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Abstract 

Dicofol is an organochlorine insecticide widely used to prevent pests worldwide. Consequently, serious environmen‑
tal problems have arisen from the application of dicofol. Bioremediation is an effective solution for dicofol persistence 
in the environment. In this study, a bacterial strain D‑2, identified to genus Microbacterium, capable of degrading 
dicofol was isolated from dicofol‑contaminated agricultural soil. This represents the first dicofol degrading bacterium 
isolated from this genus. Microbacterium sp. D‑2 degraded 50 mg/L dicofol within 24 h at a rate of 85.1%. Dicofol was 
dechlorinated by D‑2 and the further degradation metabolite was indentified as p,p′‑dichlorobenzophenone(DCBP). 
Soils inoculated with Microbacterium sp. D‑2 degraded 81.9% of the dicofol, while soils without D‑2 only degraded 
20.5% of the dicofol present. This finding suggests that strain D‑2 has great potential in bioremediation of dicofol‑
contaminated soils.
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Introduction
Organochlorine pesticides (OCPs) are broad spectrum 
insecticides with high toxicity and long residual periods 
[1]. They have been widely used in the control of agricul-
tural pests, antisepsis in industrial production and the 
treatment of human diseases, such as malaria [2]. How-
ever, they have a long half-life and bioaccumulate in the 
food chain [3], thus cause serious harm to human health 
and ecological environment [4–7].

Dicofol (DCF) is a typical representative of OCPs, 
with the chemical name 2,2,2-trichloro-1,1-bis(4-chloro-
phenyl) ethanol. As a broad spectrum acaricide, DCF is 
mostly used to prevent and control insect of tea, cotton, 
vegetables, citrus and other crops [8, 9]. DCF residues 
can affect ecosystems adversely, causing serious envi-
ronmental pollution. More specifically, DCF high toxic-
ity (i.e., carcinogenic, teratogenic, and mutagenic) could 

cause acute poising of fish and shrimp, endocrine dis-
ruptive properties, and chronic toxicity to other organ-
isms [10–13]. Therefore, it is believed that DCF would 
exert a negative influence on both animals [14, 15] and 
humans [16]. Most developed countries have already 
prohibited the DCF application due to concerns about 
persistency and toxicity [17]. However, DCF residues in 
crops, especially in tea [18], remain as a serious prob-
lem. Its concentration still exceeds the standard due to its 
stable chemical property and long residual period, high-
lighting the need for removing residual DCF from the 
environment.

Chemical and biological degradation of DCF are the 
two  major  methods which have been widely stud-
ied at present (Table 1). In both, bioremediation is an 
effective method for the removal and degradation of 
residual pesticides [19, 20] as it exploits the potential 
of microbial degradation which is cost-effective and 
reliable [21]. A large number of microorganisms could 
be exploited for environment protection by complete 
mineralization or degradation of diverse toxic con-
taminants (e.g., organic pesticides, heavy metals) into 
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small non-toxic molecules through various metabolic 
pathways [22–24]. However, limited data currently 
are available on bioremediation of DCF due to its 
high resistance against microbial degradation [25, 26]. 
Strain MA4 which has high efficiency in DCF degra-
dation (95.87%), but the original concentration of DCF 
is only 5 mg/L [27]. Cellulase can degrade DCF, but it 
is not an organism but an enzyme [28]. Similarly, DCF 
is biodegraded during wastewater aerobic treatment 
and sludge anaerobic digestion, but DCF-biodegrading 
organisms could not be identified [29]. In addition, the 
degradation time of DCF by bacteria is relatively long, 
and the degradation efficiency is not high [30].

In this work, an efficient DCF-degrading bacterium 
was isolated from DCF-contaminated agricultural soil 
and was further characterized and identified. Addition-
ally, the ability of strain for DCF degradation in liquid 

medium as well as soil was also studied for evaluating 
its efficiency in DCF-contaminated soil bioremediation.

Materials and methods

 i. Chemicals
  Dicofol (98%, powder), purchased from Yiji Chemi-

cal Company. (Shanghai, China); Concentrated 
stock solutions of dicofol (10 g/L) was prepared in 
dimethyl sulfoxide.

  Methanol and acetonitrile (HPLC-grade), obtained 
from Shanghai Chemical Reagent Co. Ltd. (Shang-
hai, China). Ethyl acetate and all other reagents 
(analytical-reagent grade), purchased from Shang-
hai Chemical Reagent Co. Ltd. (Shanghai, China).

