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Advances in microbial degradation of phenylurea herbicides
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Abstract: Phenylurea herbicides, first marketed in the mid-20th century, have become one of the most
important classes of herbicides and have been widely used for controlling both annual grasses and
broad-leaf weeds. With the continuous application of phenylurea herbicides, the residue of these
herbicides in the environment was beyond the threshold concentration imposed by legislation, and their
environmental hazards gradually became more and more serious. Thus, the environmental behaviors of
phenylurea herbicides, such as adsorption, migration, and degradation, have received considerable
attention. Researches show that the metabolism of N,N-dimethyl-substituted phenylurea herbicides are
mainly initiated by consecutive N demethylation events, followed by hydrolysis of the urea side chain,
while the N-methoxy-N-methyl substituted phenylurea herbicides are degraded via cleaving directly the
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urea side chain by bacteria. The fungal degradation pathways of phenylurea herbicides are more
complex, therefore further studies are needed. In this article, we summarized the latest progress in the
research of phenylurea-degrading microorganisms and their metabolic pathways, which will provide
the reference for the feasible bioremediation strategy on phenylurea herbicides contaminated
environments.

Keywords: Phenylurea herbicides, Degrading microorganisms, Degradation pathway, Bioremediation
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Figure 1 Chemical and core structures of some widely used phenylurea herbicides
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2001
Serensen
Sphingomonas sp.
SRS2 SRS2
[16]
SELA f
L1 RS Sphingobium sp. YBL1  Sphingobium sp. YBL2
Sphingobium sp. YBL3  Sphingomonas sp. Y57
N,N-
[6-8] [9-15] . '
Sphingobium sp. YBLI
[17-18]
[11,13]
(2
[9,12,15]( 1
12 Am (Sphingobium)!'"
(Sphingomonas)[lﬁ’lg'zol
(Variovor ax)[10,13,21-22] (AI’throbacz‘er)[z3 23]
(Pseudomonas)!'*2%27)

R1 PEREKIRERRET BIEFHRIR

Table 1 Microbial co-cultures for phenylurea degradation

Year Strains Substrates References

1993 DCMU [6]
DCU 3,4-DCA

2000 3,4-DCA (7]

2001 (IPU) MDIPU 4IA [8]

2002 SRS1  Sphingomonas sp. SRS2 ( ) [9]

2003 Variovorax sp. strain WDL1  Delftia acidovorans WDL34 3,4-DCA N,O-DMHA [10]

Pseudomonas sp. strain WDL5  Hyphomicrobium sulfonivorans

WDL6 Comamonas testosteroni WDL7

2007 Arthrobacter sp. N4  Delftia acidovorans sp. WDL34 3,4-DCA [11]

2007  Pseudomonas sp. IB78  Stenotrophomonas sp. IB93 ( ) [12]

2008 Variovorax sp. SRS16  Arthrobacter globiformis D47 [13]

2009 Ancylobacter Pseudomonas Stenotrophomonas Methylobacterium MDIPU DDIPU 4IA [14]
Variovorax  Agrobacterium

2014 Mortierella sp. LEJ702 ( ) Variovorax sp. SRS16 ( ) ( ) [15]
Arthrobacter globiformis D47 ( )

DCMU  1-(3,4- )-3- DCU N-(3.4- ) 34-DCA 34- N,O-DMHA N,O- IPU
MDIPU 1-(4- )-3- DDIPU 1- 4IA  4-

Note: DCMU: N-(3,4-dichlorophenyl)-N-methylurea; DCU: N-(3,4-dichlorophenyl)urea; 3,4-DCA: 3,4-Dichloroaniline; N,O-DMHA:
N,0-dimethylhydroxylamine; IPU: Isoproturon; MDIPU: N-(4-isopropylphenyl)-N-methylurea; DDIPU: 1-(4-isopropylphenyl)urea; 4IA:
4-Isopropylaniline.
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Table 2 Bacterial strains able of degrading phenylurea herbicides

()

Genus Strains Substrates Region
Sphingobium sp. YBL1™

Sphingobium Sphingobium sp. YBL2!'"!
Sphingobium sp. YBL3!'"!

Sphingomonas sp. SRS2!'%
Sphingomonas Sphingomonas sp. F35!"
Sphingomonas sp. Y571
Sphingomonas sp. SH?"
Variovorax sp. WDL1M
Variovorax Variovorax sp. PBL-H6R"
Variovorax sp. PBS-H42"
Variovorax sp. SRS16!"! ( )

Variovorax sp. RAg™

Variovorax sp. WDL1!""

Arthrobacter globiformis D47%*%
Arthrobacter
Arthrobacter sp. N2

Pseudomonas sp. Bk8")

Pseudomonas Pseudomonas sp. 1B78!'%

Pseudomonas aeruginosa JS-1 127
Bacillis sphaericus ATCC 121231
Bacillis Bacillus cereus 1ISL2
Bacillus sp. ISL6™!

