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FRE B E, FUeE, AL, FAE
(1P PURAEAREBE . 1T 5300045
2 AR BEAO FERS A XA T /A M FAT ) 5 SR S LR 83, LT 100081 )

E: [ B ) T4k, PUERESE SOK IR T M RN, 580 R 75 5 K AR K i hi A
AR, LHEMEAHTHREN EERPERSZ —, FESREATE KRS &R, Wik, et
Y T REREIR AR A LB RMGEY . (] RTESEYMLE:, DIEIE ., 25l ME g2y Ik, RAEKRE
IR YR 3R . R OB AR (3% (HPLC) #EAT 185 5 &I, vkt REAS o AWt - 25 2 1
A . ARSI X R B AR R TR . pH . FEER AP 45 0F T Y - R R MO T, AR
168 rDNA Wik S widh . [ 55 | ik i —PRiE O sk B i LR R YRR T4 T4, 48 16S tDNA T 28 1%
R IR (Pseudomonas sp.) , ZHARTE 30°C B Xf + 8 R MR, 28T 26.75%; A pH #E
T, T4 WAE pH N 7 W5+ B R WREMRIAEI R, N 27.03%; $53°4 150 rpm A1 170 rpm i, T4 BT +FEHE
P A 2600 51K 26.18% 11 25.59%, FEEIFRIR mFHFERE R AR, FILESE 150 rpm ML H; Bfb
X T4 WM B RN, W H 2 ARG, AR 1% MRS, N 26.88%. RILAE
T, T4 WXT 100 mg/L + 8 RPN 26.29%; HILKIEW, BINT T4 W25, LEREBREER, N
93.21%. [ 45w ] AW E 0 BBk T4 X+ 52 A BAF R AR AE 1 . 383 16S rDNA JEHFFI 04T, T4 T
J& FIEAMITE (Pseudomonas sp.), FBEME +BEIMALSMEHIREE 30°C, pH 7.0, #53# 150 rpm., #FE 1%,
FEMERE e T4 B, $8m TXF R R RBRIEM, R T4 T1E R 52 R BRI ELA 15 YR BRIGTE /1.
KHEIR: AE; PR ks R

Isolation of an oxytetracycline-degrading bacterial strain and
its biodegradation characteristics
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Abstract: [ Objectives ] With the rapid development of intensive livestock breeding, the use of antibiotics has
been increased sharply, which results in a large amount of antibiotics residuals and drug-resistant bacteria in solid
waste and sewage. The improper discharge of these solid waste and sewage leads to accumulation of antibiotics
and drug-resistant bacteria in soil and water. As one of the main antibiotics used in animal husbandry industry,
high residual content of oxytetracycline exists in animal manure and sewage. Effective strains need to be
developed for the efficient degradation and cleanup of residual oxytetracycline. [ Methods ] A method of
enrichment and acclimation was applied to screen oxytetracycline degradation bacteria from microbial fertilizers,
antibiotic fermentation residues and livestock manures. The screened strains were identified using the 16S rDNA
sequencing technology. Oxytetracycline content was determined using high performance liquid chromatography
(HPLC) method. The biodegradation condition of oxytetracycline by the screened bacteria was optimized under

YFs BER: 2017-04-28 EZHE: 2017-11-30
H£4WH: EFELSP LI (2016YFD0800603 ) ; WIbAFHEIWH (15227504D) %8Hh,
BERFAN: #N% E-mail: mengyinghonggxu@163.com ; * IF/EH ZEJLH Tel: 010-82108657, E-mail: lizhaojun@caas.cn


http://dx.doi.org/10.11674/zwyf.17161

3] TREE, e R B R YE T 5T 71

M

different temperature, pH, rotation speed and inoculum size. [ Results ] The screened strain of T4 was found
capable of efficiently degrading oxytetracycline, and was identified as Pseudomonas sp. The degradation rate of
oxytetracycline was the highest (26.75%) at 30°C, and was 27.03% at pH 7. When the rotation speed was 150 rpm
and 170 rpm, oxytetracycline showed higher degradation rates of 26.18% and 25.59%, respectively. Considering
the high energy consumption of the high-speed shaking, 150 rpm was chosen as the optimal speed. The
inoculation was negatively correlated with the degradation of oxytetracycline, and finally 1% of inoculum size
was chosen as the optimized one. The highest oxytetracycline degradation rate was 26.29% under the final
optimized condition at the medium of 100 mg/L oxytetracycline. In addition, the composting experiment showed
that T4 could effectively improve the degradation of oxytetracycline during composting. [ Conclusions ] The
strain of T4, identified as Pseudomonas sp., is proved to be capable of degrading oxytetracycline efficiently. The
optimized conditions are 30°C, pH 7.0, 150 rpm, and 1% of inoculum size. The composting test showed that the
T4 had a positive effect on the degradation of oxytetracycline, indicating potential of using the T4 as

oxytetracycline degrading bacterium in environment pollution prevention.

