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W OE AR TWIRT(2-2FEC ) iR ( DEHP ) & —Ff i 23 i Y 8K RIS (PAE) | DA v FH o e fifp
PR A —Fh BRI B LTS S . N 0TS 1 15 e rh i Hh— R 2 IR TR, BB A2 UL DEHP AR S M —fik
UECRIRE URL, & 2% % % DEHP, fi 44 0 XB. ik T HIB 25 A AL Fe kDL Sz 165 tRNA JE Y 51 43 47, %5 h
Pseudomonas spﬁ[}ﬁé,ﬂéﬁ%% 100 mg-[fl DEHP E‘J%’z#,éﬁﬁ%@%?ﬂﬂ%ﬁ?%#ﬁﬂfﬁ 30—35 C,pH 7.0.[7]
i, ARG HE T DEHP FF R 0 1205 % B Pseudomonas sp. XB %t DEHP HYFEARAT A — B 8h 1 2# B8,
24 DEHP ¥ 9 100 mg- L7, AR R 204 8.25 huifiid GC-MS Rl 3 T bk XB [Ffi% DEHP AY/Cig ™
Yy, AR R (2-2.3 23 HAlE (MEHP) Fl 2- 2.3 O 3l #E S T HFE R & 72 T AR Pseudomonas sp. XB
AT LALLH A 3 Fi L PAEs(DMP \DEP \DBP) HHy 4 HVRREH DL K &R A4 — WP R S HILAK & 9 O M — ik U AN
TERA 1, 26 P H R R IR 2 A 6 . G5 RUEMH Pseudomonas sp. XB 1E N AEZSBEE PAEs ¥ iRib i E
VT IS M.

X487 DEHP, ‘EYMSf#, Pseudomonas sp. XB, s sh J127.

Isolation, identification of a DEHP-degrading bacterium and
its high effective biodegradation characteristics

GAO Jingjing CHEN Liwei WANG Yiging CHEN Changsheng YU Yue WANG Ping ™"

(College of Biology and the Environment, Nanjing Forestry University, Nanjing, 210037, China)

Abstract: Di-(2-ethylhexyl) phthalate ( DEHP) is a high-molecular-weight phthalate ester (PAE)
that has been considered as a global environmental organic pollutant due to its wide use and
persistence characteristic. In this study, a novel gram negative bacterial strain, named XB, capable
of utilizing DEHP as the sole source of carbon and energy was isolated from activated sludge taken
from a municipal wastewater treatment plant through screening test. According to the analysis of
morphology, physiological properties and 16S rRNA gene sequence, strain XB was identified as
Pseudomonas sp.. Effects of environmental factors e.g. temperature, initial pH on DEHP degradation
were optimized. Optimal temperature and pH value for DEHP degradation (initial concentration was

100 mg-L™") were determined as: 30—35 °C, pH 7.0. The degradation processes of DEHP under
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various initial DEHP concentrations by Pseudomonas sp. XB followed the first-order reaction model.
The half-life of degradation was about 8.25 h when the concentration of DEHP was 100 mg-L™".
Mono-( 2-ethylhexyl) phthalate and 2-ethyl hexanol were determined as the intermediates by GC-MS
analysis, and the degradation pathway was deduced. PAEs ( DMP, DEP, DBP), and phenol,
sodium benzoate, phthalic acid could also be utilized as the sole carbon and energy source for the
cell growth. The results indicate that the bacterium may represent a promising application for DEHP
bioremediation.

Keywords : DEHP , biodegradation, Pseudomonas sp. XB, degradation kinetics.

