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Abstract

The four degrading bacteria strain KE-01(KY274847), KE-02(KY274848), KE-03(KY303833) and
KE-04 (KY274849), were isolated and purified form the field soil which have been applied with
herbicide MCPA-Na for many years by enrichment culture. Based on the 16S rDNA identification,
these 4 bacteria had been identified as Bacillus sp., the similarity between the KE-01 sequence and
Bacillus oceanis edimins gene sequence reached 100%, and the sequence similarity of KE-02 and
Bacillus pumLius strain 3-2 reached 100%, the similarity between the KE-03 sequence and Bacillus
toyonensis strain J1 sequence reached 100%, the similarity sequence between KE-04 and Bacillus
pumilus strain BS25 sequence reached 100%. By degrading characteristic analysis, KE-04 is the
most efficacious in 4 bacteria. The experiment showed that the optimum growth conditions of
strain KE-04 was sucrose 5.0%, yeast extract powder 2.0%, NaCl 0.41%, pH 7.8, and the concen-
tration of MCPA-Na is 0.1% after single factor processing and response surface methodology. The
degradation rate reached 69.56% after 48 h culturing under these conditions.
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Wehks H . 20174F10H 16 H; A HB: 20174F10A25H; KA HM: 20174:10H30H

B

MK HIZMCPA-Nal5 3 i) B £t B £ 57 0 B AL E Z4KMCPA-NalE iR B ARKE-01 (KY274847).
KE-02 (KY274848). KE-03 (KY303833). KE-04 (KY274849), 3:F|FH %40y 600 BExt Hdh AT MR
AR B . SAETAELIOM16S rDNAFFFIHT 4 /& 40K B bk 15 )8 ZEF AT B8 )8 (Bacillus sp.), KE-015
Bacillus oceanis ediminis genefiftlEiX%]100%, KE-025Bacillus pumLius strain 3-2FH\EiE3)]
100%, KE-035Bacillus toyonensis strain JUFLLE X %]100%, KE-04-5 Bacillus pumilus strain BS25
AHRUEIERN100% . EidXT4RERBEAT KRR AR PR AR . BHIRKE-04RRMRAR B, @0 ik
KE-0433:47 W S VR BEATRAL, 7ELAS.0%FERENTRIE, 2.0% B ERR M AR, NaClRE0.41%, pH
N7.8REFRE IR AR R R, T1E%69.56%.

K5t
MCPA-Na, F#IFFE/B, 16SrDNA, [Efded:, wipE
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1. 5|15

MCPA-Na, {125 4% 2-F E-4- SR LR, A& — PR 8 LR FEE R A% S R AT LSR5
JRZRITNEH L FOKH KFEH . T FREAEY . MCPA-Na B 5514 B it th S5 a8k, (HREFEAE
PIRERRAR S EIH, BAR AR KA B h SRR, EVR S5 LI, KRR MT5S%e, B
SAENMBPIR R RE T AR, BRI E AT 5 B Dt IR L] [2] [3] [4] [5]. WF7tRH] MCPA-Na
BRERENS SRR B MTE . A S BETh e A A5, S/ BB RE AT LI R4 fik T 3 BOME B,
IEIREAUR BA R, WIAE#R & 3 H[6]-[11].

RS P B R A AN R SR A RO BUZG T L T 241 4% REL Y H B [12] [13], 3 SRR 5577 it
R RAB IR TR, 25 GRE G B G BCB YRR, K T B NS R AR AT e IRk
A A BAT EWE E R JT MRS 21 772 IO N I[14] [15] [16], A e SOHAMCI L A2
AT DA 3 Y5 B T et AT R AL T B E H BURFAC S, BRAR L IRAGTS ReRe . DA, O
1 MCPA-Na B fig 1 iz Kt AT A MME R [17] [18] BAF U N E # .

