaryl, 50 mM potassium phosphate buffer (pH 7.0), and the cell
extract in a total volume of 1.0 ml. The reaction was started by the addition of cell
extract and carried out at 30°C. The reaction was stopped, and the yielded
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TABLE 1. Bacterial strains

Plasmid content

Strain Relevant phenotype” Source
pRC1 pRC2 pRC3

RC100 + + + Cah™* Car™ Nat" Sal” Gen™ Wild-type strain
RC101 + + - Cah™ Car™ Nat* Sal* Gen™ Spontaneous
RC102 + - + Cah* Car™ Nat™ Sal~ Gen™ Mitomycin C treatment of RC100
RC103 - + + Cah™ Car™ Nat* Sal* Gen™ Mitomycin C treatment of RC100
RC104 + - - Cah* Car™ Nat™ Sal~ Gen™ Mitomycin C treatment of RC101
RC105 - + - Cah™ Car™ Nat* Sal* Gen™ Mitomycin C treatment of RC101
RC1053 - + - Cah~ Car~ Nat* Sal* Gen™ Rif" Str* Rif", Str* derivatives of RC105
RC106 - - + Cah™ Car™ Nat™ Sal~ Gen™ Spontaneous
RC107 - - - Cah™ Car™ Nat™ Sal~ Gen™ Mitomycin C treatment of RC104
RC1073 - — — Cah™ Car™ Nat™ Sal™ Gen™ Rif" Str* Rif", Str* derivatives of RC107
RC1453 + + - Cah™ Car™ Nat* Sal” Gen™ Rif" Str" Conjugation (RC104 X RC1053)
RC1473 + - - Cah™ Car™ Nat™ Sal~ Gen™ Rif" Str" Conjugation (RC104 X RC1073)
RC1573 - + - Cah™ Car™ Nat* Sal” Gen™ Rif" Str" Conjugation (RC105 X RC1073)

“ Phenotype designations: Car™*, Nat™, Sal*, and Gen™, abilities to grow on carbaryl, 1-naphthol, salicylic acid, and gentisic acid, respectively, as a sole source of
carbon; Str' and Rif”, resistance to streptomycin and rifampin, respectively; Cah™, ability to hydrolyze carbaryl.

1-naphthol was quantified by a previously described method (12). Five carbamate
pesticides were tested to determine substrate specificity by using the above
reaction mixture containing a pesticide instead of carbaryl. After 30 min of
incubation, hydrolysis of the substrate was measured by HPLC.

Plasmid curing. Mitomycin C was added to a final concentration of 0.6 pug/ml
of MMGTY broth culture of the isolate at an optical density at 540 nm (ODs,)
of about 0.04. The culture was shaken at 30°C for 18 h. Samples from the culture
that showed some growth were then diluted and spread on nutrient plates.
Colonies able to hydrolyze carbaryl to 1-naphthol were identified by spraying the
colony with 0.5 mM carbaryl and 0.01% fast blue B salt dissolved in sterilized
distilled water. The carbaryl-hydrolysis-positive colony quickly turned brown. All
of the mutants lacking the ability to utilize 1-naphthol also lost the ability to
utilize salicylate, and the 1-naphthol-utilizing strain was not able to form a visible
colony on the MM containing 1-naphthol. To test the ability of 1-naphthol
utilization, the colonies on nutrient agar plate were replicated on an MMS agar
plate.

Mating. The donor and recipient strains were cultivated separately in 2 ml of
MMGTY for 18 h at 25°C. The cultures were combined at a donor-to-recipient
ratio of 1:1, and a 4-ml sample was filtered onto a sterile acetate cellulose filter
(0.2 wm pore size). Filters were transferred to a nutrient agar plate and incu-
bated at 25°C for 24 h. The cells on the filter were suspended in MM, and
appropriate dilutions were plated on selection plates. For transfer of the carbaryl
hydrolysis phenotype, selection was performed on nutrient agar or MMC agar
plates containing streptomycin (25 pg/ml). For transfer of the 1-naphthol-utili-
zation phenotype, selection was performed on MMS agar plates containing
streptomycin (25 pg/ml). Carbaryl hydrolase activity was detected by the same
methods as described in the curing section.

