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Advances in microbiological degradation of carbofuran
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Abstract: Carbofuran, 2,3-Dihydro-2,2-dimethyl-7-benzofuranol N-methylcarbamate, is a carbamate
pesticide which has been used widely in agricultural production. Although the use of carbofuran is
restricted now in China, its residues are still destroying the ecological environment and threatening the
human health. Microbial degradation is an effective measure to eliminate the environment pollution of
carbofuran, but the molecular mechanism of microbial degradation of carbofuran has not been clarified.
The latest research progress on the degradation of carbofuran at home and abroad are reviewed from
the aspects of microorganism resource, degradation pathway, key enzymes and genes, to provide
reference for bioremediation of carbofuran-contaminated environments.
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Table 1 The reported carbofuran-degrading microorganisms
& NPT 7S KR EEPUN
Genera Carbofuran-degrading strains Source References
To () s VW11 U.S.A [29]
. (Carbofuran-contaminated sludge)
TR 50077, 50085 Florida [30]
Flavobacterium (Soil with repeated exposure to carbofuran)
P E R 50117 Florida [30]
Flavobacterium (Soil with unknown exposure to carbofuran in the past)
R BRI ) 50432 Florida [30]
Pseudomonas (Soil at abandoned pesticide waste disposal site)
EENLS)E 50083 Florida [30]
Pseudomonas (Soil with repeated exposure to carbofuran)
(FEY AEBL3 Hebei, China [31]
Pseudomonas (Soil with long-term exposure to carbofuran)
(EEN ) OXA17, 0XA18, 0XA20, 0XA25  Greece [32]
Pseudomonas (Soil of a commercial banana plantation)
M EF L CRL-OK Oklahoma City [33]
Pseudomonas (Sewage sludge)
(L o) NJ-101 India [34]
Pseudomonas (Agricultural soil)
AR AR CDS-1 Jiangsu, China [35]
Sphingomonas (Activated sludge)
AR )E  CFDS-1 Jiangsu, China [36]
ST (Soil with long-term exposure to carbofuran)
AR EEE ~ CF06 Washington, USA [37]
St (Soil with exposure to carbofuran at least 3 years)
AR TA,CD Hasting, USA [38]
ST (Soil with four consecutive annual applications of
carbofuran)
AR SBS Korea [39]
Sphingomonas (Agricultural soil with exposure to carbofuran for at least
5 years)
BrAR TR KN65.2 Vietnam [40]
Novosphingobium (Soil with long-term exposure to carbofuran)
BRI FND-3 Jiangsu, China [41]
Novosphingobium (Carbofuran-contaminated sludge)
SEFTH)E UK1, GR7 UK, Greek [42]
Chrysobacterium (Soil in a field)
AR UK6, GR6 UK, Greek [42]
Pedobacter (Soil in a field)
JEEFT GRS Greek [42]
Flexibacter (Soil in a field)
AR E)R UKS, UK10 UK [42]
Staphylococcus (Soil in a field)
R ER T YM3 Shandong, China [43]
Paracoccus (Carbofuran-contaminated sludge)
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-— CH,
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3-Hydroy-3-methylbut
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(2E.47)-2,8-Dihydroxy-8-
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[1] [1]

1 EF pa i P4 4540 53 A HE N B RK I3 71 B AR 12
Figure 1 The putative carbofuran degradation pathway based on the structure analysis of the intermediate metabolites
TE: ALA YT 5 7 HE R B BT Rk A A P B X S T AR A R P B R e (1] BTREIE T KN65.2M 2] BT s
FND-3"; [3]: W22 CDS-10%; [4]: $2UREsifury SBSPY; [S]: WHAURERAMIEY CFO6™”; [6]: MMM TAPY; [7]:
R T CDPY; [8]: (BRI 504325 [9]: fBEAMEEE CRL-OK™Y; [10]: JEEFFE VW11 [11]: mlpkig yM3™; [12]:

P AEBL3EY.

Note: The numbers in the [] below the compound show that this compound is to be in the process of degrading carbofuran: [1]:
Novosphingobium sp. KN65.2%; [2]: Novosphingobium sp. FND-3""; [3]: Sphingomonas sp. CDS-1%; [4]: Sphingomonas sp. SB5"”; [5]:
Sphingomonas sp. CF06P"; [6]: Sphingomonas sp. TAP®; [7]: Sphingomonas sp. CDP®; [8]: Pseudomonas sp. 504328%; [9]: Pseudomonas
sp. CRL-OK"; [10]: Achromobacter sp. VW111%%; [11]: Paracoccus sp. YM3™; [12]: Pseudomonas sp. AEBL3P!.

[3-(2-Hydroxy-2-methylpropyl)cyclohexa-3,5-diene-
1,2-dione 4% Atk 380 T BEHERRA —%{3-(2-Hydroxy-
2-methylpropyl)benzene-1,2-diol] it & 3 [] B} A7 4 T
itk KN65.2" Fikk CDS-17 T #k END-3M!
FEATHE I =7 Wy i il 4 32 52 0 R Dy Mt TR 1k g
FHEfRARRY BERAR, N 38U T PR
] NIRRT P FRAS . oh 3-8 T P AR A —

B I ZE RS TF402K B, FURTEMIGE -2 THUR
FEH, ERFFEHLEI AT RES LT ARy, AR
T I iR A A K 2 B RR S AR O B AL S
MR AALE . (A E AT T AN 3-BU T IR 4828 %y
] N B384 RAEE R KN65 22U i i 340 T e
FLERAR A Y (2E,47)-2,8- 5L -8- T Sk~
6-F) k-2,4- — IR [(2E,4Z)-2,8-Dihydroxy-8-methyl-
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6-oxonona-2,4-dienoic acid]#{[FAFAE RS, 2-480%-4-F
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methylcarbamate] (AR 1A MR AL T 7EH PR 5043287
FH A AE T W R PR OR AR A A B 4- 558 R K g
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