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A EL) ST (DEPBMA)FI N-(2,6-— LRI LTt Z (DEPA), KBtk BAD-20 [Efif 1 i E 46 5
TR, BEBE N-TAR ., [ 458 ] A5 B0 B B — bR T 50 i i DA AN W8 2R 11 BT T
J& (Proteiniphilum) BAD-20, SHURABFFY T R D AR RE AR AL S A& 5 T B B I /K DR A A A B A AR 4
HEARHE

R TR, REMR, ER0%E, BEARERE, R, ATy

TR [2-58-N-(2,6- L EERIE)-N-(T SR U TR B T e i BOm R R, B
F) LB, butachlor 2 A LMEMEERFERI R T LEHNRREN B2 KEUEY, THEEkSSELO
LR, R E R R BR R 2, TR EEAL . iR Rk R s B TR a2
YRR 2P AUBR R, 7E Ead i MoK I AIRSR A RENE , XL Sh P AYEETE K 50010000
JUZR, BB AR RAR R RS it e R, S S YK A I B IR TR

E&WH: HEARPEES(31770117)
“BIEVEE . Tel/Fax: +86-25-84396314; E-mail: hejian@njau.edu.cn
Wis HE: 2020-10-16; fEEIBHA: 2020-12-16; MLEHARBHA: 2021-02-23



NZERSE | WA ER, 2021, 61(4)

1003

Xof SR YA B AT A, I R
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FURT, [ M £ Bt I 28 B3k e 390 R 2 W
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fife TR I LT | R T RN B T R TERE
e A R AL 7 1T, DAAS PRS2 X 73 B 3 )
Sphingomonas sp. DC-6 W5¢ e AR A, HACHHE
T i I 0 3] ) 2ok R 0 2 5 1 Tl N R ) L 80
o WHRN . O R M ECT BN E ST N A
CndABC fitfb T &4 N-ikedk, Biliksr s
TEBENE M CmeH AL T I L BERE AR 7 R e 11T A= )
2,6- — 2 K JE e (DEA) B, 2- B 3k -6- 2 3t 7% i
(MEA), #RJ5 DEA 3 MEA 7EHLMIA N MeaXY
T MeaAB fiEfb M HGEEARIS b 2 UORIEAL, AR5
FRIRFTIFIEA TCA R B 2 58 AR A2,

WA, FERE AT T R LR BR 50 o mT
DA R A MR R 22, e 0y SR e 2
I RS A g Fe p iy e S WAL B — A~ e R R A
TR E R, i, AUV E A E R
b, FIAZE )5 P AT i W Ae DRSS B s
YAk RE S o R PR £ B . T e R PR g
PG Ye, JFE i AU P S N T L R R
ERERR AR AR BECYIE, ENSNE R 4
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FEHL ] 2 T X% B 7R DR AR A A A R
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FHOKAE HRZE LA T RAECIRES . I iFFEK
R FH - 338 v BRAR AR MO0 T R e B Aide X T
BT fte A KRR T P 0 5 A R A S AR W2 L
HATHE 2 o AWPFERHIRRE e g4 fh
Yy, i s R YRGB R T R e
BEW, FF ARG 28 ) — ok g ) T o R A fi
# BAD-20, IS¢ 13218 14 73 2 S0 FOX T R i)
W AR, R IBORA (i A 7 s 8] B B R R
YR T T R AR

| R L

L1 PR R sEgREE

TERE(SERE 97%) . R (AT 98%) . L3
Jie (SH B 96 %) FiT PN L Jie (411 B 96%) MK A A 2 JgLA
Al(RE, i),

IR CE A I AL B 3R Bk (MSM, g/L)BY .
K,HPO,-3H,0 0.35, KH,PO, 0.27, FeSO4 7H,0
0.2, MgCly'6H,0 0.10, NH4Cl 0.53, CaCl,-2H,0
0.073, FrEEERM 0.10, NEIEREN 0.10, JIRKFE
0.001, fRICEE AW 1 mL, 4iARE AW 1 mL,
FHBEIREh 22 vk pH b 7.2,

PR BB R IR SR IL(PYT, g/L): &HH
R 0.5, BERHRRY 1.0, AR 0.5, BR/KIFRSE
M 1.0, AIEPETERS 1.0, #i%bE 1.0, K,HPO, 0.6,
MgSO0, 0.2, NHEREREN 0.6, M TR E AW 1 mL,
AeAEREAW | mL, WUERRE, KEFmMA, H
WERRER & vh M pH Ry 7.2 [EIARESSRILAA 1.7%
(R BrAE -

e - A R SR IOR T S AT N Op
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FEFF AR E, FEA N, 30 min, 115 °C & EZ%
YK 30 min, KEJG MR FRILN AREETC 6, 4N
JRB AR Rl et , WIS AR A BRI .

