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—REBRERSPTENIREREY - KEEXHRIIFEBREE
S
Mt BEY, HEREY M4, gEMET, KK

Lot AR TR, V)1 ES 610039
PP S A TR, R R R WEORBESE BE, Ul E#ER 610039

FE. [ HiW ] 3- 44 L I iR (3-phenoxybenzoic acid, 3-PBA)YIY 4 2 i ol 40 5t 35 B2 R 24575 Y 1
S, MR AZ IR B AR IR 2575 YA AR R L3R 4r 3 3-PBA sl fd B vk [ ik ] RIS
LYk dRkaifb ik, UL 3-PBA SHME—RRIE . RRIRTTE 3-PBA FEAR K ; MK ERAIES . Al
A AL 16S rRNA JF 1 5313k s IR0 A K AR 20 1 “#Re bk , 5)im >R Box-Behnken i 1 11 43 H7 i i
AR AR [ 455 ] POTEH IR AR R T rh k45 31 1 bk S AP A 178 BPBAO3L, 28 %5 o I 1
Y75 B FT 1 (Enterobacter ludwigii) ; i% B R 3-PBA ¥ B 35 1600 mg/L , HiAE: K F A 24 545 & Logistic
H: K 3 1% (1m=0.09149 h™, Xnm=1.1145)F1— 4 [ A 5 12481 (k=0.02085, 11,=33.24 h); XF 3-PBA [#%
fif i B3 25 F 4 34-37 °C. 3-PBA #¢J¥ 25-200 mg/L #11 pH 7.5-8.5; fE 35.19 °C. 30.0 mg/L 3-PBA 7
pH 7.58 54, % HEtk 48 h Xt 3-PBA [ Rk 83.75%. [ 45i¢ | BR1E4E7 T i BPBAO3L 2 1 #k
F Rl 3-PBA FEfRTE, RIVEAAEYIEE % 3-PBA sl Bk B AG MR AR 25 15 YL IR BE AV E B RR TR UR

KEE: PIELERm AT, EMBRE, 3IRAIRENIR, iR

01545 e 34 il 25 4k 24 (pyrethroid pesticides) &
— RN LA BB R K Bk H 28 2 A9 07 A= AL R
wH ) FERFIA R . A A2 E L R
LT b e R e R SR (Y P/ TITE 1)
B R G IR AR 25 A Bk s K vk, 78 FAR 2 1F
NAAAAE D BEREAR , AR KER 31 T IS 4R

BE I AR TR L3RR A B bl sk
Wes T AA A AP0 SR HR B TR S AR 24 5k B 2 90%8k
H T35 g KR . My sSEhey, X7
P DL B E A TR S A 24 A P M [3- AR A B R I
2 (3-phenoxybenzoic acid, 3-PBA). &M%
G 5 SR AR B A R AR T UL R A PR 2
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A 24 % B 55 RN Bl A ) 2 B A TS G A EE A
FH L Her A ™ 4 BT i B s G B
P, Hor 3-PBA 4 K 22 Bl g R Ak 2
(IR AT . FUEEETR . S TR AU 2 TR 55)
W6 22 [ S v ) P 2 — 1700 OB R g & PR
3-PBA JEITE MR BEME R IR, HoAr A B g
P B R AR A 255, B AR A
FAERRAR, SR RN, el ik 180 d,
WIEEFEME R, I, WHER 3-PBA 5/ 2
fiff DR PR R ADL B ER SR RIS AR 2475 e i) S B

