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B OE: ANLRAES T FRTRELT HLEE 1 R ’7§ vA BKBA Bg (Phthalic acid esters, PAEs) % *&
— R AR ARG AEY, 4 H IDC-3, ARBEHSFUE. AR A RIERNT T AN FE
e R iZ B vk S A RS 45 B (Delftia sp.), vA—3T #1514, BAREZE T L
% /@’J’%[Ur\—‘ T BR A A B0 AR R B R AT VAAR R = W BR — ¥ 5 (Dimethyl phthalate, DMP)% B 4%
WA, F)F & BORAR €35 (HPLC)M Z T JDC-3 695t 6%, 1318 2 A % DMP [ & 69 A 548 4
pH 7.0~8.0. &% 30°C~35°C; £ F DMP #4&RE TR T ZH &M h 3, £REPHK
JEARF 300 mg/L M 69/ sh A 5424 In C=—0.06837 t + A, ¥ F 404 1248 h, L4 KER
W7 3% hn, DMP %t JDC-3 #4937 4| 4% /)38 3% IDC-3 %F DMP #9 M fiik 5 R F s, F R4 X
KR AFR_FER B8, 16S IDNA, &30RA0 &%, Mg )3

Isolation, Identification and Degradation Characteristics
of a DMP-degrading Strain

JIN De-Cai WU Xue-Ling® LIANG Ren-Xing DAI Qin-Yun
WANG Yang-Yang YANG Yu

(School of Minerals Processing and Bioengineering, Central South University, Changsha, Hunan 410083, China)

Abstract: A bacterial strain which could grow well on the substrate of PAEs as the sole source of carbon
and energy was isolated from contaminated sludge in the river of WeiFang in ShangDong province and it
was designated as JDC-3. Based on the morphology, biophysical and biochemical properties as well as mo-
lecular characteristics, this isolate was preliminarily identified as Delftia sp.. A fragment of phthalate dioxy-
genase gene was successfully amplified from the genus of Delftia for the first time using a set of degenerate
primers. Meanwhile, the degradation capability of JDC-3 was determined by HPLC using DMP as test sub-
strate. The results showed that the optimal pH and temperature were at 7.0~8.0 and 30°C~35°C respectively.
The degradation kinetics of JDC-3 was studied in different initial DMP concentration under optimal condi-
tions. The results indicated that the degradation dynamic equation was In C = — 0.06837 t + A when DMP
concentration was lower than 300 mg/L, with half life of 12.48 h. The degradation rate decreased and half
life of JDC-3 prolonged as the initial concentration kept on increasing.

Keywords: DMP, 16S rDNA, HPLC, Degradation kinetics
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(Phthalic acid esters, PAEs),

, PAEs 5 5 s
[1] cc

PCB 7z , PAEs

[2]

(EPA)
[3.4]

(5]

Pseudomonas
sp.l" Bacillus sp.””! Burkholderia sp."*! Rhodococcus

rubber! (Delftia sp.)
PAEs 1,
JDC-3,
(Delftia sp.) ,
1 MR %
11 FERAFFERE
(DMP)
(DEP) (DBP)
(DOP) (DIOP)
, =99.5%, (
) ( )
, Sigma

(g/L) KzHPO4 58, KH2P04 45,

(NH4)2804 20, MgC12 016, CaC12 002, N32M004
2H,0 0.0024, FeCl; 0.0018, MnCl, 2H,0 0.0015, pH

7.0, 1><10° Pa 20 min 1L
20¢g
DMP : 10 g/L
DMP , DMP ,
(g/L): 5.0, 10.0,
NaCl 5.0, 1L, pH 7.0 1x10° Pa

30 min 1L 20g
12 BEMESR. o854l

10 mg 200 mg/L
(DMP DEP DBP DOP 50 mg/L) 100 mL
) , 30°C
7 d, 240 mg/L 280 mg/L
320 mg/L 360 mg/L 400 mg/L
s s PAEs
) 5 )

1.3 ZAEAIEA LIS E
[10,11]
1.4 #AEARY 16S rDNA B BN RZ L B FTHIHEE
16S rDNA (FC27)
5'-AGAGTTTGATCCTGGCTCAG-3';

(RC1492) :5-TACGGCTACCTTGTTACGACTT-3’
50 uL 10xPCR buffer 5 pL, 10 mmol/L
dNTPs 1 pL, 25 mmol/L MgCl, 4 uL, 5 U/uL Taq
0.5 uL, 5 pmol/uL 1 uL, DNA 4 uL,
ddH,0 50 pL, : 95°C 5 min; 94°C 45 s,
55°C 1 min, 72°C 1 min, 30 ; 72°C 10 min
E.ZN.A.™ Gel

