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Abstract 

Tetramethrin is a common pyrethroid insecticide, but there is limited knowledge about its degradation kinetics 
and mechanisms. In this study, a novel fungal strain, Neocosmospora sp. AF3, was obtained from pesticide-contam-
inated fields and was shown to be highly effective for degrading tetramethrin and other widely used pyrethroids. 
The AF3 strain completely removed 10 mg/L of tetramethrin from mineral salt medium in 9 days. The first-order 
kinetic analysis indicated that the degradation rate constant of the AF3 strain on 50 mg/L tetramethrin was 0.2835 
d−1 (per day), and the half-life was 2.45 days. A response surface model analysis showed that the optimal degrada-
tion conditions for the AF3 strain are a temperature of 33.37 ℃, pH of 7.97, and inoculation amount of 0.22 g/L dry 
weight. The Andrews nonlinear fitting results suggested that the optimal concentration of tetramethrin metabolized 
by the AF3 strain is 12.6073 mg/L, and the qmax, Ki, and Ks values were 0.9919 d−1, 20.1873 mg/L, and 7.8735 mg/L, 
respectively. The gas chromatography–mass spectrometry (GC–MS) analysis indicated that N-hydroxymethyl-
3,4,5,6-tetrahydrophthalimide, chrysanthemic acid and tetrahydrophthalimide are the main intermediates involved 
in the metabolism of tetramethrin by the AF3 strain. Furthermore, this strain was shown to effectively degrade other 
pyrethroid pesticides including permethrin, beta-cypermethrin, chlorempenthrin, fenvalerate, d-cyphenothrin, 
bifenthrin, meperfluthrin, cyfluthrin, and deltamethrin within a short period, suggesting that Neocosmospora sp. AF3 
can play an important role in the remediation of pyrethroid contamination. Taken together, these results shed a new 
light on uncovering the degradation mechanisms of tetramethrin and present useful agents for developing relevant 
pyrethroid bioremediation strategies.
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Introduction
Tetramethrin is a type of synthetic pyrethroid insecti-
cide that is widely used for pest control in agriculture, 
household, and public health due to its effectiveness 
against a wide range of pests [1]. Pyrethroids are struc-
turally based on natural pyrethrin extracted from 
Chrysanthemum cinerariaefolium and have the char-
acteristics of broad-spectrum insecticidal activity and 
low toxicity to mammals [2]. Due to their high effi-
ciency and lower environmental impact, pyrethroids 
have become a popular alternative to organochlorines 
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and organophosphates. However, frequent and exten-
sive use of pyrethroids has raised concerns about their 
environmental impact and their effects on non-target 
organisms, especially aquatic animals and beneficial 
insects [3, 4]. Compared with natural insecticide pyre-
thrin, pyrethroids have a more persistent half-life in the 
environment [5, 6].

Although the reasonable use of pyrethroid insecticides 
is generally considered safe for humans and animals, they 
are still toxic to a wide range of insects, including polli-
nating insects and predators of pests [7, 8]. Pyrethroids 
disrupt the nervous system of insects by binding and 
prolonging the activation of voltage-gated sodium chan-
nels, leading to paralysis and death [9, 10]. Pyrethroids 
have been shown to be neurotoxic and reproductive-
toxic to aquatic organisms, such as fish and invertebrates 
[11–13]. They also have negative impacts on beneficial 
non-target organisms such as bees, earthworms, and soil 
microorganisms, which play important roles in ecosys-
tem services and nutrient cycling [14, 15]. Furthermore, 
some studies suggest that pyrethroids can enter lakes 
through agricultural or residential runoff and can persist 
in sediment and water for a long time [16]. Moreover, 
pyrethroids remaining in sediment and water can pose 
potential risks to human health through aquatic food 
webs [17].

The properties of the natural environment are impor-
tant factors that determine the fate of pyrethroids in the 
environment [18]. Pyrethroids are dynamically influenced 
by factors such as the temperature, humidity, and soil pH. 
Microorganisms play an indispensable role in the degra-
dation of pyrethroids, and a large number of studies have 
identified bacterial and fungal species that can degrade 
pyrethroids under laboratory conditions or in soil [19]. 
However, the effectiveness of microbial degradation may 
vary depending on the specific type of pyrethroid and 
environmental conditions. Staphylococcus succinus HLJ-
10 showed a degradation rate of 62.5% against tetrame-
thrin as the sole carbon source after 7 days of cultivation 
[2]. Meanwhile, Bhatt et al. reported that Sphingomonas 
trueperi CW3 removed 60.5% of tetramethrin in MSM 
medium after 7 days [6].

To date, there have been no reports of tetramethrin 
degradation by fungal strains. In this study, a novel fun-
gal strain, Neocosmospora sp. AF3, was isolated from 
contaminated soil. This is the first report on pesticide 
degradation by microorganisms from the genus Neocos-
mospora. We investigated the potential of the AF3 strain 
to degrade pyrethroids and their metabolic pathways. 
Additionally, the optimal concentration and culture con-
ditions for the degradation of tetramethrin by the AF3 

strain were analyzed with response surface technology 
and the Andrews equation. The results suggest that the 
AF3 strain could be a potential candidate for pyrethroid-
contaminated bioremediation applications.

Materials and methods
Chemicals and culture medium
Mineral Salt Medium (MSM) containing 
Na2HPO4·12H2O, 1.5  g; (NH4)2SO4, 2  g; MgSO4·7H2O, 
0.2  g; CaCl2·2H2O, 0.01  g; KH2PO4, 1.5  g; and 
FeSO4·7H2O, 0.001  g in 1 L of distilled water, was used 
to detect the pyrethroid degradation of the AF3 strain. 
Potato Dextrose Agar (PDA) medium consists of 20 g/L 
of glucose and 200  g/L of potatoes. If it is necessary to 
make a solid medium, 15–20  g/L agar powder can be 
added to the above formula. The pH value of MSM was 
adjusted to 7.0 ± 0.2, and all media were autoclaved at 
121  ℃ for 20  min before use. The Milli-Q Ultrapure 
Water System (Millipore, USA) was used for the prepara-
tion of mobile phases and reagent solvents.

The pyrethroids used in this study were tetramethrin 
(purity 98%), fenvalerate (purity 91%), beta-cyperme-
thrin (purity 95%), prallethrin (purity 95%), deltamethrin 
(purity 99%), D-cyphenothrin (purity 98%), permethrin 
(purity 97%), chlorempenthrin (purity 94%), meper-
fluthrin (purity 96%) and cyfluthrin (purity 95%) were 
commercially acquired from Wuhan Yuancheng Pharm 
Co., Ltd. (Wuhan, China). Chromatograde acetonitrile 
and methanol were purchased from Fisher Scientific, 
USA. Other reagents and agents not specified were of 
common analytical grades.

