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ABSTRACT 

 

A bacterium which utilizes chlorpyrifos as a sole source of carbon and energy was isolated 

from coral surface. The organism utilized chlorpyrifos up to 25 mg l
-1

. The lag phase and time for 

degradation, however, were severely prolonged at chlorpyrifos concentrations above 10 mg l
-1

 . The 

growth of kinetics of coral bacterium was studied in batch culture. Estimation of maximum growth rates 

(µmax), obtained from turbidity measurements, was 0.14 h
-1

 and half-saturation growth constant (Cs)   

was 9.34 mg l
-1

 chlorpyrifos. This strain demonstrated greatest similarity to members of the order 

Bacillales and was closest to members of the Bacillus firmus group. 
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INTRODUCTION 

 

Chlorpyrifos is an insecticide (kill or control 

insect) that has been one of the pesticides 

most used worldwide since 1965. Currently, 

over 850 registered chlorpyrifos products 

are on the market (Anonymous, 2002).  
Contamination of soil by the pesticide may 

occasionally lead to the contamination of 

surface and groundwater (Anonymous, 
1998). Reports from the Environmental 

Protection Agency (1997) suggest that a 

wide range of water and terrestrial 
ecosystems may be contaminated with 

chlorpyrifos. A single application of 

chlorpyrifos poses risks to small mammals, 

birds, fish and aquatic invertebrate species 
(Anonymous, 2002).  Sabdono et al. (2007) 

reported that chlorpyrifos residue was 

detected in stress or dead coral tissues of Java 
Sea, Indonesia.  

Chlorpyrifos [O,O-diethyl O-(3,5,6-trichloro-

2-pyridyl) phosphorothioate
 

is used 

worldwide as an agricultural insecticide and 

household pest. Its environmental fate has 

been studied extensively, and the reported 

half-life in soil varies from 10 to 120 days, 

with 3, 5, 6-trichloro-2-pyridinol (TCP) as the 

major degradation product (Singh et al.,, 

2003; Racke et al., 1988). Chlorpyrifos
 
is 

characterized by a P-O-C linkage as in other 

organophosphate
 
pesticides, such as diazinon, 
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parathion, methylparathion, and fenitrothion. 

Unlike in the case of other 

organophosphates,
 
however, there have been 

no reports of enhanced degradation of 

chlorpyrifos since its first use in 1965 

(Singh et al., 2003). It has been suggested
 

that the accumulation of TCP, which has 

antimicrobial properties, prevents the 

proliferation of chlorpyrifos-degrading 
microorganisms in soil (Racke et al., 1990). 

The important role of micro-

organisms in the degradation of organic 
pollutant is clearly understood. Eventhough 

the microorganism is capable of degradation 

of organic pollutants and their catabolic 

pathways have been studied intensively, 

information on the microbial degradation of 

organophosphate in marine environments is 
still very limited. To date, there have been 

no reports on accelerated biodegradation of 

chlorpyrifos by marine bacteria. In most of 
the studies chlorpyrifos has been reported to 

be degraded by soil bacteria, such as 

Escherichia coli (Wang et al.,2002), 

Arthrobacter sp. (Mallick, et al., 1999) 

Agrobacterium sp. (Horne et al., 2002) and 

Enterobacter asburiae (Singh et al., 2004).  

The molecular study of degradation 

of certain organophosphates has been 

carried out widely. Various organo-

phosphate-degrading genes (opd genes) have 
been isolated from different species, some of 

which could degrade chlorpyrifos (Horne et 

al., 2002; Mulbry et al., 1986; Richnis et al., 
1997;  Serdar et al., 1982). In many studies, 

opd genes were found to be plasmid based 

and had similar DNA sequences. However, 

Horne et al. (2002) isolated an opd gene from 

Agrobacterium radiobacter, which was 

located on the chromosome but had a similar 

sequence to the opd gene from other bacteria. 

The experiments reported here were 
carried out to isolate a chlorpyrifos-

mineralizing bacterium from the coral tissues, 

characterize chlorpyrifos-degrading isolate, 
and study the kinetic growth and chlorpyrifos 

degradation of isolate.  

 

MATERIALS AND METHODS 

Sampling and isolation of coral-

associated bacteria 
 

The coral was collected from Teluk Awur 

(06
o
37’02,5’’ N; 1 10

o
38’21,4” E), North 

Java Sea, Indonesia (Fig.1) by scuba diving 

and identified as Acropora sp. according to 

Veron (1986). Upon collection coral 

fragments were put into sterile plastic bags 

(Whirl-Pak, Nasco, USA) and immediately 

brought to the Marine Station of the 

Diponegoro University where they were 

rinsed with sterile seawater and scraped off 

with a sterile knife. The resultant tissues were 
serially diluted, spread on ½ strength ZoBell 

2216E marine agar medium and incubated at 

room temperature for 48 hours. On the basis 

of morphological features, colonies were 

randomly picked and purified by making 

streak plates (Madigan et al., 2000).

