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Molecular and ecological characteristics of 

carbamate pesticide degrading bacteria 

isolated from agricultural soils 

 

Dong-uk Kim 

 

ABSTRACT 

 

Carbamate insecticides, such as carbofuran and fenobucarb, have been 

widely used to control a variety of pests throughout the world. These 

insecticides are seldom degraded in soils and have been shown to have 

toxicity to animals and microorganisms. Hence several studies have 

focused on the isolation and characterization of carbamate insecticide-

degrading microorganisms. In spite of these studies, little information 

on pathways and genes involved in degradation of carbamate 

insecticides is available. In this study, Novosphingobium sp. 31B 

isolated from agricultural soil was observed to degrade fenobucarb 

through 2-sec-butylphenol and 3-sec-butylcatechol. This is the first 

report of degradative pathway of fenobucarb. In addition, Sphingobium 

sp. JE1 was observed to degrade carbofuran through a new pathway, 

via carbofuran-phenol and 5-hydroxycarbofuran. Sphingobium sp. JE1 

had a carbofuran-degradative 220 kb-sized plasmid pJE1 with 229 

ORFs and novel catabolic genes. In particular, the transfer-related gene 

order in the operon was remarkably homologous in carbofuran-

degrading bacteria. To determine the interaction between expression of 
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transfer-related genes and degradation of insecticide, quantitative real 

time PCR analysis was performed. One of the homologous genes, 

ORF189, was almost relatively four-fold expressed when carbofuran 

was used as the sole carbon source compared to when glucose was used 

as the sole carbon source. This results showed that ORF189 may be 

associated with carbofuran degradation. To identify the genetically-

related site of carbofuran degradation in plasmid, the wild type strain 

JE1 was mutated using the suicide vector pSUP5011. Seven mutated 

strains could not degrade carbofuran; these mutants of strain JE1 were 

each inserted with the Tn5 sequence in plasmid. This indicates that 

carbofuran-degradation related genes are located in plasmid. 

Furthermore, changes in utilization patterns of substrate related to 

carbamate pesticide on seven mutants indicates that the site of Tn5 

insertion is not only related the carbofuran but also other carbamate 

pesticide degradation. In addition, a methyl parathion-degrading 

bacterium 5N26T was isolated from an agricultural soil cultivated with 

Chinese cabbage (Brassica campestris L.). Moreover, this strain was a 

taxonomically novel species of the genus Roseomonas. During the 

incubation of strain 5N26T in mineral medium containing 50 ppm of 

methyl parathion as sole carbon source, methyl parathion was 

converted to 4-nitrophenol. Another methyl parathion-degrading 

bacterial strain 5G38T was isolated. The novel strain can be 

distinguished from the other species of the genus Pedobacter by 

physiological properties. The name Pedobacter namyangjuensis sp. nov. 

is therefore proposed for strain 5G38T as the type strain. In this study, 

carbamate insecticide-degradative pathways of Sphingobium sp. and 

Novosphingobium sp. were characterized, nucleotide sequence of 
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carbofuran degradative plasmid pJE1 was analyzed, and carbofuran 

degradation-related gene of pJE1, ORF189, was identified. In addition, 

another pesticide methyl parathion degrading bacteria were proposed as 

novel species within the genera Roseomonas and Pedobacter. 

 

KEY WORDS: carbamate, insecticide, carbofuran, fenobucarb, 

Sphingobium sp., Novosphingobium sp., plasmid, pesticide-degrading 

bacteria, novel species, Roseomonas, Pedobacter.  
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Microbial Degradation of Pesticides 

: An Introduction 
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1.1. Bioremediation of contaminated environment 

 

Until a recent date, most of people have believed that earth had an 

unlimited abundance resources. However, the resources in the world 

have depleted by our careless and negligent use. The problems that 

associated with contaminated sites are increasing. If estimated number 

of contaminated sites is increasing, it leads to global complication. To 

overcome this inconvenience, many traditional methods are used as 

solution. However, none of the solutions solved the problems 

completely. Lately, bioremediation arose as the solution utilizing 

microbes to remove many contaminants from the environment. 

Bioremediation is a natural procedure of adaptation and evolution 

to environmental contamination. After farming, soil ecosystems have 

been affected by foreign materials. In spite of adaptation of nature, 

dramatic changes in soil ecosystems due to pesticides and other 

chemicals have affected humans. However, lack of knowledge about 

agrochemicals such as pesticides remains rife. 

Dichlorodiphenyltrichloroethane (DDT) is a well-known pesticide that 

was first synthesized in 1874 (Duffus and Worth, 2006). Initially, it 

was developed to control malaria and typhus among civilians and 

troops during World War II. DDT resulted in Swiss chemist Paul 

Hermann Müller taking the Nobel Prize in Physiology or Medicine in 

1948 for efficient control of several arthropods using DDT (Sutek, 

1968). However, after Rachel Carson published “Silent Spring” in 

1962, people realized that releasing of chemicals without fully 

understanding their ecological effect can be lethal for humans. In 

addition, our carelessness and negligence in our use of natural 
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resources has given rise to problems associated with contamination of 

nature. Agricultural activities or industrial activities generally lead to 

environment contamination with use of hazardous substances. This 

environmental contamination is widely recognized as a potential threat 

to human health. To overcome the crisis, “bioremediation” offers a 

viable solution. 

Bioremediation is the biological technique that eliminates 

environmental contaminants, such as pesticides, by use of 

microorganisms (Thassitou and Arvanitoyannis, 2001). Some 

microorganisms that live in soil and contaminated site naturally 

degrade or use some substances that have toxicity to people and the 

environment as their sole source of carbon. In other words, 

bioremediation that degrades toxic chemicals to harmless materials 

using natural biological activity is a relatively cost effective, low-

technology technique that generally has a high public acceptance and 

can often be carried out on site. However, bioremediation is not always 

suitable for remediation. For example, some microbes that destroy toxic 

chemicals can be affected by harsh conditions, such as high levels of 

contaminants. Although bioremediation has some disadvantages, it has 

far more benefits.  

Historically, Romans and others used microorganisms to treat their 

wastewater since 600 B.C. (Sridevi et al., 2012). In spite of the long 

history of the bioremediation, the clean up the oil pipeline spill in the 

United States was the first commercial use of a large-scale 

bioremediation system in 1972 (Alvarez and Illman, 2005). Removing 

the contaminated soil to landfills is the conventional techniques for 

remediation. However, a better approach is to destroy the pollutants 
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completely if possible, or at least to transform them to innocuous 

substances using the high-temperature incineration and various types of 

chemical decomposition (e.g., basecatalyzed dechlorination, and UV 

oxidation). However, these methods have some drawbacks. First, cost 

for small scale treatment is high and it is hard to get public acceptance. 

Moreover, incineration for the remediation brings secondary pollutants 

that affect nearby residents. 

Compared to the above methods, bioremediation has many 

advantages that could be applied as environmentally friendly and cost-

effective processes. First of all, bioremediation has public acceptance. 

The public accepts bioremediation more easily, since it is a natural 

process that degrades contaminants using microbes. In other word, after 

a target chemical, like a pesticide, is degraded, the population of 

microorganism responsible for degrading the chemicals declines. It 

brings with harmless residues, such as carbon dioxide, water, and 

biomass of cells.  

Secondly, bioremediation is a site-direct process instead of 

transferring the contaminants. One of the easy mechanical processes of 

remediation is just moving the pollutant. However, this is merely 

moves the problem, rather than treating it. Bioremediation can 

eliminate the pollutant on-site. 

Thirdly, the cost of bioremediation is relatively low for a few 

reasons. First, microbes are the only raw material for bioremediation. 

They are easy to duplicate and control by at a low cost. Another cost 

advantage of bioremediation is that microbes do not need any 

additional resources to be sustained. Most of their essential resources 
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for survival exist in the soil environment. Therefore, bioremediation 

does not require additional treatment. 

Finally, a wide range of substrates can be detoxified by 

bioremediation. Theoretically, microbes can degrade most toxic 

chemicals. In addition, not only single microbe but also microbe 

consortia can be used for remediation. Microbe consortia involve a 

wide range of degrading substrates and degrade rapidly with co-

metabolism. 

In spite of the strongpoint of bioremediation, it is not always be 

suitable to remediate the pollutants. Therefore state-of-the-art sciences 

such as genomics and bioinformatics provide essential information 

about bioremediation. Especially, finding of the 16S rRNA genes that 

are highly conserved genes in all microorganisms is significant advance 

in the field of microbial ecology. 16S rRNA enabled phylogenetic 

characterization of the microorganisms (Pace et al., 1986; Amann et al., 

1995). In other word, analysing 16S rRNA gene sequences in 

contaminated environments, can determine the phylogenetic structure 

of the microorganisms that are related with bioremediation processes 

(Rogers and McClure, 2003; Watanabe and Baker, 2000). In some 

cases of bioremediation, predominating microorganisms are closely 

related to subsurface environmental organism that is remarkable 

finding by the 16S rRNA approach to bioremediation (Lovley, 2001). 

Knowledge of phylogenetic information by 16S rRNA does not reflect 

physiological characteristics, which is the essential problem of 16S 

rRNA technique to apply the bioremediation (Pace, 1997; Achenbach 

and Coates, 2000). 
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Bioremediation is a technique which removes many contaminants 

from the environment by enzymatic processes. Therefore, the 

comprehensive analysis of whole genome sequencing is especially 

useful to understand bioremediation relevant microorganisms that were 

not studied in physiology. Based on the transomics and proteomics 

approach, genomics data is necessary (Hegde et al., 2003). Complete 

protein profiling provides not only information on the individual 

organism but also information on the fate and destination of enzyme 

responsible for bioremediation. 

Some new techniques in molecular biology are useful tools for 

studying the mechanisms involved in regulation of mineralization 

pathways. However, the applications of these techniques are still in 

their infancy. The amount of data related to applications is continuously 

being generated by today’s genomics and proteomics. Therefore, 

strategies are needed to be refined that which informations is combined 

together in order to understand the bioremediation process in a 

meaningful way. After understanding of these information, we can use 

the organism and its metabolite to accelerate bioremediation.  

 

1.2. Genomic application for pesticide bioremediation 

 

Recalcitrant character of many pesticides remains in soils and 

sediments for a long time. Therefore, many pesticides have a possibility 

of presence in groundwater and even food (Rissato et al., 2004; 

Gravilescu, 2005). Microorganisms are the main biological agents of 

bioremediation that is capable of degrading the pollutants in the 

environments (Chowdhury et al., 2008). Bioremediation is more 
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acceptable and safer alternative treatment than traditional treatment 

methods for the pesticide remediation such as incineration of 

contaminated site or transfer of pollutants, (Sutherland et al., 2004).  

To apply bioremediation, knowledge of genetic information is 

essential. In spite of the many studies of pesticide degradation by 

microorganism, still we have shortage of experimental information on 

bioremediation.  

Phenoxy acid herbicides was one of the most important herbicide 

group. Ka et al., 1994 investigated the phenotypic diversity of 2,4-

dichlorophenoxyacetic acid (2,4-D)-degrading bacteria. Moreover, the 

2,4-dichlorophenoxyacetic acid-degradation in soil condition by tfdA 

gene was tested (Ka et al., 1994). The initial step in the biodegradation 

pathway of 2,4-dichlorophenoxyacetic acid is perfomed by the tfdA 

gene that encoding an α-ketoglutarate-dependent dioxygenase 

(Fukumori and Hausinger, 1993). Further degradation steps are related 

to the gene products of tfdBCDEFRS (Laemmli et al., 2000; Perkins et 

al., 1990; Leveau et al., 1996; Matrubutham and Harker, 1994). 

According to this classification by Itoh et al., 2004, tfd operons are 

divided into the three classes (classes I to III) based on their tfdA gene 

sequence (McGowan et al., 1998). One of the tfdA group is related to 

the R. eutropha JMP134, while the second group contains α-

proteobacteria closely related to Bradyrhizobium sp. (Itoh et al., 2002). 

Another group of tfdA also contains α-proteobacteria belonging to a 

species of the genus Sphingomonas (Fulthorpe et al., 1995). Recently, 

Baelum at al., 2006 reported that biodegradation of 4-chloro-2-

methylphenoxyacetic acid in top and subsoil is quantitatively linked to 
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the class III tfdA gene. Moreover, lately, tfd-II genes are reported the 

widespread occurrence in soil bacteria, which possibly leads to wide 

transfer of the tfd-II genes among soil bacteria (Kim et al., 2013). 

Some hydrolases are also involved in the mineralization of 

carbamate group of insecticides, which are normally characterized and 

isolated from gram-negative bacteria. Hayatsu et al., 2001 purified a 

carbaryl hydrolase from Arthrobacter sp. The isolated enzyme 

hydrolyzed four N-methylcarbamate insecticides (carbaryl, xylylcarb, 

metolcarb and XMC), but did not hydrolyze fenobucarb, propoxur, and 

isoprocarb. Carbofuran is well identified chemical as pesticide. 

Sphingomonas sp. strain SB5 was introduced as carbofuran degrading 

bacteria that could degrade carbofuran into carbofuran-7-phenol and 

methylamine, hydrolyze carbofuran-7-phenol to 3-(2-hydroxy-2-

methylpropyl) benzene-1,2-diol (DP-1), and then degrade DP-1 into a 

red metabolite (DP-2) (Kim et al., 2004). Another carbofuran 

degrading bacterial strain Pseudomonas sp. 50432 was capable of 

hydroxylating carbofuran. However, further metabolites are unknown 

(Chaudhry et al., 2002). Also, Novosphingobium sp. FND-3 and 

Rhodococcus TEI degraded the carbofuran (Yan et al., 2006). Recently, 

Bosea sp. and Microbacterium sp. were reported as carbofuran-

degrading bacteria (Shin et al., 2012). Although many carbofuran 

degrading bacteria were isolated, information on their degradation 

related genes are not well known. Only one gene, mcd, from 

Achromobacter sp. strain WM111 was first and last find of carbofuran 

degradation related gene (Tomasek and Karns, 1989). The 

characterization of the microbial genes/enzymes responsible for 

biodegradation of carbamate pesticides merits further investigations.  
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Recent advances in genetic engineering make a chance to use 

recombinant strains for bioremediation of pesticides and it has become 

a rapid growing area of research (Ang et al., 2005; Jiang et al., 2007; 

Lane et al., 2006). 

First field scale bioremediation of atrazine was conducted in the 

United States using recombinant organisms (Strong et al., 2000). In this 

study, recombinant Escherichia coli cells degraded 52–77% of atrazine 

within the eight weeks, while no significant decrease in atrazine levels 

appeared in control. Another atrazine degradation test with recombinant 

strains was performed by Wackett et al., 2002. That strain cleaned up a 

spill of 1,000 pounds of atrazine and it makes public acceptance as 

remediation agent (Wackett et al., 2002).  

Moreover, methyl parathion degrading gene, opd, encodes the 

organophosphate hydrolase (OPH) that was expressed for 

biodegradation, and it showed decreasing of methyl parathion 

contaminants level (Diaz et al., 2003). Following the studies, they 

proposed that genetically engineered bacteria could be used for 

bioremediation of soil contaminated with pesticides.  

To eliminate the variety contamination of pesticide, attempts to 

make recombination of different degradative genes within a single 

organism were carried out (Chen and Mulchandani, 1998; Timmis and 

Piper, 1999). If a single strain carry the several related or unrelated 

pesticide degrading genes, the range of the bioremediation may be 

significantly enhanced. Moreover, such recombinant strains are useful 

for the degradation of recalcitrant pesticides (Brenner et al., 1994).  

In 2007, carbofuran degrading bacteria Sphingomonas sp. CDS-1 

was genetically recombinated by mini-transposon system containing 
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the methyl parathion hydrolase gene (mpd). After mutation, CDS-1 was 

able to successfully degrade methyl parathion and carbofuran pesticides 

simultaneously (Jiang et al., 2007). In a similar study, carboxylesterase 

gene from the peach-potato aphid was cloned to pET28b, and expressed 

in Escherichia coli. The recombinant Escherichia coli strain 

mineralized beta-naphthyl acetate, carbaryl and malathion (Lan et al., 

2005). 

To enhance the expression of degradative genes for bioremediation, 

another bacterial strain was studied. Pseudomonas putida is one of the 

useful strain for bioremediation and has 10 fold higher expression level 

than Escherichia coli within the same gene expression. For the methyl 

parathion degrading enzyme methyl parathion hydrolase (MPH) was 

cloned to Pseudomonas putida with a pINCM that was degraded 

organophosphates as well as PNP rapidly without growth inhibition 

(Yang et al., 2007). Another report of bioremediation with different 

organism was degradation of organophosphate pesticides by cloned 

Saccharomyces cerevisiae expressing the organophosphorus hydrolase 

(OPH) gene (Takayama et al., 2006). 

Our knowledge of bioremediation was tested by presence of 

different kinds of contaminants. Moreover, applying the genetic 

technique for bioremediation was tackled by many reasons. For 

example, natural conditions such as several biotic and abiotic factors of 

the pre-existing or post-existing conditions effected bioremediation. In 

addition, attention and interesting of environment bring the concerns 

like horizontal gene transfer, spreading of antibiotic resistance, 

possibility of mutants to become invasive. Due to the ignorance about 

effect of the use of genetically modified microbes in bioremediation, 
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releasing of transgenic microbes for bioremediation is not authorized 

except the only few field application in bioremediation. Therefore, we 

must improve any knowledge of bioremediation for future and it is very 

important for every human. 

  



 

 

 

 

12

1.3. Objectives of this study 

 

Many studies on bioremediation by soil environmental microorganisms 

have been performed. However, few studies on degradation of many 

hazardous materials including pesticides and herbicides have been 

conducted. Pesticides are one of the most toxic chemicals used by 

humans. Nevertheless, pesticides are ubiquitous in human society. 

Although they increase crop yields and lower agricultural production 

costs, they have toxicity to humans and environments. Therefore, it is 

important to reveal the pesticide bioremediation mechanism by 

environmental microorganisms for both practical and academic reasons. 

In this study, three objectives are present. First of all, to identify 

biodegradative pathway of carbamate pesticide, carbamate pesticide 

degradative bacteria were cultured in mineral medium containing 

carbamate pesticide as a sole source of carbon and the biodegradative 

intermeidates were analyzed. Understanding biochemical activity is one 

of the important steps for bioremediation and the intermediates can be 

used as an index of degradation of pesticide or evidence of a novel gene 

encoding hydrolase. Secondly, carbofuran degradative plasmid was 

sequenced and annotated to identify genes related to degradation of 

pesticide. Generally plasmids are known to include degradative 

genomic information; however, studies on plasmid are insufficient. 

Moreover, plasmids have both genomic information on degradation and 

horizontal gene transfer, which are related to ecological effects on the 

microbial environment. Therefore, molecular and ecological studies of 

carbofuran-degrading bacteria JE1 and its plasmid pJE1 may lay a 

foundation of future bioremediation studies. Finally, to promote a better 
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understanding of relationship between diversity and biodegradation of 

microorganism, the novel pesticide degradative bacteria were isolated 

and characterized. In addition, diversity of microorganisms is closely 

related to stability and evolutional adaptation. Due to these reasons, 

discovering the novel strain capable of degrading hazardous chemicals 

such as pesticide can drive both understanding and effective 

management (or conservation) of ecosystems. This empirical study on 

three different sides of bioremediation will aid better understanding of 

what general rules regulated the bioremediation.  
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CHAPTER 2 

 

Characterization of Carbamate Pesticide 

Degradative Pathways in Novosphingobium sp. 

31B and Sphingobium sp. JE1. 
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ABSTRACT 

 

Carbamate insecticides, such as 2,3-dihydro-2,2-dimethyl-7-

benzofuranyl-N-methylcarbamate (carbofuran) and 2-sec-butylphenyl 

N-methylcarbamate (fenobucarb), are widely used to control a variety 

of pests throughout the world. These insecticides are seldom degraded 

in soils and have been shown to have toxicity to animals and 

microorganisms. Hence, several studies have focused on the isolation 

and characterization of carbamate insecticide-degrading 

microorganisms. In spite of these studies, little information is available 

on degradative pathways and genes of carbofuran; to the present 

authors’ knowledge, none has been reported on the degradative 

pathways and genes of fenobucarb. Strain 31B which was isolated as a 

2-sec-butylphenyl N-methylcarbamate degrading bacterium was 

identifed as Novosphingobium sp. by 16S rRNA gene sequence 

analysis. The strain 31B was observed to degrade fenobucarb through 

2-sec-butylphenol and 3-sec-butylcatechol by GC-MS analysis. To date, 

there has been no report on fenobucarb degradative pathways. Strain 

JE1 was also isolated as a 2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-

methylcarbamate-degrading bacterium from agricultural soil. 16S 

rRNA gene sequence analysis revealed that strain JE1 represented a 

distinct lineage within the genus Sphingobium. Sphingobium sp. JE1 

contained a new degradation pathway for carbofuran, which converts 

2,3-dihydro-2,2-dimethyl-7-benzofuranol to 2,2-dimethyl-2,3-dihydro-

1-benzofuran-6,7-diol(5-hydroxycarbofuranphenol). In this study, two 

new carbamate insecticide-degradative pathways, by Novosphingobium 
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sp. and Sphingobium sp., isolated from an agricultural field were 

proposed. 

 

 

KEY WORDS: pesticide, soil microorganism, bioremediation, 2-sec-

butylphenyl N-methylcarbamate, 2,3-dihydro-2,2-dimethyl-7-

benzofuranol, pesticide degrading bacteria 
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INTRODUCTION 

 

Soil ecosystem is diverse environment, and its physiological and 

metabolic capabilities reflect the diversity of soil environment 

(MacNeil et al., 2001). However, community structure and overall 

species diversity had been affected by small changes. Some materials 

such as heavy metals and pesticides are known as a factors that 

influence community composition. Especially, agrochemical like 

pesticide has been widely used on agricultural soil for a long time. 

Before 2000 BC, humans had already utilized pesticides to protect their 

crops. Sulfur dusting was used as a first pesticide in ancient Sumer 

about 4,500 years ago. The use of poisonous plants for pest control was 

recorded in the Rig Veda, which is about 4,000 years old (Rao et al., 

2007). Arsenic, mercury and lead were used to kill pests in the 15th 

century and nicotine sulfate extracted from tobacco leaves was used as 

an insecticide in 17th century. First natural pesticide, Pyrethrum 

derived from chrysanthemums, was introduced in 1900s (Miller, 2002). 

Until the 1950s, arsenic-based pesticides were usually used (Ritter, 

2009). In the 1939, Paul Müller discovered insecticidal properties of 

DDT. Before the organophosphate and carbamate pesticides rose in 

1975, organochlorine pesticides such as DDT were dominant in United 

States. Most pesticides are contact pesticides, which are absorbed 

through the external body surface of the exposed plant tissue. Other 

pesticides are systemic pesticides which are taken up by the plant 

through the roots or leaves and move from the application part to other 

untreated part of the plant. Systemic pesticides such as carbofuran are 
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known to be more effective. Normally, systemic insecticides move 

upwards through the xylem. Using the systemic pesticides not only 

targets pest, but also effects consumer tusing the plant as the food like a 

human. Therefore, cleaning up the contamination of pesticide is 

essential purpose of healthy life of human being. During the 

improvement of pesticide remediation technique, some carbamate 

degrading bacteria, such as Sphingomonas, Novosphingobium, 

Pseudomonas, Flavobacterium and Rhodococcus species, have been 

isolated from soil and the isolates were able to utilize carbofuran as a 

sole carbon and energy source (Desaint et al., 2000; Karpouzas et al., 

2000; Swetha and Phale 2005; Yan et al., 2010, Shin et al., 2012). 

