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Abstract
An Ochrobactrum anthropi bacterial strain named as NC-1, capable of utilizing phenmedipham (PMP) herbicide as the 
sole of carbon source and energy for growth was isolated from pesticide-contaminated soil sample by enrichment culture 
technique. The isolated bacterial strain was identified as Ochrobactrum anthropi NC-1 (MH 796134) based on its morpho-
logical, cultural, biochemical characteristics and analysis of 16S rRNA gene sequence. The strain NC-1 could degrade more 
than 98.5% of PMP (2 mM) within 168 h. The optimal degradation pH and temperature were 7.0 and 30–35 °C, respectively. 
The strain NC-1 degraded PMP by a pathway involving its initial hydrolysis of their central amide carbamate linkage to 
yield m-aminophenol via methyl-N-(3-hydroxyphenyl) carbamate and m-toluidine were the major intermediates. However, 
m-aminophenol was not further metabolized, because they neither supported the growth of organism nor stimulated oxygen 
uptake. But m-toluidine released by dealkylation was followed by hydrolysis. Further, results also revealed that degradation 
of 4-methyl catechol proceeded via 2-hydroxy-5-methyl-6-oxohexa-2, 4-dienoate through meta cleavage ring processes. The 
formation of these compounds was confirmed by UV, TLC, HPLC, IR, NMR, and GC–MS spectral analysis. The cell-free 
extracts of O. anthropi NC-1 grown on PMP contained the activities of PMP hydrolase, toluidine dioxygenase, and 4-methyl 
catechol 1, 2-dioxygenase. These results demonstrate the biodegradation of PMP and promote the potential use of strain 
NC-1 to bioremediate PMP-contaminated environment.
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Introduction

Phenmedipham [methyl 3-(3-methylcarbaniloyloxy) car-
banilate] (PMP), is a commonly used broad-spectrum 
phenyl carbamate herbicide which is being produced 
increasingly at a large scale, due to its agricultural ben-
efits. It is selective systemic post-emergence herbicide 
has been widely used for weed control in sugar beet 
crops (Beta Vulgaris, L.), garden (table) beet, sunflower 
(Helianthus Annuus) and in spinach (Lewis et al. 2006; 
Tomlin 2006). Initially, PMP absorbed through leaves in 
the plants with translocation primarily in the apoplast 

to inhibit photosynthesis. PMP disrupts photosynthetic 
electron transport at the photosystem II (PS II) receptor 
site and is sensitive to environmental stress factors and for 
some xenobiotics, it may lead to a reduction in its activ-
ity (Ikeda et al. 2003). The electron transfer is negatively 
influenced and simultaneously the production of inter-
mediary energy components such as ATP and NADPH2 
and disrupt CO2 fixation. The mode of action is electron 
transfer blocking between the primary and secondary 
quenons (QA and QB) by binding to the D1 protein of 
PS II in chloroplast (Jursík et al. 2011). PMP is poorly 
soluble in water (1.8–7 mg l−1), slightly mobile in soil 
(adsorption coefficient = 147) and has a high potential 
for bioaccumulation (log P = 2.7) (Kegley et al. 2009). 
The U.S. Environmental Protection Agency (EPA) has 
classified phenmedipham and its metabolites as a persis-
tent bioaccumulative toxic compound distributed in the 
environment (Edwards 2005). Phenmedipham has an oral 
LD50 of 0.8 g kg−1 in rats, which shows that RBCs is the 
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primary target that results in hemolytic anemia. Chronic 
dosing resulted in a reproducible and dose-dependent and 
reduction in body weight (Jursík et al. 2011). However, its 
use may adversely affect imperiled species of terrestrial, 
semi-aquatic plants and invertebrates including mollusks, 
fishes, and birds (Kamrin 1997). Further, it is highly toxic 
to Vibrio fischeri bacteria, Pseudokirchneriella subcapi-
tata, Chlorella vulgaris, Chlamydomonas pseudostate 
microalgae, Lamna minor macrophyte and Cladocerans 
(Daphnia Magna and longispina) species (Vidal et al. 
2012). PMP has been reported to be degraded by Arthro-
bacter P52 and Pseudomonas putida strain (Sonawane 
and Knowles 1971; Pohlenz et al. 1992). These organ-
isms were shown to degrade phenmedipham by hydrolysis 
of their central carbamate linkage to yield methyl-N-(3-
hydroxyphenyl) carbamate (MHPC), m-aminophenol and 
m-toluidine (Perret et al. 2001). But its complete deg-
radative pathway has not been studied. Thus, the wide-
spread use and release of such toxic metabolites lead to 
environmental pollution and loss of soil fertility. This is 
a growing cause of global concern. Hence, sustainable 
agriculture has become a priority issue in the twenty-first 
century (FAO 2008) and the remediation of contaminated 
soils and aquatic bodies is essential for the protection of 
the environment and conservation of natural resources. 
Therefore, the microorganisms play a significant role in 
detoxifying the toxic herbicides and their products in the 
environment (Ishag et al. 2017). Thus microbial degrada-
tion is an efficient, eco-friendly, and economical method 
to decontaminate the polluted ecosystem. In this paper, 
we have described the isolation, identification, charac-
terization of PMP degrading organism and also the pro-
cess of investigation into the biodegradative pathway of 
phenmedipham through the meta-cleavage via 4-methyl-
catechol by O. anthropi NC-1.