Key words: oxytetracycline; degrading bacteria; isolation; degradation characteristics

AR, PIAERERE KoK IR b iyt &l
H, T ECARSE v 25 1 19 77 A5 R0 25 W 0 R
W, ool ag Rz e, RERUERA
PARERIRE , BRAEDUA R A B 21 T, (]
Ik 18.9 Jrml, HA SRy R R, E
WA TESRMETPIAER FEGURRE ., FH
BRI RIMNERRSE, Hrb, WHRREHER (&
R WHR, SRHRF) M THAARMEE. |
WEPERRE L, PIMITE & @ FRaf ) iz i e, K
WLk, SiAERZM, BS T RAFHE8CR.
SR, WA 3R B M A AT DG T A B Tl
PiiE , AR NBUERAH 60%~90% 23
BEE TN . PRBCSEHRI RS, SEmE A HUIC
ALH, X 3 KA SE PR 7 A R IS
TP ERNFERENEAIERNE B E
i BRAESY, AR, FRE 5. K
IR 5 DU v AT A 2 Y 8 R S ik 200
mg/kg!'?, 285 mg/kg", KL, FFEIRE LB RNE
AR i ST X ARAT WAL

P45 T Bk B B AR R A R VR R B L
A AV YR A =, b, AR R HAT AR
B OTiERTER . UEW AR E AL . BB A SR
SRR PRI TS P A AT B R IE A
VIR A i) FAR0D XU A: R 5k B 0 R e OB E
XTHARMMEY A, R EA RGN
PUAER MM 257, PO ax SO 24 7 RE A% 7 A AH L 1Y
Wik Tt , 30K S il 2 1 — 25 2o B R K Ak TSR
BRI AT B UE RS, HETE A —

RN A R R A OGRS, B, Bk AR R
(Xylaria digitata) BE8 325 (R A% 25 44 i ) g 7 > 3R 284
FEMNMFEAR U R, BRI R, L3
51 15 B R 08 150 A% WA A7 2% AR TR 2R I TG TR IR AT A TR AT
B0, BSOS R A A R AR I AR RS P
fif SEAE R I 2 s/ 0, A 7 DU BR 2 A 2 i AR A T
R DUBR R BB 20, IS BRI R, ZEERE iR
IR B AT LU R A BRI R A E sk e,
X R A R A R AT T iRGE , Flan, K
TEEAT AR TE T B R L R RN
WME—R IR P PR ARE, AHERE AR 2R o3 2 31— AR A %
RNME—RRIR AR A, AR UL, AR IITIE I8
B, BRI RES o G UE W IR AT R
RIRe Sy, AR, W LA A
/RARUEAN I = ] S S ST S Al N PN
X T - B 2 A TR O T B IR A ML SY . A
FETENTGIE . 2l S FME b B ik LR
MR, RO R MR, A5 R i S
fiff 1 25 R Y B P AR TR R R O A 7 R A TR P
ARBEE A, JFaTb +ERAERE P RER, R
B NSl ) fEERRE

1Pk

1.1 HRS5iF

I MR . . FEEM; LHER
(Oxytetracycline, OTC) #p#E 5 W B 7% F Dr.
Ehrenstorfer 2 7], HZ5HX UK 1; Wl CHE.
EC ke (Bikal) W [ 3¢ [# Fisher 23w 5 B ML
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N\ / OH
N HO
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0 0 OH 0 HO

E1 BRI FERR

Fig. 1 Molecular structure of oxytetracycline
AR s KR K N AR IR 4B K 5 EDTA-
Mcllvaine ZEMR . 582, AR . /NERFFIYHEA
PRI 1.