AT FE A I 32 21075 4 i) MCPA-Na A= 7= ZE [A] 3047 H3EHURE, 70 B H 4 Pk MCPA-Na F#fg i, %
AR I3 ICICIEIR[121EAT T B A AN B MRSV (BT 7T, 05 SE PR ORI IO B k- AU MCPA-Na [ i
PR K St AN AE DDA - 3B 52 rh K S O B A 4l

2. MR 5RE
2.1 HRREREFENEH
+#£T 2016 45 5 HHUH MCPA-Na 47 420n], HURER Sek R = LH) % 2~3 cm, &R ECEFE 10.0 ¢
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ki, BBR/NAT REER, R RN, IR S L H B, 4 CIRAERH
B EAMR RS FRE 3.09, FEAM 10.0g, NaCl 5.0 g, #iZ&## 10.0 g, #&i%/K 1.0 L, pH 7.5,
[ AR B FEFE NN 2.0%5i 6, 115°C =B 787K 20 min. 245K 56% MCPA-Na mJ iRy 7.

22. Bk

221 EBEXRNES

H R AL (1) - 3ebr A 350 3 7 )5, BX 2.0 g in\ 50 mL MCPA-Na & &l 0.025% 1) 2 A1 5 2K 1 i 5%
FrFEH, 37°C, 150 rimin B %1577 3 ds SR 5 HUH 1 mL B\ 50 mL 4= A & (I RB; 7R 25, IR 5 MCPA-Na
SEF] 0.05%, 4k4E37°C, 170 r/imin #R% 1595 3d. MKILIELLEYIML 12d, & MCPA-Na &K %4 0.1%.

222 REENSBS4A
US4 G R T IR R 107, 1072, 1075, 1074, 10°°, 51 #E4 MCPA-Na - RE SR A
ARSI |, 37°CIHIRIEF: 3d, PRI EERIZ, RESE4L.,

2.23. EERERNEE

XPBE R KE-01, KE-02. KE-03. KE-04 #HATH K IEAMEE . H25 [RYLEA[19]. SFAIGLE[19]. e
fB[20]. THE C(fAZAS IRYHBH S FMD) , KR RRIEAT AR B AL 520G

TR BT KE-01~KE-04 £ DNA, #@EH 514

16F: (5'- AGAGTTTGATCCTGGCTCAG - 3

1492R: (3'- TACGGCTACCTTGTTAGGACTT -5

YE R RIS 918 16S rDNA F B, i BiEE TAM TREA S e T AE . K ras ) Ee
NCBI 47 Blast 43#7, I MEGAS.0 #%8 KRGt LH .

2.2.4. PEREMRATHIE

K AN Y VR [LATI & B R BE MR . 15, #57 MCPA-Na ARt 2k, BCHI#E N 04 10, 20,
40. 60, 80 mg/L (] MCPA-Na bR, 99 190~400 nm &K 3 Bl 4 AE R SLAE [21] [22], TEHFAE R
KR I A (R AR AR VA VR BB E (Abs),  BL MCPA-Na FrifEVE R IR B2 R AL bR, TG (Abs) g 0 A1
br, FrezhilbrdEihge. HOCRA FEARZRIIE, BUE L (ODgsp ~ 0.8)# A 100 mL MCPA-Na & &4
0.1%[¥1 4 E B FU RIS IR+, 37°C, 150 rimin REIREH 7. T 0. 4. 8. 12, 16, 20. 24, 28. 32,
36. 40. 44. 48 h 4> HIHLEE, 12,000 r/min 2.0 5 min. B RIS, #BE 10 £, I HWOGEE . R
e 2 7 AR T R IR A MCPA-Na (1R &, did xof P g 20 JEAT LU BCRGE B A B AR i ik o BRI
T

MR =[(C, - C,)/C, |x100%

Hrr Co y MCPA-Na FIHIURIREE, Cy N5 7RG MCPA-Na [k i

B AL R (ODgoo = 0.8) 4 N2 B B AMRES R, ¥ 3 ANEE, 37°C. 150 r/min ARG B 5. &
WITREFR 0. 4. 8. 12, 16. 20. 24. 28, 32. 36. 40. 44. 48 h 7> JHUEE, B 10 f%)517E 600 nm Ak
M RIS, FONBIAEYIE. 456 WK ARt 2T DA e WAk PR 5AE KR &

