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Abstract

A defined microbial consortium was developed for the degradation of isoprothiolane.

Isoprothiolanebiodegradation parameters were optimized using Response Surface Methodology

(RSM). Three variables chosen for the study were inoculum concentration (50–1500 µg protein ml1),

temperature (25–35oC) and pH (4–8) each at levels 1.682, 1, 0, 1 and 1.682. Incubation time of 72

hr was kept constant. Degradation of different concentrations of isoprothiolane was studied. The

optimized conditions obtained were, inoculum concentration of 50 µg protein ml1 at 30oC and pH

between 4–8. The maximum predicted percentage degradation of 100, 100, 100, 100 and 95.5 was

obtained respectively for 5, 10, 20, 30 and 50 ppm of initial isoprothiolane concentrations at different

pH levels 7.7, 6.8, 6.2, 4.7 and 4.6. Validation of the model indicated that experimental values were

found to be in agreement with the predicted one.
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Introduction

Isoprothiolane (diisopropyl 1, 3-dithiolane 2-ylidene

malonate, trade name: Fujione) a related dithiolane fungicide,

belongs to organo sulphur group of compounds is also used

as an insecticide (PAN, 1999). These are mainly used to control

rice blast disease and to reduce the population of brown

plant hoppers and leaf hoppers in rice plants (Uesugi, 2001).

The mode of fungicidal action of isoprothiolane is

choline biosynthesis inhibitor (CBI), which has influence

on mammals and insects. This fungicide has adverse effects

on humans resulting in eye irritation, serious eye damage

and severe acute toxicity. Isoprothiolane residues in water

and soil are of concern as their uptake can lead to the

accumulation of primary products (Fushiwaki et al., 1993)

and results in the toxic effect to the non-target species such

as humans (Worthing, 1991) through food chain. Their

removal from environment has become an important issue

and needs to be addressed urgently (Uesugi, 2001).

Biodegradation is one of the natural processes that help

to remove such xenobiotic  chemicals from the

environment by microorganisms (Singh, 2008) and it

depends on many intrinsic and extrinsic factors for

complete, successful mineralization of the compound

(Myers and Montgomery, 2002). The conventional

method of degradation parameters optimization is time

consuming and does not bring about the simultaneous

effect of interaction of various parameters (Hamsaveni et

al., 2001). Response Surface Methodology (RSM) is a

statistical method that determines and simultaneously

solves multivariate equation. It usually involves an

experimental design such as Central Composite Rotatable

Design (CCRD) to fit a first or second order polynomial

by least squares technique. An equation is used to

describe how the test variables affect the response,

determine the interrelationship among the test variables

and describe combined effects of all the variables in the

response (Triveni et al., 2001).
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With these major advantages an attempt was made

to study the degradation of isoprothiolane by microbial

consortium. The study aimed to develop a regression model

that could predict the degradation process under a given

set of conditions for isoprothiolane by RSM.

Materials and Methods

Microbial consortium : The microbial consortium developed

for degrading HCH and DDT was used in this study. The

individual bacterial isolates were grown and induced with

10 µg ml-1 of isoprothiolane (M/s Accustandard, New Haven,

USA; technical grade 100%) (Filter sterilized) according to

Murthy and Manonmani (2007). The microbial population

of each isolate in the induced consortium was ~107 cells.

The microbial consortium growth was determined by

estimating total protein in the biomass by modified method

of Lowry et al. (1951).

DDT-degrading microbial consortium consisting of

seven strains of Pseudomonas, one each of Flavobacterium,

Burkholderia and Vibrio were acclimated with 10 µg ml-1 of

isoprothiolane and was used in degradation studies.

Degradation and extraction of isoprothiolane : 20 ml of

required buffered medium was taken in 100 ml conical flasks

and sterilized at 15 lbs, 121°C for 20 min. These flasks were

inoculated with isoprothiolane induced microbial consortium

at required inoculum levels and they were incubated on

rotary shaker at required temperature for required period of

time. Samples (whole flasks) were harvested and the residual

substrate was analysed as described below.

