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HARK SR IEAHSE 78 LB 553538 iR %358 72 h 3T 100 mg/ LV 4 R Y 0 R g 91, 21% , 55 1L J32 M e ik R 5 )
TV 2k DS A, T 0 v R A0 TR e B R Tt Wk B S I bR B-1 B9 AR K B PR 4k [N B R RS TR IR 5 Ca™ (Fe™
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Environmental conditions of carbaryl degradation by Bacillus licheniformis
B-1
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(1.College of Food Science, Sichuan Agricultural University, Ya’ an 625014, China; 2.Research Institute of Food Processing and Security, Sichuan Agri-
cultural University, Ya’ an 625014, China)

Abstract: Degradation characteristics of carbaryl by strain Bacillus licheniformis B-1 were studied. Concentrations of
carbaryl residue in different microbial culture systems were determined through HPLC, and degradation spectrum of strain B-
1 was explored. The results showed that degradation of carbaryl had a positive correlation with the growth of strain B-1. Degra-
dation rate reached up to 91. 21% when the strain was cultured in LB medium with 100 mg/L carbaryl for 72 h. Higher tem-
peratures and alkaline circumstance were advantageous for degradation of carbaryl. Simultaneously, growth of strain B-1 and
carbaryl degradation were inhibited with increasing substrate concentrations or salinity. Carbaryl degradation were stimulated
when treating with metal ions such as Ca® , Fe’*, Mn>", Mg™, whereas inhibited by Cu®*. In addition, this strain had degra-
dation effect on 20 mg/L. carbosulfan, isoprocarb and chlorpyrifos with different rate. HPLC results showed that 1-naphthol
was an intermediate product of carbaryl, and strain B-1 could degrade 48. 70% of 1-naphthol (20 mg/L) in LB medium after
72 h incubation. In conclusion, strain B-1 can efficiently degrade carbaryl and other kinds of insecticides, which shows that

strain B-1 possesses a wide-spectrum degrading activity and potential for environmental remediation.
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B A 2, K T ARl A 77 RS N e R B
R FAT AR ST A SR P A R OO AR S
PRBE 3 R e Sk A B R 4% 3 1 22 T S
FI L RARIKH TR - (A PG 2 R)5) 2
BRI ER SN IR Y -SNEPILEDNG Y y-d
ER Y AR, R 253EE RURBR T3k B 7E AR
YEY) b WTiERS &2 R R IERUKARS B aaY)
BEALARIY A W 461 T Ak DR — B Bk 55 [ b
FEK rh SR AR B 1) % ORI A R
ARG AT R PR A B A e Y A Rk R
A8 WU i A A 14 [ A

I e At 75 48 DR S At 22 5 T R TR 2 A 2 1Y
TEEEA YL Ak Rk Hop
AWkl TARBAS (B (0 R AL s )2 I
L IR T RE R A P4 20 X A s A 0 b 20 A IR T
J& ( Pseudomonas) """ 5T E & (Arthrobacter) '
& & J& ( Sphingobium )™ | 1% BR B J& ( Micrococ-
cus) " KRR R ( Rhizobium) """ 45 | ELH A7 M55 R
(Aspergillus) ' EE SR B+ & ( Pichia )" 45, FE 2
WA MIR A, Bk 8 2 W ARG B R . TR AR
XA 2 R A A 5 AR ROR AR AR R
T I3 PR 3 %0 Al A 0 A R AR 24 AR B o ik 34 A 5
Wit A 2F #0 KT B B-1( Bacillus licheniformis B-
1) Rk T o 5 A A SR TS TR 14 2 e P T i
UL RE R A PG AR R RIS JHE R i G 4 R B85 251
X TR 8 S o oy T BT B R S

1 ARSIk

1.1 EHRRIEFRE
1.1.1 Atk HAKZEMATH B-1( Bacillus lichenifor-
mis B-1) , B P M 27 8 it G2 ) 5 2 5 4
W TEFFARAT , HeRE % 72 h XF 20 mgy/ LEUE 3 B (1 [
fi#F A 93. 939%™
1.1.2 37+ % Luria-Bertani 5355 (LB) . i
i 10.0 g¢/L, B2 HEE 5.0 g¢/L, NaCl 10.0 ¢/L,
Tween 80 2.0 g/L, ZZW/KIFMEIFE4 2 1.0 L,pH
PZE 7. 0; FRREFRILT N 20. 0 o/ LBUEHS . 35 1x
10° Pa 254 F K 15 min,
1.2 EFERFINRE