Plasmid detection. Plasmids from strain RC100 and transconjugants were
isolated by a modification of the method of alkaline-sodium dodecyl sulfate
extraction (2, 11). Restriction endonuclease digestion of plasmid DNA was
performed by following the instructions of the manufacturer. Electrophoresis in
0.7% agarose was carried out at 80 V for 2 h, and plasmid DNA was visualized
by ethidium bromide staining.

Oxygen uptake. Cells were harvested at the end of the logarithmic growth
phase by centrifugation (15 min at 10,000 X g), washed with 20 mM potassium
phosphate buffer (pH 7.0), and resuspended in the same buffer. Oxygen uptake
rates were measured with an electrode (Yellow Springs Instrument Co., Yellow
Springs, Ohio) mounted to a reaction vessel maintained at a constant tempera-
ture (30°C). The assay mixture contained 0.1 ml of the cell suspension (ODsy, =
5) and 1.9 ml of the phosphate buffer. The reaction was started by injecting
substrate as a concentrated solution (0.5 mmol per ml of acetone), and specific
oxygen consumption rates were corrected for endogenous uptake. There was no
effect of acetone on oxygen consumption in the concentration range examined.

Analysis. Pesticide concentration was determined by HPLC with an ODS-C18
column (1.1 by 25 mm; Tosho Co.), and detection was based on absorption at 220
nm. The eluant for pesticide was acetonitrile-water (50:50 by volume; pH 2.0)
with a flow rate of 1.0 ml/min. Metabolites of carbaryl were identified by HPLC
performed with a device equipped with a diode array detector. Retention times
and UV spectra of the sample peaks were compared with those of known
standards prepared in MM. Optical densities of cell suspensions were measured
at 540 nm.

Chemicals. Analytical grade carbaryl, xylylcarb (3,4-xylyl-N-methylcarbamate),
propoxur (2-isopropoxyphenyl-N-methylcarbamate), metolcarb (3-tolyl-N-meth-
ylcarbamate), XMC (2,4-xylyl-N-methylcarbamate), and swep (methyl-3,4-di-
chlorocarbanilate) were purchased from Wakojunyaku Co. (Tokyo, Japan). All
other chemicals were of analytical grade and available commercially.

Nucleotide sequence accession number. The 16S rDNA sequences of the strain
RC100 have been deposited in the DDBJ under accession no. AB017354.

RESULTS

Isolation and identification. The enrichment procedure gen-
erated a pure culture, designated RC100, that was able to grow
on carbaryl as a sole source of carbon. Strain RC100 was gram
positive and nonmotile. The cells were pleomorphic long rods,
and some showed rather prominent branching at the log phase.
V formation was observed during cell division. At the station-
ary phase, the cells were coccoid. The strain was catalase pos-
itive, oxidase negative, and urease positive. The strain metab-
olized glucose oxidatively and did not reduce nitrate. The
moles percentage of G+C of bacterial DNA was 62.3%, and
the quinone type was menaquinone. RC100 was able to utilize
for growth the following compounds as the carbon source:
glucose, mannose, melibiose, raffinose, fructose, sorbitol, xy-
lose, glycerol, and mannitol. RC100 was not able to grow on
arabinose, sorbose, erythrose, and Simmons citrate. Sequenc-
ing of the 16S rRNA gene and comparison with previously
published 16S rRNA gene sequences resulted in the classifi-
cation of the isolate as a member of the genus Arthrobacter
(data not shown). The highest degree of similarity found was
96.9%, which was the value obtained with the 16S rRNA gene
of an Arthrobacter globiformis (DDBJ accession no. X80736).
Based on these observations, the isolate was identified as Ar-
throbacter sp. strain RC100.

