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Abstract: [Objective] We isolated and identified di(2-ethylhexy) phthalate-degrading strains. [Me-
thods] We isolated and domesticated the strain by gradient enrichment culture. We identified the
strain by 16S rRNA gene and gyrB gene sequence analysis, combined with morphological, physio-
logical and biochemical characterization. And we analyzed the degradation characteristics of the
strain using High Performance Liquid Chromatography (HPLC). [Results] A strain (named HS-NH1)
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with DEHP-degrading activity was obtained and identified as Gordonia sp.. The optimum tempera-
ture and pH for growth and degradation of Gordonia sp. HS-NH1 were 30 °C and 7.0 respectively,
strain HS-NH1 was able to almost degrade 500 mg/L di(2-ethylhexy) phthalate to above 90% within
60 hours. One of the major metabolites of di(2-ethylhexy) phthalate degradation were identified as
phthalic acid by HPLC. A substrate utilization test showed that HS-NH1was also able to utilize many
other common phthalates. [Conclusion] A bacterial strain with a high di(2-ethylhexy) phtha-
late-degrading efficiency was obtained, and the strain may have a potential application in dealing

with the pollution caused by phthalate esters.
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1.2 1EFEECH

ToHLERREFE KL (g/L): NH4CI 2.0, NaCl 0.5,

MgS0,7H,0 0.5, KH,P0,0.2, K,HPO,1.0, H,O0 1.0 L,
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0.5 mL pH 7.0 1x10° Pa
20 min 18 g/L
(g/L) CaSO45H,0 4.0 FeSO47H,O 7.0

FeCl3:6H,0 7.0 CoCl;-:6H,0 0.2 NaMO4-2H,0 3.4

CaCl,2.0 H,O1.0L pH 7.0
LB (g/L) 10 NaCl 10
5H,01.0L pH 7.0 1x10°Pa 20 min
18 g/L
13 EHREIDE
1.0% DEHP

14 EHRETE
141 MERSWERESEBEEUBMTELE: LB
30 °C 48 h

(

[14-15]

1.4.2 H¥KAEY 16S rRNA EREFIMNER S FFR
Sk B HHE: DNA
DNA 16S rRNA
PCR FC27
5-AGAGTTTGATCATGGCTCAG-3' RC1492
5'-CTACGGTTACCTTGTTACGAC-3""  PCR

50 uL 95°C S5 min 95°C
I min 54°C1min 72 °C 1.5 min 35
72 °C 10 min 1.0% PCR
PCR
BLASTn
ClustalX 1.8
MEGA 5.0 (Neighbor-Joining
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method)
143 EHH gyrB BERFIIMNERS FRALE
REIHE: gyrB

B 100
0.7%-0.8% gyrB
16S rDNA
7] DNA
gyrB PCR UP_IF

5-GAAGTCATCATGACCGTTCTGCAYGCNGGN
GGNAARTTYGA-3" UP_2R 5'-AGCAGGGTACGG

ATGTGCGAGCCRTCNACRTCNGCRTCNGTCAT-

3181 pCcr 50 L 95 °C
Smin 95°C1min 54°C1min 72°C 1.5 min
35 72 °C 10 min 1.0%
PCR PCR
BLASTn
ClustalX 1.8
MEGA 5.0

(Neighbor-Joining method)