Materials and methods

Chemicals

Phenmedipham, chlorpropham, desmedipham, 4-methyl 
catechol, m-aminophenol, m-toluidine, 4-chlorocatechol, 
catechol, protocatechuate, 2-aminobiphenyl, 3-chloroani-
line, and 4-aminobiphenyl were purchased from Sigma 
Aldrich Chemical Co. Bangalore, India. Methanol, ace-
tonitrile, ethyl acetate, acetone, chloroform, butanol, and 
n-hexane (HPLC grade) were purchased from Himedia, 
India. All other chemicals were of pure analytical grade 
or highest grade available commercially. Stock solution 
(2 mM) of PMP was prepared with chloroform and stored 
in brown bottles at − 20 °C before use.

Organism and growth conditions

The soil samples were collected from the pesticide-contam-
inated field, pH of the soil sample was 7–8, air dried and 
stored in a polythene bag at − 20 °C in the laboratory. The 
organism was isolated by selective enrichment culture tech-
nique on PMP as the sole source of carbon and energy. It was 
grown on mineral salts medium (Seubert’s 1960) contained 
phenmedipham (2 mM) in 500-ml Erlenmeyer flasks on a 
rotary shaker (150 rpm) at room temperature. The growth of 
the isolated microorganism was measured turbidimetrically 
at 600 nm using photoelectric colorimeter (Systronic, India). 
The identification of PMP degrading organism was done on 
the basis of its morphological, cultural, and biochemical char-
acteristic (Holt et al. 1994). The cultures were maintained on 
mineral salts agar slants, containing 0.02% PMP. DNA isola-
tion and determination of its G + C content was done according 
to Marmur (1961) and Mandel and Marmur (1968).

Media

The Seubert’s (1960) mineral salts medium (MSM) was used 
for the cultivation of O. anthropi strain. The medium consisted 
of the following components (g l−1): K2HPO4 6.30, KH2PO4 
1.83, (NH4)2NO3 1.00, MgSO4.H2O 0.10, Na2MoO4.2H2O 
0.005, MnSO4.H2O 0.1 and FeSO4.7H2O 0.10. The pH of the 
medium was adjusted to 7.0 before autoclaving at 120 °C for 
20 min. Nutrient agar broth medium contained beef extract 
0.3 g, peptone 1.0 g, agar 1.0–1.7 g, NaCl 0.5 g in 100 ml 
distilled water with pH 7.0.

Utilization of phenmedipham herbicide by O. 
anthropi NC‑1

O. anthropi NC-1 utilized various herbicides such as phen-
medipham, desmedipham, chlorpropham and other aromatic 
compounds such as m-toluidine and 4-methyl catechol as 
a sole source of carbon and energy was determined by the 
measurement of the growth in MSM contained 2 mM of the 
compounds. Utilization of the PMP during growth of the 
strain NC-1 was determined at regular intervals. Uninoculated 
controls were used to determine any transformation of PMP 
affected by physical factors. The effect of PMP concentration 
on the growth of O. anthropi NC-1 and the rate of degrada-
tion of PMP at different pH values (5.0–9.0) and temperatures 
(20–40 °C) were measured at different time intervals.