NI Bl PR EE T Y At B AE B Tl S A, AT AR 2377 26 I 700 11 3 3B Ok
Kk PAEs S —Fh S A &Y, HAL S5 R S 1, 2-41 4% TV R 0 XUk ik w5 KL e B il | A Sl 19 )
AR A NG, 7z TSR Al 255 0 W IR AR 25 AT B T PARs SR 2 (R]
AR BT X LS G R SR T AL B 2 v AR 2 IR AR RS A b IR 2 A7
TETRA KK BIEU AR R R = (2-2 5 C ) lig ( DEHP ) RIS S 80% = A BHE 2P
UF HESMEAR T 2 RS S A, R R )z (3G S350 DEHP  RERE XS HLAR I A= s d e R B
BME MG S BRSSPSR NSRRI 36 E R W
X B R e ] PR W s K 5 S R e 1 Vs e

PAEs TEXEE hoK g DGR H AR T 218, T8 T MERE AR o, PR, e A 32 SR i 12
Z—ULHRT, BB KEF I T ARRIAEE, W KA F T 7598, | R RS e+ PAEs 94
YK S PAES IeE i 1 2 AT B 2 B S0 1T ( Sphingomonas sp.) 7 B R ( Ochrobactrum sp.) ]
Y1 (Arthrobacter sp.) [6-10] HIEFTF R (Agrobacterium sp.) (1 REZEEFTE ( Paenibacillus sp.) AN 1]
(Rhodococcus sp.)"*"™" ZFAEFTEE ( Bacillus sp.)"" SUVETE (Variovorax sp.)'"™™ X8 [CIH ( Gordonia sp.) ™™ 4.
SR, ICHR 3 BIF T 114 2 S 0 e S R — P TR TR 1 A ) At , X TR M 0 48— WY R i 1) £ ) B e 0T 9 AR
/b DEHP Z5 0 AFTE— DR IR AR A B4 M 6, - B5OH B A BRI 7K I 1 Ak 2= F e 1, HL=s )
P BHARE R M L B SR — Y R TR S xR, PR, EL AT, A 5€ DEHP S 1 i 50 Hees 2L i
R T 3 I v PR T i 2R AR i P 2

ARSI R BT PG K AL 3R — i3T5 e rh i 11— AR AB U2 LA DEHP VE Ry ME—Ri IR A RE IR A
B = AR B XB, 20 25 5€ J5 8 Pseudomonas sp. , JFIF5Y T R AR

1 # B ( Materials and methods)

1.1 St

PR HIR (2-2F3C5E) FR(DEHP) (99.0% , /34T 4l) W A 1 ifg e e Ak 25500 T B s (g4l )
FIIE St (43 Hrat) 1) [ B 254000 AR S 56 o A HLAth 3 R0 A1 2 43 W 48, 1) 1 P s Ak a R ). S
r {3 2 L FH B TR A 200 38 o A 0 A 4 — R R R 179 75 S ¥ L.

1.2 FEFREEAH %

TeHLER IR (MSM) FF i 5256 (BRAE DS SR UL ) A 35 6 M5 R i 94k, B 2 5o (19 1 L
ZEMWK) :K,HPO, 0.6 g,NaH,P0, 0.4 g, NH,C1 0.5 g, MgSO,-7H,0 0.05 g, W LKA 1 mL.AHEITE
VW (B 1 L Z8187K) : CoCly6H,0 1 g, MnCl,»4H,0 0.8 g, ZnSO,7H,0 1.6 g, (NH,),Fe(SO0,),6H,0
3.2 ¢.MSM fj pH {EL ] HCI 5# NaOH JH% 7.0.

LB 5535 5 F T AN 0 5 4R 15 55 B PR 5 - L' NaCl 10 g+ L7, B 10 g- L7, pH 7.2.8 3}
BUE AR LB (EJE A 1.5%350 05 . Bl B 47 05 3R 2L 7E 121 °C il K 30 min J5 A BE(E .