However, the mechanisms of carbofuran degrading by these microbes 

have almost unidentified. In case of carbofuran, only one metabolic 

gene, mcd was revealed (Tomasek and Karns, 1989). Lately, it was 

reported that amount of fractions of the applied pesticides are 

transported from rice paddy effluent to surface water and even ground 

water (Phong et al., 2011). It means that detoxification of carbamate 

pesticide is essential for protection of aquatic ecosystem. Therefore, 

understanding of fate of pesticide is necessary. In this chapter, I 

identified the new degradation pathway for understanding of fate of 

pesticide and evolution of hazardous chemical degrading microbe. 
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MATERIALS AND METHODS 

 

I. Isolation of bacterial strains 

 
All isolated bacteria were isolated from agricultural soil in Korea by 

privously reported method (Shin et al., 2012). Samples from the top 15 

cm of soil were taken, sieved (2 mm) and kept at 4°C prior to use. A 20 

g amount of each soil sample was transferred to each 50 ml sterile 

beaker, treated with pesticide dissolved in 200 µl distilled water to a 

final concentration of 100 ppm soil and completely mixed. The treated 

soil was incubated with periodic mixing at room temperature. 5 weeks 

after the pesticide application, about 1 g of soil sample from each 

beaker was homogenized in 9.5 ml of a sterilized 0.85% saline solution, 

and then transferred to test tubes containing 3 ml of pesticide medium 

(100 ppm). The tubes were incubated at 28°C for 2 weeks on a rotary 

shaker at 150 rpm. When growth was observed, transfers under the 

same conditions were repeated several times and the enriched cultures 

were subsequently purified by spreading on fenobucarb mineral (100 

ppm) agar plates. Each type of colony was isolated based on distinct 

morphology and pigment and tested for its ability to grow in the 

presence of pesticde as the sole carbon source. Novosphingobium sp. 

31B which was isolated as a 2-sec-butylphenyl N-methylcarbamate 

degrading bacterium. Sphingobium sp. JE1 which is able to degrade 

2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate as a sole 

source of carbon was isolated. 
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II. Chemicals 

 

2-sec-butylphenyl N-methylcarbamate (97.1 HPLC area % purity, 

analytical standard grade), 2,3-dihydro-2,2-dimethyl-7-benzofuranyl-

N-methylcarbamate (99.9 HPLC area % purity, analytical standard 

grade), 2,3-dihydro-2,2-dimethyl-7-benzofuranol (99% purity), 

dichlorometh-ane (99.9% HPLC grade) were purchased from Sigma-

Aldrich (St. Louis). 

 

III. Media and culture conditions 

 

Bacterial strain 31B was cultured on mineral medium containing 2-sec-

butylphenyl N-methylcarbamate at a concentration of 100 ppm (µg/ml). 

Another bacterial strain JE1 was cultured on mineral medium (MM) 

containing 2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarba-

mate and 2,3-dihydro-2,2-dimethyl-7-benzofuranol at a concentration 

of 100 ppm (µg/ml), respectively. Mineral medium (MM) contained 

(per liter) 10 ml of solution A, 3 ml of solution B, 5 ml of each solution 

C, D, E, respectively. Solution A contained (per liter) 141.96 g of 

Na2HPO4 (Sigma), 136.09 g of KH2PO4 (Sigma). Solution B contained 

(per liter) 100 g of (NH4)2SO4 (Sigma). Solution C contained (per liter) 

10 g of MgSO4·7H2O (Sigma), Solution D contained (per liter) 1.15 g 

of CaCl2·H2O (Sigma). Solution E contained (per liter) 0.55 g of 

FeSO4·7H2O (Sigma), 0.23 g of ZnSO4·7H2O (Sigma), 0.34 g of 

MnSO4·7H2O (Sigma), 0.075 g of Co(NO3)2·6H2O (Sigma), 0.047 g of 

CuSO4·5H2O (Sigma) and 0.025 g of (NH4)6Mo7O24·4H2O (Sigma). 
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All solutions were autoclaved before use except Solution E that was 

sterilized by 0.20 µm syringe filter (Sartorius stedim biotech). Peptone-

tryptone-yeast extract-glucose (PTYG) medium containing (per liter) 

0.25 g of peptone (Difco Laboratories, Detroit, USA), 0.25 g of 

tryptone (Difco), 0.5 g of yeast extract (Difco), 0.5 g of Dextrose 

(Difco), 0.03 g of magnesium sulfate (Sigma), and 0.003 g of calcium 

chloride (Sigma) was used as a culture medium for routine culture. All 

cultures were incubated at 28°C and liquid cultures were aerated by 

shaking at 150 rpm on a rotary shaker (Hanbeak science Co., Korea). 

 

IV. Phylogenetic analysis by 16S rRNA gene sequence 

 

For isolation of total genomic DNA, the bacterial strains were grown in 

3 ml PTYG medium for 48 hours at 28°C on the rotary shaker. Total 

genomic DNA was isolated from 31B and JE1 with the Wizard 

Genomic DNA Purification Kit (Promega, USA). The 16S rRNA gene 

was amplified by polymerase chain reaction (PCR using the universal 

primers 27f and 1492r (Baker et al., 2003). Sequencing was performed 

with an ABI Prism BigDye Terminator Cycle Sequencing Ready Kit 

(Applied Biosystems, Foster City, USA) according to the 

manufacturer’s instructions with the sequencing primers 519r, 926f 

(Lane, 1991), and 1055r (Lee et al., 1993). Partial 16S rRNA gene 

sequences were assembled using SEQMAN software (DNASTAR). 

The almost full-length similarity was determined using the EzTaxon 

server (Chun et al., 2007) and sequences from JE1, 31B and related 

taxa (retrieved from the NCBI database) were aligned using the 

multiple sequence alignment program CLUSTAL W (Thompson et al., 
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1994). Phylogenetic trees were inferred using neighbor-joining (Saitou 

and Nei, 1987) and maximum parsimony methods (Fitch, 1971) by 

using the MEGA4 software program (Tamura et al., 2007) with 

bootstrap value based on 1000 replications (Felsenstein, 1985). 
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Table 1. The composition of bacterial culture media. 

Medium  Composition (g/L) 

PTYG  Peptone 0.25 

  Tryptone 0.25 

  Yeast Extract 0.5 

  Glucose 0.5 

  MgSO4 0.03 

  CaCl2 0.003 

MM sol A Na2HPO4 141.96 

  KH2PO4 136.09 

 sol B (NH4)2SO4 100 

 sol C MgSO4·7H2O 10 

 sol D CaCl2·H2O 1.15 

 sol E FeSO4·7H2O 0.55 

  ZnSO4·7H2O 0.23 

  MnSO4·7H2O 0.34 

  Co(NO3)2·6H2O 0.075 

  CuSO4·5H2O 0.047 

  (NH4)6Mo7O24·4H2O 0.025 
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V. Analysis of pesticide degradation by bacteria 

 

The bacterial strains were grown in 3 ml PTYG medium for 48 h. Cells 

were collected by centrifugation at 14,000 rpm for 10 min at 4°C and 

washed twice with mineral medium. Aliquots of resuspended cells were 

inoculated into flasks containing 200 ml of mineral medium 

supplemented with 2-sec-butylphenyl N-methylcarbamate (100 mg/ L), 

2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate (100 mg/ 

L) and 2,3-dihydro-2,2-dimethyl-7-benzofuranol (100 mg/ L) as the 

sole source of carbon, respectively. All cultures were incubated at 28°C 

on the rotary shaker (150 rpm). At specific intervals, aliquots of 

cultures were taken out and used to determine cell growth and the 

concentrations of 2-sec-butylphenyl N-methylcarbamate, 2,3-dihydro-

2,2-dimethyl-7-benzofuranyl-N-methylcarbamate and 2,3-dihydro-2,2-

dimethyl-7-benzofuranol. Cell growth was determined at OD 600 nm. 

For the quantifying the 2-sec-butylphenyl N-methylcarbamate, 2,3-

dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate and 2,3-

dihydro-2,2-dimethyl-7-benzofuranol, 3 ml culture was prepared from 

the flasks and filtered. After filtering, the cultures were used for the 

measurement of optical densities using spectrophotometry and reverse-

phase HPLC. The concentration of 2-sec-butylphenyl N-

methylcarbamate, 2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-

methylcarbamate and 2,3-dihydro-2,2-dimethyl-7-benzofuranol was 

calculated by standard curves. 
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VI. Chemical analysis and identification of intermediates 

 

The 50 ml of culture samples were prepared from 600 ml culture 

containing 100 ppm of 2-sec-butylphenyl N-methylcarbamate, 2,3-

dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate and 2,3-

dihydro-2,2-dimethyl-7-benzofuranol, respectively. Three volumes of 

dichloromethane were added to one volume of culture samples. The 

samples were shaken to mix at 150 rpm for 10 minutes. After shaking 

the sample, 10 ml of saturated deionized sterile water by NaCl was 

added. The organic phase of mixture was dehydrated over anhydrous 

sodium sulfate and evaporated to dry in evaporator at 40°C. The dried 

extracts were dissolved in ethanol and filtered with 0.2 µm of GHP 

syringe filter (Pall life sciences) that subjected to chromatographic 

analysis. Analyzed of residual chemical by HPLC on a Luna 5u C18 

column (4.6 mm ⅹ 250 mm). 2-sec-butylphenyl N-methylcarbamate 

was detected with SPD-10A VP UV–Vis detector (Shimadzu) at 205 

nm. 2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate and 

2,3-dihydro-2,2-dimethyl-7-benzofuranol were detected at 278 nm. 

Dichloromethane/water (50 : 50, v/v) was used for mobile phase and 

the flow rate was 1 ml per minute. Intermediate metabolites of 2-sec-

butylphenyl N-methylcarbamate, 2,3-dihydro-2,2-dimethyl-7-

benzofuranyl-N-methylcarbamate and 2,3-dihydro-2,2-dimethyl-7-

benzofuranol were determined by GC-MS analysis. Metabolite 

identifications were achieved based on gas chromatography/mass 

spectrometry (GC/MS) analysis. GC/MS analyses were performed in 

electron ionization mode at 70 eV with Perkin-Elmer clarus 680 GC 
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equipped with TG-5MS column (0.25 µm film thickness, 30 m ⅹ 0.25 

mm i.d.). The program of column temperature system was 2 minutes at 

100°C, followed by 280°C by a ramp rate of 10°C per 1 minute then 

held for 20 minutes. The carrier gas was a helium gas at a constant flow 

of 1 ml per 1 minute. The samples were analyzed in 1:20 split mode at 

the 280°C that was injection temperature. 
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RESULT 

 

I. Phylogenetic analysis of Novosphingobium sp. 31B and 

Sphingobium sp. JE1 by 16S rRNA gene sequence 

 

The 16S rRNA gene sequence analyses showed that strain 31B was 

closely related with Novosphingobium taihuense T3-B9T and 

Novosphingobium hassiacum W-51T (99.03% and 97.73% sequence 

similarity, respectively). The previously-reported 1340 bp of 16S rRNA 

gene sequence of Novosphingobium taihuense T3-B9T had 13 

nucleotide differences with strain 31B. Novosphingobium hassiacum 

W-51T had 31 nucleotide differences to the 1368 bp of 16S rRNA gene 

sequence. The neighbor-joining tree based on 16S rRNA gene 

sequences showed that strain 31B was grouped with the members of the 

genus Novosphingobium and formed a distinct phylogenetic line 

distinguishable from other Novosphingobium species (Fig. 1). To the 

best of our knowledge, this is the first reported Novosphingobium strain 

that utilizes 2-sec-butylphenyl N-methylcarbamate as its sole carbon 

source. 

Bacterial strain JE1 was closely related with Sphingobium 

chungbukense DJ77T and Sphingobium chlorophenolicum ATCC 

33790T (98.39% and 98.24% 16S rRNA gene sequence similarities, 

respectively). In the 16S rRNA gene sequencing analysis with 1365 bp, 

16S rRNA gene sequence of Sphingobium chungbukense DJ77T was 

shown to have 22 nucleotide differences. Sphingobium 

chlorophenolicum ATCC 33790T had 24 nucleotide differences in 1364 

bp of 16S rRNA gene sequence between strain JE1. The neighbor-
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joining tree based on 16S rRNA gene sequences showed that strain JE1 

was grouped with the members of the genus Sphingobium and formed a 

distinct phylogenetic line distinguishable from other Sphingobium 

species (Fig. 2). 
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Fig. 1. Phylogenetic dendrogram constructed from a comparative 

analysis of 16S rRNA gene sequences showing the relationship 

between strain 31B and related species. Bootstrap values (expressed as 

percentages of 1000 replications) greater than 50% are shown at branch 

points. The dots indicate that the corresponding branches were also 

recovered in the maximum-parsimony tree. Bar, 0.01 nucleotide 

substitutions per positions. Sphingomonas aerolata NW12T was used as 

an outgroup. 
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Fig. 2. Phylogenetic dendrogram constructed from a comparative 

analysis of 16S rRNA gene sequences showing the relationship 

between strain JE1 and related species. Bootstrap values (expressed as 

percentages of 1000 replications) greater than 50% are shown at branch 

points. The dots indicate that the corresponding branches were also 

recovered in the maximum-parsimony tree. Bar, 0.01 nucleotide 

substitutions per positions. Novosphingobium taihuense T3-B9T was 

used as an outgroup. 
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II. Biodegradation of pesticides by Novosphingobium sp. 31B and 

Sphingobium sp. JE1 

 

Growth and degradation patterns of 2-sec-butylphenyl N-

methylcarbamate degrading bacteria Novosphingobium sp. 31B were 

analysed in mineral medium containing 100 mg/ml of 2-sec-

butylphenyl N-methylcarbamate. Novosphingobium sp. 31B completely 

degraded the 2-sec-butylphenyl N-methylcarbamate after only two days 

(Fig. 3). For the identification of degradation intermediate of 2-sec-

butylphenyl N-methylcarbamate by Novosphingobium sp. 31B, harvest 

and analysis of an aquatic sample of mineral medium were conducted. 

At the time of first incubation point, one major HPLC peak was present 

at retention time 17.82 min. After 48 hours of incubation, original 

HPLC peaks that indicated 2-sec-butylphenyl N-methylcarbamate were 

eliminated. Changes of UV-VIS spectrophotometric data showed that 

strain 31B transformed 2-sec-butylphenyl N-methylcarbamate to 

another intermediate. JE1 was already reported by Shin et al., 2012 as 

carbofuran-degrading bacteria. In the first harvested sample from 

minimal medium, the 2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-

methylcarbamate was present at the HPLC peak at the retention time 

11.54 min (Fig. 4). After a 60 hours of incubation, the 2,3-dihydro-2,2-

dimethyl-7-benzofuranyl-N-methylcarbamate peak had disappeared. 

This HPLC analysis result shows that Sphingobium sp. JE1 is able to 

degrade 2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate. 

Another notable characteristic of 31B and JE1 was the red compound 

that formed during the degradation. Presence of red metabolite was 

reported in one other case of carbamate-degrading bacteria 
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Sphingomonas sp. SB5, which used the 2,3-dihydro-2,2-dimethyl-7-

benzofuranyl-N-methylcarbamate as its sole source of carbon.  
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Fig. 3. Reverse phase liquid chromatogram of the culture filtrate for 2-

sec-butylphenyl N-methylcarbamate after 48 hour incubation of strain 

31B. (A) Mineral medium containing the 100 ppm of 2-sec-butylphenyl 

N-methylcarbamate; (B) 31B culture.  
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Fig. 4. Reverse phase liquid chromatogram of the culture filtrate 2,3-

dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate after 60 hour 

incubation of strain JE1. (A) Mineral medium containing the 100 ppm 

of 2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate; (B) 

JE1 culture.  
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III. Identification of biodegradation intermediates of 2-sec-

butylphenyl N-methylcarbamate by Novosphingobium sp. 31B  

 

To identify intermediates of 2-sec-butylphenyl N-methylcarbamate, an 

aquatic intermediate sample of 31B was harvested. The intermediate 

sample was purified and identified by GC-MS analysis. First of all, one 

of the major peaks presented at retention time 13.29 min was predicted 

as 9-octadecenamide (Fig. 5). 9-octadecenamide is known as an amide 

of the fatty acid oleic acid. 9-octadecenamide is known to be an 

endogenous substance that is being studied as a potential medical 

treatment for sleep disorders. According to the chemical structure of 9-

octadecenamide and its chemical character, 9-octadecenamide is a 

subsidiary compound extracted by standard carbamate extraction 

method. The other three peaks were related to biodegradation pathway 

of 2-sec-butylphenyl N-methylcarbamate (Fig. 5). Peak A [Rt (min) = 

9.27] was identified as 2-sec-butylphenyl N-methylcarbamate, which 

was originally supplemented in mineral medium (Fig. 6). Peak A was 

characterized of notable mass spectrum peaks: 77, 91, 107, 121, and 

150. These major mass spectrum peaks were homologs of 2-sec-

butylphenyl N-methylcarbamate mass spectrum peaks. Peak B [Rt (min) 

= 7.09] appeared to be an intermediate product by 31B during 

degradation, and this peak was identified as 2-sec-Butylphenol (Fig. 7).  

2-sec-butylphenol had four major mass spectrum peaks that include 

77, 91, 103, and 150. These major mass spectrum peaks were also 

present in peak B. Peak C had five major mass spectrum peaks that 

appeared at retention time 8.43 min (Fig. 8); these were 77, 91, 119, 

137, and 166, identifying the 3-sec-butylcatechol. Previously, 3-sec-
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butylcatechol was reported as an intermediate of 2-sec-butylphenol 

(Marc et al., 1993). Therefore, Novosphingobium sp. 31B completely 

converted the 2-sec-butylphenyl N-methylcarbamate to 2-sec-

butylphenol and then 2-sec-butylphenol was degraded to 3-sec-

butylcatechol by strain 31B (Fig. 9).  
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Fig. 5. Gas chromatogram of the culture filtrate for 2-sec-butylphenyl 

N-methylcarbamate after 24 hour incubation of strain 31B. The 

metabolites were listed in the culture filtrates as (A) 2-sec-butylphenyl 

N-methylcarbamate with a retention time 9.27 minute; (B) the 

hydrolysis metabolite of 2-sec-butylphenyl N-methylcarbamate with a 

retention time 7.09 minute; (C) the hydrolysis metabolite of 2-sec-

butylphenol with a retention time 8.43 minute. 
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Fig. 6. Mass spectrum of gas chromatogram fragmentation and most 

related standard peak at library. (A) Fragment patterns with a retention 

time 9.27 minute. (B) Standard peak of 2-sec-butylphenyl N-

methylcarbamate in mass spectrum library. Mass spectra of the 2-sec-

butylphenyl N-methylcarbamate had characteristic peak at 77, 91, 107, 

121, and 150. 
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Fig. 7. Mass spectrum of gas chromatogram fragmentation and most 

related standard peak at library. (A) Fragment patterns with a retention 

time 7.09 minute. (B) Standard peak of 2-sec-butylphenol in mass 

spectrum library. Mass spectra of the 2-sec-butylphenol had 

characteristic peak at 77, 91, 107, 121, and 150. 
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Fig. 8. Mass spectrum of gas chromatogram fragmentation and most 

related standard peak at library. (A) Fragment patterns with a retention 

time 8.43 minute. (B) Standard peak of 3-sec-butylcatechol in mass 

spectrum library. Mass spectra of the 3-sec-butylcatechol had 

characteristic peak at 77, 91, 119, 166, and 137. 
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Fig. 9. Proposed degradation pathway for the metabolism of 2-sec-

butylphenyl N-methylcarbamate by Novosphingobium sp. 31B in this 

study. 
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IV. Identification of biodegradation intermediate of 2,3-dihydro-

2,2-dimethyl-7-benzofuranyl-N-methylcarbamate by Sphingobium 

sp. JE1 

 

To investigate the bioremediation of 2,3-dihydro-2,2-dimethyl-7-

benzofuranyl-N-methylcarbamate, samples were prepared from the 

mineral medium containing 100 ppm of 2,3-dihydro-2,2-dimethyl-7-

benzofuranyl-N-methylcarbamate as the origin of carbon source. To 

determine the intermediate compound, GC-MS analysis was performed. 

The sample was harvested 48 hours after inoculation. The sample had 

three major gas chromatographic peaks (Fig. 10). However, only two 

peaks were related with 2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-

methylcarbamate except 9-octadecenamide, which appeared at 

retention time 20.70 min. First of all, Peak A, one of the major peaks, 

appeared at 11.78 min (Fig. 11). It had 164,149, 131, 122, and 91 as 

major mass spectrum peaks. The peak pattern was homologous with 

2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate, which 

was the sole carbon source of mineral medium. Peak B was found at 

6.47 min (Fig. 10). Following the major peak character (77, 103, 131, 

149, and 164), 2,3-dihydro-2,2-dimethyl-7-benzofuranol was predicted 

as the most related compound (Fig. 12). 2,3-dihydro-2,2-dimethyl-7-

benzofuranol was known as an intermediate of 2,3-dihydro-2,2-

dimethyl-7-benzofuranyl-N-methylcarbamate (Shin et al., 2012; Yan et 

al., 2007). For the additional intermediate analysis, we prepared the 

sample from minimal medium containing the 100 ppm of 2,3-dihydro-

2,2-dimethyl-7-benzofuranol. After 48 hours of incubation, the sample 

was harvested. According to the GC-MS analysis, the sample presented 
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two major peaks (Fig. 13). One of the major peaks, at 7.21 min showed 

77, 103, 131, 149, and 164 as its major peak characters (Fig. 14). This 

tendency identified peak A as 2,3-dihydro-2,2-dimethyl-7-benzofuranol. 

Peak B appeared at 9.76 min and had five major peak characters, 119, 

138, 147, 165, and 180, which is related to 5-hydroxycarbofuran or 5-

hydroxycarbofuranphenol (2,2-dimethyl-2,3-dihydro-1-benzofuran-6,7-

diol). Due to the chemical structure of the original compound, 2,3-

dihydro-2,2-dimethyl-7-benzofuranol, peak B was more close to 2,2-

dimethyl-2,3-dihydro-1-benzofuran-6,7-diol than 5-hydroxycarbofuran 

(Fig. 15). As a result of the analysis, 2,3-dihydro-2,2-dimethyl-7-

benzofuranyl-N-methylcarbamate was degraded to 2,3-dihydro-2,2-

dimethyl-7-benzofuranol, and then 2,3-dihydro-2,2-dimethyl-7-

benzofuranol was degraded to, 2,2-dimethyl-2,3-dihydro-1-benzofuran-

6,7-diol by JE1 (Fig. 16).  
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Fig. 10. Gas chromatogram of the culture filtrate for 2,3-dihydro-2,2-

dimethyl-7-benzofuranyl-N-methylcarbamate after 24 hour incubation 

of strain JE1. The metabolites were listed in the culture filtrates as (A) 

2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate with a 

retention time 9.27 minute; (B) 2,3-dihydro-2,2-dimethyl-7-

benzofuranol with a retention time 7.09 minute. 
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Fig. 11. Mass spectrum of gas chromatogram fragmentation and most 

related standard peak at library. (A) Fragment patterns with a retention 

time 11.79 minute. (B) Standard peak of 2,3-dihydro-2,2-dimethyl-7-

benzofuranyl-N-methylcarbamate in mass spectrum library. Mass 

spectra of the 2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-

methylcarbamate had characteristic peak at 91, 122, 131, 149, and 164. 
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Fig. 12. Mass spectrum of gas chromatogram fragmentation and most 

related standard peak at library. (A) Fragment patterns with a retention 

time 6.47 minute. (B) Standard peak of 2,3-dihydro-2,2-dimethyl-7-

benzofuranol in mass spectrum library. Mass spectra of the 2,3-

dihydro-2,2-dimethyl-7-benzofuranol had characteristic peak at 77, 103, 

131, 149, and 164. 

. 
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Fig. 13. Gas chromatogram of the culture filtrate for 2,3-dihydro-2,2-

dimethyl-7-benzofuranol after 48 hour incubation of strain JE1. The 

metabolites were listed in the culture filtrates as (A) 2,3-dihydro-2,2-

dimethyl-7-benzofuranol with a retention time 7.21 minute; (B) the 

hydrolysis metabolite of 2,2-dimethyl-2,3-dihydro-1-benzofuran-6,7-

diol with a retention time 9.76 minute. 
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Fig. 14. Mass spectrum of gas chromatogram fragmentation and most 

related standard peak at library. (A) Fragment patterns with a retention 

time 7.21 minute. (B) Standard peak of 2,3-dihydro-2,2-dimethyl-7-

benzofuranol in mass spectrum library. Mass spectra of the 2,3-

dihydro-2,2-dimethyl-7-benzofuranol had characteristic peak at 77, 103, 

131, 149, and 164. 
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Fig. 15. Mass spectrum of gas chromatogram fragmentation. (A) 

Fragment patterns with a retention time 9.76 minute. By the 

characteristic peak at 119, 138, 147, 165, and 180. Mass spectra of 

fragment patterns was proposed as 2,2-dimethyl-2,3-dihydro-1-

benzofuran-6,7-diol. 
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Fig. 16. Proposed degradation pathway for the metabolism of 2,3-

dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate by 

Sphingob-ium sp. JE1  
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DISCUSSION 

 

In the present study, Novosphingobium sp. 31B was first reported as a 

2-sec-butylphenyl N-methylcarbamate-degrading bacteria. 2-sec-

butylphenyl N-methylcarbamate is also known as fenobucarb or BPMC. 

