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Cypermethrin, a commonly used domestic and agricultural pyrethroid pesticide, is widely considered
detrimental to the environment and to many organisms because of its residual property and toxicity.
Cellulophaga lytica DAU203, isolated from coastal sediment, was chosen because it degrade cypermeth-
rin. Cellulophaga Iytica DAU203 effectively degraded cypermethrin, as the utilized carbon source and
substrate, in a mineral salt medium. Effective factors, such as carbon source, nitrogen source, initial
pH, and temperature, for cypermethtin biological degradation by Cellulophaga lytica DAU203 were ana-
lyzed by one factor at a time method. Temperature (22~42°C), initial pH (5~9), and yeast extract con-
centration (0.1~2.5%[w/v]) were selected as the three most important factors. There were optimized
at 33.4°C, pH 7.7, and 2.4%(w/v) by response surface methodology, respectively. The Box- Behnken
design consisting of 46 experimental runs with three replicates was used to optimize the independent
variables which significantly influenced the cypermethrin biological degradation. This model for cy-
permethrin degradation by Cellulophaga Iytica DAU203 is highly significant (p<0.05). Under the opti-
mized condition, Cellulophaga lytica DAU203 degraded approximately 83.7 % of the cypermethrin with-
in 5 days. These results suggest that Cellulophaga lytica DAU203 may be useful for the biological deg-
radation of cypermethrin in cypermethrin-contaminated environments.
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Introduction sumed that pyrethroid pesticides from different countries

have identical properties [6]. Among the pyrethroid pesti-

Pyrethrins are natural materials originated from the six
insecticide components of Chrysanthemum cinerariifolium.
Synthetic pyrethroid insecticides are synthetic versions of
natural pyrethrin and their use has increased over the past
few decades [11]. The structure of pyrethroid typically con-
sists of a combination of acid and alcohol moieties by an
ester bond [7]. These pesticides show highly improved sta-
bility, photostability, and insecticidal effects, and have re-
placed organophosphorus pesticides such as chlorpyrifos
and diazinon [8, 10].

Pyrethroid pesticides such as bifenthrin, cyfluthrin, cy-
permethrin, and permethrin were studied in the coastal em-
bayment of the Southern California Bight, USA. It is as-
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cides, cypermethrin is widely used in agriculture to protect
animals from infestation by insects, in homes, and in
buildings. Recent studies have warned that excessive cy-
permethrin could disrupt the ecosystem and be toxic for
mammals [2, 3, 5].

The many pyrethroid degradation researches by micro-
organisms isolated from the soil, such as Micrococcus sp.
strain CPN1 [9], Pseudomonas aeruginosa CH7 [13], Serratia
sp. JC1 and JCN13 [12], Sphingobium sp. JZ-2 [4], and Bacillus
cereus ZH-3 and Streptomyces aureus HP-S-01 [3], have
reported.

Here we describe the identification and isolation of the
cypermethrin-degrading bacterium, C. lytica DAU203, from
coastal sediment. Optimization of the biological degradation
of cypermethrin by C. lytica DAU203 was performed using
response surface methodology (RSM) based on the Box-
Behnken design. The isolated bacterium might be useful for
the bioremediation of cypermethrin-contaminated coastal
sediment and soil.
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Materials and Methods

Media and chemicals

Mineral salt medium (MSM) containing 6 g/1 Na,HPO,,
3 g/1 KHyPO,, 1 g/1 NH4CI, 0.5 g/1 NaCl, 0.011 g/1 CaCly,
and 0.24 g/l MgSO,, and marine broth (MB) 2216 (Difco,
Detroit, MI, USA) were used for isolation of the strain and
for the evaluation of its degradation ability. Cypermethrin
(98% pure) was obtained from Agros Chemicals (Karnataka,
India); it was dissolved in acetonitrile to prepare stock sol-
utions (50,000 mg/l), and was then sterilized by filtration
using a 0.2 um pore size PTFE (polytetrafluoroethylene)
membrane (Advantec MFS, Inc., Dublin, CA, USA). Chroma-
tographic grade acetonitrile and water were purchased from

Honeywell International (Morristown, NJ, USA).

Inoculum preparation

Isolated strains were stocked in 20% glycerol at -80°C; pri-
or to use, they were thawed and cultured in a 100 ml flask
that contained 20 ml MB with cypermethrin (100 mg/I), as
the carbon source and substrate, at 30T, with shaking at
180 rpm, for 16 hr, whenever necessary. Each strain was har-
vested by centrifugation at 6,000 rpm and 4C for 20 min
and the pellet obtained was washed twice with 0.9% sterile
saline, which yielded 0.2 g of dry weight/l of biomass before
inoculation. Two percent of this suspension was used as the

inoculum for all experiments.