1.3 DEHP 5230 i v iy i ik

FHT43 B A0 T (115 P75 TR B A B BTV 0o 5 /K AR B (1 350 b 577 0 SR TR B R 1 Wik ik, s R

W04 ,25 mL TEHIS IS 250 mL #EIEH T, A 100 mg- L7 DEHP DL & 100 mL K 5
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) MSM.R T DEHP , AU A i R R A W & TR AR & 1,30 C 150 r-min™ JoOG T IR % 55
F% 5—7 d, H % DEHP JHIEE K. 0 T k0 i M 15 Je S 108 3R 5y, 12 8 & 45 2 BB 4% LU DEHP {1 M —
Fic USRI BB U5 1 A W B A 1, B, B 2 mL b — R & AR TR S =T MSM (3L DEHP 3 36 v B 4K
YK 200,400,600 800 1000 mg-L™") , 7EIRIRE &40 R K5 55

FERTIATH LSS A | SR BRI i B e — RS FR T, 7E VR AT 800 mg-L™' DEHP /) MSM [&] 1A $5
FrAk PRI LS BT 30 C TR — AL 4RI, Rp K IR AT DL TRV, LB TRIVE TR 2%, it th AR <
FHEAR AT, FAE LB P I8 5 R4 53 2 2l Ak 45 B A AN [R] B 9% FRRAE R 1A DEHP (1) MSM
PSRRIk, LUK RE AR ST DEHP [OREfRRE F1. 20 Tk J5 , R4S T — Wk s 3% A 1, i 44 4 XB.

1.4 DEHP =230 5 fiff T 1) 45

FH 5305 (JSKQ-2B-4041) MAL R AR XB 424 R YL )5 1IE A 16S rRNA PRI 75 X 40 P XB
HE— 20 Y 8 DT TAEZEHE R o & 2 E R A R EA T 4 100 A W R A Rl B AL 9T A AH 56 13K
.15 2] FFHEAL E GenBank (i /% , 7£ NCBI ( National center for biotechnology information databases ) i
it BLASTn #EA 7T ARARI A48 22 R[] YR 1 L XoF, DA AR A5 AR 0L 1 48 v i AR DG B Bk, B i MEGA 6.06 Sk H
Neighbor-Joining ¥4 H R 5t & B 1.

1.5 Ttk XB %} DEHP YA f# R

AT AT 20 TR T PR, DRl I T 5E 15 B B R XB 7 LB R IG5 36 30 C F AR K 4 L
BRAR AR XY, DUZAE R I A T A i 4 DR ARV 0 5 2R A5 B A TR AR XB #2680 T3 SR 3G e b 3%
F%12—24 h, .00 (10000 r-min”" )5 min 5575 _FIHW, BUR IR, KR S R BEIREh 22 vl (pH 7.4) 15
Ve 3 e, A THF B2 g b, 45 OD gy = 0.7+0.02 ARSI 75 B E AV, TEXT #i bk XB &4
B 2200 K BRIV FP T DEHP A9 JCHLER 15 92 P A K, DA 52 O 09375 S 1 F. Liang 26 (9 52
T ERR Acinetobacter sp. JDC-16 TELE S5 W LL4a e H B DEP ()45 0.

1 mL BRI (0D, = 0.7+0.02) HIAZIE A 100 mg-L™' DEHP () MSM H. 14 ¢, BIF5E LR 355 R 2%
XTI A4 K DEHP A 5200 < IR (15,20,25 30,35 .40 .45 °C) ; WI4A pH {8 (4.0,5.0.,6.0,7.0.8.0,
9.0,10.0 F1 11.0) M5 , FEAAEIREE RN pH T i#F47 1 BRE XB 7 4 d X DEHP W REAf 20 ) 2% B
FHAENIA 100 mL MSM L4 R AN [R)3¢ BE ) DEHP (50,100,200 ,300,500 mg-L™") J5 15 37%.5% B DEHP ¥ ¥
1 HPLC 43#r.