15 BHRAEFIERR
1.5.1 BEHRMEKSMHEBEEMY:

24h
pH 74 PBS 3
OD600
1.0 DEHP 10 g/L
DEHP DEHP 150 mL
50 mL
1x10° Pa 20 min 1 mL
60 h DEHP
500 mg/L 180 r/min
pH DEHP
20 25 30 35 40 pH
50 60 7.0 80 9.0 ODgoo
HS-NH1
DEHP
= DEHP - DEHP )  DEHP
x100% =
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DEHP /  DEHP  x100% 500mg/L 2.2 E#k HS-NH1 16S rRNA EFERFELEFF
DEHP S
3 PCR 1 389 bp
152 RYIEHERE: 1.0% GenBank KF688474
500 mg/L (DMP) Gordonia sp. KTR9
(DEP) (DBP) (NR074569.1) Gordonia terrae strain C-6
(DOP) (EU590659.1) Gordonia sp. BF-B-F (EU306602.1)
(DEHP) (BBP) Gordonia terrae strain CC-S2d (AY771330.1)
(PA) (PCA) 16S rRNA 99%
30°C 180 r/min 60 h ! HS-NHI
16 S ’ 2.3 Btk HS-NH1gyrB ERRF LB F N
DEHP PCR 1 264 bp
HPLC DEHP [19] GenBank KF688475
20 mL Gordonia terrae strain CC-S2d (AY972065.1)
I5min 12000 /min 3 min oyr8 99% gyrB
99% 2
HS-NH1  Gordonia terrae strain CC-S2d
10 mL 1 mL 0.22 pym
20uL HPLC F1 B HS-NHL 890 LA E
5 um Eclipse XDB-C18 Table 1 Some physiological and biochemical
25 °C (90:10 ) properties of HS-NH1
1.0 mL/min 228 nm Test HS.NHI
3 Oxygen =
Gram stain 4
2 %%—%ﬁﬁ V.P V.P test e
2.1 E”:;k HS-NH1 E"]ﬁgﬁiﬁifgi1t¢%'[':t Methyl red test =
DEHP Amylohydrolysis test -
HS-NH1 Catalase test +
HS-NH1 D- D-mannitose aF
Glucose +
Sucrose +
- a-Lactose _
Vv HS-NH1 Citric acid
L- L-Histidine
VP L- L-Methionine _
L- L-Tyrosine +

+ _

Note: +: Positive; —: Negative.
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75 Gordonia sp. OB51 (JN942152.1)
JF?OMMM sp. 13679F (EU741242.1)
31 Gordonia bronchialis strain IFM 10595 (FJ536316.1)

|: Gordonia sp. IDC-22 (F1975128.1)
& Gordonia amicalis strain CC-T2-8 (GQ848238.1)

91
Gordonia terrae strain C-6 (EU590659.1)
90 Gordonia sp. KTR9 strain KTR9 (NR 074569.1)
100
34 Gordonia terrae strain CC-S2d (AY771330.1)

30 Gordonia sp. HS-NH1 (KF688474)

Gordonia sp. MJ32 (JF806526.1)

Williamsia sp. KTR4 (DQ068382.1)
Mycobacterium sp. NMR16-3 (AB286060.1)

0.005

Bl 1 HE# HS-NH1 Y 16S rRNA EF R% % &
Figure 1 Phylogenetic tree of strain HS-NH1 and related species based on 16S rRNA gene sequences
GenBank Bootstrap 0.005

Note: Numbers in parentheses represent the sequences’ accession number in GenBank. Numbers at the nodes indicate the bootstrap values on
Neighbor-Joining analysis of 1 000 resampled data sets. Bar 0.005 represent sequence divergence.

59 Rhodococcus erythropolis gyrB gene (AB018781.1)
100 Gordonia amicalis strain DSM 44461 gyrB gene (AY972057.1)
Rhodococcus globerulus strain ATCC 14346 gyrB gene (AB014273.1)
85 Rhodococcus rhodochrous strain ATCC 19067 gyrB gene (AB014276.1)
100 L Gordonia lacunae strain BS2 gyrB gene (EF608480.1)
Gordonia terraestrain CC-S5-1 DNA gyrB gene (AY972066.1)
63 100 Gordom:a sp. HS-NHI gyrB gene (KF688475)
10()[ Gordonia terrae strain CC-S2d gyrB gene (AY972065.1)
Nocardia caishijiensis culture-collection CDCUSA-GA: W9706 gyrB gene (GQ496124.1)
Mycobacterium agri strain JCM 6377 gyrB gene (AB014279.1)
Pseudonocardia thermophila strain DSM 43832 gyrB gene (EU722579.1)

