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Isolation, identification, and optimization of degradation
conditions of the acetamiprid-degrading strain D35 from
drilosphere
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Hainan, China
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Abstract: [Background] The residues of acetamiprid and other neonicotinoid insecticides have
adverse effects on non-target beneficial organisms, and bacteria can promote the degradation of
them. [Objective] To isolate acetamiprid-degrading strain from drilosphere and optimize the
degradation conditions to improve the degradation rate. [Methods] The acetamiprid-degrading
strain was isolated from drilosphere and identified based on 16S rRNA gene sequencing and
physiological and biochemical characteristics. The degradation conditions were optimized by
single factor test, Plackett-Burman design, steepest ascent path design, and Box-Behnken
design. [Results] Strain D35 could degrade more than 55.46% of 50 mg/L acetamiprid within
72 h, and was identified as Pseudomonas sp. The optimized conditions were tryptone 10.19 g/L,
30 °C, inoculum size 5.24%, pH 7.0, and acetamiprid at initial concentration of 50 mg/L. The
degradation rate of D35 under the optimized conditions hit 80.21% within 72 h, 24.75% higher
than that before the optimization. [Conclusion] We screened the neonicotinoids-degrading
bacteria and strain D35 could efficiently degrade acetamiprid, which provided microbial
resource for rapidly eliminating acetamiprid in the environment.

Keywords: acetamiprid-degrading strain; optimization of degradation conditions; Pseudomonas
sp. D35
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ELA O TR MR B2t A4 ORI B A T 1 0B, 240
5 1 05 3] [ A7 Ik U WK 9 Acinetobacter sp. .
Leifsonia sp. . Pseudomonas putida sp., f#WEH
WK Pigmentiphaga sp. D-2. Fusarium sp. CS-3,
R fidt s WE OB B9 Rhodococcus ruber DL I [ ik WE
WA Ensifer sp.l" '8, RGN, EHNIMTTF
WE T DR 556 ik T 7 24 R0 0 ] A e T AR AR A /b, IR
A IE KPR I Ak BT R R AU ATL 0 R E 1 58 4
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MZZMiESh e ER SR, HAMRES (e
A R R AR, R A BT Y [ A
TR A S S i P e o 3 SR SIS 1 R SR TR
ZROR AT R Z R 5 ey, 10 I i 50— 2
AL A e VR . aimsHE S A BT Gt
TR, Al X R B B 2R
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1.1 #8
1.1.1 #&

R 1 R B W 4 W I B (110°2257E,
19°44'5"N), R4 020 cm +#E, BAK TG,
WEES 2L 20 H JE IR o ALk ] 5 Ay 285 2 M
15l (Eisenia foetida), A EFGHT RO B2 B
T A A K Hb
1.1.2 EHxE

I At £ (MSM) 85 % 3 (g/L) : NaCl 1.0,
NH,NO; 1.0, K,HPO, 1.5, KH,PO, 0.5,
MgS0,-7H,0 0.2, pH 7.0

LB 55382 (g/L): RE PR 10.0, FebkiR
¥ 5.0, NaCl 5.0,

AR 2 LGN 18 g/L B9 BE o
1.1.3  FERFANEE

WE B PRI BTz T ) TR A A A A
AIRA; REAK. BEHRRY S A i
& R AR A PR A R, 8 H b A R
B _EiEg el s

E RO 5, Waters 2y 1) 5 £ 4h-n] O,
SO, BEAT BT RBAGE, B
SESF]

1.2 A%
1.2.1  hifol B R IE B BRPE AR RO 2 55 05 i

WERRfE AR . HAA AR B AR HAA PRl
B, FHOCTRKIE L, JFE TR I8t 1,
25 °CEARG TR Mg 48 h, 7E 350 L3 b by 2 .
PRI ER 24 h 5, BASA 1.5 mgkg
nE APk R A K, 28 dJE, BB A i
() 5 o s i Ak P R o . FREC S g SR INACEY
4 80 mg/L BE B PKAY 100 mL MSM K573,
30 °C., 150 r/min &% 5555 7d, K@ LKL, 5%
A R AR R A R A B R b, IEZA 1R 3 K,
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B EEFR B, B 107 - 10 BR 2 19 5 #E9 0.02 mL
W ATTE S 80 mg/L M UK AY MSM B A4 |,
30 °CHiF 3 d Ja FRBC-tle BAS H BN [ 25 B0
Wk T Ak, BT A 80 mg/L M HUBKAG KT
Feddh, 30 °C. 150 r/min 535 3 d, IeiF L