x1 HERERER

Table 1 Properties of selected compost materials

JUKL Material C(%) N (%) C/N pH

## 3% Pig manure 29.62 2.50 11.85 8.34
INAEREFE Wheat straw 44,63 1.13 39.50 —

HEAR Saw dust 49.27 — — _

B AR AW SRS ERR PRI L5
KhriER 0.050 g, MADEPEEEM, REBER
10 mL AR EEiiH, W EESS, BCHla 5 mg/mL
IR G £ . ARUEVE IR (3.125. 6.25. 12.5. 25,
50, 100, 200 mg/L) ¥ i fiff A7 ArAE i Bas o e i
M. ARERE R TR AR IR R IR AEAE 4 °C VKAEN .
1.2 EFREHE

FREEABRERSE: HFERE3 g EAKS
g, AL 5 g, BUR 18 g, ZMW/KEZRZE 1000 mL,
FH 1 mol/L A SEALENIE T pH £ 7.0~7.2 J5 K ;

TR S0 AAbik 1 g, R A5 0.5 g,
WA R 1.5 g, R 0.2 g, HILEN 1 g, Bk
20 g, ZEM®7K 1000 mL, V15 pH £ 7.0, =K ;

e IR AL . 7E KRR TCHLER By R SE b A
R SN
1.3 T EZBEBREMNIFE
1.3.1 BRI B 520k BRI 10 g REBIRFES T
90 mL KB Z& MK I =M+ (250 mL, W& B
R, B TREET 30°C, 200 rpm £ 30 min, HUH
JEFE . T 100 pL BIEW, WA A REE AR
BRREIEHRE |, BT 30°C &M PR 2d. HEE
TR, 2R R 2R P R 1A 5 35 Pl BRIl 2k
IR E LS — L aEmaitk, ERLZK, HE

IR RERNEE AR EEA
B IR d, 30°C, 180 rpm R EE W K 97
2d, HEIEA RN
1.3.2 HRRFEFARINEERAE B 100 pL _FiRE 2R g
W, RAE T LA R R AR H R R
9 25 mg/L 1Y 5 R ICHLER EMAREE R 557 -, 30C
WEIEEEFR 2.d, 42 25 mg/L M B B Wi = B e sk vp
TERMWEE R 100 mg/L, HiFEEN L, fUMbRL
R AR VR RN L TR R R R R Y R R
W IAE R X + 55 2 B A R R T A R bk . X
LRI, T 4°C IR NARAT

V43 B AT B % TR AR 23 ) 2 4 30 A TR R IR
IRBE AR TR, SRS RS LR BRI 1%
it 2 422 3| DA+ 5 2% Ol o — TR VR I TE WL ER VAR 15 7%
e, 30°C. 180 rpm R &M TSR 7d, &
S FH R 280 AH 0 35 3 ) S 45 TR AR N B 3R Y R
F, BRI LR REME SR, T4%C
VKA NARAT o
1.3.3 AR HIZMIIE R ARIER T 100 mg/L +
HERNFNE RO SR T, 30°C. 180 rpm
AT EEFR, TAFEREEAE, RS OCE LR
DU S Y ODg 1B, DABARE R A B A0 A K i
1.3.4 FRESTHMNE R Alliance 2695 Bl FAL
WAH AL 2998 I PDA Kzl #% (3 Waters A F)
X HER S REMATIE ., BUEFRW 1 mL, A SmL
HEE, #8257, 10000 rpm &0 15 min, B LR, H
0.22 pm £ A ASLIE ML UES B g W, FFI, (A
%A Ky 3% FE Sunfire C18(150 mm x 4.6 mm, 3.5
um, Waters, USA), Uizt R 0.05% B K % W
(A) F1ZHE (B), Wi A 1.0 mL/min, #H¥ 35°C, ¥
FEARFL 20 pL, KPS A 355 nm. VBRI A .
0~17 min, 93.2% A, 6.8% B, ARIELIEEIH 5Tt
AR RMEE, IR T AR AR RE.

e figt 238 = O R 58 B — SO 7 o )6 R B i
100%
1.3.5 THARFEfR LA SRR . pH. ol
Fhid BFTERT G, PR B RS IR 6 LS A E] 100
mg/L (BRI, R 100 mL, AR
FIRE IR FREFR 7d, M2+ B REmR, B4
s = AEE, IR A,

) W W pH A7, EAMEN 1%, KE
20, 25, 30, 35. 40, 45°C 6 MEJEELEE, 180 rpm
FEIREESRE 7 d,

2)pH: W pH B R 3. 4. 5. 6. 7. 8. 9.
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10, MR R 1%, 30°C, 180 rpm FEIREIESE 7d,

3) B, WATpH N 7, EAEN 1%, &E
110, 130, 150, 170, 190, 210 rpm 6 AS[R)4% 3 ,
30°C FEIRKGFE 7 do

4) BeFp . AT pH oA 7, EREIHR 1%,
2.5%. 5%. 10%, 30°C, 180 rpm ¥EIRIEFE 7d.