Identification of bacterial isolates by 16S rRNA gene 
analysis

The total genomic DNA was isolated from O. anthropi strain 
NC-1and amplification of 16S rRNA gene using specific 
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primers 785F 5′-GGA TTA GAT ACC CTG GTA-3′ and 
907R 5′-CCG TCA ATT CCT TTR AGT TT-3′ which 
yielded a product of approximately 1475 base pairs. The 
polymerase chain reaction (PCR) was carried out with for-
ward and reverse primers using BDT V 3.1 cycle sequenc-
ing kit. The PCR conditions were 40 cycles of denaturation 
at 94 °C for 30 s, annealing at 55 °C for 45 s and exten-
sion at 72 °C for 2.5 min. The PCR product was purified by 
PEG–NaCl precipitation (Sambrook et al. 1989). Briefly, 
the PCR product was mixed with 0.6 volumes of PEG–NaCl 
solution (20% PEG 6000, 2.5 M NaCl) and incubated for 
10 min at 37 °C. The precipitate was collected by centrifu-
gation at 12,000 r min−1 for 10 min. The pellet was washed 
twice with 70% ethanol and dried under vacuum, which was 
then resuspended in distilled water at a concentration of 
more than 0.1 pmol ml−1. The purified product was directly 
sequenced using a Big Dye Terminator kit (Applied Bio-
systems, Inc., Foster City, CA) (Pidiyar et al. 2004). The 
sequencing reactions were made to run on the ABI-PRISM 
automated sequencer (ABI-373xl genetic analyzer). The 
nucleotide sequence analysis was performed at the BLASTn 
program at the NCBI server (http://www.ncbi.nlm.nih.gov/
BLAST​). The alignment of the sequences was performed 
using CLUSTALW program VІ.82 at the European Bioin-
formatics site (http://www.ebi.ac.uk/clust​alw). The analysis 
of the 16S rRNA gene sequence was performed at Ribo-
somal Database Project (RDP) IІ (http://rdp.cme.msu.edu) 
(Cole et  al. 2004). The sequence was refined manually 
after cross-checking with raw data to remove ambiguities. 
The phylogenetic tree was constructed using the aligned 
sequences by the neighbor-joining (NJ) method by Kimura 
2-parameter distances in the MEGA 7 software (Molecu-
lar Evolutionary Genetic Analysis version) and Molecular 
Biology and Evolution 30:2725–2729 (Tamura et al. 2013). 
The phylogenetic analysis of 16S rRNA gene sequence was 
performed in Euro fins Genomics Pvt. Ltd. Bangalore, India. 
The sequence of strain NC-1 was deposited in the GenBank 
sequence database.

Isolation and identification of metabolites

The metabolites were extracted from the culture filtrates of 
O. anthropi NC-1 after 96 and 144 h grown on 2 mM of 
PMP with ethyl acetate, acidification to pH 2.0 with 2M 
HCl. The residues were dissolved in methanol and analyzed 
for metabolites by thin layer chromatography (TLC) on silica 
gel G plates using the following solvent systems. (A) chlo-
roform–acetonitrile (4:1 v/v), (B) benzene–methanol–acetic 
acid (45:8:4 v/v) and (C) chloroform–acetic acid (95:5 v/v).

The metabolites were visualized under UV light at 
254 nm or by exposure to iodine vapors and also by spray-
ing with 1% FeCl3–K3Fe(CN)6 solution in water. Aromatic 
compounds gave their characteristic color on spraying with 

diazotized p-nitroaniline or with Gibbs reagent (2% solution 
of 2, 6-dichloroquinone-4-chlorimide in methanol). o-Dihy-
droxy compounds were detected by spraying with Arnow’s 
reagent (1937). Primary amines such as m-aminophenol and 
m-toluidine were detected by spraying orcinol reagent on 
the TLC plate to form yellow colored derivatives (Janghel 
et al. 2005). Phenolic compounds gave blue color on spray-
ing with Folin–Ciocalteu’s phenol reagent and bluish-green 
color with 100 mM FeCl3, which turned red on exposure to 
ammonia.