JT K XB FAXT DEHP (9 W B8 00, 8 250 J5 1) XB 4 i fBik: 285 PBS W60k 3 k5, EE T
PBS o, B il i ODgp = 0.7+0.02 B BRI, FF2ead 121 °C =il 60 min A H G 36, 26 76 J5 1) XB B 1A X}
DEHP ()W [ 52 56 25 R 7] 1 AR [ it Ak S 65

P b B S0 38 1 AR AR 0t BERE | BV BN R B A RE | LAY bR A B R R sg i), A A4~
FE AR E — A TRE B LTS 50RR M I 25 2.

1.6 DEHP F&f#™ 9119 GC-MS 431y

Wig% # g DEHP S 7 ¥ F F§ GC-MS ( TRACE DSQ, Thermo.) 43 #7 il %£. AR 4% % #% XB %t
100 mg-L™" DEHP (YRR 2l J1 2% 20 25 5 | 43 5 UG TP B A AR I Y 23 h DL R 56 421 44 h X
PR B[R] B 5 R WA T R A =0 ) AT R A 20 IE e A S 28 2 1 IR A 5 mL W T
GC-MS 43Hr. 2440  BERE LR 250 °C, #0EAHEIR 80 °C , f#4F 4 min, #RJ5F LA 10 Comin™' T+ 2 300 °C , %
520 min, #HNES, HER N 1 mL-min™ FHFETE N m/z 33—450.

1.7 AR XB YR SRS

TEHLAR A — R — H g (DMP ) AB2R W iR — Z.JiE (DEP) AB2R —H R — T i (DBP) 5% 3 Fl i Il
1) PAEs, DL K B ARRVER DS A 1 SRR — HERT JKAG IR R F IR R YRR A L S8 7R By Gl S 1 |
T KRB R AN AR A R IR ) AE MSM R AR H e K o 100 mg- L7, TG
Aob TP 2 oA TRIA AR Y BB, 76 30 °C 150 remin™ FE537 60 h J5 , AL HIFR XB 194 K AH . A B iR
WA B B T30, AR P+ T HLER 35 TR S 0 B AR B — A THE.

1.8 Wik
REf LSS AU, B AR I 10 mL 1E O G A B FR 3L R B (1) DEHP , 2% B4R O, 78



1144 PR AR s — BRI R - (2- L R ) R (DEHP ) Ry 5% 56 it 1 9 0 16 S HL A b 2365

WRIEA e FIEY A 2 min J5, %5 10 min. BH 500 wL A HUAE TG T A 10 mL @S5G jIH
FEAE 25 2 5.00 mL, #2571 0.22 wm JEMEIS U85 3 HPLC % DEHP [ JE.

HPLC 3% 4504 : Syncronis C18 4i54E (150 mmx 4.6 mm) , WS A K HIEE: K = 95:5(V: V), Wik
1 mLemin™" 5 35 °C , MG EREA A = 224 nm, HEFEER 10 pL, Z0H7IFE] 9 min. 35 555 iR Y 2
SR HPEANAT WL AT (TUS0, 4T, AL 5t ) |, I S5 IR UAE 600 nm G BE(E, Bl ODp -

2 L5 53718 (Results and discussion)

2.1 DEHP =280 B0 o 25 R

gt e s, WIS e v o3 B A5 31— AR I, K w44 O XB, HLRE 98 UL DEHP A Jhy il — i I Fl g
JE. B 1(A) HERE XB 76 LB A X128, 30 CHE 5% 24 b G IR RUW R, T LU B % Bl i) B 75 o0 15
&, FLA M FREDEH T IS5 R ORE A XB 41 2 YL 0R B SER (E 1(B) ) ]

Bl 1 TRk XB TR VR R4 BRI
(A) THBE XB 75 LB PRI F7 R ML (B) Btk XB #E 2 Q4L (A
Fig.1 Morphological properties of the colonies and cells of strain XB

(A) Colonies of strain XB on the LB plate after incubation; (B) The result of gram staining of strain XB

T H 168 tRNA FEH RS L X450 Bikk XB 5 Pseudomonas sp. FGI182( CP007012.1) A AR 5 Y
FRIE (100% ) A HEHY R GE & B (1B 2) 45 R R PR B OC R L. R, 3 25 A T PR XB s TR
M J& ( Pseudomonas sp. ) .

