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Table 1. Herbicide-degrading Microorganisms

SREREE L

Bacteria
Achromobacter
Agrobacterium
Alcaigenes
Bacillus
Bacteroides
Corynebacterium
Flavobacterium
Micrococcus
Mycoplana
Pseudomonas
Sporocytophaga
Xanthomonas
Escherichia
Clostridium
Sarcina
Actinomycetes
Micromonospora
Nocardia
Stereotypers
Fungi
Aspergillus
Botrytis
Cephalosporium
Fusarium
Helminthosporium
Lipomyces
Paecilomyces
Penicillium
Pyricularia
Rhizopus
Stachybotrys
Trametes

2,4-D, MCPA, 2,4,5-T, chloropham

chloropham, dalapon, picloram, TCA

dalapon TCA, EPTC

dalapon, TCA, linuron, monuron, phenmedipham, EPTC
trifluralin

2,4-D, MCPA, dinoseb, dalapon, paraquat, chloronitrofen
chloroprpham, 2,4-D, MCPA, PCP, picloram, phenmedipham
dalapon, TCA, EPTC

2,4-D, MCPA, 2,45-T

simazine, atrazine, propanil, siduron, dichloran, dinoseb, EPTC
2,4-D

monuron

prometryne, amotrole, dichloran

paraquat

monuron

TCA
2,4-D, dalapon, picloram, atrazine
dalapon, simazine, chlomitrofen

picloram, linuron, simazaine, simetryne, dinitroanile, MCPA
picloram

atrazine, prometryne, simetryne

simazine, atrazine, chlorplopham, EPTC, paraquat

picloram

paraquat

propanil, swep, dinitroanile, EPTC

dalapon, atrazine, prometryne, simazine, propanil, EPTC
propanil

atrazine

simazine

PCP

PCP, atrazine, TCA, picloram, diphenamide, EPTC, simazine
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Fig. 1. Metabolic pathway of herbicide 2,4-D.

Airere] AT F713Ee A SHAA i ulet
Aiteh £2)343HES AREste] g Sl Folats]
B #E FHe FopEe] musol gon] F

4-D7} 4 28.2] ] ES] o)3le] Lrlslsle A2E el
Waeleh Aped A Ad ol 4 37185 gt 158 o
Agle g o]gsls ulMESS A9 T S
off kg okSel B4 wit iy 7o)

o

HACHAHcometabolism)  3-23tHAI A& v 50 Fail=t

T

Bl 2fahed FoFe] EApTEI) WlghE A oA 2 A
£ ol 8HA e A S gl #7 FedlA fr]EgHEe
ZAAAAE TFslm 9lon vl dEe] ¢

2o
£

terinm sp.2] AFs}A T fAlrkol] 218}ed 3 5-dichlorocate-
chol 2 A %5 1(11, 12) 0|72 t}A] Archromobacter sp.ol] 2]
3}e] 2-hydroxymuconic semialdehyde 2 (13) A& == A=}
o] FAALEA] 2 olubd o 7 gt £7-9] riAle] oje] £F
o] clAEEC ofste] d&Al FAhapib-So] A}
wy I FRAAE] 8 SR vl AESe) ofsle 715}
FA & AA Heh(14), FaviAbe 7 B WL
SR SXEnR, ¥ vIgERc 540 ¢
& SdlElE FEHIAMEESR 4 A ke 7]
[e]

K-}

57k AeH1S). F713ht g dabet 22 A2 712
2= BAA a]l5e] ¥ AsA o] Wl vlEEE
&7 2ol wmabd diapfAe] ci=Al AdgPd = gled