1.2.2 MEEEKEE
EHREHEIES . AR ES IR (CF

AN ARG TP, S H0BE ST BRI A o
AL H L] DNA RBCR R 1 CTAB P,

FIFE 514 27F (5'-AGAGTTTGATCCT
GGCTCAG-3")#1 1492R (5'-GGTTCCTTGTTAC
GACTT-3"), DImtRIEAZ DNA Nk, PCR
P 16S rRNA JEHPT PCR 2 1k &
(50 pL): ik 1.0 uL, 10xBuffer 5.0 uL, Mg**
(25 mmol/L) 4.0 uL, dNTPs (10 mmol/L) 4.0 uL,
1E. &Ia5[4#(20 pmol/L)% 1.0 uL, Tag DNA
B A5 U/ul) 0.5 pL, ddH,0 #h 2 50 puL., PCR
JZ 264 s 95 °C 5 min; 94°C30s, 55°C 30s,
72 °C 1.5 min, 30 ME¥; 72 °C 10 min; 10 °C
5 min. SRABUBHHEER DNA $EBGA &2tk
PCR ¥ 3/ W3 A7 T . Kk 1B F 41 S
EzBioCloud #(#E /& (www.ezbiocloud.net) H1 AH ¢
B 16S tRNA LR P4 EAT g0, fifi )
MEGA 7.0 A48 3L P HE R Bk 16S rRNA
EHM ARG R BREY,
1.2.3  E#k D35 UE B BRPERE N E

PR 11 PRI A & ke, RIgY
TR i, B2 F2KH, InAJE/K Na,SO,
PR EK Sy, B 1 mL A7 HURE & 5 A
SEPRFRUR B AR . 0.22 um 3o 8 5 o v Ak
FHETEAL(HPLC)R I, WRAH (3 25 i3l AH
KB EER 60:40 WIIAFIEL, C18-WP (At
(5 umx4.6 mmx250 mm), FEIECAEE, WE R

KK 270 nm, #EAEE 10 pL, Hi# A 1.0 mL/min.
AR U THI U
1.2.4 E¥ D35 BFEFHFREERIRE

T Ao 2 R VR A B S L o MR R A
1 IR D35 R E HPK A s A PR 251 o
W RIPE D35 FHRMAFR TG R K Ve & I 5, LA 5%
PP HEAN 2 100 mL AR TS A TR, 430
I 0.5% ) 25 Fh IR (B R . BBk | MR
B LBIREL . IRFR), TG E KR 50 mg/L
1 30 °CEAF T 1535 72 h, 4355100 52 454 o B i
B, BMEEM3IAER,

HoA AR 25 . Kbk D35 ARG
RK RS , BREErh ailiesh, DL 5% %R
HHMZE 100 mL A 0.5%BEE A Y A
MSM #5555, 5l E R RREEE (20, 25,
30, 37, 42°C). pH (5.0, 6.0, 7.0, 7.5, 8.0,
9.0). FEFIE(0.5%. 1%. 2%. 5%. 8%. 10%)
0] 4f e HOBKHR (10, 50, 100, 200, 300,
400 mg/L)YAHE, F 150 r/min §53% 72 h J5 &
FffoR, T AbPRfg 3 NER .