Biodegradation of cypermethrin

Cypermethrin biodegradation experiments were per-
formed in 250 ml flasks containing sterile MSM with 50 mg/1
of cypermethrin. Triplicate cultures were grown at 30C,
with shaking at 180 rpm on a rotary shaker, for 5 days.
Non-inoculated media served as controls.

Samples (10 ml) were withdrawn periodically from the
cultures to measure the cypermethrin concentration by
HPLC. Cypermethrin from experimental samples was ex-
tracted with petroleum ether and acetone by ultrasonication
(3510E-DTH, Branson Co., Danbury, CT, USA), evaporated,
and re-dissolved in acetonitrile. The prepared samples were
analyzed using HPLC (Waters, Milford, MA, USA) equipped
with a Waters 1525 binary pump, Waters 1500 column heater
heated to 307C, and Waters 2489 UV/visible detector. There-
after, 20 pl sample was injected (Waters 2707 autosampler)
and was detected at a wavelength of 235 nm. Cys reversed-

phase column (Eclipse XDB, 4.6x150 mm, 5 pm) was used,

and the mobile phase was consisted of acetonitrile and water
(90:10, v/v), with a flow rate of 1.0 ml/min [3].

Effects of carbon and nitrogen sources on cyper-
methrin degradation

A variety of carbon (C) sources, such as carboxymethyl
cellulose, colloidal chitin, galactose, glucose, lactose, maltose,
soluble starch, and sucrose, and nitrogen (N) sources with
0.5%(w/v), such as ammonium nitrate, casamino acids, ca-
sein, peptone, skim milk, tryptone, urea, and yeast extract,
were prepared to determine the best source for cypermethrin
biodegradation. The medium was incubated at 30C in 250
ml flasks with 50 mg/l cypermethrin on a rotary shaker,
and experiments were performed in triplicate, using non-in-
oculated samples as controls. After 5 days, the cypermethrin
concentration of the samples was determined by HPLC.

Optimization of cypermethrin degradation conditions

A variety of factors were identified as the main variables
by preliminary experiments, and the range of independent
variables were determined as follows: yeast extract concen-
tration (0.1-2.5%, [w/V]), temperature (22-42C), and pH (5-
9). RSM based on the Box-Behnken design was used to inves-
tigate the inter-variable interactions that markedly affected
the degradation of cypermethrin by DAU203. 3-factors of
Box-Behnken design, consisting of 46 experimental runs,
were generated using the Design-Expert software (Version
8.0.7.1; Stat-Ease Inc., Minneapolis, MN, USA). Regression
analysis was performed using the conditions obtained from
the program, with each experiment performed in triplicate.
The dependent variable was the degradation ratio of 50
mg/l cypermethrin in MSM after 5 days of culture by
DAU203. The significance of each value for degradation was
analyzed by the Design-Expert software, the model equation
of which was a quadratic polynomial equation (Eq. (1)), as
follows:

Y = by + 2ZbiX; + 2byXiXj + ThiX’ 1
where Y is the measured response (degradation degree of
50 mg/l cypermethrin), b, is the constant, b; is the linear

coefficient, by is the interaction coefficient, and by is the

quadratic coefficient [3].

Results and Discussion

Effect of carbon and nitrogen sources on cyper-
methrin degradation by DAU203



Table 1. Box-Behnken experimental design and response of
dependent variables for cypermethrin degradation

Response (Y1)

Run X Xa Xs Cypermethrin degradation (%)

1 25 5 32 02.6
2 13 9 42 63.9
3 25 7 22 83.0
4 0.1 7 22 315
5 13 7 32 62.1
6 25 7 42 71.6
7 13 7 32 68.0
8 13 7 32 55.1
9 13 9 22 239
10 13 5 22 50.0
11 25 9 32 68.6
12 0.1 7 42 209
13 0.1 9 32 21.0
14 0.1 5 32 33.2
15 13 5 42 41

X1 yeast extract; Xy initial pH; Xs: temperature.
All results were calculated from three replicate experiments.

The one factor at a time test was used to determine the
rest of the independent variables including carbon and nitro-
gen sources. Various carbon sources did not significantly af-
fect to degrade cypermethrin by DAU203 (data not shown).
0.5% nitrogen sources such as ammonium nitrate, casamino
acid, casein, peptone, skim milk, tryptone, urea, and yeast
extract were also added to MSM containing 50 mg/1
cypermethrin. DAU203 could degrade approximately 53% of
the initial cypermeththrin with yeast extract, followed by
38% with casein, 32% with urea, 31% with peptone, 29%
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with tryptone, 23% with casamino acid, 20% with skim milk,
and 15% with ammonium nitrate, at 30°C within 5 days. As
evident from these results, only yeast extract from among
the various nitrogen sources affected cypermethrin degrada-
tion by DAU203 and was thus selected as a factor.

