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Abstract
It is predicted that use of insecticide chlorpyrifos will increase in near future due to intensive agricultural practice and 
climate change. The present study envisages establishing linkages among biodegradation potential, carbon metabolism 
and enzymatic attributes of bacteria involved in chlorpyrifos biodegradation. Soil samples from an experimental field 
were incubated with chlorpyrifos (10 µg g−1 soil). Chlorpyrifos biodegradation rate was 0.34 ± 0.04 ug  g−1 soil  d−1. Cultur-
able bacteria were isolated and identified by 16S rRNA gene sequencing. DNA sequences were 96–100% similar to the 
GenBank bacterial DNA sequences. The bacterial community was predominated by Arthrobacter phenanthrenivorans 
(23%). Followed by Arthrobacter globiformis and Bacillus flexus represented 15% each. Microbacterium paraoxydans, 
Bacillus megaterium, Bacillus soli strain R, Bacillus drentensis, and Bacillus koreensis represented 8% of total bacteria. The 
carbon source utilization pattern and enzymatic activities of the bacterial isolates were estimated. The isolates preferred 
to metabolize trehalose and mannose over other C sources. These bacteria exhibited decarboxylase, oxidase, catalase, 
cellulose, deaminase and nitrate reductase activities. A PCA analysis based on various metabolic attributes explained 
32.49% variance by PC1 and 16.46% variance by PC2. PCA highlights that the bacterial isolates placed distantly from 
those of simple sugar utilizers, probably use chlorpyrifos as C substrate. Correspondence analysis outlaid decarboxylase, 
catalase, and oxidase as the key enzymatic activities of the bacterial isolates for chlorpyrifos biodegradation.
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1 Introduction

Pesticides are widely used in agriculture to protect crops 
from disease causing pests. The applied pesticides reach 
target pests by only 1% while the remaining portion is 
transformed into various complex metabolites [12]. The 
insecticide chlorpyrifos (0,0-diethyl-3,5,6-trichloro-2- pyri-
dylphosphorothioate) is widely used for treatments of 
crops, lawns, and ornamental plants [39]. This broad-spec-
trum insecticide is used against a variety of insects includ-
ing mosquitoes (larvae and adults), flies, and ecto-parasite 
of cattle and sheep [17]. Chlorpyrifos suppresses acetyl-
cholinesterase [10], and leads to various clinical effects in 
human beings [13]. Chlorpyrifos may affect the endocrine 
system, respiratory system, cardiovascular system, nervous 

system, immune system, as well as the reproductive sys-
tem due to its high mammalian toxicity [36].

Soil microbial groups including nitrifies, denitrifies, N 
fixers and P solubilizer’s are adversely affected by chlor-
pyrifos application. In a study the population of asymbi-
otic nitrogen fixing bacteria was greatly decreased over 
the years (2009–2013) after the chlorpyrifos treatment 
[16]. Similar negative effect was observed with sym-
biotic N fixers [35]. The chlorpyrifos metabolites 3, 5, 
6-trichloro-2- pyridinol (TCP), has been found to inhibit 
major soil microbial groups [24]. Phosphate solubilisa-
tion was found un-affected after application of chlor-
pyrifos in paddy soil over the years (2009–2013) [16]. 
Chlorpyrifos and other insecticides (carbofuran, thi-
omethoxam, imidacloprid) inhibit phosphate solubilising 
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bacteria [28]. Chlorpyrifos also inhibits beneficial plant 
growth promoting microorganisms in soil [2]. In natural 
ecosystem chlorpyrifos is degraded to diethylthiophos-
phoric acid (DETP) and 3,5,6-trichloro-2-pyridinol (TCP) 
[25].

Microbial degradation of chlorpyrifos has become the 
focus of many studies because other methods of remov-
ing chlorpyrifos residues are impractical or costly or are 
themselves environmentally hazardous. Many endophytic 
bacteria degrade chlorpyrifos [29].

Degradation of the pesticide depends upon the type of 
the soil, soil property, moisture content and pH of soil [22]. 
Therefore, the organisms isolated from one soil may not 
be effective in the in other soil to biodegrade chlorpyrifos. 
To date, several microbial species have been isolated from 
chlorpyrifos contaminated soil and their efficiency towards 
biodegradation has been studied. However, in natural eco-
system, series of microbial groups with different function-
alities carry out chlorpyrifos biodegradation. Thus use of 
single strain in bioremediation of chlorpyrifos is questiona-
ble. To enhance the biodegradation potential of soil, there 
is need of comprehensive understanding of the microbial 
community undertaking chlorpyrifos biodegradation. This 
study is based on hypotheses that the bacteria involved in 
chlorpyrifos biodegradation have complex C source utili-
zation properties and enzymatic activities. The complex 
metabolic attributes of microorganisms play key role in 
the biodegradation of chlorpyrifos.

