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ABSTRACT

An enrichment culture technique was used to isolate bacterial strains responsible for the biodegradation of

profenofos in a soil from Hubei province of central China. Two pure bacterial cultures, named W and Y,

were isolated and subsequently characterized by sequencing of 16S rRNA genes and biochemical tests.

Isolate W showed 96% similarity to the 16S rRNA gene of a Pseudomonas putida unlike Y which showed

99% similarity to the 16S rRNA gene of Burkholderia gladioli. Both strains grew well at pH 5.5-7.2 with

a broad temperature profile ranging from 28° to 36 °C. Bioremediation of profenofos-contaminated soil

was examined using soil treated with 200 ug g'; profenofos resulted in a higher degradation rate than

control soils without inoculation. In a mineral salt medium (FTW) reduction in profenofos concentration

was 90% within 96 hours of incubation. A literature survey revealed that no data is available

regarding the role of Burkholderia gladioli on pesticide biodegradation as well as on profenofos.
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INTRODUCTION

Profenofos, a well known organophosphate pesticide has
been in agricultural use over the last two decades for
controlling Lepidopteron pests of cotton and tobacco.
Profenofos has been classified as a moderately hazardous
(Toxicity class 1II) pesticide by the World Health
Organization (WHO) and it has a moderate order of acute
toxicity following oral and dermal administration (32, 33).
Profenofos is extremely toxic to fish and macro- invertebrates
(1). The acute toxic action of profenofos is the inhibition of
the acetylcholinesterase activity (11) resulting in toxicity also

in humans (8). Microbial degradation of organophosphate

pesticides is of particular interest because of the high
mammalian toxicity of such compounds and their widespread
and extensive use. The most significant step in detoxifying
organophosphate compounds is hydrolysis since that makes
the compounds more vulnerable to further degradation (21).
The enzyme responsible for catalyzing this reaction is
referred as an esterase or phosphotriesterase. Research has
found a wide range of microorganisms possessing the
organophosphate hydrolase enzyme (9, 18, 24). The most
well-known examples of natural isolates able to degrade
organophosphates are Pseudomonas diminuta MG and
Flavobacterium ATCC 27551. They have been shown to
possess the organophosphate hydrolase (OPH) enzyme (23).
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The effects of profenofos on total bacterial populations were
supposed significant but studies showed that microbial
populations decreased initially at concentrations of 100 to
300 pg g but recovered rapidly to levels similar to those in
the control (22) indicating that it can serve as Carbon source.

Phototransformation of profenofos studies showed cleavage
of ester bond (35). To our knowledge, degradation of
profenofos by a soil bacterium has not been reported earlier.
This isolation and

describes the enrichment,

paper

identification of profenofos degrading bacteria.

MATERIALS AND METHODS

Reagents and Chemicals

Technical-grade profenofos (99.5% pure) was purchased
from Guangzhou Webber Chemical Co., Ltd. , HPLC grade
acetone and hexanes were supplied by J.T Baker, USA and
Mallinckrodt Baker Inc TEDIA, USA, respectively.
Enzymes, marker and Buffer for PCR were obtained from
Sangon Shanghai, China. All other chemicals, if not
otherwise stated, used for media were purchased from
Sinopharm Chemical Reagent Co. Ltd. (SCRC), Shanghai,

China.

Sample Collection for Enrichment Studies

Two environmental samples were used in this study for
the isolation of profenofos-degrading microorganisms. Both
soil samples (Table-1) were collected from different sites
with a history of 6-7 years of profenofos applications in
Hanchuan city of Hubei province, China. The coordinates of
the sampling site were 30° 40°59.7” N, 113° 49> 37.3” E.

The collected samples were stored at 4°C.

Isolation of profenofos-degrading bacteria by enrichment
culture
Medium for isolation

Salt medium FTW (15) with the following composition
was used: (g L' deionized water) K,HPO, 0.225; KH,PO,
0.225; (NH4),SO, 0.225; MgS0,47H,0 0.05; CaCO; 0.005;

and FeCl,-4H,O 0.005, blended with 1 mL of Focht trace
elements solution (10). The Focht trace element solution
contained (mg L’l): MnSO4-H,O 169; ZnSO47H,O 288;
CuSO4-5H,0 250; NiSO46H,O 26; CoSO, 28;
Na,Mo0O,2H,0 24; pH- 7.2+0.2.