The variables optimized using (CCRD) were

inoculum concentration (50–1500 µg protein ml-1),

temperature (25–35oC) and pH (4–8) each at 5 levels -1.682,

-1, 0, 1 and 1.682. Incubation time of 72 hr was maintained as

constant. Isoprothiolane degradation was studied at five

different isoprothiolane initial concentrations (5, 10, 20, 30

and 50 µg ml-1). Six replicates (run 15–20) at the centre of the

design were used to allow for the estimation of a pure error

sum of squares. Experiments were randomized in order to

maximize the effects of unexplained variability in the

observed responses due to extraneous factors. The residual

concentration of isoprothiolane was determined.

For statistical analysis a second order polynomial equation

was used to fit the experimental data. The model proposed

for the response (Y
i
) was,
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where Y
i 
(i = 1 to 5) is the predicted response for residual

isoprothiolane, a
o
 is the value of the fitted response at the

centre point of the design, a
i
, a

ii
, a

ij
 being the linear,

quadratic, and cross product terms, respectively and e is

the random error. The variables used in the study as well as

their ranges (actual and coded form) have been indicated in

Table 1.  The coefficients of Equation 1 were obtained using

MATLAB 7.0 software  (The MathWorks Inc., Natick, MA,

USA) based on the experimental data provided in Table 2

and are presented in Table 3. The t-values as provided in

Table 3 were compared with the tabular value and the terms

having t-values lower than the tabular values were omitted

(Khuri and Cornell, 1987). All the statistically insignificant

coefficients (p < 0.05) were omitted before predicting the

response.

Minimization of fitted polynomials for the responses

for 5, 10, 20, 30 and 50 µg ml-1 was performed by a non-linear

mathematical maximization procedure of the Quattro Pro

software package (Nandini and Rastogi, 2010). The fitted

polynomial equation was expressed as surface plots in order

to visualize the relationship between the response and

experimental levels of each of the factors. To study the

effect of incubation period on the degradation of

isoprothiolane, different concentrations of the pesticide in

minimal medium was inoculated by microbial consortium.

Samples (whole flasks) were removed at 3 hr interval from 0

hr through 120 hr. Samples were then extracted and analysed

for residual isoprothiolane by TLC and GC.

To study the pathway, all the pre-exposed, washed

inoculum were inoculated to 50 ml of sterilize phosphate

buffer (pH 7.2) with  20 µg ml-1 of isoprothiolane in 250 ml of

Erlenmeyer flasks. Other conditions used were as obtained

from optimized results of RSM studies. The flasks were

then incubated at room temperature at 180 rpm for different

intervals of time. Samples were drawn at regular intervals,

after every 24 hr up to 10 days and centrifuged at 10,000 rpm

at 4oC for 10 min. The supernatant was pooled and analyzed

by TLC, GC and GC-MS. To study the aeration effect on the

degradation of isoprothiolane, in shake flasks, we followed

a protocol, described by Jansen et al. (1984), decreasing

the ratio of medium to vessel volumes (V
m
/V

f
) from 0.40 to

0.04. Degradation with starting addition of N
2
 was used for

study under anaerobic condition.

The whole flasks were removed after required

incubation and the cells were separated by centrifugation

at 8000 rpm for 10 min at 4°C. The supernatant was

evaporated to drynessunder a stream of N
2
. The dry residue

was redissolved in a known volume of HPLC grade acetone:

hexane(25:75) and then analyzed by TLC, GC and GC–MS

(Suzuki et al., 1998). The recovery of isoprothiolane was

96±0.5%.

Analysis of isoprothiolane: Known volume of the residual

extract of isoprothiolane (acetone solution) was spotted on
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Table 1 : Variables and their levels for CCRD

Symbols  -1.682 -1 0 1 1.682 Mean SD

Innoculum Conc (v/v) X1 50 343.97 775 1206.03 1500 775 431.03

Temperature (oC) X2 25 27.03 30 32.97 35 30 2.97

pH X3 4 4.81 6 7.19 8 6 1.19

Table 2 : Treatment Schedule for five-factor CCRD and response in terms of residual concentration

Exp No. Inocul. Temp. pH    5 ppm    10 ppm      20 ppm     30 ppm      50 ppm

Conc. (v/v) (oC)