 

 
Fig. 1. Sampling site for the collection of coral from Teluk Awur waters, Jepara
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Screening of chlorpyrifos-degrading 

coral bacteria 

 
Experiments were conducted by using 50-ml 

erlenmeyer flasks containing 15 ml of 10 
mgl-1 chlorpyrifos in Zobell 2216E medium. 

Flasks were inoculated with approximately 

0.25 µg (dry weight) of strain and incubated 

at room temperature on a rotary shaker at 

120 rpm for 48 h. Samples of culture (1 ml) 

were removed and centrifuged in a 

microcentrifuge (Microfuge 11; Beckman 

Instruments, Inc., Fullerton, Calif.) at 12,000 

rpm for 2 min, and supernatant was decanted 
into eppendorf. Samples were analyzed 

immediately or were refrigerated until 

analysis. 

 

Growth analyses 

Biomass concentrations were measured by 
spectrophotometry at 600 nm using a dry 

weight calibration curve. A fluorometer 

(Turner Model III) with a 10-mm square 
cuvette was used. Controls were run using 

medium made with double-distilled water 

with no carbon source to insure that the 

growth observed was not due to organic 

contamination present in the ordinary 

distilled water. 

 

GC-MS analyses 

After extractions, the samples were then  

analyzed by gas chromatograph Model  
Hitachi 163 FPD (Flame Photometer 

Detector), and nitrogen   high pure (HP) was 

used as the carrier gas. A 1 meter glass 

column (3 mm ID) packed with 10% Silikon 

DC200 on 80-100 mesh Supelcon was used. 

Gasflow at 50 ml /min, column temperature 

at 200 oC, detector temperature at 230 oC 

and the injector temperature at 230 oC were 

maintained. 

 

 

 

 

Bacterial strain 

 A coral bacterium strain BY6  was used in 
this study  This strain was selected based on 

the best growth and  degradation among 

coral isolates. This strain was grown at room 
temperature in Zobell 2216E medium 

suplemented with 10 mg l
-1

  chlorpyrifos. 

 

Degradation of chlorpyrifos by isolate 

BY6  
 
Experiments were conducted by using 250-

ml erlenmeyer flasks containing 100 ml of 5, 

10, 15, 20, and 25 mg l-1 chlorpyrifos in 

Zobell 2216E medium. Flasks were 

inoculated with approximately 0.25 µg (dry 
weight) of strain and incubated at room 

temperature on a rotary shaker at 120 rpm. 

Samples of culture (1 ml) were removed 
periodically and centrifuged in a 

microcentrifuge (Microfuge 11; Beckman 

Instruments, Inc., Fullerton, Calif.) at 12,000 
rpm for 2 min, and supernatant was decanted 

into eppendorf. Samples were analyzed 

immediately or were fixed with 10 µl of 

40% H2SO4 and refrigerated until analysis. 

 

DNA extraction, PCR amplification 

and sequencing of 16S rRNA gene 

fragments 

 
DNA extraction, PCR amplification of 

partial 16S rRNA gene of bacterial strain, 

purification of PCR product and subsequent 

sequencing analysis was performed 

according to the method of Radjasa et al. 

(2007). The determined DNA sequence of 
strain was then compared for homology to 

the BLAST database. Phylogenetic tree was 

constructed by using. 
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Phylogenetic analysis.  

A phylogenetic tree was constructed using 

maximum-likelihood analysis. Alignment 

positions at which less than 50 % of 

sequences of the entire set of data had the 

same residues were excluded from the 
calculations to prevent uncertain alignments 

within highly variable positions of the 16S 

rDNA. CLUSTAL X was used for multiple 
alignment/pairwise of the DNA sequence 

(Thompson et al., 1997). Phylogenetic 

analysis was performed with the PAUP*4.0 

(Phylogenetic Analysis Using Parsimony) 

software package   (Swofford, 1998). 

 

 

RESULTS AND DISCUSSION 

Chlorpyrifos Degradation by Isolate 

BY6 

Chlorpyrifos
 

degradation of the five 

concentrations showed distinct patterns  

(Fig.2). Strain BY5   degraded  25  mg l-1 

chlorpyrifos rapidly. In this concentration 

approximately 50% of applied chlorpyrifos 

was degraded
 

after 20 hours, following 

which there was a period of rapid loss, with 

almost constant degradation after 32 hours. 