The medium for isolation was composed of FTW and

and

profenofos. FTW was autoclaved and then supplemented
with 100 mgL™" profenofos. Plates for isolation were prepared
by adding 20 g agar per liter of isolation medium.

Luria-Bertani (LB) Medium composition was: (g L
deionized water) NaCl 10.0; Tryptone 10.0; Yeast extract 5.0;
pH- 7.240.2 (28).

Isolation procedure

The isolation method of Lansing M. Prescott, 2002, was
followed with some modifications. The soil samples (Table-
1) were sieved through a 90-mesh sieve to remove stones and
plant material. Then 10 g of soil was placed in a 250 mL
conical flask containing 100 mL FTW media and incubated at
30° C in a rotary shaker at 150 rpm for two days. The flasks
were then left for a few hours to allow the soil particles to
settle, and the suspension containing microorganisms was
then used to inoculate fresh sterilized FTW media containing
100 mgL™" profenofos and incubated for two days.

To obtain pure cultures of single strains, 5 mL aliquots of
enrichment cultures were centrifuged at 3000 rpm for 5 min
(TGL-16A centrifuge, Changsha Pingfan instrument Ltd) and
the cell pellets were resuspended in 2 mL sterile media.
Aliquots of this suspension were streaked on FTW-
profenofos agar plates. Inoculated plates were incubated
under aerobic conditions at 30°C and discrete colonies were
isolated.

The resulting colonies were repeatedly subcultured in the
same medium (FTW with 100 mgL" of profenofos) to
confirm their profenofos utilizing ability. All colonies were
transferred into fresh sterile medium to obtain a pure culture.
Two strains, designated Y and W, which possessed the
highest degradation capability, were selected for further

investigation (26).
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Identification of the isolates

The morphological, physiological and biochemical tests
of isolates W and Y, were performed by using standard
methods. The bacterial strains were taxonomically identified
from Bergey’s Manual of systematic bacteriology (12) as
Pseudomonas sp. and further confirmation was made by

sequencing 16S rRNA gene.

Genomic DNA isolation and sequencing of 16S rRNA
gene

Genomic DNA was isolated using standard bacterial
procedures (14). The following primers were used for PCR
amplification of the gene encoding 16S rRNA: 63f (5'-
AGGCCTAACACATGCAAG TC-3"), 1387r (5'-
GGGCGGAGTGTACAAGGC-3') The PCR mixtures
(50 pl) contained 10uM of each primer, PCR buffer, 5 U of
Taq DNA polymerase, BSA 10uM and 2pl of DNA. The
thermocycling conditions consisted of a denaturation step at
94°C for 3 min, 28 amplification cycles of 94°C for 20 s,
58°C for 40 s and 72°C for 1 min and a final polymerization
for 3 min 30 s with a MJ Research Thermalcycler (MJ
Research, PTC-100, USA). PCR products were visualized on
1.0% agarose gels with Gel Doc 2000 (Bio-Rad USA). The
purified PCR products were then cloned into the pMD-18 T
vector (TaKaRa, Dalian, China) and sequenced in Sangon
Shanghai, China. Nucleotide sequence similarities were
determined BLAST Center  for

using (National

Biotechnology Information databases).

Biodegradation studies
Inoculums preparation for degradation studies

The isolated bacterial cells were pre-cultured in LB
medium at 30°C with 150 rpm shaking, harvested by
centrifugation at 6000 rpm for 10 min and washed three times
with sterilized water. For all experiments, cells were used at a
concentration of 20 mg dry weight per 50 mL media and for
50 g soil 40 mg dry weight cells were used. If not otherwise
stated the incubation conditions were 30°C with 150 rpm

shaking.

Profenofos degrading bacteria

Kinetics of biodegradation

The degrading ability of the isolated strains was assayed
with batch cultures in mineral salts medium (FTW)
supplemented with profenofos (100 mgL™") in triplicates. The
cultures were inoculated with the isolated strain and
incubated. Aliquots of 2 mL were taken at suitable interval
between 0 to 4 days and were subjected to GC analysis after
extraction of profenofos residues. Triplicate sets of each

composition without inoculation were kept as controls.