PMP concentrations were determined by High-Perfor-
mance Liquid Chromatography (HPLC) as reported by 
Loncar et al. (2004). At regular intervals, 5 ml samples 
were withdrawn and centrifuged at 10,000 rpm for 10 min. 
The supernatants were extracted with ethyl acetate and 
the residue obtained after evaporation (Buchi Rotavapor 
R 210) was dissolved in methanol (HPLC grade) and used 
for HPLC analysis. 10 µl of each residual samples of PMP 
were analyzed by HPLC (Shimadzu, Japan) equipped with 
UV detector using 5 µm Spherisorb-ODS (C18) column 
(25 cm × 4.6 mm) acetonitrile–phosphate buffer (0.05M, 
pH 7.0) in the ratio 70:30 (vol/vol) as the mobile phase at 
a flow rate of 1 ml per min. Peaks were detected at 235 nm 
or scanned 220–400 nm in a spectrophotometer. The reten-
tion time of PMP under the condition tested was 7.68 min. 
The absorbance of the substrate (PMP) was measured at 
235 nm. The mass spectra were recorded with gas chroma-
tography–mass spectra (GC–MS) Shimadzu QP 2010S spec-
trometer. The temperature programme for the experimenta-
tion was held at 50 °C for one minute with 20 °C increase 
per minute to a final temperature at 28 °C for 14.5 min and 
the injector temperature was kept at 250 °C. The injec-
tion volume was 1 µl and helium as carrier gas. The mass 
spectrometer was operated at electron ionization energy 
of 70 eV. Nuclear magnetic resonance spectra (NMR) of 
metabolites were recorded using 400 MHz spectrometers 
(JNM-ECZ 400S, 2017 Model) with tetramethylsilane 
(TMS) as the internal standard at room temperature. NMR 
spectra were done in SAIF, NMR Research Centre, Indian 
Institute of Science, Bangalore, India. UV–visible absorb-
ance spectra were recorded with the Hitachi 3100 spectro-
photometer. Fourier transmission-infrared spectrometer 
(IR) (Nicolet Impact-410, USA) was recorded in the range 
4000–400 cm−1. Ammonium ions released during PMP deg-
radation were assayed according to the method of Park et al. 
(2009). Nessler’s test for ammonium ions and lime water test 
for CO2 were carried out according to standard protocols 
(Vogel and Svehla 1996).

Atomic force microscopy (AFM)

The isolated O. anthropi NC-1 was grown on nutrient agar 
media at 30–35 °C. A layer of the strain was clearly seen 

http://www.ncbi.nlm.nih.gov/BLAST
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on the surface of the nutrient agar plates. Prior to imaging, 
cultures were gently scratched on the agar surface with a 
metallic wire loop and dispersed in deionized water. The 
sample was centrifuged at 10,000 rpm for 12 min at 4 °C 
to harvest bacterial pellets. The pellets were repeatedly 
washed 3–4 times with deionized water to remove cultur-
ally bound salts that may interfere with bacterial cell bind-
ing. The suspension was filtered with the help of syringe 
fitted with glass wool. The final purified pellet was resus-
pended in deionized water. A 10 µl of 10−2 mol polylysine 
solution was applied to a freshly cleaved mica surface and 
left to dry for 5 min. 5 µl of strain NC-1 cell suspension 
was immobilized on a polylysine-coated mica surface and 
allowed to dry under laminar air flow cabinet. The air-
dried slides were subjected to contact and tapping modes 
of operation using Nanosurf Easy scan Atomic Force 
Microscope (Nanosurf Easy scan 2 AFM, Switzerland) 
system in applied force with air mode (Greif et al. 2010).

Enzyme assay

Cell-free extracts were prepared from the washed cells 
suspended in three volumes 50 mM phosphate buffer, pH 
8.0 by sonication (Ultrasonic processor model XL 2010) 
for 5 min and centrifugation at 10,000 rpm for 35 min at 
4 °C. The clear supernatant was used as a crude extract for 
enzyme assays. PMP hydrolase activity was assayed spec-
trophotometrically by measuring the increase in absorb-
ance at 237 nm due to the disappearance of the substrate 
PMP. The whole cells of cell-free extract of strain NC-1 
grown on PMP contained the activities of PMP hydrolase, 
toluidine dioxygenase, and 4-methylcatechol 1, 2 dioxy-
genase (Williams and Murray 1974). Glucose-grown cells 
did not contain any of these enzyme activities. Protein 
concentration was determined using the Lowry method 
(1951) using bovine serum albumin (BSA) as standard. 
Protein samples were standardized to 0.65 mg per ml. 
One unit of enzyme activity was defined as the amount 
required to catalyze the formation or consumption of 
1 µmol of product or substrate per min. Specific activity 
was expressed as units per mg of proteins.