HAET, 2l g leefe 2 vs Je R s 2
IR F LA b T AL | e E AR AR DY)
Refi 0 S AL L, A Rk
DABLAR PR A BB AR AR T JC RIS Y e i 1,
e Bk H ORI A Tk 2 5 vh A 24 5% B[R] Y B S
P, DR R AR AR 3-PBA B TR RS
IR bR G ER IS A 2 5k B L bRy ot . B
NAMIE Y 3-PBA Ffifk 1 T SR I8 T IR K HETS It
Ve . Ae2yis e A iRl th, an ATE PR
Hh 4 B A A 2 B 1 (Sphingomonas sp.)t*Y
% B Jf 1 (Pseudomonas sp)™ | % 1 4T
HANPINE SIS
(Sphingobium jiangsuense) ™ HIrg A 2 5 3% B i 14
(Senotrophomonas sp.)™*®, 754k 2475 e -3 vh i 1k
52 B 2 AT 5 (Bacillus sp.) ™, LK W5 i R
3 B K i B (Aspergil lus oryzae)™®145 X 264
HEAFEI R 3-PBA Ffif 1 1 BA By 3-PBA F ]
RE 1 UL e A= e 52 <2 UL H 3 R S A 2 ¥ YL BRI
M1 o ABIL R R 2B AR R AR XS 3-PBA [T 32
WIEARR, XELINHT 3-PBA Siis e iE L
IEFE s MR T 40 Ha 38 TR 28 A 24 sl HAth v e )
MR RS, A 56T 3-PBA R TR R
HEHD, HoR WM G -5 rh 43 25 3-PBA &

(Ochrobactrum  lupini)!*¥

R F R RR R T, T A3 V)T 22 AE ) U5 1 58
Hh i g HL AT A SR I RE T 1Y 3-PBA 1= sk Rt 1A
B, LASHEREEH 3-PBA B IRt g ek 255k
FA 1 A W ok A B AL DA PR U5

AR SCHGE N AZ AR B BRI AR 24575 Y (i R AR
Aoy 1 RRISIEYES 14T 5 (Enterobacter
ludwigii), X% A KRR 2 1% . 3-PBA FEfi#
RetE AT 0T, IR R A, S e — 2
FHF 32 3-PBA S4B A5 a2 24 15 YL IR ) 2E
s 53 SR I A

1 MpHfud &

1.1 #e 5

111 BERSRIR: ARSI ik AR AR A 11
Hi DX LR AR S ) R GAR R L ARBR RIS, R
FEGREE 7 5-20 cm.,

112 HAEHERE: FKHEFTHR
(3-phenoxybenzoic acid, 3-PBA), #i# 2% (FE)ik
FHTEREARAA; CNE(iga), £
Adamas-beta /3 7] ; Bacteria DNA Kit $2 B0 £
Z#E PCRY MM &, RIAEMREARA
AL B 7 3 (mineral salt medium, MSM; g/L):
(NH,),S0, 1.5, KH,PO, 0.5, K,HPO, 1.5, MgSO,
0.2. NaCl 0.5, pH 7.5, 121 °C K& 20 min, 3-PBA
WP AR AT Frds B 5 &5 A 5= P LR ER B
(violet red bile agar, VRBA)J 553k 41.5 g, 751K
1000 mL, i 2 min, BHEPER S ; WK
FRFEINA 2.0% (WIV) B il B [ 4 155 77 3
1.1.3 {X8%: Waters e2695 R0 (i (X |
Waters 2998 I o, A% 45 [ 41 A Wl 4%, 36 [
Waters /A 7] ; Biometra PCR ¥, [ Analytik Jena
AG vl JSM7500F U4 8%, H A HL FAka
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2xft; UNICO 7200 AIS4Mr e tiEdt, £
UNICO /A7) ; Heraeus Multifuge X 1R 15 33 7R 25
UL, € thermo Scientific 4] .
1.2 3-PBA KR B HARME & T AR LT

3-PBA 6 W >k H 5 2K AH €4 3% 3 (high
performance liquid chromatography, HPLC)i#47.
FE AR AR PR HPLC A 5 74 2 BESCHR[ 12367 T,
RS CIEBAK (70 © 30, VIV). FrifEfhk
Ji R Fl 3-PBA FRiEWR (100 mg/L), MR HEFE 1.
2. 5,10, 20 pL, #I& 3-PBA Jiatfe-u iR bR
e 224 y=89.3658x+0.7803, R?=1.0000,
1.3 3-PBA REfETRIRITEE S %€

3-PBA [ fifk U 1) 5 A2 Bk Fn i i 4l Ak 2 HE SC
BR[2LWEA T, PIMLIS ARG 3-PBA 23kl 1600 mg/L .
alifb 5 )RR 345 3-PBA (100 mg/L)f) MSM
B sk, B ARG KM ES (X IE, 30 °C
PR (180 r/min)i5 3% 48 h J5 BUEEIN 2 3-PBA 5% 54
i, R () 3-PBA FEfR, ik s i
AR TS SE0E 5T