Isolation and purification of tetramethrin‑degrading 
microorganisms
The activated sludge used to isolate the tetramethrin-
degrading strain was obtained from the agricultural 
experimental field at South China Agricultural Univer-
sity (SCAU, N. 23° 16ʹ 55ʹʹ/E. 113° 36ʹ 49ʹʹ). An appropri-
ate amount of soil samples was placed into an Erlenmeyer 
flask containing 100  mL of MSM medium, and a final 
concentration of 100  mg/L of tetramethrin was added. 
The culture was transferred at 1% for several rounds until 
the concentration reached 800 mg/L, and then the solu-
tion was diluted with sterile water gradient. Medium 
broth (100 μL) with different dilution grades was spread 
on the tetramethrin-containing MSM solid plate. 
Inverted Petri dishes were incubated at 28 ℃ for 3 days to 
obtain a large number of bacteria of various morpholo-
gies as well as a small number of fungi.
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Analysis of degradation potential of microbial strains 
on tetramethrin
The isolated candidate strains were separately added to 
MSM medium containing 50  mg/L tetramethrin and 
cultured at 200 rpm and 28 ℃ for 5 days. MSM medium 
was collected every two days, and the residual amount 
of tetramethrin was analyzed by high-performance liq-
uid chromatography (HPLC, Waters 2690, USA). One 
of the fungal isolates, AF3, showed a high efficiency 
tetramethrin degradation capacity. Therefore, the AF3 
strain was placed into MSM containing diverse pyre-
throids to analyze the substrate utilization range, 
including fenvalerate, beta-cypermethrin, prallethrin, 
deltamethrin, D-cyphenothrin, permethrin, chlorem-
penthrin, meperfluthrin, and cyfluthrin.

The biomass of the AF3 strain at different periods was 
characterized by high-speed centrifugation and weigh-
ing after water removal, and the residues of pyrethroids 
were monitored by HPLC. In this study, all experi-
mental groups were performed in triplicate with unin-
oculated groups as the controls. The first-order kinetic 
equation was used to analyze the metabolic process of 
tetramethrin by the AF3 strain (Eq.  1). Based on the 
degradation constant k obtained for the first-order 
kinetic parameters, the theoretical half-life of tetrame-
thrin was estimated from Eq. (2).

where C0 is the quantity of tetramethrin at time 0 (mg/L); 
Ct is the amount of tetramethrin at time t (mg/L); k is 
refers to the degradation constant (d−1); and t is the deg-
radation time (d); ln 2 is the natural logarithm of 2.

Identification of degradation strains
The mycelial morphology of the fungal the AF3 strain 
cultured on a PDA plate for five days was observed 
using an optical microscope (Olympus, Tokyo, Japan). 
After the mycelia of the AF3 strain were broken by 
1 mm glass beads at high speed, the genome of the AF3 
strain was obtained by utilizing a fungal DNA extrac-
tion kit (OMEGA, USA). The AF3 strain’s genome was 
used as a template, and the ITS region was amplified 
through the polymerase chain reaction (PCR) using 
the universal primers ITS1: 5ʹ-TCC​GTA​GGT​GAA​
CCT​GCG​G-3ʹ/ITS4: 5ʹ-TCC​TCC​GCT​TAT​TGA​TGC​
-3ʹ. The PCR products were sent to GENEWIZ Co., Ltd 
(Suzhou, China) for sequencing after being tested using 
gel electrophoresis. By comparing the ITS sequence 
similarity of the AF3 strain in the NCBI (National 

(1)Ct = C0 × e−k ,

(2)t1/2 = ln 2/k ,

Center for Biotechnology Information) online database, 
10 strains with the closest genetic relationships to the 
AF3 strain were selected to construct a phylogenetic 
tree.

Concentration range of the AF3 strain metabolizes 
tetramethrin
The AF3 strain was inoculated into MSM medium con-
taining gradient concentrations of tetramethrin at 10, 25, 
50, 100, 200 and 300 mg/L to test its degradation poten-
tial. In order to further analyze the optimal degradation 
concentration of tetramethrin metabolized by the AF3 
strain, the Andrews equation was used to nonlinear fit 
the decomposition process of tetramethrin with diverse 
concentrations. The Andrews equation is shown as 
Eq. (3):

where q is refers to the specific degradation rate of 
tetramethrin (d−1); S is the residual quantity of tetrame-
thrin (mg/L); qmax is the maximum specific degradation 
rate of tetramethrin (d−1); Ks is the half-rate constant 
(mg/L); and Ki is the inhibition coefficient of tetrame-
thrin (mg/L).

Model to predict the optimal conditions for tetramethrin 
metabolism
The analysis of the key factors influencing the degrada-
tion of tetramethrin by the AF3 strain and the interac-
tion between different factors was performed using the 
Box–Behnken response surface program. According to 
the previous method, three main factors, namely, the 
temperature, inoculum amount, and pH were chosen as 
X (independent variables), and the coding values of X 
are shown in Table S1. The degradation rate of 15 sets of 
different independent variable treatment combinations 
after 9  days of culture was used as Y (dependent vari-
able), and the treatment combination was designed by 
Design Expert (version 12.0, USA) following a random 
block design. The 15 groups of the dependent variable Y 
obtained by the treatment were analytically fitted to the 
following quadratic polynomial equation (Eq. 4) through 
the response surface regression procedure:

where Yi is the predicted degradation value; b0 and bi are 
the constant and linear coefficient, respectively; bij and bii 
are the interaction coefficient and quadratic coefficient, 
respectively; and Xi and Xj are variables.

(3)q =
qmaxS

S + Ks +
(

S2/Ki

) ,

(4)Yi = b0 +
∑

biXi +

∑

bijXiXj +

∑

biiX
2
i ,
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GC–MS analysis of tetramethrin degradation by the AF3 
strain
To analyze the metabolic pathways of tetramethrin deg-
radation by the AF3 strain, gas chromatography–mass 
spectrometry (GC–MS) was employed to detect and 
identify tetramethrin and its metabolites. Periodic sam-
ples were collected from MSM medium at different time 
points, and the metabolites were analyzed in comparison 
with standard compounds from the NIST (National Insti-
tute of Standards and Technology) database.

For sample preparation, 5  mL of the MSM culture 
medium was periodically collected and centrifuged at 
12,000  rpm for 10  min. The resulting clear supernatant 
(2 mL) was transferred to a 10 mL glass tube, and 4 mL 
of ethyl acetate was added. The mixture was then soni-
cated for 20 min, followed by vortexing for 2 min. After 
vortexing, the sample was allowed to stand in the dark for 
30 min, and 2 mL upper organic phase was collected in a 
5 mL glass tube. Ethyl acetate was then removed at 35 ℃ 
using a vacuum centrifugal concentrator. Finally, 1  mL 
of chromatographic methanol was added to the sam-
ple, which was passed through a 0.22  μm membrane to 
recover tetramethrin and its degradation products [20].

GC–MS analysis was conducted using an Agilent 
6890N/5975 system (USA), with helium as the carrier gas 
at a flow rate of 1.5  mL/min. The temperature program 
for the GC column consisted of an initial hold at 80 ℃ for 
5 min, followed by a ramp of 5 ℃/min to 150 ℃ for 2 min, 
a further ramp of 10  ℃/min to 200  ℃ for 5  min, and 
finally a ramp of 20 ℃/min to 250 ℃ for 8 min. The mass 
spectrometer was operated in full-scan mode with a scan 
range of 30–500 m/z, and the ion source and transfer line 

temperatures were set to 230 ℃ and 280 ℃, respectively. 
An injection volume of 1.0 μL was used for each sample.