X
1

X
2

X
3

Exp Pre Exp Pre Exp Pre Exp Pre Exp Pre

1 -1 -1 -1 4.96 4.07 4.66 4.23 8.33 9.33 7.92 4.04 9.92 5.04

2 1 -1 -1 3.99 3.78 6.20 5.26 6.44 7.05 11.83 14.20 11.83 13.75

3 -1 1 -1 1.12 1.38 4.52 3.80 6.18 6.56 5.12 6.55 5.12 6.84

4 1 1 -1 1.74 1.50 3.06 3.82 7.36 7.86 2.82 -0.45 5.82 1.61

5 -1 -1 1 0.63 0.78 6.16 4.80 3.92 4.24 6.85 8.72 10.00 12.41

6 1 -1 1 2.33 1.98 9.07 9.20 2.75 3.19 14.60 11.77 14.60 11.09

7 -1 1 1 2.05 2.17 0.28 0.61 4.15 4.36 29.55 25.78 29.55 25.84

8 1 1 1 2.98 3.78 4.16 3.99 7.07 6.89 9.18 11.66 7.50 10.58

9 -1.682 0 0 1.37 1.54 0.35 1.35 1.03 0.29 6.61 8.53 9.61 11.39

10 1.682 0 0 2.70 2.66 5.21 5.06 0.92 0.50 5.13 5.20 5.13 5.88

11 0 -1.682 0 1.88 2.61 8.53 9.79 8.29 7.27 8.40 9.20 8.40 9.95

12 0 1.682 0 2.48 1.87 5.45 5.05 8.20 8.05 10.04 11.23 10.04 11.03

13 0 0 -1.682 2.96 3.56 2.09 2.60 14.00 12.92 6.79 8.09 5.59 7.96

14 0 0 1.682 3.17 2.71 2.88 3.23 7.91 7.83 21.54   22.21 21.54 21.70

15 0 0 0 3.46 3.52 5.33 5.37 4.98 5.41 18.04 18.38 18.04 18.37

16 0 0 0 3.02 3.52 5.47 5.37 5.41 5.41 18.55 18.38 18.55 18.37

17 0 0 0 3.77 3.52 5.70 5.37 6.05 5.41 18.85 18.38 18.85 18.37

18 0 0 0 3.74 3.52 5.00 5.37 5.11 5.41 18.13 18.38 18.13 18.37

19 0 0 0 3.65 3.52 5.27 5.37 5.65 5.41 16.20 18.38 16.20 18.37

20 0 0 0 3.52 3.52 5.59 5.37 5.03 5.41 20.86 18.38 20.86 18.37

Exp: Experimental; Pre: Predicted

Table 3 : Estimated coefficients * of the fitted second order polynomial representing the relationship between the response and the

process variable

5 ppm 10 ppm    20 ppm       30 ppm         50 ppm

Est. coeff.  t-val. Est. coeff. -val.  Est. coeff. t-val. Est. coeff. t-val. Est. coeff. t-val.

a
0

3.52a 14.25 5.37 a 15.09 5.41 a 17.11 18.38 a  15.50     18.37 a 13.35

a
1

0.33c 2.02 1.10 a 4.67 0.06 ns 0.30 -0.99 ns -1.26 -1.64 ns -1.80

a
2

- 0.22ns -1.35 -1.41 a -5.97 0.23 ns 1.10 0.60 ns 0.77 0.32 ns 0.35

a
3

- 0.25 ns -1.54 0.19 ns 0.79 -1.51 a -7.22 4.20 a 5.33      4.09 a 4.48

a
11

- 0.50b -3.15 -0.76 b -3.33 -1.77 a -8.68 -4.07 a -5.32      -3.44 b -3.87

a
22

- 0.45 b -2.84 0.72 b 3.15 0.80 b 3.91 -2.89 b -3.77    - 2.78 b -3.13

a
33

- 0.14 ns -0.87 -0.87 b -3.78 1.76 a 8.61 -1.14 ns -1.49  -1.25 ns -1.41

a
12

0.10 ns 0.49 -0.25 ns -0.82 0.90 b 3.27 -4.29 a -4.18      -3.48 b -2.92

a
13

0.37 ns 1.74 0.84 c 2.72 0.31 ns 1.12 -1.78 ns -1.73     -2.51 c -2.10

a
23

1.02 a 4.76 -0.94 b -3.05 0.72 c 2.64 3.64 b 3.54      2.91 c 2.44

*Only significant at p < 0.05; a Significant at 0.10%; b Significant at 1.0%; c Significant at 5.0%; ns Not significant even at 5.0% level
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the plates. Spots were developed in chloroform, air dried

and observed under UV light. The isoprothiolane compound

gave bluish colour at 254 nm. Spots were marked and area

measured. The concentration was delineated using standard

curve.