Mineralization and metabolism of carbaryl. Figure 1 shows
the time course of carbaryl utilization by strain RC100 in
medium containing 0.4 mM carbaryl. Growth was accompa-
nied by the degradation of carbaryl, and carbaryl completely
disappeared after 48 h of cultivation. Chemical hydrolysis of
carbaryl could account for disappearance of small amounts of
carbaryl in the noninoculated medium. The doubling time of
strain RC100 growing in MMC was estimated to be approxi-
mately 8 h. The two metabolites detected in the culture super-
natants after 4 h of incubation were identified as 1-naphthol
and salicylic acid on the basis of their HPLC properties and
UV spectra. Utilization of aromatic compounds by the strain
was examined on the basis of growth in MM containing an
aromatic compound as the carbon source at 0.5 mmol/liter.
Arthrobacter sp. RC100 grew on carbaryl, salicylic acid, and
1-naphthol. It additionally grew on gentisic acid, protocate-
chuic acid, salicylaldehyde, and 2-naphthol but did not utilize
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FIG. 1. Utilization of carbaryl as the sole source of carbon for growth by
Arthrobacter sp. strain RC100. Symbols: @, ODs,, of the culture; m, carbaryl
concentration in the medium; A, carbaryl concentration in an uninoculated
control.

naphthalene, benzoic acid, catechol, phenol, propoxur, xylyl-
carb, and XMC. Strain RC100 was able to utilize methylamine
as a sole carbon source or a sole nitrogen source. Methylamine
was liberated by the hydrolysis of the carbamate side chain of
carbaryl. The oxygen uptake responses of RC100 cells grown
on carbaryl, 1-naphthol, salicylic acid, gentisic acid, and glu-
cose are presented in Table 2. Cells of RC100 grown on car-
baryl showed high oxygen consumption rates for the tested
substrates except catechol, and cells grown on 1-naphthol gave
similar results. Salicylic-acid-grown cells were induced for the
oxidation of salicylic acid and gentisic acid, but they showed
very low oxygen consumption rates for carbaryl, 1-naphthol,
and salicylaldehyde. Cells grown on glucose oxidized hardly
any of the tested aromatic compounds. These observations
indicated that in strain RC100, the metabolism of carbaryl is
initiated by its hydrolysis to 1-naphthol which is converted in
several uncharacterized steps to salicylaldehyde and then
through salicylate to gentisate, the substrate for oxygenase-
catalyzed ring fission.

Hydrolysis of N-methylcarbamate. The specific activity of
carbaryl hydrolase in extract of cells grown in MMGTY was
124.3 nmol of pesticide/mg of protein/min. We tested the abil-
ity of Arthrobacter sp. RC100 to hydrolyze other carbamate

TABLE 2. Oxygen consumption by whole cells of Arthrobacter
sp. strain RC100

Rate of oxygen consumption (nmol/ml/min)
after growth with:

Substrate” — —
Carbaryl  1-Naphthol Sa;c?éhc G?Clﬂisw Glucose
Carbaryl 26.1 12.1 1.9 0.7 <0.1
1-Naphthol 18.6 32.6 1.3 1.3 0.3
Salicylaldehyde 40.1 57.1 1.3 0.9 1.6
Salicylic acid 20.9 17.9 45.0 1.6 0.7
Gentisic acid 7.5 3.9 6.2 13.7 <0.1
Catechol <0.1 <0.1 <0.1 <0.1 <0.1

¢ Substrate was used at a final concentration of 0.5 mM.
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FIG. 2. Agarose gel electrophoresis of plasmids from strain RC100 and its
derivatives. Lanes: 1, RC100 (pRC1, pRC2, pRC3); 2, RC101 (pRC1, pRC2); 3,
RC102 (pRC1, pRC3); 4, RC103 (pRC2, pRC3); 5, RC104 (pRC1); 6, RC105
(pRC2); 7, RC106 (pRC3).

pesticides. Cell extract also hydrolyzed N-methylcarbamate,
propoxur (11.6 nmol of pesticide/mg of protein/min), xylylcarb
(130.5), and XMC (122.2) but did not hydrolyze N-phenylcar-
bamate or swep, indicating that carbaryl hydrolase of RC100 is
specific for molecules with a phenol-N-methyl carbamate ester
linkage. However, work with purified enzyme is required to
determine the correct substrate specificity and the reaction
mechanisms.