BRECFIERR (10 g/L): 43 FRHL 0.5155 g T %
J. 0.5102 g B EfE . 0.5208 g Z Hifkal 0.5208 g
T 50 mL HfEr, W UEBRIE 4 °C {RAF
.
1.2 TEEREEBENEESTE

FHOR Ik T e i DR Ao G ik R ) 1 S R
H VLR R T VL5 48 AR M B2 B /K et 1t
(E32°01"N118°52"), RAFEHT, #2H3-10 cm +3E
VEFE M, T IO MBS el =5 M. K
BORAEM) HIEAE L 3 g IMAE] 30 mL A 20 mg/L
THREICEA MSM BR SR BER s b, AT R
FEB O SRR IS A 30 °C 1EEFE IR 150 r/min
P b e, B ARl b i B AR I R R
BRG] PRASFIC 8, 0 SR 37 JE i 60, A 1 U35 T o
ERPIRA TR S I BRI 2 T 51 1 B A
ROR Y ME I T R R 2 %A% 60%—70%)5
B3 mL & AR WAL ER 7 — AR T R MSM
BRI ME IR . b R R, HEIE LW
RERASFE 2 I DIBEAR 90%[1 20 mg/L T FEREHSYilfk
o

AR TR B R A TR Y A B E D AR R A
(COY-7000220A, COY Laboratory Products Inc.,
Michigan, USA)H AT, B & 8BS MRS IR
A T PYT [ FRIPAR b, SRS R A R
SURET, BTERFRAN 30 °C fHIRKE SR 7d, HigRid
PR RO EIE TR k5555 B €4 1 R
R ER . PRBCE A E TR TE R ARG TR b
e alifl Al b VR RN B 5 20 mg/L
TER) MSM KSR 5 o ORI R T
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FLHEIRE T
1.3 THEERREMMERE BAD-20 X 16S rRNA
EHFH 50 R R G

YK B HEE BAD-20 RIZT PYT [H{A
SR b, TREREF 30 °C fHIRIEFE 3d, WEH
TEIEAS s B b 0T AR R B R R 28 vl B &
A 1% EE S, 2% MBS mamngy, A&
L 8 H 37 H-7650, HAS H 7)WL,

WIEARI A A3 ) EBRORIE R MSM H5 55 5k
(BRI R R A A AT A BR AN I AR BE Y L R
Pr. HER. HaEmR., 224K, HER. WK,
LR . WHERRRELFLIRIE N E IR YT, #:8h BAD-20
FK, T 30°C, 150 r/min 2504 F 535, & WI0EE
BAD-20 24K,

RS E . R R AR R B B T bR
)4 DNA, FIF4IE 16S rRNA JE[H A9 514
Xt 27F (5'-AGAGTTTGATCCTGGCTCAG-3") fil

1492R (5'-TACGGCTACCTTGTTACGACTT-3")"
17 PCR P34, PCR{KZR U1 (50 pL): 2xPhanta

Master Mix (i 483 F]) 25 ul, #E4(40 ng/uLl)
1 pL, 27F (20 pmol/L) 2 pL, 1492R (20 pmol/L)
2 uL, il ddH,O %2 50 pL. ¥ #45FHR: 95 °C
3min; 95°C 155, 56°C30s, 72°C90s, 30 ME
¥f; 72 °C 7min, PCR Z¥4lifb)5, WedE 1500 bp
A ) R B pMD18-T 2 14 1] DNA 3% 3 i 1%,
SR AR5 ARV R HF I DHSa N, RIS
AR NHERR(00 pg/mL) LB FHiiivk FH:
BT, N PHE Sl 3% 2 i o R E DR A B
INEINRE . A5 B P 4 7E EzBioCloud database
(www.ezbiocloud.net) §U 4 4 15 £ # 3B Tk 1
16S rRNA &R HEA 7 [R5 B, el e w5k
BB MRA DT 51, FIH] Clustal WK%
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75, A MEGA 6.0 3, it &R @bt
PEFRAR I RGeS, R Kimura’s two-parameter
model 13433 #E 5 , Bootstrap {H % & K 10002,
1.4 W B AR T EREFER