Statistical analysis
All experimental data were presented as the 
mean ± standard deviation (SD) of at least three inde-
pendent replicates. Statistical analysis was performed 
using GraphPad Prism (version 9.0, GraphPad Software, 
USA) and SPSS (version 28.0, IBM Corp., USA). For 
comparisons between multiple groups, one-way analysis 
of variance (ANOVA) followed by Tukey’s Honestly Sig-
nificant Difference (HSD) test was applied to determine 
significant differences. A p-value < 0.05 was considered 
statistically significant.

Results
Isolation of tetramethrin‑degrading strains and their 
degradation potentials
Many morphologically diverse microbial isolates were 
obtained based on enrichment culture technology. Three 
fungi were inoculated into MSM medium containing 
tetramethrin (50  mg/L) at an initial dose of 0.3  g/L dry 
weight after multiple rounds of purification to test their 
degradation potential. After incubation at 28  ℃ and 
200 rpm for 5 days in the dark, samples were extracted, 
and the residual concentration of tetramethrin was 
detected by HPLC. The results showed that the AF3 iso-
late had obvious tetramethrin removal potential, so the 
pyrethroid degradation ability was further verified and 
analyzed.

Based on a preliminary study of tetramethrin degrada-
tion by the AF3 strain over 5 days, the degradation period 
was subsequently extended to 9  days. The degradation 

Fig. 1  Degradation potential of the AF3 strain against multiple pyrethroids. a Dynamics of the quantity of the AF3 strain and tetramethrin 
during degradation. b Differences in the metabolic activity of the AF3 strain against various pyrethroids
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of 50  mg/L tetramethrin by the AF3 strain is shown in 
Fig.  1a. More than 50% of tetramethrin was removed 
by the AF3 strain after 24 h of incubation, while no sig-
nificant change was observed in the control group. Sub-
sequently, with an increase in the incubation time, the 
amount of tetramethrin decreased slowly, and the degra-
dation rates over 5 and 9 days of incubation were 82.40% 
and 93.64%, respectively. It can be seen from Fig. 1a that 
the AF3 strain grew slowly in the late degradation stage, 
which may be related to an insufficient substrate concen-
tration. At the same time, the AF3 strain can use tetrame-
thrin in the MSM medium as the growth energy source, 
indicating that the AF3 strain can grow with tetrame-
thrin as the only carbon source. Moreover, no signifi-
cant decrease in the concentration of tetramethrin was 
observed in the control group after 9 days of dark culture, 
suggesting that the AF3 strain can effectively promote 
the metabolic breakdown of tetramethrin in water. The 
chromatogram of the degradation of tetramethrin using 
HPLC is shown in Figure S1.

The process of degradation of tetramethrin by the AF3 
strain was evaluated using the first-order kinetic model, 
and the kinetic parameters are listed in Table  1. In the 
kinetic model, the determination coefficients R2 of the 
treatment group and the control group were 0.9806 and 
0.9644, respectively, indicating that the degradation pro-
cess was consistent with the first-order kinetic model. 
The degradation rate constants of the treatment group 
and the control group were 0.2835 and 0.0079, respec-
tively, and the theoretical half-lives were 2.4450 and 
87.7402  days. These parameters illustrate that the treat-
ment group supplemented with the AF3 strain could 
effectively remove tetramethrin and significantly shorten 
the residual half-life of tetramethrin in water.

In addition, the degradation rate of the AF3 strain for 
different pyrethroids is shown in Fig. 1b, and the results 
indicate that the AF3 strain has great degradation poten-
tial for a variety of pyrethroids. After 9 days of treatment 
under the same conditions (50  mg/L), the AF3 strain 
showed a significant difference (p < 0.001) in its degra-
dation effects on permethrin, chlorempenthrin, bifen-
thrin, fenvalerate, D-cyphenothrin, beta-cypermethrin, 
meperfluthrin, cyfluthrin, and deltamethrin, with the 

degradation rates being 96.17%, 92.54%, 89.25%, 89.04%, 
82.06%, 79.75%, 74.74%, 72.14%, and 72.79%, respectively, 
while the degradation rate against prallethrin was less 
than 50%. The specific degradation kinetic parameters 
are listed in Table  S2. The AF3 strain did not show any 
substrate preference for commonly used pyrethroid pes-
ticides, indicating that it is suitable for in  situ bioreme-
diation of multiple pyrethroid contamination sites.

Identification of the AF3 fungal strain
A small piece of the AF3 strain was selected and incu-
bated in a 90  mm Petri dish containing PDA medium 
for 5 days at 28 ℃, and the mycelium and its spore mor-
phology were shown in Fig.  2a, b. The colonies of the 
AF3 strain are plush-shaped, with neat edges spreading 
around and increased aerial mycelia in the later stage 
of culture. The front side of the medium is white myce-
lium, and the back is pale yellow. Mycelium from the 
AF3 strain has varying numbers of septa and releases a 

Table 1  Kinetic parameters of biodegradation of tetramethrin in 
MSM by the AF3 strain

Ct refers to tetramethrin degradation (mg/L); k refers to degradation rate 
constant; t refers to degradation times; R2 refers to determination coefficient; d−1 
refers to per day

Treatments Regression equation k (d−1) R2 t1/2 (d)

AF3 Ct = 49.0388e−0.2835t 0.2835 0.9806 2.4450

Control Ct = 48.7392e−0.0079t 0.0079 0.9644 87.7402
Fig. 2  Identification of the AF3 strain. a, b Morphology of colonies 
on the front and back sides of the AF3 strain on PDA plates. 
c, d Microstructure of mycelia and conidia of the AF3 strain. e 
Phylogenetic tree constructed based on ITS sequences
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large quantity of macroconidium during growth, which is 
sickle-shaped (Fig. 2c, d).

PCR amplification and sequencing results of the ITS1 
and ITS4 primers showed that the ITS region size of the 
AF3 strain was 545  bp. A phylogenetic tree was con-
structed based on the ITS sequence of the AF3 strain, 
and the results indicated that the AF3 strain belongs to 
the genus Neocosmospora and has a high similarity with 
N. rubicola CBS 101018 (GenBank accession number: 
NR154227.1) (Fig.  2e). The ITS sequence of the AF3 
strain was submitted to GenBank and the accession num-
ber OR143774 was obtained. Based on the morphological 
observations and fungal ITS sequence analysis, the AF3 
strain was further described as Neocosmospora sp. AF3. 
This is the first report on the degradation of pyrethroid 
insecticides by fungi of the genus Neocosmospora.