Gas Chromatography was done using Shimadzu gas

chromatograph (Japan). Concentrated residual substrate was

evaporated to dryness under a stream of N
2
. The residue

was dissolved in a known volume of HPLC grade acetone:

hexane (25:75) and then analyzed by GC ELITE 5 column

with the following conditions: Inlet temperature 270oC, Oven

temperature programme 150oC, hold for 5 min, Ramp: 5oC

min-1 to 300oC, hold for 0.00 min and detector ECD 320oC.

Under these conditions the retention time of isoprothiolane

was 17.96 hr.

GC–MS (QP-5000 mass spectrometer, Shimadzu,

Japan) conditions used, were temperature programmed from

5 to 300oC with increase at the rate of 5oC min-1 after an initial

temperature of 150oC for 5 min in OV-1 capillary column.

Helium gas carried the sample injected at 270oC at 1 ml min-

1. The GC detector was maintained at 320oC. The Mass (m/z)

starts at 50 and ends at 500 with scan time 0.2 s and inter-

scan delay 0.1 s with ionization mode EI+. The GC peaks

and the corresponding mass spectra were compared with

the standard GC and MS patterns for various compounds

from the library as well as from the injected available

authentic compounds.

The degradation of isoprothiolane was assumed to

follow first order kinetics.  The experimental data were fitted

to the following Equation 2.

tk
CC

CC

fi

ft
.ln ���

�
�

�
�
�
�

�

�

�
                      (2)

Where C
i
, C

f
, and C

t
 are the concentrations of isoprothiolane

at initial, final and any time t, respectively and k is the rate

constant. Abiotic controls were maintained in all

experiments. Triplicate trials were run and average results

were presented.

Results and Discussion

It is evident from the results that the regression terms

were found to be significant and the residual was not

significant. The values of coefficient of determination (R2)

also suggest that the model is a good fit.

Diagnostic checking of models : Response was measured

in terms of residual concentrations of isoprothiolane. The

coefficients for the actual functional relation for predicting

response are presented in Table 3. The insignificant terms

were omitted based on student’s t-ratio (Deavin et al., 1977).

The response under different combinations as defined in

the design (Table 1, 2) was analysed using analysis of

variance (ANOVA) appropriate to the experimental design.

The ANOVA for the data obtained using CCRD is

represented in Table 4, which indicated that the sum of

squares because of regression (first- and second-order

terms) was significant. The lack of fit for 5 and 20 ppm

isoprothiolane concentration was not significant, whereas,

lack of fit for 10, 30 and 50 ppm was significant. However,

the high values of coefficient of determination (R2, Table 4)

suggested that the model fitted well with the experimental

data. The R2 proportion of variability in response values

explained or accounted for by the model (Deepthi et al.,

2007).

Optimization : The optimum conditions for isoprothiolane

degradation are presented in Table 5. The second order

polynomial equations (Equation 1) for the initial

concentration of isoprothiolane (Y
1
 to Y

5
, based on the

Table 4 : Analysis of variance for the fitted polynomial model as per CCRD

df
        Sum of squares (SS)

5 ppm 10 ppm 20 ppm 30 ppm 50 ppm

Regression

First order terms 3  3.03a 44.22 a 32.09 a 258.86 a 266.02 a

Second order terms 6 15.56 a 41.97 a 120.27 a 611.06 a 479.09 a

Total 9 18.60 86.19 152.36 869.92 745.11

Residual

Lack of fit 5 2.78 ns 7.11 a 3.94 ns 71.06 a 96.75 a

Pure error 5 0.89 0.50 2.06 13.48 16.98

Total error 10 3.68 7.61 6.00 84.54 113.73

Grand Total 1C9 22.27 93.80 158.37 954.46 858.84

Coefficient of Determination (R2) 0.84 0.92 0.96 0.91 0.87

a Significant at 1.0% level; ns Not significant; The critical f-value (f
á
=0.01, df