F Rk BAD-20 #2280 T PYT WA 7= 5L,
30 °C fHIRIEAK 150 r/min PRI I5 208k K
JGHI(ODeoo 21789 0.3)WERFh ¥ K450 5 Wd% 5%
PR RN T ME R A 20 mg/L T FfZ Y
MSM B 3: 58, F 30 °C., 150 r/min £ K N 5 57
10 do LA AR BEXT MR RS2 IRINY, B 16,
20, 25, 30, 35, 40 Fl 45 °C; ZEEA[E pH X
R fi (0 52 ) BsF R 22 iR &R 50 mmol/L
NaH,PO,-Na,HPO, 8 15 ARl 1) pH JE [ (5.0-9.0)
2 SN[ £ e P X B A A 52 s, ) NaCl %
B3R MR (0% . 0.2% . 0.5%. 1.0%. 1.5%.
2.0%. 3.0%FH1 5.0%, W/V). ZEAN MY
WA, A IR AR S JE A 8 JR LA (i B R d
WAA T BEAFIRYUE R, TR
WeRE43 o0 10, 50, 100 mg/L. LA 52564351 %
EANERR BAD-20 (1975 Xl , AbERZ Fnxd
MRS 3 K.
1.5 BE# BAD-20 EEME A9 2

B 5 5% 2 RS (ODeoo 210 0.3) B T Bk
BAD-20 F F- % 5% 47N f 4270 T 30 mL MSM
AR A, SRS 43 I A i &8 2 1k fre o 2 59
FERYE N 20 mg/L, T 30°C. 150 r/min FEKN
BrgR, o BRI R 15 55 W P 45 D G TR I
e B
1.6 A TRBEERELIMR B 7 vk R Y % e

T2 T B A IR EE R 50 mg/L i MSM g 415
FRHE, mAC S 4FH) BAD-20 #F# 1.5 mL

(ODgpo=0.3), fHIHLEEFIKRZ A 30 mL, T 30 °C,

150 r/min 50 T 3555 8B BOREINE T 7L i i) vk
JE, R T R RR R 80%IN, HEREME
VURTHE, 2 mL HEE, GBS, 2 0.22 um
AHLUENEL, TR (BUP RlE . LF R AN B
R DU 25« R i A8 AH €4435 (U3000,  Thermo
Fisher Scientific, 3£[&); Thermo Fisher Syncronis
Cis (5 pm, 4.6 mmx250 mm); WzhH: 20 K=
90 : 10 (V/V); K : 215 nm; 33 1.0 mL/min;
FEIR: 40 °C; #EFESR: 20 uL.

T AR A €83 - I R AT T
(LC-TOF-MS)ill & &4 : LC-20AD(H A &),
AB Sciex TripleTOF® 5600 (3£[& AB SCIEX),
Phenomenex Kinetex C g {4i541:(2.1 mmx100 mm,
2.6 um); AEiE: 40 °C; MEEER. 10 uL; N
0.3 mL/min; Jish#l A RH/K©0.1%F &, V/V), B
S B EEVEIRAR T R 5% BELR4F 0.5 min,
FHEEN 5%3E N E] 95% B 11 min, A5 95%H
PR FF 2 min, SRATHZS 25 F IR (ESDIE & 541
i, BT HE(ISVF) 5500 V, BRI
FE(TEM) 550 °C, ZALS(GS1) 65 psi, HlilI<(GS2)
65 psi, “LATA(CUR) 35 psi; Ui RAER
SRyt 3 B RAT IR BTG 4 47 4 O R ik e R AR
W 9% % % (TOF MS IDA MS-MS) # = |
TOF-MS HH4#3 Bl m/z 50-800, IDA MS-MS 34}
YW m/z 50-800, FEF%EHLE(DP) 80 V, MS-MS filf
fEREE(CE) 40 eV, ¥ EAIEREE (CES) 20 eV,
1.7 BEkb ¥ 555315000

BRI AR A 1 PR, CaFmas M
X RO BE , Co FR A3 B A J G () vk
s — S 12 R A 2 PR, CoRniin
JEWIHREE , k FOR— BN AR, ¢ FoREEFRE
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WpI] s BEARE W (Thn): Tio=(In2)/k, HA SUNIE
VIR AR — 1 Tl SRR . S50 T BN
41 3 AFATIEIE, SRR A 2R 22 5 i e i)
FLBCR A SPSS 19.0 St “##k{4i#47 Duncan £
By, P<0.05 NHEALGIEER
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Degradation (%) = Ca=C, x100% €))
ck

C=Cpe™ )

2 ERFAM

2.1 TEBKEAREME BAD-20 K7 B E
VAT Wt g b DA DA e I 7, LUK £ 4
R, E AR ARG — AT B AR A

A) 100 ¢
L — CK
80 b --- BAD-20
o 60F
é L
40

20t "
_ &
0~ !