100

0.02

2 HE#¥ HS-NH1 B9 gyrB ER ARG A E
Figure 2 Phylogenetic tree of strain HS-NH1 and related species based on gyrB gene sequences
GenBank ; Bootstrap 0.02

Note: Numbers in parentheses represent the sequences’ accession number in GenBank. Numbers at the nodes indicate the bootstrap values on
Neighbor-Joining analysis of 1 000 resampled data sets. Bar 0.02 represent sequence divergence.

16S rRNA gyrB 60 h

HS-NH1 Gordonia sp. HS-NH1 DEHP

HS-NHI 30-35 °C

2.4 BEFRHS-NH1 89445 DEHP &4 4RFR HS-NHI DEHP

241 BEMEHEKK DEHP [EEAISNE: 25°C DEHP
(ODgpo) DEHP 3 40 °C
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lgg : ot 1060 (DMP)
-a—Control 10.55
solGp (DEP) (DBP)
S 70 r—=—Residue rat \ 10.50 (DOP)
8 60t -
g 50l -0~45§ (BBP) PAEs DOP BBP
S 40} {0.40 HS-NH1
o 30t 0.35 PA
o {0. (PA) (PCA)
o} ¢ \/ 1030
050 2 40

Temperature (°C)

B3 IREX HS-NH1 41K DEHP PRS00
Figure 3 Effect of temperature on the growth of HS-NH1
and DEHP degradation

( )

Note: Samples and sterile controls (non-inoculated MSM) were
periodically analyzed in similar way.

DEHP HS-NH1
HS-NH1
DEHP 30 °C
242 #136 pH EXNMEEIKK DEHP FEREAIE
fig: pH (OD¢oo) DEHP
4 pH 60 h
pH HS-NH1 DEHP
pH 7.0-9.0
HS-NH1 DEHP pH
6.0 DEHP
HS-NH1
pH 7.0
2.5 HEHKk HS-NH1 E4 g %9547
2 Gordonia sp.

HS-NH1

2.6 DEHP %% 88 2 K HPE#E 8] =4 894 )

HS-NH1  DEHP
HPLC DEHP
- (PA) 5
DEHP PA
( 500 mg/L DEHP
HS-NH1
00F o — s . 0, 707
%0 10.6
80 -
S 01 / \ 105
2 60 - —a— Control 104 3
s 30r —o— 0Dy, Y
3 40f —e— Residuerate _§ 1903 ©
7 ¢
S 3o} / 102
20 -
1ol / 10.1
0 i : 0

pH

Bl 4 pH{EX HS-NH1 %K K% DEHP &Y 200

Figure 4 Effect of pH value on the growth of HS-NH1
and DEHP degradation

( MSM )

Note: Samples and sterile controls (non-inoculated MSM) were
periodically analyzed in similar way.

#= 2 Bk HS-NHI1 BRI F) it

Table 2  Diversity of degradable substrates by strain HS-NH1
Substrate Utilization Substrate Utilization Substrate Utilization
DMP + ; DOP ++ P PA +
DEP + DEHP ++ ' PCA +
DBP + BBP ++ | Salicylic acid -
++ + -
Note: ++: Vigorous growth; +: Growth; —: Not growth.
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B 5 DEHP Z&E# HS-NH1 A [E R 8 p& % /5 B9 HPLC & &
Figure 5 HPLC detection image of DEHP biodegradated by HS-NH1 for different times
3.425. A B 36h C 48h D 60h.
Note: Retention time of DEHP and PA are 8.895, 3.425 respectively. A: Control; B: 36 h; C: 48 h; D: 60 h.

DEHP 8.895

DEHP ) DEHP
( 500 mg/L DEHP
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