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Abstract: In order to solve the problem of soil, water pollution and sensitive crop drug damage caused by chlorosulfuron
residue, and to provide degradation strain resources for microbial remediation of contaminated soil, a
chlorimuron-ethyl-degrading strain T9DB-01 was isolated from chlorosulfuron contaminated soil by the method of enrichment
culture and step by step domestication. Strain T9DB-01 was identified as Pseudomonas sp. by morphological characteristics,
physiological and biochemical analysis and 16S rDNA gene sequence analysis. The effects of temperature, pH value, substrate
concentration, medium volume, and inoculation volume on the degradation of chlorsulfuron-methyl by strain T9DB-01 were
investigated by single factor experiment. The degradation conditions of chlorosulfuron by strain T9DB-01 were optimized by
orthogonal test and verification. Results show that 30 °C, pH 8.0, inoculum 4%, liquid volume 100 mL/250 mL, substrate
concentration of 200 mg/L, cultured for 5 d, the strain degraded 93.7% chlorsulfuron-methyl. The degrading strain has certain

application potential for bioremediation of chlorsulfuron-contaminated soil.
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Enterobacter ludwigii sp.Z5M 7 R A S 4 S ms itk
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1o, BEHLEHC 10 ARAF AN, B AU 200 g, TREE
5-13cm, BT KEBAELEH, 4 CORFTRT.
1.2 FZEiF

FMERERE 2000 VRMERYR, KIEEGFAR LA
Ay AMEREREAREE (GSBG24151-42 [FEARTR):
100 ng/pL, A BAPSHEE, Al R H A5 R AR
WFEIN BT W s BB EEERE DNA BIBGLRI & (R
WAMBHARAFR); 5IWHATAEY TR (F
) B FRA F)45 R pMD18-T Vector Il [ K%
FAWAE AR R bl
13 SEEERBERXRS B

DL T Ry o — B R, R PR R A s
FEARG3 88 LIE A RE A TR A o SR e A A i
200 mg/L, 30 ‘C. 200 r/min fHIRHRZ%H53E 5 d )5
SHEFP i i, ZCUkBE % 800 mo/L, 3KHE .
N7 FH e B50UBROR € 3R T AR 24 8% B et (R 1B B
MR M M RE S, BEEERRE, 30 CRRE 4k
Fe, 4 CoRAEIRAE,
1.4 RIEEEEBESE
141 FEEFEXLE

SR FH VA R0 48 1 4 S e Tk o 4 i T 42 P 1T
ML ER J if [ A £% 37 %L (MSM, NaCl 0.50 g/L,
KH,P040.50 g/L, K,HPO41.50 g/L, MgSO, 7H,0
0.50 g/L, NH4NO31.00 g/L, Agar 20 g/L, pH 7.0),
30 ClHIREFE 5 d JE A RTRIE A R A2 R
A KOH 27 I B0 iff A TR AR 4 24 RS, 4
CIRRTAC U 237 L RTA T L
142 HFAEAKE

218 (AR AN 1 26 5 T DUV ol o e B A
FRARFRINE , AFEVER K AR . TR AL R |
PEfh R . VP IR | TR . UK. AR
AALEEE . MR IREE (I 3L20iA0R) | Frigmsh A
W, CEEAL . MR (60 C). mImAEeSE .
1.43 16S rDNA ZEEFINIE 5 R AR E 54

K CTAB 7571 SDS 5 R UTTE 15 H B 4 8
DNA. F|H 16S rDNA A I, FiiEs |49 P2/P7,
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P2: 5-AGAGTTTGATCCTGGCTCAG-3'fl P7:
5-AAGGAGGTGATCCAGCCGCA-3'#J" 14 [ fift
PRI 16S rDNA X741, PCR y=#lallic . 4lifk,
5 T @ik, ¥ 10 L 57950 E. coli
DH50 J8Z A5 4, A5 BHM: 7E k- K pMD18-T
R LEAS Y, mAETAY TR (BF) by
HRRAFIM, W BLAST #E45 DNA #5153 47 .
P45 GenBank b (1 g HEA 7[RI JEM: ELXT, FH
ClustalX #1778 Lxt, HAERGE L FTW .
1.5 SEREMEMEEMERENE

FEMRARTE LB IR A RE F 06 T =X g
9, 8022 3%, 0.02 mol/L NaH,PO4-Na,HPO, (pH
7.0) MR BES 2 K, R RTRGE piR B R RIAA
4 CO-AF# o