2  Materials and methods

2.1  Soil sampling and physico‑chemical 
characteristics

Experiments were carried out using soil samples collected 
from the experimental fields of ICAR-Indian Institute of Soil 
Science (IISS). The institute is located at Bhopal, Madhya 
Pradesh, India. The geographical position is  23◦18’N lati-
tude and  77◦24′E longitude. The mean annual air tempera-
ture remains about 25 °C and the annual rainfall occurs 
approximately 1200 mm. Humidity remains around 56%. 
This location experiences southwestern monsoon rains 
season during July to September. The experimental soil is 
classified as Vertisol. The soil belongs to Hypothermic fam-
ily of Typic Haplusterts. Commonly the soil is referred as 
“black cotton soil”. The soil was characterized by 5.7 g kg−1 
organic carbon, 225 mg kg−1 available N, 230 mg kg−1 
available K and 2.6 mg kg−1 available P, the electrical con-
ductivity (EC) was 0.43 dS  m−1 and soil pH was 7.5. The soil 
composition and textural were: sand 15.2%, silt 30.3% and 
clay 54.5%.

2.2  Chlorpyrifos biodegradation

The chlorpyrifos (Sigma Aldrich, USA) stock solution of 
1000 ppm which is generally prepared in organic solvents 
[5]. For the current study acetonitrile was used for stock 
preparation as it is a very good solvent in HPLC analysis. 
The chlorpyrifos stock of 0.l ml was added to 130 ml pre-
sterilized serum vials. These vials represented the treat-
ments of 10 ppm (w/w) chlorpyrifos. To nullify the effect 
of solvent on microbial activity vials were kept open over-
night to evaporate acetonitrile completely. To each vial 
20 g portion of soil was placed. The soils were moistened 
with sterile distilled water to provide 60% moisture hold-
ing capacity (MHC) and allowed to equilibrate with the 
ambient air for 3 d in the dark in an incubator at 30 ± 2 °C. 
The contents of the vials were mixed thoroughly, capped 
with rubber septa and sealed using aluminum crimp seal. 
Vials were incubated at three different temperatures of 
25 ± 2 °C, in separate biological oxygen demand incubators 
(Metrex scientific instruments pvt ltd, New Delhi, India).

2.3  Chlorpyrifos extraction and analysis

Soil samples of about 5 g were taken out from the vials at 
different incubation period (0 day, 15 day, 30 day). Chlor-
pyrifos was extracted following the protocol as described 
somewhere else (Mallick et al. [15]). The soil samples were 
transferred to 250 ml of volumetric flask and 25 ml of dis-
tilled water was added to soils maintained at 60% MHC. 
Acetone 50 ml added and flasks were shaken for 1 h in an 
orbital shaker. In case of soil samples maintained at 100% 
MHC, the extraction procedure was similar as described 
above except that distilled water was not added. After 1 h 
of equilibration with acetone, 20 ml of hexane was added 
to these flasks and the contents were again shaken for 1 h. 
To the flasks sodium sulphate (2% of the total) was added 
and volume made up to 250 ml with distilled water. Upper 
layer (~ 5 ml) of hexane was taken out into a sterile glass 
vial and the vials were kept open overnight to evaporate 
at room temperature. The residue was dissolved in 1 ml 
acetonitrile and used for analysis. Chlorpyrifos was ana-
lyzed in a HPLC (High Performance Liquid Chromatogra-
phy). Analysis was performed at wavelength of 325 nm 
using mixture of acetonitrile and 0.1% of aqueous Ortho 
phosphoric acid at a ratio of 75:25 as the mobile phase 
with a flow rate of 1 ml min−1. The HPLC system used 
was a Varian Prostar instrument equipped with degasser, 
quaternary pump, UV detector connected to a Rheodyne 
injection system (20 mL loop). The stationary phase was 
comprised of Lichrospher on C-18-packed stainless steel 
column (250 mm × 4 mm i.d).
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2.4  Isolation of chlorpyrifos degrading bacteria

To isolate bacteria soil samples following chlorpyrifos 
degradation were processed. About 1 g soil sample from 
the vial was suspended in 10 ml sterile distilled water. Soil 
suspension was serially diluted up to  10−8 dilutions, and 
100 µl of this suspension was spread on the Mineral salts 
medium (MSM) [37]. The medium prepared by dissolving 
1.8 g  K2HPO4, 4.0 g  NH4 CI, 0.2 g  MgSO4.7H2O, 0.1 g NaCl, 
0.01 g  FeSO4.7H2O, in 1 L of distilled water. Chlorpyrifos 
(filter sterilized by passing through 0.2 µM syringe filter) 
was added to the MSM media at a final concentration of 
10 ppm. Media and chlorpyrifos were mixed thoroughly by 
swirling the flask in hand. Plates were prepared and inocu-
lated following aseptic condition. Plates were incubated at 
28 ± 2 °C in an incubator for 24–48 h. Number of colonies 
appeared on the plates were counted to determine the 
bacterial abundance. Colonies having unique morphologi-
cal features were further streaked on the plates. The puri-
fied isolates were stored in slants at 4 °C.