1.2.5 HE ¥k D35 FEMBEHMIL

1) Plackett-Burman {5

AR N Z e 25 5, ] Plackett-Burman
BRI VE PR D35 i A e HRL bk ) B 2 5 g (R
o B 5 AT RE S MR T R R A BE 0 R R A
TE B K - D) R K (1) 8RR B
(0.5%. 1.0%). B0, 37 °C). pH (7.0, 8.0),
R (2% 5%)  HI IR A 259 (50, 100 mg/L),
DATRIPE 72 h X e H R 0 e A 58 SR e B, 43590
AT IEA

2) HBEICH AL

K& Plackett-Burman i 36 45 5, 1534 K
2R VEHE A — RS R, R FE S
&R A ey m A K i i T, S 3K
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3) Box-Behnken design i

DL I BE NI i 235 SR o BRI e K
DX IR, i 3 A EEE TN, H(0).
K (=1)7KF, F|H Minitab 19 H ) Box-Behnken
design HHATIRER, X3 HF AT,
AR TR B A7 1) o A A B A5 (R I F I E
1.2.6 HUEDH

#4iR i Origin 9.0, SPSS 22, Minitab 19,

Design-Expert 8.0.5 # 43k 7E B #1534 o

2 BRS04

2.1 SEfRERIE HBRFERRE R S B iF L
&R

SR 4 e i PR 5 ) A AR, W RRIR AT
PRI B A TR RO IOAIE o o B O B —
R LA WE DA Ay P — B 105 A4 < A A i 1 K 7 4
W, 45 D35,
22 MEBEHKDISHEEER

Wtk D35S fE PR BAEK 2 dE, WikEdl

1 HEH DS EERESBARESBERR
Figure 1
Transmission electron micrograph.

I, i, B 1A), §22 [RGBk
BT TS, FIRAEEAR, AHlE,
AT 1B).

Wtk D35 (9 16S rRNA L[N R 40 % H W L
K 2. BHE D35 5185 MEE & (Pseudomonas) A
BE MY, 5 Pseudomonas yangonensis
MY50" (MK907288) 3 % 5 R ift , HHMIYE K
99.10%. 454 HHVEILA K 16S rRNA JEH FF
SIS MTEE R, R D35S WIS MR
(Pseudomonas sp.). FF Ak D35 B9 16S rRNA FE[A
¥4 A% 2 GenBank, 3154 5524 OP288121,
23 EHDISERFHFREERAESER
231 &R

R A WA R ARG, AT B R e
REfRBCR . TR 3A S5R3RW], bk D35 AT A
RV Z AR A HLE IR (R RN BB
A FCR E LA IR (R | GSERET | B R E)
U, DABRAR 1R A U BT AR X I e JpK 1) I fie
i, N 65.23%; LI A BN BT IE
PR FE R AR AR A, XN 11.28%.

\\
W
\'-.
)
A 500 nm
= e

A: WIEIEA. B: EH R
Colony photograph and electron micrograph of strain D35. A: Colony photograph. B:
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72[ Pseudomonas chengduensis MBR" (EU307111)

—
0.0050

B2 E#k D35 ET 16S rRNA EFFIMENRFE LG H LK

Pseudomonas toyotomiensis HT-3" (AB453701)

= Pseudomonas oleovorans subsp. lubricantis RS1" (DQ842018)

— Pseudomonas alcaliphila JCM 106307 (FNAE01000025)

Pseudomonas tianjinensis 68" (MF083697)
Pseudomonas hydrolvtica DSWY01" (MK248116)

—99|— Pseudomonas mendocina NBRC 141627 (BBQC01000018)

Pseudomonas oleovorans subsp. oleovorans DSM 10457 (NIUB01000072)
Pseudomonas guguanensis JCM 18416 (FNI1J01000024)

Pseudomonas alcaligene NBRC 141597 (BATI01000076)

75
——— Pseudomonas khazarica TBZ2" (KX712072)
———— Pseudomonas flavescens LMG 183877 (FNDG01000047)
990 Pseudomonas plecoglossicida NBRC 103162" (BBIV01000080)
99 | | Pseudomonas asiatica RYU5" (MH517510)

93! Pseudomonas taiwanensis BCRC 177517 (EU103629)
Pseudomonas yangonensis MY 50" (MK907288)

D35 (OP288121)

AT M EET 1000 IRER

MR B2 B E A HE, BT BARR 70% 0L EAfE s b RIS K AR AL EE 25
Figure 2 Phylogenetic tree of strain D35 based on 16S rRNA gene sequences. Numbers at nodes are
percentage bootstrap values based on 1 000 resampled datasets, Only values above 70% are given; Bar (0.005 0)

represents the evolutionary distance.

mE

& 3B 25 R W, THFE D35 7E 2042 °CH
REFRMRNE R BK, 15 25-37 CCIEMRIS M AT, *f
WE B PR A R AE 47% A b 7E 25 °CLLFER
37 °CLA b R fR 2R T K, HREMEIA
22.43%-26.51%. Wik D35 X hE H bk i [ A
WLEE R 30 °C, FEfR%HN 68.73%.