_|: Pseudomonas sp. ONBA-17 (DQ079062.1)
Pseudomonas sp. SJ13 (KF312470.1)

Pseudomonas putida (AB029257.1)

Pseudomonas sp. SJ48 (KF312479.1)

 — Uncultured Pseudomonas sp. clone Filt.89 (HM152676.1)

L Pseudomonas sp. SYCO01 (KT266904.1)

| — Pseudomonas sp. CM2(2011) (JN695722.1)

| S Pseudomonas sp. LS-20 (KF870428.1)

XB
_: Pseudomonas sp. FGI182 (CP007012.1)
Pseudomonas sp. LB120 (CP003961.1)
2 Ak XB RERFW RS TNERT)

Fig.2 16S rRNA gene sequence-generated phylogenetic tree ( Accession numbers of bacteria were shown in brackets)

— MK K Pseudomonas sp. | VZAFAE T H SR, AT LA 25 F B4 855 v 43 55 45 3] SE AW A 4l
Pseudomonas sp. RENEIESRARZA LTS Y. BIAN, Ma 2524 IS V5 U8 H 43 B A Bl — Bk Pseudomonas sp.
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Jpyr-1 BEREREA#LE ; Jariyal M 257 M 48113 B 15 51 Pseudomonas sp. HERSREAR P LR (—Fh 2 H ) Ab
HWFFEFRW] Pseudomonas sp. REASIEME DBP'2 {HILAEME % DEHP FTR /D Zeng 4517 8% 8 MG VLTS
Pe 43 B9 3] i) Pseudomonas Sfluoresences FS1 [%f# DEHP ,fﬂ%ﬁﬁ%%*%ﬁﬁﬁﬁ
2.2 JREF pH X DEHP [Ff# 52

RS2 gerh DEHP B0 A %] 250 mL R, A2 SE i i T PR 20 2L AR RCR 5 B A
M Lu %V YIRAE R AL SE 2 FLALE PAES 15 YLK ARE I R SCR A KR 22 5.

T AL KO PR TR AR AU O T 153 XB FEf# DEHP (5 fEIRE 76 pH 7.0 7, 1537 23 h, PHHEAR
R AR (15,20 .25 30,3540 45 °C ) XF 100 mg-L™" DEHP [ 52, anE 3 (A) Fis, FEiRE 15—
35 CZ M6, XB X} DEHP F4 3 fiff 23 it i 52 T e 10 20 S 84 0. SR BE A 30—35 °C 2[RI, i 8 583K 3 e
KARBERRELE B (>35 C ) EEAR R AR A B TR Y XB 763 S AR EE (45 °C) R AIR A% L
(15 °C) FH; 3 ME, DEHP A R AR G ALK 7 30—35 °C F, 35 25 55 MR i % (70.47% ) A e KBy i
(0.067 ), LH Fsf AH 5 3% i Tl 7% 48 e e

[__] DEHP Degradation rate —e— ODy0p

o
(=]
™

90 [ 10.08

[ 10.07 I ]
sor 0.06 i {0.08
70k : L ]

[ J0.0s = 001 a8 0.07
60 N /§\ 40.06

+
H

s ES
g o0r {0.04 g 50} q )
5 s0f Joos & B4l \{'“‘i 1005 ¢
-2 i la) = a
< sl /} Jo.02 © %530- N 1004
53 o« 10.01 53 R 10.03
o 30 . =)
I 1o 20 0.02
20
L 1-0.01 10 i 10.01
10 1-0.02 of ™ 10
0 -0.03 -0.01
15 20 25 30 35 40 45 3 4 5 6 7 8 9 10 11 12
Temperature/ C pH