2.25. RMCIRIESH

H 5L BT (ODggo = 0.8)4% 2.0%4% A\ 50 mL [ AR 72 5 (MCPA-Na & 50 0.1%) ', 43 AN 2
Wi RN RERE. PTVATEVER . FLMEEONBRIR, SRIRIREEN 3.5%~5.0%: MIANEEANR. BREANR. B
BEER . JRE . KNO; 1ENRIR, SEXRE N 05%~3.0%; 435l NaCl. K;HPO,. CaCl,2H,0.
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MgSO, 7H,0. FeSO47H,0. MnSO4H,0. FeCly6H,0 JylFdkid it L L, 3 pH N 5~12, HIHE
25°C~45°C, fE 60~180 r/min #if ~, HAALEIR 34N HE, IE MCPA-Na FEfE% .

FAz FH we S VAT SIS B AR SR AL, AR B DR FR S, R R PR R AR BRI I = A A B AR &,
B AR 2R A 9 BB, AR4E Box-Benhnken fyHH U2 4 S 06 B T J5E BEJEAT W B2 T 43 7 S 56871« S FH Design
Expert 8.0 F A HEAT SEI Bk FIZE b, @SR, 5 X 4 R T IR IE SE S .

3. R 5118
3.1. MCPA-Na BEBEHN T B R EE

SESEE BRI, NIRRT E T 6 PRAIBE B, Flid SIS IR 0.1%
MCPA-Na E A5 [%fiEE 1 4 ¥REAK, 43 AArid N KE-01. KE-02. KE-03. KE-04, ¥JRESE MCPA-Na 7
N 0.1%MEE AP A K

4 MREHRITESFERIR W 1 for, B 1~4 A0 WEE AR $2 R, SRt Ligi
45 B (E BIA R VN KE-01. KE-02. KE-03. KE-04). M X 2~4 1] LLF H 43 B8 i 1% i) B MCPA-Na
(BRI AR

IR AS LSRN FAE A S IR (L2 2), AT LAWDE i E AR R AT E, v T kB kit AT %8,
FIFH AR 1) ) 16S rDNA (138 F 514033647 PCR 434, 15 2 4 34 = 1< 5 B o U P B2 J K4 1R vk DNA
FF515 Genbank 4 B JE K b A1EAT HEST, B 4 ¥R R KE-01 (Genbank %55 KY274847). KE-02
(Genbank &5t KY274848). KE-03 (Genbank %3%'5 KY303833). KE-04 (Genbank &3t KY274849)
5% Wk 2E AT 1 I8 (Bacillus sp.) FIAR LR B i i, JA %) 100%. #45 16SIDNA FE1, 4 A FoA: 3 A b ik i
ATHASE 4 AR RS A 2E O FT B4 I (Bacillus sp.) . I Fl MEGAS.0 1% R Grit b 45 5 L1 6.,

Table 1. Morphological characteristics of strain
= 1. ERISASHHE
FFE KE-01 KE-02 KE-03 KE-04
MK OFPIR, AL, FCSIPEME FPIR, B3R, FOLREEME FPIR, 3R, BLREME APIR, 2R, R

AEG, AEY, BoK, FLEG, AEY, N B, ARG, AEW, B 8 Aat. AEY. Bk R
&, WGBS BT SR, R TG, AN

(Rt

Figure 1. Colonies of the strains
1. EEES

[ )
¢ * 3 | /

Figure 2. Grem dyeing of the strains
2. EZRHAE(1600X)
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Figure 3. Spore staining of strains
3. EFRSFTES (1600 X)

Figure 4. The result of SEM
4. ELERFELER(3000X)

=+2000 bp
—=2000 bp 1000 bp 2000 bp
=750 bp

—=1000 bp =500 bp 1000 bp

—=750b —250 bp p
P 500 bp
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—=250 bp =100 bp —100 bp