Degradation rate (%) = (C, —C) / C, x100% (1)

C:HEah 2 3-PBA &4k ; Co: X HRZH H 3-PBA
T

RIS | AR AR ALARRAE | 5 DNA 421
16S rRNA 434 K 7 5110 % Fl 3R 48k 5 Wi A g
ZIESCHR[20) 677, Foh, 16STRNA # 31k R 45
51#) 27f (AGAGTTTGATCCTGGCTCAG) 0.5 uL,
1492r (GGTTACCTTGTTACGACTT) 0.5 uL, DNA
Mz 1 ul, ddH,O 10.5 pL, JREHEE(S Taq .
dNTPs, MgSO,%) 12.5 uL .,

1.4 BEAREE A KREMmEh 2
W TR T (ODeoo=1.0)""4% 5.0% (VIV)HY

actamicro@im.ac.cn

FERR A3 B2 Fh 3 2 3-PBA (100 mg/L)I¥) MSM 1%
Fiderr, 30 °C 4R (180 r/min)i% 35 72 h, ERFEL
FE, W5 Ho ' (optical density, OD){E #1 3-PBA
4}213-775'
141 PEERAERKIEER.: EE-FERMNT,
Tl 0 K B o R AN B 3 5 S e B A A
PRLICR ] Logistic Jr A& A B A A K 2l ) 25,
FEE Ty b A= R 5 i AR 9 £ 288 T AR
W, BPAERHAZH AR g A m] LU (23R4
dX / dt = uX 2
M t=to, X=X, ¥(2)XFR153(3)=,

X = Xoe'mt /[1-(Xo / X, )1—-e'm)]  (3)
X: TRAKUE (ODeoo); t: HEFRATIEI(N); Mm: FeK
FAE KA (05 Xo: WIAATA VR (ODgoo) s Xim:
T K A A B (ODgoo) o
1.4.2 3-PBA REMRZ) IR B 3l )%
D7 AR T AR R A B, A T
PR 2 3k 36 5 ) S O S i 45 R I R P
W, — Bl )2 RRAE TS Y ) Y A W R o
BN, )R

=V S/ (K + ) 4
S m/NTF K B, v=v,SIK,, B
v=dS/dt=v, /K. xS=-kS , H o 1§ -
INS=-kt+InS,, ZEMHGE)X.
C =C,xeR (5)
Co: 3-PBA #J i 4 B (mg/L) ; C: t I %] 3-PBA
WREE(mg/L) s Kk BEARSEREH(hT); to BEARET
1] (h).
F2(6) IR IR B 3 tya(h)o
ty, =In2/k (6)

15 REBEFRAMT R v R R
F A 7 (ODegoo=1.0) L) 5%I) 422 i H 25 Fh &=
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% 3-PBA [ MSM }i SR, TEAN [A] By 5 57 1 BE
(30, 34, 37, 40°C). ¥lif pH (5.5. 6.5, 7.5,
8.5) % 3-PBA ¥ (25, 50. 100, 200 mg/L)% 14
T 180 r/min #ik 7 45 5%, A G EAMEIKIES A
XPRE . TERR 8 h BURE, ME 3-PBA Bk &, JfLL
— BRI 2 BTG, AT R A TR Y R
R R o 3 KA A 2
1.6 Box-Behnken W p v i1t 4k 24

HR A 1.5 SEI A 45 AL, 18 HC 7 [T BT o
2. FH Design-Expert 8.0%%k 4, % /1 Box-Behnken
LA 3 R 3 K i il IR S5 s %
SLIBHE AT RS, 8 AR E 3-PBA
AR, A TSR 48 h s, W
JE 3-PBA R, TR,

2 SR

21 3-PBA R KTHLEE

211 REMREMRAITEE R, 255k, &
A fbILRAT 23 BT T 32 3-PBA (1600 mg/L)i
Wbk, o 8 MREL & A ALEAE 3-PBA IfiE )1, K
3% 48 h %} 3-PBA (100 mg/L)IF&fRHE S iniEl 1 fr
7No Witk BPBAOSL R AE 1 ikt , 5% 55.04%,
2 25 Ml I bR BPBAO3L [ fif 5 Hofh 14
PRI i 2R 22 5% 1. 25 (P<0.01) . & B 1 ¥k BPBA 031
J2 1Bk 3-PBA mRUREMRER , WO T IZ R MR ASUS 22
W5