B3 (A) R pH(B) Xt XB 194 ¥k S DEHP R fif 5 (¥ 5
Fig.3 Effect of temperature (A) and initial pH (B) on the growth of XB and DEHP degradation

pH 2 BRI P TG | BT AR SR 1 X A 1 A 4 R A W R it R e M AR K. ok T 3R AIF B A
XB [ft DEHP FRePE  BF58 THERS 3% 23 h 5, #9146 pH (4.0—11.0) X4 A= K L & 100 mg- L™ DEHP
R (0 2 e 25 RN 3(B) iR AR LE TR S5 1T, XB FEBRPE S5 8 T F B0 T sy A e i e AR K
T RN R AR A e 2 B v FE XL 24 pH {E A 7.0 BMie | B A R e K (72.419% ) . HL AT LA & BRIVt >4
pH {EIAF] 11.0 BF 4750 L& FR 16.30% 1 DEHP. 31X 3 BH % B Ak 7] ATZERS U e 251 AR A R M 25 1
T AAR Y B A RN A T R TR XB X DEHP A AS 58 42 R e BT 850, W it 3t A v 0 o ] 7= 9
SRZE P RRRRAL T BRI DR ) T A0 BT — 2 R A R [ P A RS SR R — 8

Pseudomonas sp. XB [f# DEHP fef: 554 MR EE 30—35 °C ,pH 7.0. 5 5CHT Zeng %7 AyifE—2 .
Pseudomonas fluoresences FS1 K DEHP fefES iR 20—35 «C ,pH 6.5—38.0.
2.3 gl

AN[E)He E DEHP (K[ 5h 112525608 30 °C,pH 7.0 F1 150 remin™' FHEAT. 25 R ANE 4 Fis. 75541
BB TEA YRR P LR B B, Pseudomonas sp. XB A% 2 it R SR 7E — i 61 22 DEHP i1 2 A 6] R~
FIRSER, T AR AR WAZR 213X AT fig & i T XB 1M 3516 1 DEHP AYBEK SRy e M f o A b, B bk
XB 4151 ] GEA7AE 2 18 16 0. S AT R ST R A0 R K LA R A 2 i T R G 7 A
FEAS FBK AL Y 0 B St AR rp A o SR PE .

W 4 Fis , DEHP WA EEFE 50—500 mg- L™" 2 [8], B A il 28 FE A A L. LA 100 mg-L™' DEHP A
], FEEEHT 6 h N, B R BN | A S B i s R bl b, 30 h 5, BEfF 328 21 90%. T LI 3, 1557
52 h J& A YR EE DEHP BREfE R AL 90%. 110 HL, vk XB (M BS2 8025 T2 00 A T DEHP () [%
fift, I TG ) XB 4% DEHP Y0 Bt AR > (CBdE AR H ) .
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550

500 = —J— 50 mg-L™!

450 —[>— 100 mg-L™!
<400 |- 200 mg-L!
_é) 350 —%— 300 mg-L!
= 17!
% 300 g 500 mg-L
£ 250 \
= .
§ 200 p——q \ir
=] I
S 150 b \ﬁ\

100 —p. d .

50 %\ \

0 1 1 1 1 1 ¢ =4 = 1 i’#% 1

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
t/h

4 XB7E30 °C,pH 7.0 Fll 150 r-min~' FF&f# DEHP 3 f12% il £
Fig.4 DEHP-degradation kinetics curve by XB at 30 °C, pH 7.0 and 150 r+min™"

R XB X} DEHP (100 mg- L") FEAFRAE 45 b 0] LUK E] 97% . 56 T AN 7E et 2% 14 F W%t DEHP
(100 mg - L™") (9 HAth 3 38 , 40 Microbacterium sp. CQO110Y 7E ¥ 3% 7 d J& [ fi# 90% fy DEHP'®’,
Pseudomonas fluoresences FS1 TEFEF% 6 d J5 DEHP [&f# 25T 909%"*" JEI AR HEFAERT YT DEHP [ Aot
5%, Pseudomonas sp. XB HE R O % DEHP.