—=100 bp

1 5 2 3 5 4 5
1-4 T PRKE-01~KE-04PCR ¥ 3 f= 4 5DL2000 Marker

Figure 5. 16S rDNA amplified PCR products
5. 165 rDNA PCR #8724/

100 | KE-02
Bacillus pumilus strain 3-2 (EU594558.1)

|: KE-04
100 Bacillus pumilus strain BS25 (KR063205.1)

100

Bacillus sp. strain M-45(KX099299.1)

100 |: KE-01
100 Bacillus oceanisediminis gene(LC040955.1)

— KE-03
100 L— Bacillus toyonensis strain J1(KU898281.1)

0.030 0.025 0.020 0.015 0.010 0.005 0.000

Figure 6. Phylogenetic tree of strains

6. EHRFRGHR
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Table 2. Physiological and biochemical identification of strains
2 BMREBENEE

Bk V-P iK% R IR WAL VER KA TR IR WG 7= A
KE-01 + - + + - - +
KE-02 + + + + - — +
KE-03 + + + + + + _
KE-04 + - + - - - +
“+7 FoRRME, -7 FoRBIE.

3.2. PEMEEHRRTHIE

T8 I AT A [RIVR FE 1 MCPA-Na AR, FI R0y 66 FETH[LATPERFAE S 283 nm il 5E Wt
FREAE, HEAT 3 WK, SREFHIME, DL MCPA-Na briEIRTBONREARAR, WG N NALR, 2 iilbrE
£k (il 7), 54047 y = 0.0035x + 0.0022 (R? = 0.9881).

W B PREEN B4 AV 2R A RV A R SR e rh 0 3% 48 h, IS0 1 55 BT S B VRO AR 5k v 2 e Bk
132] MCPA-Na W%, 15 4 PREAPRIFARZE, W05k 3 Fion. XTLLAS B MRRE J1 B ) ik KE-04, 48 h
Fff 3183 51.54%. MCPA-Na A& 258240, INARFEEHFERIMAA, 20t 48h iEFRE, 4
R = e PANEEN TR S A A N

X E Ak KE-04 K2R e, LA E KE-04 MR 5AEKMERLIE 8). Hitk KE-04
BB AT HON, HoirAE 0 h~24 h ZE KGR, 24 h J5 OD B #TF 22, i B B R AR K2 BIFR 1 . 1 2E 0 h~40
h, MCPA-Na [ [ fifd 2 Bl I L R ik, 5597 40 h J& MCPA-Na (1) [#fi# %y 58.54%, 40h J5,
MCPA-Na FRAEA K, BAETRE, X —I G U B R FEAS B

3.3. RMBIEFRMH

MIFIZIE T, KE-04 7ELL 4.0%BEMNERIE . 2.0%8 BHZ R N &I i NaCl #24ETEHLER pH N
8.0 kiR EEH, 7E 40°C K 180 r/min fE %577 48 /INNHINE Bl K FFMEAE, WA E) 63.84%. F32 i i
A AT 1 — A0k

1) Box-Behnken =256

BT Plackett-Burman S50 Al [E G SCG A 2 HY 17 e PR AR 28 9 2 L DR 32 kIR (4.0% 4.5%- 59%)+
RIH(1.0%. 1.5%. 2.0%. ). HHL#:(0.04%. 0.05%. 0.06%)F1 pH (7.0. 7.5. 8.0), HEATIUKE=/KFK
e 2 T 43 BTS2 56, 29 ASSEHG mi g R SR a0 45 SR an <k 4.