Concentration range of the AF3 strain metabolizes 
tetramethrin
The results of different concentrations of tetramethrin 
degradation by the AF3 strain are shown in Fig.  3a. At 
low concentrations (≤ 50  mg/L), the AF3 strain showed 
a rapid metabolic capacity on the first day with degra-
dation rates reaching over 30%. When the tetramethrin 
concentration was higher than 50 mg/L, the degradation 
rate on the first day was less than 20%. After 9  days of 
treatment with the AF3 strain, the degradation rates of 
10, 25, and 50 mg/L tetramethrin were 100%, 88.12%, and 
93.64%, respectively, with no lag period. However, when 
the concentration was raised to 100–300  mg/L, more 
than half of the tetramethrin residue was still observed 
on day 5. After 9 days of incubation, the removal rates of 

the treatment groups at concentrations of 100, 200, and 
300  mg/L were only 73.29%, 59.87%, and 40.10%. The 
natural degradation rates of different concentrations of 
tetramethrin are shown in Figure S2.

The degradation process of tetramethrin metabolism 
by the AF3 strain at gradient concentrations was fitted to 
the Andrews equation shown in Eq.  (3). The raw degra-
dative data were nonlinearly fitted by Origin version 9.0 
(OriginLab, USA), and finally, the inhibition curves of 
tetramethrin degradation by the AF3 strain were plot-
ted, as shown in Fig. 3b. According to the k value for the 
first-order kinetics of tetramethrin degradation, the coef-
ficient of determination (R2) of the Andrews model fitting 
results was 0.9971, indicating that the fitting results met 
the requirements. The maximum specific degradation 
rate (qmax) of tetramethrin metabolized by the AF3 strain 
was 0.9919 ± 0.22 d−1. The inhibition coefficient (Ki) was 
20.1873 ± 6.13 mg/L and the half-rate constant (Ks) of the 
model was 7.8735 ± 3.83 mg/L. Further calculations of Ki 
and Ks suggested that the optimal substrate concentra-
tion (Smax) for degradation of tetramethrin by the AF3 
strain is 12.6073 mg/L.

Model predicts optimal conditions of tetramethrin 
metabolism
Based on the Box–Behnken design of RSM, the experi-
mental results for tetramethrin degradation by the AF3 
strain under different combination conditions are listed 
in Table S3, and the interaction between the three factors 
on the AF3 strain were simulated according to the results 
(Figure S3). In addition, a polynomial regression analy-
sis was performed on the raw data, and the quadratic 

Fig. 3  Analysis of optimal concentration of tetramethrin metabolized by the AF3 strain. a Degradation rate of tetramethrin with different 
concentrations by the AF3 strain. b Andrews equation nonlinearly fitting of degradation of tetramethrin
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polynomial regression equation was fitted under different 
combinations of conditions was fitted:

Table 2 shows the analysis of variance (ANOVA) using 
the response surface technique to fit the quadratic poly-
nomial regression equation. The analysis results show 
that the P value of the model was < 0.05, and the F value 
was 8.26, indicating that the model fits well with the deg-
radation of tetramethrin. The determination coefficient 
(R2) and the variation coefficient (C.V.) of the response 
surface model were 0.9370 and 13.37%, suggesting that 
the actual degradation value of the model was in good 
agreement with the predicted value. The results shown 
in Table 2 further show that the univariate term of tem-
perature (X1), pH (X2), and the square term of X1 (X1

2) 
had considerable effects on the tetramethrin degrada-
tion (p < 0.05) (Figure S4a–c). However, the amount of 
inoculation (X3) and the interaction terms of multiple 
factors had no significant effects on the metabolism of 
tetramethrin.

Subsequently, by further derivation of the quadratic 
polynomial regression equation, the optimal coded val-
ues of the three variables X1, X2, and X3 were found to 
be 0.6715, 0.4870 and 0.1164, respectively (Figure S4d–f). 
Their corresponding uncoded values were determined to 
be a temperature of 33.37 ℃, pH of 7.97, and inoculation 
amount of 0.22 g/L dry weight, respectively. Meanwhile, 

Y1 = 94.39+ 21.86X1 + 9.64X2−0.38X3

+ 1.22X1X2 + 5.73X1X3 + 1.16X2X3

−23.55X
2
1−2.66X

2
2−12.74X

2
3 .

tetramethrin’s maximum theoretical degradation rate 
degraded by the AF3 strain was 103.21% (Figure S4g). In 
order to more intuitively demonstrate the interactions of 
various factors with tetramethrin degradation by the AF3 
strain, degradative isotherm plots and a multi-dimen-
sional surface model were drawn (Fig.  4). As shown in 
Fig. 4a–c, the temperature is still the main factor affect-
ing the degradation of tetramethrin by the AF3 strain 
under the interaction of the two influencing factors. The 
isotherm plot of Fig. 4d–f shows that when the tempera-
ture and inoculum size were coded at 0, the degradation 
rate increased with an increasing pH value.

Analysis of metabolites and metabolic pathways
Samples treated with the AF3 strain were collected every 
2  days, and further qualitative analysis of GC–MS was 
carried out after HPLC detection of tetramethrin and its 
metabolite concentrations. The results show that signifi-
cant ion peaks were detected at 25.889 and 26.019 min, 
with mass-to-charge ratios (m/z) of 315.18 and 316.19, 
respectively. Based on retention times (RTs), similarity in 
the NIST library database, and ion fragment character-
istics, the compounds were identified as cis-tetramethrin 
and trans-tetramethrin. With prolonged treatment time, 
the amount of tetramethrin decreased obviously and six 
different intermediate metabolites were found, which 
are listed in Table  S4. The RTs of compounds B, C, D, 
E, F and G were 7.241, 7.144, 7.214, 12.422, 12.411, and 
16.900  min, respectively. According to the NIST data-
base alignment, these six compounds were identified as 
chrysanthemal, chrysanthemyl alcohol, chrysanthemic 
acid, N-hydroxymethyl-3,4,5,6-tetrahydrophthalimide, 
tetrahydrophthalimide, and acrylamide, respectively. The 
mass spectra of the six metabolites are shown in Fig. 5.

A possible metabolic pathway of tetramethrin by the 
AF3 strain was proposed (Fig.  6). The AF3 strain first 
decomposed tetramethrin into chrysanthemic acid and 
N-hydroxymethyl-3,4,5,6-tetrahydrophthalimide under 
the action of hydrolase. Chrysanthemic acid continued 
to be converted into chrysanthemyl alcohol, and chry-
santhemyl alcohol was unstable in the environment and 
then further oxidized to chrysanthemal. Previous stud-
ies have shown that N-hydroxymethyl-3,4,5,6-tetrahy-
drophthalimide is an important secondary metabolite 
of tetramethrin and is subsequently converted to tet-
rahydrophthalimide, which is an intermediate of various 
pesticides, such as Folpet and Phosmet [21, 22]. Tetrahy-
drophthalimide eventually cleaves to form acrylamide 
and then it is further broken down. Throughout this deg-
radation process, the toxicity of the metabolites gradually 
decreases. As illustrated in the Ecosar toxicity analy-
sis results (Figure S5), tetramethrin (Tet) exhibits the 

Table 2  Analysis of variance for the quadratic tetramethrin 
degradation model

X1 refers to temperature; X2 refers to pH; X3 refers to inoculum size; DF refers to 
the degree of freedom; P value < 0.05 indicates that the model is significant