8 soFe) 23 o o

Nel

isopropyl N-phenylcarbamate(IPCy= *FEoll A= F7]3laA]
& AR wEEed A FA A S A=A "Hehe6).
Z8t(polymerization and conjugation) <JefAlel] Abz=
R FEE TSI Bl v Ee] 2]3te] 13
%]+ polymerization¥}F o]u} conjugation=} & A 2] A] %t
Polymerization®} ] & of¥-al e Tz S A% &
ore] SRSl A2 ATsAALY mE Aeidos &
sl #3HE-53 oxidative coupling HF-8-8 £5}e]
25 X5 7lolul. Conjugationd FoF rri-
AREEo] &, ofvlxeal, B4 T3 e A Eule] e ut
8}ted glucosides, amino acid conjugates, (=3 | €3}, o} &
g, B B3E-S A sle Aot Sl Al Ee
EokF7)1E T polymers Al sk=ul QlelA] vl Eo] 8
qRe Pl et el Aol skl wud v
UTH(17). 2} o]2} o] AU EAE A sk YA
F715 03 & AT LS & Bl opel ST
AREEC] 7 ¥AH
£X (accumulation) %%
% opel Azl H4e vl 455 E ¥
w2t Eeld BAof o3t +5A Fas R S glont
T A ZrL A ERCIT B2 of] Fog FHshe o
dehd 2g7hxle] A A5 F3shd 52 F7e)

il Hol B

o $AlE Ao AztEch pote] 2UsE: vgE £
|

ok

-1

& o

&)

-

ot rlo

dape vl 4 ek
o

ol mer ke wmak T ekl £y T
gf T A F$E =, Bacillus subtilis:= 33
89-90%2] DDTE- 30Z&%tel] Aol &4 sl=d] ulsto] Agro-
bacterium tumefaciens + 4A]7F AXE7} 2 Q5 E o Z o]
2 Qlek(18). Al Elol| HAE pE At A, Al EzU9]
Azt Agslo Alel AFEA, e A2 %2 EE

Ir
ot
of
ki
o

7| ek DDTS} & #7192A4 FU45S CC, CH, C
Cist 2E HE FRAY] $ATEE 2 AL
ol WISA ] BAZA o] A Aud el S

=3
-l

U,Rjg
o Hz

e;}m

& el 7] 947 WSl Euglena gracilise= DDTZE
Aol indicator® AMS-E 7 % SH(19). L 25

o] A5l DDTE Aol &Ag ¥k oz} o]
Y= DDT-E DDEZ #38]A)7]v (20), 338t Anabaena
flos-aquae X Chlorella vulgaris®= fenitrothionS Aol &4
sl Bvle fiA wi dE G2 Lo (21). 28

Bt

wt de o
N

ofN P

v} oo 27k gk A EY 24 FgH R RE &
MEAS AAsls A8E & Bk ohue} Foke] o]E 3l
olx F2% AL 7|2 sk, SEAHA A 9olM F
g FH3 9l vl R Bl Bav nEAES 2
Al

7w Wolates Fatel AFAozt ALelAZA @
£ 714 7P5Ae] dleh =1 ke HAsha ol v gEe]

bR e AT mofolut A AL A (sediment)el] =

b

Vol. 10, No. 4 (1997)



H
o
o
i
AN

2 2
>
i
2
o,
i
<
o
=
b
=
leo
off
o
0
o
o
e
4
2

t

od ox aft
X ocg oo W
b2
2
14 S
B
2
r!s*.

(nonenzymatic transformation) v|AJ%
ool 3 R AT T2 ABe v
o) & SA 2 BFRAFAA =) BT

&2
Jo
<
ol

N
Borfo ot
A =30
kol g
2 H
3_1;
= L

i)
2

£
N
N
ilid
2
¥
=
i
2
rﬁ
.§L
)
© o
- oy
2
2
s
LN )
o

E5) WA WA} gle
}71- ZQ38 a2 &
i s ol o140 sl 5l
glct. Plimmer 5(22)2 A)3A| propanilg #2]gk Eokol 4]
triazene2] 3 A-$ AFalgl = o) Paracoccus sp7} #7114
ZANA] nitrateZ nitrite 2 FH A 7= FAlo pHr} 31EFs)
v kIl nitrite}  propanile] FZRAMEER]l  3,4-di-
chloroaniline =} ul-2-3}ed diazonium cation-g A} <354
© 2 3.4-dichloroaniline®} #H-2-3}od trizeneS- A3 Ao
2 FAslg oo, olggl v a4 LA IA]-L2- pH 7 oAt
oA ol sialeh3). FEAEAS P PE T A
Zgopola] vl g FEol jsje] BT 23]

o}, DDT, methoxychlor, heptachlore} 22 R frld 4

Table 2. Oxidation reactions in microbial pesticide metabolism
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Reactions Chemical formula