Table 1 Comparison of chemical and biological degradation of dicofol

Factor Initial 
concentration 
(mg/L)

Degradation rate and time Advantages Disadvantages References

Photochemical

 TiO2‑NPs 10 100% in 2 h High degradation rate Low initial concentration [31]

 Boric/Cerous co‑doped 
 TiO2

0.2 83% in 0.5 h Short time Low initial concentration [32]

 Ag/TiO2‑NTs 100 72% in 20 min Short time and high initial 
concentration

Low degradation rate [33]

Sonochemical

 Hydrodynamic cavitation 50 85% in 1 h Short time Difficult to apply [34]

Electrochemical

 BDD electrode 50 100% in 3 h High degradation rate High cost [35]

Oxidation

 H2O2 0.6 100% in 100 min High degradation rate Low initial concentration [36]

 O3 0.16 98% in 1 h High degradation rate Low initial concentration [37]

Biological

 Pseudomonas sp. PFD9 10 70% in 24 h Low cost and easy to 
operate

Low initial concentration 
and degradation rate

[30]

 Pseudomonas sp. PFD13 10 32% in 24 h Low cost and easy to 
operate

Low initial concentration 
and degradation rate

 Exiguobacterium acetylicum 
MA4

5 95% in 24 h High degradation rate and 
low cost

Low initial concentration [27]

 Bacillus megaterium SSF1 5 93% in 24 h High degradation rate and 
low cost

Low initial concentration

 Strain DSPM95 20 95% in 31 days High degradation rate and 
low cost

Long time [38]

 Datronia concentrica 20 99% in 31 days High degradation rate and 
low cost

Long time

 Cellulase 10 72% in 7 h Easy to operate and obtain Low initial concentration 
and degradation rate

[28]

 Activated sludge 1 97% in 18 days Easy to obtain and high 
degradation rate

Low initial concentration 
and anaerobic

[29]
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  PCR primer, DNA extraction kit and all other 
molecular biological reagents were obtained from 
Genscript Biological Science and Technology Co. 
Ltd. (Nanjing, China).

 ii. Culture media
  Medium for bacterial  culture: Luria–Bertani (LB) 

medium contained (g/L): tryptone 10.0, yeast 
extract 5.0 and NaCl 10.0, pH 7.0. Medium for deg-
radation experiment: The mineral salts medium 
(MSM) contained (g/L):  NH4NO3 1.0,  K2HPO4 1.5, 
 KH2PO4 0.5, NaCl 0.5,  MgSO4 0.2, pH 7.0. All the 
medium were sterilized by autoclaving at 121.3 °C 
for 30 min.

Isolation and identification of dicofol‑degrading strain
Soil samples, collected from Jingxian City, Anhui Prov-
ince, where tea was grown and DCF was applied. Five 
grams of soil sample was inoculated into MSM medium 
(100 mL in flasks) amended with 50 mg/L DCF and the 
culture was incubated at 30  °C at 180  rpm for 7  days. 
One milliliter of enrichment culture was transferred into 
fresh MSM medium at regular intervals of 1 week. High-
performance liquid chromatography (HPLC) was used to 
determine dicofol and confirm degradation. The enrich-
ment culture was serially diluted and spread on MSM 
plates containing 50 mg/L DCF, then cultivated at 30 °C 
for 3 days. The colonies thus isolated were further puri-
fied by the streak plate method.

The 16S rDNA gene of the strain with degradation 
activity was amplified by PCR using standard proce-
dures [39], and identified according to the Bergey’s 
Manual of Determinative Bacteriology [40]. The nucleo-
tide sequences were used for BLAST analysis against the 
NCBI database to identify the organism. Alignment of 
16S rDNA gene sequences from the GenBank database 
was performed using ClustalX 1.8.3 with default settings 
[41]. Phylogenesis was analyzed by MEGA, version 5.0 
and an unrooted tree was built by the neighbor joining 
method [42].

Degradation of dicofol by strain D‑2 in liquid culture
Strain D-2 was cultured to exponential phase in LB 
medium, and then collected by centrifugation at 6000 
g for 5 min at room temperature. The cell precipitation 
was washed twice with sterilized MSM and adjusted to 
approximately 2 × 108  CFU/mL. For the degradation 
experiments in liquid culture, the cells were inocu-
lated to approximately 1 × 107  CFU/mL. Degradation 
experiment was carried out in 100  mL MSM contain-
ing 50  mg/L DCF. The culture was incubated at 30  °C 
at 180 rpm for 24 h after inoculation of the strain. Set 
DCF at two different concentrations (20  mg/L and 

80 mg/L) in the MSM, following the above method to 
analyze the degradation of DCF at different concentra-
tions by strain D-2.