1
=9, df

2
=10) was 4.942

A.A. Selvi et al.
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coefficients provided in Table 3) were minimized. The results

indicated that the inoculum concentration 50 µg protein

and incubation temperature 30oC were most appropriate

conditions to obtain zero residual concentration of

isoprothiolane. However, the optimum pH was found to

decrease with an increase in the concentration.

Response surface plotting: The effect of inoculum

concentration, pH and temperature on degradation of

isoprothiolane (in terms of residual isoprothiolane) is

reported (Table 3) by the coefficients of second order

polynomials. The response surfaces (keeping third variable

at optimum level) based on these coefficients are given in

Fig. 1–3. In general, the exploration of the response surfaces

indicated a complex interaction between the variables.

Effect of inoculum concentration and temperature

on isoprothiolane degradation- The variation of inoculum

concentration and temperature is shown in Fig. 1, while pH

was kept at respective optimum conditions as indicated in

Microbial degradation of isoprothiolane

Fig. 1 : Effect of inoculum concentration and temperature on isoprothiolane degradation, (a) 5ppm, (b) 10 ppm, (c) 20ppm, (d) 30 ppm,

(e) 50ppm
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Table 5. At lowest level of temperature, the residual

concentration of isoprothiolane (for initial concentration

5 µg ml-1) was found to be zero for all inoculum levels (Fig.

1a), whereas  for higher initial concentration of

isoprothiolane, the residual concentration was found to

increase upto certain concentration and then either

remained constant or decreased (Fig. 1b–e). At the highest

temperature, the residual concentration of isoprothiolane

for initial concentration 5 to 20 µg ml-1, was found to

increase upto certain extent and then remained constant

(Fig. 1a–c). Beyond 20 µg ml-1 initial concentration, the

residual concentration of isoprothiolane was found to be

zero for all levels of inoculum concentrations (Fig. 1d–e).

At lowest inoculum concentration, for initial concentration

5 µg ml-1, the residual concentration of isoprothiolane was

zero, which was found to increase beyond 30oC (Fig. 1a).

Where as for initial concentrations 10 and 20 µg ml-1, it

was found to decrease upto 30oC and beyond which

complete degradation was observed (Fig. 1b–c). For 30

and 50 µg ml-1, the residual concentration remained zero

A.A. Selvi et al.
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for all temperatures (Fig. 1d–1e). At the highest inoculum

concentration, for 5 and 20 µg ml-1 initial concentrations

(Fig. 1a, c), the residual degradation was found to increase

with an increase in temperature, where as for other initial

concentrations, it was found to decrease with an increase

in temperature (Fig. 1b, 1d, f).

Effect of inoculum concentration and pH- The effect

of inoculum concentration and pH on the variation of

isoprothiolane degradation is shown in Fig. 2, while the

temperature was kept at optimum. At the lowest level of pH,

the residual concentration was found to increase upto a

certain extent and then decrease with an increase inoculum

concentration. The same trend was also observed for

highest level of pH (Fig. 2a–e). At the lowest level of

inoculum concentration, for initial concentrations from 5 to

20 µg ml-1, the residual concentration started at a positive

value and became zero with an increase in pH (Fig. 2a–c),

where as for 30 and 50 µg ml-1, the residual concentration

traced the opposite trend (Fig. 2d, e). At the highest level of

Microbial degradation of isoprothiolane
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inoculum concentration, for all the initial concentrations

except for 20 	g ml-1, the degradation was rapid in the
beginning and slowed towards the end of degradation. For

20 µg ml-1 initial concentration, the residual concentration

was found to decrease and reached zero with an increase in

pH (Fig. 2a–e).