Tl #5 R 300 mg/L 1 JCHLER S Al B IR
(MSM, REHiR), ALK N 8.0x10" cfu/mL
R Bk , 30 °C L 200 r/min 25/ 8E KR % 45 5% 5 d,
B HCRIE 2 mL, 2R S P Sy ) S
Bat B P RO (T 25, U S s Tl PV 32, A
LV R A

Rk 23 (Y0) = (5% BA AR 2 it T iR AR 24 1) X 100%

16 SRIRBEEMEBEMERESERL

43l 10°C, 15°C, 20°C, 25°C, 30 C.
35 °C. 40 C. 45 CHEMREIRIA, LIV pH
¥k 4.0, 5.0, 6.0, 65, 7.0, 7.5, 8.0, 9.0,
10.0 fE 8 pH X564, LAor5l%e A 25 mL/250 mL
50 mL/250 mL. 75 mL/250 mL. 100 mL/250 mL.
125 mL/250 mL . 150 mL/250 mL. 200 mL/250 mL
BE RN R B O I 4, DL G R A Tk 43 ) A
50 mg/L . 100 mg/L . 150 mg/L .200 mg/L 250 mg/L .
300 mg/L . 400 mg/L . 600 mg/L. 800 mg/L 1Ek#]
TR BRI, 9% 1%, 2%, 4%, 6%. 8%.
10%. 15% (V/V) B9 M i Bl Ve
RIZH . DA A 20 5 8 W iR vk 2 300 mg/L
ToWLER SRR SR, AEAAbH 3 W, Xf R4
T2 R4 H, 200 r/min 2K 5% 5d I, MERE S
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X I S AT A A= K R s i o4 o4 AR 23 P S
1.7 SIS FERERRRKME AR REE MRS
FERAN S IERE b, X pH (. WE . R
B SRIR AR I T 5 I E 4 KPR IE A8 5L
5, BT RE 3K LRSS IR
IEAE LI R LR 1.
1.8 HELE
JIT A B IR 3 R R A - Y ME, B 2 b A il
&% i Origin8.0 # 458 iX. -

2 ER5AW

21 ABEEMEBRESS

Wi E RS . BRI AR 4B &7 1k,
Iy e — PR RERERE AR T, fir4ah TIDB-01,
T2 DA R LA G W Tk Ay o — BB VR . DA D AR VR B
8.0x10" CFU/mL, 30 “C. pH 7.0, 200 r/min £%f4
TREFE 5d, WFHEEE K 300 mg/L Fit SR M Tk [ i A A
%4y 92.1%.,

WYEZ 0, NE, ESEFE, R,
TR | BT o BRIAR R 5 22 TR, o R4t
48 B T 002 B B AR A A FFR L TR AR RN
(0.2-0.4)x(0.8-0.9) um, MA-#iE (B 1), =&,
AEiZ 30,

22 SBEEMFEREEELCETE

Xof G it [ A A7t TR Bk TODB-01 R4 T 24 17l A Bt

bR PR % E, AR 2 PR,

% 1 TODB-01 PEME4F4IE X NIWIKITR

1 E#TIDB-01H A BIEE (A) MEMRBRIEFRE
rEERT (B)

Fig. 1 Morphological observation of strain T9DB-01. (A)
A scanning electron micrograph of strain T9DB-01. (B) A
photograph of the colony after 2 days culture on mineral
medium.

R 2 PEFEERK TODB-01 4 1B4 {L4S1E
Table 2 Physiological and biochemical characteristics
of strain T9DB-01

Physiological and biochemical identification Results

Table 1  Orthogonal experiments design of strain
T9DB-01 about degradation characteristics
Factors
Levels Concentration Temperature \I/_ollquuri Inoculum
® 0,
(mg/L) 0wy @
1 4 50 28 25 1
2 6 200 30 100 4
8 8 400 85 150 6
4 10 800 37 200 8

Starch hydrolysis test =
Catalase test +
Gelatin liquefaction test +
VP test -
Nitrate reduction test +
Oxidase test

-

Indole test
High temperature culture (60 °C) -
MR test

Citrate utilization test

Ethanol oxidation

Glucose oxidation and fermentation
Mannitol

+ + + + + +

Sorbic alcohol

Seminose
Arabinose
Fructopyranose
Saccharose
Lactose
Maltose
Glycerol
Salicin -
Hydrolysis of seven-leaf glycosides -
Hydrogen sulfide test -

+ + + + + o+

% : 010-64807509

Note: “+” means positive biochemical reaction; “—” means
negative biochemical reaction.
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23 SBEREEEES FEMFERE