PO4E R A5 i S (99%) . T B 5 @ B bR VE S
(98%) FEALWEFRUESS (99% ) , £5[E Dr. Ehrenstorfer
GmbH 23] 7 it 5 M WAHIARIE 5 (99. 8% ) , h &

BheEr R BEEE AL ; 1-Z8 M AR UE i (99. 5% ) , 35 [ Sig-
ma A F P2 CHE (A354E) | B Oceanpak 28 /] 7=
i FEECAR) AR o

A2 RO  FERRARIIGE HEAR 2, K O BEA
I 2 B ST R AN 5 me/ ml A ERERS

LC-2010C HT #AH (354, LC-Solution “T-AF3k, H
7 Shimazu 23 )7 i ;Sorvall ST 16R 3B 0L, £ H
Thermo Fisher Scientific 2AF) 7™,
1.3 FHik
1.3.1 EAEREATiRE & PREUB AR ZERAT
B-1 ¥4k T LB #Hfi,30 C 55548 h, 1 5 ml T
ABMEBKETHEIF BN REE 1x10°
CFU/ml  YE AT .
1.3.2 HERARRSMNE  BANEY IR 1
ml 2 20 B8, A SRR R R U (40
kHz,300 W) 4 B2 HL 20 min, FE4) R PR E R R
10 ml, B2 1.5 ml &0 (12 000 r/min, 15 min) , W
FIEIL 0.45 wm A HLAHUEE, 5 LWIUE W, B U8
WAk HPLC A, HPLC A 4 fE ! . ikl Se-
pax GP-C18 #: (150.0 mmx4. 6 mm,5 pm) , i 54
KONEBAK (56 44 EFLL) B 0.5 ml/min,
FEHR 25 °C, HERERE 10 wl, S AMEI #53 K 220 nm,
THEAR LG AR R FNER B R B3 = (C,—C)/Cy ] %
100% , 5% F8 % = 1-F& i, rh, C Mm% 3R 0
h i) HARAR 2 B B W (me/L) , € NFE R G 3R TR
IURERT H AR 24 5% B o e B (me/L)
1.3.3 A B-1 ARk W& ABMbLen g K
Pk B-1 Fh 4% 5% (IRFRGE) 4 it 3 42 T
LB i 323 MI5 100 mg/LVGZER A LB 5552384 43
46T 250 ml HEJEHR, AH9 30 ml, 30 °C 140 r/mindi
VAR 72 h, [FIE R B S 04 i T AR R K 1y =3
FIXTRR , BORER ] & 0~24 h [A]B& 2 h,24~36 h [d]
B 4 h,36~72 h [A]P& 12 h, A= IR 515593
WAEBE A 600 nm Ak I CAA (0D, ) R, TR
AePRER R, R EE 3 K BCEE,
1.3.4 %k B-1 M0 4 R 69 BR3E 54X 0
1.3.4.1 RREE  BERR B-1 Rl 5% (1A
S3E0) R AT VG 4E R T R B R 100 me/ LAY
LB 355 MOS0 %¢ , FE AR RN BE T 140 1/min
PRZ KRR 48 h, DR S A R VG 4R R AR R R
1.3.42 ¥i4n pH Kbk B-1 Fp - 3W04% 5% (1R
A3H0) B B2 TV 4 RS VR A 100 meg/LL
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ANFERILE pH B LB 555 Hevh  #EIE 73 %¢,30 °C |
140 v/ mindR7% 15 7% 48 h, WA 5 A 4 1 S P 4
1.3.43 JRYIBTEEE KR B-1 MR 5%
(RT3 B0 e b it 280 T 5 A A W) o o Tk B v 4
K LB Br b #ETE i 434,30 °C (140 r/mindfk
DilEFR 48 h, MERE AR R K P A R AR R R
1.3.4.4 NaCl itk iE BBk B-1 i FH% 5%
(PRBE) P a4 Pl T 100 me/ LG 2 KA1
IR 5 B VR B NaCl 19 LB 1% 35 3 vh | HETR R 232
30 °C 140 v/mindiR 7557 48 h, ME AL AP )
1.3.45 SJEET KR B-1 B FIEE 5% (AR
I3E0) BRI A TS 100 mg/ LVG4E KA1 0.05%
(JUoE vk B2 ) ANl 4 J8 B8 1k & 9 ( CaCl, | FeCly |
MnSO, \MgCl, .CuSO, ) i LB 1 5 5t rh | 3% AR
k&R FAA WX R 4y A& TR, 30
C 140 o/ minR %3557 48 h, WE RS A ) it K74
1.3.5 %k B-1 BfgidX%e KRk B-1 Fp %
5% (RFUYED) HeFh & 2 SR T 20 mg/LT B
T AL .20 mg/ LIS ECRT 20 me/ LA SEME A LB £
Feshrh AR THEIENE,30 °C 140 v/ minfR %155 —
ERTE G ERE  SRF HPLC Kl &0 A 24 5% ¥
i, IR TANE B-1 BRI A 2516 /), HPLC
Rl 26 -2 Bk [ 217 [ 227,