Effect of pH and temperature on isoprothiolane

degradation- The effect of pH and temperature on

isoprothiolane degradation is shown in Fig. 3, while the

inoculum level was kept at optimum level. At the lowest

level of pH, for initial concentration 5 µg ml-1, the residual

concentration was found to decrease and reached zero with

an increase in temperature (Fig. 3a). But at 10 and 20 µg ml-1

initial concentration, the residual concentration traced a

curvilinear trend (Fig. 3b, c). For 30 and 50 µg ml-1 initial

concentrations, the residual concentration remained zero

for all the temperatures (Fig. 3d, e).

At the highest level of pH, for initial concentration 5

µg ml-1, the residual concentration remained zero (Fig. 3a).

But at initial concentration 10 µg ml-1, the residual

concentration decreased and reached zero with an increase

in temperature (Fig. 3b). No significant change in residual

concentration was found for initial concentration 20 µg ml-1

with an increase in temperature (Fig. 3c). For higher initial

concentrations 30 and 50 µg ml-1, the residual concentration

was found to increase from initial value zero to a certain

extent with an increase in temperature (Fig. 3d, c).

At the lowest level of temperature, for initial

concentration 5 µg ml-1, the residual concentration was

found to decrease and reached zero with an increase in pH

(Fig. 3a). Whereas for initial concentration 10 µg ml-1, the

residual concentration was found to increase upto a certain

extent and then decreased slightly with an increase in pH

(Fig. 3b). For 20 µg ml-1 the pattern of residual concentration

was found to oppose it (Fig. 3c). For 30 and 50 µg ml-1, the

residual concentration remained zero for all the pH values

(Fig. 3d, 3e).

At the highest level of temperature, for initial

concentration 5 µg ml-1, the residual concentration was

found to be zero for all the values of pH (Fig. 3a). For 10 and

20 µg ml-1, the residual concentration was found to decrease

with an increase in pH (Fig. 3b, c). For 30 and 50 µg ml-1, the

residual concentration was found to increase with an

increase in pH (Fig. 3d, e).

Verification of results : The suitability of the model

equation for producing the optimum response values were

tested using the feasible optimum conditions. The

experimental values were found to agree with the predicted

ones. The temperature and inoculum concentration remained

the same for all the concentrations of isoprothiolane but pH

varied for each concentration.

Effect of V
m
/V

f   
on the degradation of isoprothiolane :

The degradation of isoprothiolane (20 ppm) was found

to be influenced by V
m
/V

f
 ratio. To study the aeration

effect on the degradation of isoprothiolane, in shake

flasks, the ratio of medium to vessel volumes (V
m
/V

f
)

from 0.4 to 0.04 was used. Anaerobic condition was

maintained by replacing air with the addition of N
2 
in the

beginning of degradation. The increase in V
m
/V

f
 ratio

from 0.04 to 0.12 resulted in increase in degradation

constant from 0.002 to 0.031 hr-1. Further increase in V
m
/

V
f
 ratio resulted in decrease in degradation constant (Fig.

4, Table 6). V
m
/V

f
 value 0.12 resulted in maximum

degradation of isoprothiolane.

Table- 5: Conditions for zero residual concentration and feasible optimum conditions

     5 ppm      10 ppm      20 ppm      30 ppm      50 ppm

Inoculum conc. (v/v) X
1

50.000(-1.682) 50.000(-1.682) 50.000(-1.682) 50.000(-1.682) 50.000(-1.682)

Temperature (oC) X
2

30.000(0.000) 30.000(0.000) 30.000(0.000) 30.000(0.000) 30.000(0.000)

pH X
3

7.704(1.433) 6.866(0.728) 6.197(0.166) 4.786(-1.021) 4.612(-1.167)

Table 6 : Degradation constants of isoprothiolane under different aeration ratios (V
m
/V

f
) and initial concentration

V
m
/V

f
 ratio (-) Degradation R2 Isoprothiolane Degradation R2

constant (1/hr) concentration (ppm) constant (1/hr)

0.04   0.002    0.909 5 0.055 0.991

0.08   0.017    0.964 10 0.050 0.984

0.12   0.031    0.990 20 0.031 0.993

0.20   0.026    0.989 30 0.021 0.966

0.40   0.006    0.950 50 0.018 0.963

Isoprothiolane concentration = 20 ppm; V
m
/V

f 
 ratio = 0.12

A.A. Selvi et al.
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Effect on initial isoprothiolane concentration on degradation:

The increase in starting initial concentration from 5 to 50

ppm at V
m
/V

f
 ratio of 0.12 resulted in decrease in degradation

constant from 0.055 to 0.018 hr-1. It was indicated from the

study that the lower concentration of isoprothiolane (say 5

ppm) can be degraded at a faster rate.