14 TEZREREHERRKRE

SERE 3 AR, HAAC: 1) AMALRER,
AINA T4 H# (CK); 2) MALER, AIA T4 K
B (OTC); 3) MALER, MARF T4 (OTC + T4).
HACERR A LY Ry 25, R ERN 1 x 10° cfu/kg,
TIKEEIHN 60%, LREERMIEE N 50 mg/kg, B
WPRTEE 3 REE , RIS R AN REFEEAT
PEFE, B8RRI AR T4 A A0S
FWRFAM T ERE. B 1. 3. 5. 7. 14, 21, 28,
35, 45 d BURE, T A, H-200C REUES
Bro FREAHAERGHA TR, A L E RS,

Bl b . B2 H2R ] Excel #1 Origin 8.5 1 fF
2 HRE
2.1 TERMERBERATFE

UMk . oy BARAS 10 BRI R B R, S5
SyWIh T1. T2, T3, T4, DX-1. DX-2. DX-3,
ZC-1. ZC-2., ZC-3, Hrh T1, T2, T3. T4 RET
HAC, DX-1, DX-2. DX-3 RETHEH XM, zC-
1. ZC-2, ZC-3 R T2hitr . KWMIELL LR N
ME— B R Y JE LR 3G SR B b AR KB L2 2, Horp

<2 WMEVEENERKRKRL

Table 2 Growth condition of microbial colony

Hikk + R WE Oxytetracyline concentration (mg/L)
Strain 25 50 100
Tl ++ + +
T2 ++ - -
T3 ++ + +
T4 ++ ++ ++
DX-1 + - -
DX-2 ++ - +
DX-3 + + -
ZC-1 + + -
ZC-2 + - -
ZC-3 ++ + -

T4 FAE KGO L, HIL, $EE T4 FERTE—
B2 ENROE
2.2 MEREHINERE

T4 1R 19 16S rDNA FE Kl 7 fT 75 )5 51 $2 28 NCBI
J5, i1l BLAST #2/¥ 5 GenBank T ZEREIE LA T4
W tr. R LM, T4 W5 Pseudomonas sp.i= &
ML, ST RELE LS TG, ¥k
EARLRE AT 51 ) MEGA 6.0 #2485 M R 48
RER, 153 T4 16S IDNA RN EZZ L TR (E 2),
2.3 AKhZ&HNE

R4 JETCRETE ST T4 B B 0 A 4 il R kA 7]
FE o HEBOEHE EH (0D ) (I 3) AL, 0~6h N
T4 WA KR ZEW], 7F 6~32 h IR =k
B, WHRABEXNEBOEK, 32 h ZJE R A K
ARER, TEEGE TR,
24 EFFANLIERERYRNF
2.4.1 TREEXTTRARRE AR+ B RACR AR K T4 TR
FhF ol e 5 37 3, 7[R B TR R T R 7 b 77
7d. FE 4 0H, T4 B R R R R BE R
FrEs e IS/ . 20°C BB 2K 17.29%, B
R LT, REHRERZE T, 30°C IR
i, KB T 26.75%, 25 MR IR T
I MR, 45°C BREfR T RES] 16.38%. PTG H
BB SRR S 30°C
2.4.2 pH X HRERESE + B R BRI AN pH ks
FEMT, T4 WX L8R WREBRICRMIE S iR
MBEFREL pH HEANHT, b5 pH M TR, T4 X+
BRI RO, pH H 3 B FEEE R
13.68%, 4 pH T2 7.0 I FE&A#RIE 2 27.03%; Y4
BigR bk pH KT 7.0 B, BEPRXS + 25 R MR Af e 7 bl
pH W T+ & & #i0k /N, pH Ry 10.0 B A RE R R
21.66%, pH{HE N 7.0 WFEMACR A, H 5855
BRI HE pH (EAE—2L,
2.4.3 FEH R R RO I 6 A
1, T4 BN 55 2R I B A SO Bl o T o P B e Sk
KIGHN, FA A3 T4 Bxt 155 K BRI 1E
20% LA B o Horp, 4505 150 rpm A1 170 rpm B}
T4 TE A+ 55 2 A R 0 2w T AR, 40
26.18% Fl1 25.59%. 7% & HI47 IK & e o #E BE =5 14 R
i, PEPE 150 rpm VE ALY
2.4.4 BT RAR R - R RO &7 %
B, 4 1% IR 26.68%, K& A&
BN, T4 WX 8RR R, YA
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0.2297 2663 AYO081814.1 Pseudomonas veronii strain CA-4
0.6346 16935 DQ178235.1 Pseudomonas fluorescens strain PC38

