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WE. MR _HHRES (PAEs) 15 YW 32 ( Brassica rapa var. chinensis) WP iR 1 ¥R455 R W34 ()N A=
W, AR AR R RRIE AT 16S rRNA PRI 5 3R AT 4858 , JEAFSE W34 3T 6 Fh PAEs A ILAC B Rt th 1k
FEAC A S AR R AL C T Xt W34 BRI PAEs (B2, 255 00 N AR T W34 Al o 25 AU AT
(Bacillus subtilis) % HBELL 6 Fff PAEs JhRIFAE K | AT [A) it A 4R 2K — H R —1F TlK ( DBP) (ABZE IR T Rk 4t
fii (BBP) (4B R — Il (DMP) AR W — 21 (DEP) AFR Wi — (2-2.45) C i ( DEHP) FIZEA I
i —1FSFH5(DnOP) 6 Ff PAEs, it %% DBP 1 BBP HIMEA#HE 1458 20 me/LET R T DBP #1 BBP Y[
fif R /N 0.33 do IR0 D-£F 2 0 S L AR 5L T, W34 XF DMP . DEP ,DEHP 1 DnOP [ [ fiff 5634 B 2 412
Tt nhIR-SOUS N dE BRUFANZE BRI vk BE RN B i XX 4 Bl PAEs AOMMR R G B E R, it R R,
R EZ P - R -80 e HE R Ik 0. 025% , e LB IR Ry EWE (W4 20 mmol/L) , SRR BRI OD gy M 0.3, It
Ah, RIEAR W34 578 Bkl (B TR BN 2 PAEs FRAFFLIR 2B 1) PAEs FRMESER T AN 1 e ok b BBk
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Abstract:  An endophytic bacterium was isolated

from phthalic acid esters (PAEs) contaminated Brassica

Wr#e B #7:2022-07-15 T ' '
EETE T HE &R B 01034 H [ CX(20)1009] 5 T 5 rapa var. chinensis, and was designated W34. The strain

S A B BT H (22912105) was identified by physiological-biochemical and 16S rRNA
BB £(199%-), 4, THmEEA, WLWoed, BEM gene sequencing analyses, and the co-metabolic degrada-
AT G S YA ST . (E-mail) 1157683439@ qq. tion characteristics of W34 on six PAEs were investigated
com to optimize the co-metabolic degradation conditions, so as
WIEE . D, (E-mail) guizhenma@ sohu.com; £ ¥, ( E-mail) to make preliminary exploration of the effect of co-substrate

yawang@ jaas.ac.cn on the degradation and metabolism of PAEs by strain
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W34. The results indicated that, the endophytic bacterium W34 was identified as Bacillus subtilis. The strain could utilize
six PAEs as carbon sources for growth and could degrade six PAEs in MSM medium at the same time, such as dibutyl
phthalate (DBP) , butyl benzyl phthalate (BBP) , dimethyl phthalate (DMP) , diethyl phthalate (DEP) , di-(2-ethylhex-
yl) phthalate (DEHP) and di-n-octyl phthalate (DnOP). Among them, strain W34 exhibited relative higher degradation
ability on DBP and BBP compared with the other four PAEs, and the degradation half-life period of DBP and BBP were all
less than 0. 33 d at mass concentration of 20 mg/L.. The degradation rates of DMP, DEP, DEHP and DnOP by strain W34
were all significantly enhanced in MSM medium by adding D-cellobiose as co-metabolizing matrix. Besides, adding amount
of Tween-80, type and mass concentration of the carbon source and inoculation dose all had significant effects on the degra-
dation rates of the four PAEs by strain W34. According to the results of single factor experiment, the optimal adding a-
mount of Tween-80 was 0. 025% , the best carbon source was sucrose with a concentration of 20 mmol/L, and the most suit-
able 0Dy, for bacterial solution used in inoculating was 0. 3. Furthermore, it was found that strain W34 contained plas-
mids, but its plasmids did not contain PAEs degradation gene, and the degradation gene of W34 was located on the chromo-

some. The crude enzyme solution of strain W34 showed catalytic and degrading activities on the six PAEs, and the addition

of sucrose could significantly improve the catalytic activity of intracellular enzymes in stain W34.
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1 ARSIk