Examples

C-hydroxylation R-H—R-OH

R-CH;-R'—R-CHOH-R'
R-CH,-OH—R-COOH

C-carboxylation
Oxidation of methyl
B-oxidation

R-CH; — R-CH,0OH

Epoxidation

Ketone formation

C=C cleavage R-C=C-R' —

R-COOH+HOOC-R'

C=0 cleavage R-C-R' — RCOOH
(o)
R-CHCI-CHCI-R' —
R-CCI=CCI-R'
R-N-R" — [R-N-R]

C-dehydrogenation

N-demethylation

CH, CH,OH

~— R-AH-R'
R-AH, — R-AH
— various products

N-oxidation

RO-(CH,),CH,-COO/H\
— RO-(CH;),-COOH

R-CH,-R' — R-CO-R'
R-CHOH-R—R-CO-R’

cypermethrin, thiobencarb,
2,4-dichlorophenol

carbofuran

metabolite of cypermethrin
bromacil
w-(2,4-dichlorophenoxy)-alkanoic
acids

aldrin, heptachlor

carbofuran
hydroxydichloro-diphenylmethane
aldrin, 3,5-dichloro catechol,
chlorinated anilines,

chlorinated phenols,
3,4-dihydroxy benzoic acid
kelevan

lindane

phenylurea herbicides

chlorinated anilines
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Table 3. Reduction reactions in microbial pesticide metabolism
__Reactions Chemical formula Examples
Reduction of R-CH=CH-R' — DDMU (=metabolite of DDT)
double bhond R-CH,-CH.-R'
Reduction of R-C=C-R' — buturon
triple bond R-CH=CH-R'
Reduction of NO. R-NQO. — R-NH, pentachloronitrobenzene, parathion, fenitrothion

Reduction of SO
Reduction of S-S

R-SO-R' — R-§-R’
R-S-S-R' — R-SH

Dehalogenation R-Cl — R-H
R-Br — R-H
Elimination of NO, R-NO, — R-H

phorate sulfoxide

thiram

DDT, cyclodienes, chlorinated benzenes and phenols,
camphechlor, diuron

1,2-dibromo-3-chloropropane

pentachloronitrobenzene

Table 4. Hydrolysis reactions in microbial pesticide metabolism

Examples

_ Reactions Chemical formula
Ester hydrolysis R-COOR' — R-COOH
Sulfer-ester 0]

hydrolysis 1

R-CH,-O--S---OH —

i
0
R-CH,OH and/or
(¢}
fi
OH---S---OH
L
0
R-NH-C-R' —
Il
O

Carbamate hydrolysis

malathion, kelevan
disul

benomyl, dimethoate,
carbaryl, mexacarbate

R-NH; and/or HOOCR'

Nitrile hydrolysis 0

74
R-C= N**RC

“NH,

— R-COOH

Ll bl
\ [
0O HOO

Epoxide hydrolysis
H

| !
Dechlorination -C[,‘,-CI — -IC-OH

2,4-dichlorobenzoic acid nitrile,
cypermethrin, metabolite of cypermethrin

dieldrin, intermediates of

oxidative reactions by mixed

function oxidases

trichloroacetate, 1,2-dibromo-3-chloropropane,
chloroallylalcohols, chlorinated phenols,
4-chlorobenzoic acid