Degradation studies in soil

Air-dried sieved (< 2 mm) soil samples, used for
isolation (Table-1), were placed in 50 g portions in pre-
sterilized 100 mL Erlenmeyer flasks and were moistened
with sufficient water to provide 60% water holding capacity.
The soil samples were amended with 200 mg/L of profenofos
and inoculated with the isolates separately and incubated in
duplicate. The duplicate sets of controls consisting of
sterilized soil with identical amount of profenofos but
without the isolate were run simultaneously under identical
conditions. At different time points between 0 to 25 d.,
aliquots of 3 g soil were removed in duplicate from the
microcosms and subjected to extraction of profenofos
residues in soil samples by acetone-hexane (20:80) mixture

(17) and then analyzed by GC.

Gas chromatography analysis

Extraction of profenofos residues: The samples (aliquots
of liquid culture as well as soil) were subjected to organic
solvent extraction three times with acetone: hexane (20:80)
mixture. The extract was filtered and the organic solvents
were evaporated to near dryness on a rotary thin film
evaporator. The residues were dissolved in 5 ml hexane and
stored at 4°C until analysis. Efficiency of extraction and
estimation of profenofos was over 90%.

GC-ECD : Profenofos residues, extracted in hexane from
salt media or from the soil samples, were analyzed in Agilent
Gas chromatograph (Model 6890 Series USA) equipped with
a Ni 63 electron capture detector with HP-5MS column
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(length 30 m, diameter 0.25 mm). The operating conditions:
initial temperature 120 °C, then heated at 7°C/min to a final
temperature of 250°C. The total run time was 33.07 min. The
splitless mode was used for the injection. The injector
temperature was at 240°C and the detector temperature was at
300°C. Nitrogen gas (99.999%) was used as the carrier gas

with a gas flow at 23.3 cm sec” linear velocity.

RESULTS

Isolation and Identification of profenofos degrading
bacteria

Four different microorganisms were isolated from the
profenofos-exposed soil samples by above mentioned
method. All isolates were found to possess the ability to
degrade the pesticide. Strains named as W and Y degraded
profenofos were subejected for further studies and are
presented in this study. Theses strains were a rod-shaped,
gram negative, motile bacterium (Table 1).

By sequencing the 16S rRNA gene of W and Y and
comparing them with previously published 16S rRNA gene
sequences, the strains were classified as a member of the
genus Pseudomonas and Burkholderia respectively. The
sequence of strain W displayed the highest identity (96%)
with the
(FI865579) and strain Y showed (99%) similarities with

Burkholderia gladioli (F1865580).

16S rRNA gene of a Pseudomonas putida

Table 1. Properties of the soil samples

Sample pH Organic matter sand Silt  Clay

(g/kg) o) () (%)
1 6.58 28.3 80.61 6.64 12.75
2 6.76 26.7 84.00  9.00 7.00

Biodegradation of profenofos
Degradation in liquid culture media

Under aerobic conditions, profenofos degradation by
both bacterial isolates was monitored by GC for a period of

96 h (Fig. 1a; & a,) in liquid culture media.

Both Pseudomonas putida W and Burkholderia gladioli
effected very rapid degradation of profenofos, added to the
mineral salts medium as a sole carbon source.

Rapid degradation began shortly after 6 hours of
incubation under aerobic conditions, suggesting that a
constitutively expressed enzyme(s) was involved in the
degradation of profenofos. The degradation of profenofos
supported cell growth, indicating that isolated strains could
utilize profenofos as a carbon source.

After 6 h, 27.77% and 19.92 % of pesticide had rapidly
removed by Pseudomonas putida W and Burkholderia
gladioli respectively followed by a slower decrease of
profenofos with longer incubation times. After 96 hrs 92.37%
pesticide was removed by Pseudomonas putida showing its
ability to degrade op compounds in liquid media while in

case of Burkholderia gladioli results were 87.58%.

Degradation of profenofos in soils

The soil sample, previously used to isolate profenofos
degrading bacteria, was used in this study. The soils
characteristics are given in the Table 2. The standard error
was within 5% of the mean.