, PCR
Clustal X1.8

Extraction Kit (Omega)

, Mega 4
15 MESSE_HEBRIMEEMT IERESHN
Chao !
PCR , :5'- ACACS
CCBCARACSCACAC-3"; : 5'-CTTGTCC
TGCTACAGCTCTTG-3' 150 uL

10xPCR buffer 5 uL, 2.5 mmol/L MgCl, 4 uL,

10 mmol/L dNTPs 4 pL, 3’ 5’ 1 uL, Taq
polymerase 0.5 uL, DNA 100 ng , ddH,0
50 uL, PCR : 95°C 10 min; 94°C 1 min,
56°C 1 min, 72°C 1 min, 35 ; 72°C 10 min
PCR , DNA PGM-T
, 4°C
DH5a , (50 pg/mL)
LB , PCR

> >
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NCBI (http://www.ncbi.nlm.nih.gov)

Blastx
1.6 DMP BYEYIFERRIRNIE
100 mL
12 h~24 h, (10000 r/min) 5 min, ,
pH 7.0, 0.02 mol/L  Na,HPO4-NaH,PO,
3 , 0.02mol/L pH 7.0
ODgpo=0.2 , 1 mL
DMP 50 mL ,
pH 7.0, 30°C, 150 r/min,
2 ;
3
17 SAEZE
171 HmaE: 20 mL ,
10 min, R 20 mL
2, ,
10 mL, DMP

1.7.2 RHEGILEME: SinoChrom ODS-BP

(4.6 mm x 200 mm x 5 pm), 35°C,
=90:10, 0.5 mL/min 230 nm,
20 L

2 R

21 &R IDC-3 W B SRS ERE LN E
10 ,
400 mg/L

DMP , JDC-3
JDC-3 LB 30°C 1d ,
VP
L- L-

> >

(0.83~0.91) umx(0.96~1.06) pm JDC-3
1

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

lum BBBB 17 35 SE

Zeky  Xle,eee

B 1 B IDC-3 HyF3 4 F §E B8 Fr (x10000)
Fig. 1 Scan electron micrograph of strain JDC-3 (x10000)

2.2 HE#k JDC-3 84 16S rDNA o

PCR , 16S rDNA ,
1439 bp,  GenBank
FJ378038 GenBank Blast
, 16S rDNA

Delftia sp. TS33(EU073099) ,
99% Curvibacter sp. A6 ,
2 , JDC-3

23 WMESFE_FBRNNEENZEREHEXF
5 BRI

887 bp ,
GenBank FJ528992
NCBI Blastx
Terrabacter sp. DBF63
Arthrobacter keyseri 3,4-
(PhtAa) 86% 85%
, 3

2.4 % pH. RE X DMP BEfEAIE N
2.4.1 #I% pH EX E#k IDC-3 £ K K% DMP [&f#

REFME:  30°C 150 r/min ,
pH 50 60 7.0 80 9.0 10.0
11.0 DMP
,24h 4
, pH 5.0~11.0 ,
JDC-3 pH , pH
7.0 , 51.62%,pH 8.0
49.91%, pH 5.0
7.73%, JDC-3 ,
DMP
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Curvibacter sp. A6(EUB60084)

— Delftia acidovorans WDL34(AF538930)

994 | Delfiia sp. TS33(EU073099)

JDC-3

r Delftia tsuruhatensis(AJ606337)

Delftia sp. LFJ11-1(DQ140182)

Q11 || Delfiia sp. 5.7 (EF426439)
771

| Delftia sp. PHD-6(DQ301783)
Delftia sp. ZM-1(EF061135)

Delftia tsuruhatensis (DQ864991)
462

L Delftia tsuruhatensis strain ART_S5(AY684785)

L Delftia sp. AN3(AY052781)

—i

0.002
2 JDC-3 H#kR) 16S rDNA ERFH R4 B #H
Fig. 2 Phylogenetic tree derived from 16S rDNA gene sequence of JDC-3 and sequences of relating species