In a similar trial, HCH and DDT degrading consortium

have been isolated and acclimated to get good degrading

microbial community (Manonmani et al., 2000; Murthy and

Manonmani, 2007; Bidlan et al., 2004; Deepthi et al., 2007).

The degradation of glyphosate has been given by

Zelenkova and Vinokurova (2008). Bhuyan et al. (1992) and

Wada et al. (1989) showed that HCH degradation improved

after every successive application of the compound. Similar

techniques were adopted in the present study to acclimate

the microbial consortium to isoprothiolane. In this study,

microbial consortium was used in the degradation of the

pesticides. Serratia marcescens DT-1P, Pseudomonas

fluorescens DT-2 and Pseudomonas aeruginosa DT-Ct2

were used for the degradation of DDT under aerobic

conditions. By optimising conditions for degradation by

RSM, complete degradation of these pesticides were

obtained.

Pathway of isoprothiolane degradation : The pathway of

isoprothiolane (MW 290) biodegradation by the defined

bacterial consortium was evaluated by analysing the

products formed at higher initial substrate concentrations.

Accumulation of isoprothiolane sulphoxide (MW 306),

diisopropyldichloromalonate (MW 257) and diisopropyl

chloromalonate (MW 222) were observed by GC-MS

analysis (data not shown).

The acclimation and enrichment techniques have

been employed with continuous culture of microorganisms

by applying the compound to be degraded continuously,

initially at low concentrations and subsequently by either

addition of the same concentration or by increasing the

xenobiotic concentration in a systematic manner. The

microbial consortium developed by us is one such

xenobiotic degrader that has developed isoprothiolane

degradation upon acclimation. The degradation of

isoprothiolane has been given by Tsuda et al. (1997). In our

studies the minimum and maximum substrate concentrations

that could be degraded were 5 µg ml-1 to 50 µg ml-1. The

lower concentrations were degraded very fast in a shorter

time. 50 µg ml-1 took slightly longer time (Fig 4). Since the

degradation was complete between pH values of 4.6 to 7.7

at 30oC, it was an advantage in treating isoprothiolane

contaminated water bodies.

In summary, the acclimated defined bacterial

consortium was found to develop the abilities to degrade

isoprothiolane. Results indicated that conditions could be

chosen to get complete degradation of isoprothiolane in

the industrial effluent or run off water.

Acknowledgments

The authors thank the Director, C.F.T.R.I. and the

Head, FTBE Department, C.F.T.R.I., Mysore, India for

supporting the work. The Government of India is gratefully

acknowledged for providing financial support under the

Networking project (NWP). The first author thanks CSIR

for providing financial support in the form of SRF fellowship

and contingency grant.

References

Bhuyan, S., S.K. Sahu, T.K. Adhya and N. Sethunathan: Acelerated

aerobic degradation of γ- HCH in suspensions of flooded and

non-flooded soils pretreated with HCH. Biol. Fert. Soils, 12,

279–284 (1992).

Bidlan, R., M. Afsar and H.K. Manonmani: Bioremediation of HCH-

contaminated soil:  Elimination of  inhibitory effects of the

insecticides on radish and green gram seed germination.

Chemosphere, 56, 803–811 (2004).

Deavin, L., T.R. Jarman, C.J. Lawson and R.L. Righelado: Extracellula

microbial polysaccharides (Eds.: P.A. Sanford and A. Laskin).

American Chemical Society, Washington, D.C. (1977).

Deepthi, N., N.K. Rastogi and H.K. Manonmani: Degradation of

DDT by a defined microbial consortium: Optimization of

Fig. 4 : (a) Effect of aeration (V
m
/V

f
) on the degradation of 20 ppm

isoprothiolane (b) effect of initial concentration on the degradation

of isoprothiolane V
m
/V

f 
= 0.12

4.0

3.0

2.0

1.0

0.0
0 25 50 75 100 125

Incubation period (hr)

Incubation period (hr)

0 25 50 75 100 125

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

Microbial degradation of isoprothiolane



554

Journal of Environmental Biology, May 2013

degradation conditions by response surface methodology. Res.