Most 2-sec-butylphenyl N-methylcarbamate has been used on paddy 

fields to control pests such as leafhoppers (Chapalamadugu and 

Chaudhry, 1992). When the isolates were grown on mineral medium 

containing the 100 ppm of 2-sec-butylphenyl N-methylcarbamate as the 

sole carbon source, they completely degraded 2-sec-butylphenyl N-

methylcarbamate within 48 hours. Previously, some 2-sec-butylphenol 

degrading bacteria, including Pseudomonas sp. strain HBP1 and 

Pseudomonas sp. strain MS-1, have been reported (Kohler et al., 1988; 

Toyama et al., 2010). However, they could not show any color change 

during the degradation and their ability to degrade 2-sec-butylphenyl 

N-methylcarbamate was not demonstrated. This gave 31B a more 

remarkable character, which showed color change in mineral medium 

during the degradation. Presence of pink color was only found in 

carbofuran degradation by Sphingomonas sp. (Kim et al., 2004). From 

the previous reported pathway of 2-sec-butylphenol degrading bacteria, 

color change in mineral medium may be related with degradation of 2-

sec-butylphenyl N-methylcarbamate. Therefore, this color change was 

a useful indicator of degradation. If we find the compound responsible 

for the pink color, it will act as a good indicator of bacteria for 

bioremediation. To the best of our knowledge, 31B is the first pathway 

microorganism identified as degrading 2-sec-butylphenyl N-

methylcarbamate. This may assist with understanding the adaptation 
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and evolution of microorganisms in contaminated soil. 

Lately, some degradation of carbofuran by soil bacteria has been 

studied. In particular, genus Sphingobium was known to degrade 

organic pollutants. One of the well-known degraders, Sphingobium sp. 

JE1, was shown to be able to degrade carbofuran that is used as the sole 

source of carbon (Shin et al., 2012). However, given the lack of the 

information on mechanisms of degradation, additional studies are still 

required. The only carbamate-degrading gene, mcd, was not found in 

JE1 but JE1 still degraded the carbofuran to carbofuran phenol (Shin et 

al., 2012).  

In this chapter, remarkable character of JE1 is production of red 

compound that makes color changes in mineral medium during the 

incubation. Recently, red metabolite production by Sphingomonas sp. 

SB5 has been reported by Kim et al. (2004), and they identified the red 

compound as the product of carbofuran degradation (Park et al., 2006). 

However, in spite of the same character of red metabolite, JE1 had a 

different degradation pathway. These characters of JE1 implied the 

existence of a novel pathway and novel gene. Moreover, difference in 

carbofuran degradation pathway implied existence of different 

compound responsible for the red compound. In GC-MS analysis, JE1 

showed a different degradation pathway from other carbofuran 

degrading bacteria. Previously, 2,3-dihydro-2,2-dimethyl-7-

benzofuranyl-N-methylcarbamate was transformed to 5-

hydroxycarbofuran (Yan et al., 2007) or 2-hydroxy-3-(3-methylpropan-

2-ol) phenol (Park et al., 2006). On the other hand, JE1 produced 5-

hydroxycarbofuranphenol (2,2-dimethyl-2,3-dihydro-1-benzofuran-6,7-

diol) that came from 2,3-dihydro-2,2-dimethyl-7-benzofuranol. This 
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significant difference resulted from an evolutional difference and 

genomic difference. Another significant character of JE1 was hydrolase 

of ester or amide bond of 2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-

methylcarbamate without mcd gene. Previously-reported carbamate 

pesticide hydrolase genes such as mcd, cahA and cehA were involved 

with the hydrolase step of ester or amide bond. Thus, the same pathway 

without the previously reported gene indicates the likelihood of a novel 

hydrolase gene in JE1. In conclusion, two microorganisms, 31B and 

JE1, were identified as pesticide degrading bacteria that had novel 

pesticide degrading pathway. The knowledge of these natural degrading 

pathway of pesticide promise the better understanding of 

microorganism and broader range of bioremediation. After this study, 

two microorganisms will be tested in agricultural field condition. One 

of pesticide degrading bacteria might be not working in soil field. 

However, each fining of natural process is useful piece for large picture.  
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ABSTRACT 

 

Sphingobium sp. JE1 is a carbofuran-degrading bacterium, isolated 

from agricultural soils in Korea. The strain is harboring the carbofuran 

degradative plasmid pJE1 and utilizes carbofuran as a sole carbon 

source for its growth. The carbofuran degradative plasmid consisted of 

a 219,885-bp circular molecule with a G+C content of 61.22% and had 

229 protein coding sequences (CDS). The plasmid pJE1 was 

significantly homologous with Hirschia baltica ATCC 49814, 

Novosphingobium aromaticivorans DSM 12444, Sphingomonas 

wittichii RW1, plasmid pLB1, and other bacterial genome sequences. 

By the COG classification, pJE1 had 142 functional predicted proteins. 

Forty-two proteins (almost 18% of total CDS) are related with lipid 

metabolism that is largest parts of the proteins. In this function, there 

are 24 related proteins. The notable character of plasmid pJE1 is 

ordering similarity of vir operon between the other transfer related 

operons, such as vir operon in γ-hexachlorocyclohexane degradative 

pLB1, and pIPO2 that contained tra operon, and mpf and trw operons, 

which existed in pWW0 and R388, respectively. Furthermore, 

partitioning related protein parA is classified as a new subgroup. This is 

the first reported parA subgroup that contained in culturable bacteria. 

Plasmid pJE1 has high sequence and order homology with another 

carbofuran-degradation related plasmid, pNS2. In the homologous 

region, especially, vir operon showed high similarity in order and 

sequence. According to the mRNA analysis, one of the vir operon 

genes, ORF 189, is related to the carbofuran hydrolasing activity. 

During the carbofuran hydrolasing as the sole carbon source, ORF 189 
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expresses 4.4-fold more than glucose use. At the other carbofuran 

degradation related site, Tn5 mutagenesis is performed. Seven Tn5 

mutants were unable to use carbofuran as the sole carbon source and 

inserted the Tn5 in the plasmid. Moreover, Tn5 mutants did not have 

the degradation function of other pesticides, which are originally 

exhibited by JE1. Given these considerations, pJE1 is related to 

carbofuran degradation, and the Tn5 transposon insert site in plasmid is 

important for carbofuran degradation and other pesticide degradation. 

 

 

KEY WORDS: plasmid, carbofuran, mRNA, parA, vir operon, Tn5 

mutagenesis 
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INTRODUCTION 

 

Carbamate pesticides are popular agrochemicals that are dramatically 

increased in usage. In particular, carbofuran and fenobucarb are the 

most abundantly used insecticides, and they have significant effects on 

ecosystems (Tada and Hatakeyama 2000; Van Cong et al., 2006). 

Carbamate pesticides—such as carbofuran (2,3-dihydro-2,2-dimethyl-

7-benzofuranyl-N-methylcarbamate), fenobucarb (2-sec-butylphenyl N-

methylcarbamate), aldicarb (2-methyl-2-(methylthio)propanal O-(N-

methylcarbamoyl)oxime), fenoxycarb (ethyl N-[2-(4-

phenoxyphenoxy)ethyl]carbamate), and carbaryl (1-naphthyl 

methylcarbamate)—lead to the accumulation of acetylcholine in 

synapses (Fahmy et al., 1970). Carbofuran is one of the most harmful 

pesticides, and it has high mammalian toxicity (LD50= 2 mg kg-1 in 

mice) (Fahmy et al., 1970) and causes spasms and paralysis in 

mammals. In the biodegradation of most carbamates, the initial reaction 

occurs at the carbamate linkage with hydrolysis, which substantially 

reduces their toxicity (Heywood 1975; Knowles and Benezet 1981). 

Some previous reports have proposed that plasmids are responsible for 

carbofuran degradation (Ogram et al., 2000).  

Although some carbofuran-degrading bacteria have been isolated, 

related genomic research is still lacking. Therefore, genomic research 

on carbofuran-degradation is necessary to understand the fate of 

carbofuran in microbes, particularly in the context of bioremediation. 

Despite the massive amount of data on genomic sequences (which is 

easy to create due to the dramatic evolution of sequencing techniques), 
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there is a shortage of bioremediation data. The lack of useful tools for 

classifying genomic data is one of the reasons that it does not exist. For 

prediction and analysis, the effective classification of genomic data is 

important. In addition, genome annotation data must be proved by 

experiments. In this chapter, I sequenced carbofuran degradative 

plasmid pJE1, annotated and classified it with a nucleotide BLAST 

search and COG (The Cluster of Orthologous Groups), respectively. 

Furthermore, I identified one gene, ORF 189, which is one of the 

predicted transfer-related genes of carbofuran, by quantitative real-time 

PCR. Finally, I isolated Tn5 mutants, in which transposon sequence 

was inserted in the gene site related to carbofuran-degradation.  
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MATERIALS AND METHODS 

 

I. Bacterial strains 

 

Sphingobium sp. JE1 (harboring the degradative plasmid pJE1) which 

is able to degrade 2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-

methylcarbamate as a sole source of carbon was isolated in Korea. 

DSM 5167, Escherichia coli S17-1 (harboring pSUP5011), was used 

for Tn5-transposon mutagenesis. 

 

II. Media and culture conditions 

 

All isolated bacteria were cultured in mineral medium containing 2,3-

dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate at a 

concentration of 100 ppm (µg/ml). Peptone-tryptone-yeast extract-

glucose (PTYG) medium containing (per liter) 0.25 g of peptone (Difco 

Laboratories, Detroit, USA), 0.25 g of tryptone (Difco), 0.5 g of yeast 

extract (Difco), 0.5 g of glucose, 0.03 g of magnesium sulfate, and 

0.003 g of calcium chloride was used as a culture medium for routine 

cultures. Luria-Bertani (LB) medium was used as a culture medium for 

Tn5-transposon mutagenesis. All routine cultures were incubated at 

28°C, and liquid cultures were aerated by shaking at 150 rpm on a 

rotary shaker (Vision Co., Korea).  
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III. Plasmid DNA extraction 

 

Plasmids from isolates were extracted for plasmid DNA sequencing 

using the alkaline lysis method. A 50 ml overnight culture was 

centrifuged at 12000 g for 20 min at 4°C and pelleted. Cells were re-

suspended in 4 ml of GTE (50 mM glucose, 25 mM Tris-Cl, 10 mM 

EDTA, and pH 8.0) and mixed. 8 ml of fresh solution (0.2 N NaOH, 1% 

SDS) was added to the tube and invert-mixed gently. Then, the tube 

was incubated for 5 min at room temperature. 6 ml of ice-cold solution 

(5 M acetate, 3 M potassium) was added and vortexed. After incubation 

on ice for 10 min, the tube was centrifuged at 1,300 rpm for 15 min at 

4°C. The supernatant was transferred to a fresh tube, and then an equal 

volume of phenol: chloroform was added and mixed by vortexing. 

After centrifuging at 13,000 rpm for 10 min at 4°C, the supernatant was 

transferred to a fresh tube, and 0.7 volume of isopropanol was added. 

The tube was gently inverted and centrifuged at 13,000 rpm for 15 min 

at 4°C. The supernatant was removed and the pellet was washed with 

70% ethanol. After centrifuging at 13,000 rpm for 10 min at room 

temperature, the supernatant was removed and the DNA pellet was 

dried. The dried pellet was dissolved in 200 µl of EB (10 mM Tris-Cl, 

pH 8.5). To remove RNA, 3 µl of RNase was added and incubated for 1 

h at 37°C. 
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IV. Plasmid DNA sequence analysis 

 

Library construction for plasmid sequencing was performed using the 

shotgun method. Shotgun library construction involved six steps. First, 

DNA was randomly fragmented using a nebulizer or Covaris. Each 

fragmentation tool sheared large DNA molecules into small DNA 

molecules that ranged in size from 400 to 1,000 base pairs. Second, for 

fragment end repair, blunt ends of each fragment that would be suitable 

for ligation to adaptors were made. In this step, the 5’ to 3’ polymerase 

activity of T4 DNA polymerase fills in 3’ recessed ends of fragment 

when 3’ overhang end was removed by single-stranded 3’-5’ 

exonuclease. Small size of DNA was removed using the AMPure 

Beads in sizing buffer according to manufacturer’s recommendations. 

After removing, adaptors ligation was performed to the ends of each 

sample. Ligased samples were selected by Solid Phase Reversible 

Immobilization (SPRI) which eliminated the small fragments (e.g., 

adaptor dimers) from the ligation samples. The quality of the DNA 

library preparation was determined with an Agilent 2100 Bioanalyzer. 

Sequencing was performed by Next Generation Sequencing (NGS) 

and assembled using a GS FLX de novo assembler version 2.0 (454 

Life Sciences). After complete nucleotide sequencing, open reading 

frames (ORFs) were predicted by the RAST server (Rapid Annotation 

using Subsystem Technology) (http://rast.nmpdr.org/). ORFs were 

analyzed using the BLAST program (http://www.ncbi.nlm.gov) to find 

sequence similarities. The conserved domains were searched using the 

InterProScan (http://www.ebi.ac.uk/InterProScan/) and the Pfam 
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(http://www.sanger.ac.uk/Software/Pfam/search.shtml) programs. For 

the comparison of plasmid nucleotide sequences, the Artemis 

Comparison Tool (ACT) (http://www.sanger.ac.uk/resources/software/ 

act/) (Carver et al., 2005) was used, and amino acid sequences were 

analyzed by ClustalW.  

 

V. Total RNA isolation and quantitative RT-PCR analysis 

 

Total RNA was isolated from cultured bacterial samples at each time 

point using the SV Total RNA Isolation System (Promega, USA) 

according to the manufacturer’s recommendations. The quantity and 

quality of total RNA were determined by spectrometry and denaturing 

agarose gel electrophoresis, respectively. Complementary DNA was 

synthesized using the AccuPower RT PreMix (Bioneer, Daejeon, 

Korea). Gene expression levels were measured using a LightCycler® 

480 SYBR Green I Master (Roche Diagnostics, Penzberg, Germany) 

and a LightCycler® LC480 (Roche Diagnostics, Penzberg, Germany). 

The 16S rRNA gene was simultaneously analyzed as a control and used 

for normalization for variation in loading. Each target gene and 16S 

rRNA was analyzed in triplicate. Using the standard curve method, we 

determined the level of expression of the examined genes using the 

standard curves and Ct values and normalized them based on 16S 

rRNA expression. The primers for ORF189 and 16S rRNA gene were 

designed based on the each sequence: 189F primer, 5’-

GCCGATGAAGGCGGGGTCGG-3’ and 189R primer 5’-

AGAGCATCAACGGGGCGCGG-3’ primer for 16S rRNA gene, 357F 
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primer, 5’-CTCCTACGGGAGGCACCAG-3’ and 519R primer 5’-

ATTACCGCGGCTGCTGGC-3’. The PCR conditions were 95°C for 

30 sec, followed by 45 cycles at 95°C for 10 sec, 60°C for 20 sec, and 

72°C for 15 sec using a melting curve program (increasing the 

temperature from 65°C to 97°C at a rate of 2.2°C per sec) and 

continuous fluorescence measurement. Sequence-specific products 

were identified by generating a melting curve in which the Ct value 

represented the cycle number at which a fluorescent signal was 

statistically greater than background, and relative gene expression was 

quantified using the 2–ΔΔCt method (Livak and Schmittgen, 2001). For 

the control, the relative quantification of gene expression was 

normalized to the Ct of time 0.  

 

VI. Tn5 mutagenesis  

 

Escherichia coli S17-1 containing plasmid pSUP5011 were used for 

transposon mutagenesis (Simon et al., 1989). E. coli S17-1 harboring 

pSUP5011 and Sphingobium sp. JE1 were grown on LB medium in the 

early growth phase. Next, 1 ml of the culture broth of strain JE1 was 

mixed with 0.5 ml of the culture broth of E. coli S17-1 and cells were 

harvested aseptically by centrifugation at 8,000 g for 3 min. Cells were 

suspended in 50 μl LB medium and incubated for 18 h at 30°C on 

sterile cellulose acetate membrane filter which is put. Cells on the 

membrane filter were resuspended in 1 ml sterile saline. This 

suspension was diluted appropriately and plated on PTYG agar medium 

containing 100 ppm of kanamycin for the selection of Tn5-induced 
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mutants. Selected Tn5 mutants were incubated in mineral medium 

containing 100 ppm of 2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-

methylcarbamate as the sole source of carbon. Mutants were 

maintained on the PTYG agar medium plates supplemented with 

kanamycin. 

 

VII. Repetitive extragenic palindromic and kanamycin PCR assay 

 

To analyze the genomic fingerprints of the isolates, colony REP-PCR 

was performed using the BOXA1R primer (5’-

CTACGGCAAGGCGACGCTGACG-3’) as described previously 

(Bruijn 1992). Each isolate was grown on the PTYG agar medium for 

24-48 hours and a small number of cells was resuspended in 25 µl of 

PCR mixture containing Gitschier buffer [1 M (NH4)2SO4, 1 M Tris-

HCl (pH 8.8), 1 M MgCl2, 0.5 M EDTA (pH 8.8), 14.4 M β-

mercaptoethanol], 0.1% bovine serum albumin, 100% dimethyl 

sulfoxide, and deoxynucleoside triphosphate at a concentration of 2.5 

mM and 50 pmol/μl of DNA. The cycles used were as follows: 1 cycle 

at 95°C for 7 min; 35 cycles at 92°C for 1 min, 52°C for 1 min, and 

65°C for 8 min; 1 cycle at 65°C for 16 min; and a final soak at 4°C. 

After the reactions, PCR products were separated by electrophoresis on 

1.2% agarose gels. After electrophoresis, the image was photographed 

with UV transillumination (306 nm). To determine whether our isolates 

had any sequence homology with the kanamycin resistance gene, the 

isolates were subjected to PCR analysis with specific primers targeted 

for the kanamycin resistance gene. The primers for the kanamycin 
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resistance gene were designed based on the kanamycin resistance gene 

sequence: Km1F primer, 5’-TGACTGGGCACAACAGACAA-3’ and 

Km1R primer, 5’-TTCAGTGACAACGTCGAGCA-3’. The 

amplification of the kanamycin resistance gene with the corresponding 

primers was expected to produce a 193 bp DNA fragment. 

 

VIII. Degradative phenotype analysis 

 

Each strain was grown in PTYG medium. Cells were then harvested by 

centrifugation of 10,000 g for 10 min at 4°C, washed, and resuspended 

in 0.85% NaCl solution. Aliquots of suspended cells were inoculated 

into 15 ml culture tubes, each of which contained 3 ml mineral medium 

supplemented with one of the structural analogs at a concentration of 

100 μg/ml. The tubes were cultured by reciprocal shaking at 150 rpm at 

28°C for 7 days, after which the optical density at 600 nm was 

determined. To determine the degradation of insecticides, the cultures 

were centrifuged to remove the cellular material, and the UV 

absorption was measured. 
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RESULT 

 

I. DNA sequence analysis of plasmid pJE1 by COG  

 
Carbofuran-degrading related plasmid pJE1 was 219,885 base pairs 

long with 62.11% of overall G + C content (Fig. 1). Plasmid pJE1 had 

229 protein-coding sequences and 960 gene density that indicated the 

average base pairs per gene. The average length of the protein-coding 

sequences was 835 base pairs. Most protein sequences showed low 

similarity, with 54.92% of average sequence homology. Table 1 shows 

protein prediction with classification by Cogniter. According to the 

COG classification, most of the orthologous proteins were classified by 

function. Following the COG classification, 229 protein-coding 

sequences in pJE1 were classified and analyzed (Table 2).  

First, pJE1 was predicted to contain 14 proteins related to energy 

production and conversion by COG. Most of the proteins were located 

in the plasmid separate to ORFs 35–36 and ORFs 68–69. ORF 35 was 

predicted to be succinate dehydrogenase/fumarate reductase (57% of 

nucleotide homology of Hirschia baltica ATCC 49814). FAD/FMN-

containing dehydrogenase was a homologous protein of ORF 36 that 

was also related to Hirschia baltica ATCC 49814 (60% of nucleotide 

homology). Another operon including ORF 68 and 69 was predicted be 

included in oxidoreductases related to aryl-alcohol dehydrogenases. 

Three proteins were related to cell division and chromosome 

partitioning. One of the protein-annotated cell division involving 

protein was genomically located in ORF 50. ORFs 217 and 222 was 

found to be involved in chromosome-partitioning ATPases. These 
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proteins are known to function as stabilizing low-copy-number 

plasmids. 

Fifteen amino acids were associated with transport- and 

metabolism-related proteins. These proteins included four 3-

isopropylmalate dehydratases, five lactoylglutathione lyases and related 

lyases, four choline dehydrogenases/related flavoproteins, and two N-

methylhydantoinase A proteins. Four predicted 3-isopropylmalate 

dehydratases composed of small subunit and large subunit were related 

with that of Hirschia baltica ATCC 49814. 3-isopropylmalate 

dehydratase catalyzed the isomerization of 2-isopropylmalate to 3-

isopropylmalate. Some lactoylglutathione lyase also annotated the 

bleomycin resistance protein and dioxygenase. Lactoylglutathione lyase, 

also known as glyoxalase I, performed the detoxification of 

methylglyoxal and the other reactive aldehydes that were produced as a 

normal part of metabolism. ORF 143 and 148 were homologous with 

dehydrogenase. The proteins were referenced from Sphingomonas 

wittichii RW1 and Bordetella petrii DSM 12804, respectively. N-

methylhydantoinase consisted of a beta subunit and an alpha subunit. 

The remarkable aspects of these proteins sequences were the reference 

strains. In spite of the same enzyme makeup, the protein sequences 

were homologous with Novosphingobium aromaticivorans DSM 12444 

and Hirschia baltica ATCC 49814, respectively. 

Plasmid pJE1 had ten genes related to carbohydrate transport and 

metabolism, and it also contained coenzyme- and lipid metabolism-

related protein-coding genes. In particular, 42 lipid metabolic genes 

were annotated (i.e., 18.3% of the coding sequence). Annotated 

polysaccharide deacetylases were located at ORF 10 and ORF 11. The 
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ordering of the gene was the same as the reference strain, Hirschia 

baltica ATCC 49814. Another carbohydrate transport metabolism-

related gene, citrate lyase, was involved in the magnesium-dependent 

cleavage of citrate to acetate and oxaloacetate. In bacteria, this reaction 

is involved in citrate fermentation. Permeases are membrane transport 

proteins, a class of multi-pass transmembrane proteins that facilitate the 

diffusion of a specific molecule in or out of the cell by passive transport. 

In contrast, active transporters couple molecule transmembrane 

transport with an energy source such as ATP or a favorable ion gradient. 

Interestingly, pJE1 had two predicted permeases that were homologous 

to the different reference strains, Hirschia baltica ATCC 49814 and 

Nocardioides sp. JS614. One of the reference strains, Nocardioides sp. 

JS614, was a type of bioremediation bacteria capable of using ethene 

and vinyl chloride (VC) as sole carbon and energy sources. 

Rhodococcus jostii RHA1 was a potent polychlorinated biphenyl-

degrading soil actinomycete that catabolizes a wide range of 

compounds and represents a genus of considerable industrial interest. 

Putative naphthoate synthase and oxidoreductase, located in ORF171 

and 175, were similar to Rhodococcus jostii RHA1. Lipid metabolism-

related proteins—including Acyl-CoA synthetases, Enoyl-CoA 

hydratases, and Acyl-CoA dehydrogenases—were separately 

distributed in the plasmid, and their reference strains were dissimilar. 