2.5  Characterization of isolates

Approximately 50 uniform bacterial colonies per plate 
emerged on all of the plates. On the basis of colony color and 
structure, 17 isolates were screened and grown on fresh nutri-
ent agar media. Stock cultures were maintained on nutrient 
slopes and sub-cultured every 8 weeks. Bacterial morphology 
and motility were studied with a phase-contrast microscope 
(Leica, Germany). Gram staining was performed using a Hime-
dia Gram stain kit (India). Testing for C source utilization was 
performed by standard high media disc protocol. Different C 
sources were used to determine the C utilization pattern of 
the isolates. The C sources included monosaccharides (arab-
inose, cellubiose, glucose, dextrose, dulcitol, fructose, galac-
tose, mannitol, mannose, xylose, rhamnose, lactose) disac-
charides (sucrose, melibiose, and maltose), trisaccharides 
(trehalose), tetrasaccharide (raffinose, rhaminose), polysac-
charides (inositol, melibiose, salicin, sorbitol, inulin). Catalase 
activity was determined by observing bubble production in 
3% (v/v),  H2O2 and oxidase activity was determined using 1% 
(m/v) tetramethyl-p-phenylenediamine. Nitrate reduction or 
nitrate utilization was performed by colorimetric assay using 
sulfanilic acid and α-naphthylamine. Phenyl alkaline deami-
nase and tryptophan decarboxylase activity was performed 
by following standard methods [4].

2.6  PCR amplification of 16S rRNA gene 
and sequencing

The bacterial pure cultures isolated from the soils under 
degradation studies were identified phylogenetically. Colo-
nies were subjected to colony PCR using the forward primer 

341F (5′-TAC GGG AGG CAG CAG -3′) and reverse primer 
907R (5′-CCG TCA ATT CCT TTR AGT TT-3′) (Xcelris labs ltd, 
Ahmedabad) to amplify the partial 16S rRNA gene. The 
reaction mixture included master mix 10 µl, forward and 
reverse primer 0.1 µl taq polymerase 0.2 µl and 39.6 µl water 
was added and volume of reaction made 50 µl. The PCR 
was run in Stepone™ realtime PCR thermocycler (Applied 
Biosystems, USA). The reaction conditions were: an initial 
denaturation step at 94 °C for 5 min, annealing 45 °C for 
30 s, elongation 72 °C for 45 s. PCR was carried out for 40 
cycles. After completing the PCR, the PCR product was puri-
fied using PCR purification kit with spin columns according 
to the manufacturer’s (BR Biochem, N Delhi) instructions. 
Then these samples were sent for sequence analysis in IISER, 
Bhopal (M.P.). Both forward and reverse sequences were 
matched by global alignment and contigs were created by 
the CAP contig assembly tool of BioEdit ver 7.2.5.

2.7  16S rRNA sequence alignment and phylogenetic 
analysis

After sequencing the qualities of the DNA sequence (elec-
trophoregrams) were first checked manually to detect th 
defective (presence of ambiguous assignments of nucleo-
tides) sequences. Chimera Check program was used to 
remove the chimeric sequences. The program available 
at NCBI (http://www.ncbi.nlm.nih.gov/) was used for this 
analysis. Sequences were aligned with the help of RDP 
(Ribosomal database project) database. The closest simi-
larities were matched by using the Seqmatch program of 
RDP. The DNA sequences were grouped into single related 
groups based on their similarity values (≥ 98% similar to one 
another). The DNA sequences having unambiguous nucleo-
tides were used for analysis. After alignment with RDP data-
base, the closely related sequences were retrieved from RDP. 
These sequences were used to construct phylogenetic tree. 
Based on the maximum identity score, most closely related 
sequences were selected. These sequences were aligned 
using the multiple alignment program Muscle of MEGA 7. 
A distance matrix was generated and a phylogenetic tree 
was constructed by the neighbour-joining algorithm [32]. 
The stability of the phylogenetic trees was tested with sets 
of 100 re-samplings using bootstrap program (MEGA 7).

2.8  Statistical analysis

Isolates were clustered based on the basis of their carbo-
hydrate metabolism pattern. A data matrix was created 
by assigning positive growth of the isolates as 1 and no 
growth as 0. Data was subjected to cluster analysis using 
the brays-curtis distance measure. Dendrogram was con-
structed using an un-weighted pair-group method with 
arithmetic mean using the statistical software PAST (ver 

http://www.ncbi.nlm.nih.gov/
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2.12). To identify the major isolates and their response to 
carbohydrates, Principal Component Analysis (PCA) was 
carried out. PCA analysis was interpreted graphically by 
constructing biplots, with the original variables drawn 
as vectors that summarize the correlation among the 
variables. Correspondence analysis was carried out to 
exhibit the inter-relation among the isolates and the bio-
chemical properties. PCA and correspondence analysis 
was performed using the agricolae and vegan package 
of the statistical software R ver 2.15.1.

