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Screening and characterization of a dibutyl
phthalate-degrading bacterium

CHU Jiao-Yan LIU Teng-Fei ZHANG Han-Yu QIU Le-Quan*
(College of Biotechnology and Bioengineering, Zhejiang University of Technology, Hangzhou, Zhejiang 310014, China)

Abstract: [Objective] To screen efficient dibutyl phthalate-degrading bacterium from the
environment. [Methods] A bacterial strain ZJUTW that could degrade dibutyl phthalate was isolated
from sludge of river of Hangzhou city, and identified by morphological, physiological characteristics
and the analysis of 16S rRNA gene sequence. Its dibutyl phthalate-degrading characteristics were
studied. [Results] Strain ZJUTW was identified as Arthrobacter sp. The optimal temperature was
30 °C and optimal pH between 7.0 and 8.0. The degradation was best fitted by first-order kinetic
equation and the half-life was 10.47 h at 800 mg/L dibutyl phthalate of initial concentration. Dibutyl
phthalate of 1 200 mg/L could be completely degraded by the resting cell (ODgy=1.2) in 20 h.
GC-MS analysis of the metabolites revealed that initial step of dibutyl phthalate degradation was
transesterification. [Conclusion] Based on the high-tolerance ability and high removal rate of the
isolated Arthrobacter sp. ZJUTW, this strain has a potential for remediation of hazardous phthalates.

Keywords: Phthalic acid esters, Dibutyl phthalate, Arthrobacter sp., Biodegradation

Foundation item: Natural Science Foundation of Zhejiang Province (No. LY 15C010002)
*Corresponding author: Tel: 86-571-88320658; E-mail: lqqiu@zjut.edu.cn

Received: February 18, 2017; Accepted: April 18, 2017; Published online (www.cnki.net): May 31, 2017
EEmB: (No. LY15C010002)
*BWAEE: Tel 86-571-88320658 E-mail lqqiu@zjut.edu.cn

s BHEA: 2017-02-18; 3EZ HHEA: 2017-04-18; L=tk B #i(www.cnki.net): 2017-05-31



1556 WA 384K Microbiol. China

2017, Vol.44, No.7

(Phthalic acid esters

PAEs)
(i PAEs -(2-
) (Dioctyl phthalate DEHP)
(Dibutyl phthalate DBP)
(Diethyl phthalate DEP)
(Dimethyl phthalate DMP) [2]
PAEs
Bl PAEs
PAEs
PAEs
“l DBP  PAEs
DBP
Gordonia sp.[S] Sphingomonsa sp.[é] Arthrobacter
sp.! Rhodococcus sp.®  Acinetobacter sp.”!
PAEs
(PA)
CO, H,0"
DBP Arthrobacter
sp. ZJUTW DBP
1 MR5J5k

1.1 EFERLFFINER

DMP DEP DBP DEHP

( )
DNA SanPrep PCR
pUCm-T ( )
JEM-1230 JEOL
Agilent 1260 Agilent
6890N/5975¢  GC-MS Agilent
1.2 HERE

(g/L) K,HPO,3H,0 1.0
NaCl 1.0 (NH4);S040.5 MgSO,47H,0 0.4 CaCl,
0.0755 FeCl;0.0143 pH7.0
DBP
DBP 125 mg/L
LB (g/L) 10.0
50 NaCl10.0 pH7.0
1.3 FHi&E
1.3.1 DBP [EEERFESEE:
lg 100 mL
1 mL 250 mL
DBP 125 mg/L 30 °C
4 d

180 r/min

DBP

DNA
ZJUTW

TGATCCTGGCTCAG-3)

CCTTGTTACGA-3")

27F (5'-AGAGTT

1492R (5'-CTACGGCTA
16S rRNA 1ol
50 uL PCR 10xPCR buffer 5 pL
20 mmol/L dNTPs 4 pL. 25 mmol/L 1.0 uL

DNA 1 uL. 5 U/uL Tag DNA 1 uL

ddH,O0 50puL PCR 94 °C 5 min
94°Clmin 52°C1lmin 72°C 1 min 32
72 °C 10 min

SanPrep PCR 16S
rRNA pUCm-T
( )
MEGA 4.0
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1.3.2 FEHEFEHEX B #PERRE DBP BISZ0T -
LB 30 °C 180 r/min
12h 4°C 4000 r/min

ODgoo 1.0
2%
pH DBP
DBP
PAEs (DMP DEP
DBP DEHP 125 mg/L)
M pBp
V=Vl CY/(Knt[C]) [C] 14
K
[C1<<Kn
InC=—Kt+4 (C DBP t K
A ) DBP
DBP Origin
8.0 DBP
t=In2/K
1.3.3  {RIEZAABATH] & K X DBP AYPEAZ:
LB 30 °C 180 r/min
4°C 4000 r/min
pH7.0 0.1 mol/L
ODgyp 1.2
DBP 125 250 400 800
1 200 mg/L DBP
1.3.4 HPLC ;%#&ill PAEs:
30 min
I mL

10 uL Agilent 1260 HPLC
90% +10% H,0
1.0 mL/min Hypersil BDS Cig

(DAD) 235 nm

1.3.5 GC-MS M EEE=Y):
HP-5MS (30 m*x250 mmx0.25 pm)

He 1.0 mL/min 250 °C
60 °C 1 min
60 °C/min 220 °C 2 min 5 °C/min
250 °C 2 min 5 °C/min
280 °C 3 min 1 uL
(ED
70 eV 230 °C 280 °C
(SCAN) 40—-400 m/z
(SIM)
1.3.6 B 3
Origin 8.0 ( + )
SPSS 16.0
2SR50
2.1 DBPERERFIESHE
DBP
ZJUTW HPLC (D 12h
125 mg/L DBP
( 2
(0.6-1.0) umx0.35 pum
4h 24 h
ZJUTW