Source DF SS MS F-value P-value

Model 9 7200.71 800.08 8.26 0.02

X1 1 3821.41 3821.41 39.44 0.00

X2 1 743.93 743.93 7.68 0.04

X3 1 1.12 1.12 0.01 0.92

X1X2 1 5.93 5.93 0.06 0.81

X1X3 1 131.25 131.25 1.35 0.30

X2X3 1 5.38 5.38 0.06 0.82

X1
2 1 2048.04 2048.04 21.14 0.01

X2
2 1 26.05 26.05 0.27 0.63

X3
2 1 599.35 599.35 6.19 0.06

Residue 5 484.48 96.90

Lack of fit 3 479.23 159.74 60.86 0.02

Pure error 2 5.25 2.62

Sum total 14 7685.19
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Fig. 4  Effect of multiple factors on the degradation of tetramethrin by the AF3 strain. a–c A 3D surface model under the influence of two different 
factors. d–f Degradative isotherm diagram under the interaction of two different factors

Fig. 5  Mass spectra of intermediate metabolites of tetramethrin matched in the National Institute of Standards and Technology (NIST) database. a 
Chrysanthemic acid, b Chrysanthemyl alcohol, c Chrysanthemal, d N-Hydroxymethyl-3,4,5,6-tetrahydrophthalimide, e Tetrahydrophthalimide; and f 
Acrylamide
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highest toxicity, while the final metabolite, acrylamide 
(M6), shows the lowest toxicity. This indicates that the 
degradation process by the AF3 strain is a detoxification 
process, thereby reducing its environmental impact. The 
pathway involves multiple steps, including hydrolysis, 
reduction, and oxidation, which collectively contribute to 
the detoxification of tetramethrin.

Discussion
Residual contamination of pyrethroids has been a prob-
lem for a long time, and researchers have developed many 
effective pyrethroid removal methods. The bioremedia-
tion of pyrethroids is one of the current research hot-
spots, in which microorganisms play an important role. 
Many bacterial isolates have been reported to be highly 
effective for removing various pyrethroids, including 
tetramethrin, such as Gordonia cholesterolivorans A16, 
which is capable of thoroughly metabolizing 25 mg/L of 
tetramethrin in 9  days [23]. Unlike the AF3 strain, the 
A16 strain has a degradation rate of only 68.3% and 60.7% 
for D-cyphenothrin and chlorempenthrin, while the AF3 
strain has a higher degradation rate. Staphylococcus suc-
cinus HLJ-10, isolated from farmland contaminated soil 
on farmland, was reported to be effective for removing 
62.5% of 50  mg/L tetramethrin within 7  days [2]. The 
degradation rate of tetramethrin by the AF3 strain was 
88.10% at 7 days, which was significantly higher than that 
of the HLJ-10 strain.

However, there is currently a lack of research on the 
fungal degradation of pyrethroids, especially tetrame-
thrin. Birolli et al. obtained a pyrethroid-degrading fun-
gus, Aspergillus sp. CBMAI 1829, from seawater that 
removed only 44.8% of lambda-cyhalothrin from arti-
ficial seawater in 14 days [24]. The degradation of beta-
cypermethrin by Eurotium cristatum ET1 isolated from 
fermented tea was 57.93% within 8  days [25]. Fungi 
have stronger resistance and adaptability to adverse 

environments than bacteria, but the degradation activity 
of pyrethroid-degrading fungi reported so far has gen-
erally been low. The AF3 strain completely eliminated 
10 mg/L tetramethrin within 9 days, and the degradation 
rate of 50 mg/L tetramethrin reached 93.64%, indicating 
that the AF3 strain had higher metabolic potential than 
most pyrethroid-degrading fungi.

Nonlinear fitting based on Andrews equations revealed 
that the AF3 strain has more outstanding metabolic 
activity at low concentrations (< 15 mg/L). In actual con-
taminated environments, the residual level of pyrethroids 
is usually less than 1 mg/L [26, 27]. A survey of agricul-
tural chemical residues in agro-intensive areas conducted 
in the United States showed that bifenthrin, cyfluthrin, 
cypermethrin, lamda-cyhalothrin, permethrin, deltame-
thrin, and esfenvalerate are widely present in local water 
bodies with concentrations ranging from 2.19 to 219 μg/
kg [28, 29]. This investigation further demonstrated that 
pyrethroid contamination is a complex type of contami-
nation with a contamination residue level lower than 
the optimal metabolic concentration of the AF3 strain 
(12.6073 mg/L), suggesting that the AF3 strain could be 
a reliable candidate for in situ remediation at actual con-
tamination sites.

The response surface technique has been widely used 
for the model prediction of optimal conditions [30–35]. 
Under single-factor conditions, the AF3 strain is signifi-
cantly affected by the temperature. At suitable tempera-
tures, the degradation rate increases with an increasing 
pH, which is consistent with previous studies. Different 
from the Box–Behnken design, Birolli et al. optimized the 
degradation conditions of cypermethrin by Bacillus thur-
ingiensis Berliner using a central composite design, and 
the results showed that the degradation rate increased 
from 64.7% to 73.5% as the pH increased from 5.5 to 8.5 
at the same concentration and temperature [30]. The 
bacterial strain Bacillus megaterium HLJ7, which was 
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similarly designed by the Box–Behnken with the AF3 
strain, showed very different results from the fungus 
AF3, with temperature having no significant effect on 
the degradation of allethrin by the HLJ7 strain [20]. The 
recently published Gram-positive bacterium Rhodococ-
cus pyridinivorans Y6 showed the same response surface 
model results as the AF3 strain [31]. Temperature and pH 
have significant effects on prallethrin metabolized with 
the Y6 strain.

Studies on tetramethrin degradation have been rare so 
far, and insights into tetramethrin metabolic pathways 
are limited. In this study, several possible intermediate 
metabolites were obtained by aligning GC–MS with the 
NIST library database. Chrysanthemic acid, chrysanthe-
myl alcohol, and chrysanthemal are typical metabolites 
of most synthetic pyrethroids and are rapidly metabo-
lized by indigenous microorganisms in the environment 
[36–40]. N-hydroxymethyl-3,4,5,6-tetrahydrophthalim-
ide and tetrahydrophthalimide have been reported as 
secondary metabolites of tetramethrin [41]. Compared 
with N-hydroxymethyl-3,4,5,6-tetrahydrophthalimide, 
tetrahydrophthalimide is an important intermediate for a 
variety of macromolecular organic compounds [42]. The 
small molecule metabolite acrylamide was also found in 
the degradation of tetramethrin by G. cholesterolivorans 
A16 [23]. In addition, acrylamide, as an important indus-
trial chemical material, is widely present in the natural 
environment and has little impact on the environment. 
Due to the limitations of detection methods, the down-
stream and final products of acrylamide have not been 
further explored.