3  Results

3.1  Chlorpyrifos degradation

The concentration of chlopyrifos was measured at 0 d, 
15 d and 30 d of incubation period (Table 1). Data are 

presented as arithmetic mean ± standard deviation of 3 
replicated observations. At 0 d, chlorpyrifos concentration 
was 9.74 ± 0.28 µg g−1 soil. Concentration of chlorpyrifos 
declined about 50% at 15 d and about 30% at 30 d. Deg-
radation rate of chlorpyrifos was 0.34 ± 0.04 µg g−1 soil  d−1.

3.2  Diversity of culturable bacteria

Culturable count of the chlorpyrifos biodegrading bac-
teria ranged from 4.2 ± 0.701 × 105 colony forming unit 
(CFU)  g−1 dry soil. In chlorpyrifos un-amended soil bacte-
rial count was about 35 × 106 CFU g−1 soil. Based on the 
colony morphology 17 bacterial isolates were selected for 
16S rRNA sequences analysis. The classification of the 16S 
rRNA genes of the bacterial isolates is given in Table 2. The 
PCR amplicons were 812 bp to 902 bp length. Sequences 
were 96–100% homologous to the known bacterial spe-
cies (NCBI GenBank database). The sequences mainly rep-
resented Alphaproteobacteria, Betaproteobacteria, Firmi-
cutes, and Actinobacteria. The sequences had GC content 
in the range of 52.2–56.6%. A pie chart constructed to 
exhibit relative abundance of different bacterial species 
(Fig. 1). The most dominant bacteria was Arthrobacter 
phenanthrenivorans (23%). Followed by Arthrobacter 
globiformis and Bacillus flexus were present at 15% each. 
Microbacterium paraoxydans, Bacillus megaterium, Bacillus 
soli strain R, Bacillus drentensis, and Bacillus koreensis were 
present at 8% each. Uncultured Bacillus sp constituted of 
7% of the total bacterial population. 

Table 1  Chlorpyrifos biodegradation potential of soil (vertisol)

Soils were incubated with chlorpyrifos (10  µg  g−1 soil) and incu-
bated at 60% moisture holding capacity. Concentration of chlor-
pyrifos was estimated at 0, 15 and 30  days of incubation. For all 
sample n = 3. Values with same letter are not statistically different 
at p < 0.05

Days of incubation Chlorpyrifos 
(µg g−1 soil)

0 9.74 ± 0.28a

15 4.70 ± 0.36b

30 3.15 ± 0.23c

Tukeys HSD (p < 0.05) 0.31

Table 2  The 16S rRNA gene 
phylogeny of chloryrifos 
degrading heterotrophic 
bacteria isolated from vertisol

Isolates Classification Microorganism with most closest 
sequence in GenBank database

GC  % Base pair Similarity (%)

C1 Aphaproteobacteria Microvirga vignae 55.8 817 99
C2 Aphaproteobacteria Microvirga lupini 56.4 812 99
C3 Betaproteobacteia Vogesella perlucida 52.2 868 99
C4 Betaproteobacteria Cupriavidus taiwanensis 55.4 867 98
C5 Aphaproteobacteria Microvirga subterranea 55.8 824 100
C6 Betaproteobacteria Cupriavidus taiwanensis 55.6 862 98
C7 Aphaproteobacteria Sphingopyxis indica 53 819 99
C8 Aphaproteobacteria Microvirga vignae 56.6 821 99
C9 Aphaproteobacteria Microvirga subterranea 55.8 814 98
C10 Fermicutes Bacillus simplex 53.4 902 99
C11 Aphaproteobacteria Microvirga lupini 56.2 827 98
C12 Fermicutes Bacillus safensis 55.4 891 99
C13 Actinobacteria Microbacterium resistens 56 878 98
C14 Fermicutes Bacillus safensis 55.4 892 100
C15 Fermicutes Bacillus simplex 54.1 891 99
C16 Fermicutes Paenibacillus purispatii 54.1 889 96
C17 Actinobacteria Micrococcus aloeverae 56.6 844 99
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3.3  Phylogenetic characteristics

Molecular phylogenetic analysis of the 16S rRNA genes 
of the bacterial isolates is given in Fig. 2. The bacterial iso-
lates C1, C2, C5, C9 were closely related to Microvirga spe-
cies. The isolates C4, C6 isolates were similar to Cuprividus 
sp. The bacterial isolate C7 isolate showed similarity with 
Sphingophyxis sp. The isolates C10, C12, C14, C15,C16 iso-
lates were related to various Bacillus sp and Paenibacillus 
sp. The isolate C13 was mostly homologous to Microbac-
terium sp. The strain C17 strains showed similarity with 
Micrococcus alveroence.