Plasmid curing. Arthrobacter sp. RC100 was studied for its
extrachromosomal DNA by the procedure described in Mate-
rial and Methods. The molecular sizes of the plasmids were
determined by analysis of their digestion patterns after treat-
ment with BamHI and PstI restriction enzymes. The total size
of the plasmids was estimated on the basis of electrophoretic
mobility of the fragments compared with those of lambda
DNA digestion patterns of known sizes. The strain RC100 was
observed to contain 110, 120, and 130 kbp, designated pRCI,
pRC2, and pRC300, respectively.

Mutants not able to utilize carbaryl as a sole source of
carbon arose at a high frequency from wild-type strain RC100
by curing with mitomycin C (Fig. 2; lanes 3 to 7). The fre-
quency of loss of the Cah™ (carbaryl-hydrolase-positive) phe-
notype in strain RC100 during flowing growth on MMGPY was
less than 0.1%, and this increased to 4 to 6% when mitomycin
C was present during growth. Agarose gel electrophoresis re-
vealed that each of the Cah™ derivatives lost a single plasmid
species, pRC1. On the other hand, we also found that about
5% of colonies examined lost the Nat " (1-naphthol-utilization)
phenotype after mitomycin C treatment, and they also lost
pRC2. Moreover, these strains (RC102, RC104, RC106, and
RC107) lacking pRC2 also lost the ability to utilize salicylal-
dehyde and salicylic acid. Strain RC101, which retained both
pRC1 and pRC2, could utilize carbaryl as the sole source of
carbon (Table 1). There were no revertants to the Nat™ and
Cah™ phenotypes from Nat™ and Cah™ strains, respectively. If
revertants do occur, they do so at a frequency well below 10~°.
RC107, a plasmid-free strain, retained the ability to utilize
gentisic acid (Table 1). These results indicated that pRCl1
encoded the carbaryl hydrolyzing ability, and pRC2 encoded
the metabolizing pathway of 1-naphthol to gentisic acid. By the
way, the plasmid-free strain RC107 and strain RC106, lacking
plasmid pRC2 and pRCl1, lost the ability of 1-naphthol utili-
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FIG. 3. Agarose gel electrophoresis of recipient strains and transconjugants.
Lanes: 1, RC1073 (recipient strain); 2, RC1053 (recipient strain); 3, RC1573
(transconjugant of RC1073 from mating with RC105); 4, RC1473 (transconju-
gant of RC1073 from mating with RC104); 5, RC1453 (transconjugant of
RC1053 from mating with RC104).

zation but utilized gentisic acid as the sole carbon source,
indicating that the gentisic acid metabolic pathway was en-
coded on the chromosome.

Conjugation. To further establish the role of pRC1 and
pRC2 in the carbaryl metabolism, a mating experiment was
performed by using the procedure described in Materials and
Methods. Transconjugants obtained were all rifampin resis-
tant, showing that they represented true transconjugants and
not donors that had spontaneously acquired streptomycin re-
sistance. The ability to hydrolyze carbaryl was transferred from
RC104 (pRC1, Cah™) to RC1073 (plasmid free, Cah™ Nat™
Str" Rif"). The transconjugants which had acquired the ability
to hydrolyze carbaryl contained a plasmid which was shown to
be identical to pRC1 by agarose gel electrophoresis (Fig. 3).
The frequency of plasmid transfer from RC104 to RC1073
ranged from 10™* to 1072 per donor cell. This provided addi-
tional evidence that pRC1 functionally mediated carbaryl hy-
drolysis. On the other hand, the Sal* (Nat™) phenotype was
introduced via filter mating into RC1073 (Cah™ Nat™~ Str* Rif")
using RC105 donors. The frequency of plasmid transfer from
RC105 to RC1073 ranged from 10 ° to 10> per donor cell.
All of the transconjugants (Nat* Str* Rif") harbored pRC2,
indicating that 1-naphthol degradation is mediated by pRC2.
The transconjugants able to utilize carbaryl were derived from
a mating experiment using RC104 and RC1053, and these
bacteria carried both pRC1 and pRC2, indicating that these
two plasmids were needed to completely degrade carbaryl.