Growth of strain D‑2 in MSM culture
Diluents ranging from  10−4 to  10−1 were obtained by ten-
fold gradient dilution. According to dilution plate count-
ing method, 0.2 mL diluent was spread on LB plate and 
cultured at 30  °C for 48 h. Plates with a colony number 
from 30 to 300 were selected for counting. All samples 
were in triplicate.

Effects of culture conditions on degradation
Inoculated strain D-2 in MSM medium in 250 mL flask 
containing 50  mg/L DCF. The cultures were incubated 
at the same conditions as discribed above except for the 
variables which need to be tested. Temperature experi-
ment: Cultures were incubated at different temperatures 
(20  °C, 25  °C, 30  °C, 37  °C, 42  °C). The pH experiment: 
Adjusted initial pH of the cultures to 4.0, 5.0, 6.0, 7.0, 8.0, 
9.0, respectively. Oxygen demand experiment: Set differ-
ent volumes (20 mL, 50 mL, 100 mL, 150 mL, 200 mL) 
of the medium to control ventilation amount. Mixing 
rate  experiment: Set different shaking  speeds (0  rpm, 
60 rpm, 120 rpm, 180 rpm, 200 rpm, 220 rpm) to control 
mixing rate. All the cultures were sampled to detected 
the concentrations of DCF after cultured for 24 h.

Extraction and HPLC detection of dicofol
Cultures were regularly sampled for the determination 
of the concentrations of DCF and cell growth with every 
12 h, 2 mL each time. Three volumes of ethyl acetate was 
added to each sample. The organic phase was retained 
after an intense mixing for 15  s. The sample was then 
dried and re-dissolved with 2 mL methanol.

The degradation products were analyzed by reverse-
phase HPLC with C-18 column (150  mm × 4.6  mm, 
5 µm) equipped with UV detector. The mobile phase con-
taining acetonitrile/water (85:15, v/v) was delivered at 
a flow rate of 0.8 mL/min at 25 °C. The detection wave-
length was set at 230 nm. The concentration of DCF was 
determined by comparison with values in the calibra-
tion curve established by concentrations between 1 and 
100 mg/L. The limits of detection (LOD) and quantifica-
tion (LOQ) were 0.016 and 0.057 mg/L, respectively. The 
recovery and RSD were 86.5–92.5% and 1.10–2.84% at 
concentrations ranging from 1 to 100 mg/L.

Degradation of dicofol by strain D‑2 in soil
Soil used for the experiment was collected from Anhui 
Normal University campus that had no previous expo-
sure to DCF. The soil was air-dried, sieved to 2 mm, and 
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homogenized immediately after collection. Glass beaker 
(200  mL) microcosms, each containing 100  g soil, were 
spiked with DCF (50 mg/kg soil). For the inoculated set 
of beakers, MSM medium (4.0 mL) containing strain D-2 
was added, and the final concentration was 1 × 107 cells/g 
of soil. On the contrary, MSM medium (4.0  mL) with 
no strain added was used for the set of non-inoculated 
beakers. Triplicate soil samples were prepared for two 
sets of treatments, and each soil sample was incubated 
at 30 °C under sterile conditions. During incubation, the 
soil microcosms were weighed regularly, and weight loss 
was compensated by the addition of water. Soil samples 
(5 g) were collected for the analysis of DCF concentration 
every 7 days for 42 days.

Results and discussion
Isolation and identification of strain D‑2
Only a few publications have reported the microbial deg-
radation of DCF up to date (Table 2), and the germplasm 
resources need to be abundant. Through enrichment cul-
ture and serial dilution, spread plating was done to obtain 
growth in this study. From the colonies, a bacterium 
capable of degrading DCF was isolated and named strain 
D-2. This strain is gram-positive, positive for catalase and 
urease activity, negative for hydrolysis of amylum, gela-
tin, and production of indole. Molecular identification 
was done by 16S rDNA typing. Comparative analysis of 
the 16S rDNA gene sequence of strain D-2 illustrated 
high similarity with those of species of the genus 

Microbacterium. This represents the first DCF degrad-
ing bacterium isolated from this genus. The sequence was 
deposited in GenBank under Accession No. MN061021. 
Phylogenetic analysis clustered strain D-2 within the 
clade of Microbacterium and phylogenetic tree was built 
based on 16S rDNA sequences (Fig. 1).