- KX242462.1 Pseudomonas extremaustralis strain EC12

1.6976

0.4045 0.0049

IN836928.1 Pseudomonas sp. IICDBZ11

0.0537

1.7452

JF901704.1 Pseudomonas sp. B-AS-24
1.9666

1.5864 T4

|—|:JF901709.1 Pseudomonas sp. A-BT-68
0.3775
1.32

o7 GU198113.1 Pseudomonas fluorescens strain LMG 5849

0.1490

1.7189

2.1927
KU877638.1 Pseudomonas palleroniana strain WJB39

KU512899.1 Pseudomonas proteolytica strain EN4

0.5597
0.2635

13284 AY339889.1 Pseudomonas sp. NJU0O1

0.5

2 T4 & 16S rDNA EE R4 B
Fig.2 16S rDNA gene system development tree of T4

35

0 1 1 1 1 1 1 1 1 1 1 1

0 4 8 12 16 20 24 28 32 36 40 44 48

fif 8] Time (h)

3 T4 H£Kehzk
Fig. 3 Growth curve of T4

HINZE 10% B REMERI/N A 23.83%, B, Z5G
BRI ] A, PEHE 1% 10 T4 WA 1+ 55 E0iE
HHEEF

2.4.5 AL TR LB R WM AT
R EE RTH, T4 X+ B\ R MU e 2%
AR EE 30 €. pH 7.0, 3£ 150 rpm ., A&
1%, TEALPISRAETS, BN 100 mg/L +F R G
T4 BRI 7 d ZJ5, DA T4 B0 18 5 10 AR
H 26.29%.

24.6 +ERMEMAMIRAKLSE mE M, 7
HIMA T &ER A MA T4 H ) OTC &b Hi
R W L HREREN 81.25%, MMAT
T4 # i OTC + T4 A HERB LR m, HEHER
M EBRRIBF T 93.21%, 5 OTC AAHAH L T

30
a
o —E
S 25t b
Q b ——
I —E—
= 20 N
g d ]
=
g 15 F
&
a 10 ¢
s OT
0 1
20 25 30 35 40 45
IR Temperature (°C)
4 REX T4 EREERFM
Fig. 4 Effect of temperature on the degradation of

oxytetracycline by T4
[FE (Note) = AE FAIRIFRERIRARIMLRE [A] 22 5735 5% . EKF
Different letters above the bars mean significant difference at the 5%
level among different temperatures. ]

11.96 A4 A, mEnr L, AT T4 s, +%
R EBRRA TR, W T4 WX FEEZWiE—
L RBRaeEERIESEH, MK ERERE.

3 e

PAER, XTEERWMP R, &
3 Bk R FH M IR AR AT LR i B & 2608 b i 5
F, (AH R AT R, X 4 R A YRR
RIS IR He A . A PSR, SN 2R A
FFUEE A H 70 2 & 8 2l rhoa] DG U2 it IR R 26
A RIBEARC . ARSIy B eI T4 B, &%
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30 . 30
3 = ab . a
S s} b = _tI)_ X 25 | b b b
c T
£ ¢ < g
= 20 F FR S0}
2 S
'§ 15 F e _g 15 L
2 5
8 10 ¢ & 10}
g St g 5t
= &
0 1 0 |
3 4 5 6 7 8 9 10 1.0 2.5 5.0 10.0

pH

El 5 pH X} T4 L ERMFE
Fig. 5 Effect of pH on the degradation of oxytetracycline
by T4
[FE (Note) : H: EARIFHRERIRAIR pH {H[H 22 515 5% BE K
F- Different letters above the bars mean significant differeace at the 5%
level among different pH values.]

