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Abstract 

 

Bioremediation is a process to remove pollutants from soil by employing microorganism. One of the most major 

herbicide that contaminates soil is 2, 4-Dichlorophenoxyacetic acid. There are several molecular and proteomics 

analyses have been used to find out the biological interaction, but met proteomics is an ideal tool to study the biological 

interactions between soil and microorganisms in the ecosystem. The present study has focused on to identify the 

removal of 2, 4-D by soil microbes. The 2, 4-D degrading bacteria from these soil samples were produced 

chlorocatechol deoxygenates. Here, 2, 4-D enriched soil samples were studied through experimentally with HPLC and 

met proteome of soil were analyzed using SDS-PAGE. Based on the study it has revealed that sample 1 and 3 

completely degraded but sample 2 was degraded only 80% on significantly. The preliminary reports of the soil 

bioremediation study have been provided a paradigm for met proteomic research on soil biology. 
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1 Introduction 

Metaproteomics is a promised method to identify the function and role of soil microorganisms in bioremediation. It 

possible to execute large-scale proteome analyses of species whose genome sequences have been published [1]. The 

information obtained from the soil metaproteome could be useful for studying soil-mediated bioremediation processes. 

Hence, the significance metaproteomics resides the identification of proteins and microbial species are involved in soil 

processes, such as indicators of soil quality and functionality. Now-a-days agrochemicals are used in large scale for 

increasing the crops yield and soil fertility. Among the agrochemicals 2, 4-D usage is high in all types of cultivation 

lands. Also 2, 4-D (2, 4- dichlorophenoxyacetic acid) is degraded by microbes in the soil, naturally which is occurred by 

specific enzyme through microbes. 2, 4-D has potent leach to the soil and contaminate groundwater [2]. 2, 4-D has been 

used as a chemical model to study the evolution and diversity of catabolic genes in the degradation of anthropogenic 

environmental contaminants. Although 2, 4-D is readily degraded as a carbon source by various environmental 

microorganisms [3]. The efficiency of the degradation of 2, 4-D by microorganism can be monitored by using HPLC, 

since this allows determining the amount of herbicides metabolites in the samples [4]. Physico-chemical properties of 

soil are the essential for microbial growth. Soil proteins acts as functional biomarker and can be studied to 1-DE (SDS- 

PAGE) and 2- DE. The diversity of environmental microbial communities while addressing functional aspects more 

directly can be studied using metagenomic/meta-transcriptome approach. The suitability of the extraction method for 

the functional soil metaproteome in soil samples that had been incubated with 2, 4-D and inoculated with degrading 

capable bacteria can be studied using SDS PAGE and 2-DE. Thus, it is possible way to target proteins for 

metaproteome analysis. The availability of SDS-PAGE and the development of mass spectroscopy have enabled the 

metaproteome to be studied such complex ecosystems like water and soils, in which several microbial communities 

interact and have diverse functions [5]. 

 

2 Materials and methods 

Soil samples were collected from 5cm depth in chemical fertilizer contaminated, paddy field in Thanjavur (sample1 & 

2) and Tiruchirappalli (sample 3). The collected specimen soils were filled in three individual columns. Treated and pre-

treated soil samples were analyzed for physico-chemical characteristics. The samples containing column were 

percolated with minimal medium, containing 2mM 2, and 4-D at a flow rate of 4ml h-1until the end of the experiment 
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after 25 days for enrichment in minimal medium. Extracted medium were analyzed for HPLC (phenomenex- 5u c18 

column) and acetonitrile as mobile phase and detected at 225nm [4]. The protein was separated by one-dimensional 

electrophoresis SDSPAGE [6]. 

 

3 Results and discussion  

Metaproteomic analysis of microorganisms in soil has been hampered by the lack of effective methods for extracting 

proteins directly from soil in a manner that is compatible with proteomic techniques [7]. Metaproteome approach was 

one of the major tools used to analyze total protein present in soil and groundwater environments. 2, 4-D is degraded by 

metaproteome of microbial communities during metabolism in the environment were analyzed and the retention time of 

respective peak was compared with the standard 2, 4- D degradation. The metaproteome estimated with Lowry’s after 

ammonium sulphate precipitation and it further was analysed by SDS- PAGE (Fig. 1). 