1.1 iRIe w4
L1 #ARR XAEY N I (Brassica rapa
var. chinensis) , K5 HILIRVE LM Bl2#Bi—Ab PAESs
15 P 56 F - R i Y PAEs 5 4
Fh2¥°h DMP DEP .DBP .BBP il DEHP, H, +
i DMP . DEP  DBP BBP #1 DEHP & & 43 % &
1.180 mg/kg, 0.980 mg kg, 1.000 mg kg, 2. 790
mg/kgFll 88. 400 mg/kg; [ FH MR R " DMP DEP
DBP .BBP HI DEHP & #7354 1. 390 mg/kg 0. 374
mg/kg . 2. 510 mg/kg 0. 685 mg/kgHl 62. 100 mg/kg,
2217 DMP . DEP .DBP .BBP #il DEHP % &3 % N
0.617 mg/kg. 0.135 mg/kg. 1.360 mg/kg, 0. 143
mg/ kgl 34. 400 mg/kg, M I HUMR L =50t rp
SrESBELL L E EPA MLE By 6 AR LR PAEs (DMP
DEP .DBP . BBP . DEHP F1 DnOP ) A % V& 5%, fitg I 19
PR
1.1.2 £Z3X# DMP (4 99.0%) DEP ( 4l fif
99.5%) .DEHP (4] 99. 0% ) b e it W [ 365 37 v
A A BL A BR 2 &, BBP (46 99.5%) . DnOP
(Ll 98. 0% ) brif i W A b Bl T A= AL B2
WA PR F), DBP (4L 99.5% ) bl i [ i v
WAL 2= A BR A WD, e K BRR BE (o Brali) LS4k
BN CArHTEE) W | PSR AL T A FR 2 | ik 4l 2
50 B 5 Merck 23 A (35 9% 0E O be e B 6 5t i
B AR A PR H ;168 tRNA 8145 | 9y i g 5t
BREYRHA R A RS B
1.1.3 A5 A  THLER RS R (1 L) :0.40 ¢
MgSO, - 7H,0,0.20 g K,HPO,,0.20 g (NH,),S0,,
0.08 g CaSO,, B F/KEFA 21000 ml, pH {HH
7.2+0.2,

WIAEEEFRIE(L L) FWE 5.0 g, EAK
10.0 g,NaCl 5.0 g, KEF/KERZEL 000 ml,

EIRENTEC S P S ol R N A LN ST 1 S S |
ABUER 15 ¢/L,pH {HA7.0~7.2, DL H;373Ey
FE 121 CEMR B RZERKE 20 min 585 H .
1.1.4 ME&EE SW-CJ-1D b TAES (T

TR A FRA B0 |, Five go M #EN pH 3 (4%
H-FEF 20 LA BR A R = 5 ) |, Millipore #8408
JKHL( FE[E Merck Millipore 28 H) =iy ) , ¥ R T HE AL
(T&E] CHRIST A w7 i) , il s i BE AR AL ( CK-
2000, b 5t FEEEAR AR WA BR 23 w) 77 i ), SOME e i A
[ S H P ED ABRA R, Hi R T 5
TR [ R/REE DG (D A RAE 6
1.2 PAEs R EMTEE S 4

T4k PAEs V5 44 1 [ 5 40 AR RN ZE 1 2 3
a5, I BRK sk g e T, RS TR
WBTALL ~2 em BI/NBE, 7E 2. 5% NaClO %5 H iz
5 min, HICHZKIFBE 5 K IEVE TS, H 75% 1 &
P2 BEAE i 5 min, FHICBEZK Wbk 5 9k, SRIEHEESE
BUR , BUR R — B TR 100 Wl , 2 i 1A w S b 5 3k
t FH$RRAE 30 °C 180 r/min4% 4 F 453 24 h,LB
T FRWA B A A R T RE RIS B R T
BE S RR b B R B B v R | TR LRI B 5 11
HAWK 100 pl, F2 A LB WARRE A BT8R 30
°C 180 r/min£5i 3% 12 h, WK £:6 000 r/min &> 5
min J& , 352 FIEW, TG TR JCHLER B 3R 0E Uk 3 Ik
JEEET MSM #5850 wl mEW, fE S AH
20 mg/L 6 F' PAEs BUTCHLER AR - 35) 041,30 <C
WEGIEFR 1~ 3 d, PRI R ML rp AR K R AF ) B
7%, FELL PAEs St IR () JCAILER [ {4 s 77 56 b Rl £k
AT aifl, i e R 1 BREEIESE 5 KDL PAEs
SRR A K BB R IT A 2 A W34 AT AR R 4R
B I8 S AT i P el ) S
1.3 NEERE W34 HWETE