30
25 | b
20 +
15 |

10 |

F#fi7 2 Degradation rate (%)

5 F

0 |
110 130 150 170 190 210
434 Rotation speed (rpm)

6 PR T4 R ERMFN
Fig. 6 Effect of rotation speed on the degradation of
oxytetracycline by T4
[ (Note) : it bS] 7 BER IR AN R 4% 3 18] 22 535 5% 3% K
Different letters above the bars mean significant difference at the 5%
level among different rotation speed.]

BN (Pseudomonas sp.). BB B~, BIAM
W RES A S A DL AR 2500 T BESE
WRes B BT Yy, T R 2R A R 0 R I T
B o A LEHRIE 7y B U e A B A O R R A
B, A 8 R A TS AR e b o B A
— PR B = R A T R AL 2R AT I (Bacillus
cereus), im0 FEf# 200 mg/L £R R 2
A P18 T e A ik 2 B 60 LA % T e A gk 3% 2 0 5 g ik
b, - BRE T 2RSS IE . WKIBIZ IR R
YU TR 5 G Y 5 v O 8 AR AT — B v 28 A T
Achromobacter xylosoxidans, X} 60 mg/L + 82 1%
fifp R dRe g, I8 66.3%0, AT e AR A + R R
FF TR AT 100 mg/L 75 R FEMERARX AL, WRES L

$EFRE Inoculum quantity (%)

B 7 #EMHEXT T4 EELERNFN
Fig. 7 Effect of bacterium quantity on the degradation of
oxytetracycline by T4
[ (Note) : #E EARRIFREFRIRA R He bt ] 22 573K 5% %K
F Different letters above the bars mean significant difference at the 5%

level among different inoculum quantities.]

_ 60
oy —o—CK
& 50 | ——0TC
£ —A— OTC+T4
£ 40 |
2
o
Q 30 L
O
=
QO 2 |
EH%
Q
10 b
i
& (S |:H:»-n-c: u) u] o o D
H . . . . . .
0 10 20 30 40 50

i 1A] Time (d)

8 AR+ F RPEAT A A AR
Fig. 8 Degradation of oxytetracycline with
composting time

B R USRI AR R A G

ARG 25 SR, W3 X A o i AR A A
(EUERTARLE O (S I B ok (RS BeN=E 4 S F I &
PIa e, SR RERR, NI -8R
FEMRRCR o pH MR R B AE Y R LA R 2
RZ—o pH RS KRS #AH T T4 FxXf L%
HEEAR, DO RIRME SR BRI PR AR X T4 i 1Y
BRI A T, AR AR AR L AL
PURZY (IO R & S aa A D G DY e STV
HMREME R UL, BRI R T4 WA, §
BEmRMFEMZEEN . TUER, 4 pH KT
7.0 B E I, R R A AR AR XTIV T
BAK, XATRES LR R SR T A AT E S
AR A S, R LR R C IR, BN
NS, JCRE G 0 e xT 75 3R e fi
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WA, FONEE AR N T4 e m EHERN
R AL R R, R T4 WA, iR
PR + B R R . P AR SR K S i A=
ANFI RGN, % R TT RE Tok h HAR 7T 2 1 R
Ry FEEKE, TIRE N 2 TR ARG & R
S HO R R AR . R U T4 R
TRREN AR, XA HE R P AR 1 Y
RZ ) S 2R B R mmi =R &R,
SN + B R R

+ B R A R R T T B R AL Tk 2 B B
R R =, AL LA B S B 15 F A0 S 45
T # A AR 20 TAETR 22 . A9 i v 15 21 1Y
T4 FHEX B EZ A R fIER, BA e S
PRl A, Rk — 8+ 8 R A AR REST
TR, pEAh, 4kSR T A Y E TR EE
(10 ok i L DR, e EL A A A 0 e SR R R 3 TP R AT
B, BN SR IREE T B R T, AR
(TR T 2 A A (B

4 4L

1) B2 A5 3] — bk B 8% A 0T B i - 25 3R 1 TR A
T4, j@id 16S tDNA S FH 04T, %8 TR
ML (Pseudomonas sp.).

2) LK, T4 HX + 5 R FmACE R
A A K S M IRE 30°C . pH 7.0, %534 150 rpm, 2%
PPt 1%, TEIXSMF T REFREAM T 7 d, XF 100 mg/L
TR R AR R 26.29%.

3) HEAEIRIG R, SXTREAHLL, AN T T4 #AY
AT+ R LR A SR
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