 

 
Fig. 1: One-dimensional gel electrophoresis in polyacrylamide: lane m: protein marker (10-170k Da) lane 1: sample 1, lane 2: sample 2, lane 3: 
sample 3. 

 

The degradation of soil 2, 4-D is by the microbial community. Hence, the minimal medium was added in soil samples 

during the incubation period, in which some minerals were also added. These additional minerals change the soil nature 

and their nutrients level. This will promote the growth of soil microbial consortia. However, this minimal medium does 

not contain any carbon source, therefore 2; 4-D was added in the minimal medium as a carbon source for soil microbes. 

For three different treated soil samples and there is no significant changes in the pH value. The sample2 was showed 

high in EC (1.41dsm-1), Nitrogen (98%) compare than other two soils and Potassium was high in sample1 

(227.5mg/kg). The soil nutrients promote the growth of soil microbes; hence it proved that there is a change in the 

physico-chemical properties of natural soil, after the treatment with 2, 4-D. In soil environment, the physico-chemical 

parameters play an important role to find out the level of chemical nature which would be interlink with microbial 

communities survival [8,9]. The interactive effects were analyzed through the soil pH, soil fertility in the agriculture 

environment [10]. 

Nutrient plates contain numerous bacterial colonies and SDA (Sabouraud Dextrose agar) contain very few fungal 

colonies. This microbial consortium was able to degrade the 2, 4-D treated soil sample than pre-treated soil were 

indicated that the 2,4-D was not completely degrade in sample2 compare than sample1 and sample3 because it was 

already contaminated with some chemicals or it may take some long time to degrade in the high toxic persistence soils. 

2, 4-D in the three soils was found to be mineralized by the microorganism present in the soil because mineralization 

will be reduced or inhibit the availability of chemicals. 2, 4-D is a quite constant chemical with a half- life period from 

20 to 200 days. The use of 2, 4-D had severely affects for both agricultural and environment system. So to reduce the 

impacts of 2, 4-D over soil was investigated, here through the metaprotemic degradation. However, the metaproteomics 

is science to identify total proteins in soil and thus, it could provide a strong support to study the structure and function 

of microbial communities in soil. Future efforts we directed towards the confirmation of our metaproteomic approach 

emphasis on: (a) 2-Dimensional Electrophoresis (b) MALDITOF to recognize the depth of the degradation. 
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Fig. 2: HPLC Analysis of 2, 4-D Degradation: Control Soil samples (pretreated), Sample 1 & 2 chemical fertilizer contaminated, Sample 3 - paddy 
field soil. 
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4 Conclusion 

This plating proved the presence of microbes in both treated and untreated soil samples. Protein estimation was 

performed for three pre-treated soil and post treated soil, sample 2 contains high amount of protein (983.8 Hg) after 

treatment than other soil samples. All together high amount of protein was obtained than the pre-treated soils. This 

result proved the production of enzyme as high amount in soil samples after the incubation with 2, 4-D. It has been 

previously reported that 1g of soil contain at least 0.58mg of protein, which is 2 to 10 times more than the typical 

protein content of natural soils [11]. Further it was analyzed with HPLC to measure the quantity of 2, 4-D herbicide in 

the medium with UV detector. The sample 2 contain 20% of 2, 4-D and remaining 80% of 2, 4-D was degraded in the 

sample .Hence 2, 4-D has been slowly degraded than others contaminated soils (Fig. 2). Both 2, 4-D and 2, 4-

Dichlorophenol (DCP) were analyzed by HPLC [12]. There are few salts like 0.1M NaoH, ammonium sulphate and 

ammonium chloride were used to extract and to precipitate the protein [13]. A gram of soil should contain at least 

0.58mg of protein, 2, 4-D degraders, was more than 2 to 10 times higher than the typical protein content of natural soils 

[11]. In this investigation the relationship and interface between soil characteristic, total protein, microbial communities 

and degradation were analyzed by protein estimation, SDS-PAGE, HPLC and presence of high protein amount in  
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