WTEIEA R RARAE AR B ARG A F R4 &
THFEAH 30 CHIRMF IR FR1~3 d, W RERIES
FFIE,

IREIEZS  BF R W34 3R TR & SR 3R 3
H B T HER 30 °C 180 r/min 55 F & 4E 12 h,
6 000 r/min#j.L> 5 min, 7% LW, BCE K, H
20 mmol/ LIYBEIRZE mhER SR (PBS) (pH 7. 2) Tf ¥k
B 3 YK, AR 10 min, AR INA L &2 2. 5%
IR TR AT G Z R N RIS, 7 000 1/ min L
5 min, 5 5 B W, WOAR AR AR 50% . 70% |
80% .90% 1) L BEH ¥k 1 IR, BRRIZ I 10 min, iz )5
FH 100% CFE#I30 3 K, B K 30 min,, JE S A4 T
R (SEM) WS W34 ITE AR HFAE

Y 16S TRNA WP 5 R G0 & & A e . ff
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IR & B HUAH T A9 DNA, L DNA A #EH, 168
rRNA i 51547 PCR §788 , IE M5 [91°h 27F(5'-
AGAGTTTGATCMTGGCTCAG-3"), & Ia 5| ¥ K
1492R ( 5'-GGTTACCTTGTTACGACTT-3") , PCR %
PARZR (30 )1 wl B4R, 1 pl IE W58 (10
pmol/L) |1 wl KZIa15[#) (10 pmol/L) 22 pl AY 1.1x
T3 Super PCR Mix A1 5 pl ddH,0, PCR S W FEFF
98 °C 3 min;98 C 105,55~58 °C 10 5,72 C 10 s,
35 MEIR;72 °C 2~5 min, PCR F=Hy 44l AL A
FH R R E MR A IR 58 B, T 7 2R 3L
W, WP 45 5 5 GenBank 34 P2 v ) 5L 4
F ik BLAST LEX], SO I3 55 ( =99% ) 1 T ik
JF51, FH MEGA 6.0 #4335 17 2 J5 51] L X il ist 1% B
BT AR A EE W34 1 R G LR
1.4 BEHREKHMZENNE

PRI AL 5 (%) TR PR 2B AR s SR R Sk P R IR
30 C 180 o/minfI5HF FELE 30 h |, BEFE2~4 h HL
FER OD gy , LA OD o E R DAL B | A K B[] A 485 Al
i, 2 BRI AR I A R R
1.5 &tk PAEs P& MR
1.5.1 E2ARMEMXE  TIREFIHTR A, W
MSM J5 53 rR RN D-£1 ¢ — M 45 A B Y nl 1 3k
LRI % PAEs, L W34 Ry {3 1 bk
DL D-£F4E M A KL, L PAEs ISRk,
TR LA ARG, B AB AL 1 T bk AR A
Rege e FHFRPRAE 30 °C 180 r/min Y 5518 F 15 9%
30 h, B £:6 000 r/mini .0 5 min Ji5, 5725 BIHWT,
PR MSM R IE VE 3 Wk B BB 50 ml K
RIS (& 20 ml MSM A8 5558 L i
TR OD gy = 0. 1, MR AS ML E R 0. 1% 1
IR-80 ( BIAF) A1 10 mmol/ LAY D-£F4E — 0% feJ fin
A 6 it PAEs BTRFRIFWAE MSM H PAEs i ik
JEA 20 mg/L, AANIN D-£F- 2 — W p AL BE R Xif B4,
HF 50 ml (3% 35 48 0% 35 B TR, 30° C
180 r/min}% 57,3 d J5 BOFEA I MSM H PAEs (1) 5
HIR AR,
1.5.2 ERMEM LA
1.5.2.1  HiR-8OUMIENT PAEs BRI 1%
BRI, 2RI AR, iR -80 W N i
Xf W34 A Ko PAEs BEfFRUSZIR . W34 7E LB 155+
W R SR 12 h B TR RS O AR R S, R
MSM #WIHVE 3 I, IR E BT % A 20 ml ) MSM