Eleven putative transcriptional regulators in pJE1 were homologous 

to ten different references that included Citrobacter sp. 30_2, Frankia 

sp. CcI3, Hirschia baltica ATCC 49814, Magnetospirillum 

magnetotacticum MS-1, Plasmid pLB1, Pseudomonas fluorescens 

SBW25, Roseovarius sp. HTCC2601, Sphingomonas sp. SKA58, 



 

 

 

 

80

Sphingomonas wittichii RW1, and Xanthomonas campestris pv. 

campestris str. ATCC 33913.  

In plasmid pJE1, several replication- and recombination-related 

proteins were annotated. In particular, transposase and inactivated 

derivative sequences were found. Seven putative transposases including 

ORFs 55, 56, 58, 132, 133, 134, and 180 were homologous to 

Sphingomonas sp. KA1 harboring pCAR3. Sphingomonas sp. KA1 was 

only homologous with transposase in plasmid pJE1. Sphingomonas sp. 

KA1 was a carbazole-degrading bacterium isolated from lagoon sludge 

treated with soft drink wastewater. Transposase from Sphingomonas sp. 

KA1 existed in all pairs except ORF 134. Another putative transposase, 

ORF53, was predicted to belong to the IS30 family, whereas the other 

transposases did not belong to the IS30 family. Three Trm23a-like 

transposases were located in ORF 77-79. The putative gene product of 

ORF77 showed 71% homology with Rhizobium sp. NGR234. ORF77 

and ORF78 showed 76 and 81% homology, respectively, with 

SinoRhizobium meliloti SM11. The transposase-coding sequences of 

ORF 57 and ORF 181 were related with Rhodobacter sphaeroides 

ATCC 17025 and Methylobacterium chloromethanicum CM4, 

respectively. Methylobacterium chloromethanicum CM4 was capable 

of utilizing chloromethane.  

Following the classification of COG, inorganic ion transport-related 

proteins, such as TonB-dependent receptors and outer membrane 

receptor proteins, were predicted. Each TonB-dependent receptor had a 

different reference, except ORF 86 and ORF 117, which took the same 

reference as Caulobacter sp. K31. Other ORFs were homologous with 

Hirschia baltica ATCC 49814, Sphingomonas sp. SKA58, and 
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Methylobacillus flagellatus KT. Nine ORFs were classified to the 

intracellular trafficking, secretion, and vesicular transport section by 

COG. Following the annotation, all ORFs were Type IV secretory 

pathway-related proteins homologous with the plasmid pLB1 with low 

similarity with the reference gene (24–53%).   
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Fig. 1. Graphical circular map of the plasmid pJE1. From outside to the 

center; Genes on plasmid that color by COG categories (gold1, translation, 

ribosomal structure and biogenesis; orange 3, RNA processing and modification; 

DarkOrange 1, transcription; DarkOrange 3, DNA replication, recombination and 

repair; maroon, Chromatin structure and dynamics; AntiqueWhite 1, Cell division and 

chromosome partitioning; yellow, Nuclear structure; pink, Defense mechanisms; 

tomato 1, Signal transduction mechanisms; PeachPuff 3, Cell envelope biogenesis, 

outer membrane; MediumPurple 1, Cell motility and secretion; red, Cytoskeleton; 

green, Extracellular structures; DeepPink, Intracellular trafficking, secretion, and 

vesicular transport; PaleGreen 1, Posttranslational modification, protein turnover, 

chaperones; RoyalBlue 4, Energy production and conversion; Blue 1, Carbohydrate 

transport and metabolism; DodgerBlue 1, Amino acid transport and metabolism; 

SkyBlue 3, Nucleotide transport and metabolism; LightBlue 1, Coenzyme metabolism; 

Cyan 3, Lipid metabolism; MediumPurple 4, Inorganic ion transport and metabolism; 

aquamarine 4, Secondary metabolites biosynthesis, transport and catabolism; gray 90, 

General function prediction only; gray 70, Function unknown; gray 50, Not in COGs), 

G+C content, GC skew. 

pJE1 
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Table 1. Number of genes associated with the general COG functional 

categories of pJE1 

Code Value* % Description 

J 0 0.0  Translation, ribosomal structure and biogenesis 

A 0 0.0  RNA processing and modification 

K 11 4.8  Transcription 

L 24 10.5  DNA replication, recombination and repair 

B 0 0.0  Chromatin structure and dynamics 

D 3 1.3  Cell division and chromosome partitioning 

Y 0 0.0  Nuclear structure 

V 0 0.0  Defense mechanisms 

T 2 0.9  Signal transduction mechanisms 

M 0 0.0  Cell envelope biogenesis, outer membrane 

Z 0 0.0  Cytoskeleton 

W 0 0.0  Extracellular structures 

U 9 3.9  Intracellular trafficking, secretion, and vesicular transport  

O 0 0.0  Posttranslational modification, protein turnover, chaperones 

C 14 6.1  Energy production and conversion 

G 10 4.4  Carbohydrate transport and metabolism 

E 15 6.6  Amino acid transport and metabolism 

F 0 0.0  Nucleotide transport and metabolism 

H 2 0.9  Coenzyme metabolism 

I 42 18.3  Lipid metabolism 

P 5 2.1  Inorganic ion transport and metabolism 

Q 5 2.2  Secondary metabolites biosynthesis, transport and catabolism 

R 16 7  General function prediction only 

S 4 1.7  Function unknown 

- 67 29.3  Not in COGs 

*Value means the number of genes
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Table 2. Annotation of pJE1 genome according to the COG. 

ORF no. 
Length 
(amino 
acid ) 

Code  Gene PCT(%)a Accession no. 

001 403 L  L COG0582 Mlo [Integrase] 32 mlr9649 

002 77 S  S COG4456 Sme [Virulence-associated protein and related proteins] 52 SMc03949 

003 135 R  R COG1487 Sme [Predicted nucleic acid-binding protein, contains PIN domain] 55 SMc01521 

004 214 E  E COG4126 Atu [Hydantoin racemase] 44 AGl3449 

005 541 IQ  IQ COG0318 Mlo [Acyl-CoA synthetases (AMP-forming)/AMP-acid ligases II] 60 mlr7293 

006 377 C C COG1062 Sme [Zn-dependent alcohol dehydrogenases, class III] 44 SMc03929 

007 285 G  b 37 BS_yqiQ 

008 197 E  E COG0066 Spo [3-isopropylmalate dehydratase small subunit] 45 
SPAC9E9.03_
2 

009 444 E  E COG0065 Sme [3-isopropylmalate dehydratase large subunit] 53 SMc03823 

010 308 G  G COG0726 Syn [Predicted xylanase/chitin deacetylase] 28 sll1306 

011 304 G  G COG0726 Pae [Predicted xylanase/chitin deacetylase] 32 PA1517 

012 219 Q  Q COG1335 Pya [Amidases related to nicotinamidase] 28 PAE3001 

013 319 E  E COG0119 Bsu [Isopropylmalate/homocitrate/citramalate synthases] 37 BS_yngG 

014 399 C C COG1804 Rso [Predicted acyl-CoA transferases/carnitine dehydratase] 51 RSp1421 

015 496 E  E COG0065 Ype [3-isopropylmalate dehydratase large subunit] 52 YPO0531 

016 204 E  E COG0066 NmA [3-isopropylmalate dehydratase small subunit] 45 NMA1452 

017           
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018 283 R  R COG0596 Bsu [Predicted hydrolases or acyltransferases (alpha/beta hydrolase superfamily)] 32 BS_yvaM 

019           

020           

021           

022 533 C C COG0277 Atu [FAD/FMN-containing dehydrogenases] 31 AGc4965 

023 450 
GEP

R  
GEPR COG0477 Pae [Permeases of the major facilitator superfamily] 31 PA4654 

024 534 R  R COG0596 Dra [Predicted hydrolases or acyltransferases (alpha/beta hydrolase superfamily)] 27 DR1351 

025 401 
GEP

R  
GEPR COG0477 Pae [Permeases of the major facilitator superfamily] 28 PA2589 

026           

027 734 P  P COG1629 Ccr [Outer membrane receptor proteins, mostly Fe transport] 27 CC2398 

028 258 K  K COG2188 Rso [Transcriptional regulators] 33 RSp0079 

029 337 CR CR COG0604 Spo [NADPH:quinone reductase and related Zn-dependent oxidoreductases] 36 SPBC1773.06c 

030 457 R  R COG2079 Atu [Uncharacterized protein involved in propionate catabolism] 27 AGl2924 

031 278 IQR  IQR COG1028 Rso [Dehydrogenases with different specificities (related to short-chain alcohol dehydrogenases)] 36 RSc1052 

032           

033 409 QR  QR COG0500 Nos [SAM-dependent methyltransferases] 32 all2085 

034           

035 467 C C COG1053 Fnu [Succinate dehydrogenase/fumarate reductase, flavoprotein subunit] 27 FN0050_2 

036 532 C C COG0277 Rso [FAD/FMN-containing dehydrogenases] 35 RSc2664 

037 336 R  R COG2130 Nos [Putative NADP-dependent oxidoreductases] 38 all5008 
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038 682 EQ  EQ COG0145 Aae [N-methylhydantoinase A/acetone carboxylase, beta subunit] 39 aq_708 

039 625 EQ  EQ COG0146 Aae [N-methylhydantoinase B/acetone carboxylase, alpha subunit] 30 aq_1925 

040 466   C COG1012 Bme [NAD-dependent aldehyde dehydrogenases] 72 BMEI0386 

041           

042 315 R  R COG1708 Sme [Predicted nucleotidyltransferases] 35 SMb20835 

043           

044 611 K  K COG1475 Ype [Predicted transcriptional regulators] 28 YPMT1.59c 

045           

046 54     38 XFa0020 

047           

048           

049 310 L  L COG4227 Atu [Antirestriction protein] 46 AGpA151 

050 432 D  D COG2184 Eco [Protein involved in cell division] 34 fic 

051           

052           

053 334 L  L COG2826 Ccr [Transposase and inactivated derivatives, IS30 family] 53 CC1761 

054 471     48 RSc1843 

055 62 L  L COG2963 Atu [Transposase and inactivated derivatives] 40 AGl548 

056 109 L  L COG2801 Sme [Transposase and inactivated derivatives] 51 SMc03248 

057 467 L  L COG2826 Eco [Transposase and inactivated derivatives, IS30 family] 39 tra8_g3 
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058 162 L  L COG2801 Sme [Transposase and inactivated derivatives] 60 SMc03248 

059 304     60 mll9327 

060           

061 276 L  L COG0582 Mlo [Integrase] 46 mll9328 

062 162 K  K COG1309 Sty [Transcriptional regulator] 41 STM1674 

063 157     28 mlr5878 

064 248 IQR  IQR COG1028 Atu [Dehydrogenases with different specificities (related to short-chain alcohol dehydrogenases)] 52 AGpA214 

065 132 E  E COG0346 Bme [Lactoylglutathione lyase and related lyases] 45 BMEI0164 

066 222 IQR  IQR COG1028 Atu [Dehydrogenases with different specificities (related to short-chain alcohol dehydrogenases)] 54 AGpA300 

067 196 K  K COG1309 Sty [Transcriptional regulator] 39 STM1674 

068 118 C C COG0667 Mlo [Predicted oxidoreductases (related to aryl-alcohol dehydrogenases)] 40 mll8482 

069 262 C C COG0667 Sme [Predicted oxidoreductases (related to aryl-alcohol dehydrogenases)] 29 SMa1403 

070 74 S  S COG2343 Sme [Uncharacterized protein conserved in bacteria] 66 SMb21379 

071 251 IQR  IQR COG1028 Bsu [Dehydrogenases with different specificities (related to short-chain alcohol dehydrogenases)] 44 BS_ykvO 

072 108 K  K COG1733 Lin [Predicted transcriptional regulators] 50 lin1899 

073 60 
GEP

R  
GEPR COG0477 Dra [Permeases of the major facilitator superfamily] 39 DRA0061 

074 270 
GEP

R  
GEPR COG0477 Mle [Permeases of the major facilitator superfamily] 27 ML1562 

075 46 L  L COG1484 Sme [DNA replication protein] 79 SMa0776 

076 160 L  L COG1484 Sme [DNA replication protein] 82 SMa1073 

077 95 L  L COG4584 Sme [Transposase and inactivated derivatives] 71 SMa0779 
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078 140 L  L COG4584 Atu [Transposase and inactivated derivatives] 76 AGl6 

079 223 L  L COG4584 Sme [Transposase and inactivated derivatives] 81 SMa1070 

080           

081 255 IQR  IQR COG1028 Mac [Dehydrogenases with different specificities (related to short-chain alcohol dehydrogenases)] 41 MA0415 

082           

083 373 PR  PR COG4638 Mlo [Phenylpropionate dioxygenase and related ring-hydroxylating dioxygenases, large terminal subunit] 26 mlr1312 

084           

085 698 G  G COG4993 Pae [Glucose dehydrogenase] 35 PA1982 

086 773 P  P COG1629 Ccr [Outer membrane receptor proteins, mostly Fe transport] 26 CC1970 

087           

088 215 R  R COG2249 Pae [Putative NADPH-quinone reductase (modulator of drug activity B)] 51 PA4975 

089 289 I  I COG1024 Ccr [Enoyl-CoA hydratase/carnithine racemase] 43 CC0947 

090 324   CR COG0604 Bsu [NADPH:quinone reductase and related Zn-dependent oxidoreductases] 33 BS_yogA 

091 780 P  P COG1629 Ccr [Outer membrane receptor proteins, mostly Fe transport] 25 CC1970 

092 251 IQR  IQR COG1028 Mac [Dehydrogenases with different specificities (related to short-chain alcohol dehydrogenases)] 44 MA0415 

093 517 I  I COG0365 Bha [Acyl-coenzyme A synthetases/AMP-(fatty) acid ligases] 32 BH3234 

094 149     30 Rv0310c 

095 95 S  S COG5470 Mlo [Uncharacterized conserved protein] 33 msl4750 

096 413 R  R COG2159 Mlo [Predicted metal-dependent hydrolase of the TIM-barrel fold] 31 mlr9221 

097 270 I  I COG1024 Mlo [Enoyl-CoA hydratase/carnithine racemase] 38 mll8753 
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098 495 IQ  IQ COG0318 Mtu [Acyl-CoA synthetases (AMP-forming)/AMP-acid ligases II] 35 Rv0214 

099 268 IQR  IQR COG1028 Ccr [Dehydrogenases with different specificities (related to short-chain alcohol dehydrogenases)] 39 CC2655 

100 342   CR COG0604 Ccr [NADPH:quinone reductase and related Zn-dependent oxidoreductases] 47 CC0770 

101 245 IQR  IQR COG1028 Ccr [Dehydrogenases with different specificities (related to short-chain alcohol dehydrogenases)] 55 CC2836 

102 354 R  R COG3173 Dra [Predicted aminoglycoside phosphotransferase] 40 DRA0194 

103 412 I  I COG1960 Pae [Acyl-CoA dehydrogenases] 62 PA2550 

104 253 IQR  IQR COG1028 Mlo [Dehydrogenases with different specificities (related to short-chain alcohol dehydrogenases)] 55 mlr2803 

105 533 I  I COG4799 Ccr [Acetyl-CoA carboxylase, carboxyltransferase component (subunits alpha and beta)] 76 CC2170 

106           

107 621 I  I COG4770 Ccr [Acetyl/propionyl-CoA carboxylase, alpha subunit] 61 CC2168 

108 150 I  I COG2030 Dra [Acyl dehydratase] 51 DR1239 

109 156 G  G COG2301 Mlo [Citrate lyase beta subunit] 29 mlr0906 

110 138 G  G COG2301 Mlo [Citrate lyase beta subunit] 42 mll6008 

111 384 I  I COG0183 Mtu [Acetyl-CoA acetyltransferase] 37 Rv2790c 

112 75 R  R COG1545 Mja [Predicted nucleic-acid-binding protein containing a Zn-ribbon] 33 MJ1552 

113 525 IQ  IQ COG0318 Mtu [Acyl-CoA synthetases (AMP-forming)/AMP-acid ligases II] 49 Rv0551c 

114 117 Q  Q COG2050 Ccr [Uncharacterized protein, possibly involved in aromatic compounds catabolism] 37 CC3645 

115 117 Q  Q COG2050 Ccr [Uncharacterized protein, possibly involved in aromatic compounds catabolism] 24 CC3646 

116 411 R  R COG2159 Mlo [Predicted metal-dependent hydrolase of the TIM-barrel fold] 27 mlr9221 

117 779 P  P COG1629 Ccr [Outer membrane receptor proteins, mostly Fe transport] 26 CC3336 
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118 405 C C COG1804 Tvo [Predicted acyl-CoA transferases/carnitine dehydratase] 41 TVN1161 

119 388 I  I COG2030 Dra [Acyl dehydratase] 33 DR1239 

120           

121           

122 235     32 PA2095 

123 237 IQR  IQR COG1028 Tma [Dehydrogenases with different specificities (related to short-chain alcohol dehydrogenases)] 38 TM0325 

124 287 I  I COG2030 Pae [Acyl dehydratase] 39 PA1018 

125 334 CR CR COG0604 Ccr [NADPH:quinone reductase and related Zn-dependent oxidoreductases] 43 CC0096 

126 165 E  E COG0346 Pho [Lactoylglutathione lyase and related lyases] 28 PH0272 

127 329 CR CR COG0604 Mlo [NADPH:quinone reductase and related Zn-dependent oxidoreductases] 39 mll3915 

128 392 I  I COG1960 Ccr [Acyl-CoA dehydrogenases] 33 CC1311 

129 265 I  I COG1024 Mtu [Enoyl-CoA hydratase/carnithine racemase] 33 Rv1935c 

130 376 I  I COG1960 Ccr [Acyl-CoA dehydrogenases] 40 CC2131 

131 222 K  K COG1414 Pae [Transcriptional regulator] 33 PA1015 

132 206 L  L COG3436 Sme [Transposase and inactivated derivatives] 46 SMb20541 

133 314 L  L COG3436 Sme [Transposase and inactivated derivatives] 45 SMb21085 

134 95 L  L COG3436 Sme [Transposase and inactivated derivatives] 54 SMb20542 

135           

136           

137           
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138 325 S  S COG3268 Hbs [Uncharacterized conserved protein] 31 VNG2166Cm 

139           

140 133 E  E COG0346 Bme [Lactoylglutathione lyase and related lyases] 35 BMEI0164 

141 247 IQR  IQR COG1028 Rso [Dehydrogenases with different specificities (related to short-chain alcohol dehydrogenases)] 52 RSc1730 

142 324 K  K COG2207 Mlo [AraC-type DNA-binding domain-containing proteins] 50 mlr2197 

143 535 E  E COG2303 Ccr [Choline dehydrogenase and related flavoproteins] 44 CC0945 

144 156 R  R COG3631 Bsu [Ketosteroid isomerase-related protein] 28 BS_yesE 

145 484 C C COG1012 Bsu [NAD-dependent aldehyde dehydrogenases] 45 BS_dhaS 

146 205     34 mlr5878 

147 164 E  E COG0346 Rso [Lactoylglutathione lyase and related lyases] 36 RSp0693 

148 543 E  E COG2303 Sme [Choline dehydrogenase and related flavoproteins] 52 SMc03116 

149 403     32 Rv0272c 

150 414 I  I COG0183 Mac [Acetyl-CoA acetyltransferase] 37 MA4042 

151 417 Q  Q COG2124 Mlo [Cytochrome P450] 39 mlr5876 

152           

153 263 IQR  IQR COG1028 Mtu [Dehydrogenases with different specificities (related to short-chain alcohol dehydrogenases)] 46 Rv2002 

154 390 R  R COG2159 Syn [Predicted metal-dependent hydrolase of the TIM-barrel fold] 26 slr0619 

155 107 E  E COG0346 Vch [Lactoylglutathione lyase and related lyases] 47 VCA0432 

156 664   C COG1902 Pae [NADH:flavin oxidoreductases, Old Yellow Enzyme family] 29 PA5398_1 

157 774 P  P COG1629 Pae [Outer membrane receptor proteins, mostly Fe transport] 27 PA0192 



 

 

 

 

92

158 277 I  I COG1250 Bha [3-hydroxyacyl-CoA dehydrogenase] 42 BH1995 

159 224 I  I COG1250 Bha [3-hydroxyacyl-CoA dehydrogenase] 27 BH1995 

160 538 IQ  IQ COG0318 Pae [Acyl-CoA synthetases (AMP-forming)/AMP-acid ligases II] 46 PA4198 

161 254 IQR  IQR COG1028 Rso [Dehydrogenases with different specificities (related to short-chain alcohol dehydrogenases)] 47 RSc1568 

162 270 IQR  IQR COG1028 Sau [Dehydrogenases with different specificities (related to short-chain alcohol dehydrogenases)] 34 SA1074 

163 376 C C COG1804 Rso [Predicted acyl-CoA transferases/carnitine dehydratase] 42 RSc1375 

164 170 K  K COG1309 Bha [Transcriptional regulator] 27 BH3797 

165 350 PR  PR COG4638 Rso [Phenylpropionate dioxygenase and related ring-hydroxylating dioxygenases, large terminal subunit] 38 RSp0222 

166 240 I  I COG2084 jHp [3-hydroxyisobutyrate dehydrogenase and related beta-hydroxyacid dehydrogenases] 23 jhp0585 

167 260 IQR  IQR COG1028 Pab [Dehydrogenases with different specificities (related to short-chain alcohol dehydrogenases)] 31 PAB2177 

168 465 R  R COG2079 Mth [Uncharacterized protein involved in propionate catabolism] 27 MTH965 

169 307 I  I COG2084 Aae [3-hydroxyisobutyrate dehydrogenase and related beta-hydroxyacid dehydrogenases] 26 aq_038 

170 300 I  I COG2084 Sso [3-hydroxyisobutyrate dehydrogenase and related beta-hydroxyacid dehydrogenases] 28 SSO1560 

171 260 H  H COG0447 Sau [Dihydroxynaphthoic acid synthase] 49 SA0898 

172 252 I  I COG1024 Bsu [Enoyl-CoA hydratase/carnithine racemase] 36 BS_yngF 

173 390 I  I COG1960 Bha [Acyl-CoA dehydrogenases] 45 BH3798 

174 404 C C COG1804 Rso [Predicted acyl-CoA transferases/carnitine dehydratase] 39 RSc0796 

175 552 H HC COG0654 Mlo [2-polyprenyl-6-methoxyphenol hydroxylase and related FAD-dependent oxidoreductases] 35 mll3850 

176 256 IQR  IQR COG1028 Pae [Dehydrogenases with different specificities (related to short-chain alcohol dehydrogenases)] 45 PA4089 

177 371 L  L COG4335 Atu [DNA alkylation repair enzyme] 44 AGl2657 
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178 155     34 Rv0310c 

179           

180 62 L  L COG2963 Atu [Transposase and inactivated derivatives] 40 AGl548 

181 160 L  L COG2801 Sme [Transposase and inactivated derivatives] 44 SMc03248 

182 194 L  L COG1525 Mlo [Micrococcal nuclease (thermonuclease) homologs] 33 mlr0479_1 

183 294     33 BMEI1697 

184           

185 80     46 SMa1322 

186 205     43 XFa0002 

187           

188 114 U  U COG3702 Atu [Type IV secretory pathway, VirB3 components] 38 AGpTbx137 

189 796 U  U COG3451 Sme [Type IV secretory pathway, VirB4 components] 47 SMa1315 

190 236     29 AGpA224 

191           

192 335 U  U COG3704 Atu [Type IV secretory pathway, VirB6 components] 24 AGpA226 

193 230 U  U COG3736 Sme [Type IV secretory pathway, component VirB8] 44 SMa1308 

194 276 U  U COG3504 Atu [Type IV secretory pathway, VirB9 components] 37 AGpA229 

195 393 U  U COG2948 Sme [Type IV secretory pathway, VirB10 components] 44 SMa1303 

196 337 NU  
NU COG0630 Sme [Type IV secretory pathway, VirB11 components, and related ATPases involved in archaeal flagella 
biosynthesis] 

53 SMa1302 

197 598 U  U COG3505 Xfa [Type IV secretory pathway, VirD4 components] 39 XFa0016 
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198 259     26 XFa0017 

199 276 K  K COG4957 Mlo [Predicted transcriptional regulator] 43 mll6119 

200           

201           

202 91 L  L COG0776 Atu [Bacterial nucleoid DNA-binding protein] 58 AGpT222 

203 197     82 AGpT157 

204 352     34 AGpA58 

205 277 I  I COG0657 Ccr [Esterase/lipase] 47 CC2298 

206 233 TK  TK COG0745 Sme [Response regulators consisting of a CheY-like receiver domain and a winged-helix DNA-binding domain] 81 SMc00654 

207           

208 50 L  L COG0358 Pmu [DNA primase (bacterial type)] 53 PM1240 

209 304 T  T COG2199 Nos [FOG: GGDEF domain] 26 alr3504 

210           

211           

212 461     54 mll5799 

213           

214 364 U  U COG3843 Xfa [Type IV secretory pathway, VirD2 components (relaxase)] 47 XFa0047_1 

215           

216 292 K  K COG1475 Mlo [Predicted transcriptional regulators] 35 mll4477 

217 244 D  D COG1192 Xfa [ATPases involved in chromosome partitioning] 28 XFa0060 
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218           

219 109 L  L COG0629 Xfa [Single-stranded DNA-binding protein] 34 XF1644 

220           

221 88     44 Cgl0168 

222 398 D  D COG1192 Sme [ATPases involved in chromosome partitioning] 36 SMb20046 

223 277 K  K COG1475 Bha [Predicted transcriptional regulators] 35 BH4057 

224 376 L  L COG5534 Mlo [Plasmid replication initiator protein] 43 mlr9740 

225           

226           

227           

228           

229 345     30 AGl1676 
a Percentage of protein sequence homology 
b Blank means none of data 
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II. Genomic homologous region among the related microorganism 

 

Table 3 shows the plasmid pJE1 ORFs predicted by NCBI Blast 

Similarity Searches. Plasmid pJE1 was composed of the predicted 

multiple functional genes. However, some regions of the open reading 

frames were indicated as similar to one microorganism. First, 31 of the 

predicted open reading frames were related with Hirschia baltica 

ATCC 49814. Hirschia baltica ATCC 49814 belongs to the family 

Hyphomonadaceae within the Alphaproteobacteria. Hirschia baltica 

was mostly isolated from marine environments with an unusual cell 

growth mode and its complete genome was sequenced. In particular, 

ORF 7 to ORF 39 of plasmid pJE1 were related with Hirschia baltica 

ATCC 49814. Except for ORF 28 to ORF 39, they had almost the same 

ordering as Hirschia baltica ATCC 49814. One of the notable features 

between pJE1 and Hirschia baltica ATCC 49814 was the TonB-

dependent receptors that existed in ORF 27 of pJE1. TonB-dependent 

receptors are thought to be functionally energy-dependent outer 

membrane proteins responsible for the uptake of macromolecules, such 

as siderophores and vitamins. These macromolecules are too large to be 

taken up by passive diffusion. Therefore, the presence of TonB-

dependent receptors is necessary for adaptation to low-nutrient 

environments. 