B’5E Pseudomonas sp. XB F&fi DEHP 44 Monod — 2k 1 5. In C=—-kt + A, Hrh ¢ FER
DEHP W JE ¢ AINA] b S — Bl T2 iR w5, A W 8 i~ w2 ¢, = In2/k A A KRR 1
Pseudomonas sp. XB X} DEHP [ [ fif 2l 7124 J7 #2. 45 R 1 24 DEHP #1145 ¥ & & 50—500 mg - L7,
Pseudomonas sp. XB %I DEHP (1) B fi# 75 G — Wy S i 3l ) 24 A 8. i %5 DEHP ¥ B M\ 50 mg - L' 3% &
500 mg- L™, B R 0] SR b 52 B IS, Ui W= i BE B DEHP XS TRk XB A7 —E B9 F FAEHT IE K
T XB BN, 75— g FERE I HIHXT DEHP 9 R AR 1F .

DA b S v S8 1Y A S R (RN R Th Y DEHP Y& B3R B R 8k B AT LL7E SE 46 vh 2
W& DEHP fy-E A= Pt 26 0 B, # S b 315 DEHP ZEHURICEE S 95%—106%.

R 1 Pseudomonas sp. XB [EIREAFRIRILGHK DEHP #3h f124 7 f
Table 1 DEHP degradation kinetics equation under different initial concentrations by Pseudomonas sp. XB
Wi DEHP

SR P2
Initial concentration of DEHP/ ijjj%jih R? . V2
o Kinetics equation Half-life ¢, ,,/h
(mg-L7")
50 In C=-0.0967¢ + 4.3342 0.9422 7.17
100 In €=-0.0804¢ + 5.0193 0.9512 8.25
200 In C=-0.0600t +5.6991 0.9436 11.55
300 In C=-0.0614¢ + 6.2349 0.9484 11.29
500 In C = -0.0497: + 6.8124 0.8891 13.95

2.4 DEHP B ¥IH) GC-MS 7347

GC-MS JrHr B e 4555 23 h Je , WK XB [ DEHP (=9 (1 5) BERLAR R (2-4
FO ) R (MEHP) DL K 2-Z 3k OO 3R FE. i % 44 h J5 5532 3 il = 54T GC-MS 20 #7, H- % A K
TNE B e 2- 2 OBk, LA™ 1) C W A 4 S HCRSE % 142 . L DEHP 3] MEHP 1 2-2 3% 0 5&
M i — D WA AR R, e A e e A AH R &t T 2RI, R RETE SR B B IR L bR
THHA A4 2E — iR, IE 0 Pradeepm] 5 , Achromobacter denitrificans SP1 [%f# DEHP pyd f2rh JE AL T
AL AR =4 ( DEHP FEA#F=4) , SR GC-MS LUK LC-MS 3 A H AR iR AH 2 | iKW A
SRS 5 R R ] XB BGRB8 — F B AR Ay ME— i U5 RN R R 2E < ARG AT BETE 3 A o 2 v A= 1Y)
A2 I ERAR P Ak XB AR, LSRN A F.
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149 57
100 o) 100 —
80 - O 80 2-etyyl hexynol
g [ g
g L O g L
E 60 |- Mono(2-ethyl-hexyl)phthalate ~ = 60 [~
2 B 2 B
< - < -
2 oF 2 of
E 40 - 57 167 ks 40 n 4 4
© 70 4 g L 70 83
- — 29
20 - 20 ==
- 83 104 113 279 o, 32 @ _— RIE
n | l i 168 l 53|18 [I+- 92 | 130
0 W I o} i I | 1l il l
50 100 150 200 250 40 60 80 100 120
m/z m/z

B 5 Pseudomonas sp. XB Ffft DEHP [ Bk A
Fig.5 MS spectra of the intermediates of DEHP degradation by Pseudomonas sp. XB