WIS TR R TR 4 0Dy, 0.1, A 6
it PAEs bRifE s, (i H A BT a R B2 20 me/L, iIlA
LU TN 10 mmol/ LI D-£7 4 W, 7RIS [a] & 19
i35 -80 (s &S 0.010% . 0. 025% . 0. 050% Al
0.100%) , IR 5 B FHEIK 30 °C (180 1/min
B3 AN G MSM. 15 35 3 g ot B 4 A b 2
HEE 3 W, 1R 3 d JE BRI E R SR 6 Fb
PAEs &,

1.5.2.2  BRIEFEXT PAEs FEMRRISEM Bk
W34 g £ R MSM I8 Uk 5 BB T MSM AR K:
IR HBRSOR B R4 OD g, R 0.1 4N
ALJTRUE ] 20 me/LI 6 Fh PAEs & & 2>
0. 025% [Pyt I -80 , s ML M B2 2 10 mmol/L YA
[ VR ( D-5 25 0 D-SR 05 | D-2F 4t — W% 22 ZF i
HEWE) . B THEHK 30 °C 180 v/minfl 51 F 15 3% 3
d, DTG R ) MSM 3555 560 X6 R B Ab 3 52
3R, TEHESE 3 d BYEUREINAE 6 F PAEs W5 i,
1.5.2.3  BRIAH XS PAEs MMM B
WEETIHERE FR 3 0D, =0. 1, AL
TR N 20 mg/LIK) 6 Fl PAEs RS, ALK S
M 0. 025% 1)L -80 , 15 B AN [H] 114 TR 18 5 Jn ik J5
(0 mmol/L, 1 mmol/L,5 mmol/L, 10 mmol/L. 20
mmol/LF1 50 mmol/L) , # ¥ & T 4% K 30 C .
180 r/mindi 7, LA BY MSM 1% F2 3 4E 25 H
XFHR BRI 3 Uk, THEE 3 d FEBUREINAE 6
Fh PAEs 195 &

1.5.2.4 $EHE BT PAEs FRMRIEI K W34
W B TR SR R B AR IS OD g 1H
(0.05.0.10.0.20.0.30.0.40 1 0.50) ., RIS
TMA LA 7R 0.025% i i -80 , 24 i 2 ¥k B R 20
mg/LIY 6 Flt PAEs, ¥Rl 20 mmol/LI¥) BEME , B T4
JK 30 °C 180 r/mindf5 5%, BN FEE AT 3 K, 3557 3
d J5 B 2 6 Bl PAEs (98,

1.5.2.5 AFEWIGRHET W34 X 6 Ft PAEs FRFfiF
B R FAET W5 T W34 ZEAFWIGS PAEs
W T R R, FRE W34 25 455  H MSM
RiFRILVE VRIS 1 A MSM 15 332 3 | IR 36 9] 4 OD o, =
0.3, A 0. 025%1:i-80 .20 mmol/LEEHE , )] MSM
WFEF AR 6 F PAEs 1R A b 4 3% B8 90 16
PAEs B8R4350 1 mg/L .5 mg/L 10 mg/L . 20
mg/L 50 mg/L, WHEIEHE TH2K 30 °C \180 1/min
i, BACIRER 3K, ATE8 h 1 d3d.5d
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7 d BHBREISE 6 Bl PAEs H95% B OF i1k
W1, PAEs Rt A0 (X R4 PAEs % -
I PAEs &) /X HE4 PAEs &, PAEs -5
W5 )55 % Cheng % )51,
1.6 PAEs KHEEZESH
1.6.1 HE#k W34 489 PAEs st HIRI
W34 FEfif PAEs BY3E A B (FOR ol N B L 4) |
PLE W34 # ORI FORE DNA S A DHS«, BIE 7
B TR DHSo X PAEs FOREf A