) So) AW A2y} Asl= conjugation A o],
Th shiz S980 o) Ak AAvlel AL A2

o) Hoiv} }#‘7\4_3:51 E3} gzt ol2E FristaiAdoe)
o5 A Re AES S5l ubebad Adelshd Al 194
o] “rAl7] BolalAle TR AlE ) ulalE atolol] AL wls
g opA-g Az 2 whAle] Br)slaAd e F2 vl g R ols)
of alefu}rd conjugation®h £ A 2 R F2 o
ofvch et AAE F2F thaMbE o] 5o Ak RE A
Az e BELEe e B9 ol ofeba] o9 cheksict
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57

(25, 26, 27).
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o)) deg Pl A9l Bl ¢lE =W
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A E-biomass, 2%, FH3F
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Table 5. Isolated enzymes from microorganisms involved in pesticide metabolism

Substrate Enzyme Isolated from References
Carboxin Aryl acylamidase Nocardia sp. (29)
Carbofuran Hydrolase Achromobacter sp. 30)
Chloridazon Rhodanase Acinetobacter calcoaceticus (31
Pseudomonas aeruginosa
Chloropicrin Cytochrome Py cam Pseudomonas putida (32)
Chloropropham Hydrolase Pseudomonas striata (33)
Dalapon Dehalogenase Arthrobacter sp. 34
Dalapon Dehalogenase Rhizobium (35)
Diazinone Hydrolase Pseudomonas sp. (36)
DDT Dehalogenase Aerobacter aerogege 37N
Fenthion 1,2-dioxygenase Nocardia sp. (38)
Karsil Aryl acylamidase Penicillium sp. (39)
Karsil Aryl acylamidase Bacillus sphaericus (40)
Lindane Dehalogenase Clostridium recrum 1)
Linuron Hydrolase Bacillus sphaericus 40, 42)
Malathion Hydrolase Trichoderma viride 43)
Pseudomonas sp.
Metobromuron Hydrolase Bacillus sphaericus ATCC 12123 (40, 42)
Aryl acylamidase
Parathion Phosphohydrolase Escherichia coli (44)
Parathion Phosphohydrolase FPseudomonas alcaligenes 45)
Parathion Hydrolase Pseudomonas sp. (46)
Paration Hydrolase Flavobacterium sp. ATCC 29343 (46)
Phosphotriestrase
Propanil Acylamidase Fusarium solani 47)
Propanil Acylamidase Fusarium oxysporium 48)
Propanil Aryl acylamidase Bacillus sphaericus (40)
Propham Aryl acylamidase Bacillus sphaericus (40)
Propham Estrase Pseudomonas striata (33)
Pyrazon Pyrazon dioxygenase Bacterial strain E (49)
FE Feke) vlELEel & 3 7AH 1 gellE BN HILE A Hv 2 RS QAW EAlse A 3
B2, pH 55 $23 2a150]n) FAEE F2 uAT g olshe] dofideh ATAUelE 271zt A2 e
s palol daol vk Fobe] RATz} DA BN SRS TR favl Bty Qo) AEAS PASE 2E
< ¥t 29, 'as U Bt vt gesE B AL PATOEA AEAE sk 2o oA E
sjrde] FAadhe 7ol dnbxlolr). Benzene, phenol, benzoic ThE7) 918} slebe-g FAS T Qi) o] 5 A Foll= ¢
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SE el DAY wAZE AUtk NO., NH;, ON growpe 5% U422 WsiA7ds} A2 a7 48 222
wWarEsatee] ¥el& 714:4171m COOH, OH, CHO group HEA 7 AES vk fie) 27 ko] wishe 2 4t
< e F7HA7= Ade] slvh rlAEEd e alelA At 3}, g9, Zhpdalol, ok TRl whebads AU o,
A 2AL HE e frlda —3 [eh. ghsh A oeindl, R4t 57 Asle] 849 conjugated TE F
o) A2 ApdAd e 72 EAEA] Gw delelw %2 ol A7l gHbsle] 2358 E3tod wiAdsIcth. v| Aol 2j8h
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