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AbsiEa  Chloroacetanilide herbicides are a class of highly efficient preemergence herbicides that are widely used across the
world. Presently, the production and use of the chloroacetanilide herbicides is less than glyphosate and sulfonylurea herbicides.
Due to their widespread use, long persistence, and high-water solubility, some of these herbicides have frequently been
detected in the environment and have shown toxic effects on humans. Microbial metabolism is the most important factor in
the degradation of chloroacetanilide herbicides in the environment. In this paper, we summarized the latest research progress
on the microbial strain isolation, identification, biodegradation pathway, and molecular mechanisms (such as key genes and
enzymes) of these herbicides. The anaerobic-bacteria degradation of the pathway is glutathione-acetanilide conjugates which
can be further converted to sulfonated metabolites. The acrobic-bacteria degradation of the pathway is mainly initiated by N/
C-dealkylation events, followed by aromatic ring hydroxylation and cleavage processes. The fungal degradation pathways of
chloroacetanilide herbicides are more complex, and therefore further research is needed. Though, the genes of N-dealkylase,
amidase and hydroxylase have been cloned, the characteristics of these enzymes have not been thoroughly studied. Currently,
the research has focused on biodegradation of alachlor, acetochlor and butachlor; however, relatively little is known about
the metabolic pathways and molecular mechanisms for biodegradation of propisochlor and metolachlor. Therefore, we should
strengthen the research on biodegradation of propisochlor and metolachlor. In particular, research is needed on the chiral
selectivity of the microorganisms and enzymes to the isomers of metolachlor. In addition, new genes for microbial degradation
of this herbicide may provide genetic resources for transgenic crops.
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Fig. 1 The core structures of chloroacetanilide herbicides.
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Fig. 2 The chemical structures of some widely used Chloroacetanilide herbicides.
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Table 1 The reported chloroacetamide herbicides degrading-microorganisms

ARy I ik A1 [ it K4 ST HLIX
Year Strain Substrate Isolation
24 Bacteria 1987 Bacz.llus ctrcularfi] S Metochlor F[E USA
Bacillus megate
2000 Arthrobacter sp. WY306 "% T i Butachlor #1[E China
2006 Pseudomonas oleovorans LCa2 ™ L . 2,51 #0 T 2L 01 Alachlor, Acetochlor and Butachlor 1[E China
2008 Pseudomonas putida ER1 and ER2 ¥ T ®LJH Butachlor F1[E China
2008 Bacillus megaterium TR ORENE T R R D P R
B. czlrculans Alachlor, Acetochlor, Butachlor and Metochlor " China
Bacillus cereus RM2
Bacillus thuringiensis"”
2009 Acinetobacter sp. LYC-1 "% T i Jfi Butachlor f1[E China
2009 Pseudomonas stutzeri BD-1"" T #EJz Butachlor H1[# China
2010 Stenotrophomonas acidaminiphila JS-1" T i [ Butachlor YR HIAA
Saudi Arabia
2011 Ensifer adhaerens A-3"" T i Butachlor 1% China
2013 Rhodococcus sp. T3-12" ¥ . 2 B AT B Alachlor, Acetochlor and Butachlor 1[E China
2011 Shinella sp. Y-4 2" Z B ffit Acetochlor t1[E China
2011 Paracoccus sp. Y3B-12 L 2 B e AT 3501 Alachlor, Acetochlor and Butachlor 1% China
2011 Shinella maltophilia CSUFTM78%! Z K ffig Acetochlor 1 [E China
2011 Paracoccus sp. FLY-8 *¥ WRL | 2R T R S 1 P e e "h[# China
Alachlor, Acetochlor, Butachlor and Metochlor