FRLEEI . ¥ W34 ARG T LB WA S 57 2
.30 °C 180 r/min}%3E 12 h, B 2 ml W&, R A
AxyPrep JURL DNA /N3RS R ORI 8 4 4
AT B8 wl BORL, A 2 pl B95%Loading buffer, &
5o TE 1.0% B BEREWEEE R AT T AT VKA v
JEWEN 130 V., W EER G R HFITWE, 5
Marker [bEH 5E Bk RN,

kL DNA 5t A K FF R < B 100 ol J8%52 25 2
Ml ( DHS@) , WA KL, 32 548 5), 76 0 C vkis i
B 25 min, 42 CKEIG 42 s, BHEFER Zokin
FE 2 min, [1] 2 ml AESOE TPINA 500 wl 9 TCH
Rigrdk JRAV)E 37 °C 200 v/min 75 1 h, WH 50 pl
(5T, 518 A5 T PAEs R K 20 mg/ LI
MSM [EAE A b R AR R & 37 C R FRAf 3597
3 d AR TR I, R AT T [N A AR S R AR
#H

PAEs B0 & BRI DHS o BLER V& AR
SEABTHL DHSo( X B8 ) 43042 T LB IR A4 5 77 5
H1,30 °C . 180 r/min5 35 12 h, H K &5 0 315 H A
J5 , FH MSM 5532 5615 1k 3 Uk, W5 A 5 o0k A% Tk
() DH5a 43 I EE BT 20 ml By MSM 35752 5 8%
0D, =0. 1, /1A 0. 025%H i -80 & JFi i e B 20
mg/L ] 6 Fl' PAEs, 3% & fiNFE (20 mmol/LEEM )
ANHIRE 2 ZHACEE ) DO TINGE W Y MSM 355758 CK,
1£ 30 °C 180 r/min5F F 8535 3 d, BUFEI 5E MSM
R W7 PAEs 5,
1.6.2  ALBEEIZ 3T 6 Ak PAEs #9 M fE i PR Mt 97k 7
£ O W34 BERREER T 200 ml B9 LB H1,30 °C 180
v/mind%FE 16 h, BOWR A, FI MSM 15 7 363
3, EET 75 ml MSM 553836 IS8
0. 025% 11 5 -80 . 20 mmol/ L i BEBE | A hiow it b
FOMXT R, FEIK 30 C 180 v/min 55 F 557 3
d, BRI, -20 C kAT RAE 2 h )5, BT

BT KB AR b, AR O A &R 20 mmol/ LY
PBS HEATHIFES , R4S I PR B T 7 A 5 ml
HiH PBS EZE, BT UK PR

JEL 47 REL R 8 ) 5« TR VR 56 o, £ B AR W34
76 MSM J5 35 3535 3 d 5, B 50 ml 1Y MSM 1535
W, B R, 0. 45 wm ST IERR AT, 45 R TR
F=20 CUKFHRAE 2 h, R8G5 TR &ETEILHE T,
ZRTHH 5 ml 20 mmol/L PBS & %, Bl 2 3K 45 Al
SN

PAEs /RSN IR 43 51 2 ml i P 0 A 4
FHBG , 5% A 10 ml B354 T B infill PAEs 280
EIRE N 10 mg/L #) 6 # PAEs Fr3 (1 000 mg/L,
WA ZNE)20 pwl, HALHG I EE S G, 5T 37
CHFAAPIRNL 4 h J5, A TP I 2 ml 1EC b
FEU PAEs , i FHAAH (35 A5 BTt BB H PAEs 5%

[ AE=N
== JEER

1.7 PAEs RY#RER A4 53 17

KBy HE GC-2030 SAH A% AUA I 6 i PAES
i, PAEs $REUT L 2% Feng 7 7k, I
BSVEMG R, ZEBEES RPN 2 ml B, A 2 ml IEC
ot B i T4 8 € 10 min J5 40 Hz # 7 10 min,
3000 r/minf:L> 5 min Ji5 , BV, S ARG
I E 6 T PAEs AU

B GC-2030 J7 ik 4 1. (% A DB-5 MS
(30.0 mx250 pmx0.25 wm) , & KM E T AL I &
(FID) , A el A, #FE RN 280 C,
WA 1.0 ml/min, FFFERN 1 pl, @R R
¥4 :100 CAEF 1 min, 20 °C/minFh % 220 C {45
1 min,20 °C/minT}% 280 °C 1#£F 3 min,

Fe i BRI T VA B ] MSM Y A 85
FREEPUSIN 6 T PAEs MIFRHEA R, 1 PAEs B2 5T
HIRE A 1 mg/LA1 20 mg/L, BB R E 3
WHEE  F i E RSBy b 7 moR ik, 45
KI, 6 F PAEs 9 F 3 In A A1k % 96.2% ~
105. 3% , AH X b A 25 H2.4% ~ 6. 7% , 45 K R B
1373 R I N F ek X Rl S R AW =
H PAEs BY42BORTINE .