Optimization of yeast extract concentration, tem-
perature, and pH for cypermethrin degradation by
DAU203

The optimization of cypermethrin degradation by cultur-
ing of DAU203 was conducted using a combination of yeast
extract (0.1-2.5%[w/v]), initial pH (5-9), and temperature
(22-427C) values, using the Box-Behnken experimental de-
sign matrix with a range of combinations. The pH and tem-
perature factors were known as important factor to degrade
cypermethrin biologically [3]. In this experiment, using the
Box-Behnken design, the degradation of cypermethrin was
evaluated and the effect of combined experimental design
as a dependent variable was shown (Table. 1). These results
were analyzed by the statistical software Design-Expert (Ver.
8.0.7.1) and the results of the quadratic polynomial model
fitting in the term of analysis of variance (ANOVA) are pre-
sented in Table 2. A quadratic polynomial model equation
(Ep. (2)), calculated from ANOVA, was generated to predict
the maximum value of cypermethrin degradation, as follow:

Y=6172 + 2242X; + 343X — 347X; + 454X, X, —
0.22X:X5 + 21.46XoXs + 0.44X,> — 15.83X,° — 10.40X4

2
where Y is the predicted cypermethrin degradation (%), and

Table 2. Parameter estimates and analysis of variance (ANOVA) of the design for cypermethrin degradation

Source D.F. S.S. M.S. F-value P-value’
Model 9 7395.55 821.73 10.42 0.0095
Xq 1 4021.70 4021.70 50.98 0.008
X2 1 94.37 94.37 1.20 0.3239
X3 1 96.55 96.55 1.22 0.3190
XXz 1 82.44 82.44 1.05 0.3535
XiXs 1 0.19 0.19 0.002463 0.9623
X2Xs3 1 1842.17 1842.17 23.35 0.0047
Xi? 1 0.73 0.73 0.009236 0.9272
X3 1 925.13 925.13 11.73 0.0187
Xs” 1 399.09 399.09 5.06 0.0743
Lack of fit 3 311.25 103.75 2.49 0.2990
Pure error 2 83.18 41.59 - -
Total 14 7789.98 - - -

Note: R*=0.9494; coefficient of variation (CV)=1851; Adj. R*=0.8582
D.E.: degrees of freedom; S.S.: sum of sequences; M.S.: mean square

"P<0.05 indicates that the model terms are significant.
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X1, X5, and X3 are the coded values for yeast extract concen-
tration (%), initial pH of the medium, and temperature,
respectively. The F-value of 10.42 implied that this model
was significant. P<0.05 suggested statistical significance at
>95% confidence level. The determination coefficient (R*=
0.9494) indicated approximately 94.94% of the variability in
response, demonstrating that the predicted values of the
model were in perfect agreement with the experimental
values. The high value of the adjusted R (0.8582) further
supported the accuracy of the model. The lack of fit value
was not significant (p>0.05), indicating that the equation was
adequate for prediction of cypermethrin degradation. The
low coefficient of variation (CV=18.51%) also indicated the
accuracy and reliability of the model. The regression analysis
indicated that X; and X»Xs played significant roles (p<0.05),
while other terms had no significant effects on cypermethrin
degradation (p>0.05). A 3-D response surface plot was gen-
erated to show the effects of two variables (pH and temper-
ature) on cypermethrin degradation (Fig. 1). The predicted
maximal degradation rate was 83.7% at the stationary point,
for which yeast extract concentration, pH, and temperature
were fixed at 2.4%(w/v), 7.7, and 33.4°C, respectively.
RSM is an experiential statistics way that has been with
success utilized to optimize and improve the biological deg-
radation procedures [1, 3, 13]. The optimal conditions for
the biological degradation of beta-cypermathrin by Pseudo-
monas aeruginosa CH7 were 29.4T, a pH of 7.0, and an in-
oculum of 0.15 g/1, determined using RSM. CH7 could de-
grade approximately 90% of the beta-cypermethrin within

6.00 B:pH

Fig. 1. Response surface plot showing the ef-
fects of pH and temperature on cy-
permethrin degradation by Cellulopha-
ga lytica DAU203, using 2.4% yeast
extract.

9.00

12 days under these conditions [13]. The optimal conditions
for cypermethrin degradation by the co-culture of Bacillus
cereus ZH-3 and Streptomyces aureus HP-5-01 were a temper-
ature of 28.2°C, pH 7.5, and an inoculum of 04 g/1. The
co-culture of Bacillus cereus ZH-3 and Streptomyces aureus
HP-5-01 could completely degrade cypermethrin within 72
h under these conditions [3]. The optimal conditions for the
degradation of cyfluthrin by Brevibacterium aureum DG-12
were a temperature of 26.9C, a pH of 7.8, and an inoculum
of 0.2 g/1. DG-12 could degrade approximately 88.6% of the
cyfluthrin within 5 days under these conditions [1].
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