Statistical analysis

All experiments were carried out in three independent rep-
licates. Analysis of data was done by one-way ANOVA 
variance SPSS version 7.5 software and data were denoted 
as means ± standard errors. The difference between each 
means was located using Duncan’s multiple range tests 
(Duncan 1955).

Results

Characterization of organism able to metabolize 
PMP

Phenmedipham degrading strain NC-1 is aerobic, Gram-neg-
ative, rod-shaped, motile by means of peritrichous flagella 
that was catalase, urease, and oxidase positive. The organism 
reduced nitrate, hydrolyzed gelatine, starch test were positive 
and there is no utilization of citrate. There was no hydrolysis 
of casein and no DNase activities. According to Bergey’s 
manual of determinative bacteriology, NC-1 strain belonged 
to genus Ochrobactrum anthropi. However, this genus 
was further identified to species level by 16S rRNA gene 
sequence analysis. The nucleotide sequence of 16S rRNA 
of NC-1 (1475 bp) was submitted to GenBank (Accession 
Number MH 796134). The isolated strain has been clustered 
with O. anthropi strain NC-1 as shown in Fig. 1. The G + C 
content of DNA from the bacterial strain was found to be 
56.22 mol%. Atomic force microscopy (AFM) is only the 
technique that can image the surface of a living cell at high 
resolution. The average width and length of the O. anthropi 
strain NC-1 were shown to be 235 nm and 117.20 nm.

Utilization of PMP and other compounds by O. 
anthropi NC‑1

The strain NC-1 utilized herbicide PMP and other com-
pounds as a sole source of carbon and energy for its growth. 
The growth of NC-1 strain in the mineral salts medium 
contained 2 mM of PMP as shown in Fig. 2. The cells of 
the strain NC-1 were able to utilize desmedipham, m-tolu-
idine, catechol and 4-methyl catechol as growth substrates 
(Table  1). However, 4-aminobiphenyl, 3-chloroaniline, 
m-aminophenol and 3-aminobenzoic acid did not serve as a 
sole source of carbon for their growth of the organism.

Effect of pH and temperature on PMP degradation

The effect of pH and temperature on the degradation of 
PMP in MSM has been shown in Fig. 3a, b. In the pH range 
of 5.0–9.0, the degradation rate of PMP increases with the 
increase of pH of the medium and the optimum degradation 
rate of about 98.5% was achieved at pH 7.0. This indicates 
that strain NC-1 degraded more efficiently under neutral con-
ditions. However, at lower (5.0) and higher (9.0) values of 
pH, it impeded the degradation rate (25.5 and 32%) of PMP. 
In addition, the degradation rate gradually increases in the 
temperature range of 20–35 °C and the highest degradation 
rate has been achieved (98.2%) at 30–35 °C. At 40 °C, the 
degradation rate drastically decreases to less than 18%. All 
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the values that represent the mean ± standard error (SE) for 
each experiment are significantly different (P ≤ 0.05) from 
others according to Duncan’s test. These results indicate that 
the optimum pH and temperature for the growth and deg-
radation of PMP by the strain NC-1 is 7.0 and 30–35 °C.

Identification of metabolites

The analysis of culture extracts of Ochrobactrum anthropi 
strain NC-1 grown on PMP by TLC revealed the presence 
of three metabolites I, II, and III. The Rf and λmax values of 
isolated metabolites corresponded well with that of authen-
tic m-aminophenol, m-toluidine, and 4-methylcatechol 
(Table 2). These metabolites were purified by preparative 
TLC and analyzed by HPLC. Culture filtrates were collected 
at regular intervals of time (24, 48, 72, 96, 120, 144 and 

168 h) and analyzed by HPLC to detect their retention time. 
In 72 h sample, a single peak was detected with a retention 
time of 7.68 min corresponded to PMP and decreased over 
a time and completely disappeared within 168 h. In 96 h 
sample, two metabolite peaks were observed with a reten-
tion time of 0.77 and 2.56 min corresponded to m-toluidine 
and m-aminophenol. After 144 h incubation of sample, 
another metabolite peak was observed with retention time 
of 1.43 min corresponded to that of authentic 4-methyl cat-
echol as shown in Fig. 4a, b.