3.4  Cellular and biochemical characterization

Various cellular and biochemical properties of the bacterial 
isolates is presented in Table 3. The population of chlorpy-
rifos biodegrading bacteria was comprised of both gram 
positive and gram negative type at a equal proportion. 
Bacterial colonies were mostly non pigmented, and in the 
shades of white or yellow. Majority of the isolates were 
rod shaped. About 62.66% of the isolates were motile. The 
optimal pH of the medium was 6–7 for the growth of the 
isolates. Approximately 88% of the isolates were catalase 
positive. About 65–70% of the isolates reduced nitrate. 
Approximately 60% isolates hydrolyzed starch. Most of 
the isolates showed decarboxylase activity. Among these 
isolates Microvirga and Micrococcus species showed deam-
inase activity.

The bacterial isolates varied in their C source utilization 
metabolism (Table 4). Among the different C sources tre-
halose and mannose were the most preferred C sources 

and approximately 60% of isolates utilized them. Dex-
trose, glucose and cellulose, salicin, xylose, arabinose, 
fructose, adonitol were used by 55% of the isolates. Meli-
biose, sucrose, mannitol were the least (10–20%) utilized 
C source. Galactose, sorbitol or dulcitol were un-utilized 
by the isolates.

3.5  Statistical analysis

Carbon utilization pattern of the isolates were further 
characterized by Brays-curtis dendrogram (Fig. 3). Bacte-
ria were grouped into three major clusters. Cluster I con-
stituted of C5, C6, C8, C17, C4, C7, and C3. These isolates 
were mostly specific to utilize few C sources. Cluster II was 
constituted of C11, C16, and C2. Cluster III constituted of 
C12, C14, C15, C9, C11, C10, and C13. Isolates of cluster 
II preferred glucose and fructose and cluster III preferred 
polysaccharides. PCA indicated that the most of the data 
variance was explained by the first two principal compo-
nents (Fig. 4). First component (PC1) explained 32.49% var-
iance and PC2 caused 16.46% variance. PCA highlighted 
that the isolate C10, C16, C2, and C1 were capable of uti-
lizing a wide variety of C sources. Other isolates (placed 
away from the C sources) differed in terms of C source uti-
lization. Correspondence analysis revealed that bacterial 
isolates vary significantly in terms of their enzymatic activi-
ties (Fig. 4). The component 1 contributed 35.4% variation 
while the component 2 contributed 30.4% variation. Most 
of the isolates had decarboxylase, cellulose, catalase, and 
oxidase activities.

4  Discussion

Biodegradation of chlorpyrifos and the bacteria involved 
in this process are well studied [2, 14, 31]. However, bio-
degradation of chlorpyrifos in relation to the metabolic 
nature of bacterial community is not explored. Therefore, 
this experiment was carried out to (1) evaluate biodeg-
radation potential of chlorpyrifos, (2) characterize bacte-
rial species involved in the chlorpyrifos biodegradation 
in terms of C utilization and enzymatic activities and (3) 
define the relation between metabolic attributes of bacte-
rial isolates and chlorpyrifos degradation potential. Chlor-
pyrifos biodegradation in vertisol occurred within 15 days 
of incubation which agrees with earlier reports. The half 
life of chlorpyrifos has been found to be 1.7–24 days in 
rice field soil [1]. Total culturable bacterial abundance was 
within a range as observed earlier [9]. Chlorpyrifos reduced 
bacterial abundance in soil as it inhibits microorganisms. 
For example, chlorpyrifos inhibits aerobic bacteria [26], N 
cycling microbes [2] and microbial biomass [34]. Occur-
rence of bacterial colonies on the agar plates indicated 

Arthrobacter 
phenanthrenivorans

(23%)

Arthrobacter 
globiformis

(15%)

Bacillus -uncultured
(7%)

Bacillus koreensis
(8%)

Bacillus drentensis
(8%)

Bacillus soli strain R
(8%)

Bacillus megaterium
(8%)

Bacillus flexus
(15%)

Microbacterium 
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Fig. 1  Diversity of chlorpyrifos biodegrading bacteria in vertisol. 
Genomic DNA was extracted from the bacteria isolated from soil 
after degradation of chlorpyrifos. PCR amplification performed tar-
geting 16S rRNA gene. DNA sequences were aligned with 16S rRNA 
gene database and closest relatives identified using Blastn algo-
rithm of NCBI. Values in parenthesis represent percentage abun-
dance of bacterial isolates
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that several species of bacteria were involved in the chlor-
pyrifos biodegradation.