212 REMBHERATER KA BAEMRIE: #ik
BPBAO31 Ziifk )55l 4 4%FF MSM. VRBA
Bigedhh, HAE MSM Bt ERRE, FLAA,
st BIERERAA DG, R 24 mm; fE
VRBA #5535k FRFEDESMERIE, L0 aihser

EUE, WA BZO6E, BR 3-8mm, AJH
HUKE(1-3 cm); BIR(E 2R R, S HE
51, WS4, KR (0.6-1.0) pmx(0.8-1.8) um.
R AT (1T A RRAIE ) 25 T R4 £ 14 BPBAO31
J& T AT R
Wtk BPBAO3L AEHIAfLSLBR 2 R L% 1.

3-PBA [%ff A BPBAO31 Jyit % [ B M3k R4
W, REEHANE . FUBE, V-P N B R R
SCEG PR PHYE, SRR AL S L R, R
ik BPBAO3L % 1 )& T T i 4 i 2+

G - W (=)
= = (=] =
— T T T T T T T

Degradation rate/%

[\>]
(=]

o o

AN be'b BN
NG
FP I SRS I

Strains
1. TEEHST 3-PBA HIpERERE
Figure 1. Degredation rate of 3-PBA by different strains.
Different lettersindicate significant difference, P<0.01.

A

& 2. ®#k BPBAO3L B RS
Figure 2. Scanning electron microscopic morphology
of strain BPBAO31.
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1 BREREBEEUIESER
Tablel. Physiological and biochemical test results of strain BPBA031
Culture time/h Culture time/h
Test Test
24 72 24 72

Gram stain - - NO;™ reductase +++ +++
Aerobic + + Gelatin hydrolysis +++ +++
Sucrose fermentation ++ +++ Lysine decarboxylase ++ +++
Glucose fermentation +++ +++ V oges-Proskauer +++ +++
Maltose fermentation +++ +++ Denitrification - -
Lactose fermentation +++ +++ H,S production - -
Indole production - - B-galactosidase +++ +++
Methyl red test +++ +++ Myo-inositol +++ +++
Catalase +++ +++ a-methyl-D-glucoside +++ +++
Urease activity - - Galactitol - -
Citrate + +++ Ribitol - -

— 0%-10%; *: 109%-20%; +: 20%—80%; ++: 80%—90%); +++: 90%—100%.

213 ZEHM 16S rRNA FFII4HT: K Eibk
BPBAO3L fJ 16S rRNA "1™ ¥ [l 5 3515
1395 bp MJF4, IFHE PS8 5 & GenBank
(Accession number: KY474547). #|ff] BLAST £
R e i% e 90 it AT W] IR Fe X,k BT bR

(Accession number: JQ659806) . Enterobacter ludwigii
RCB553 (Accession number: KT260765)F) [q] 5 14
15 99%, AT LAHEN bk BPBAO3L Ay 4k 75 T
B (Enterobacter ludwigii) . & #F — A i 72 kR
BPBAO31 il mE iz, #H MEGA 6.0 it b i
Neighbor-Joining ¥: & R4 & B W (& 3), Wik

BPBAOQ31 (KY474547)
Enterobacter ludwigii (JQ659806)

7| Enterobacter ludwigii (KT260765)

Enterobacter asburiae (KY285194)

Enterobacter cloacae subsp. dissolvens (NR118011)
Enterobacter cloacae (NR1136135)

Enterobacter kobei (KFF516242)

Lelliottia nimipressuralis (NR044976)
Enterobacter cancerogenus (AB682281)
Klebsiella pneumoniae (KF359886)

66|  s0[~ Klebsiella pneumoniae (NR117686)

53— Kiebsiella variicola (KP783170)

)| [ Edwardsiella ictaluri (AB682288)

99— Edwardsiella hoshinae (NR024768)

Proteus mirabilis (NR114419)

Serratia liquefaciens (NR122057)

| Acinetobacter pittii (NR117621)

BPBAO31 5 Enterobacter ludwigii R6-346-1
26
44
31
41
45
P
0.01
3.