PCR 16S rRNA (1579 bp) GenBank

JN968374 MEGA 4.0
( 3 Arthrobacter sp. S15
16S rRNA
Arthrobacter

Arthrobacter sp. ZJUTW
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Figure 1 HPLC-chromatogram of the degradation of Figure 2 Photograph of transmission electron microscope
DBP by strain ZJUTW of strain ZJUTW
2.2 #%E pH FLRE X EK ZJUTW [£f# DBP 37°C 14h ZIJUTW
A DBP 30 °C 25°C
pH 5.0 6.0 7.0 8.0 36% 42 °C 9.6%
9.0 DBP 125 mg/L - 2% 2.3 DBP KEXE K ZJUTW &2 20
ZJUTW  DBP 4A ZJUTW DBP
pH 6.0-9.0 DBP pH 5 ZJUTW
7.0-8.0 14h DBP 125 250 400 800mg/L DBP14h
pH 5.0 ZJUTW 23.8% 98.5% 93.1% 93.9% 83.4%
DBP pH 7.0-8.0 DBP 1 200 mg/L ZJUTW
(25 30 37 42 °C) DBP 23.6% DBP
125 mg/L 2% DBP 125-800 mg/L
ZJUTW DBP 4B 30 °C (D

100 Arthrobacter mysorens strain DSM 12798 (NR025613.1)
Arthrobacter sp. XZ-3 (EF508128.1)

Arthrobacter sp. A-1 (EU264108.1)

9311001 grthrobacter sp. TD3 (EF468655.1)

Strain ZJUTW (IN968374)

Arthrobacter sp. S15 (EU747703.1)

94 Arthrobacter sp. 1132G-1 (KF840244.1)

Arthrobacter sp. X4 (DQ202320.1)

Arthrobacter protophormiae strain m3 (EU874451.1)
Arthrobacter sp. jz1-3 (FJ479747)

Pimelobacter simplex strain KCTC 9106 (NR036916.1)

50

0.01

3 Arthrobacter sp. ZYUTW R R Gtk &% B #
Figure 3 Phylogenetic tree of Arthrobacter sp. ZJUTW
(%) .
Note: Distances were calculated using neighbor-joining method. The numbers at the branch nodes are bootstrap values (%). Accession
numbers of the bacterial isolates are shown in brackets.
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Figure 4 Effect of pH (A) and temperature (B) on degradation of DBP by Arthrobacter sp. ZJUTW

*) (P<0.05).

Note: Error bars indicate standard deviation. Asterisks (*) indicate a significant difference between treatments (P<0.05).

1200
~ 1100 F
5, 1000 | *
E 900f
z
S Mk —— 125 mg/L
£ 500l ——250 mg/L
£ r —— 400 mg/L
g 400¢ —— 800 mg/L
g 300r — 1200 mg/L
£ 200f
o 100
O -
0 4 8 14 22 34 50 73 121
7 (h)

Bl 5 AERYREXEREERE DBP RS0
Figure 5 Effect of different initial DBP concentrations on
degradation by Arthrobacter sp. ZJUTW

*) (P<0.05).
Note: Error bars indicate standard deviation. Asterisks (*)
indicate a significant difference between treatments (P<0.05).

R 1 Arthrobacter sp. ZJUTW %t DBP BIF§fREN H %

Table 1 Kinetics of aerobic DBP degradation by
Arthrobacter sp. ZJUTW
DBP

Initial concentration (mg/L) Kinetic equations 12
125 InC=-0.121 8#+4.604 5  5.69
250 InC=-0.111 9#+5.305 5 6.19
400 InC=-0.080 47+5.919 2 8.62
800 InC=-0.066 2¢/+6.843 7  10.47

InC=—Kt+4 (C DBP K
A ) DBP 800 mg/L
10.47h DBP
DBP

1 200 mg/L
2.4 EEZIUTW B4 15 R & E % PAEs
RSB PERR
ZIUTW
ZJUTW
DMP DEP DBP
DEHP PA

4
(DMP DEP DBP DEHP
30°C pH7.0
6A
DBP DEP
12h
DEHP
25%
DEHP

PAEs
125 mg/L) 2%
ZJUTW
24 h

PAEs
ZJUTW
DBP
DMP

DMP
96.2%
DEP
24h
DBP
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Figure 6 Degradation of mixed PAEs (A) by Arthrobacter sp. ZJUTW and different initial DBP concentrations (B) by
resting cells

*) (P<0.05).

Note: Error bars indicate standard deviation. Asterisks (*) indicate a significant difference between treatments (P<0.05).

2.5 JRYDKEXHKIEZRAEFERE DBP BY 20T

[10]

DBP  (125-1200 mg/L)

ZJUTW ODgpp 1.2
30 °C 180 r/min DBP
6B 8 h 125 mg/L
250 mg/L  DBP DBP
DBP DBP
1 200 mg/L 20 h
1 200 mg/L
DBP (23.6%)

2.6 DBP [&fEH B =45 4
GC-MS ZJUTW DBP
7A B
(Butyl methyl phthalate

BMP) (Dimethyl phthalate
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Figure 7 Mass spectrum of butyl methyl phthalate (A)
and phthalic acid (B)
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Figure 8 The degradation pathway of DBP by Arthrobacter sp. ZJUTW
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