The 16S rRNA sequences of the isolates matched with 
GenBank sequences of Alphaproteobacteria, Firmicutes 
and Actinobacteria. Similar result has been observed in 
Punjab soil [2]. Among different isolates, Microvirga was 
the most prominent representing 35% of bacterial popu-
lation. The next abundant bacteria were Bacillus sp 23%, 
and Cuprividus sp 12%. The lowest abundant bacteria were 
Sphingopyxis, Vogesella, Paenibacillus, Microbacterium, 
and Micrococcus each of 6% of total bacterial population. 
Microvirga has been found in soil treated with chlorpyrifos. 
This species multiplies by producing pesticide-degrading 

enzymes like organophosphorus hydrolase (OPH) [13], and 
phosphotriesterase. These enzymes are extracellular in 
nature [33]. The intermediates of chlorpyrifos biodegrada-
tion are TCP and DETP. These compounds are produced by 
the hydroxylation reaction [19]. Cupriavidus taiwanensis has 
been isolated from the sludge of drain outlet of a chlorpyri-
fos manufacturer. This species was capable of transforming 
chlorpyrifos to 3,5,6-trichloro-2-pyridinol (TCP) [18]. Sphin-
gomonas sp utilizes chlorpyrifos as sole source of carbon 
for growth, by hydrolyzing chlorpyrifos to 3,5,6-trichloro-
2-pyridinol (TCP) [11]. Bacillus or paenibacillus groups cata-
lyzed chlorpyrifos through hydrolysis of C–O–P ester bonds 
by phosphatase or phytase enzymes and released soluble 

Fig. 2  Molecular phylogenetic 
analysis of chlorpyrifos biode-
grading bacteria based on 16S 
rRNA gene sequences. The evo-
lutionary history was inferred 
using the UPGMA method. The 
optimal tree with the sum of 
branch length = 1.21368557 is 
shown. The percentage of rep-
licate trees in which the associ-
ated taxa clustered together 
in the bootstrap test (100 
replicates) are shown next to 
the branches. The tree is drawn 
to scale, with branch lengths in 
the same units as those of the 
evolutionary distances used to 
infer the phylogenetic tree. The 
evolutionary distances were 
computed using the Maximum 
Composite Likelihood method 
and are in the units of the 
number of base substitutions 
per site. The analysis involved 
50 nucleotide sequences. All 
positions containing gaps and 
missing data were eliminated. 
There were a total of 583 
positions in the final dataset. 
Evolutionary analyses were 
conducted in MEGA7
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Table 3  Metabolic and 
biochemical attributes of 
chlorpyrifos degrading 
bacteria isolated from vertisol

RS round shaped, C Cocci, NP non pigmented, LP light pigmented, W White, TP transparent, Y yellow

C1 = Microvirga vignae,  C2 = Microvirga lupine,C3 = Vogesella perlucida  C4 = Cupriavidus taiwa  C5 = Micro-
virga subterrana,  C6 = Cupriavidus taiwa  C7 = Sphingophyxis indica,  C8 = Microvirga vignae,  C9 = Microvirga 
substerrana,  C10 = Bacillus simplex,C11 = Microvirga lupine,  C12 = Bacillus safensis,  C13 = Microbacterium 
resistence,  C14 = Bacillus safensis,C15 = Bacillus simplex,C16 = Paenibacillus  C17 = Micrococcus aloverance

+  Positive for growth; −  no growth

Characteristics Bacterial isolates

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17

Morphology RS RS RS RS RS RS  RS RS RS RS RS RS RS RS RS RS C
Colony colour NP NP NP W LP W LP NP LP W W W W W W TP Y
Gram staining − − − − − − − − − + − + ± + + + +
Motility − − + + − + − − − + − + − + + − −
Oxidase − + − − + − − − + + + + + + + − −
Catalase − + + + + + + + + + + + + + + − +
Nitrate utilization + + + + + + + + − + + − − − − + −
Starch (cellulase) − + + + + − + − − + − − + − + + +
Decarboxylase + + + − + + + − − − + + + + − + −
Deaminase − − − − − − − − − − + − − − − − +

Table 4  Sugar utilization 
pattern of chlorpyrifos 
degrading bacteria isolated 
from vertisol

Sugars: Glu glucose, De dextrose, Fc fructose, Su Sucrose, Ce cellubiose, Du dulcitol, Ad adonitol, Ar ara-
binose, In inuline, Sa salicin, Mb melibiose, Is inositol, Ga galactose, Xy xylose, La lactose, Sb sorbitol, 
Mn mannitol, Te trehalose, Mo mannose, Rf raffinose, Rh Rhamanose, Ma maltose

The bacterial isolates:  C1 = Microvirga vignae,  C2 = Microvirga lupine,C3 = Vogesella perlucida  C4 = Cupri-
avidus taiwa  C5 = Microvirga subterrana,  C6 = Cupriavidus taiwa  C7 = Sphingophyxis indica,  C8 = Microvirga 
vignae,  C9 = Microvirga substerrana,  C10 = Bacillus simplex,C11 = Microvirga lupine,  C12 = Bacillus safensis, 
 C13 = Microbacterium resistence,  C14 = Bacillus safensis,C15 = Bacillus simplex,C16 = Paenibacillus  C17 = Micro-
coccus aloverance