100! fcinetobacter calcoaceticus (NR042387)

Ei¥k BPBAO31 &F 16SrRNA HEMKRZ LB S

Figure 3. Phylogenetic tree of strain BPBAO31 based on 16S rRNA sequence. The number in parentheses is
accession number of GenBank; node number represents the confidence level of relatives, the length of branch
represents the evolutionary distance and the coefficient is 0.01.
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BPBA031 45 Enterobacter ludwigii R6-346-1 .
Enterobacter ludwigii RCB553 4bF-[dl—43 3%, i%tsiiE
ST Pk BPBAO3L Mg TE4EA: it 14 (Enterobacter
ludwigii)

LA EIVERRRER Y | 16S IRNA 3
PSR G LT 0, T E wfk BPBAO3L
Sy BR A 4E 75 I FF i (Enterobacter ludwigii) -

2.2 Hkk BPBA031 Hy4: KN 1%

WNE 4 Fr7R , FIF Origin 8.0 B 4% B bk A4 4
SR B A K Bl ) 2 R A T AR v
& 153 1,=0.09149 h™, X,=0.04262 & X,=1.1145,
A (6)X 15 2 & bk A4 K 23 01 2% 5 #2
X=0.04262e"%"9/[1-0.03824(1-0.04262€" )] ; Fi|
FH—G N 8l 1 2 B B A sl A P 1) 3-PBA F%
B TAE L IUG, 1S 8RR 3-PBA 1 —2%
KA )1 24 e« C=98.5583xe %% k=0.02085;
t1,=33.24 h, FUBETELE A T 1R BPBAO31 7E LA
3-PBA WME—FRIEHY MSM REFRdtrh i KAR# R
I, AEAE KA (010 h), &+ 3-PBA T
PR A KRR 208, AKX B0 (1048 h) A 4

C 1100
L2 E a — ODg, ] 90
oo w - Degradation rate 4 ]
1.OF i 180

0.8 170 5,
S 06 1903
0.4} 703
| 140 2
02r A3 o
oor - = 20
0 10 20 30 40 350 60 70 80

t/h

4. BRIEHFIHITE BPBAO3L 4 K FNpEARENL
Figure 4. Growth and degradation curve of strain
Enterobacter ludwigii BPBAO31.

ZOHIRGHE, 3-PBA FEMEHRIRFIR S, fEAEKR
JE IR 3-PBA FI TR ki55 . 2B K FEfg2) 1275
TR B 23 1) 4 0.9824 ., 0.9865, FHf 2 Flfki iy
REBCUT S BB AL A5 A AT 1A BPBAO3L Y SE Bk
KA L B 3-PBA Y AR 72

2.3 Hitk BPBAO31 AR

R I — G fig 1) 07 “F BRI AN [R] 250 R 1
3-PBA FREA RTG53 BN EE R
3-PBA VKEE KW lh pH 45F T Y 3-PBA A2k
(Bl 5).

H AN [R5 25 T 2544 [3-PBA (100 mg/L) .
With pH 7.5 MR AT (8 5-A), EIRTE
3040 °C £ TFXF 3-PBA MIREMAE A i B
# 5 Hoh 34 °C 554 T FE#5h 67.89%,11,=29.38 h;
37 °C %M FIER#H 62.21%, t,,=34.16 h, AJAl
3-PBA #5444 F (37 °C, WIhh pH 7.5)(IKE M4
R R(E 5-B), WX RRIVE R 3-PBA B
FHBA s Hoh o 50 mg/L ivF, 3-PBA flR#fit
IR 75.77% (t2=24.95 h); LU (25 mo/L) Mz vk
Ji£(100. 200 mg/L) 451 B R R R A (b2 23900
27.24 h, 35.99 h % 40.35 h), W& 5-C flizR, 244

A pH /T 5.5-8.5 Z|f][37 °C, 3-PBA (100 mg/L)],
WRRTEWI R pH 7.5 I e fige 800 i i (R i 2
66.44%, 1,,,=30.75 h), ¥I4h pH 8.5 41T k= (%
fiftF N 52.87%, 11,,=39.93 h); I 4#]4h pH M 5.5,
6.5 I, 3-PBA A [EfRAEF A8