The mass spectrum of isolated metabolite I (Fig. 5) 
showed molecular peak M+ at m/z 109 is in good agree-
ment with empirical formulae C6H7NO. The main mass frag-
ments observed at m/z 41, 53, 63, 80, 91 and 109 were in 
identical with that of m-aminophenol. The IR spectrum of 
metabolite I showed characteristic absorption bands of –NH 

Fig. 1   Phylogenetic rela-
tionships established by the 
neighbor-joining method 
(Felsenstein 1985; Saitou and 
Nei 1987) based on 16S rRNA 
gene sequence (1475 bp) of 
Ochrobactrum anthropi NC-1 
strain (GenBank accession No. 
MH 796734) and its number of 
nucleotide changes/sequence 
positions (Kimura 1980). The 
number of nodes shows the 
bootstrap values obtained with 
1,000 resampling analysis

Fig. 2   Utilization of PMP (red square) during growth (orange trian-
gle) of O. anthropi NC-1 and release of ammonium ions (green dia-
mond) in the culture supernatant. Uninoculated controls (blue circle) 
in the mineral salts medium contained 2 mM PMP. Data values repre-
sent the average of three replicate determinations

Table 1   Utilization of various 
phenylcarbamate herbicides, 
organophosphate pesticides, and 
other aromatic compounds by 
Ochrobactrum anthropi NC-1

++ Good growth, + moderate 
growth and − no growth

Compound (2.0 mM) Growth

Phenmedipham ++
Desmedipham ++
Chlorpropham −
Propanil +
Quinalphos −
Propenofos −
Methyl parathion −
Chlorpyrifos −
m-Aminophenol −
m-Toluidine ++
4-Methylcatechol +
Catechol ++
4-Aminobiphenyl −
3-Chloroaniline −
3-Aminobenzoic acid −
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stretching at 3360–3296 cm−1, –CH stretching at 2928 cm−1, 
C=C stretching at 1493–1596  cm−1, –OH stretching at 
3360 cm−1and C–N stretching at 1250 cm−1. The NMR of 
metabolite I showed deshielded region at δ 8.80 ppm, one 
singlet corresponds to –OH, followed by another singlet at 
δ 6.80 ppm assigned for –C2–H. Whereas one triplet was 
observed for –C2–H at δ 6.775 ppm (J = 6.2 Hz) and two 
protons at 6.438 (Jo&p = 7.6 and 3.2 Hz) and 6.398 (Jo&p 
= 7.2 and 4.0 Hz) ppm as doublets of doublets. –NH2 pro-
tons appeared at δ 4.85 ppm (J = 4.4 Hz). Thus the isolated 
metabolite of PMP was identified as m-aminophenol.

The mass spectrum of isolated metabolite II (Fig. 6) 
showed molecular peak M+ at m/z 107, is in good agreement 
with empirical formulae C7H9N. The main mass fragments 
observed at m/z 41, 43, 57, 73, 97 and 107 were in identi-
cal with that of m-toluidine. The IR spectrum of metabolite 
II showed characteristic absorption bands of –NH stretch-
ing at 3430–3360 cm−1, –CH stretching at 2921 cm−1, C=C 

stretching at 1493 cm−1. The NMR spectrum of metabo-
lite II, –C5–H as a triplet at δ 7.05 ppm (J = 7.2 Hz), one 
proton at δ 6.78 ppm as a doublet for –C4–H, one proton 
at δ 6.62 ppm for –C2–H. One more doublet appeared at 
6.3 ppm (J = 8 Hz) was assigned to –C6–H. –NH2 resonated 
at δ 3.85 ppm with J = 4.8 Hz. Finally, in the shielded region 
at δ 2.13 ppm for –CH3 were assigned. Thus the isolated 
metabolite of PMP was identified as m-toluidine.