2.3.3 pH

K 3C 450K H], Witk D35 7€ pH 6.0-8.0

70 [l N YT RERE f e UK, 7E pH 7.0-8.0 BRI
BLIGT, X g PRI A 2R TE 65% LA |5 pH H N
9.0 i}, Btk D35 MK ZE=EME], AR
fift %N 55.39%, HEM 5 PRS2 B s DR E L A5 1
TS5 pH EN 5.0 B FEAfR R 20 R %,

1A 17.33%. Hk D35 X s ke B A pH

2.3.2

HK 7.0, BEMER 68.25%.
234 Ef=E

Kl 3D Z5 3R W], 4R &= R 0.5%5%IK,
PRk D35 R IE PR Y R AOR 5 e & 52 A
oK, HERpEER, X RE OB R R R
RN 0.5%0F, Fikk D35 AT Bt 34%LL |
ImE UK R S%BTERR R 67.69%;
MR R T 5%, AT REAZ BE B PRk B B i A
TR R 200 (B 75 % 5 5 ), B8 s 2 ol o % R
D35 [ fi e R ITToAe VR o
2.3.5 HIHANE HBRIKE

Kl 3E Z5HEH, 0 ih e BBk E N
200 mg/L X LAR B, BEkE D35 e H bk i B fie
ol 62%LA b, WIRREEXT AR D35 Y R i
ARTCEM 5 KW E BRIV A 300 mg/L B,
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R D35 X IE HUBRFEARALE 37% L) s 590G IR Z MmOt i . RS & ¥ih

IE Bt JPKRHE S 400 mg/L I [AARHRAA 15.29%,
T B 3 v R R 1 o DR T R X PR A A K R AR
P, N2 0 B8 AR D35S oA e e k.

2.4 ¥k D35 PERZFMMILEE
2.4.1 Plackett-Burman i} 1& 45 R

M8 B R 25 0, R IR AR Rk
(4). L B). pH (C). HEFPE (D). WItRA 2k
FEEWERBIEH R, W nE B KRS, e
B M 45 A PR R R ANEE 1 FoR, STt in
* 2 s, SERERY], BB ZIUH O R
R’=0.993 5, &% {H Adj R’=0.983 5, P<0.001,
IR R K, ULRIZAE R B A DG, 45

%= 1 Plackett-Burman i35 i%1+ 54
Table 1

FERD R XTBRPR AR AR 2 A, HRE M il I
(P<0.01) 5 5% M LRy Sy itk B> Ik 2 141 R 2 F >0 s
b, Hrh, BREAKSE. wHEfhES
TR X I EEL DR %) o A 2 S TE A DG, IR S TR PR
FEmR R, [E pH 7.0, BIIALE HUKHK
JE 50 mg/L, WRJE . BRE LIRS & . WG
R EENER, Wi R BERER L A P Ty .
242 EBEREKREER

F4E Plackett-Burman I 45, B AR
JRE AR &R WA, FBRIERIRE,
AT IEHE S . IR 545 R L3R 3, H13R 3
FIAL, BRRE SRR b, 7RSS 3 Ak

The design and results of Plackett-Burman experiment

Run A: Tryptone (g/L) B: Temperature (°C)  C: pH D: Inoculation E: Initial Degradation rate
amount (%) concentration (mg/L) (%)