1.8 HiE4biE

K H Excel 2016 F1 GraphPad Prism 8.0 % il [§]
F, HISPSS 19.0 B AF#EAT B 7 M, A Al 5 41
[1] 2 5 L A SR B8 TR 52 U7 22 43 BT ( One-way  ANO-
VA) 5 Tukey’ s 25 W LT I E MRS
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2.1 PAEs BBEMNIBEFIESERE
Zor B i b3R5 1 tREELL 6 PP AL 45 PAEs
(DMP .DEP ,DBP .BBP ,DEHP HI DnOP ) B J5 il
RERAE KA N AR T, an 44 W34, H &l 1a AT
YRR TR T R IR TR T R HDMLRE R B I AT
%, I Ib AT G A A R AR B R R Y
TEAS MR, BIARK1.0~1.5 wm, it 16S rRNA
FERF 3545 1.4 kb B9 16S rRNA L[ R B, #0
FE45 75 NCBI FhE4T BLAST Xt , 45 5 /R 1% B

Bacillus subtills W34 (OM 232111)

Bacillus subtills TAM 12118 (NR 112116.2)
84 Bacillus subtills BCRC 10255 (NR 116017.1)
Bacillus subtills DSM 10 (NR 027552.1)
50| |Bacillus subtills JICM 1465 (NR 113265.1)
Bacillus subtills NBRC 13719 (NR 112629.1)
Bacillus mojavensis ifo 15718 (NR 118290.1)
90 Bacillus halotolerans CR-95 (NR 115282.1)

95

Bacillus nakamurai NRRL B-41091 (NR 151897.1)
60— Bacillus vallismortic DSM 11031 (NR 024696.6)
Bacillus swezeyi NRRL B-41294 (NR 157608.1)
99: Bacillus licheniformis DSM 13 (NR 118996.1)
95 Bacillus sonorensis NBRC 101234 (NR 113993.1)
‘Bacillus aerius 24K (NR 118439.1)
Bacillus altitudinis 41KF2b (NR 042337.1)
IOO‘BacilluS aerophilus 28K (NR 042339.1)
Bacillus stratosphericus 41KF2a (NR 042336.1)
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Sformis : WA ZEHUATEA ; Bacillus sonorensis ; Rt Hi VI ZERUFT B ; Bacillus altitudinis ; 5 U 2FF0HF 1 5 Bacillus aerophilus : W& S AP,
B 1 W34 WEERS HURRERELE
Fig.1 Colony morphology of strain W34, phylogenetic tree and growth curve
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iR AT | AR 1 100% ; W34 Xf DMP DEP |
DEHP H1 DnOP A5 — & (1) B RE 7, B i % 53 5]
1 23% 42% 30% F1 34% , LA, ANHNEE ) CK 41,
3 dJ5 6 Fl PAEs 19 B SRR R I T 6. 7%, B
JNGZE MSM H PAEs FUFEf% 32k 4 W34 94D
RfEAE
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Fig.2 Degradation rate of six phthalic acid esters ( PAEs) in
MSM medium by strain W34
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Fig.3 Degradation rate of six phthalic acid esters ( PAEs) in
MSM medium by strain W34 under different conditions
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Fig.4 Effect of Tween-80 adding amount on degradation of six
phthalic acid esters ( PAEs) by strain W34
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IH- 385 -80 S5c AL VS I e J3E R i L e VR A S 4 1, AF
FEANFHERER I XT 6 Fh PAEs FEMRRAYTZNT, N
Bl 6 ft 7, Bl & 0EE vk B 19 T =, W34 X DMP
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FEREAR I FE 2 20 mmol/Lit DMP _DEP . DEHP Fil
DnOP #Y [ i 43 5l 15 40. 6% . 65. 4% . 72. 6% Fl
80. 7% , H b 2 = T H AL FEM MR B2 T PAEs 1Y R i
KA A ,0 mmol/L .1 mmol/L .5 mmol/L . 10
mmol/L .20 mmol/LAl 50 mmol/Ljﬁ?%%?E?, o 3
3d JE MBI 0D, 5391 R 0.091,0. 198, 0. 574
0.782.,0. 995 F1 1. 332, i3t BH Bl 2 TR 1% V8 £ 345
PRIBR W34 (1) S S I ka3
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Fig.5 Effect of carbon type on degradation of six phthalic acid
esters ( PAEs) by strain W34
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Fig.6 Effect of carbon adding amount on degradation of six
phthalic acid esters ( PAEs) by strain W34
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Fig.7 Effect of inoculation dose on degradation of six phthalic
acid esters (PAEs) by strain W34
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Fig.8 Biodegradation of six phthalic acid esters (PAEs) in mineral salt medium with different initial mass concentrations by strain W34