1 — Myeobacterium flavescens PhtAa (AAQ93689)
L Mycobacterium sp. PAH2.135 PhtAa (AAQ93688)

10007 — Rhodococcus sp. DK17 putative PhtAa (AAR90178)
L Rhodococeus sp. DK17 PhtAa (ABP48118)
722 Rhodococcus sp. TFB PhtAa (AAY57926)
481 Terrabacter sp. DBF63 PhtAa (BAE45082)
[ IDC-3
986 S T — Arthrobacter keyseri PhtAa (AAK16534)
984L Rhodococcus coprophilus PhtAa (AAZ23555)

P

0.02

3 JIDC-3WISPE_HBENMEAMAZLGTHMLM
Fig. 3 Phylogenetic tree of phthalate dioxygenase of strain JDC-3

60 - N . ,
242 REXME#KIDC-3 £ KK DMP FEEE RN

50 | —_— pH 7.0 150 r/min ,
/ \ 25°C 30°C 35°C 40°C 45°C , DMP
40 +

S . \ ,24 h

§ 30 | >

£ , 25°C~45°C ,

g 2| DMP ;

a Wl y 30°C 52.04%, 35°C
J 54.62%,

ol . , . . : : , 45°C 21.65%,
6T pi{ oo 30°C~35°C DC3
4 pH &%} JDC-3 F£#E DMP HIS N ’

Fig. 4 Effect of pH value on DMP degradation by strain JDC-3
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60 1000
L] ""“-5. —o— 100 mg)’L
50 — 800 |~ —4- 200 mg/L
) —o— mg/L
/ = \ ——500 mg/L
| = 500 —a—750 mg/L
g O £ RN ZeZ 1000 mg/L
P R N NN
E 30l B o400 L N SN~
8 B S~ TS
E % 200 \‘o\ \\'\\Q\
B N h‘“\%\x& I NN
(s} ““-“-—-—-_u,____u\g ~. A~ ~—
10 - 0Ff N 4 a~~, a2
0 6 12 18 24 30 36 42 48 54 60
0 L 1 L J f[h)
25 30 35 40 45
Temperature () 6 Eik IDC-3 MR EI4NMARE DMP A9RE AR i 4
B 5 REX IJDC-3 &R DMP 890 Fig. 6 DMP degradation curve in different initial concen-
Fig. 5 Effect of temperature on DMP degradation by tration by strain JDC-3
strain JDC-3 s
3 Wik
25 PEEEIINZE 1) Delfti
pH ’ ) Delftia sp.
JDC-3 DMP , ’ ’
PAEs R
(100 mg/L 200 mg/L 300 mg/L 500 mg/L |
750 mg/L 1000 mg/L) DMP , ’ ’
16S rDNA ,
6h DMP R 6 .
(Delftia sp.), PAEs
JDC-3 DMP ’ PAEs
, In(p/mg/L)y=-kt+A, k
DMP ., p DMP ( 2)
p/mg/L), t ( :h), A
6 , 1 [13]
1 ,  DMP 300 mg/L , 3.4-
, JDC-3 DMP R 3,4- (4
In C=-0.06837t+A, 12.48 h, 45-
300 mg/L k 4,5- (s)

CO, H,0!4!7

Fz 1 JIDC-3 WA RE¥IEIKE DMP £ h = /1=

Table 1 DMP degradation Kkinetics equation in defferent initial concentration by strain JDC-3

Initial concentration(mg/L) Kinetics equation Half-life(h) Correlation coefficient(r)
100 In C=-0.07192 t+4.78277 12.11 0.95732
200 In C=-0.06673 t+5.45141 12.56 0.97387
300 In C =-0.06648 t+5.85879 12.77 0.97791
500 In C = —0.04950 t+6.46373 19.04 0.94810
750 In C =—-0.04528 t+6.83319 20.01 0.96474
1000 In C =-0.04411 t+7.22431 22.89 0.96450
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TBKNP-05 4,5-
4,5-
, Delftia sp. JDC-3
R NCBI s
Terrabacter sp. DBF63
Arthrobacter keyseri 3, 4
(PhtAa) 86% 85%
4,5-
3) , DMP
, Delftia sp. JDC-3 ,
300 mg/L
, 300 mg/L
) ) DMP
Delftia sp. JDC-3 ,
2 % x M
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