2.4 Hifk BPBAO31 [%f# 3-PBA HIZAL

K Box-Behnken i i i 1 i 5 e i1, LAKE
FRURBE (Xy) . 3-PBA MR (Xo) FI0I 4G pH(Xs) ol B 28
i, 3-PBA FEMER(Y) MmN, MG 2.3 him
S8 S WA ] TR A3 BIT R0 a5 (BR 2), oA R4l

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



836

Bo Liuetal. | Acta Microbiologica Sinica, 2018, 58(5)

S MSM 53R3E | BRIl 24 h. $EFRE 5% (VIV,
ODgoo=1.0) . #43 180 r/min, 753 B4 45 75 kT T

BPBAO3L [ 25 1A AL s BR 15T B i o A (3 3)
A
()mm
90
5, 80F
2ot
3 or
< 50+ Ny
& F m—30°C e
& HF  @n340°C é\fﬂi
- A-37°C §‘""“i
30 wy—40°C
20 1 n 1 " 1 " 1 " 1 " 1
0 10 20 30 40 50
t/h
(mzm-K
sk e
2 150 o
e ]
S | @ 50 m
1,:-! 125-: .......... 100 n%g/L ‘\
2 jool v g 200 met ‘\\W\\
Z . -
< 75
g
o S0F
25+
0
(©) :
100
90+
% 80f )
E _| e
= 70 .
F 60F
s -
< 50 -
2 | m—pHS5S ':f?\ﬁ
T 40 e—plo> 1
I A e pH 7.5 i l
30 w-—pH8&85 T
20 1 1 1 1 1 -I
0 10 20 30 40 50

E 5 AEIEFRFZHT 3-PBAKBETK

Figure 5. Degradation curves of 3-PBA at different
culture conditions by strain BPBA031. A: Culture
temperature; B: 3-PBA concentration; C: Initial pH.

actamicro@im.ac.cn

7 2. Box-Behnken N 57 #H i 43> 4 FF ol 2
Table 2. Box-Behnken experimental design with 3
independent variables

Variables Coded Range and levels
-1 0 1

Incubation X1 340 37.0 400

temperature/°C

3-PBA concentration X5 30.0 500 70.0

/(mg/L)

Initial pH X3 7.0 75 8.0

#< 3. Box-Behnken iIG It R HLER
Table 3. Results of Box-Behnken experiment design

Run Xi/°C Xo/(mg/L) X3 Degradation rate/%
1 0 0 0 78.25
2 0 0 0 76.88
3 0 1 -1 53.44
4 0 0 0 78.96
5 0 -1 1 65.56
6 1 0 -1 41.26
7 -1 -1 0 81.11
8 -1 0 1 66.64
9 -1 -1 55.89
10 0 79.38
11 0 38.56
12 1 1 62.09
13 -1 0 -1 53.15
14 0 0 77.88
15 1 0 58.55
16 -1 1 0 75.25
17 1 -1 0 60.56

K] Design-Expert 8.0 AR {%} 3% i i S50 4K
e AT Z2 350 ) A S N7 e 7 ] AT
PIA 155 3-PBA FAfif 2 (Y) i [ il TS 7Y

Y=78.27-9.65X;—1.72X+3.64X5+0.96X;X,—4.0
5X;X3—0.25X,X5-9.37X,°~0.030X,°~18.99X5°

T5 225y BT S A B 45 R (3R AR, BT
F {1 (185.50) K T Foo (9.5), U BIAHILE Foo K
FRE; X XA H I P {H(<0.01)/MF 0.05, FHH
AT R SRR 50106 pH 2 IR H I
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F; KPP {E(0.16) K T 0.05, EIRAIIIA I 2,
HikE 2% RP=0.9958, #WILA AT,

wE 6 Fron, 4 3-PBA )N 30 mg/L i,
FERP MWL pH SC EAE X 3-PBA FEff A
W5, AT LA Y, BEE G SR IR A) i pH R34
3-PBA R BEZ IS e —ElE, H

%= 4. Box-Behnken i ERM A ESHT

Table 4. Variance analysis of the results from
Box-Behnken test
Source Sum of Df Mean Fvalue P-value
squares square