The mass spectrum of isolated metabolite III (Fig. 7) 
showed molecular peak M+ at m/z 124, is in good agree-
ment with empirical formulae C7H8O2. The main mass 
fragments observed at m/z 41, 51, 78, 106 and 124 were in 
identical with that of 4-methyl catechol. The IR spectrum 
of metabolite III showed characteristic absorption bands 
of –OH stretching at 3413–3340 cm−1,–CH stretching at 
2925–2858 cm−1, C=C stretching at 1508 cm−1 and C=C 
stretching at 1508. The NMR spectrum of metabolite III, 
one proton at δ 6.82 ppm (J = 8 Hz) for –C6–H, –C3–H at δ 

Fig. 3   Effect of initial pH 
values (a) and temperature (b) 
on PMP degradation by strain 
NC-1 in MSM. All the values 
represent the mean ± standard 
error (SE) for each experi-
ment are significantly different 
(P ≤ 0.05) from others accord-
ing to Duncan’s test

Table 2   Chromatographic and spectral properties of metabolites of phenmedipham

Properties Isolated metabo-
lite I

Authentic 
m-aminophenol

Isolated metabo-
lite II

Authentic 
m-toluidine

Isolated metabo-
lite III

Authentic 4-methyl 
catechol

TLC Rf values in different solvent systems
 Chloroform–ace-

tic acid (95:5 
vol/vol)

0.48 0.48 0.74 0.74 0.45 0.45

 Chloroform–
acetone (98:2 
vol/vol)

0.58 0.57 0.71 0.71 0.65 0.65

 Benzene–metha-
nol–acetic acid 
(95:8:2 vol/vol)

0.52 0.52 0.74 0.74 0.85 0.85

 Boiling/melting 
point (°C)

164–165 164–165 203–204 203–204 251–252 251–252

 HPLC retention 
time (min)

2.55 2.56 0.75 0.77 1.43 1.43

 UV absorption 
λmax (nm)

206, 235 206, 235 207, 236 207, 237 221, 283 221, 283

 GC–MS M + at 
m/z

41, 53, 63, 80, 91, 
109

41, 53, 63, 80, 91, 
109

41, 43, 57, 73, 97, 
107

41, 43, 57, 73, 97, 
107

41, 51, 78, 106, 
124

41, 51, 78, 106, 124
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6.63 ppm and one doublet at δ 6.59 ppm (J = 8 Hz) assigned 
to –C5–H. One broad singlet peak appeared at δ 5.83 ppm 
which was assigned to two –OH protons. Finally, one peak 
at δ 2.19 ppm to –CH3 was observed. Thus the isolated 
metabolite of PMP was identified as 4-methyl catechol. 
During the degradation of 4-methylcatechol by meta ring 
cleavage, yellow transient intermediate accumulated in the 
culture supernatant. It showed a λmax at 382 nm and was 
identified as 2-hydroxy-5-methyl-6-oxohexa-2, 4-dienoate 
(McClure and Venables 1986). AFM technique provides a 
three-dimensional image of O. anthropi NC-1 under physi-
ological conditions was found to be rod-shaped with an aver-
age length of 235 nm and a height of 114 nm (Fig. 8).

Fig. 4   High-performance liquid chromatography peak of PMP degradation by strain NC-1 culture extract after incubation for 96 and 144 h (a, b)

Fig. 5   Mass spectrum of the isolated metabolite І of PMP by O. anthropi strain NC-1

Fig. 6   Mass spectrum of the isolated metabolite ІI of PMP by O. 
anthropi strain NC-1
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The release of ammonium ions

There was the release of ammonium ions in the culture 
medium during the degradation of PMP by strain NC-1. 
About 0.12 mM of ammonium ions were released after 
120 h of incubation during the breakdown of m-toluidine by 
toluidine dioxygenase to 4-methylcatechol through oxidative 
deamination process as shown in Fig. 2. However, Nessler’s 
reagent and lime water tests were positive for NH4

+ ions 
and CO2.

Enzymatic activities in cell‑free extracts

In the crude extracts of PMP-induced cells of strain NC-1, 
we have detected the enzyme activities of PMP hydrolase, 
m-toluidine dioxygenase and 4-methyl catechol 1, 2-dioxy-
genase activity, but not 4-methylcatechol 2, 3-dioxygenase 

activity. These results have stipulated that the degrada-
tive enzymes were induced by growth of the organism on 
PMP, but not by glucose-grown cells. Specific activities 
(Table 3) of the enzymes are the mean ± SD (standard 
deviation) of assays from triplicate cell-free extracts.