Degradation of dicofol by strain D‑2 in liquid culture
The previous study has shown that seven strains of bac-
teria and two strains of fungi were capable of degrading 
dicofol efficiently with degradation efficiency of 75–94% 
and 92–96% within 28  days, respectively [25]. Pseu-
domonas sp. P9 and Pseudomonas sp. P13 degraded DCF 
at a concentration of 10 mg/L, the degradation rate was 
38% and 14.2%, respectively. After adding glucose in the 
culture medium, the degradation rate increased to 70% 
and 32%, respectively [30]. However, the degradation rate 
of the strains and initial pesticide concentration were 
very low. Strain MA4 had high efficiency in DCF degra-
dation (up to 95.87%), but the original concentration of 
DCF was only 5  mg/L [27]. In summary, efficient DCF 
degrading bacterium is very few.

Figure 2a shows the degradation of DCF and growth of 
strain D-2. There was no significant change in the con-
centration of DCF and the amount of bacteria during the 
first 4 h. This is attributed to the fact that the strain need 
adaptation to a new environment and enzymes relevant 
to degradation have not been synthesized. During the 
next 4–12 h, the concentration of DCF decreased and the 

Table 2 Comparison of the reported dicofol-degrading microorganisms

Genera Strain From Initial 
concentration 
(mg/L)

Degradation efficiency Product References

Pseudomonas P. PFD9 India (Tea rhizosphere soil) 10 70% in 24 h Unknown [30]

Pseudomonas P. PFD13 32% in 24 h

Exiguobacterium E. acetylicum MA4 Thailand (DCF‑polluted soil) 5 95% in 24 h [27]

Bacillus B. megaterium SSF1 93% in 24 h

Trametes T. pocas Zimbabwe (dead wood in woodlands) 20 97% in 31 days [38]

Unknow DSPM95 95% in 31 days

Datronia D. concentrica 99% in 31 days

Pycnoporus P. sanguineus 99% in 31 days

Azospirillium A. barasilense Egypt (College of Agriculture, Alexandria 
University)

100 75% in 28 days [25]

Azotobacter A. chroococcum 94% in 28 days

Klebsilense K. pneumoneae 88% in 28 days

Pseudomonas P. cepacia USA (type culture collection) 87% in 28 days

Bacillus B. subtilis Egypt (soil of the wheat fields) 85% in 28 days

Pseudomonas P. fluorescens 82% in 28 days

Bacillus B. polymyxa Saudi Arabia (wheat roots of Al‑Qassim 
fields)

84% in 28 days

Microbacterium M.D‑2 China (DCF‑polluted agricultural soil) 50 84% in 24 h DCBP This work
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bacterial population increased rapidly, which indicating 
the degradation of DCF as carbon source by strain D-2 
because of strain D-2 was not capable of utilizing dime-
thyl sulfoxide as sole carbon source for growth in MSM 
medium. After 12  h, the increase of biomass and the 
decrease of DCF became slower, indicating the growth 
and degradation function of strain D-2 had reached the 
maximum. The final degradation efficiency is 85.1%. As 
a control, degradation of DCF was negligible in MSM 
medium without the inoculation of strain D-2. The 
result of degradation of DCF at different concentrations 
(20 mg/L, 50 mg/L, 80 mg/L) by strain D-2 are shown in 
Fig.  2b. The degradation rate decreased gradually from 
low to high concentration. DCF (20  mg/L) was com-
pletely degraded in 16  h. Compared with strain PFD9, 
which could degrade 10 mg/L DCF within 24 h at a rate 
of 70% (Table 2). The degradation efficiency of strain D-2 
was much higher.

Whereas only 67.7% DCF was degraded in the group 
with higher concentration (80  mg/L) with prolonged 

incubation (24 h), and the degadation rate was lower. But 
at similar time more DCF at concentration of 80  mg/L 
was degraded, compared with the sample containing 
20  mg/L DCF as shown in Fig.  2b. This may be attrib-
uted to more carbon nutrition provided by high concen-
tration of DCF which caused more vigorous growth of 
strain D-2 in the first 16 h. Then growth of the bacterial 
strain was  basically  stagnant due to depletion of nitro-
gen sources or other nutrients in the medium. And the 
remaining DCF would not be degraded further in the last 
8 h.

Effects of culture conditions on degradation
The suitable temperature for degradation was ranging 
from 25 to 37 °C, and the optimal temperature was 30 °C. 
Lower and higher temperatures were not conducive to 
degradation due to the inhibition of synthesis and activ-
ity of degrading enzymes (Additional file 1: Fig. S1). The 
degradation rates were more than 70% at pH 6.0–8.0, 
and the optimal pH was 7.0. In both acidic and alkaline 

Fig. 1 Neighbor‑joining tree showing the phylogenetic relationship between strain D‑2 and related species based on the 16S rDNA gene 
sequences



