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Abstract. Organophosphorus compounds (OPs) have been widely used as effective insecticides. As a

result, using too many OPs causes the residues of pesticides to be washed away into the water or soil, not

only polluting water and soil, also directly or indirectly affecting environment and human health. Besides

many countries and terrorists also use them as chemical warfare weapons. They are very dangerous

neurotoxins to humans, animals and the environment. In the soil, there are many microorganisms that can

degrade OPs, helping to release the accumulation of these toxic substances. In this study, two effective OP-

degrading bacterial strains P9 and H14 has been isolated from agricultural land in Ha Nam province,

Vietnam. We had used DNA barcodes (16S rRNA) to molecular identification of Klebsiella variicola (P9)

and Priestia aryabhattai (H14) and deposited in GenBank MW644772, MW644771, respectively.

Moreover, at an initial concentration of methyl parathion 50 mg/L, in investigative culture mediums and

conditions, strain P9 degraded 100% of methyl parathion after 7 days in Luria-Bertani (LB) liquid culture.

Maximum growth of P9 strains was observered after 6 days incubation (OD600=3.34). This study is an

effort to open a direction of applying them in the treatment of OPs contaminated soils and water.
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Organophosphates (OPs) are a group of phosphorus-containing

organic compound that are esters of phosphoric acid. The acute

toxicity of OPs is related to irreversible inactivation of

Acetylcholinesterase - AChE, prevents AChE from breaking down

acetylcholine, leading to acetylcholine accumulation, disrupting

nerve impulse transmission, causing seizures, muscle weakness,

bradycardia, and respiratory failure leading to death [1]. These

compounds are very toxic to humans, animals and the environment

but have been widely used as effective insecticides (methyl

parathion-MP, chlorpyrifos, diazinon, DFP…). In addition, German

and British scientists synthesized OP neurotoxins that classified as

Chemical Warfare Agents (CWA) (tabun, sarin, soman, VX,...).

These are extremely toxic substances, can be released in liquid or gas

form and easily kill a victim within only a few minutes and were

used in battles and terrorist attacks that killed many people.

Degradation of OPs is a process that includes biodegradation,

chemical hydrolysis and the effects of some physicochemical factors.

In which, biodegradation is the main mechanism of the degradation

and detoxification of pesticides in the soil. Soil microorganisms help

to degrade OPs efficiently, safely and cheaply, so they have become

the focus of many studies. They belonging to genera Aspergillus,

Cladosporium, Penicillium, Flavobacterium, Pseudomonas,

Bacillus,Lactobacillus, Serratia, Stenotrophomonas, Burkholderia,

Athrobacter, Plesiomonas, etc.

Materials and Methods

Introduction

▪ All the chemicals used were of analytical grade: Methyl parathion

(99%) and Diazinon (99%) (Sigma-Aldrich).

▪Soil samples were collected from agricultural land that was

frequently sprayed with pesticides in Hanam, Vietnam.

▪Methods: Thin layer chromatography (TLC), Gas

Chromatography/Mass Spectrometer (GC/MS), PCR,…

Results and Discussion

1. Isolation of MP degrading microrganisms

Fig. 1. Six isolates were cultured in the MM supplemented with MP (A) and

Diazinon (B): CT (control: MM supplemented with OP but without strain),

Cmp (mp Standard), Cd (Diazinon Standard)

A total of five strains (H3, H14, P9, K3, K7) can degrade MP, 5 strains

(K3, H3, H14, P9, N1) can degraded Diazinon and 2 strains (H14 and

P9) that degraded best both MP and Diazinon after 14 days of

incubation. However, P9 had better growth ability on both MM plate

containing MP 300 mg/l and MM with Diazinon 300 mg / l. P9 colony

size was about 5-6 mm after 7 days of incubation while H14 was 3-4

mm. Thus, P9 was selected for further studies.