The initial step in the biodegradation of pyrethroids 
usually involves the hydrolysis of the ester bond 
[43–48]. In this study, the first step using Neocosmos-
pora sp. AF3 was to break down the ester linkage of 
tetramethrin, producing N-hydroxymethyl-3,4,5,6-
tetrahydrophthalimide and acid derivatives. This result 
was consistent with previous studies [49, 50]. This step 
is crucial for reducing the toxicity of pyrethroids and 
opening the molecules to further degradation. GC–MS 
is extensively utilized for detecting and analyzing the 
secondary metabolites of macromolecular organic com-
pounds; although 3-phenoxybenzoic acid and 3-phe-
noxybenzaldehyde were not detected in this study, they 
have been reported in the literature as typical interme-
diates of type II pyrethroids [51–53]. Pyrethroids are 
characterized by their unique chiral structure [54–56]. 
Centered around an α chiral carbon, their parts can be 
categorized into acid and alcohol groups [57, 58]. Chry-
santhemic acid is a common intermediate represent-
ing the acid moiety in most pyrethroids [59, 60]. The 
insecticidal efficacy of pyrethroids is often enhanced 
by the addition of halogen atoms, such as chlorine and 

bromine, to the chrysanthemic acid base. It has been 
reported that chrysanthemic acid and α-hydroxy-3-
phenoxy-benzeneacetonitrile are unstable intermedi-
ates [16, 61]; it is hypothesized that chrysanthemic 
acid may first be hydrolyzed to chrysanthemal, before 
undergoing further ring-opening reactions that eventu-
ally lead to its mineralization.

Conclusion
The fungal strain Neocosmospora sp. AF3, isolated 
from pesticide-contaminated experimental fields, can 
effectively remove a variety of pyrethroid pesticides, 
and the degradation activity from high to low was 
tetramethrin, permethrin, beta-cypermethrin, chlo-
rempenthrin, fenvalerate, d-cyphenothrin, bifenthrin, 
meperfluthrin, cyfluthrin and deltamethrin. Among 
the currently reported pyrethroid-degrading fungi, the 
AF3 strain has a superior metabolic capacity. Further-
more, an analysis of its metabolic pathways and degra-
dation mechanisms indicates that the AF3 strain first 
degraded tetramethrin into non-toxic or low-toxicity 
chrysanthemic acid and N-hydroxymethyl-3,4,5,6-tet-
rahydrophthalimide through an attack on its carboxylic 
ester bond. In addition, the AF3 strain has a high deg-
radation efficiency at low concentrations of tetrame-
thrin and higher temperatures, and is also resistant to 
high amounts of tetramethrin residue and extreme pH 
environments, suggesting that the AF3 strain could be a 
candidate for bioremediation in tetramethrin-contami-
nated areas.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12934-​025-​02747-4.

Supplementary Material 1.

Author contributions
All authors contributed to the manuscript revision and approved the submit-
ted version. Conceptualization, Y.H.; methodology, W-J.C. and Y.H.; validation, 
H.Y.; formal analysis, W-J.C. and Y.H.; investigation, W-J.C. and Y.H.; resources, 
W-J.C. and Y.H.; data curation, W-J.C. and Y.H.; writing—original draft prepara-
tion, W-J.C. and Y.H.; writing—review and editing, X.L., X.Z., K.B., S-F.C., M.A.G., 
and X.Z.; visualization, Y.H.; supervision, Y.H. and X.Z.

Funding
This study was financially supported by Grants from the Postdoctoral Fellow-
ship Program of CPSF, China (GZC20240510).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Competing interests
The authors declare no competing interests.

https://doi.org/10.1186/s12934-025-02747-4
https://doi.org/10.1186/s12934-025-02747-4


Page 11 of 12Chen et al. Microbial Cell Factories          (2025) 24:124 	

Received: 30 December 2024   Accepted: 12 May 2025

References
	1.	 Zhao P, Dong X, Chen X, Guo X, Zhao L. Stereoselective analysis of chiral 

pyrethroid insecticides tetramethrin and alpha-cypermethrin in fruits, 
vegetables, and cereals. J Agric Food Chem. 2019;67:9362–70.

	2.	 Huang Y, Lin Z, Zhang W, Pang S, Bhatt P, Rene ER, Kumar AJ, Chen S. New 
insights into the microbial degradation of d-cyphenothrin in contami-
nated water/soil environments. Microorganisms. 2020;8:473.

	3.	 Eduardo C, Vieira D, dos Reis Martinez CB. The pyrethroid λ-cyhalothrin 
induces biochemical, genotoxic, and physiological alterations in the 
teleost Prochilodus lineatus. Chemosphere. 2018;210:958–67.

	4.	 Qi S, Niu X, Wang DH, Wang C, Zhu L, Xue X, Zhang Z, Wu L. Flumethrin 
at sublethal concentrations induces stresses in adult honey bees (Apis 
mellifera L.). Sci Total Environ. 2020;700:134500.

	5.	 Shen X, Xu Z, Zhang X, Yang F. Stable carbon isotope fractionation 
during the biodegradation of lambda-cyhalothrin. Sci Total Environ. 
2015;532:415–9.

	6.	 Bhatt P, Huang Y, Rene ER, Kumar AJ, Chen S. Mechanism of allethrin 
biodegradation by a newly isolated Sphingomonas trueperi strain CW3 
from wastewater sludge. Bioresour Technol. 2020;305: 123074.

	7.	 Chang J, Hao W, Xu Y, Xu P, Li W, Li J, Wang H. Stereoselective degrada-
tion and thyroid endocrine disruption of lambda-cyhalothrin in lizards 
(Eremias argus) following oral exposure. Environ Pollut. 2018;232:300–9.

	8.	 Oruc HH, Hranitz JM, Sorucu A, Duell M, Cakmak I, Aydin L, Orman A. 
Determination of acute oral toxicity of flumethrin in honey bees. J Econ 
Entomol. 2012;105:1890–4.

	9.	 Hildebrand ME, McRory JE, Snutch TP, Stea A. Mammalian voltage-gated 
calcium channels are potently blocked by the pyrethroid insecticide 
allethrin. J Pharmacol Exp Ther. 2004;308:805–13.

	10.	 Rinkevich FD, Du Y, Tolinski J, Ueda A, Wu CF, Zhorov BS, Dong K. Distinct 
roles of the DmNav and DSC1 channels in the action of DDT and pyre-
throids. Neurotoxicology. 2015;47:99–106.

	11.	 He LM, Troiano J, Wang A, Goh K. Environmental chemistry, ecotoxic-
ity, and fate of lambda-cyhalothrin. Rev Environ Contam Toxicol. 
2008;195:71–91.

	12.	 Lutnicka H, Bogacka T, Wolska L. Degradation of pyrethroids in an aquatic 
ecosystem model. Water Res. 1999;33:3441–6.

	13.	 Mendis JC, Tennakoon TK, Jayasinghe CD. Zebrafish embryo toxicity of a 
binary mixture of pyrethroid insecticides: d-tetramethrin and cypheno-
thrin. J Toxicol. 2018;2018:4182694.

	14.	 Zhan H, Huang Y, Lin Z, Bhatt P, Chen S. New insights into the microbial 
degradation and catalytic mechanism of synthetic pyrethroids. Environ 
Res. 2020;182: 109138.