FiFk TIDB-01 fit) 16S rDNA ¥4 5% 5 i
J& () e 4 [R) 5 A 3 1009%, 1B B RRTE 4>+ 2
GRBAEYLETHREBEE, 88
Pseudomonas sp.. Ji Clustalx k{4431 bt X 2 4k )
16S rDNA JER 71, FIA NI A8 R Gk 7
(Bl 2). Z5ERRITESFHE . A MAERE, 25
B HEWIZ bR A BRI Pseudomonas sp.. Bk
T9DB-01 %41 . 7F GenBank H1iE/lk, GenBank &
S5 GU395783,

2.4 INEREZEN TIDB-01 4 KFNS S EFE
AR

ik BE X TR AR TODB-01 R fiff 25 5% ) Lb 458 K
(¥l 3A), 10-45 CREfFR IS W/ N,
30 CHITMRRIFEMRR A 86.3% 52N KA, AT
1K ODgoo B4 0.771. pH 4.0-10.0 JE I, FAf
IR AN (K 3B), pH (E A 7.0 B FEA# A
F i KAE 90.4%, DL TR (A ODgoo fE >k 0.904, 5
W Tt I 1) o ik 3 B o e R S TS K (181 3C),

82

60

{AAEEF RIS 4%LN )5, BRARRN TR RN, )
T A% Fe AP . U ) 4 Wk 2 X T b
TODB-01 {4+ S B fif 28 i 5% i St S T IS B e
# (&l 3D), U ms itk v i /E 50300 mg/L s [l A,
ROk ik T 1) A R T R, S T I U A
300-800 mg/L JEFE, [Ekk TODB-01 A= K3z F4)
il e AL a2 B WA . Bl — A b e i
AR I, AR A A R B S B TS R R A a3
(& 3E), EWiatJy 100 mL i, FEAR R A K gk
fiff 1 TR A

25 ERZEWMIMEFZFHEMMK

AR R EE R — Rk R R R
S, BRI AT R AR 3, AR PR IR FR S
s, it 5 INER 4 KT IEAC TS . 450K,
ESSREHSS 12 40 (A2B3C2D2E2) JyiEi#k TODB-01
R s R e e FE 2% 14 - 30 °C, pH 8.0, $EFh i 4%,
W 100 mL/250 mL, JEE#IH A 200 mg/L, 1
7= 5d, BEEFRHR 93.7% (£ 3).

Pseudomonas sp. 1LQ26 (GU731675)

Pseudomonas putida strain fit2 (DQ192174)

Pseudomonas putida (DQ060242)

iPseudomonas sp. BJQ-D4 (FJ600361)

Pseudomonas sp. PHD-8 (DQ301785)

Uncultured Pseudomonas sp. (HM152735)
Pseudomonas putida strain (FJ545651)
Pseudomonas sp. BJQ-B3 (FJ600357)

— Pseudomonas sp. ONBA-17 (DQ079062)

Pseudomonas sp. M9 (DQ198147)

Pseudomonas putida strain (EU179737)

99

0.000 5

Pseudomonas putida strain eh63 (GU339288)
Pseudomonas sp. BCRC 17752 (EU487511)

Pseudomonas sp. BW003 (EU371554)

37 Strain TO9DB-01* (GU395783)
470{ Pseudomonas sp. SMIC-5 (FJ877156)
Pseudomonas sp. BCRC 17752 (GU370392)

2 H#k TIDB-01 EF 16S rDNA ERFIIM A KL R
Fig. 2 Phylogenetic tree based on 16S rDNA genes of strain T9DB-01.
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Fig. 3 Effects of different factors on strain T9DB-01 growth and chlorimuron-ethyl degradation.

®3 EXTREREUSH

Table 3

3

Intuitional analysis of orthogonal test results

Concentration (mg/L)

Inoculum (%)  Degradation rate (%)

Liquid volume (mL)

C) pH

Temperature (°

No.

80.1

82.3

86.3

90.0

93.3

92.3

85.1

83.5

90.3

82.4

10
11

85.8

93.7

12
13
14
15
16
K1

81.1

82.2

86.2

83.1

344.5
352.3

344.8

331.6

338.7

330.7

350.3

342.2

354.2
352.2
332.6

355.5
342.3

K2

333.3

343.4

352.0
351.9

K3

347.6

339.2

349.2

K4
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F4 EXRIBHERAEDN
Table 4 Variance analysis of orthogonal test results

Source =i @ df il R value F

square square

Concentration 3789.8 3 1263.2 6.2 126.32

Temperature 2896.4 3 9654 54 96.54

pH 16878 3 562.6 51 56.26

Liquid volume 5219 3 1739 2.7 17.39

Inoculum 10438 3 347.9 4.7 34.79

Error 94.3 3 2.9

Total 10034.8 18

* means significant difference.