Fig. 2. Colony morphology on LB agar (image A) and microscopic

morphology (image B) of bacterial strain P9

Conclusions:

These experiments confirmed that six OP-degrading

strains were isolated from agricultural land of Ha

Nam, Vietnam in which H14 (identified as Priestia

aryabhattai) and P9 (identified as Klebsiella

variicola) degraded best both MP and Diazinon. Use

of these strains showing the potential for biological

decontamination of the pesticide OPs and solving

environmental pollution spots.
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Fig. 3. Phylogenetic tree constructed from 16S partial rRNA gene sequences

of strain P9 (left) and H14 (right) using the Maximum likelihood (ML) tree

2. Effect of the culture medium and conditions on the 

growth and MP degradation

MP reducing on MM medium 

Fig. 4. The growth and MP

degradation of bacterial strain

P9

The bacterial culture attained a

maximum OD600 after 10 days

(OD600=1.25). The results showed

that after the first 2 days of slow

MP degradation, the strain began to

degrade MP strongly. After 4, 6, 14

days of incubation, 41.4%, 70% and

95.8% of the initial insecticide dose

were degraded by bacterial strain

P9, respectively. Besides, P9 also

shows the ability to use MP as the

only carbon source (similar to the

publication of Mansee et al., Deng

et al.

Effect of the pH

After 7 days of shaking culture in MM medium containing MP 50

mg/l with different pH (pH5-9) (Figure 6) showed that: at pH 6, the

best growth (OD600 = 1.28) and best MP reducing (19.3 mg/l from

initial concentration 50 mg/l).

Fig. 5. Effect of the pH on the growth (left) and MP degradation (right)

Effect of the medium 

MP degradation was best in LB medium, then MMG, Wakimoto and

the worst in MM (Fig. 7B). P9 grew the strongest in LB medium

(OD600 = 3.3) and degradated all MP after 7 days. Chaudhry et al.

published: when cultured in LB, both cells and crude cell extracts of

P. diminuta and Pseudomonas sp. degraded MP and parathion well.

Wakimoto medium was also used by Verma et al. in strain screening

and culture for good growth and organophosphorus hydrolase

activity. In these study cultures, MM gave the worst growth (OD600

= 1.1). When supplementing with nutrients 0.5% glucose (MMG),

strain grew about 2 times stronger and MP degradation increased

about 1.5 times. The results are consistent with previous studies:

Bacterial growth on glucose-supplemented medium was 3-4 times

(Mahiudddin et al.) and 2 times (Cycoń et al.) that of the minimum

medium in the first 2 days. Similar enhanced OP degradation in the

presence of glucose in MSM was reported.

Fig. 6. Effect of the medium on the MP growth (A) and degradation (B)

Effect of the time 

The partial 16S rRNA of bacterial strains P9 and H14 were sequenced

and deposited in the GenBank with accession number MW644772 and

MW644771, respectively. The isolate P9 has the most identity to

Klebsiella variicola JX968498 (with 99.93 % similarity in 16S rRNA gene

sequences) (Fig. 3, left). Combined with the results of analysis of

morphological and biochemical characteristics, the results of

identification by sequencing are completely reliable. Klebsiella able to

degrade OPs has been published by Kulkarni et al.: K. pneumoniae sp. S3

from the soil degraded tributyl phosphate, Kumar et al.: Klebsiella sp.

degraded chlorpyrifos. The isolate H14 has the most identity to Priestia

aryabhattai MT605509 (identity of 100%) (Fig. 3, right). This result is

similar to the research result of Pailan et al.: Bacillus aryabhattai (P.

aryabhattai) can degrade OPs (chlorpyrifos and parathion) well.

Fig. 7. Effect of the time on the MP 

degradation and growth of strain P9

The strains grew and reduced MP

strongly on the first 6 days and

grew most strongly after 6 days of

culture (OD600=3.34) and degraded

all MP50 mg/l after 7 days. After 2

days of incubation, the strain

degraded 35.8% MP (Fig. 7). This

result was consistent with the study

of Mansee et al. however our result

were low compared with report of

Deng et al., Liu et al.

Up to now, limited publication about Klebsiella ability of degrading

OPs and our results shows the first time that Klebsiella variicola has 

published to degrade MP and Diazinon.
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