Plasmid pLB1 is involved in γ-hexachlorocyclohexane degradation. 

This 65,998 bp plasmid sequence was partially homologous with pJE1. 

One of the similar operons was genes for stable inheritance region that 

indicate ORF 216 to 217 in pJE1. ORF 216 and 217 were annotated 

with ParB and ParA proteins, respectively (Fig. 2). The parA-parB 
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cluster was considered to be involved in the partitioning of pJE1. The 

putative ParA protein was also identified as the IncC-like protein that 

belongs to the Walker type ATPases. Partitioning ATPases are claded 

in the genetic organization of par loci. ORF 216, a putative ParB 

protein, has two DNA-binding domains, IPR003115 and IPR004437, 

which were similar to the ParB nuclease domain and ParB partition 

protein family domain. In spite of the order similarity, their sequence 

homology was very low: ParA and ParB from pJE1 have 36% and 41% 

sequence similarity, respectively. To classify the Walker-type partition 

ATPases, phylogenetic analysis was performed. It was previously 

reported that 14 Walker-type partition ATPases are encoded by various 

plasmids or chromosomes. Fourteen Walker-type partition ATPases 

were also classified into subgroups—SopA, RepA, Borrelia, IncC, ParF 

and ParA—in the parAB locus. The ParA gene from pLB1 has already 

been classified by Miyazaki et al. (2006). According to the 

phylogenetic analysis, ParA from pJE1 was also classified as a novel 

clade (Fig. 3).  

The broadest homologous region in pJE1 with a single target was 

the vir operon region. Almost the 15 kb region of pJE1 was consistently 

homologous with pLB1. Another remarkable point of this region was 

the homology with another carbofuran degradative plasmid, pNS2. 

Whole nucleotide sequences of plasmids pJE1 and pNS2 were aligned 

using the Artemis Comparison Tool (Fig. 4). Plasmid conjugation 

systems are normally composed of two components: the DNA transfer 

and replication (DTR) system, and the mating pair formation (MPF) 

system (Hamilton et al., 2000). Putative genes for conjugative DNA 

transfer were found in a 15 kb region of pJE1 (Fig. 5). The gene 
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organization suggested that this region consists of two transcriptional 

units (mobC-virD2 and virB1-ORF198) (Fig. 2, Fig. 5). This structure 

of pJE1 was very similar to that of pLB1 (Miyazaki et al., 2006). Even 

though pLB1located two transcriptional units more closely, it was 

anticipated that the four putative gene products (MobC, VirD2 and 

ORF198, VirD4) play a role in the DTR system. VirD2 has been 

predicted to serve as a relaxase capable of site-specific nicking of 

plasmid DNA by its conserved endonuclease relaxase domain 

(IPR005094). However, the VirD2 coupling protein, MobC, lacked the 

MobC domain. Thus, it was difficult to make a function as relaxosome-

induced melting, because functional Ti plasmid has conserved three 

defined domains that are essential for function as relaxases (Pansegrau 

et al., 1994). The presence of the nucleotide-binding Walker motifs A 

and B in VirD4 allowed us to categorize this protein as being 

isofunctional with TrwB from an IncW plasmid and TraG from IncP-1 

plasmids, both of which are necessary for conjugal DNA transfer. The 

products of the vir system related specified genes from pJE1 (virB1, 

virB2, virB3, virB4, virB5, virB6, virB8, virB9, virB10, and virB11) 

was putatively involved in the MPF system. The level of identity was 

relatively low (30%–72%), but the functional domains of the putative 

products were conserved, suggesting that they are functional in the 

MPF system. The gene order of the virB cluster on pJE1 was 

fundamentally the same as that in the MPF gene clusters in various 

conjugative plasmids (Fig. 5) (Schröder and Lanka 2005). The position 

of the DTR-related gene cluster relative to that of the MPF-related 

cluster on pJE1 was furthermore conserved in pLB1 and pIPO2, 

although several ORFs, such as traP and traQ, were located within the 
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MPF-related gene clusters on the pIPO2. Previously, the small size of 

VirB7 with a novel clade in pNL1 was reported (Miyazaki et al., 2006). 

The VirB7 protein which functioned as an outer-membrane-anchored 

lipoprotein to stabilize VirB9 is typically represented by Ti plasmid and 

its homologues in other MPF systems of various plasmids (Harris et al., 

2001; Krall et al., 2002). This indicates that the putative transfer region 

of pJE1 is related with other conjugative systems, such as TRA MPF 

TRW, and is larger than those of other plasmids.  
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Table 3. Classification and general features of pJE1 according to the BLAST search 

ORF Strand 
Length 
(amino 
acid) 

Description Species PCTa (%) Accession No. 

 001 + 403 Integrase-like protein Sphingomonas sp. SKA58 74 ZP_01304889 

 002 + 77 SpoVT/AbrB-like protein Sphingopyxis alaskensis RB2256 73 YP_617635 

 003 + 135 PilT protein-like protein Sphingopyxis alaskensis RB2256 73 YP_617636 

 004 + 214 Hydantoin racemase gamma proteobacterium NOR51-B 43 ZP_04959385 

 005 - 541 Acyl-CoA synthase Pseudovibrio sp. JE062 63 ZP_05086560 

 006 - 377 Putative zinc-type alcohol dehydrogenase transmembrane protein Saccharopolyspora erythraea NRRL 2338 45 YP_001103782 

 007 - 285 2,3-dimethylmalate lyase Hirschia baltica ATCC 49814 75 YP_003059889 

 008 - 197 3-isopropylmalate dehydratase, small subunit Hirschia baltica ATCC 49814 52 YP_003059890 

 009 - 444 3-isopropylmalate dehydratase, large subunit Hirschia baltica ATCC 49814 62 YP_003059891 

 010 - 308 Polysaccharide deacetylase Hirschia baltica ATCC 49814 65 YP_003059892 

 011 - 304 Polysaccharide deacetylase Hirschia baltica ATCC 49814 83 YP_003059893 

 012 - 219 Isochorismatase hydrolase Hirschia baltica ATCC 49814 74 YP_003059894 

 013 - 319 Pyruvate carboxyltransferase Hirschia baltica ATCC 49814 74 YP_003059895 

 014 + 399 L-carnitine dehydratase/bile acid-inducible protein F Hirschia baltica ATCC 49814 70 YP_003059896 

 015 + 496 3-isopropylmalate dehydratase, large subunit Hirschia baltica ATCC 49814 69 YP_003059897 

 016 + 204 3-isopropylmalate dehydratase, small subunit Hirschia baltica ATCC 49814 60 YP_003059898 

 017 + 301 Hypothetical protein Hbal_1513 Hirschia baltica ATCC 49814 63 YP_003059899 

 018 + 283 Alpha/beta hydrolase fold protein Hirschia baltica ATCC 49814 58 YP_003059900 

 019 + 219 Hypothetical protein Hbal_1515 Hirschia baltica ATCC 49814 49 YP_003059901 

 020 + 241 Hypothetical protein Hbal_1516 Hirschia baltica ATCC 49814 67 YP_003059902 

 021 - 271 Hypothetical protein Hbal_1517 Hirschia baltica ATCC 49814 51 YP_003059903 
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 022 - 533 FAD linked oxidase domain protein Hirschia baltica ATCC 49814 63 YP_003059904 

 023 - 450 Major facilitator superfamily MFS_1 Hirschia baltica ATCC 49814 59 YP_003059905 

 024 - 534 Hypothetical protein Hbal_1520 Hirschia baltica ATCC 49814 42 YP_003059906 

 025 + 401 Major facilitator superfamily MFS_1 Hirschia baltica ATCC 49814 60 YP_003059907 

 026 -   b        

 027 + 734 TonB-dependent receptor Hirschia baltica ATCC 49814 52 YP_003059908 

 028 + 258 Transcriptional regulator, GntR family Hirschia baltica ATCC 49814 65 YP_003059877 

 029 + 337 Alcohol dehydrogenase Xanthomonas axonopodis pv. citri str. 306 55 NP_640557 

 030 + 457 MmgE/PrpD family protein Hirschia baltica ATCC 49814 53 YP_003059879 

 031 - 278 Short-chain dehydrogenase/reductase SDR Hirschia baltica ATCC 49814 75 YP_003059880 

 032 - 106 Hypothetical protein Hbal_1495 Hirschia baltica ATCC 49814 58 YP_003059881 

 033 + 409 Methyltransferase type 12 Hirschia baltica ATCC 49814 74 YP_003059882 

 034 + 119 Hypothetical protein Hbal_1497 Hirschia baltica ATCC 49814 67 YP_003059883 

 035 + 467 Fumarate reductase/succinate dehydrogenase flavoprotein domain protein Hirschia baltica ATCC 49814 57 YP_003059884 

 036 + 532 FAD linked oxidase domain protein Hirschia baltica ATCC 49814 60 YP_003059885 

 037 + 336 Alcohol dehydrogenase zinc-binding domain protein Hirschia baltica ATCC 49814 67 YP_003059886 

 038 + 682 5-oxoprolinase (ATP-hydrolyzing) 
Novosphingobium aromaticivorans DSM 
12444 

82 YP_495459 

 039 + 625 5-oxoprolinase (ATP-hydrolyzing) Hirschia baltica ATCC 49814 81 YP_003059888 

 040 + 466 Succinic semialdehyde dehydrogenase Marinomonas sp. MWYL1 72 YP_001343251 

 041 -           

 042 - 315 HEPN domain protein Asticcacaulis excentricus CB 48 38 ZP_04772462 

 043 -           

 044 - 611 Putative plasmid stabilization protein Plasmid pLB1 36 YP_740302 

 045 -           
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 046 - 54 Hypothetical protein Swit_5180 Sphingomonas wittichii RW1 42 YP_001260058 

 047 -           

 048 -           

 049 - 310 ArdC-like antirestriction protein Plasmid pLB1 48 YP_740303 

 050 - 432 Hypothetical protein pLB1_p06 Plasmid pLB1 33 YP_740304 

 051 - 92 Unnamed protein product Sordaria macrospora 54 CBI60354 

 052 - 43 Hypothetical protein pLB1_p07 Plasmid pLB1 73 YP_740305 

 053 - 334 IS30 family, transposase Caulobacter crescentus CB15 53 NP_420569 

 054 - 471 Integrase catalytic subunit Nitrobacter hamburgensis X14 54 YP_571576 

 055 + 62 Transposase Sphingomonas sp. KA1 84 YP_718037 

 056 + 109 Transposase Sphingomonas sp. KA1 74 YP_718036 

 057 - 467 Hypothetical protein Rsph17025_3475 Rhodobacter sphaeroides ATCC 17025 75 YP_001169656 

 058 + 162 Transposase Sphingomonas sp. KA1 80 YP_718036 

 059 - 304 Putative transposase number 2 for insertion sequence NGRIS-16f Rhizobium sp. NGR234 59 YP_002824343 

 060 +           

 061 - 276 Putative phage integrase/recombinase Rhizobium leguminosarum bv. viciae 3841 68 YP_770432 

 062 - 162 Transcriptional regulator Citrobacter sp. 30_2 42 ZP_04562255 

 063 + 157 Dioxygenase beta subunit Mycobacterium ulcerans Agy99 42 YP_908182 

 064 + 248 AtsC Agrobacterium tumefaciens str. C58 52 AAD44003 

 065 - 132 Glyoxalase/Bleomycin resistance protein Azotobacter vinelandii DJ 61 YP_002800376 

 066 - 222 Dehydrogenase Agrobacterium tumefaciens str. C58 54 NP_396145 

 067 + 196 Hypothetical protein XCC1058 
Xanthomonas campestris pv. campestris str. 
ATCC 33913 

46 NP_636433 

 068 + 118 Pyridoxal 4-dehydrogenase bacterium Ellin514 55 ZP_03630362 

 069 + 262 Pyridoxal 4-dehydrogenase bacterium Ellin514 63 ZP_03630362 
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 070 + 74 Hypothetical protein Bphy_3666 Burkholderia phymatum STM815 66 YP_001859847 

 071 - 251 Alclohol dehydrogenase/short-chain dehydrogenase Ralstonia sp. DSMZ 6428 55 ACB78191 

 072 + 108 Putative transcriptional regulator Frankia sp. CcI3 59 YP_482379 

 073 + 60 Major facilitator transporter Nocardioides sp. JS614 45 YP_925512 

 074 + 270 Major facilitator transporter Nocardioides sp. JS614 36 YP_925512 

 075 - 46 Putative transposase number 2 of disrupted insertion sequence Rhizobium sp. NGR234 73 NP_444025 

 076 - 160 IS21 family insertion sequence ATP-binding protein Rhizobium etli CFN 42 81 YP_471604 

 077 - 95 Trm23a-like transposase, carboxy-terminus Rhizobium sp. NGR234 72 YP_002823204 

 078 - 140 Transposase TRm23a SinoRhizobium meliloti 81 YP_001965647 

 079 - 223 TRm23a transposase SinoRhizobium meliloti 1021 81 NP_435825 

 080 -           

 081 + 255 Short-chain dehydrogenase/reductase SDR Streptomyces hygroscopicus ATCC 53653 43 ZP_05511867 

 082 - 87 Hypothetical protein Bcep18194_C6763 Burkholderia sp. 383 34 YP_366454 

 083 - 373 Putative dioxygenase Burkholderia sp. 383 40 YP_366455 

 084 - 173 Hypothetical protein FraEuI1cDRAFT_1422 Frankia sp. EuI1c 29 ZP_06235368 

 085 - 698 Alcohol dehydrogenase Methylibium petroleiphilum PM1 48 YP_001020102 

 086 - 773 TonB-dependent receptor Caulobacter sp. K31 41 YP_001682148 

 087 - 118 Ethyl tert-butyl ether degradation EthD 
Novosphingobium aromaticivorans DSM 
12444 

39 YP_001166105 

 088 - 215 NAD(P)H dehydrogenase (quinone) Methylibium petroleiphilum PM1 54 YP_001022506 

 089 - 289 Enoyl-CoA hydratase Janibacter sp. HTCC2649 57 ZP_00996568 

 090 - 324 Zn-dependent oxidoreductase, NADPH:quinone reductase Saccharomonospora viridis DSM 43017 55 YP_003133148 

 091 - 780 TonB-dependent receptor Sphingomonas sp. SKA58 45 ZP_01305336 

 092 + 251 Oxidoreductase Rhodococcus opacus B4 47 YP_002777043 

 093 + 517 Acetyl-CoA synthetase (acetate-CoA ligase) Roseovarius sp. HTCC2601 60 ZP_01444767 
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 094 + 149 Conserved hypothetical protein Frankia sp. EuI1c 43 ZP_06236791 

 095 - 95 Protein of unknown function DUF1330 bacterium Ellin514 43 ZP_03629074 

 096 + 413 Amidohydrolase 2 Sphingomonas wittichii RW1 36 YP_001264138 

 097 + 270 Enoyl-CoA hydratase/isomerase family protein Hyphomonas neptunium ATCC 15444 43 YP_759900 

 098 + 495 Nile acid-coenzyme A ligase Hyphomonas neptunium ATCC 15444 48 YP_758833 

 099 + 268 Short-chain dehydrogenase/reductase SDR Parvibaculum lavamentivorans DS-1 44 YP_001413881 

 100 + 342 Alcohol dehydrogenase 
Novosphingobium aromaticivorans DSM 
12444 

47 YP_496941 

 101 + 245 Oxidoreductase BradyRhizobium japonicum USDA 110 60 NP_768135 

 102 + 354 Aminoglycoside phosphotransferase Caulobacter sp. K31 56 YP_001683512 

 103 + 412 Acyl-CoA dehydrogenase-like 
Novosphingobium aromaticivorans DSM 
12444 

74 YP_497781 

 104 + 253 3-hydroxyacyl-CoA dehydrogenase Roseobacter sp. GAI101 56 ZP_05102287 

 105 + 533 Propionyl-CoA carboxylase Sphingomonas wittichii RW1 83 YP_001262659 

 106 +           

 107 + 621 Carbamoyl-phosphate synthase L chain, ATP-binding Sphingomonas wittichii RW1 69 YP_001262660 

 108 + 150 Dehydratase Sphingomonas wittichii RW1 77 YP_001261461 

 109 + 156 HpcH/HpaI aldolase Sphingomonas wittichii RW1 48 YP_001263722 

 110 + 138 Citrate (pro-3S)-lyase Hirschia baltica ATCC 49814 49 YP_003059985 

 111 - 384 Putative acetyl-CoA acyltransferase Rhodococcus opacus B4 48 YP_002779655 

 112 - 75 DUF35 Roseobacter sp. GAI101 40 ZP_05101490 

 113 - 525 Acyl-CoA synthetase Rhodococcus jostii RHA1 55 YP_705447 

 114 + 117 Hypothetical protein ABO_0183 Alcanivorax borkumensis SK2 38 YP_691903 

 115 + 117 Thioesterase superfamily protein Sphingomonas wittichii RW1 35 YP_001260609 

 116 + 411 Amidohydrolase 2 Sphingomonas wittichii RW1 37 YP_001264138 

 117 + 779 TonB-dependent receptor Caulobacter sp. K31 38 YP_001682148 
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 118 - 405 CaiB/BaiF family protein Roseovarius sp. HTCC2601 47 ZP_01444770 

 119 - 388 Hypothetical protein R2601_05363 Roseovarius sp. HTCC2601 74 ZP_01444766 

 120 + 415 Amidohydrolase 2 Sphingomonas wittichii RW1 33 YP_001264138 

 121 + 180 Hypothetical protein azo0033 Azoarcus sp. BH72 35 YP_931538 

 122 + 235 Conserved hypothetical protein Frankia sp. EUN1f 37 ZP_06410429 

 123 + 237 Short-chain dehydrogenase/reductase SDR Parvibaculum lavamentivorans DS-1 46 YP_001413036 

 124 + 287 3-alpha,7-alpha, 12-alpha-trihydroxy-5-beta-cholest-24-enoyl-CoAhydratase Parvibaculum lavamentivorans DS-1 40 YP_001411770 

 125 + 334 Zinc-binding alcohol dehydrogenase Sphingopyxis alaskensis RB2256 49 YP_617174 

 126 +           

 127 + 329 Alcohol dehydrogenase Nostoc punctiforme PCC 73102 43 YP_001865997 

 128 - 392 Acyl-CoA dehydrogenase Hyphomonas neptunium ATCC 15444 38 YP_760790 

 129 + 265 Enoyl-CoA hydratase Bordetella petrii DSM 12804 54 YP_001631894 

 130 - 376 Acyl-CoA dehydrogenase domain-containing protein Parvibaculum lavamentivorans DS-1 45 YP_001411776 

 131 - 222 Probable transcriptional regulator Roseovarius sp. HTCC2601 42 ZP_01444768 

 132 - 206 Putative transposase Sphingomonas sp. KA1 82 YP_718194 

 133 - 314 Putative transposase Sphingomonas sp. KA1 85 YP_718194 

 134 - 95 Putative transposase Sphingomonas sp. KA1 89 YP_718195 

 135 -           

 136 +           

 137 -           

 138 - 325 Hypothetical protein SNOG_01848 Phaeosphaeria nodorum SN15 49 XP_001792473 

 139 - 113 Hypothetical protein CHU_2385 Cytophaga hutchinsonii ATCC 33406 54 YP_678984 

 140 - 133 Hypothetical protein SG1834 Sodalis glossinidius str. 'morsitans' 59 YP_455514 

 141 - 247 Short-chain dehydrogenase/reductase SDR Caulobacter sp. K31 71 YP_001684023 
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 142 + 324 Putative AraC family transcriptional regulator Pseudomonas fluorescens SBW25 70 YP_002873781 

 143 - 535 Glucose-methanol-choline oxidoreductase Sphingomonas wittichii RW1 49 YP_001262083 

 144 - 156 Hypothetical protein Bind_1489 
Beijerinckia indica subsp. indica ATCC 
9039 

41 YP_001832611 

 145 - 484 Aldehyde dehydrogenase (NAD+) Sagittula stellata E-37 47 ZP_01746385 

 146 - 205 Hypothetical protein FrEUN1fDRAFT_0699 Frankia sp. EUN1f 34 ZP_06411006 

 147 - 164 Glyoxalase/bleomycin resistance protein/dioxygenase Delftia acidovorans SPH-1 48 YP_001561072 

 148 - 543 Putative dehydrogenase Bordetella petrii DSM 12804 54 YP_001633470 

 149 - 403 Hypothetical protein Swit_3408 Sphingomonas wittichii RW1 60 YP_001263892 

 150 - 414 Putative thiolase Bordetella bronchiseptica RB50 70 NP_891299 

 151 + 417 Hypothetical protein PA2G_02042 Pseudomonas aeruginosa 2192 37 ZP_04934670 

 152 + 128 Hypothetical protein Saro_3492 
Novosphingobium aromaticivorans DSM 
12444 

40 YP_001165878 

 153 + 263 3-alpha-(or 20-beta)-hydroxysteroid dehydrogenase Burkholderia cenocepacia J2315 52 YP_002234194 