Similarly, approximately
 
75-80% of the 5, 

10, 15 and 20 mg l-1 chlorpyrifos 

concentration had been degraded in medium 

after
 
24 hours. The bacterium isolated in this 

present research was not so strong in its 

degradable ability. Singh et al. (2004) 

reported that Enterobacter Strain B-14 
hydrolyzed 35 mg l-1 concentration of 

chlorpyrifos within 24 h. So far, strain BY6 

is
 
the first strain of coral bacterium reported 

to be able to degrade chlorpyrifos. It was not 

a surprise that this bacterium could not 

degrade chlorpyrifos completely. It seems 
that cooperative metabolic activities in 

bacteria of different cultures are needed to 

degrade chlorpyrifos. Mallick et al. (1999) 
and Wang et al. (2002) reported that 

chlorpyrifos was to be degraded 

cometabolically in liquid media by 

Flavobacterium sp. and also by an 

Escherichia coli clone with opd gene.  
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Fig. 2. Chlorpyrifos degradation of the five different concentrations  

(Symbols: □: 5 mg/l, ■ : 10 ppm, ∆: 15 ppm,  ▲: 20 ppm ,○ :75 ppm ppm  chlorpyrifos) 
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Cell growth and substrate utilization  

 
The relationship of concentration of   

chlorpyrifos to growth rate strain BY6 was 

determined by using batch culture methods. 

Values of specific growth rate (µ) obtained 

from turbidity measurements ranged from 
0.0509 h-1   to 0.0877 h-1. Furthermore, the  

 

 

highest growth rate  of 0.0877 h
-1

 occurred 

at 20 mg l
-1

 chlorpyrifos. Above this level, 

growth was strongly inhibited. As shown in 

Fig. 3, the estimate of half-saturation growth 

constatnt (Cs)   was 9.34 ppm  chlorpyrifos 
and the maximum growth rates (µmax) were 

0.14 h-1. No report could be compared with 

this kinetic result. 
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Fig. 3. Specific growth rate of   coral bacterium Strain BY6 at various concentration of   

chlorpyrifos 

 

Batch cultures of the coral bacterium strain 

BY6 on chlorpyrifos demonstrated 

interesting results. The lag growth rate was 

seen to be reduced by the presence of higher 

concentration of  chlorpyrifos (Fig 4). Tyler 

and Finn (1974) stated that the duration of 

lag phase depended on substrate 

concentration and on adaption of the 

inoculum. In addition, the finite lag phase as 

predicted by extrapolation of the curves to 
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zero concentration could be due to osmotic 

shock. Dapaah and Hill (1992) stated that 

frequently the lag phase is simply modelled 

by a pure time delay where nothing is 

assumed to happen. However, microbial cell  

fabricates new enzymes and ribosomes to be 

used in their exponential growth and 

metabolic pathway (Freifelder, 1987). 

Furthermore, Esener et al. (1982) 

demonstrated that the RNA content of 

Klebsiella pneumoniae increases with a 

specific growth rate. 

 

 

y = 0.28x + 15

R2 = 0.9423

0

5

10

15

20

25

0 5 10 15 20 25 30

Chlorpyrifos concentration (mg/l)

L
a

g
 p

h
a

s
e

 (
h

)

 
 

Fig. 4. Effect of adaption  on the lag phase at various concentrations of  chlorpyrifos 
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Fig. 5. Phylogenetic tree based on comparative 16S rRNA gene sequence analysis of Bacillus 

species showing the phylogenetic affiliation of strain BY6. Verrucomcrobium spinosum 

was used as outgroup.The bar indicates 2% sequence divergence. 

Phylogenetic analysis 

A comparison of the 16S rRNA gene 

sequence of strain BY6 with sequences from 

GenBank demonstrated that this strain is 

affiliated to the family Bacillus within the 
order Bacillales. The phylogenetic tree 

showed that isolate BY6 is most closely 

related with  Bacillus firmus with a 
homology of 96 %. Different species have 

been reported to degrade chlorpyrifos, such 

as, Escherichia coli (Wang et al.,2002), 

Arthrobacter sp. (Mallick, et al., 1999) 

Agrobacterium sp. (Horne et al., 2002) and 

Enterobacter asburiae (Singh et al., 2004). 

However, this is the first report of  

 

 
 

 

chlorpyrifos degradation by a Bacillus 

species.  

 

CONCLUSION 

The results of this investigation indicate that 
the use of coral bacteria to deplete 

chlorpyrifos in contaminated marine sites is 

potential.  The degradation rate of 

chlorpyrifos strongly relates to  chlorpyrifos 

concentration,  characterizing the pathway 

for degradation and identifying the genes 

and enzymes involved in this process 

representing areas for further investigation. 
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