Page 6 of 9Lu et al. Appl Biol Chem           (2019) 62:72 

environment, the degradation rates were lower than that 
in the neutral environment. This was determined by the 
growth and enzyme characteristics of the strain (Addi-
tional file  2: Fig. S2). When the liquid volume was less 
than 100 mL, the degradation rates could reach a maxi-
mum of about 85% due to sufficient oxygen. As volume 
increased, the degradation efficiency decreased due 
to a reduction in the amount of oxygen (Additional file 3: 

Fig. S3). Which indicated strain D-2 was an aerobic bac-
terium. The mixing of strain D-2 with nutrients and DCF 
were insufficient when the shaking speed was lower than 
180 rpm and the degradation rate increased with mixing 
rate. When the shaking speed was more than 180  rpm, 
the degradation rate was the highest and had no increase 
with shaking speed due to the maximum of mixing rate 
(Additional file 4: Fig. S4).

Fig. 2 a Growth of the strain and degradation of dicofol. (Filled square) Cell density; (filled diamond) concentration of dicofol. b The effect of 
different initial concentration on the degradation of dicofol. (Filled triangle) 80 mg/L as the initial concentration dicofol; (Filled square) 50 mg/L as 
the initial concentration dicofol; (Filled diamond) 20 mg/L as the initial concentration dicofol
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HPLC and MS analysis
DCF and its metabolites were detected by HPLC. DCF 
was used as an initial substrate that showed a reten-
tion time of 7.803  min (Additional file  5: Fig. S5). For 

the sample collected 10  h after inoculation, three com-
pounds were detected by HPLC, with retention times 
of 4.342, 5.982 and 7.797  min (Additional file  6: Fig. 
S6), respectively, one was DCF and the other two were 
its metabolite. The sample was analyzed with MS, the 
prominent protonated molecular ion of compound A was 
at m/z = 366.91–372.92 [M−H]− and identified as DCF 
(Additional file 7: Fig. S7). Compounds B (m/z = 298.98–
302.98 [M−H]−) (Additional file 8: Fig. S8) was the deg-
radation metabolite and formed by the dechlorination 
of DCF, while Compound C at m/z = 249.01–252.99 
[M−H]− (Additional file  9: Fig. S9) was the metabolite 
produced from the further degradation of compound B, 
and indentified as p,p′-dichlorobenzophenone (DCBP). 
For the sample collected 24  h after inoculation, three 
compounds with similar property as the sample collected 
at 10 h incubation were detected by HPLC chromatogra-
phy (Additional file 10: Fig. S10). But the total concentra-
tion of the three compounds was lower than that in the 
sample at 10  h, suggesting that the metabolite was fur-
ther degraded by D-2. Since strain D-2 can use DCF as 
the sole carbon source for growth (Fig.  2a) and dechlo-
rination of DCF cannot produce a carbon source, the 
organism must cleave the ring of the metabolite. Based 
on the result of HPLC and MS, we derived the degrada-
tion pathway of DCF by strain D-2 (Fig. 3).

Degradation of dicofol by strain D‑2 in soil
The result of degradation of DCF in the soil is shown in 
Fig.  4. The sample inoculated with strain D-2 resulted 

Fig. 3 The proposed degradation pathway of dicofol by strain D‑2

Fig. 4 Degradation of dicofol in the soil by strain D‑2. (Filled diamond) Concentration of dicofol in the soil inoculated with strain D‑2; (filled square) 
concentration of dicofol in the control soil
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in a higher degradation rate, the concentration of DCF 
dropped from 50 to 9.01  mg/kg and most degradation 
occurred between 14 and 28 days, with a high degrada-
tion rate of 81.9%. In uninoculated soil, only about 20.5% 
of DCF was degraded naturally in 42 days. The result 
indicates that strain D-2 is capable of degrading DCF in 
the soil and can be used for bioremediation.

Pollution caused by organochlorine pesticides is wide-
spread all over the world [43]. Although most OCPs 
were banned between the 1970s and 1990s, they may 
still remain in the soil due to their persistent physical 
and chemical properties [44, 45]. It has been reported 
that OCPs are distributed throughout the globe includ-
ing regions where they were not or have never been 
used [46]. Therefore, the environmental consequences 
of OCPs remains to be a serious concern today and the 
pesticide residues pose a serious threat to human health 
and ecological security. In nature, microorganisms are 
frequently the major means responsible for the degra-
dation of chemical contaminants [47]. Since bioreme-
diation is a rapid, cost-effective, and environmentally 
friendly method with no secondary pollution, it offers a 
promising strategy to remove pesticide residues in the 
environment [48]. Therefore, it is of great theoretical and 
practical significance to isolate and screen efficient DCF 
degrading bacteria.
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