Model 292892 9 32544 18550 <0.01
X1 547.70 1 547.70 31219 <0.01
X, 7.91 1 791 451 0.07
X3 75.65 1 7565 43.12 <0.01
X1Xo 371 1 37 211 0.19
X1X3 65.53 1 6553 37.35 <0.01
XoX3 0.26 1 026 0.15 0.71
X,? 369.87 1 369.87 210.83 <0.01
Xo? <0.01 1 <001 <001 096
X5? 151920 1 151920 865.96 <0.01
Residual  12.28 7 175
Lack of fit 8.49 3 283 2.98 0.16
Pureerror  3.79 4 095
Cortotal 294120 16

< 90.00 T

2 80.00

= 70.00

2

= 60.00

E

£ 50.00

[

2 40.00

e —

= 40
39_00 -00

A S ——7 37,58

3 7.0n°0
7.29_003103\;00 6.0p 09" Y0

Initial pH Culture temperature/°C
6. BFFmESHE pH XE(ERMRAEEMF
=k E

Figure 6. Response surface and contours plots of the
interaction between culture temperature and initial pH.

Gy AR B AR SR — B, 75 3R
5 X,=—0.6, X,=—1.0, X3=0.17, HJI{E 35.19 °C,
3-PBA (30.00 mg/L) K¢ ¥k pH 7.58 544, B&AE
Y4k 75 i AP BPBAO3L X} 3-PBA () [ fift K N
83.48%; TEIIFSLISE T WS, AL
3-PBA VR[4 fi# 4N 83.75%, 5 FiliN H A —%k,
& U LA B 0% v 0 TN AS [R) B 3R 2 1 T I A g
75T # BPBAO3L Xf 3-PBA &R

3 itig

3-PBA 2 HLAY 4P R U TR SIS A 24 3 ik ok P
Y, BABEKR. 55 R SEREE SR A T
YRR A SRR . ZTE A E AR R
WG YL, PRIl R AW E 5 ) BiR B
3-PBA il k UG A 2 75 YL iy BRBE T L AR
H E N KGR R 3 g5 8 A7 3-PBA
AL AR EE T M bk BPBAO3L, LRI,
A AR . 16S rRNA JE K ¥ 81 FL R 58 & 7 70 b
MBS, Y8 Sy B TR 2 Ay 7 A 7 (Enterobacter
ludwigii). &5 4E7S 74T 4 (Enterobacter ludwigii)
J2 H1 Hoffmann 55128 p5 e DI RFE i p 43 5 15 511,
IR 2 TR B — BB R A A (R A
WE5E R HAOR A i PRFE A, 78 H A St 9k
Bhge R B, W Kwon SECO 7 i [ & gt =8 vh 4y 85
R P B A £ B /) Enterobacter  ludwigii
GK-23; WA IR B L3 sl AR 25715 -t i 16 45 2]
Enterobacter ludwigii, H- K2 HA Y 4 K AL ik
PR P2 sh 20 A i il g 0 DL K kg
Wi fie 714, Enterobacter ludwigii H7£7EF A
T T HR A B8 T A P A R Y T Singh 2639
DU A I B L B 9 SN R B B T I TR T Y
Enterobacter ludwigii GRT-1; [Xllt. Enterobacter
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ludwigii ZE B Tolk . AWEEYT . BT M
e A S Bl % R B i A SRR A R 58 s i
o338,