The addition of isolated strains to soils resulted in a more
rapid rate of profenofos degradation than that by control
(non-sterilized soil and sterilized) soils. Degradation of
profenofos in control sterilized soils (without inoculation)
was minimal where less than 16% of the applied
concentration was degraded in 25-day incubation studies
(Fig. 1b,). Degradation of profenofos was significant in
control non-sterilized (without inoculation) soil where 84%
degradation was recorded in 25 days. Fig. 1lb; & b,

demonstrates that approximately 70% profenofos was
degraded within 5 days but the degradation reaches 96.06 and
99.37within 25 days by Pseudomonas putida and
Burkholderia gladioli respectively. This suggested the same
fashion of degradation by both strains in soil and as well as in
liquid media such as in first phase rapid steep decline in
slower

concentration of the profenofos followed by

degradation.
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Profenofos degrading bacteria

Table 2. Morphological and Biochemical characteristics of profenofos degrading isolated bacterial strains

Biochemical Test and staining Isolate W Isolate Y
Gram straining Negative Negative
Oxidase Positive Negative
Catalase Positive Positive
Indole test Positive Negative
Methyl red Negative Negative
Voges-Proskauer Positive Positive
Citrate Positive Negative
H,S production Positive Negative
Urease Negative Negative
Glucose ,Sucrose Positive Positive
Lactose Positive Negative
Manitol Negative Positive
Methanol, Ethanol, Butanol, Isobutanol Negative Positive
Denitrification Positive Negative
Cell type (shape) rods Curve rods
Color(colony in FTW media) white Yellow
Elevation flat (irregular) convex (entire)
Surface Not smooth Smooth

DISCUSSIONS

Isolation of bacterial strain through enrichment technique
has been extensively used for the study of biodegradation of
pesticides (31). The results obtained in this study were in
agreement with earlier reports that indicated the
involvement of pseudomonas putida in the degradation of
insecticides  like

organophosphorus chlorpyrifos (4),

methylparathion (27), phosphonate (7) parathion (13),
ethoprophos (19) and glyphosate (34).

Members of the genus Burkholderia are versatile
organisms that occupy a wide range of ecological niches.
These bacteria are exploited for biocontrol, bioremediation
and plant growth promotion purposes, but safety issues
regarding human infections, especially in cystic fibrosis

patients, have not been solved. Many members of genus

Burkholderia have been discovered as pesticide degrader, For

example, the species B. kururiensis (36), B. sacchari (5), B.
phenoliruptrix 11(6), B. terrae (16) and B. cepacia (2) but
there have been only a few previous reports on the ability of
biodegradation of Burkholderia gladioli.

Degradation of pentachlorophenol (30) and glyphosate
(20) has been early reported. To our knowledge this is very
first report on ability of Burkholderia gladioli to degrade
profenofos.

OPH gene in Burkholderia sp. Strain NF100 has been
extensively studied (29), similarly esterase gene was found in
Burkholderia gladioli (25), as previous reports clearly stated
that esterase gene can be responsible for the breakdown of
ester bond in organophosphate pesticide which may be the
reason for biodegradation of profenofos.

In the natural environment, the competition for carbon
sources is immense and the utilization of profenofos as an

energy source by this bacterium provides it with a substantial
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competitive advantage over other microorganisms. compounds, including parathion (37), coumaphos (3) and
Successful removal of pesticides by the addition of bacteria  ethoprop (19).

(bioaugmentation) had been reported earlier for many
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Figure 1. Degradation kinetics of profenofos by bacterial strains; (a;) degradation in liquid batch culture media (FTW
amended with profenofos) at different time interval; -m- control, -e- Y,- A- W; (a,) % degradation of profenofos at different
time interval in liquid batch culture media;-m- control, -e- Y strain ,-A- W strain; (b;) degradation in soil sample
supplemented with profenofos at different days;-m- control (sterilized soil), -e- Control (non-sterilized soil), - A - Isolate Y, -
V- Isolate W ; (b,) % degradation of profenofos at different time interval in soil sample; ;-m- control (sterilized soil), -e-

Control (non-sterilized soil), - A - Isolate Y - ¥ - Isolate W
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