after cultured for three days

F1 EHk W34 HTREE - R EES (PAEs) £ MSM KB fE 3
HhESH
Table 1 Kinetic parameters of different phthalic acid esters

(PAEs) degradation for strain W34 in mineral salt me-

dium
2R
PAEs F2k

KA{H P{E t1o(d)
10 mg/L. DMP 0.146 6 0.009 2 2.25
10 mg/L DEP 0.643 6 0.000 9 1.13
10 mg/L DBP - - <0.33
10 mg/L BBP - - <0.33
10 mg/L DEHP 0.651 5 0.110 9 1.12
10 mg/L DnOP 0.685 4 0.041 0 1.07
20 mg/L. DMP 0.103 3 0.002 7 2.96
20 mg/L DEP 0.162 6 0.003 9 2.51
20 mg/L DBP - - <0.33
20 mg/L. BBP - - <0.33
20 mg/L DEHP 0.400 9 0.000 6 1.60
20 mg/L DnOP 0.386 1 0.000 4 1.66
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Fig.9 Agarose gel electrophoresis of plasmid DNA from Bacil-
lus subtilis W34
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subtilis W34
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3 3

PAEs 2 [E L3 i) FE AP R 2 —, H
Xof A ASIRBE RN P2 i 2 A B R T T
WFFELE R I, A0 B L3 PAEs T4 I8 £ 220K )
F31 [ SR AR AN PAEs W7 B AT B S R - 58
PAEs [/, T2 M PAEs XA VEY) 09 38 I AR
ATE B PAEs Y5 4 XU TR L, 4R R 41 B X
Al PAEs IR MRt T8 2 g s e iy H 38
T Y, HAET, 2T PAEs i 5 14 [ A e 1 F
FEEELL PAEs R B —RRIEFF R SR, FARIR
B RIE RN 2 B 2 A0 S U E WX PAEs 1 B fif
AR AT Bl PR HG A d A7 AT R A S AR
AW PAEs 15 4ty i e AR5 1 AR N A=
P W34, 2853 16S tRNA [R)IFEPE FL 5o B IF- 45 4 40
PRI DA 7 T 25 R L BE T A R AIE | 45 58 1% T R vy
ZEHFF R, DE ST T AMERR IR AFAE A5 1T, B AR W34
XF 6 FLEE PAEs BB REVE A 22 5 ORI D IRR
THEEZ R PAEs IR0

AT 45 R, A B ZEAUFE R W34 X DBP
H1 BBP 1Y R , 20~ 50 mg/ LI PAEs #b B
3 d S5 Al 58 2 B A% DBP Fl BBP, AN, iZ B X
DMP DEP .DEHP F1 DnOP U345 — & A4 5 i E 17,
FEHIX 4 Fl PAEs 7EICHLER 15 9% 56 v (1 74 ff 3h 2534
TFEa—H/sh 1258, VAo i & B, A e 2
FAFEE HB-T2 %I DBP #1 BBP 19[4 6E 118530, 10
mg/ LI PAEs Zb3H 3 d, DBP H1 BBP f [ it 5 43 1l
1K 100. 0% 1 90. 5% >, WA D-£F 2 — vl B 3%

$£7 DMP . DEP .DEHP F1 DnOP [ % , Ui i D-
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