 154 + 390 Amidohydrolase 2 Sphingomonas wittichii RW1 49 YP_001262118 

 155 - 107 Hypothetical protein ED21_17917 Erythrobacter sp. SD-21 49 ZP_01863272 

 156 - 664 NADH oxidase gamma proteobacterium NOR51-B 33 ZP_04956621 

 157 - 774 TonB-dependent receptor Methylobacillus flagellatus KT 29 YP_546459 

 158 + 277 3-hydroxybutyryl-CoA dehydrogenase Bordetella petrii DSM 12804 48 YP_001629847 

 159 + 224 3-hydroxyacyl-CoA dehydrogenase, NAD-binding Burkholderia multivorans CGD1 47 ZP_03584944 

 160 + 538 AMP-binding protein gamma proteobacterium NOR51-B 49 ZP_04957552 

 161 + 254 Putative 3-oxoacyl-acyl-carrier-protein reductase Herminiimonas arsenicoxydans 51 CAL61964 

 162 + 270 Short-chain dehydrogenase/reductase SDR Cupriavidus metallidurans CH34 52 YP_584750 

 163 + 376 
Alpha-methylacyl-CoA racemase (2-methylacyl-CoAracemase) (2-
arylpropionyl-CoA epimerase) 

Burkholderia multivorans CGD1 55 ZP_03584945 

 164 + 170 COG1309: Transcriptional regulator Magnetospirillum magnetotacticum MS-1 42 ZP_00051311 

 165 - 350 Vanillate monooxygenase Burkholderia ambifaria AMMD 42 YP_776216 
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 166 -           

 167 - 260 Short chain dehydrogenase AzoRhizobium caulinodans ORS 571 54 YP_001525359 

 168 - 465 MmgE/PrpD family protein Burkholderia sp. 383 32 YP_371926 

 169 - 307 Putative 2-hydroxy-3-oxopropionate reductase uncultured bacterium 1114 37 ACF98192 

 170 - 300 Putative 2-hydroxy-3-oxopropionate reductase uncultured bacterium 1114 41 ACF98192 

 171 - 260 Naphthoate synthase Rhodococcus jostii RHA1 55 YP_702593 

 172 - 252 COG1024: Enoyl-CoA hydratase/carnithine racemase Magnetospirillum magnetotacticum MS-1 41 ZP_00053312 

 173 - 390 Acyl-CoA dehydrogenase Burkholderia multivorans CGD1 72 ZP_03584942 

 174 - 404 L-carnitine dehydratase/bile acid-inducible protein F MesoRhizobium sp. BNC1 57 YP_675491 

 175 + 552 Hypothetical protein RHA1_ro11171 Rhodococcus jostii RHA1 50 YP_708976 

 176 + 256 3-ketoacyl-(acyl-carrier-protein) reductase Pseudomonas aeruginosa PA7 47 YP_001346396 

 177 + 371 DNA alkylation repair enzyme-like protein Polaromonas naphthalenivorans CJ2 50 YP_973655 

 178 - 155 Conserved hypothetical protein Frankia sp. EUN1f 39 ZP_06410792 

 179 +           

 180 + 62 Transposase Sphingomonas sp. KA1 84 YP_718037 

 181 + 160 Integrase catalytic region Methylobacterium chloromethanicum CM4 71 YP_002424127 

 182 - 194 Nuclease Plasmid pLB1 48 YP_740301 

 183 - 294 Putative primase Plasmid pLB1 44 YP_740300 

 184 +           

 185 + 80 Hypothetical protein pLB1_p50 Plasmid pLB1 57 YP_740348 

 186 + 205 VirB1 type IV secretion protein Plasmid pLB1 53 YP_740347 

 187 +           

 188 + 114 VirB3 type IV secretion protein Plasmid pLB1 65 YP_740345 

 189 + 796 VirB4 type IV secretion protein Plasmid pLB1 69 YP_740344 
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 190 + 236 VirB5 type IV secretion protein Plasmid pLB1 38 YP_740343 

 191 +           

 192 + 335 VirB6 type IV secretion protein Plasmid pLB1 34 YP_740341 

 193 + 230 VirB8 type IV secretion protein Plasmid pLB1 56 YP_740339 

 194 + 276 VirB9 type IV secretion protein Plasmid pLB1 60 YP_740338 

 195 + 393 VirB10 type IV secretion protein Plasmid pLB1 49 YP_740337 

 196 + 337 VirB11 type IV secretion protein Plasmid pLB1 72 YP_740336 

 197 + 598 VirD4 type IV secration protein Plasmid pLB1 63 YP_740335 

 198 + 259 Hutative DNA primase Plasmid pLB1 30 YP_740334 

 199 + 276 MucR family transcriptional regulator Sphingomonas wittichii RW1 49 YP_001260068 

 200 + 139 Hypothetical protein SKA58_02270 Sphingomonas sp. SKA58 50 ZP_01301862 

 201 - 178 Hypothetical protein Swit_5218 Sphingomonas wittichii RW1 57 YP_001260094 

 202 + 91 Histone-like DNA-binding protein Sphingopyxis alaskensis RB2256 64 YP_617671 

 203 + 197 Hypothetical protein RPC_3049 Rhodopseudomonas palustris BisB18 84 YP_532912 

 204 + 352 Hypothetical protein RPC_3050 Rhodopseudomonas palustris BisB18 77 YP_532913 

 205 + 277 Carboxylesterase family protein Erythrobacter litoralis HTCC2594 56 YP_459014 

 206 + 233 Two component transcriptional regulator, winged helix family protein Sphingomonas sp. SKA58 90 ZP_01304071 

 207 -           

 208 - 50 DNA primase Sphingomonas sp. SKA58 83 ZP_01305099 

 209 + 304 Diguanylate cyclase Cyanothece sp. PCC 7424 27 YP_002378505 

 210 +           

 211 -           

 212 - 461 Filamentation induced by cAMP protein Fic 
Rhizobium leguminosarum bv. trifolii 
WSM1325 

67 YP_002979478 

 213 - 57 Hypothetical protein SKA58_02200 Sphingomonas sp. SKA58 73 ZP_01301848 
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 214 - 364 Relaxase Plasmid pLB1 48 YP_740333 

 215 - 173 MobC-like protein Plasmid pLB1 39 YP_740332 

 216 - 292 ParB-like partition protein Plasmid pLB1 41 YP_740331 

 217 - 244 ParA-like partitioning protein Plasmid pLB1 36 YP_740330 

 218 -           

 219 - 109 Single-strand binding protein Plasmid pLB1 65 YP_740328 

 220 - 99 Hypothetical protein RC1_3652 Rhodospirillum centenum SW 36 YP_002299813 

 221 - 88 Prevent-host-death family protein Caulobacter sp. K31 41 YP_001685375 

 222 + 398 Probable replication protein A Sphingomonas sp. SKA58 61 ZP_01304917 

 223 + 277 Chromosome partitioning protein Sphingomonas sp. SKA58 50 ZP_01304916 

 224 + 376 Plasmid replication initiator protein-like protein 
Novosphingobium aromaticivorans DSM 
12444 

61 YP_001165975 

 225 -           

 226 +           

 227 -           

 228 + 63 Hypothetical protein Bind_1546 
Beijerinckia indica subsp. indica ATCC 
9039 

40 YP_001832668 

 229 - 345 Hypothetical protein SKA58_00250 Sphingomonas sp. SKA58 42 ZP_01304488 
a Percentage of protein sequence homology 
b Blank means none of data 
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Fig. 2. Genetic organization of the putative transfer region of pJE1 and comparison with related systems. Genes encoding similar 

functions are displayed in the same color.
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Fig. 3. Phylogenetic tree of putative Walker-type partition ATPases, 

ParA.  

The GenBank accession numbers of respective proteins are shown in 

brackets. Groups of similar sequences are labeled. pJE1 is shown in 

boldface. The scale bar indicates 0.2 substitution per site. 
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Fig. 4. Artemis Comparison Tool (Sanger, Cambridge, UK) comparisons of carbofuran degradative plasmid pJE1 with other 

plasmid pNS2. Bands of color indicate homology between sequences. Red lines link matches in the same orientation; blue lines 

link matches in the reverse orientation.  
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Fig. 5. Genetic organization of the putative transfer region of pJE1 and comparison with related systems.  

Genes encoding similar functions are displayed in the same color. The lengths of TraO homologues are various, because only their 

C-terminal regions are conserved, which contain a putative functional domain for primase. The GenBank accession numbers of the 

respective nucleotide sequences are as follows: γ-hexachlorocyclohexane degradative plasmid pLB1, AB244976; broad-host-range 

cryptic plasmid pIPO2, NC_003213; catabolic plasmid pWW0, NC_003350; and antibiotic resistance plasmid R388, BR000038.  
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III. Quantitative real time PCR for determination of carbofuran 

degradative related genes 

 

ORF 189 was predicted as the closely related VirB4 type IV secretion 

protein in pLB1 by blast search in NCBI. The similarity between ORF 

189 and VirB4 type IV secretion protein in pLB1 was 69%. According 

to the COG classification, ORF 189 was classified as an intracellular 

trafficking, secretion, and vesicular transport-related protein with just 

47% of protein sequence homology. Typically, VirB4, which is fuelled 

by nucleotides, energizes the transport of dedicated substrates from the 

cytoplasmic/inner-membrane end of the secretion channel (Schröder 

and Lanka, 2005).  

Recently, a new conjugation system (type IV) scenario was 

proposed. This scenario suggests all known type IV secretion systems 

(T4SS) are linked by the common ancestry of VirB4, and it has been 

supported by some observations. First, VirB4 is the only ubiquitous 

protein. Secondly, it is conserved as other conserved proteins, such as 

VirD4. Finally, VirB4 has the same phylogenetic pattern and order 

between the MPF-specific genes. Furthermore, another carbofuran 

degradative plasmid, pNS2, has a Vir operon very similar to that of 

VirB4. To observe the link of the transfer-related gene VirB4 and 

carbofuran-degrading plasmid, I performed quantitative real-time PCR 

to determine the relative mRNA expression levels. 

To determine the mRNA expression of ORF 189, total mRNA was 

isolated at four incubation time points and analyzed by quantitative 

real-time PCR (Fig. 6). For the normalization, the 16S rRNA gene was 

used as a control. At the initial time point of incubation, ORF 189 
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showed almost an equal level of relative expression in the glucose and 

carbofuran condition as the sole carbon source. After 2 h of incubation, 

the mRNA relative level of the carbofuran condition was 4.4-fold that 

of the glucose condition. This relative expression level of mRNA 

decreased in the 48 h sample. Finally, the expression level of the 60 h 

sample equalized in the glucose and carbofuran conditions. A 

quantitative mRNA assay indicated that ORF 189 was related to the 

presence of carbofuran.  

One of the vir operon-related genes, ORF 189, appears to be 

quantitatively related with mRNA expression when carbofuran is used 

as a sole carbon source.  
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Fig. 6. Validation of gene expression data by quantitative RT-PCR 

analysis. 

ORF 189 expression pattern confirmed for each pooled RNA sample. 

All values were normalized to 16S rRNA gene as the housekeeping 

gene. Each bar is mean±SEM of three independent experiments. 
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IV. Tn5 mutagenesis of JE1 by suicide vector pSUP5011 

 

The pSUP5011 is one of the famous suicide vector that is able to 

transfer the transposon element, Tn5, by conjugation. Tn5 element 

makes up the kanamycin resistance gene and repeat region located both 

ends. Strain JE1 is sensitive to kanamycin, whereas DSM5167 (E.coli 

S17-1) is resistant to kanamycin. Also, strain JE1 grows on PTYG or 

mineral medium containing the 100 ppm of 2,3-dihydro-2,2-dimethyl-

7-benzofuranyl-N-methylcarbamate, whereas DSM5167 could not 

grow on mineral medium supplemented with 2,3-dihydro-2,2-dimethyl-

7-benzofuranyl-N-methylcarbamate. Moreover, DSM5167 and JE1 

have phenotype difference in colony color in PTYG medium. In other 

word, JE1 presents yellow colony color while E.coli strain DSM516 

presents white colony color. Thus, Tn5 induced mutants were selected 

on PTYG agar medium containing the kanamycin by colony color. 

Selected Tn5 induced mutants were inoculated mineral medium 

containing kanamycin and 2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-

methylcarbamate as sole carbon source. After incubation, seven 

mutants that were resistant to kanamycin and could not degrade 2,3-

dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate were 

selected. To identify the origin of Tn5 induced mutants, REP- PCR was 

performed. REP-PCR assay result showed that seven Tn5 mutants had 

same REP-PCR patterns of JE1 (Fig. 7). According to the result of 

REP-PCR pattern, seven Tn5 mutants were identified as same strain. 

To determine the Tn5 insertion and insert location, kanamycin PCR 

assay was performed. Initially, total genomic DNA of seven mutants 

and JE1 were isolated and PCR assay targeting kanamycin resistance 
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gene was performed. Only JE1 presented negative band, due to the lack 

of kanamycin gene of Tn5 (Fig. 8A). Since most pesticides degradation 

related genes are located in plasmid, I isolated plasmid from seven Tn5 

mutants and performed PCR assay for kanamycin resistance gene. As 

the result, all of Tn5 induced mutants showed positive band (Fig. 8B). 

It meant that Tn5 transposon was inserted into plasmid of JE1 and it 

disrupted genes essential for degradation of carbofuran. To identify 

substrate utilization patterns, seven Tn5 mutants, JE1 and cured JE1 

were inoculated into mineral medium containing six different pesticides 

which were degraded by JE1. After seven days of incubation, JE1 was 

observed to degrade all chemicals. On the other hand, cured JE1 and 

seven mutants could not degrade most of the tested pesticides (Table 4). 

One of remarkable character was presented on mutant K176. K176 

degraded carbofuran phenol as sole source of carbon, while other 

pesticides including carbofuran were not degraded. Therefore, Tn5 

insert site of K176 was not only related to carbofuran degradation, but 

also it affected degradation of other pesticides except carbofuran 

phenol.  
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Fig. 7. REP-PCR band patterns of strain JE1 and seven Tn5 mutants.  

Lanes: 1, strain JE1; 2, strain K70; 3, strain K107; 4, strain K108; 5, 

strain K114; 6, strain K156; 7, strain K176; 8, strain K209. 
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Fig. 8. PCR assay for kanamycin resistance gene. 

A, Lanes: 1, strain JE1; 2, strain K70; 3, strain K107; 4, strain K108; 5, 

strain K114; 6, strain K156; 7, strain K176; 8, strain K209. 

B, Lanes: 1, plasmid pSUP5011; 2, plasmid of strain K70; 3, plasmid 

of strain K107; 4, plasmid of strain K108; 5, plasmid of strain K114; 6, 

plasmid of strain K156; 7, plasmid of strain K176; 8, plasmid of strain 

K209. 
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Table 4. Substrate utilization patterns by strain JE1, cured JE1 and 

seven Tn5 mutants  

Isolatea  

Substratesb  

Carbofuran  
Carbofuran 

phenol 
Aldicarb Propoxur Carbaryl 

4-
Nitrophenyl 

Acetate   

JE1 ++  ++  +  +  ++  +  

CJE1 -  -  -  -  + -  

K70 -  -  -  -  -  -  

K107 -  -  -  -  -  -  

K108 -  -  -  -  -  -  

K114 -  -  -  -  -  -  

K156 -  -  -  -  -  -  

K176 -  + -  -  -  -  

K209 -  -  -  -  -  -  
a The isolates were grown on PTYG before the test of substrate utilization. 

b ++, Over 95% reduction in peak height as determined by UV scanning and substantial growth 

(OD600 >0.05);  

+, over 80% reduction in peak height as determined by UV scanning and substantial growth 

(OD600 >0.025); 

-, below 10% reduction in peak height and scant growth (OD600<0.007). 
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DISCUSSION 

 

Carbofuran is one of the remarkable agrochemical that was used more 

than 130,000 pounds of active ingredient in California in 1999 

according to the department of pesticide regulation’s pesticide use 

report. Although carbofuran was banned in the United States, its usage 

is still increasing in recent years in that it is one of the few insecticides 

effective against soybean aphids. In this chapter, carbofuran 

degradative plasmid pJE1 was classified by COG and predicted.  

Plasmid pJE1 has some striking character among the ordering and 

presence of the genes. First of all, most of annotated coding sequences 

showed extremely low similarity. Only 18.34% (49 ORFs among the 

229 total ORFs in pJE1) of predicted proteins had protein similarity 

over the 70% with closest protein. Moreover, proteins which showed 

protein similarity lower than 50% were 40.17% (92 ORFs).  

Second impressive character was diversity of homologous origin 

and it ordering similarity. For example, 31 proteins of pJE1 was related 

with Hirschia baltica ATCC 49814. Plasmid pLB1 and Sphingomonas 

wittichii RW1 were also related to 23 and 14 proteins of pJE1, 

respectively. Moreover, the ordering of related proteins was similar. 

This results meant that proteins which showed homologous origin and 

ordering similarity with Hirschia baltica ATCC 49814, plasmid pLB1 

and Sphingomonas wittichii RW1 was approximately 30% of total 

protein.  

Plasmid pLB1 related region in pJE1 was most significant. Its 15 kb 

of broad region was present in the same order in pLB1 and pJE1. 
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Furthermore, that site predicted as transfer related protein, type IV 

secretion system. Recently, type IV secretion system (T4SS) is been 

studying for unraveled the functioning of the underlying T4SS and its 

distribution and recruitment for other biological processes (Guglielmini 

et al., 2013). Commonly, T4SS translocate DNA and protein substrates 

across the cell envelop generally by a mechanism requiring direct 

contact with recipient cell. It has three case, (1) conjugation system, (2) 

effector translocator system, and (3) DNA release or uptake system that 

translocate DNA to or from the extracellular milieu (Alvarez-martinez 

and Christie, 2009). Furthermore, lately studies of T4SS have found 

that bacterial DNA including plasmid could be transferred to human 

cells by T4SS (Llosa et al., 2012; Schröder et al., 2011). 

In pJE1, putative T4SS showed sequence and order similarity with 

pLB1 in BLAST search. However, its direct homology of sequence was 

low (average 50.30%). Meanwhile, another carbofuran degrading 

plasmid pNS2 showed high similarity with pJE1 (94.42%). Moreover, 

homologous region of plasmid of pJE1 and pNS2 was broader than 

homologous region of plasmid pJE1 and pLB1 (17.8kb). Evolutionary 

studies of T4SS suggested that all known T4SS are linked by the 

common ancestry of VirB4. Phylogenetic tree showed that VirB4 could 

be used as an index of T4SS clade (Fig. 9). Relative mRNA expression 

analysis showed that VirB4 was related to carbofuran degradation. 

According to the previous studies, T4SS is a radically changed system 

that adaptation leads to each T4SS specialization (Guglielmini et al., 

2013) and its unique macromolecular translocation system has more 

diversity (Alvarez-martinez and Christie, 2009). Previously, MCD, 

methyl carbamate-degrading hydrolase, was introduced as a recently 
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evolved enzyme and carbamate insecticides is not “natural” substrates 

for MCD (Naqvi et al., 2009). Following the informations, novel 

carbofuran hydrolase (Cah) in JE1 might be evolved by another route 

that is related with VirB4. Moreover, T4SS of JE1 had unique sequence 

that had only high homology with another carbofuran degradative 

plasmid pNS2 despite of regional difference. Therefore, here I 

proposed Cah is secreted through the T4SS when JE1 senses the 

presence of carbofuran and induces VirB4 for secretion.  

Tn5 mutants of JE1 had inserted transposon that knocked out the 

carbofuran degradative genes. Especially, K176 had transposon 

insertion in plasmid that was directly related to carbofuran degradation.  

At present, there is no convincing evidence that Cah is mobilized out of 

membrane by T4SS. Many natural isolates of carbofuran degraders 

were unidentified regarding contribution of T4SS in secretion of 

catabolic enzymes and some carbofuran degrading bacteria were 

reported to lack mcd gene. 

However, the findings of this study that carbofuran degradation was 

related to VirB gave some insight into secretion mechanism of 

carbofuran degradative enzymes. Further molecular investigation 

would ascertain the relatedness between Cah secretion and VirB4 in 

this Sphingobium sp. JE1.  

To identify the direct relation of T4SS and carbofuran degradation, 

other vir operon genes responsible for sensing the metabolite such as 

virA or virG would ascertain. Moreover, secretion of carbofuran 

hydrolase enzyme would be verified by enzyme assay of culture 

medium supernatant. Recently, some field study of pesticide degrading 

bacteria showed the positive result (Tomasz et al., 2012). Some 
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recombinant strains degraded the pesticide in the soil condition (Jiang 

et al., 2007). Therefore, JE1 would be applied in soil condition directly 

for bioremediation and cah might be applied to the recombinant strain 

that has same T4SS to bioremediate contaminants. 

This study has originality in construction of the relation between 

the T4SS and pesticide-degrading enzyme by mRNA expression. To 

the best of my knowledge, this is the first report of relation between 

T4SS and pesticide. Interaction of T4SS and carbofuran could be used 

for index of further relation study.  
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Fig. 9. Phylogenetic tree of putative type IV secretion protein, VirB4.  

The GenBank accession numbers of respective proteins are shown in 

brackets. Groups of similar sequences are labeled. pJE1 is shown in 

boldface. The scale bar indicates 0.1 substitution per site. 
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CHAPTER 4 

 

Description of Two Pesticide-Degrading 

Bacteria Pedobacter namyangjuensis sp. nov. 

and Roseomonas soli sp. nov. 
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PART I 

 

ABSTRACT 

 

A Gram-stain-negative, non-motile, strictly aerobic, yellow-pigmented 

bacterium, designated strain 5G38T, was isolated from a field cultivated 

with Chinese cabbage (Brassica campestris L.) in Korea. The strain 

grew at 28e 0°C and at pH 6.0w at ld cultivated wiT was able to 

degrade methyl parathion. 16S rRNA gene sequence analysis revealed 

that strain 5G38T represented a distinct lineage within the family 

Sphingobacteriaceae and showed the highest 16S rRNA gene sequence 

similarity of 95.2% with Pedobacter koreensis WPCB189T, followed 

by Pedobacter agri PB92T (94.6%), Pedobacter suwonensis 15-52T 

(94.4%), Pedobacter sandarakinus DS-27T (94.4%), and Nubsella 

zeaxanthinifaciens TDMA-5T (94.3%). Strain 5G38T formed 

monophyletic clade with Nubsella zeaxanthinifaciens in the cluster 

comprised of species of the genus Pedobacter. Chemotaxonomic 

characteristics of the novel strains, including G+C content of genomic 

DNA (37.0 mol%), the predominant respiratory quinine (MK-7), and 

the major fatty acids (iso-C15:0, summed feature 3 comprising C16:1 ω7c 

and/or iso-C15:0 2-OH and iso-C17:0 3-OH), were similar to those of the 

genus Pedobacter. However, the novel strains can be distinguished 

from the other species of Pedobacter by physiological properties. The 

name Pedobacter namyangjuensis sp. nov. is therefore proposed for 

strain 5G38T (KACC 13938T = NBRC 107692T) as the type strain. 
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Furthermore, the reclassification of Nubsella zeaxanthinifaciens as 

Pedobacter zeaxanthinifaciens comb. nov. is proposed. 

 

 

KEY WORDS: Pedobacter, pesticide, type strain 
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INTRODUCTION 

 

The genus Pedobacter, which includes 4 species, was proposed by 

Steyn et al. (1998) to be classified as heparinolytic bacteria, with the 

Pedobacter heparinus species type. Asker et al. (2008) proposed that 

the genus Nubsella be used to accommodate a zeaxanthin-producing 

bacterium. At the time that this paper was written, the genus 

Pedobacter consisted of 32 species with valid names and the genus 

Nubsella was comprised of only 1 species: Nubsella zeaxanthinifaciens. 