1 1(10) 1(37) =1(7) 1(5) 1 (150) 65.81

2 -1(5) 1(37) 1(8) 1 (5) -1 (50) 61.23

3 1(10) -1 (30) 1(8) -1(2) -1 (50) 70.92

4 -1(5) -1 (30) 1(8) 1(5) 1 (150) 67.79

5 1 (10) 1(37) 1(8) -1(2) 1 (150) 61.97

6 -1(5) 1(37) -1(7) -1(2) -1 (50) 59.55

7 1(10) 1(37) -1(7) 1(5) -1 (50) 66.13

8 1(10) -1 (30) -1(7) -1(2) 1 (150) 70.34

9 1(10) -1 (30) 1(8) 1(5) -1 (50) 73.26

10 -1(5) -1 (30) =1(7) 1 (5 1 (150) 68.93

11 -1(5) -1 (30) =1(7) -1(2) -1 (50) 67.41

12 -1(5) 1(37) 1(8) -1(2) 1 (150) 58.15

& 2 Plackett-Burman iRIE it 9

Table 2  Statistical analysis of Plackett-Burman experiment

FSEN RO T{H P{H R

Factor Effect T value P value The order of influence

A (Tryptone) 3.895 11.48 <0.001** 2 R*=99.10

B (Temperature) —-7.302 -21.52 <0.001%** 1 Adj R*=0.983 5

C (pH) ~1.142 -3.36 0.015% 5 P value<0.001**

D (Inoculation amount) 2.135 6.29 0.001** 3

E (Initial concentration) -1.252 -3.69 0.010* 4

*, 25 R (P<0.05); **. 2ZFWIEEP<0.01)

*: Significant difference; **: Highly significant difference (P<0.01).
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*3 EBRERERERITSSER
Table 3 The design and results of steepest ascent
path experiment

% 4 Box-Behnken design i{38 &t 54 R
Table 4 The design and results of Box-Behnken
design experiment

Run 4: B: D: Inoculation Degradation Run 4: Tryptone B: D: Inoculation Degradation
Tryptone Temperature amount (%) rate (%) (g/L) Temperature amount (%)  rate (%)
(g/L) (°C) &Y

1 8 34 3 60.21 1 -1(9) 0 (30) 1 (6) 73.71

2 9 32 4 69.74 2 1(11) 0 (30) 1 (6) 75.92

3 10 30 5 78.65 3 0(10) 0 (30) 0(5) 79.13

4 11 28 6 72.19 4 1(11) —1(28) 0(5) 74.19

5 12 26 7 67.17 5 0(10) 0 (30) 0(5) 79.82

6 1(11) 0 (30) -1(4) 73.74

B, GRS 3 dikm A E i 7 0010 0 (30) 0(5) 78.79

%ﬂcﬁ@/ﬁ*b)ﬁo 8 -1(9) -1 (28) 0(5) 71.91

2.4.3 Box-Behnken design i® 1% 45 R - ?0 01(1(3)) ?82; 11(6(;) Z(l)jj
*E%%%wﬁﬁ—t%%%, U\ﬁféﬂ 3 E/‘Jiﬁ‘?%% 11 0(10) -1 (28) 1(6) 75.28

{44F & Box-Behnken design {56 /) H0y £, T 12 0(10) -1 (28) -1 (4) 72.23

MR AR, KB R RAEREE 4, Sy B 1O 162) 00 68.54

WA 5. AEIME I R R = O o0 0O ol

°on TR Ee N IS B s 000 0 (30) 0 (5) 79.44

U BERURFEAE A Y=—1 370.9+ 15 0 (10) 0 (30) 0(5) 79.91

64.204+69.83B+33.80D—3.1924°—1.181 0B*- 17 0(10) 1(32) -1 (4) 69.05

2.727D*+0.068 74B—0.2254D—0.098 7BD. [a]]]
TFERIZ 0K R %L R7=0.995 8, Adj R*=0.990 4,
M 17 TERT (] 1 T 3K 381 8 2 (P<0.00 1) 7K -, 2k
P P>0.05, ZSFARE, WA R A
A REEEGE, RRRCT b S w5 DR 2R 5 i = ]
KEFR, W TR,

| Design Expert 8.0.5 £l & KK H.
Vi A 7l T ) B S5 R 2R 1, S5 SR A& 4 iR .
XAy R AT S AL A B, 45 HR 8 1 Rk
FE 10.19 g/L. W 29.64 °C. #EFHR 5.24% K
S AR 5 A, O S 0 B e %o WE R 1) %
B 79.85% . AT AT UERT, 5 IS
BRAEAEOL, A SR HIE Iy o Rl R W A 15
FEIMABEE A M(10.19 g/L). pH 7.0, WAL
AR 50 mg/L. R 5.24%. 3G
30 °C, WHRTEMIRAE T AR FIREfg i Ze il 5
FioR, AR RS A3, AR IE H bk