1.3.6 A4k B-1 M@ ER ¥R ZHes o K
Pk B-1 FhF % 5% (RT3 50 b e 8 /b T 5
100 mg/LPG 4E R Y LB $5 35 b HETE 43¢, 30
C 140 v/ minflR 3% 5 55, BHBOHRIBORE | in A S5 14
TR 7 % (40 kHz,300 W) 30 min J5 #2187
1.3.2 AbBRAES, . FH HPLC B REAG I AR & v 7 4k (X
ARARAR L, I 25 6 8 0 B8 AL W b o i R AT A T
VRN 45 T A B K O 28 LR

2 HR50Hr

2.1 HORGFHAATE B-1 HE KL NEMR &
FLHE R K B-1 #£ LB il LB-Carbaryl £7 373+
AR ), B A, B-1 FE R R SRS
AWy g A AN H AR 8, 0~8 h A K%
1,8 h 5Kk 28 h e ik AR EI 52 0D 57
B 1.10 A1 1.09, FBETE LB-Carbaryl 5555 £ rf i1y

AW A LB B TR /N, TR A A Y A A )
PRARAERAT — 7 B A5 T AR 5
A KRR, 1IN TR B-1 78 LB B3Rk
FOXTPYAE I R RE R IE O0 . PU4EIN R P AE 0~8 h N
RGNS R BT PRAE A AL TR 8 h R R Bk
ARSI, PE2E D TR ISR , - AE 20~ 48 h IR
BRI AT ULTE AR B-1 X8 7Y Ak PR A S A R ) 2D

1, BRZeas X IR PR E8 5, B-1 7€ 72 h X 100
mg/ LVG4E R i R %8 3 91. 21%
IOOM 16
§><g ];1.2
. 10.8 O
3 =
an i
= 10.4 ]
43

L L L L L L L ‘\l
6 12 18 24 30 36 42 48 54 60 66 7?
SRS E] (h)

o~ LBRFFREE A AL, —— BRI IR R P Y2 (Rl B 2
—— LB-Carbary i 75 P R A, —o— o) HE T 45 [R5k B

B 1 Bk B-1 B9 i 22 R 3 P 4 R Y P AR il 2%
Fig.1 Curves of growth and carbaryl degradation by strain B-1

2.2 HIREFMATE B-1 BEEERMNREEG

5 AU B X PO A R B s K (18 2) 40
C LA, B 55 37 1 8 W T, o R AR s ks
VUYL 5k B2 5 32 M IR 40 C B 0Dy, 1 K,
2.28, HLVG4E P R B 8, o 99.79% ., B 40
C B, B AR AR I 2%, A AR I 3 7 4 (K A% R, T B 2
P T VG 2 R R A i N RN FR s I 4 1Y
F B i R A R TR AR A T

HH Il 3 T, BI4G pH iy 6 B, T BE B-1 AE Wi
(0D F K, VU 4E H 5% B /0, 23 5l 1,691 Fil
40.37% ., B IASRXT BE R A R A BRI E A, 3=
PR TR AR A i O AR, (E P 4 R % B /b, LR AT
JE VG 4 R 7R B 2R v & Ak

FIAR B-1 7E 5 AN R B s v B2 PH 24 R 1) LB 15975k
FREESE 48 h i, TR AR K TP A DR R A7 0 n 1] 4
JiiR . HRE 4 AT SRR B N AR B-1 XPAS [ T it
VIR PR VG 28 R A A [R) R B 10 B i, JIC k3 s,
PRA: Wy e AR, AR TR . AT BB TR B i ik
FE A 25 MR — e AR e AR K
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Fig.2 Effects of different culture temperatures on growth of

strain B-1 and carbaryl degradation
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Fig.3 Effects of different initial pH on growth of strain B-1

and carbaryl degradation
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Fig.4 Effects of different substrate concentrations on growth of

strain B-1 and carbaryl degradation

MREFEHEF NaCl B nEh 0 B, B #E B-1 A=K
ST, VO AE R B i 32 TR fe e, R 84.74% (BT 5) . Bifi
& NaCl Ui B 38, B Ak A ) 2 A VG 4 PRI R AR
KRR H, 24 NaCl I8N R 2% B, B i A
4 65.35%
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Fig.5 Effects of different concentration of sodium chloride on

growth of strain B-1 and carbaryl degradation
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AR 6), HIE 6 %, 5XF AR L, Ca™ [ Fe'™* |
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Fig.6 Effects of different metal ions on growth of strain B-1
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2.3 MARFHRATE B-1 BIFERRIL
Z5H(FR 1) R, B-1 AUBEREME T B o A 4L