2.5 Wkk XB ERYIE AT

SR S EIT ST Y SL BG4 R AN 2 TR ZERE 7 60 h J& , Pseudomonas sp. XB BE T DAF] FH HA 3
UL PAEs, W AT LALIR R R IR AN R Iy R i X 8 DR FR R | Q% — FH IR A Sy M — ik YL A L AR
I, FEAD T KAG R SRR i AT RS LR 8 1) MSM. HOR BB AL KL BRI RE XB 76 2R W b A KA AR 47 1T R
PRI Ay A K 605 B Ak 5 W) h S AR AT LA 7 B 5 e T BIF I 48 SR AR, ZERZE W) D AP AE G S5 A
LR N A2 , FLRE S R A A it — ROy B b 5> IR IL , Pseudomonas sp. XB ¥2(EALFE PAEs Fll—
SO F WAL A Y 15 YA B R AT 26 IR 1 VS RE.

K2 Pseudomonas sp. XB FIFHHAMST F iR & HIE L

Table 2 Pseudomonas sp. XB grown in other aromatic compounds as the sole carbon and energy sources

JIEY) Substrate CAS 4+ F R Molecular formula Mw FI S Utilization
DMP 131-11-3 (OF1Y = ST O 194.2 ++
DEP 84-66-2 CjpH, 0, 222.2 ++
DBP 84-74-2 CsH,, 0, 278.4 +++
KR 69-72-7 C,Hg0, 138.12 -
HR 65-85-0 C,H,0, 122.12 +
R RN 532-32-1 C,H¢NaO, 144.11 i+
S5 - 120-80-9 C¢Hg0, 110.11 -
PN 108-95-2 CeHgO 94.11 +++
XA 100-02-7 C¢H5NO; 139.11 -
e 62-53-3 CeHyN 93.128
X H R 99-96-7 C,H;0, 137.11
SR7E T HR 88-99-3 CgH,0, 164.12 ++
TE 47 FORE AR, ++ 7 FOR A RBHF, “ +7 FURBEB LI« -7 FORAREAE K.
Note: “+++” means vigorous growth; “++” means obvious growth; “+” means growth; “~" means no growth.

3 4512 ( Conclusion)

(1) B STV U5 K AR B 5 ¢ h 43 8945 3] —#k L) DEHP S e —BR 5, =5 %55 i DEHP 1 41
B, A4 N XBIET HIE S22 HRE L B 16S tRNA JFE8 4047 , %52 A B0 B 8 ( Pseudomonas sp. ) .

(2) Pseudomonas sp. XB A=K FIFEfF DEHP A S BT FR5F40 R EE 30—35 °C,pH 7.0.7E AR T,
PR XB REUZLL DEHP AE A —BRIEFIREIRIEA T4E K, 75 45 h NXT 100 mg- L' % DEHP F#ff5355] 97%),
R 010 8.25 h, BENS R A% f# DEHP.DEHP #] 4G ¥R JE 7E 50—500 mg- L™ i}, Pseudomonas sp. XB X
DEHP (REMRAT G — D 3 T A5 L.

(3)i8) GC-MS i it bk XB B fi# DEHP BACH - <8 8 — iR (2-£ K22 5L ) HLlE ( MEHP ) I
2-LFEC IR HE T R4S . . DEHP 2| MEHP F1 2-2 520 3 EE , pE— i Ak AR A — IR , fe X



1144 AT BRI IR (2-L R T ) i ( DEHP ) 0 R A 1119 5 1 B JHL A e 2369

1.

(4) W IEAR T I PESC I R W bk XB a] AA AL 3 b LAY <825 — HT R ( DMP \DEP \DBP) ,

AT AL TR | 28 TR A, R By | R g | 0T 558 R OR WY IR | &R R — TP R A Oy M — Bk TR 2R L IR Ut
Pseudomonas sp. XB f&— MR EEIE LY BE J158% , DEHP FEFFERCHR =, JICYINE L A R At v
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