R BRI TE 2 R NREAR 0% T i, FIH]
PRARGI B EOR , iz Rl - es aliAe 3] 25 #RIK
AME, /9% 5l BAD-01 3] BAD-25. F&fi#is
I SE R EWIFE M BAD-20 XF T Hi e R UT- (R A
FOR(E 1), FERh R BAD-20 FRE 3R T 5
e 8 2 (18T 1-A), T ELRE AR B 15 57
I ) FE K T, 7E 10 d N BERSFEAR 90%LL L1
TR (20 mg/L)(El 1-B)o T H A2 2 B kR X T 5
JHe A AT B AR ASOR B AR SR

Pk BAD-20 7£ PYT [E{AE; 373 30 °C £53%
3dWE AT, AEW . R, g (E 2-A).
P T WAIES, BAD-20 B AFIR, K/
49(0.5-0.8) pmx(1.5-1.8) um, A WELFNHEE (X 2-B),

-»- BAD-20

-e- Control

— —_ [
(e} W [}
— ——

W
T T

Butachlor concentration/(mg/L) @

0F

40 45 50 55 60 65 7.0 75 0.0 3.5 7.0 10.5  14.0

t/min

t/d

Bl 1. Btk BAD-20 3 T EEzHI R RPEMHR
Figure 1. The anaerobic degradation of butachlor by strain BAD-20. A: HPLC chromatograms of butachlor
degradation by strain BAD-20; B: the time-course curve of anaerobic butachlor degradation by strain BAD-20.

2. HE#k BAD-20 BIE RIS (A)FE S RIER A (B)
Photograph (A) and transmission electron micrograph (Bar, 1.0 pm) (B) of strain BAD-20.

Figure 2.
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AEgizgl, F2RPERTE. Wik BAD-20 GEF
FBEREE . AR, HER . BER . L2
NAMRFHEO AR AR, REAHHR .
LR DI R FN LR A S i

FIAANEE 16S rRNA F K 5 915 Hi% A
16S rRNA B[, P45 REH BAD-20 4 16S
rRNA BE R B2 1492 bp (NCBI #J GenBank & 53
50 MWO057853), Hl Proteiniphilum acetatigenes
TB 107" HA 99%M—8itk, SHEM—03k,
BARE N 100% (K 3). B, #1256 Ftk BAD-20
US T N WEHE 1 & (Proteiniphilum sp.) .
2.2 TPk BAD-20 [E#E T BERZMER

WPk BAD-20 [ fif T i ) o 3 R
30-35 °C, 10 d X T REfEREARAIEF] 90%LL I
MR T 35 °C BT 20 °C B, X T B REAIRE

KE 80%LA s 4 pH fmF 8.0 sl fIkF 6.5 A,
T BAD-20 Xt T &% #Y B# ff ok R B & N [F
(l 4-B). Fkk BAD-20 FEff T e 1) 5o 6 Wk
1 0-0.5% NaCl, 4 NaCl ¥k # it 0.5%, T Hj%
AR AR At 2 ] J A2 B R (1] 4-C) AR AT
Wk BAD-20 SE4k 25 T T B i % i 6e g (&
4-D), PiAE R BAD-20 h 48 KA

K5 25K, AR BAD-20 RE R LR
ik 50 mg/L WY T FfE, MYiG R T Rk
IR BT 100 mg/L B, Bk BAD-20 X T Bifi
(0 8 e 3% TR R, R T R MR B T T R R A A
BAD-20 A7 %5 i) i/ o Bk BAD-20 XA [F]
W FE T R I B A sh A T — 8 i RS
ZEHRANZE 1 R, BAD-20 %f 10 mg/L. 50 mg/L
1100 mg/L T F R REAR-E R W(T2) 7351 2.49 d.
6.78 d F123.17 d, A[RIWILGHREE Z (8] A P A~ 5
WA AE I B 9 22 57(P<0.05)

omonas termitidis N-10T (AB971823)
monas gadei ATCC BAA-286" (GL.891979)

Dysgonomonas hofstadii CCUG 547317 (FN356023)

monas mossii DSM 22836" (ADLW01000023)

[Dysgono
100 Dysgonomonas oryzarvi Dy73" (AB547446)