% 5 Box-Behnken design iR I8 51t 247
Table 5 Statistical analysis of Box-Behnken
design experiment

Source Degrees of Sum of Mean F value P value
freedom squares square
Model 9 236.632 26.2925 183.59 <0.001**
A 1 13.598 13.598 1 94.95 <0.001**
B 1 22.244 222444 15532 <0.001**
D 1 13.966 13.9656 97.52 <0.001**
A2 1 42.887 42.8870 299.46 <0.001**
B 1 93.963 93.9628 656.10 <0.001**
D? 1 31.300 31.3002 218.55 <0.001**
AB 1 0.076  0.0756 0.53 0.491
AD 1 0202 02025 141 0.273
BD 1 0.156  0.1560 1.09 0.331
Lack of fit 3 0.121  0.0403 0.18 0.903
Pure error 4 0.881 0.220 4

* 5B EP<0.05); **: ZEFKEE(P<0.01)
*: Significant difference (P<0.05); **: Highly significant
difference (P<0.01).
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Figure 4 Effects of tryptone, temperature and inoculum amount on acetamiprid degradation by strain D35.

A and B, C and D, E and F respectively indicate the effect of tryptone and temperature, temperature and
inoculum amount, tryptone and inoculum amount on acetamiprid degradation by strain D35.
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Figure 5 The growth and acetamiprid-degrading
characteristics of strain D35.

VENBRIR, BEFE FbRA KRR . TERRAE K
XTROU (8-32 h), WE HUPKFEAR PR TEARTE 72 h
BRIk H] 80.21%, 5 FRIS (AR H AHRTR 2248
ZIN, U5 B g 7 TRV A B R R i A R B A

3 WREER

IGE PR S5 T R 6 288 7%tk 5 ) v At P 3 ol
HAE 438 FoK R Gk B, sk 1 5 x4k
FEARAE W L T, B, BRI A
—TE A R W) o A S rRORT A 2K A
THERI E R, B s S5 Al 40 v 47 A= )
SR A T AR 1 7k B BT R S A% E 5 ) PR B A
FIHT, P AD B Jo 285 T i 213/ 22 e o R o ik 4
W&, 4N Pigmentiphaga sp. D-2 1 Pigmentiphaga sp.
AAP-110155 R Ak g , Horh Pigmentiphaga
sp. AAP-1 A 7E 2.5 h 58 2 [ f# 100 mg/L fYIE
HuJpk 5 (FL B3 A 200 TR 1) A A A2 N I il i IR 224
FL Al Bk i ST g A B e, SR, R
1R G810 43 B U e Ty W BOME AR A R Ak . FRE R
R IE A4 LR 3 A 1