Fig. 7   Mass spectrum of the isolated metabolite ІII of PMP by O. anthropi strain NC-1

Fig. 8   AFM image of O. anthropi NC-1. Data were obtained in air and contact mode

Table 3   Specific activities of enzymes in the cell-free extracts of 
Ochrobactrum anthropi NC-1 grown on phenmedipham

ND not detected

Enzymes Specific activ-
ity (U/mg of 
protein)

Phenmedipham hydrolase 0.14 ± 0.01
m-Toluidine dioxygenase 0.31 ± 0.01
4-Methylcatechol 1, 2-dioxygenase 0.18 ± 0.02
4-Methylcatechol 2, 3-dioxygenase ND
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Discussion

The bacterial strain Ochrobactrum anthropi NC-1 utilized 
the herbicide phenmedipham (2 mM) as the sole source of 
carbon and energy. AFM technique gave topography of the 
living surface cell of NC-1 strain. PMP is the most toxic 
ingredient, reached the aquatic compartment and bioac-
cumulation in biota with repercussions for the ecosystem. 
It also acts by inhibition of photosynthesis at photosystem 
II, which is an early target site for this herbicide (Casida 
2009). The photosynthetic inhibitor PMP binds to D-1, 
quinone-binding proteins blocking the photosynthetic 
electron transport system in plants (Duke 1997) and pho-
tosynthetic organisms. The strain NC-1 degraded the her-
bicide PMP by initial hydrolysis of central carbamate ester 
linkages followed by dealkylation to yield m-aminophenol 
and m-toluidine as major intermediates. The other product 
of PMP hydrolysis was carbon dioxide. Due to the hydrol-
ysis of PMP by PMP hydrolase, it destroys the herbicidal 
activity leading to detoxification. However, m-aminophe-
nol formed by hydrolysis via methyl-N-(3-hydroxyphenyl) 
carbamate (MHPC) was not further metabolized, because 
of it neither supported the growth of the organism nor 
stimulated oxygen uptake. There are reports of formation 
of m-aminophenol and m-toluidine by the hydrolysis of 
PMP (Kossmann 1970; Knowles and Benezet 1981). Son-
awane and Knowles (1971) reported that MHPC subse-
quently decomposes into m-aminophenol and the presence 
of PMP and its metabolites in the soil were determined 
using LCMS (Perret et al. 2001). But the further degrada-
tion of its hydrolyzed product by microorganism has not 
been studied. However, m-toluidine was further metabo-
lized by the isolated NC-1 strain with the formation of 
an intermediate 4-methylcatechol. Toluidine dioxygenase 
catalysis the utilization of molecular oxygen and simulta-
neously removes the amino group present in m-toluidine 
by oxidative deamination process. During this process, 
0.12 mM of ammonia was released. Similar results were 
reported in Pseudomonas testosterone and were shown to 
degrade m-toluidine via 4-methyl catechol (Raabe et al. 
1984) followed by meta cleavage pathway. High activity of 
4-methylcatechol 1,2-dioxygenase in the cell-free extract 
of strain NC-1 grown on PMP suggested that 4-methyl-
catechol was further oxidized through meta cleavage 
product of methylated derivative of 2-hydroxy semial-
dehyde. Pseudomonas picketti pk01 was also degraded 
4-methylcatechol via meta-cleavage pathway reported by 
Kukor and Olsen (1991). However, further metabolism of 
4-methyl catechol by NC-1 strain, yellow transient inter-
mediate accumulated in the culture medium. The yellow 
intermediate showed an absorption maximum at 382 nm 
and was identified as 2-hydroxy-5-methyl-6-oxohexa-2, 

4-dienoate (McClure and Venables 1986) and entered into 
the TCA cycle. The enzyme was induced by the growth of 
the organism on PMP, but a cell-free extract of glucose-
grown cells did not contain any of these activities. Thus 
there was a complete degradation of PMP by O. anthropi 
NC-1 as shown in Fig. 9. Such bacterial strains could be 
potentially useful in the bioremediation of soil and water 
contaminated (Ishag et al. 2017) with toxic phenyl car-
bamate herbicides. It may have an adverse effect on soil 
microflora especially on microorganisms that are involved 
in nitrogen cycling of agricultural soils.
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