i3 Design Expert 8.0 #f4:%t % 4  Box-Behnken it A 5286 46 B AT [0 A 704, 153 0Hr 4 i
5 Frone AT LA IR F = 115.36, P < 0.0001, 781 [a] )45 284 1) 45 S 2 25 (1) s 450 P = 0.9098 >
0.05, B ZAA RN AR E R, RHZARRER R IEM. thoh, XTHITEE S & 6, [Fl
JARHR? = 0.9914, H#EHRERZ, = 09828, FMIEIHRERS,, = 0.9693, Ut HIZMIAL Al LAfFRE
99.14%SLE0 ¥R, RIALA FE AT . AR A AT 43 BHZAR A (1) — R B3 75 F

Y = +68.79+0.17A —0.48B +146C +0.88D —183AB — 2.44AC + 2.77AD +119BC
—-107BD +0.23CD -9.93A% —11.04B* —-9.51C* —9.29D”

e W2 T 246 3D 5 55 i 2k BN ] 9~14 Fis, BHIEIRT DA B RY BJF  [m) T, SR 25 SRAZTE S KB -
AR S R AT R, B RAE R AETRAT L IR Ta LA

WL LA E— R R, ARSI R SEI R E R BERE(RRUR)IREE N 4.74%, BERRER (A
TR IE R 2.34%, NaCl (EHLER)IRIZ N 0.41%, HI4h pH N 7.8, FEMRZFTMME A 69.64%.
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Figure 7. Standard curve of MCPA-Na
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Figure 8. Relationship between growth and degradation rate of KE-04 strain
8. KE-04 Btk E K EEMENX R
Table 3. Comparison of degradation rate in 48 h
= 3. Bk 48 h BRRERALLER
KE-01 KE-02 KE-03 KE-04
Oh 78.34 69.39 63.42 75.36
MCPA-Na Jfi S J%/(mg/L)
48 h 46.10 54.76 41.63 29.89
Ko At 2 1% 41.15 21.08 34.36 58.54
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Table 4. Design and results of Box-Behnken optimization experiments
3% 4. Box-Behnken &1t B4R

st e BT 1 BT 2 Hrs T4 R L
A: TRIEI% B: %% C: THLh/% D: pH [ 1%
2 1 1 -1 0 0 50.06
23 2 0 -1 0 1 50.55
26 3 0 0 0 0 66.67
13 4 0 -1 -1 0 49.23
24 5 0 1 0 1 47.36
12 6 1 0 0 1 54.45
16 7 0 1 1 0 49.56
5 8 0 0 -1 -1 48.02
17 9 -1 0 -1 0 45.08
19 10 -1 0 1 0 53.96
8 11 0 0 1 1 52.68
6 12 0 0 1 -1 50.79
28 13 0 0 0 0 68.23
14 14 0 1 -1 0 45.64
18 15 1 0 -1 0 49.46
1 16 -1 -1 0 0 46.45
20 17 1 0 1 0 48.58
21 18 0 -1 0 -1 47.26
7 19 0 0 -1 1 48.98
10 20 1 0 0 -1 46.18
11 21 -1 0 0 1 47.35
22 22 0 1 0 -1 48.36
15 23 0 -1 1 0 48.39
25 24 0 0 0 0 68.83
3 25 -1 1 0 0 49.49
4 26 1 1 0 0 45.79
27 27 0 0 0 0 69.89
9 28 -1 0 0 -1 50.16
29 29 0 0 0 0 68.33
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Table 5. ANOVA analysis for regression equation
5. BEAFENAENSR

RIS Rt H 375 % F P
A 1766.44 14 126.17 115.36 <0.0001 significant
A-TRIER 0.34 1 0.34 0.31 0.5841
B-ZH 2.75 1 2.75 251 0.1354
C-ToblEh 25.67 1 25.67 23.47 0.0003
D-pH 9.36 1 9.36 8.56 0.0111
AB 13.36 1 13.36 12.21 0.0036
AC 23.81 1 23.81 21.77 0.0004
AD 30.69 1 30.69 28.06 0.0001
BC 5.66 1 5.66 5.18 0.0391
BD 4.6 1 4.6 421 0.0595
CD 0.22 1 0.22 0.2 0.6634
A? 639.38 1 639.38 584.59 <0.0001
B? 790.17 1 790.17 722.45 <0.0001
c? 586.43 1 586.43 536.18 <0.0001
D’ 559.46 1 559.46 51151 <0.0001
W72 15.31 14 1.09
AT 7.32 10 0.73 0.37 0.9098 not significant
afi iR 7= 7.99 4 2
R 1781.75 28