=X MR LRI, 5 AR R p vk
B F ERRK, h 126.32, X HLRE A G mes fk e i R
SN IR B K. HUORIRE, Rl ERN F
{ELRe/IN o BT LA B AN PRI 2R 1 i 2 1 2 5 e R 380 /N I
Frd: JIRPIHe s >l BE >pH {H >3R>S it
3 Wit

DA W18 52 B30 R Sl ) o3k 80 551 7k A o fi
FiAR R vk 130 B A SRR, Soke
LB 1 AR 2 RE R AR B, A S i P 1 TR W
FAEEE . AL, Hh DdiE + . Ma
e DU I 975 2 - 3 v 43 8 30 5 ik o 0 At T 1L 2
WIS LW3, &M 50 mg/L, pH 7.0, 30 °C,
R T d 5, WA SR TP AR 22 81.5%.
Pan 25TV 2 4 198 v 43 1 5 51 G W b o I 47 T
Enterobacter ludwigii sp., A4=¥)F&fAE FHEE He )&
(1-10 mg/L) FIEE (20-40 °C) AYTF&Es ks hn,
Fefd pH g 7.0 X1 242 DK S it e b e 14
T RN B 1 bR i R A D LR B
L-6, 200 mg/L. pH 8.0, 30 C, #F 4 d 55
WS WA A i % 1 51 80% L I, Zhang 25 P2 5 e
FH 398 r 2 5 1 R [ FH R A o2 i 1T R A1 2
MITEJE NyZ42, Y4028 I8 5 B b A5 S #b 7o
T, 200 mg/L AR EE, HFD 4d, FRAERL
80% . Li 25123 F] i ol Gl v Tk I - 2 R i T K
(Rhodococcus sp. D310-1; Enterobacter sp. D310-5)
TR 2 T il £ SR B Tl o - £ S R A A ol SR A I, 7

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

REPH B E AR5 YR (20 mg/kg) +
HE, 60 d JFFMRRiAF] 80.02%, Cheng 2%t
D310-1 #47 T° RNA-Seq 74T, g gqRT-PCR, &
HRBRERG . 40 (0 R P-450 FIBEILEE Rl 3 L
(K 2 55 GRS Tk 8 1) A e A o AR B0 DN UM Tt A 5
e A Ay B3] 1 bk RS R R R TR, 2 M E
S B Pseudomonas sp. . S 5% 200 mg/L,
30 C, pH 8.0, #F i 4%, %% 100 mL/250 mL,
B3R 5 d, BN 93.7%. ) R B B X 4
Rl TS U AT AE WIE B HA B R T o R
1 BUE T LA o8 i e s it e, ] L A i L A s P R 2
B, RBLT A s B A BE 1 2 R

o i DRI Ak S T 2 1) 003 5 TR PR T %35 DDA
K, LA RB IS 52 M A AE W M 1 R R B e s 2 47
PIRERER . WURYIMREE . IR . pH A MR .
Pt S DR o PP R A v B X i AT T AR A A5 o
SN A B B KT, JIRPIHEE /N T 300 mg/L A]
PEBERERRAE K, KT 300 mo/L M B Rk AR K .
3365 0 S P S B A B M B S TR L6 %
ff RE B A B I 25 SR A [R], SRR R VR
200 mg/L B}, TRAR L-6 MIREARRIAE] 86.75%, ik
Tl m T, WIRA KRR A T
W 2 P IE R T T 8 19 bk D310-5 i
FI| AR LS L X R Ry S T R A Sl — i i 2+ 14k
SV, — TR W A K AR TR, B
BRI, AR IARIR AL R AR, A PR
B, AR T TR RN SR B R P R 5 3 — D TH A
e BAT — 2 et HoMELUB e Y A,
R v B 1 R, WA T W, R
PRARA K, DT 3R Ao I I o 224 S s T o P VA
AR, AT DA 52 S R R Y Bk, JT RS A
FHHECHR AL A BRI AR 4G, 1 S B Pk B e T P A
)T 52 3 B SO ) S A A A X i i o 114 T 52
AT R B T 57

LA AL, SR T P 4 A 1 fk TODB-01
T8 5250 % 2 N B LM r bR R B 3 O R A
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fPERE , B —E RN TR T, D S R e T

PRI T A 8 AT, TPk TODB-01 1

15 9% 13 b B [ RE 1 B xR FERURE D 25 F 18
ERETIE T — 5T
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