	15.	 Braganca I, Mucha AP, Tomasino MP, Santos F, Lemos PC, Delerue-Matos 
C, Domingues VF. Deltamethrin impact in a cabbage planted soil: deg-
radation and effect on microbial community structure. Chemosphere. 
2019;220:1179–86.

	16.	 Suzuki Y, Yoshida M, Sugano T, Shibata A, Kodaka R, Fujisawa T, Katagi 
T. Behavior of cyphenothrin in aquatic environment. J Pestic Sci. 
2017;42:17–24.

	17.	 Liu X, Zhan Y, Luo Y, Zhang M, Geng S, Xu J. Almond organophosphate 
and pyrethroid use in the San Joaquin Valley and their associated envi-
ronmental risk. J Soil Sediment. 2012;12:1066–78.

	18.	 Gu XZ, Zhang GY, Chen L, Dai RL, Yu YC. Persistence and dissipation of 
synthetic pyrethroid pesticides in red soils from the Yangtze River Delta 
area. Environ Geochem Health. 2008;30:67–77.

	19.	 Huang Y, Chen S. Pyrethroid-degrading microorganisms and their poten-
tial application for the bioremediation of contaminated environments. In: 
Enzymes for pollutant degradation. Singapore: Springer; 2022. p. 119–37.

	20.	 Huang Y, Chen WJ, Li J, Ghorab MA, Alansary N, El-Hefny DE, El-Sayyad 
GS, Mishra S, Zhang X, Bhatt P, et al. Novel mechanism and degradation 
kinetics of allethrin using Bacillus megaterium strain HLJ7 in contami-
nated soil/water environments. Environ Res. 2022;214:113940.

	21.	 Chen K, Mackie JC, Kennedy EM, Dlugogorski BZ. Air pollutants formed in 
thermal decomposition of folpet fungicide under oxidative conditions. 
Environ Sci Technol. 2011;45:554–60.

	22.	 Cutillas V, Jesus F, Ferrer C, Fernandez-Alba AR. Overcoming difficulties in 
the evaluation of captan and folpet residues by supercritical fluid chro-
matography coupled to mass spectrometry. Talanta. 2021;223: 121714.

	23.	 Guo Y, Huang Y, Pang S, Zhou T, Lin Z, Yu H, Zhang G, Bhatt P, Chen S. 
Novel mechanism and kinetics of tetramethrin degradation using an 
indigenous Gordonia cholesterolivorans A16. Int J Mol Sci. 2021;22:9242.

	24.	 Birolli WG, Vacondio B, Alvarenga N, Seleghim MHR, Porto ALM. Enanti-
oselective biodegradation of the pyrethroid (+/−)-lambda-cyhalothrin 
by marine-derived fungi. Chemosphere. 2018;197:651–60.

	25.	 Hu K, Deng W, Zhu Y, Yao K, Li J, Liu A, Ao X, Zou L, Zhou K, He L, et al. 
Simultaneous degradation of beta-cypermethrin and 3-phenoxybenzoic 
acid by Eurotium cristatum ET1, a novel “golden flower fungus” strain 
isolated from Fu Brick Tea. Microbiologyopen. 2018;8: e776.

	26.	 Delgado-Moreno L, Lin K, Veiga-Nascimento R, Gan J. Occurrence 
and toxicity of three classes of insecticides in water and sediment 
in two Southern California coastal watersheds. J Agric Food Chem. 
2011;59:9448–56.

	27.	 Jiang W, Gan J. Importance of fine particles in pesticide runoff from con-
crete surfaces and its prediction. Environ Sci Technol. 2012;46:6028–34.

	28.	 Ensminger MP, Budd R, Kelley KC, Goh KS. Pesticide occurrence and 
aquatic benchmark exceedances in urban surface waters and sediments 
in three urban areas of California, USA, 2008–2011. Environ Monit Assess. 
2013;185:3697–710.

	29.	 Luo Y, Zhang M. Environmental modeling and exposure assessment of 
sediment-associated pyrethroids in an agricultural watershed. PLoS ONE. 
2011;6: e15794.

	30.	 Birolli WG, Dos Santos A, Pilau E, Rodrigues-Filho E. New role for a 
commercially available bioinsecticide: Bacillus thuringiensis berliner 
biodegrades the pyrethroid cypermethrin. Environ Sci Technol. 
2021;55:4792–803.

	31.	 Huang Y, Chen SF, Chen WJ, Zhu X, Mishra S, Bhatt P, Chen S. Efficient 
biodegradation of multiple pyrethroid pesticides by Rhodococcus pyridini-
vorans strain Y6 and its degradation mechanism. Chem Eng J. 2023;469: 
143863.

	32.	 Song H, Chen W, Chen SF, Liu M, Si G, Zhu X, Bhatt P, Mishra S, Ghorab 
MA, Chen S. Unveiling the hydrolase Oph2876 mediated chlorpyrifos 
degradation mechanism in Pseudomonas nitroreducens and its potential 
for environmental bioremediation. J Hazard Mater. 2025;483: 136570.

	33.	 Yang J, Feng Y, Zhan H, Liu J, Yang F, Zhang K. Characterization of a 
pyrethroid-degrading Pseudomonas fulva strain P31 and biochemical 
degradation pathway of d-phenothrin. Front Microbiol. 2018;9:1003.

	34.	 Chen WJ, Zhang WP, Lei Q, Chen SF, Huang YH, Kalpana B, Liao LS, Zhou 
XF. Pseudomonas aeruginosa based concurrent degradation of beta-
cypermethrin and metabolite 3-phenoxybenzaldehyde, and its bioreme-
diation efficacy in contaminated soils. Environ Res. 2023;236: 116619.

	35.	 Liu H, Chen WJ, Xu Z, Chen SF, Song H, Huang Y, Bhatt K, Mishra S, Ghorab 
MA, Zhang LH, et al. Unraveling the degradation mechanism of multiple 
pyrethroid insecticides by Pseudomonas aeruginosa and its environmen-
tal bioremediation potential. Environ Int. 2025;195: 109221.

	36.	 Bhatt P, Rene ER, Kumar AJ, Zhang W, Chen S. Binding interaction of alle-
thrin with esterase: bioremediation potential and mechanism. Bioresour 
Technol. 2020;315:123845.

	37.	 He J, Zhang K, Wang L, Du Y, Yang Y, Yuan C. Highly efficient degradation 
of cypermethrin by a co-culture of Rhodococcus sp. JQ-L and Coma-
monas sp. A-3. Front Microbiol. 2022;13:1003820.

	38.	 Zhai Y, Li K, Song J, Shi Y, Yan Y. Molecular cloning, purification and 
biochemical characterization of a novel pyrethroid-hydrolyzing car-
boxylesterase gene from Ochrobactrum anthropi YZ-1. J Hazard Mater. 
2012;221–222:206–12.

	39.	 Huang Y, Yang L, Pan K, Yang Z, Yang H, Liu J, Zhong G, Lu Q. Heavy metal-
tolerant bacteria Bacillus cereus BCS1 degrades pyrethroid in a soil–plant 
system. J Hazard Mater. 2024;461: 132594.