Vogococcus fluvialis ISL3!

Vogococcus
Burkholderia ambifaria ISLA®
Burkholderia
Stenotrophomonas sp. 1B93!"%
Stenotrophomona
Methylopila sp. TESP”
Methylopila
Mycobacterium brisbanense JK1!
Mycobacterium
Micrococcus sp. PS-157
Micrococcus
Streptomyces sp. PS1/55
Streptomyces
(Bacillis)***” (Sphingobium) [10,1321-22]
(Sphingomonas) N,N- 2
( ) 1.3 HE
[16-20] (Variovorax)
NN ( )
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Figure 2 Proposed metabolic pathways of isoproturon by bacterial strains
IPU [3-(4- )-1,1- ] MDIPU 1-(4- )-3- DDIPU 1-
[-OH-IPU  3-(4-(2- ) )-1,1- 2-OH-IPU  3-(4(1- ) )-1,1-

Note: IPU: Isoproturon(3-(4-isopropylphenyl)-1,1-dimethylurea); MDIPU: N-(4-isopropylphenyl)-N-methylurea;

41A  4-

DDIPU:

1-(4-isopropylphenyl) urea; 4IA: 4-Isopropylaniline; 1-OH-IPU: N-(4-(2-hydroxy-1-methylethyl)phenyl)-N’,N"-dimethylurea; 2-OH-IPU:

N-(4-(1-hydroxy-1-methylethyl)phenyl)-N',N"-dimethylurea.
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3,4-DCA ( 3 7) 4-
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Figure 3 Proposed degradation pathways of diuron and linuron by bacterial strains
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Note: DCMU: N-(3,4-dichlorophenyl)-N"-methylurea; DCU: N-(3,4-dichlorophenyl)urea; 3,4-DCA: 3,4-Dichloroaniline; 1,2-DCB:
1,2-Dichlorobenzene; 4,5-DCC: 4,5-Dichlorocatechol; 3,4-DCHD: 3,4-Dichlorohex-3-ene-1,6-diol; 3-COHDA: 3-Chloro-4-oxohexane dioic acid.
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Figure 4 Fungal degradation pathways of isoproturon and linuron
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Note: IPU: Isoproturon(3-(4-isopropylphenyl)-1,1-dimethylurea); MDIPU: N-(4-isopropylphenyl)-N-methylurea; DDIPU: 1-(4-isopropylphenyl)
urea; 1-OH-IPU: N-(4-(2-hydroxy-1-methylethyl)phenyl)-N’,N'-dimethylurea; 2-OH-IPU: N-(4-(1-hydroxy-1-methylethyl)phenyl)-N',N'-
dimethylurea; 1-OH-MDIPU: N-(4-(2-hydroxy-1-methylethyl)phenyl)-N'-dimethylurea; 1-OH-DDIPU: N-(4-(2-hydroxy-1-methylethyl)phenyl)
urea; DCMU: N-(3,4-dichlorophenyl)-N"-methylurea; DCXU: N-(3,4-dichlorophenyl)-N"-methoxyurea; DCU: N-(3,4-dichlorophenyl)urea;
3,4-DCA: 3,4-Dichloroaniline.
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Figure 5 Fungal degradation pathways of diuron and 3,4-DCA
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Table 3 Genes and enzymes involved in phenylurea herbicides metabolism

() )
Name Size (bp/kD) Organism Function (substrates)
[ 75 kD Bacillus sphaericus ATCC 12123 (N- -N- -)
Aryl acylamidase
puhAPY 1 368 bp Arthrobacter globiformis D47 ( )
puhBPY 1 386 bp Mycobacterium brisbanense JK1 ( )
LibA/libA"? 55 kD/1 428 bp Variovorax sp. strain SRS16 ( )
dcaQTAIA2BR™ = Variovorax sp. strain SRS16 (3,4-DCA)
ccdRCFDEP?! = Variovorax sp. strain SRS16 ( )
hylA™ 1755 bp Variovorax sp. WDL1 ( )
pdmABPY! 1907 bp Sphingobium sp. YBL2 (N,N- J)
ddhAP! 2139 bp Sphingobium sp. YBL2 (MDIPU  DDIPU)
adoQTAIA2B"" - Sphingobium sp. YBL2 (3,4-DCA)
adoXEGKLIJCP" - Sphingobium sp. YBL2 ( )

5 BeELRY

libA
dcaQTA1A2BR ccdRCFDE
dca
3,4- ced
B3 3) 2013 Bers
Variovorax sp. WDLI1 [55]
hylA HylA ( ) ( 2
3,4-DCA LibA
[44]
YBL2
pdmAB 371
MDIPU
N,N-
PdmAB MDIPU
DDIPU 39341 3y
YBL2 DDIPU
ddhA N,N-
adoQTAIA2B
adoXEGKLIJC N- -N-
( 2
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