Table 6. Analysis of reliability
6. AMEEDH

R 52.34

EVEES 435 0.9914

WERIH R R, 0.9828

TR A R 5 R, 0.9693
A5 5 R A% 2.00

¥ figt 5
B

-1.00 -0.50 0.00 0.50 1.00
B A AT 5

0.50 0.50

AR IR ) -1.00 1.00

Figure 9. Response surface and contour plots of the effect of carbon source and nitrogen source on degradation rate
9. BRilR, RIRXPEMESNIN 30 BfFSL%E
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Figure 10. Response surface and contour plots of the effect of carbon source and inorganic salt on degradation rate
10. #lR. TALERXTPEMERZINA) 3D BMEFSLE

i fiff 2
80
70
E 60
R
P 50 2 0.00
40
1.00 -1.00
0. . -1.00 -0.50 0.00 0.50 1.00
AT U5 050 1007100 O-%0 D:pH A 5

Figure 11. Response surface and contour plots of the effect of carbon source and pH on degradation rate
11, #lR. pH XIPEMERFZIMAY 3D EMFSLE

-0.50 0.00 J 1.00
B
Figure 12. Response surface and contour plots of the effect of nitrogen source and inorganic salt on degradation rate
12. iR, ZALEXIPEMERZINE 3D BMESLE

C. L #h

[ fif 2

Bk fgp 2

- -0.50 0.00
— -
4.001.00 % D:pH B4

Figure 13. Response surface and contour plots of the effect of nitrogen source and pH on degradation rate
13. FR. pH XFEMEEFME 3D BEfFSLKE
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o — =T -0.50 0.00 . 1.00

C: ML : -1.00 1.00 D:pH C:EM

Figure 14. Response surface and contour plots of the effect of inorganic salt and pH on degradation rate
14. FTHLER. pH MFERRESNAY 3D FFSL(E

B DL EERAE R SE 2. RERE 5.0%. EEREEH) 2.0%. NaCl 0.41%, 44 pH 7.8, Hth A28, =
Pl ER R, WE 3 IREESLL, MSMEMEES AN 69.32%., 69.74%. 69.61%, “T-1{E N 69.56%,
ELARAL R 61.26% 42 /1 T 13.55%, 15t BH I IR AR AL 3R A5 1) 2% 14 5oF B R (A B2 v A2 A K1) o

4, &5ig

1) MR 2] 4 Hk MCPA-Na [ Ik, 4 16S IDNA 74143 #1 % 5 ¥ 8 2 /4T 1 J& (Bacillus
sp.). AR KE-04 B /1%, 37°C A NAT £ & 0.1% MCPA-Na [ B3 il ik 61.26%.

2) I FH o B THVE AT B AR R SR AL, AR PR KE-04 /£ MCPA-Na & &4 0.1%[1) LA 5.0% 5%
NBRIR, 2.0%MEEEHEM N EIR, THLER 0.41%, pH A 7.8 HREFEIE R SR PR e fd, WIAH|
69.56%.

3) Z HiE HRIE [12]F% AT R M M L [X K 3152 3] MCPA-Na 75 Jef /i L3 rh 22 B 3] 1 #AT i@
(Enterobacter sp.)4H i SE08, X} MCPA-Na % ¥ 1) [ fif 2l ik 45.21% . A8 5T 73 B9 45 2 1) Bk KE-04
X MCPA-Na [ fiff e 70 75 5256 =8 2641 T Bl s8R A, AV AE I B FH T 5

E&UH

IR 5% - 4E R 2 56 4701 H (N0.31200400); 1L 7R 45 75 4F 3 4 731 H (N0.ZR2013EEQ009) .
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