These two genera were characterized as Gram stain-negative, obligately 

aerobic, and non-spore forming rod bacteria. Their colonies exhibit 

various colours from yellow to white or pink (Asker, et al., 2008, 

Gallego, et al., 2006), but the pigment does not exhibit the typical 

flexirubin reaction. Chemotaxonomically, the members of these genera 

contain menaquinone-7 (MK-7) as the predominant menaquinone and 

iso-C17:0 3-OH, iso-C15:0 and summed feature 3 (iso-C15:0 2-OH and/or 

C16:1 ω7c) as the primary fatty acids. The G+C contents of the genomic 

DNA were 33.8 to 44.2% and 38.6% for the Pedobacter and Nubsella, 

respectively. In this study, we studied the taxonomic characterization of 

a bacterial strain, 5G38T, that is closely related phylogenetically to the 

genus Pedobacter, and we also studied the taxonomic reassignment of 

Nubsella zeaxanthinifaciens as a member of the genus Pedobacter. 
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MATERIALS AND METHODS 

 

I. Isolation of pesticide degrading bacterial strains 

 

Bacterial strain 5G38T was isolated during a study of the culturable 

bacterial community in soil cultivated with Chinese cabbage (Brassica 

campestris L.). Soil samples were taken from field plots in Namyangju 

(37 Soil samples were taken from Korea, during the early vegetative 

growth stage of Chinese cabbage. The strain designated as 5G38T was 

then isolated by a standard dilution plating technique on tryptic soy 

agar (TSA; Difco) at 28°C. The N. zeaxanthinifaciens KACC 14260T 

and six reference strains of the Pedobacter species were obtained from 

the Korean Agricultural Culture Collection (KACC) order to compare 

their phenotypic and chemotaxonomic characteristics. These strains 

included the P. alluvionis KACC 14286T, P. borealis KACC 14287T, P. 

roseus KACC 11594T, P. africanus KACC 11492T, P. suwonensis 

KACC 11317T, and P. terrae KACC 13760T. 

 

II. Analysis of pesticide degradation 

 

The bacterial strains were grown in 3 ml PTYG medium for 48 h. Cells 

were collected by centrifugation at 14,000 rpm for 10 min at 4˚C and 

washed twice with mineral medium. Aliquots of resuspended cells were 

inoculated into flasks containing 200 ml of mineral medium 

supplemented with methyl parathion (50 mg/ L) as the sole source of 

carbon. All cultures were incubated at 28°C on the rotary shaker (150 
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rpm). At specific intervals, aliquots of cultures were taken out and used 

to determine cell growth and the concentrations of methyl parathion. To 

determine the degradation of methyl parathion, 3 ml cultures were 

prepared from the flasks and filtered with 0.2 µm of GHP syringe filter 

(Pall life sciences). After filtering, the cultures were used for the 

measurement of residual chemical by NanoDrop 2000c (Thermo Fisher 

Scientific, Waltham, USA). 

 

III. Morphological and physiological characteristics 

 

The pH range for growth on the R2A agar (Difco) was determined and 

then adjusted to a pH level between 4 and 10 at 1 pH unit intervals by 

the addition of HCl and NaOH. Tolerance to NaCl was tested on 0, 2, 3, 

5, and 7% NaCl (w/v) R2A agar prepared according to the formula for 

the Difco medium. The temperature range for growth was tested 

between 5 and 45°C (at 5°C intervals). Growth was also tested on 

Luria–Bertani agar (LB; Difco), nutrient agar (NA; Difco), tryptic soy 

agar (TSA; Difco), and MacConkey’s agar (Difco). Growth under 

anaerobic condition was assessed in a GasPak (BBL) jar at 30°C for 15 

days on a R2A agar. The cellular morphology and motility of cells 

grown for 2 days at 28°C on a R2A agar supplemented with 1% agar 

were studied using transmission electron (model 912AB; LEO) and 

phase-contrast (AXIO; Zeiss) microscopy, respectively. Cells of the 

strain 5G38T grown on the R2A agar at 28°C for 2 to 3 days were used 

for the physiological and biochemical tests. The catalase and oxidase 

activities as well as the hydrolysis of casein, tyrosine, DNA, chitin, 
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pectin, cellulose, hypoxanthine, xanthine, starch, tyrosine, Tween 80, 

and carboxymethyl-cellulose were performed as previously described 

(Groth, et al., 1996). In addition, aesculin hydrolysis was assessed 

using an Enterococcosel agar (BBL, USA) at 37°C. Other physiological 

and biochemical properties were tested by using commercial systems 

including API ZYM, API 20NE, and API 50CH (bioMérieux). All of 

the kits were used according to the manufacturer’s instructions. The 

API ZYM tests were read after 4 h of incubation at 37°C and the other 

API tests were read after 48 h at 28°C.  

 

IV. Molecular characteristics 

 

Chromosomal DNA was isolated from the 5G38T strain with the 

Wizard Genomic DNA Purification Kit (Promega, USA). The 16S 

rRNA gene was amplified by polymerase chain reaction (PCR) using 

the universal primers 27f and 1492r (Baker, et al., 2003). Sequencing 

was performed with an ABI Prism BigDye Terminator Cycle 

Sequencing Ready Kit (Applied Biosystems, Foster City, USA) 

according to the manufacturer’s instructions with the sequencing 

primers 519r, 926f (Lane, 1991), and 1055r (Lee, et al., 1993). Partial 

16S rRNA gene sequences were assembled using SEQMAN software 

(DNASTAR). The almost full-length similarity was determined using 

the EzTaxon server (Chun, et al., 2007) and sequences from the 5G38T 

strain and related taxa (retrieved from the NCBI database) were aligned 

using the multiple sequence alignment program CLUSTAL W 

(Thompson, et al., 1994). Phylogenetic trees were inferred using 
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neighbor-joining (Saitou and Nei, 1987) in the MEGA4 software 

program (Tamura, et al., 2007) with a bootstrap value based on 1000 

replications (Felsenstein, 1985). The DNA G+C content (mol%) was 

determined by HPLC analysis of the deoxyribonucleosides using a 

reverse-phase column (Supelcosil LC-18-S; Supelco) (Mesbah, et al., 

1989). 

 

V. Chemotaxonomic characteristics 

 

The isoprenoid quinones of the 5G38T strain were analyzed by HPLC 

as described previously (Groth, et al., 1996). The cellular fatty acids of 

the 5G38T strain, N. zeaxanthinifaciens TDMA-5T, and the Pedobacter 

species were grown on a LB agar for 3 days at 30°C. The cellular fatty 

acids were extracted, methylated, and separated by gas chromatography 

(model 6890; Hewlett Packard) according to the protocol of the 

Sherlock Microbial Identification System (MIDI., 1999). The fatty acid 

methyl esters were identified and quantified using the TSBA 6 database 

(version 6.10) of the Sherlock Microbial Identification System (MIDI). 

Polar lipids were analyzed according to Minnikin et al. (1984). 

 

VI. Deposit site and nucleotide sequence accession number 

 

The strain 5G38T was deposited in two different countries Korean 

Agricultural Culture Collection (KACC) in Korea and NITE Biological 

Resource Center (NBRC) in Japan. The GenBank accession number for 

the 16S rRNA gene sequence of the 5G38T strain is FJ654260. 
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RESULTS 

 

I. Analysis of pesticide degradation and morphological and 

physiological characteristics 

 

Spectrophotometry data showed that strain 5G38T degraded methyl 

parathion into an intermediate (Fig. 1). The 5G38T strain grew on the 

R2A, LB, TSA, and NA agars, but not on the MacConkey agar. On the 

R2A agar, the 5G38T strain was able to grow at 5 to 40°C (optimum 

was 28°C), but not at 45°C. The 5G38T strain showed positive results 

for oxidase and catalase activities, as well as casein, starch, tyrosine, 

and Tween 80 hydrolysis. However, aesculin, DNA, tyrosine, xanthine, 

hypoxanthine, chitin, pectin, and cellulose were not hydrolyzed. On the 

other hand, N. zeaxanthinifaciens TDMA-5T showed positive results for 

Tween 20, DNA, gelatin, aesculin, and starch hydrolysis. The detailed 

results of the morphological, physiological, and biochemical 

characteristics of the 5G38T strain are noted in the species description 

and compared with those of N. zeaxanthinifaciens TDMA-5T in Table 1. 
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Fig. 1. UV-Vis spectrophotometer absorption spectrograms of bacterial 

cultures after 2 days of incubation in methyl parathion mineral medium. 

(A) Mineral medium containing the 50 ppm of methyl parathion; (B) 

5G38T culture.  
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Table 1. Differential characteristics of strain 5G38T and related strains. 

Characteristic 5G38T* 14260T* 14286T 14287T 11594T 11317T 13760T 11492T 

Source Soil 
Fresh 

water 

Sedi-

ment 
Soil 

Fresh 

water 

Rhizos

phere 
Soil Soil 

Temperature range 

(˚C) 
5-40 18-40 4-30 4-30 5-33 1-37 4-35 ND 

Hydrolysis of: 
  

      

Gelatin + + + + + + + v 

Starch + + + + ND － + v 

Arginine dihydrolase + － + + － － ND － 

Assimilation of :         

L-Arabinose + － + + + + + v 

D-Galactose + － + + + + + + 

L-Rhamnose － － + + + + － + 

D-Mannitol + － － － － － ND － 

D-Sorbitol － － － － － － ND － 

Maltose + + + + + + + v 

Gluconate － － － － － ND － － 

DNA G+C content 

(mol%) 
37.0 38.6 39.3 39.7 41.3 44.2 39.7 43-45 

Strains: 1, Pedobacter namyangjuensis sp. nov. 5G38T; 2, Nubsella 

zeaxanthinifaciens TDMA-5T; 3, Pedobacter alluvionis KACC 14286T; 4, Pedobacter 

borealis KACC 14287T; 5, Pedobacter roseus KACC 11594T; 6, Pedobacter 

suwonensis KACC 11317T; 7, Pedobacter terrae KACC 13760T; 8, Pedobacter 

africanus KACC 11492T. Data from this study is indicated. Unless otherwise 

unindicated, data from a Asker et al., (2008); Gordon et al., (2009); Kwon et al., 

(2007). +, positive; -, negative; v, weak; ND, no data available. 

* Data from this study. 
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II. Molecular characteristics   

 

The 5G38T strain exhibited 16S rRNA gene sequence similarity values 

ranging from 95.2% (P. koreensis WPCB189T) to 89.5% (P. saltans 

DSM12145T) with respect to strains of the Pedobacter species and 94.3 

% with respect to N. zeaxanthinifaciens TDMA-5T (Fig. 2). The 16S 

rRNA gene similarity between the N. zeaxanthinifaciens TDMA-5T and 

P. koreensis WPCB189T strains was 93.9%. The neighbor-joining tree 

based on the 16S rRNA gene sequences clearly showed that the 5G38T 

strain formed a distinct phylogenetic lineage with the Nubsella 

zeaxanthinifaciens TDMA-5T (97% bootstrap support).  

The DNA G+C content of the 5G38T strain (37.0 mol%) was 

similar to that of N. zeaxanthinifaciens TDMA-5T (38.6 mol%). 
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Fig. 2. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences 

showing the position of strain 5G38T in relation to the type strains of 36 Pedobacter 

species and Nubsella zeaxanthinifaciens KACC 14260T. Chitinophaga filiformis 

NBRC 15056T was used as an outgroup. Bootstrap values (expressed as percentages 

of 1000 replications) >50% are shown at branch points. Filled circles indicate nodes 

that were also recovered using maximum-parsimony algorithms. Bar, 2% sequence 

divergence.  
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III. Chemotaxonomic characteristics  

 

The major respiratory quinone of the 5G38T strain was menaquinone-7 

(MK-7) in line with all of the other members of the family 

Sphingobacteriaceae.  

The fatty acid profile of the novel strains was similar to those of N. 

zeaxanthinifaciens KACC 14260T and the six recognized species of the 

genus Pedobacter (P. alluvionis KACC 14286T, P. borealis KACC 

14287T, P. roseus KACC 11594T, P. africanus KACC 11492T, P. 

suwonensis KACC 11317T, and P. terrae KACC 13760T), which 

possess large amounts of iso-C15:0, summed feature 3 (comprising C16:1 

ω7c and/or iso-C15:0 2-OH), and iso-C17:0 3-OH. However, the fatty 

acids of P. namyangjuensis are slightly different than the others with 

different respective proportions of several fatty acids (Table 2).  

The polar lipid profile of the strain 5G38T was composed of a 

phosphatidylethanolamine, two unknown lipid components (L1 and L2), 

and four unknown aminophospholipids (APL1, APL2, AL3, and APL4), 

and this pattern was in agreement with those of the N. 

zeaxanthinifaciens TDMA-5T and the six Pedobacter species (Fig. 3). 
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Table 2. Fatty acid composition (%) of strain 5G38T and related 

species. 

Fatty acid 5G38T 14260T 14286T 14287T 11594T 11317T 13760T 11492T 

Straight-chain 

Saturated  
       

C14:0 1.2 tr tr 1.0 tr tr tr 1.0 

C16:0 3.7 5.2 2.2 2.0 3.2 2.8 1.8 3.9 

C16:0 3-OH 2.1 tr 2.0 2.2 1.7 1.6 1.1 1.4 

C17:0 2-OH 1.4 tr tr tr 1.0 - tr tr 

Branched saturated 
 

       

iso-C15:0 27.8 36.1 28.9 25.4 32.0 27.7 31.4 26.9 

iso-C15:0 3-OH 2.5 2.4 3.5 3.3 2.5 2.5 2.9 2.1 

iso-C16:0 3-OH 1.0 tr tr tr tr - tr tr 

iso-C17:0 3-OH 11.3 10.3 14.6 14.6 16.4 18.6 17.0 15.5 

anteiso-C15:0 tr 2.0 tr 1.1 1.9 tr tr 1.1 

Monounsaturated 
 

       

C16:1ω5c 3.5 1.4 2.0 2.7 1.4 2.2 1.5 1.4 

iso-C17:1ω9c 3.3 7.4 4.3 6.6 5.9 8.7 7.1 9.9 

Summed feature* 
 

       

3 34.2 23.5 30.3 30.6 26.8 27.5 29.8 27.7 

4 tr 2.2 3.5 2.3 tr 2.7 1.2 2.2 

Unknown         

ECL 13.565 1.0 2.0 tr tr tr tr tr tr 

ECL 16.582 tr tr 1.1 1.3 1.3 1.6 1.0 1.1 

Strains: 1, Pedobacter namyangjuensis sp. nov. 5G38T; 2, Nubsella 

zeaxanthinifaciens KACC 14260T; 3, Pedobacter alluvionis KACC 14286T; 4, 

Pedobacter borealis KACC 14287T; 5, Pedobacter roseus KACC 11594T; 6, 

Pedobacter suwonensis KACC 11317T; 7, Pedobacter terrae KACC 13760T; 8, 

Pedobacter africanus KACC 11492T. Data were obtained in this study; values are 

percentages of total fatty acids. Fatty acids that represent less than 1% of total fatty 

acids in the strains are not shown. tr, Trace; -, not detected; ECL, equivalent chain 

length.  

* Summed features represent groups of two or three fatty acids that could not be 

separated by GLC with the MIDI system. Summed feature 3 contained C16:1 ω7c 

and/or iso-C15:0 2-OH. Summed feature 4 contained anteiso-C17:1 B and/or iso-C17:1 I. 
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Fig. 3. Two-dimensional thin-layer chromatography of polar lipids extracts obtained from strain 5G38T (a), N. zeaxanthinifaciens 

KACC 14260T (b), P. alluvionis KACC 14286T (c), P. borealis KACC 14287T (d), P. roseus KACC 11594T (e), P. suwonensis 

KACC 11317T (f), P. terrae KACC 13760T (g), P. africanus KACC 11492T (h). L1 - L2, unidentified polar lipids; GL1 - GL2, 

unidentified glycolipid; AL1 - AL4, unknown aminolipids; APL, unidentified aminophospholipids; PE, phosphatidylethanolamine.
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In their previous study, Asker et al. (2008) proposed that TDMA-5T 

should be classified as a novel genus, Nubsella, which has different 

minor fatty acids, is more mesophilic (less psychrotolerant), and is able 

to assimilate malate better than the members of Pedobacter. However, 

the difference in the minor fatty acids could be found among different 

species within the same genus. The temperature range of Nubsella (18-

40°C) is within the range of the Pedobacter (1-45°C) and the 

assimilation of malate varied within intra-species. In the neighbour-

joining phylogenetic tree, a cluster of Nubsella zeaxanthinifaciens 

TDMA-5T and the novel strain 5G38T are positioned within the 

radiation of the genus Pedobacter. Similar results were also obtained 

from the maximum-parsimony algorithm. In addition, we could not find 

any convincing evidence in this study that the genus Nubsella has 

phenotypic characteristics different from those of the Pedobacter with 

respect to the fatty acid compositions and the polar lipid patterns. 

Therefore, we propose to reclassify Nubsella zeaxanthinifaciens to the 

genus Pedobacter as Pedobacter zeaxanthinifaciens comb. nov. Based 

on the polyphasic taxonomic data obtained from this study, the 5G38T 

strains represent a novel member of the genus Pedobacter for which the 

name Pedobacter namyangjuensis sp. nov. is proposed.  

 

IV. Description of Pedobacter namyangjuensis sp. nov. 

 

Pedobacter namyangjuensis (nam.yang.ju.en'sis. N.L. fem. adj. 

namyangjuensis referring to Namyangju region, where the bacterium 

was first found). 
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The cells of this strain are Gram stain-negative, non-spore forming, 

non-motile, yellow pigmented, strictly aerobic rods, and they are 

between 0.7 and 0.9 µm in diameter and between 1.0 and 1.7 µm in 

length after cultivation for 2 days on a R2A agar. Growth occurs on the 

R2A, LB, TSA, and NA agars, but not on the MacConkey’s agar. 

Growth occurs at a pH level between 6 and 8 (the optimum pH is 8) 

and between 5 and 40°C (the optimum temperature is 28°C). This strain 

is positive for oxidase, catalase, and arginine dihydrolase activities and 

for glucose fermentation. It does not produce H2S and indole. Casein, 

starch, and tyrosine are hydrolysed by this strain, but aesculin, DNA, 

tyrosine, xanthine, urea, hypoxanthine, chitin, pectin, Tween 20, and 

cellulose are not. Acid is produced from D-galactose, D-glucose, D-

mannose, D-cellobiose, D-maltose, D-lactose, amidon, glycogen, and 

gentiobiose by this strain, but acid is not produced from glycerol, 

erythritol, D-arabinose, D-ribose, L-xylose, D-adonitol, methyl-ß-D-

xyloppyranoside, D-fructose, L-sorbose, L-rhamnose, dulcitol, inositol, 

D-mannitol, D-sorbitol, methyl-α-D-glucopyanoside, N-

acetylglucosamine, amygdalin, arbutin, salicin, D-melibiose, D-

saccharose, D-trehalose, inulin, D-melezitose, D-raffinose, xylitol, D-

turanose, D-lyxose, D-tagatose, D-fucose, L-fucose, D-arabitol, L-

arabitol, potassium gluconate, potassium 2-ketogluconate, and 

potassium 5-ketogluconate. Arabinose, mannose, mannitol, maltose, 

capric acid, adipic acid, and malic acid are assimilated by this strain, 

but glucose, potassium gluconate, N-acetyl-glucosamine, and 

phenylacetic acid are not. In the API ZYM system, alkaline 

phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, 
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valine arylamidase, cystine arylamidase, α-chymotrypsin, acid 

phosphatase, naphthol-AS-BI-phosphohydrolase, ß-galactosidase, α-

glucosidase, ß-glucosidase, and N-acetyl-ß-glucosaminidase activities 

are present, but lipase (C14), trypsin, α-galactosidase, ß-glucuronidase, 

acid phospatase, and α-fucosidase activities are absent. The major fatty 

acids are iso-C15:0, summed feature 3 (comprising C16:1ω7c/iso-C15:0 2-

OH), and iso-C17:0 3-OH. Menaquinone-7 is the predominant quinone. 

The DNA G+C content is 37.0 mol%.  

 

The 5G38T strain (KACC 13938T = NBRC 107692T) was isolated from 

rhizosphere soil cultivated with Chinese cabbage in Namyangju, Korea. 

 

Description of Pedobacter zeaxanthinifaciens comb. nov. 

 

Basonym: Nubsella zeaxanthinifaciens Asker et al. 2008. 

The description is based on that given for Nubsella zeaxanthinifaciens 

by Asker et al. (2008). The TDMA-5T strain was (=NBRC 102579T 

=CCUG 54348T = KACC 14260T) isolated from a freshwater sample 

collected at Misasa (Tottori, Japan). 
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PART II  

 

ABSTRACT 

 

A bacterial strain, designated 5N26T, was isolated from an agricultural 

soil of Chinese cabbage (Brassica campestris L.). Cells of this strain 

were Gram-negative, strictly aerobic, motile, non-spore-forming rods, 

and catalase- and oxidase-negative. The strain 5N26T was able to 

degrade methyl parathion. The major fatty acids of strain 5N26T were 

iso-C16:0, C19:0 cyclo ω8c and summed feature 8 (C18:1 ω7c and/or C18:1 

ω6c). The G+C content of the genomic DNA of 5N26T was 68.3 mol%. 

The 16S rRNA gene sequence analysis showed that strain 5N26T was 

phylogenetically related to Roseomonas lacus TH-G33T and 

Roseomonas terrae DS-48T (97.0% and 96.6% sequence similarity, 

respectively). The results of genotypic and phenotypic data showed that 

strain 5N26T could be distinguished from its phylogenetically related 

species, and that this strain represented novel species within the genus 

Roseomonas, for which the name Roseomonas soli sp. nov. (type strain 

5N26T = KACC 16376T = NBRC 109097T) is proposed. 

 

 

KEY WORDS: carbamate, Roseomonas, pesticide, type strain 
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INTRODUCTION 

 

The genus Roseomonas was proposed by Rihs et al. (1993) on the basis 

of the classification of alphaproteobacterial genus with their typical 

pink pigmentation, coccoid-rod shape and oxidative metabolism. Since 

the description of the three novel species in 1993, the number of novel 

species with valid names has increased. Roseomonas species have been 

isolated frequently from blood, wounds, exudates, abscesses and 

genitourinary specimens (Bibashi et al., 2000; Rihs et al., 1993; Sandoe 

et al., 1997; Subudhi et al., 2001). Roseomonas species could occur 

widely in nature and recently, this species were isolated from water-

related environmental sources such as freshwater sediment (Jiang et al., 

2006), water distribution systems (Gallego et al., 2006), deep water 

marine invertebrates (Sfanos et al., 2005), and pond water (Furuhata et 

al., 2008). The 16S rRNA gene sequence-based phylogenetic analysis 

indicated that Roseomonas species were frequently included in various 

bacterial communities (Islam et al., 2012; Tamaki et al., 2005). At the 

time of writing, the genus comprised 16 species validly published 

names: R. lacus (Jiang et al., 2006), R. terrae (Yoon et al., 2007), R. 

aquatic (Gallego et al., 2006), R. ludipueritiae (Sanchez-Porro et al., 

2009), R. rosea (Sanchez-Porro et al., 2009), R. mucosa (Bard et al., 

2010), R. gilardii (type species, with two subspecies, R. gilardii subsp. 

silardii and R. gilardii subsp. rosea) (Han et al., 2003; Rihs et al., 

1993), R. aestuarii (Venkata Ramana et al., 2010), R. cervicalis (Rihs 

et al., 1993), R. vinacea (Zhang et al., 2008), R. aerophila (Kim et al., 

2012), R. stagni (Furuhata et al., 2008), R. pecuniae (Lopes et al., 
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2011), R. frigidaquae (Kim et al., 2009), R. aerilata (Yoo et al., 2008), 

R. riguiloci (Baik et al., 2012). 

  



 

 

 

 

154

MATERIALS AND METHODS 

 

I. Isolation of pesticide degrading Bacterial strains 

 

Bacterial strain 5N26T was isolated from a soil sample collected from 

the agricultural soil cultivated with Chinese cabbage using the standard 

dilution plating technique on R2A agar (Difco). After plating, the plate 

was incubated at 30°C for 7 days and a white-pigmented bacterial strain, 

5N26T, was isolated. Soil samples were taken from field plots in 

Namyangju province, Korea. The Roseomonas lacus KACC 11678T 

and five reference strains of the Roseomonas species were obtained 

from the Korean Agricultural Culture Collection (KACC) order to 

compare their phenotypic and chemotaxonomic characteristics. These 

strains included Roseomonas terrae KACC 12677T, Roseomonas 

gilardii sp. KACC 11652T, Roeseomonas cervicalis KACC 11686T, 

Roseomonas ludipueritiae KACC 13843T. 