DISCUSSION

A number of carbaryl-degrading bacteria have been de-
scribed, including several Pseudomonas (3, 4, 18), Blastobacter
(12), and Achromobacter (15). A proposed pathway for the
metabolism of carbaryl and 1-naphthol by Arthrobacter sp.
strain RC100 is presented in Fig. 4. Strain RC100 grew at the
expense of 1-naphthol produced by hydrolysis of carbaryl. In
this respect, this microorganism is similar to other carbaryl-
metabolizing bacteria, including Pseudomonas sp. (NCIB12043)
(18) and Achromobacter sp. (25). Achromobacter sp. was capa-
ble of utilizing catechol, which was produced as a metabolite
during carbaryl degradation. However, strain RC100 was not
able to utilize catechol, and thus the 1-naphthol metabolic
pathway of the strain RC100 differed from the pathway of
Achromobacter sp. The pathway of carbaryl metabolism in
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FIG. 4. Proposed pathway of carbaryl degradation by Arthrobacter sp. strain
RC100.

strain RC100 closely resembled that in Pseudomonas sp.
(NCIB12043) because 1-naphthol, salicylaldehyde, salicylate,
and gentisate were metabolites in the metabolism of carbaryl in
both organisms. Gentisate has been reported to be a metabo-
lite in the metabolism of 1-naphthol (18) and 2-naphthol (30).

Members of the genus Arthrobacter that are ubiquitous in
soil are capable of degrading a wide variety of naturally occur-
ring aromatic and aliphatic compounds. Several studies have
shown that a variety of synthetic organic compounds, such as
pesticides, are degraded by members of the genus Arthrobacter
(22, 26). The ability of Arthrobacter to degrade various organic
compounds is known to be encoded often by catabolic plas-
mids. Plasmid-associated degradation of nicotine (1), chlori-
nated biphenyl (10), and hydroxypyridine (31) has been shown.
For the herbicide EPTC, part or all of the degradative pathway
is carried on the conjugative plasmid in the strain of Ar-
throbacter sp. strain TE1 (26). Single plasmid species present in
these strains were responsible for the catabolic functions.
However, Arthrobacter sp. strain RC100 isolated in the present
study harbors three plasmids, and two of these are involved in
carbaryl degradation. The functions encoded on these two
distinct plasmids, pRC1 and pRC2, acted in concert to com-
pletely degrade carbaryl, although a single plasmid function
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was not capable of completely degrading the pesticide. More-
over, the plasmids were conjugally transmissible to Nah™ and
Cah™ mutants. The results indicated that bacterial catabolic
plasmids and their transfer in the soil microbial community
play a significant role in acquiring a new metabolic pathway for
the mineralization of pesticides.

Many carbamate-insecticide-degrading pathways have been
shown to be most often initiated by hydrolysis of the methyl-
carbamate linkage. Recently, several N-methylcarbamate hy-
drolyzing enzymes were purified from Arthrobacter sp. WM111
(6, 16), Pseudomonas sp. CRL-OK (20), Blastobacter sp. M501
(12), and Pseudomonas aeruginosa (3) and were well charac-
terized. The specificity of these enzymes (except that of P.
aeruginosa) was broad with substrates of N-methylcarbamate
insecticides. The cell extract of Arthrobacter sp. strain RC100
hydrolyzed N-methylcarbamate pesticides tested in the present
study, indicating that the carbaryl hydrolyzing enzyme of strain
RC100 is the type of the hydrolase with broad substrate spec-
ificity. The gene which encodes carbofuran hydrolase in Ach-
romobacter sp. WM111 has been shown to be located on a
100-kb plasmid (pDL11) (28). On the basis of the observation
of a methylotrophic bacterium which degrades carbofuran, the
carbofuran hydrolase gene (mcd) and the plasmid pDL11 was
shown to be not unique to Achromobacter sp. strain WM111
(29). Most recently, Parekh et al. (21) indicated that diverse
carbofuran-degrading bacteria contained sequences homolo-
gous to that of the mcd gene. It will be interesting to determine
whether the plasmid pRC1 of strain RC100 exhibits any degree
of homology to the plasmid pDL11 and the mcd gene of Ach-
romobacter sp.
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