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Abstract: [Objective] The objective of this study is to isolate a bacterium strain from industrial oil

Foundation item: National Natural Science Foundation of China (No. 21606110); Natural Science Foundation of
Jiangsu Province (No. BK20150133)
*Corresponding authors: FENG Shou-Shuai: Tel: 86-510-85326829; E-mail: fengss@jiangnan.edu.cn
YANG Hai-Lin: Tel: 86-510-85918119; E-mail: biocatalysis123@163.com
Received: November 30, 2016; Accepted: January 19, 2017; Published online (www.cnki.net): January 20, 2017
EEmAB: (No. 21606110) (No. BK20150133)

EITAEE: Tel 86-510-85326829 E-mail fengss@jiangnan.edu.cn
Tel 86-510-85918119 E-mail biocatalysis123@163.com
Yets HER: 2016-11-30; =X HER: 2017-01-19; HFEHF H AR A #Y (www.cnki.net): 2017-01-20



Pseudomonas putida SW-3

2097

wastewater with benzene, toluene and styrene as the sole carbon source, then to analyze the
degradation characteristics of the strain and to study the effect of substrate interaction on the
degradation. [Methods] The strain was identified with physiological-biochemical and 16S rRNA
gene sequence analysis; HS-GC was used to determine benzene series concentration; the degradation

characteristics of the strain were analyzed by the hydrophobicity, emulsifying ability, oil

displacement and transmission electron microscopy. [Results] The strain was identified as

Pseudomonas putida, named SW-3. The maximum degradation rates of benzene, toluene and styrene
were 0.072, 0.035 and 0.019 g/(L-h), and the total degradation rate of benzene mixture was 79.99%
under the optimum degradation conditions. The interactions between substrates indicated that the
degradation of toluene and styrene was stimulated by benzene, while the degradation of toluene was

inhibited in the presence of styrene. The analysis about characteristics of adsorption, uptake and

degradation of SW-3 suggested that SW-3 could transport the benzene by the energy-dissipating
vesicle transport with the aid of the secreted surfactants. [Conclusion] Strain SW-3 has the ability to
produce surfactants and degrade benzene compounds, and the interaction between substrates can
significantly affect the degradation of different substrates.

Keywords: Benzene series, Pseudomonas putida, Biodegradation, Interaction
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1 EFk SW-3 BYAE A (L4FE

Table 1 Physiological and biochemical characteristics
of strain SW-3

Item Result Item Result

Gram staining test Indole test

Contact enzyme test Citrate utilization test

- ' st -
Urea hydrolysis test i H,S production
0'5 um 0.5 um - -
- Gelation hydrolysis Tyrosine hydrolylsis

Bl1 RAEESF SW-3 WEERIEF BREE
Figure 1 Sampling point, colony morphology and TEM
photos of SW-3

A B SW-3 C D SW3 V-P test
+ —

Methy1 Red test
V-P -

Nitrate reduction test

Starch hydrolysis

Note: A: Sampling point; B: Colony morphology of SW-3; C, D: Note: +: Positive; = Negative.

TEM photos of SW-3.
22 BIESMT P. putida I$IEE RV N ZE

KU170625 2 SW-3 451
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100% D15 200 mg/L
(30°C pH7.0 170 r/min 200 mg/L)
(] 168 3
rRNA SW-3 32 h 87.87% 48 h
Pseudomonas putida 81.56% 24 h

61 | Pseudomonas putida D15 (EU046322.1)
57 [ SW-3 (KU170625)

941 Pseudomonas putida PC2 (KM820291.1)
Pseudomonas putida NBUS12 (KF765789.1)
Pseudomonas parafulva AJ2129 (AB060132.1)

Pseudomonas cremoricolorata AM1541 (AB060137.1)
E—— Pseudomonas palleroniana (AY091527.1)

100 I—Li Pseudomonas chlororaphis PSEIAMO07 (D84008.1)
99L Pseudomonas chlororaphis subsp. aurantiaca NCIB10068 (DQ682655.1)
Pseudomonas xanthomarina (AB176954.1)

Pseudomonas hussainii CC-AMHZ-5 (KF582607.1)
93 Pseudomonas tuomuerensis 78-123 (DQ868767.1)

—
0.005

2 ETHEH SW-3 #Y 16S rRNA EFFHIMEN RS L B R
Figure 2 Neighbour-Joining phylogenetic tree based on nearly complete 16S rRNA gene sequences of strain SW-3
GenBank 1 000 0.5%

Note: Number in parenthesis represent the sequence’s accession number in GenBank. The numbers at each branch point in the percentage
supported by bootstrap. Bar: 0.5% sequence divergence.
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Figure 3 Kinetic characteristics of P. putida
A B

Note: A: Degradation of benzene series; B: Specific growth rate of P. putida and specific degradation rate of substrates.
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Figure 4 DCW and degradation of substrates in different substrates
A B C

D

Note: A: DCW and degradation of each benzene series in the single substrate; B, C, D: DCW and degradation of each benzene series in
benzene and toluene, toluene and styrene, benzene and styrene.
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Figure 5 Change of emulsification, drain ring and CSH
with time
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Figure 6 Adsorption and uptake of benzene series by SW-3
A B NaN; SW-3 .
Note: A: Change of adsorption and enrichment benzene with time; B: Inhibition of NaN; to SW-3.
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Figure 7 TEM photos of SW-3 under benzene series
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