	40.	 Zhao J, Jiang Y, Gong L, Chen X, Xie Q, Jin Y, Du J, Wang S, Liu G. Mecha-
nism of β-cypermethrin metabolism by Bacillus cereus GW-01. Chem Eng 
J. 2022;430: 132961.

	41.	 Silver IS, Dauterman WC. The toxicokinetics of (1R, cis)- and (1R, 
trans)-tetramethrin in the isolated perfused rat liver. Xenobiotica. 
1989;19:509–19.

	42.	 Berthet A, Bouchard M, Danuser B. Toxicokinetics of captan and folpet 
biomarkers in orally exposed volunteers. J Appl Toxicol. 2012;32:194–201.



Page 12 of 12Chen et al. Microbial Cell Factories          (2025) 24:124 

	43.	 Bhatt P, Zhou X, Huang Y, Zhang W, Chen S. Characterization of the role 
of esterases in the biodegradation of organophosphate, carbamate, and 
pyrethroid pesticides. J Hazard Mater. 2021;411: 125026.

	44.	 Xu D, Gao Y, Sun B, Ran T, Zeng L, He J, He J, Wang W. Pyrethroid car-
boxylesterase PytH from Sphingobium faniae JZ-2: structure and catalytic 
mechanism. Appl Environ Microbiol. 2020;86:e02971-e3019.

	45.	 Wang B, Guo P, Hang B, Li L, He J, Wang B, Li L, He J, Li SP. Cloning of a 
novel pyrethroid-hydrolyzing carboxylesterase gene from Sphingobium 
sp. strain JZ-1. Appl Environ Microbiol. 2009;75:5496–500.

	46.	 Tang AX, Liu H, Liu Y, Li Q, Qing YM. Purification and characterization of 
a novel β-cypermethrin-degrading aminopeptidase from Pseudomonas 
aeruginosa GF31. J Agric Food Chem. 2017;65:9412–8.

	47.	 Fan X, Zhao M, Wen H, Zhang Y, Zhang Y, Zhang J, Liu X. Enhancement 
degradation efficiency of pyrethroid-degrading esterase (Est816) through 
rational design and its application in bioremediation. Chemosphere. 
2023;319: 138021.

	48.	 Fan X, Liang W, Li Y, Li H, Liu X. Identification and immobilization of a 
novel cold-adapted esterase, and its potential for bioremediation of 
pyrethroid-contaminated vegetables. Microb Cell Fact. 2017;16:149.

	49.	 Birolli WG, da Silva BF, Rodrigues FE. Biodegradation of the pyrethroid 
cypermethrin by bacterial consortia collected from orange crops. Environ 
Res. 2022;215: 114388.

	50.	 Liu Y, Tang S, Wang X, Wang X, Tang X, Wu Q, Huang Z, Ding J. A novel 
thermostable and salt-tolerant carboxylesterase involved in the initial 
aerobic degradation pathway for pyrethroids in Glycomyces salinus. J 
Hazard Mater. 2023;451: 131128.

	51.	 Zhao JY, Jia DY, Chi YL, Yao K. Co-metabolic enzymes and pathways of 
3-phenoxybenzoic acid degradation by Aspergillus oryzae M-4. Ecotoxicol 
Environ Saf. 2020;189: 109953.

	52.	 Li Q, Zhou Q, Chen Y, Hu KD, Sarrà M, Li JL, Liu AP, Zou LK, Liu SL. Whole-
genome sequencing of Sphingobium baderi SC-1 and identification 
of a crucial 3-phenoxybenzoic acid-degrading gene. Front Microbiol. 
2024;15:1361335.

	53.	 Luo XW, Zhang DY, Zhou XG, Du J, Zhang SH, Liu Y. Cloning and charac-
terization of a pyrethroid pesticide decomposing esterase gene, Est 3385, 
from Rhodopseudomonas palustris PSB-S. Sci Rep. 2018;8:7384.

	54.	 Birolli WG, Arai MS, Nitschke M, Porto ALM. The pyrethroid (±)-lambda-
cyhalothrin enantioselective biodegradation by a bacterial consortium. 
Pestic Biochem Physiol. 2019;156:129–37.

	55.	 Zhang M, Yang K, Yang L, Diao Y, Wang X, Hu K, Li Q, Li J, Zhao N, He L, 
et al. A novel cold-adapted pyrethroid-degrading esterase from Bacillus 
subtilis J6 and its application for pyrethroid-residual alleviation in food 
matrix. J Hazard Mater. 2023;463:132847.

	56.	 Cycoń M, Piotrowska-Seget Z. Pyrethroid-degrading microorganisms and 
their potential for the bioremediation of contaminated soils: a review. 
Front Microbiol. 2016;7:1463.

	57.	 Cycoń M, Zmijowska A, Piotrowska-Seget Z. Enhancement of deltame-
thrin degradation by soil bioaugmentation with two different strains of 
Serratia marcescens. Int J Environ Sci Technol. 2014;11:1305–16.

	58.	 Bhatt P, Huang Y, Zhan H, Chen S. Insight into microbial applications 
for the biodegradation of pyrethroid insecticides. Front Microbiol. 
2019;10:1778.

	59.	 Mulla SI, Ameen F, Tallur PN, Bharagava RN, Bangeppagari M, Eqani 
SAMAS, Bagewadi ZK, Mahadevan GD, Yu CP, Ninnekar HZ. Aerobic degra-
dation of fenvalerate by a Gram-positive bacterium, Bacillus flexus strain 
XJU-4. 3 Biotech. 2017;7:320.

	60.	 Xiao Y, Chen S, Gao Y, Hu W, Hu M, Zhong G. Isolation of a novel beta-
cypermethrin degrading strain Bacillus subtilis BSF01 and its biodegrada-
tion pathway. Appl Microbiol Biotechnol. 2015;99:2849–59.

	61.	 Huang Y, Zhou S, Chen WJ, Zhou X, Chen SF, Song H, Yan Z, Mishra S, 
Ghorab MA, Bhatt P, et al. Mechanistic insights into d-cyphenothrin bio-
degradation by Rhodococcus ruber Y14 and its potential for bioremedia-
tion of pyrethroid-polluted environment. Chem Eng J. 2025;506: 160030.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Elucidating the kinetics and mechanisms of tetramethrin biodegradation by the fungal strain Neocosmospora sp. AF3
	Abstract 
	Introduction
	Materials and methods
	Chemicals and culture medium
	Isolation and purification of tetramethrin-degrading microorganisms
	Analysis of degradation potential of microbial strains on tetramethrin
	Identification of degradation strains
	Concentration range of the AF3 strain metabolizes tetramethrin
	Model to predict the optimal conditions for tetramethrin metabolism
	GC–MS analysis of tetramethrin degradation by the AF3 strain
	Statistical analysis

	Results
	Isolation of tetramethrin-degrading strains and their degradation potentials
	Identification of the AF3 fungal strain
	Concentration range of the AF3 strain metabolizes tetramethrin
	Model predicts optimal conditions of tetramethrin metabolism
	Analysis of metabolites and metabolic pathways

	Discussion
	Conclusion
	References