2012 Catellibacterium caeni DCA-1 T #i i Butachlor H1[# China
2012 Rhodococcus sp. Bl ¥ - 2 B AT 5  Alachlor, Acetochlor and Butachlor 1[E China
2013 Sphingomonas sp. DC-6 " R 2,5 A1 T L1 Alachlor, Acetochlor and Butachlor 1 China
2013 Mycobacterium sp. JTA > T #E i Butachlor i[5 Korea
2013 Stenotrophomonas sp. M-3 ) L H i Acetochlor H1[E China
2013 Sphingobium sp. DC-2 " L 2,5 F0 T L1 Alachlor, Acetochlor and Butachlor 1[E China
2013 Achromobacter sp. D-12 " Z il Acetochlor H1[E China
2013 Pseudoxanthomonas sp. Y4-6" 59 H % Metochlor H1[E China
2013 Delftia sp. C-5 T )% Butachlor 1[E China
2015 Bacillus sp. BTC-3 P T %LJH Butachlor 1 [E China
2015 Burkholderia sp. WN-3 Z B Acetochlor t1[E China
2015 Pseudomonas aeruginosa JD115 Z B Acetochlor 1[E China
2015 Bacillus subtilis L3 ®" Z H W Acetochlor H1[E China
2016 Klebsiella variicola B2 Z. %% Acetochlor H[E China
2016 Pseudomonas sp. A-1 %" Z B Acetochlor 1[E China
2016 Bacillus sp. hys-1 """ T HLJH Butachlor H1[E China
2018 Serratia ureilytica AS1 ™" T *EJi Butachlor EI A India
B Fungus 1975 Rhizoctonia solani™ I ¥t Alachlor & [E USA
1975 Chaetomium globosun I EL % Alachlor
1978 Mucor sufui NTU-358 % T i J{z Butachlor HA Japan
1986 Acremonium recifei SN H R Metochlor
Aspergillus flavus
Fusarium solani F[E USA
Penicillium Variabile
Trichoderma sp. ™)
1987 Fusarium sp. " SETN B Metochlor S USA
Mucor racemosus'
1991 Fusarl:um solani o T #iJ{iz Butachlor EI India
Fusarium oxysporum
1991 Phanerochaete chrysosporium SN FF B Metochlor
Rhizoctonia praticola - 1[5 USA
Syncephalastrum racemosum
1995 Penicillium chrysosporium *” SN ELEE Metochlor F[H USA
1997 Cunninghamella elegans ATCC 36112 """ HIZL e Fi 579 FH 55 % Alachlorr and Metochlor F[EH USA
2004 Streptomyces sp. LS166, LS17 and LS1825  FIZi ]l Alachlor 75 Brazil
2010 Candida xestobii ** VR JH A S5 TR FR A2 K Allachlorr and Metochlor F[H USA
2013 Paecilomyces marquandii ™" A #E iz Alachlor W 2% Poland
T 1985 Actinomycetes sp. > SN H R Metochlor % [H USA
Actinomyces 1987 Actinomycete sp.” SETN B Metochlor F[H USA
1991 Streptomyces sp. 59 B B Metochlor [ USA
1996 Streptomyces sp. PS1 & Alachlor JE[E USA
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methylacatanide; C: Alachlor; D: 2-chloro-N-(2,6-diethylphenyl)-N-acetamide; E: 2,6-diethylaniline; F: Aniline; G: Catechol; H: Muconic acid. Enzymes: ChlH,
The hydrolase responsible for the N-dealkylation of butachlor from strain Bl; Dbo, the esterase responsible for debutoxylation of butachlor from strain hys-1.
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Fig. 5 The proposed metabolic pathways of acetochlor or metabolites by strain DC-2, DC-6, T3-1, T3-6, MEA3-1 and DE-13. A: Acetochlor; B: 2-chloro-
N-(2-methyl-6-ethyl)acetamide; C: 2-methyl-6-ethyl-aniline; D: 4-hydroxy-2-methyl-6-ethylaniline; E: 2-methyl-6-ethyl-benzoquinone imine; F: 2-methyl-
6-ethyl-benzoquinone; G: 2-methyl-6-ethyl-hydroquinone; H: 3-hydroxy-2-methyl-6-ethyl-hydroquinone. Enzymes: CndABC, three-component Rieske non-
Heme iron oxygenase system responsible for the N-dealkylation of acetochlor from DC-2 or DC-6; EthBAD, cytochrome P450 oxygenase system responsible
for the N-dealkylation of acetochlor from strain T3-1; CmeH, 2-chloro-N-(2-methyl-6-ethyl)acetamide hydrolase from strain DC-2; DamH, 2-chloro-N-(2-
methyl-6-ethyl) acetamide hydrolase from strain T3-6; MeaXY, 2-methyl-6-ethyl-aniline monooxygenase system from strain DE-13; MeaAB, 2-methyl-6-ethyl-
hydroquinone monooxygenase system from MEA3-1.
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