IR, R EL A R A S S MR AR ), HLAE LB K5 9%

JE R TR 168 h XF 20 mg/L R BE (Y i 5l

50.77% .,

F1 EHE B-1 HEEIL

Table 1 Degradation spectrum of strain B-1

T Hi 5% [ 8 ( Carbosulfan ) 72 76.65 1.11
i B8 ( Tsoprocarb ) 120 62.48 221
RESLIH ( Chlorpyrifos ) 168 50.77 0.81
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2.4 MRZHATE B-1 BT 4EE /b E =4

HPLC Kl 45 5 o  AH T LB 15 571K & | LB-
Carbaryl i FRIARAE O h Bf £ T 1 S(aikig FE%E 1
Fr R A 1 5 (0 I 2R T A /N | Bl 22 7 A
2 5@ IR K, FIR GRS HPLC &
T A, 1 5 (g e S i L B[R] 7. 431 min B9V
AEP AR XS L, T 2 5 i 12 By (e L B fE]
8.392 min) XN, [a] LB-Carbaryl £5 3% 1K 2 FE &
AN 50wl 1-25% By A o 5 %5 W (200 me/L, & L
i) J& 2 e AR

Fi HPLC 43 #F LB-Carbaryl 55 3%k 2 V4 4 [H A5
{25 R EIR,0~48 h B 55 7RI 8] 10 & K 1
Sk s 2 Sagkig R E KBS h e
2 SATRIEFF IR I R AR B-1 FTAE LB Ko7k
HREfR 1-251, 2t — LRk, Ak B-1 7€ LB 3%
FEEP B IR 72 h X 20 mg/L 1-25 B Y R i Ry
48.70% .

3 17 i

PRI SR B BRAE 2 R R T A ) 1) AR A AR
DL T A MR A AR 24 1 R T S AR KR
PIFE " 45 C W, Bacillus licheniformis B-1 4%
40 C MK (HTCVE 4E PR 5% B D T BB i T
TERPE B-1 [ HERY b PE4E 7R3 m iR T A
FeE T 43 %, iX 5 Uyanik %72 (9 2590 MW & .
Hawker' " 7ERF ST AR pH (B 76 2k 5 R £ ol 91 2 B
KB AR TR R, Ik, 2 pH
9 IV 4EN 5k B R A T fEJE A= W) S Ao T R 3L ]
YERIBOEE R, 53— 07 T, 24 4R 24 e W) o i ok B2 ok
B IE B I R A 2 PR TR 7 T 32
WS RE I SRAT I NI A b, 5G4
J& BTN B LG, WS Ca™ (Fe® \Mn®" Mg™ XJ 147
R B-1 [k VG 4 DX AE I3 A [R B2 BE R e R4 Y, H
e Mn® RCR S B B TT Cu® WA AR A

I A L G T M A 2 FEL AT T e 78 4 PR 1 i
i, ARG A ZE AT A B-1 AT FEAE 50 ~ 300
mg/LIY TG4, T LB ¥ 3R 2 ep 15 3% 72 h %F 100
mg/ LV 4 A 1 [ i 35 Oy 91. 21% , B ik g ) o T
Pichia anomala HQ-C-01""" F1  Arthrobacter sp.
RC100'™  F5 Y BERE AE oh, o 3 A7 18 2 A 25 5%
B IR B 1 TR) AT, (AT Bk e — gk 24 J A W] A7
(2 B B-1 XF 20 mg/ LR34 s | 4 54 g

PSR 72 h AR R 53008 95. 62% .79. 73%
155, 67%" >, it 35 4 W R JHCAth 52 35 FY R R 2 Ak 24
WA BEARAE R, BA ) 150 R A 2555 7 iy 3
R, XTEERE B-1 REAR VG 4E R =40 1 43 B 45 S .
71N, G 2 D] e 3k R o G T 2 A A 1-25 9, T L
J5 B BERE bR B-1 DA, X 5 O A M iE %
fifba AR — L, WSS BRI T 4 SRR R W, T Rk
B-1 X S 54 T (1) R A A FH U8 JEC T 77 2 1) e 71 il
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