 

II. Analysis of pesticide degradation and proposed intermediate of 

methyl parathion 

 

The bacterial strains were grown in 3 ml PTYG medium for 48 h. Cells 

were collected by centrifugation at 14,000 rpm for 10 min at 4°C and 

washed twice with mineral medium. Aliquots of resuspended cells were 

inoculated into flasks containing 200 ml of mineral medium 

supplemented with methyl parathion (50 mg/ L) as the sole source of 

carbon. All cultures were incubated at 28°C on the rotary shaker (150 
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rpm). At specific intervals, aliquots of cultures were taken out and used 

to determine cell growth and the concentrations of methyl parathion. To 

determine the degradation of methyl parathion, 3 ml cultures were 

prepared from the flasks and filtered with 0.2 µm of GHP syringe filter 

(Pall life sciences). After filtering, the cultures were used for the 

measurement of residual chemical by NanoDrop 2000c (Thermo Fisher 

Scientific, Waltham, USA). 

The 50 ml of culture samples were prepared from 600 ml culture 

containing 50 ppm of methyl parathion. Three volumes of 

dichloromethane were added to one volume of culture samples. The 

samples were shaked to mix at 150 rpm for 10 minutes. After shaking 

the sample, 10 ml of saturated deionized sterile water by NaCl was 

added. The organic phase of mixer was dehydrated over anhydrous 

sodium sulfate and evaporated to dry in evaporator at 40°C. The dried 

extracts were dissolved in ethanol and filtered with 0.2 µm of GHP 

syringe filter (Pall life sciences) that subjected to chromatographic 

analysis. Intermediate Metabolites of methyl parathion was determined 

by GC-MS analysis. Metabolite identifications were achieved in based 

on gas chromatography/mass spectrometry (GC/MS) analysis. GC/MS 

analyses were performed in electron ionization mode at 70 eV with 

Perkin-Elmer clarus 680 GC equipped with TG-5MS column (0.25 µm 

film thickness, 30 mⅹ0.25 mm i.d.). The program of column 

temperature system was 2 minutes at 100°C, followed by 280°C by a 

ramp rate of 10°C per 1 minute then held for 20 minutes. The carrier 

gas was a helium gas at a constant flow of 1 ml per 1 minute. The 

samples were analyzed in 1:20 split mode at the 280°C that was 

injection temperature. 
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III. Morphological and physiological characteristics  

  

The growth of strain 5N26T was assessed on nutrient agar (NA; Difco), 

R2A agar (Difco), tryptic soy agar (TSA; Difco), MacConkey agar 

(Difco), and BCYE agar (BBL). Methods of Smibert & Krieg (1994) 

was used for oxidase and catalase activities and hydrolysis of casein, 

hypoxanthine, starch, DNA, xanthine, Tween 80, tyrosine (0.5%, w/v), 

pectin (0.5%, w/v), CM-cellulose (0.1%; Sigma), and chitin (1%, w/v). 

In addition, esculin hydrolysis was assessed using API 20NE kit 

(bioMérieux) at 30°C. Phase-contrast microscopy (AXIO; Zeiss) was 

used for cell motility and morphology studies with cells grown for 5 

days at 30°C on R2A. The temperature range, tolerance to NaCl, and 

the pH range for growth were examined on R2A agar after cultivation 

for 5 days at 30°C. Tolerance to NaCl was tested on 0-10% NaCl (w/v) 

(at 0.5% intervals) R2A agar prepared according to the formula of the 

Difco medium. The temperature range for growth was tested on R2A 

agar (Difco) at 5, 10, 15, 20, 35, 37, 40, and 45°C. The pH range for 

growth was determined on R2A agar (Difco) adjusted to pH 2-10 at 1 

pH unit intervals. Other physiological and biochemical properties were 

tested using the commercial API ZYM, API 20E, and API 20NE 

systems (bioMérieux). The API ZYM tests were read after 4 h 

incubation at 37°C, and the other API tests after 48 h at 30°C. All kits 

were used according to the manufacturer’s instructions. 
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IV. Molecular characteristics 

 

Chromosomal DNA was isolated from the strain 5N26T with the 

Wizard Genomic DNA Purification Kit (Promega, USA). The 16S 

rRNA gene was amplified by polymerase chain reaction (PCR using 

the universal primers 27f and 1492r (Baker et al., 2003). Sequencing 

was performed with an ABI Prism BigDye Terminator Cycle 

Sequencing Ready Kit (Applied Biosystems, Foster City, USA) 

according to the manufacturer’s instructions with the sequencing 

primers 519r, 926f (Lane, 1991), and 1055r (Lee et al., 1993). Partial 

16S rRNA gene sequences were assembled using SEQMAN software 

(DNASTAR). The almost full-length similarity was determined using 

the EzTaxon server (Chun et al., 2007) and sequences from 5N26T and 

related taxa (retrieved from the NCBI database) were aligned using the 

multiple sequence alignment program CLUSTAL W (Thompson et al., 

1994). Phylogenetic trees were inferred using neighbor-joining (Saitou 

& Nei, 1987) and maximum parsimony methods (Fitch, 1971) by using 

the MEGA4 software program (Tamura et al., 2007) with bootstrap 

value based on 1000 replications (Felsenstein, 1985). The DNA G+C 

content (mol%) was measured by HPLC analysis of the 

deoxyribonucleotides using a reverse-phase column (Supelcosil LC-18-

S; Supelco) (Mesbah et al., 1989). 
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V. Chemotaxonomic characteristics 

 

The identification of isoprenoid quinone followed a previously-

described HPLC method (Groth et al., 1996). For analysis of the 

cellular fatty acid, strain 5N26T and other related species were grown 

concurrently on R2A agar for 2 days at 30°C in our laboratory. The 

cellular fatty acids were extracted, methylated, and separated by gas 

chromatography (model 6890; Hewlett Packard) according to the 

protocol of the Sherlock Microbial Identification System (MIDI., 1999). 

The fatty acid methyl esters were identified and quantified using the 

TSBA 6 database (version 6.10) of the Sherlock Microbial 

Identification System (MIDI). Polar lipids were analysed by two-

dimensional TLC.  

 

VI. Deposit site and nucleotide sequence accession number 

 

The strain 5N26T was deposited in two different countries, Korean 

Agricultural Culture Collection (KACC) in Korea and NITE Biological 

Resource Center (NBRC) in Japan. The GenBank accession number for 

the 16S rRNA gene sequence of strain 5N26T is JN575264. 
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RESULTS 

 

I. Analysis of pesticide degradation and proposed intermediate of 

methyl parathion  

  

Degradation of methyl parathion by Roseomonas soli 5N26T was 

analysed by mineral medium containing 50 ppm of methyl parathion. 

After 48 hours of incubation, UV/Vis spectrophotometric pattern was 

changed. This data showed that strain 5N26T degraded methyl 

parathion to another intermediate (Fig. 1). To identify the intermediate 

of methyl parathion, GC-MS analysis was performed. Two major peaks 

related degrading pathway of methyl parathion were founded by GC-

MS analysis (Fig. 2). First of all, Peak A [Rt (min) = 16.25] was 

identified as methyl parathion, which was originally supplemented in 

mineral medium (Fig. 3). Peak A was characterized of notable mass 

spectrum peak 109, 125 and 263. Peak B [Rt (min) = 11.94] appeared 

to be an intermediate product by 5N26T during degradation, and this 

peak was identified as 4-nitro phenol (Fig. 4). Impressive characteristic 

of degradation of methyl parathion by 5N26T was color change of 

medium during the degradation. A color change to the green color was 

a signal of metabolic changes of methyl parathion to 4-nitro phenol. 
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Fig. 1. UV-Vis spectrophotometer absorption spectrograms of bacterial 

cultures after 2 days of incubation in methyl parathion mineral medium. 

(A) Methyl parathion mineral medium; (B) 5N26T cultured mineral 

medium. 
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Fig. 2. Gas chromatogram of the culture filtrate for methyl parathion 

after 24 hour incubation of strain 5N26T. The metabolites were listed in 

the culture filtrates as (A) methyl parathion with a retention time 16.25 

minute; (B) the hydrolysis metabolite of 4-ntrophenol with a retention 

time 11.94 minute. 

  

(A) 

(B) 
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Fig. 3. Mass spectrum of gas chromatogram fragmentation and most 

related standard peak at library. (A) Fragment patterns with a retention 

time 16.25 minute. (B) Standard peak of methyl parathion in mass 

spectrum library. Mass spectra of the methyl parathion had 

characteristic peak at 109, 125 and 263. 

  

(A) 

(B) 
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Fig. 4. Mass spectrum of gas chromatogram fragmentation and most 

related standard peak at library. (A) Fragment patterns with a retention 

time 11.94 minute. (B) Standard peak of 4-nitrophenol in mass 

spectrum library. Mass spectra of the 4-nitrophenol had characteristic 

peak at 39, 65, 109 and 139. 

(A) 

(B) 
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II. Morphological and physiological characteristics  

 

Strain 5N26T grew on nutrient agar (NA; Difco), R2A agar (Difco), 

tryptic soy agar (TSA; Difco) and BCYE agar (BBL), but not on 

MacConkey agar (Difco). The strain showed poor tolerance to NaCl 

and narrow pH ranges than Roseomonas lacus KACC 11678T and 

Roseomonas terrae KACC 12677T. However, strain 5N26T had a 

broader range of growth temperature than these two species. It showed 

white color colonies while Roseomonas lacus KACC 11678T and 

Roseomonas terrae KACC 12677T had yellow and reddish pink 

colonies, respectively. In addition, the isolate showed negative 

reactions for catalase and urease, while the other closest relatives 

exhibited positive reactions for these enzymes. The detailed results of 

morphological, physiological and biochemical characteristics of strain 

5N26T and other Roseomonas species are shown in Table 1. 
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Table 1. Differential characteristics of strain 5N26T and related species. 

Characteristics 5N26T 11678T 12677T 11652T 11686T 13843T 

Habitat 
Rhizosp-

here 
Soil Soil 

Rhizosp-

here 
Sediment Soil 

Temperature range 

for growth (°C ) 
15-40 10-30 4–30 4-35 4–30  4–30 

Colony color White Yellow 
Reddish 

pink 

Pinkish 

yellow 

Reddish 

pink 

Reddish 

pink 

Catalase activity - + + + + + 

Hydrolysis of:       

Urea - + + + + + 

Casein - - + + + + 

CM-cellulose - - - - - - 

Gelatin - - + + + + 

Assimilation of: 
 

  
  

 

D-Arabinose (+) - - - - - 

L-Arabinose - + - + + - 

Strains: 1, 5N26T (Roseomonas soli sp. nov.); 2, Roseomonas lacus KACC 11678T; 3, 

Roseomonas terrae KACC 12677T; 4, Roeseomonas gilardii KACC 11652T; 5, 

Roeseomonas cervicalis KACC 11686T; 6, Roseomonas ludipueritiae KACC 13843T. 

All data were obtained from this study.  

All strains are positive for aerobic growth and for alkaline phosphatase, esterase (C4), 

esterase lipase (C8), acid phosphatase, and naphthol-AS-BI-phosphohydrolase 

activities, +, Positive; (+), weakly positive; -, negative. 
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III. Molecular characteristics   

 

The sequence analyses of the 16S rRNA gene showed that strain 5N26T 

was closely related with Roseomonas lacus TH-G33T and Roseomonas 

terrae DS-48T. Previously-reported 1376 bp of 16S rRNA gene 

sequence of Roseomonas lacus TH-G33T had 41 nucleotide differences 

with 5N26T. Roseomonas terrae DS-48T had 47 nucleotide differences 

in 1414 bp of 16S rRNA gene sequence. The 16S rRNA gene sequence 

similarities of 5N26T were 97.0% and 96.6% with Roseomonas lacus 

TH-G33T and Roseomonas terrae DS-48T, respectively. The neighbor-

joining tree based on 16S rRNA gene sequences showed that strain 

5N26T was grouped with the members of the genus Roseomonas and 

formed a distinct phylogenetic line distinguishable from other 

Roseomonas species (Fig. 5). The DNA G+C content of strain 5N26T 

was 68.3 mol%. 
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Fig. 5. Phylogenetic dendrogram constructed from a comparative 

analysis of 16S rRNA gene sequences showing the relationship 

between strain 5N26T and related species. Bootstrap values (expressed 

as percentages of 1000 replications) greater than 50% are shown at 

branch points. The dots indicate that the corresponding branches were 

also recovered in the maximum-parsimony tree. Bar, 0.02 nucleotide 

substitutions per positions. 
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IV. Chemotaxonomic characteristics 

  

The ubiquinone 10 (Q-10) was the predominant isoprenoid quinone of 

strain 5N26T. 

Strain 5N26T had three major fatty acids, C16:0 (7.5%), C18:1 2-OH 

(13.4%) and summed feature 8 (C18:1 ω7c and/or C18:1 ω6c; 63.2%) 

which are mostly found in Roseomonas sp. The strain also had summed 

feature 4 (iso-C17:1 I and/or anteiso B) which was not found in other 

Roseomonas species. The different fatty acids characteristics of strain 

5N26T and other Roseomonas species are shown in Table 2.  

The polar lipids presented in 5N26T were diphosphatidylglycerol, 

phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, 

phosphatidylmethylethanolamine and one unidentified aminolipid (Fig. 

6). Phosphatidylmethylethanolamine is a first reported polar lipid in 

Roseomonas sp. However, other polar lipid patterns were almost the 

same as that of the type species of the genus Roseomonas. It presented 

that strain 5N26T was belong to the genus Roseomonas and it had 

unique character of polar lipid as novel strain of Roseomonas sp. 
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Table 2. Fatty acid compositions (%) of strains 5N26T and related 

species. 

Fatty acid 5N26T 11678T 12677T 11652T 11686T 13843T 

C12:0 - - - - 1.0  - 

C14:0 tr - tr tr 1.1  2.2  

C14:0 2-OH - - - - - 2.4  

C16:0  7.5  4.6  9.4  25.0  15.3  14.3  

C16:0 2-OH - - 1.7  tr - tr 

C16:0 3-OH 1.6  tr 1.3  1.1  1.1  1.5  

C16:1 ω5c 2.4  3.3  2.6  - 2.6  2.4  

C18:0 - tr tr 1.1  - - 

C18:1 2-OH 13.4  7.6  12.3  1.7  3.1  2.3  

C18:1 ω7c 11-methyl - 4.8  tr tr - - 

C19:0 cyclo ω7c 4.4  2.2  11.2  35.8  16.4  23.2  

Summed feature 3* 4.1  4.3  1.1  1.1  3.1  4.9  

Summed feature 4* 1.3  - - - - - 

Summed feature 8* 63.2  70.3  57.5  31.0  55.4  43.6  

Strains: 1, 5N26T (Roseomonas soli sp. nov.); 2, Roseomonas lacus KACC 11678T; 3, 

Roseomonas terrae KACC 12677T; 4, Roeseomonas gilardii. KACC 11652T; 5, 

Roeseomonas cervicalis KACC 11686T; 6, Roseomonas ludipueritiae KACC 13843T. 

Data were obtained from this study. Prior to fatty acid extraction all strains were 

grown on R2A agar (Difco) at 30˚C for 2 days. Values are percentages of total fatty 

acids, and only fatty acids representing more than 1% for at least one of the strains are 

shown. -, Not detected; tr, trace amounts (<1 %). 

* Summed features are groups of two or three fatty acids that cannot be separated 

using the MIDI system. Summed feature 3 comprises C16:1 ω7c and/or C16:1 ω6c; 

summed feature 4 comprises iso-C17:1 I and/or anteiso B and summed feature 8 

comprises C18:1 ω7c and/or C18:1 ω6c.
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Fig. 6. Polar lipid profile of strain 5N26T after two-dimensional TLC, detected using molybdatophosphoric acid (a), ninhydrin (b), 

and molybdenum blue (c). PE, phosphatidylethanolamine; PME, phosphatidylmethylethanolamine; DPG, diphosphatidylglycerol; 

PG, phosphatidylglycerol; PC, phosphatidylcholine; AL, unknown aminolipid. 
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V. Description of Roseomonas soli sp. nov. 

  

Roseomonas soli (so’li. L. gen. n. soli of soil, the source of the type 

strain). 

Cells are Gram-negative, strictly aerobic, motile, non-spore-forming 

rods with 0.7-1.0 µm in diameter and 1.9-2.4 µm in length after 5 days 

at 30°C on R2A. Colonies are 0.4-1.0 mm in diameter, smooth, circular, 

convex and white in color after 5 days at 30°C on R2A. Growth occurs 

on LB, NA, R2A agar, TSA and BCYE agar, but not on MacConkey 

agar. Catalase and oxidase are negative. Growth occurs at 15-40°C 

(optimal growth occurs at 30°C) and pH 5.0-8.5 (optimal growth occurs 

at 6.5), but no growth occurs at 1% of NaCl concentrations. Casein, 

gelatin, starch, tyrosine, Tween 80, chitin, CMC, hypoxanthine, urea 

and xanthine are not hydrolyzed. Positive (in API ZYM strips) for 

alkaline phosphatase, esterase (C4), esterase lipase (C8), acid 

phosphatase, naphthol-AS-BI-phosphohydrolase and negative for 

leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, 

lipase (C14), α-chymotrypsin, ß-glucuronidase, α-galactosidase, ß-

galactosidase, α-glucosidase, ß-glucosidase, N-acetyl-ß-

glucosaminidase, α-mannosidase and α-fucosidase. Acetoin production 

is positive but negative for arginine dihydrolase, lysine decarboxylase, 

ornithine decarboxylase, citrate utilization, H2S production, 

tryptophane deaminase, indole production, gelatinase, 

fermentation/oxidation of D-glucose, D-mannitol, inositol, D-sorbitol, 

L-rhamnose, D-sucrose, D-melibiose, amygdalin, D-arabinose (in API 

20E strips). Acidification of glucose, esculin and assimilation of D-
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glucose, L-arabinose, D-mannose, D-mannitol, N-acetyl-glucosamine, 

D-maltose, gluconate, caprate, adipate, malate, citrate, phenyl-acetate 

was negative (in API 20NE strips). The predominant ubiquinone 10 (Q-

10). The major fatty acids are iso-C16:0, C18:1 2-OH, C19:0 cyclo ω7c and 

summed feature 8 (C18:1 ω7c and/or C18:1 ω6c). The DNA G+C content 

is 68.3 mol%. The type strain, 5N26T (=KACC 16376T=NBRC 

109097T), was isolated from the rhizosphere of Chinese cabbage 

(Brassica campestris L.).  
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DISCUSSION 

 

Taxonomically, finding novel strains is very important for 

understanding of diversity. Moreover, novel pesticide-degrading 

bacteria are very rare though they represent the highly desirable 

expansion of diversity of bioremediable bacteria. Methyl parathion is 

one of the toxic chemicals developed in the 1940s. In spite of its high 

toxicity, many countries still use it as an insecticide. Methyl parathion 

degrading bacteria strain 5G38T is a Gram-stain-negative, non-motile, 

strictly aerobic, yellow-pigmented bacterium. 16S rRNA gene sequence 

analysis revealed that strain 5G38T represented a distinct lineage within 

the family Sphingobacteriaceae and showed the highest 16S rRNA 

gene sequence similarity (95.2%) with Pedobacter koreensis 

WPCB189T and Nubsella zeaxanthinifaciens TDMA-5T (94.3%). It is 

the first reported genus Pedobacter that is capable of degrading methyl 

parathion. Only some of Pedobacter sp., such as Pedobacter 

cryoconitis, is able to degrade pollutants. Additionally, Nubsella 

zeaxanthinifaciens is a monophyletic clade with strain 5G38T. 

Therefore, reclassification of Nubsella zeaxanthinifaciens as 

Pedobacter zeaxanthinifaciens comb. nov. is proposed. 

Another novel bacterium, 5N26T, degrades the methyl parathion to 

4-nitorophenol. Previously, one of the Roseomonas sp. strain JS018 

was reported as an organophosphate pesticide decomposer. Methyl 

parathion is also included among organophosphate pesticides. 

Cells of strain 5N26T were Gram-negative, strictly aerobic, motile, 

non-spore-forming rods, and catalase- and oxidase-negative. The 16S 

rRNA gene sequence analysis showed that strain 5N26T was 
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phylogenetically related to Roseomonas lacus TH-G33T (97.0%).  

Although the two novel strains only degraded the methyl parathion, 

this finding is significant given the importance of diversity of pesticide 

degradation. If more studies are performed among the species, further 

bioremediation and taxonomical diversity is likely to be discovered. 
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경작토양에  분리  카 이트 살충  

분해 균  분자생태학  특  

동욱 

 

 

 

Carbofuran, fenobucarb  같  카 이트계 농약  다양한 

해충  하  해 계  리 사용 고 있다. 

그러나 이들 농약  동 과 미생 에 독  나타내며, 

토양에  잘 분해 지 않는다. 몇몇 연구자들이 카 이트 

계열  농약  분해하는 미생 에 한 연구를 행하 지만, 

carbofuran  분해 경   자에 한 보는 매우 

부족하고, 특히 fenobucarb  경우는 한 실 이다. 본 

연구에 는 Novosphingobium sp. 31B가 fenobucarb를 2-sec-

butylphenol과 3-sec-butylcatechol  분해한다는 사실   

인하 다. 아울러 Sphingobium sp. JE1는 carbofruan  

carbofuran-phenol과 5-hydroxycarbofuranphenol  분해하는 

사경 를 가지고 있다는 것  처  증명하 다.  

Sphingobium sp. JE1는 carbofuran  분해하는 플라스미드 pJE1  

가지고 있었다. 이 플라스미드는 크 가 220 kb이고 229개  

자 coding 염 열(CDS)  가지고 있는 것  
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인 었다. 염 열 상동  분  결과, carbofuran분해 

미생  하나인 Sphingomonas sp. NS2  플라스미드 pNS2  

상동 이 매우 높았다. 이러한 상동  페  염 열  

사도 뿐만 아니라 자  열 도 매우 사하 다. 

특히 Type IV Secretion System (T4SS)과 이 있  것  

추 는 vir 페  상동 이 매우 높았다. BLAST 분  

결과, 해당 이동  자  상동 이 가장 높았  것  

살충  일종인 γ-hexachlorocyclohexane  분해능  가지는 

플라스미드 pLB1이었다. 이러한 분해능  플라스미드  vir 

페  분해능과 연 이 높  것  단 었다. vir 페  

자  하나인 virB4는 일한 탄소원  carbofuran  

질  공 했   glucose에 해 mRNA  이 약 4  

높았다. 이 결과를 통해 VirB4가 carbofuran  분해  있  

것  추 었다. Carbofuran분해   자를 

인하  하여 suicide vector인 pSUP5011  이용하여 JE1  

변이주 라이 러리를 작하 며, 이  7개 변이주  

플라스미드에 Tn5가 삽입  것  인하 다. 이 변이주들  

모  carbofuran  분해능뿐만 아니라 다른 카 이트 계열  

농약 분해능도 상실하 다. 라  Tn5  삽입 는 

carbofuran뿐만 아니라 다른 질  분해에도 향    

있  것  추 었다. 변이주 K176  특이  

carbofuran  분해 질인 carbofuran-phenol  부분  

분해하 다. 이러한 결과를 통해 K176  Tn5 삽입부 는 

carbofuran  분해에 직 인 이 있 며, 다양한 자가 
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플라스미드상에  carbofuran  분해에 여하고 있다고 

추 었다.  

또 다른 살충 인 methyl parathion  포 동 에게 높  독  

나타낸다. Methyl parathion  분해하는 2종  신종미생  

농경지에  분리하 며, 16S rRNA 자 분  결과, 5G38T 

균주는 Pedobacter agri PB92T  94.6%  상동  

나타내었 며, 5N26T 균주는 Roseomonas lacus TH-G33T  

97.0%  상동  나타내었다. 이들  균주는 methyl 

parathion  분해하며, 다상 분류에 해 신종  하 다.  

 

주 요 어: 카 이트, 살충 , carbofuran, fenobucarb, 

플라스미드, 살충  분해 균, 신종 
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