+ Positive for growth; − no growth

Sugars Bacterial isolates

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17

Glu + + + + − − + − + + − − − − − − −
De + + + − − − − − + + + − + − − + +
Fc − − − − − − − + − + − − + − − + +
Su − − − − − − − − − + − − + − − − +
Ce + − − − − − + − − + − + + + − + −
Du − − − − − − − − − − − − − − − − −
Ad + + − − − − − − − + − − − − − + −
Ar − + − − − − − − − − − + − + − + −
In − − − − − − − − − − − − − − − + −
Sa + + + − − − + − − − − − + − + − −
Mb + − + − − − − − − − − − − − − + −
Is + − − − − − − − − − − − − − − − −
Ga − − − − − − − − − − − − − − − − −
Xy − + − − − − + − − − + − + − − − −
La + − − − − − − − − − − − − − − + −
Sb − − − − − − − − − − − − − − − − −
Mn − − − − − − − − − − − − − − + − −
Te + + − − − − − − + + + + + + + + −
Mo + + − − − − − − + + + + + + + + −
Rf + + − − − − − − − − − − − − − + −
Rh + + − − − − − − − − − − − − − − −
Ma + + + − − − − − − − − − − − − + −
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phosphorous and carbon for their energy source [20]. Mic-
rococcus species belong to group of bacteria those adapt 
readily to contaminated environments. Therefore, these 
bacteria are potentially useful for bioremediation purposes 
[21]. It was found that Micrococcus degrade chlorpyrifos up 
to 76% [30]. The phylogenetic analysis highlighted related-
ness of the bacterial isolates with the known (reference) 
species. The un-related isolates branched separately from 
the known sequences of GenBank.

Carbohydrate metabolism pattern varied among the 
bacterial isolates. Most of the isolates readily utilized 
monosaccharide like mannose and xylose and disaccha-
rides like trehalose, cellubiose. However, the isolates fee-
bly utilized disaccharides (sucrose, maltose, melibiose), 
polysaccharide (inulin), and sugar alcohols (inositol and 
sorbitol). Monosaccharides found to be the driving factors 
for chlorpyrifos degradation in vertisol. Therefore, bacterial 
community had functional groups which could metabo-
lites polysaccharides resulting simpler sugars to degrade 
chlorpyrifos. Similar result has been observed where sim-
ple glucose and maltose promoted chlorpyrifos degrada-
tion and produced non toxic compound like 2-pyridinol 
and thiophosphate [27]. Based in the C source utilization 
pattern it is plausible that the biodegradation of chlorpy-
rifos occurred by group of bacteria having different meta-
bolic attributes, by the bacterial groups which use com-
plex C sources (polysaccharides) and then by the bacterial 

groups which preferentially use simpler C sources (mono-
saccharide or disaccharide). Probably, bacteria using sugar 
alcohols participate in the degradation of chlorpyrifos at 
the intermediate stage. There were an equal proportion 
of Gram-positive and Gram negative bacteria in the soil 
sample. Most of the bacterial isolates were catalase posi-
tive, oxidase positive and also showed motilily. Motility 
reflects microbial virility and effectiveness to grow under 
adverse or stress environmental conditions. Similar results 
have been observed in other studies [9].

Principal component analysis (PCA) differentiated the 
bacterial isolates based on their C source utilization pat-
tern. Most of the isolates were distantly related to the 
tested C sources indicating preferential use of chlorpyrifos 
as C substrate. Many bacterial species has been isolated 
from soil capable of using chlorpyrifos as C source [6]. The 
isolates C1, C2, C10, and C16 were closely placed with the 
C sources. Probably, these species use the metabolites 
(sugars) from the breakdown of polysaccharides (cellu-
lose). The isolates C4, C5, C6, and C7 representing Cupri-
avidus sp, Microvirga, and Sphingopyxis sp are well known 
chlorpyrifos biodegrading organisms prevalent in soil. 
Cupriavidus has been used as inoculants to remediate 
chlorpyrofos contaminated soil. [18]. Microvirga belongs 
to the Methylobacteriacea. Many members of this fam-
ily degrade different organic pollutants [7]. Therefore, 
this study is the first to report Microvirga sp as a possible 
degrader of chlorpyrifos. Sphingopyxis sp is a known organ-
ophosphate insecticide biodegrader [8].

The chlorpyrifos biodegradation pathway involves 4 
steps. In the 1st step chlorpyrifos is rapidly converted to 
chlorpyrifos oxon by oxidative desulfuration by mixed-
function oxidases. The 2nd step is the conversion of 
chlorpyrifos directly to 3,5,6-trichloro-2-pyridinol (TCP) 
and diethyl thiophosphate. The 3rd step is the hydrolysis 
of chlorpyrifos to monethyl 3, 5, 6– trichloro–2–pyridi-
nyl phosphorothioate. However, this is a minor reaction 
pathway. In the 4th step chlorpyrifos oxon gets deacti-
vated to TCP by hydrolysis. The toxicity of TCP increases 
in soil as its half life is 65 and 360 days in soil [23] In 
a study on the degradation of chlorpyrifos in aqueous 
solution hydrolysis, oxidation, hydroxylation and decar-
boxylation has been found to contribute to the degra-
dation reaction and the degradation pathway for the 
insecticide [38]. Therefore, the correspondence analysis 
indicated that the bacterial isolates were closely related 
to decarboxylase, catalase, cellulase, nitrate reduction, 
and oxidase activities.