J. Microbiol., 2, 315–326 (2007).

Fushiwaki, Y., T. Hamamura, A. Hasegawa and K. Urano:

Environmental pollution by pesticides from golf courses in

Kanagawa prefecture. Jpn. J. Toxicol. Environ. Hlth., 39, 543–

548 (1993).

Hamsaveni, D.R., S.J. Prapulla and S. Divakar: Response surface

methodological approach for the synthesis of isobutyl

isobutyrate. Proc. Biochem., 36, 1103–1109 (2001).

Jansen, N.B., M.C. Flickinger and G.T. Tsao: Application of

bioenergetics to modelling the batch fermentation of D-xylose

to 2, 3-butanediol by Klebsiella oxytoca. Biotechnol. Bioeng.,

26, 362–369 (1984).

Khuri, A.I. and J.A. Cornell: Response surfaces. Marcel Dekker, New

York (1987).

Lowry, O.H., N.J. Rosebrough, A.L. Farr and R.J. Randall: Protein

measurement with the folin phenol reagent. J. Biol. Chem.,

193, 265–275 (1951).

Manonmani, H. K., D. H. Chandrashekaraiah, N. Sreedhar Reddy, C.

D. Elcey and A. A. M. Kunhi: Isolation and acclimation of a

microbial consortium for improved aerobic degradation of γ-

hexachlorocyclohexane. J. Agric. Food Chem., 48, 4341–

4351 (2000).

Murthy, H.M. and H.K. Manonmani: Aerobic degradation of technical

hexachlorocyclohexane by a defined microbial consortium. J.

Hazard Mater., 149, 18–25 (2007).

Myers, R.H. and D.C. Montgomery: Response surface methodology-

process and product optimization using designed experiment.

A Wiley- Interscience Publication (2002).

Nandini, K.E. and N.K. Rastogi: Separation and purification of lipase

using reverse micellar extraction-Optimization of conditions

by response surface methodology. Biotechnol. Bioproc. Eng.,

15, 349–358 (2010).

PAN: Pesticides Database – Pesticide Registration Status. Demand

Pattern of Pesticide Use (Tech. Grade) for Agriculture, Pesticide

Association of India (1999).

Singh, D.K.: Biodegradation and bioremediation of pesticide in soil:

Concept, method and recent developments. Ind. J. Microbiol.,

48, 35–40 (2008).

Suzuki, T., K. Harumi, K. Yaguchi, M. Toshio and T. Suga: Estimation

of leachability and persistence of pesticides at golf courses

from point-source monitoring and model to predict pesticide

leaching to groundwater. Environ. Sci. Technol., 32, 920–929

(1998).

Triveni, R., T.R. Shamala and N.K. Rastogi: Optimized production

and utilization of exopolysaccaride from Agrobacterium

radiobacter. Proc. Biochem., 36, 787–795 (2001).

Tsuda, T., M. Kojima, H. Harada, A. Nakajima and S. Aoki: Acute

toxicity, accumulation and excretion of organophosphorous

insecticides and their oxidation products in killifish.

Chemosphere, 35, 939–949 (1997).

Uesugi, Y.: Pesticide Outlook, Fungal choline biosynthesis- A target

for controlling rice blast. pp. 26–27 (2001).

Wada, H., K. Senoo and Y. Takai: Rapid degradation of γ-HCH in

upland soil after multiple applications. J. Soil Sci. Plant Nutr.,

35, 71–77 (1989).

Worthing, C.R.: Isoprothiolane. In: The pesticide manual (Eds.:

Charles R. Worthing and Raymond J. Hance). 9th Edn., The

British Crop Protection Council, Surrey. UK, pp. 506 (1991).

Zelenkova, N.F. and N.G. Vinokurova: Determination of glyphosate

and its biodegradation products by chromatographic methods.

J. Anal Chem., 63, 871– 874 (2008).

A.A. Selvi et al.