[FHF, ik BPBAO3L Xf 3-PBA il 524k & ik
1600 mg/L, i T Halden 25350 Chen 2 pA s
IR R 4 1 Y Pseudomonas  pseudoal caligenes
POB310 £ Ochrobactrum lupini DG-S-01; H.iZ#
H:F 48 h XF 3-PBA (30 mg/L A%k 83.75%,
BT Zhu SRS GE I HRE R O 28 Y Aspergillus
oryzae M4; £ Wtk BPBAO31 2 1 ¥k %4 3-PBA
WA, [ EA B E 2 3-PBA Hiiill
B U BR AR 2505 Yo IR BE (A0 1 . eAh, BT
Logistic A=K 3l J1 24 il — G [ ) ) A5 1Y)
A K REAR SN 12 IR, TRIRRAE AW 193 (0-10 h)
X} 3-PBA HIFI B, #E X4 (1048 h)
3-PBA MIBl i pe A, (HiE AFR 2 11 (48 h )it
[, AT R TR A 1 fil = B8 IV 40 1) e 5t
MHIVEF T R, %45 Chen ZEMIHFST 45 K
B—%; H 3-PBA M3 (t,=33.24 h)iZ{{T
T Z A TE L
3-PBA WME—BRIFHIIEFRAME T, AT ISR
F 3-PBA. T i £k BPBAO3L 7EA [ 35 35 4514 F *f
3-PBA M REffA 2 7R W] . (1) WPRTE 34-37 °C
X 3-PBA FEARAT I S (181 5-A), TN TRk 238 )
3-PBA [ i BEE IR BEE N S FR R R b A
AT (2) mWRIE 3-PBA fE—EfE I
AR R 3-PBA HIFEE (8] 5-B), (HA5 KW
S VE FH AT 8t BRAE AL = 1 3-PBA Mk S [
TG YL 3-PBA BADIER A R 2R AR 24 5k B
e BE SRR TSI A, HEM R AR [ AR IR B4
PR 3-PBA W HA B = BRI ; (QTERTIREEL
DA, AR R 1T B LA A PR A v A7 1T B

Senotrophomonas sp. ZS-S-0119;

actamicro@im.ac.cn

KA SRR G IR 3-PBA BMICRIRE
fRAI; T H 3-PBA &G 2 A s 31
S pH (ERFAR, B A0 e RS i i fr) 2158
AR TR 3-PBA ARG, X S5A RS 45
(K 5-C)f—%k.

A 5T e W A SZ 4Dk e 3 B 2R 2475 YL i K
TR FR A B R AR A A 1A AT B (Enterobacter
ludwigii) BPBAO3L [##k 1] =3 ffif 3-PBA, HA
VA R A R DA RO SRR R BE T, AT AN
HPIMEE 32 3-PBA SLALIRR A5 IR A 275 Y IR
P R A P 9
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Screening and characterization of a 3-phenoxybenzoic acid
degrading Enterobacter ludwigii

Bo Liut, Jie Tang", Tingting Chen', Lin Zeng?, Chaoyi Zeng*, Qing Zhang"

! School of Food and Biotechnology, Xihua University, Chengdu 610039, Sichuan Province, China
% Institute of Ancient Brewing, School of Food and Biotechnology, Xihua University, Chengdu 610039, Sichuan Province,
China

Abstract: [Objective] Elimination of 3-phenoxybenzoic acid (3-PBA) is the key to solve the pyrethroid pesticides
contamination environment. The aim of this study was to isolate efficient 3-PBA-degrading strains from the plant
rhizosphere contaminated by pyrethroid pesticides. [Methods] 3-PBA-degrading strains was screened by using
enrichment domestication, isolating and purification methods with 3-PBA used as the sole carbon source. Then the
effcient 3-PBA-degrading strain was identified by morphological, physio-biochemical tests and 16S rRNA
sequence analysis, and its growth and degradation kinetics and degradation characteristics were studied. Moreover,
the degradation conditions were optimized by the Box-Behnken response surface analysis. [Results] A novel
3-PBA-degrading strain BPBAO31 isolated from the soybean rhizosphere in northern Sichuan Province was
classified into Enterobacter ludwigii, which could be resistant to high concentration of 3-PBA (1600 mg/L). The
growth of strain BPBAO31 and 3-PBA degradation respectively followed the logistic growth kinetic model
(um=0.09149 h™*, X,,=1.1145) and first-order degradation kinetic model (k=0.02085, t;,=33.24 h). The optimum
conditions for 3-PBA degradation were culture temprature of 34-37 °C, 3-PBA concentration of 25-200 mg/L and
initial pH of 7.5-8.5. In addition, the degradation rate of 3-PBA was 83.75% at 35.19 °C, 3-PBA concentration of
30.0 mg/L and initial pH 7.58 after 48 h of incubation. [Conclusion] Enterobacter ludwigii BPBAO031, a highly
effcient 3-PBA-degrading strain, can be used as a potential strain resource for bioremediation of environment
polluted by 3-PBA or pyrethroid pesticides.

Keywords: Enterobacter Ludwigii, biodegradation, 3-phenoxybenzoic acid, degradation characteristics
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