Dysgonomonas alginatilytica HUA-2T (LC021528)
Dysgonomonas macrotermitis Dys-CH1T (HG315620)

onomonas capnocytophagoides LMG 115197 (U41355)
etrimonas mucosa ING2-E5AT (LT608328)

100 P
{Pem’monas sulfuriphila BN3T (AY570690)

Fermentimonas caenicola ING2-E5BT (LN515532)

Proteiniphilum saccharofermentans M3/6" (KP233809)

0 1 @ Proteiniphilum sp. BAD-20 (MW057853)
Proteiniphilum acetatigenes TB 107" (AY742226)

fift s R W] A TR (8] 4-A). Rk BAD-20 [ T
F R BE pH oA 7.5-8.0, 10 d X T B iFEfRR
100 Dysgon
76_4:)ysg0n0
99
74 |
100
o I
100
70 100
10
0.02
—_—
3.
Figure 3. Phylogenetic tree of strain BAD-20 based

represent the sequences accession number in GenBank;

Muribaculum intestinale YL27" (CP015402)

B4k BAD-20 B9 16S rRNA £FFI R FZE A B #H

on 16S rRNA gene sequences. Numbers in parentheses
numbers at the nodes indicate the bootstrap values on

Neighbor-Joining analysis of 1000 resampled data sets. Bar 0.02 represent sequence divergence.

http://journals.im.ac.cn/actamicrocn



1008 Junwei Liu et al. | Acta Microbiologica Sinica, 2021, 61(4)

(A) (B)
100 | a 100} . a a
b I r NAY
80r S \\ 80 | c N N\
\ \

60 C \ d
YRR | NN &

Degradation percentage/%
Degradation percentage/%

0

%80’(: 560@

SN\

NNARNE :

= »NNNNR S :

. "NNINN .|

*>NNNNNNg ¢ ¢
NNYNANN «
NANNNYNNVEEEE NS

. . . . naerobic o, erobic

4. INEERIEH BAD-20 FEFR T ERRATR NG
Figure 4. Effect of environmental factors on degradation of butachlor by strain BAD-20. A: temperature; B: pH; C:
NaCl concentration; D: oxygen. All values represent the mean of triplicate samples. Different letters indicate
signifificant differences in the degradation of butachlor with respect to temperature (A), pH (B), NaCl
concentration (C), and oxygen (D) after incubation for 10 days as determined by one-way AVONA on (P<0.05).

[\

(A) (B) ©

=) _ =) -©- Control BAD-20 =) -

% ii;e_ 1_C0nt201 :-PAD 20x % - (’)‘n r(‘_i "'. = - Control = BAD-20

EON ¥ T—%&+—3 £50%¢ = —  £100

= = =

2 .2 40 2

E E g 75

5307

= = = 50+

5 S22 L 5

Q Q Q

E g0} 3

5 5 5

@ =< R (ot S e
0 2 4 6 8 10 0 3 6 9 12 15 18 21 0 7 14 21 28 35 42

t/d t/d t/d

5. T ERRAERE X EK BAD-20 fERERI S0
Figure 5. Effect of initial butachlor concentration on its degradation by strain BAD-20. All values represent the
mean of triplicate samples.
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R 1. PR BAD-20 M AR MERE T ERRERI—RINNFSH

Table 1.
concentration

First-order kinetic parameters of degradation by strain BAD-20 at different initial butachlor

Initial concentration/(mg/L)  Kinetic equation

Correlation coefficient (R*®) Rate constant K/[mg/(L-d)]

Half life (7;,%d)

10 C=10.76 ¢ 2" (.9880 0.2785 249 a
50 C=51.01 ¢ %192 0.9923 0.1022 6.78 b
100 C=100.03 ¢ %% 0.9732 0.0299 23.17 ¢

2. Correlation coefficient, which represents the fitness of the modeling data; °: Duncan test was used to test the difference between the
data. Different letters after the same column of data indicated the significant difference between the treatments (P<0.05).