Catalase and oxidase hydrolyze chlorpyrifos by cleaving 
P–O, P–F, and P–S bonds. Therefore, most bacterial isolates 
exhibited these enzymatic activities. The isolates also had 
decarboxylase activity, which indicated that chlorpyrifos 
degradation could have progressed through removal of C 

Fig. 3  Bray–Curtis similarity of the chlorpyrifos biodegrading 
bacteria based on their carbohydrate utilization pattern. The iso-
lates are named as C followed by a number. The isolates with 
similar carbon-metabolizing activity were clustered within same 
nod. The bacterial isolates are as follows :  C1 = Microvirga vignae, 
 C2 = Microvirga lupine,C3 = Vogesella perlucida  C4 = Cupriavidus taiwa 
 C5 = Microvirga subterrana,  C6 = Cupriavidus taiwa  C7 = Sphingo-
phyxis indica,  C8 = Microvirga vignae,  C9 = Microvirga substerrana, 
 C10 = Bacillus simplex,C11 = Microvirga lupine,  C12 = Bacillus safensis, 
 C13 = Microbacterium resistence,  C14 = Bacillus safensis,C15 = Bacillus 
simplex,C16 = Paenibacillus  C17 = Micrococcus aloverance 
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through aerobic respiration. Energy for these enzymatic 
activities was met through oxidation of sugars resulting 
favorable use of monosaccharide.

An enrichment technique was used to isolate these 
isolates on nutrient agar that might have resulted in inac-
curate estimation as only 0.1–1% of the total organisms 
are culturable on synthetic medium [3]. However, the 
experiment provided clues on the bacterial communities 
involved in chlorpyrifos biodegradation.

5  Conclusive remarks

This study outlaid the bacterial community involved in 
the chlorpyrifos biodegradation in a vertisol. The bac-
terial isolates varied in their C utilization pattern and 
enzymatic activities. Some bacterial isolates preferred 
chlorpyrifos as C substrate. Most of the bacterial iso-
lates possessed decarboxylase, catalase, and oxidase 
activities. Probably, the chlorpyrifos degradation was 

Fig. 4  Top—PCA bilot (top) 
where the variation rendered 
by PC1 and PC2 was 32.49% 
and 16.46% respectively. 
Glu Glucose, De Dextrose, 
Fc fructose, Su Sucrose, 
Ce Cellubiose, Du Dulcitol, 
Ad Adonitol, Ar Arabinose, 
In Insulin, Sa Salicin, Mb Meli-
biose, Is inositol, Ga Galactose, 
Xy xylose, La Lactose, Sb Sorbi-
tol, Mn Mannitol, Te Trehalose, 
Mo Mannose, Rf Raffinose, 
Rh Rhamanose, Ma Maltose. 
Correspondence analysis 
(bottom) from a binary matrix 
of the enzymatic (Catalase, 
oxidase, decarboxylase, cel-
lulose, nitrate reduction, and 
deaminase) activities exhibited 
by the chlorpyrifos degrad-
ing bacteria isolated from 
vertisol. The bacterial isolates 
are as follows:  C1 = Micro-
virga vignae,  C2 = Micro-
virga lupine,C3 = Vogesella 
perlucida  C4 = Cupriavidus 
taiwa  C5 = Microvirga sub-
terrana,  C6 = Cupriavidus 
taiwa  C7 = Sphingophyxis 
indica,  C8 = Microvirga vig-
nae,  C9 = Microvirga sub-
sterrana,  C10 = Bacillus 
simplex,C11 = Microvirga 
lupine,  C12 = Bacillus safen-
sis,  C13 = Microbacterium 
resistence,  C14 = Bacil-
lus safensis,C15 = Bacillus 
simplex,C16 = Paenibacillus 
 C17 = Micrococcus aloverance 
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mediated through these enzymatic activities. Catalase 
and oxidase were responsible for cleavage of molecule. 
Carboxylase could have been part of the degradation 
pathway of chlorpyrifos in vertisol. Preferential utiliza-
tion of monosaccharides by the isolates indicated effi-
cient degradation of the isolates resulting monosac-
charides. Study highlights that chlorpyrifos degrading 
bacterial community is comprised of different bacterial 
species which acts synergistically. The present study pro-
vided key information on role of bacterial community 
on chlorpyrifos degradation. However, there is need of 
further studies to (1) define the biodegradation poten-
tial of the individual isolates, (2) examine the function 
of individual bacterial isolates in chlorpyrifos biodeg-
radation, and (3) elucidate the metagenomic diversity 
of the un-culturable bacteria and their function in the 
biodegradation process.
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