ML AP HEM SR AT O A LRE B8 2 +
PR CY, SRRt Y S g R

BRI A ORI Al E AR, AR YR R
GF AR IR 5 i 451 AT g A i kR
FETIAE R TE P PR, a] R e ] A
Xof - 3 rp 5k B T R 2K A 1R B P ) I A 4
R, DA s ik BT v 2 B 0 28 3 R RUE OB
BRI A% HUFR B P 0 o A DA ik i P 4 5
T 21| — Bk e H K% B Pseudomonas sp. D35,
Xof 3 15 i 8 I RS 27 R e Aot T 1% v A T
TR o BN A T B B3 A T A 4
R AR W AT S AN ) 26 B A R 5 Y e A AL
Yy, IZHIFIREE. F5%) . AVUBEZEEM
RO L AR . SRR IREGEE . REE,
F R A FEACER A TP Y 1,2-R8 4 )y X
A K 2,340 2K By BUINSARE , 7 155
FE-2-ZE W R AN 2-F8 0L -1-Z8 W R S SR —H R
KR PR 25 P-O-%e FE A1 P-O-J5 A Sk 4
i 7 #L 8 /K f# B (organophosphorus hydrolase,
OPH) Fl F 2% XF 4 8 7K fi% M (methyl parathion
hydrolase, MPH); # AR B2 5% o1 751 2 4L) 40 41K ik
Fffam i, nkne B SR e T Ak
R JEEE NicA2 FEU%230 0 S s g bk R e 9
BB 5 v B B i AR, BE HUPK S5
MR A BRI Wy R A iR AR B o 20, F
FRB W00 1-(6- 5L IE L -3- F JE)-N-FEE i i
[1-(6-chloropyridin-3-yl)-N-methylmethanamine] .
N'- 50 K& -N- FF AL -N- it i -3- 0 - R - & K
[N’-cyano-N-methyl-N-(pyridin-3-ylmethyl)-
ethanimidamide] . N’-[(6-5 M IE -3- 35 ) A 2 ]-N-
FH 5L - 20 9t i {N'-[(6-chloropyridin-3-yl)methyl]-
N-methylacetamide} 2%

TF 5% TR BRI Mk e B, A 4% 4 o T ok
Ve B W 8 YA RN E SR,
IR HER &, PR FRIRE . pH 2 A bR IR i
S5 %A, AT LA T AR AR 2 K B R R
A BV BT, 8 v Tk P R A s o B0 3 T 52
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THRE RS B IR0 YOBCE HER AR R & [ R
SEHAEM, A SRS W R K,
2270 Y Il J7 ROk AU DR 3R 5 i o {1 22 i) Y
BRECCFR, AL TAEGAAL T, WA T BT
E AR N R NLE, EARE 2 RS EAEH]
RT3 7150 Chen Z5072R T 7 17 56
LB R IS i B . SR pH L, AP, W]
P AR IR AR B R A Rk T AL,
B EL S T Streptomyces aureus HP-S-01 X 1R 55
TR B AR AR 2 R AP K i 3K R A 7
BYL-7 JEAT T W RS , R T RRAR A TR I
&R WIhh pH 6.7, LI 25 °C, $EFh R 8%,
TEREARAET , PEARBUR PR 36.5%, R
AL HTHE R 54.0% A5 R o 7 T 36
Wi e 75 21 T ke e e I Hhe I ) B A PR 2
JEE 1R N 10.19 /L IR 30 °C, $EFh
1M 5.24%, pH 7.0, WG IE R PKHEE 50 mg/L,
TEMLZRIE T RIS 80.21%, BORMLALH]
(ERfiEh Fr IR LR R, RN 55.46%) 1%
T 24.75%, ULBHRER AR ILAL DT R A
o Wk D35 AL, HEFR 72 R E B A 5
SR B AN Pigmentiphaga sp. AAP-1 (2.5 h
N S8 AR 100 mg/L B HUpR)RY, {HIk % 41
BRI (Rhodococcus sp.) BCH-2P" %35 192 h %}
50 mg/L WE HL K ) B 2R (84.65%) , Tt 175 T SR Al
w Hﬁ( Variovorax boronicumulans) CGMCC4969"
120 h X 2 mg/L B HUBK A4 7 5 (34.7%) , 1T AH
X SRR, BWikk D35 BRI IE(72 h)
B, HATHE 24 h IWFESR 56.53%0) ba e &0
50 mg/L UBEH K, FBHEK D35 & —HRm sk
WGE L IR e At A

g5 bR, ASBIESE DA fik B v 4 0 1 )
— R E B PR AR 7§ Pseudomonas sp. D35, X H:
PEATRESRAEAEOUAL, PR 72 h N AT REAR 80.21%
WIGRAR LT R 50 mg/L INE HUBK . A 43

T T T 2RI R 0 AR HRUR AR A TR 4 5 A AT TR
R, RFFHIRE D35 W] AR UK, S pRiE
THBRIAEE e s bR BB AL TR A B E D B
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