2.3 Btk BAD-20 X A FER ZBHSSBREN
) RS

e 2 firs, Witk BAD-20 AEREAR T itk
Hb, ICBERESAR R R . RN B A A
W] . Witk BAD-20 XFH R, 2%
Jie . TR B TR TR J 1 I A 5 (T o) 43 1
1.34, 2.05, 2.78 1 3.20 d. 225 B E MM £M,
PRI AR X G 2 T 255 o 0 351 1 4 e 205 3 A e BT A
WKk B B> 2 R > TR R > T R
2.4 THKR BAD-20 [FEA# T BRI Y % 5E

FIFH LC-TOF-MS T &tk BAD-20 [fi# T
B e e AT . S5 RANIE 6 R, TERE IR
EEAE D B 2RI 3 N, Horp

Compound I FFf 5T e (m/z)k 312, AT E T 5
AHIE], JUANAE Fr ey JoT U AR T B B 43 5 A4 A
T4 (K 6-A), IRt Compound T %58 MY T Hfk .
Compound 1T Ffar 5T EL Ry 278, WIGFAT T e i 2
— AR N-(2,6- L FAF)-N-(TEAF R 2
I (DEPBMA) 7 [R], H LR 7 84y 5T L
g EWAF ST T (K 6-B), Kt
Compound IT 2% & N-(2,6- . L FEIRFIE)-N-(T A H
I LW (DEBMA), Compound III fuf it Fb oA 192,
NI47-F1 DEBMA Jii 2 N-T 5 H L0077 950+ oA
], HIUASE s 50200 N-T 2 1) 4
FaARE (K 6-C), Kt Compound 1T %52 K
N-(2,6- . FHEHRIE) LB (DEPA)

2. HEPK BAD-20 M B X[ CELLREF FEMERAINZE

Table 2. The degradation of others important chloroacetamide herbicides by strain BAD-20.
Compounds® Structure Correlation coefficient (R*") Rate constant K/[mg/(L-d)] Half life (7, /d)
Alachlor Cl 0.9981 0.5172 1.34a
Acetochlor q 0.9889 0.3381 2.05b
O o™

Pretilachlor Cll 0.9724 0.2493 2.78 ¢
O N/\/O\/\

Butachlor 0.9923 0.2167 3.20d

P
o

% the initial concentration of substrate is 20 mg/L; °: correlation coefficient, which represents the fitness of the modeling data; °:
duncan test was used to test the difference between the data. Different letters after the same column of data indicated the significant

difference between the treatments (P<0.05).
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g eS¢ E 22 500103 11 | 163108 220, gg} ;0946 C‘;Tz.?lg(?; 121669
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Proposed anaerobic degradation pathway of butachlor by the strain BAD-20.
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Isolation, identification and degradation characteristics of an
anaerobic butachlor-degrading bacterium BAD-20

Junwei Liu, Xuan Zhang, Yixuan Bao, Jianyi Xu, Jiguo Qiu, Jian He'

Key Laboratory of Agricultural Environmental Microbiology, Ministry of Agriculture, College of Life Sciences, Nanjing
Agricultural University, Nanjing 210095, Jiangsu Province, China

Abstract: [Objective] The aim of this study was to isolate anaerobic bacteria capable of degrading butachlor.
[Methods] By enrichment and acclimation method using butachlor as carbon source for enrichment, we screened an
anaerobic butachlor-degrading bacterium from paddy soil. The isolated strain was preliminarily identified based on
morphological and biochemical characteristics as well as 16S rRNA phylogenetic analysis, and the metabolites of
butachlor degradation were identified by liquid chromatography-time of flight mass spectrometry. [Results] An
anaerobic bacterium designated as BAD-20 was screened and identified as Proteiniphilum. The optimum conditions
for butachlor degradation by strain BAD-20 were 30-35 °C, pH 7.5-8.0 and 0-0.5% NaCl. Under the optimal
conditions, 90% butachlor was degraded within 10 days by Proteiniphilum sp. BAD-20. Under aerobic conditions,
the stain lost the ability to degrade butachlor. Proteiniphilum sp. BAD-20 could also degrade alachlor, acetochlor
and propionate with the degradation efficiency following the order: alachlor>acetochlor>propranolol>butachlor.
The degradation kinetics to these chloroacetamide herbicides fit to a first-order kinetic equation. Two metabolites,
N-(2,6-diethylphenyl)-N-(butoxymethyl)acetanilide and N-(2,6-diethylphenyl)acetamide, were identified, indicating
that the initial two steps of butachlor degradation are dechlorination and dealkylation. [Conclusion] An anaerobic
butachlor-degrading bacterium BAD-20 was enriched and isolated from paddy soil and identified as
Proteiniphilum. This study provides a basis for further study on the anaerobic catabolism of butachlor and the

development of anaerobic biological treatment technology for butachlor-containing wastewater.

Keywords: butachlor, anaerobic degradation, acclimation and isolation, Proteiniphilum sp., degradation characteristics,
metabolites
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