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bacteria in oilfield produced water by UV-plasma
complex mutagenesis

DU Mao-Lin' FU Rui-Min'? GU Ya-Nan' XUE Ting-Ting' LU Rui’
CHEN Wu-Ling""
(1. The College of Life Sciences, Northwest University, Xi’an, Shaanxi 710069, China)

(2. Population and Life Department, Henan Institute of Education, Zhengzhou, Henan 450046, China)
(3. Microbiology Institute of Shaanxi, Xi’an, Shaanxi 710069, China)

Abstract: [Objective] In order to solve the environmental pollution problem caused by total
petroleum hydrocarbons (TPHs), the wild type strains’ degradation rate of TPHs was enhanced in this
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study. [Methods] Based on bioremediation technique, the strains, which can degrade TPHs
effectively, were isolated from the oilfield produced water and selected out by enrichment culture,
prescreening and rescreening. Then, the strains were identified through morphological, physiological,
biochemical, and phylogenetic (16S rRNA gene) characterization. In order to obtain highly efficient
THPs-degrading strains, after being mutated by UV-plasma and 96-pore plate fermentation, the
isolated strains were screened by high-throughput screening method, with the use of multi-functional
microplate reader based on the dual wavelength ultraviolet spectrum. At last, the mutants’ hereditary
stability was tested by analysis of variance. [Results] The wild strain PW04, which was isolated from
produced water, was identified as Sphingobacterium multivorum. After the compound mutation, three
highly efficient THPs-degrading strains (S. multivorum PW04-H10, S. multivorum PW04-G9 and S.
multivorum PWO04-A6) were obtained, which the degradation rate of THPs can reach to 85.1%,
82.7% and 82.9% respectively. As was shown in the result of hereditary stability analysis, the three
mutants all had stable genetic stability. [Conclusion] Through the isolation and mutation breeding,
the TPHs degradation rate of the highly efficient THPs-degrading strain reached to 85.1%, increased
by 48% compared with wild type strains. The highly efficient THPs-degrading strain can reduce the
TPHs contents in the environment significantly and restore the oil-contaminated environment
effectively.

Keywords: Oil-degrading bacterium, Isolation and identification, UV radiation, Plasma, Complex
mutagenesis, High-throughput screening
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1.2 EFE

(g/L) CuCl, 0.000 5 FeSO,
0.005 ZnCl,0.005 MnCl,-4H,0 0.05 CaCl, 0.02
K,HPO, 4.0 KH,PO,0.5 MgSO,7H,0 1.0 NaCl

1.0 1L 4 mol/L NaOH pH 75
(1x10° Pa 20 min) 100 mg/L
1.5%
LB (g/L) 10 10
5 1L NaOH pH 7.4-7.6
(1x10° Pa 20 min)
1.5%
1.3 N AE
131 HEHRURBIERITE:
(%)=( - )x100/
1.3.2 TPHs ZEME: (1)
TPHs BioTek
Synergy 2
TPHs C=C
215-230 nm
n
250—300 nm
TPHs
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( : =1:2 )
225 nm 254 nm TPHs
[12]
(2) TPHs
HJ/T 637-2012!"
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(40 yum 60 A pores) 0.5 g

4 cm
2930 2960 3030cm

Az 930 A2960 As 030
TPHs
14 EHKDE

1 mL

49 mL LB 35°C 180 r/min

48 h
107 CFU/mL 0.1 mL

35 °C
48 h
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( 3 ) 35°C

180 r/min 72 h
TPHs TPHs
1.5 BEHRETE

4] 24 h

BioMerieux
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GN 27F
5'-AGAGTTTGATCCTGGCTCAG-3’ 1492R
5'-TACGGCTACCTTACGACTT-3' PW04
16S rRNA PCR 100 uL PCR
10x 10 uL. MgCl, (25 mmol/L)

6 uL  dNTPs (10 mmol/L) 2.5 uL DNA
(20-50 ng/L) 2 uL (10 pmol/L) 1.5 puL

70 uL PCR 95°C3min 95°C50s
52°C50s 72°C2min 30 72 °C 10 min
PCR
BLAST
16S rRNA GenBank
MEGA 5.05
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1.6 EIE-FEFHRESFT 35°C 180 r/min 48 h
1.6.1 HE&EHIE: PWO04 LB 700 uL

35°C 1 000xg 10%  35°C 180 r/min 72 h!'¥
15 min 2 1.8 SE=HEN

1 000xg
1.0x10"/mL 30 min 200 pL
1.6.2 FEIKIFE: 5mL 100 pL 35°C 180 r/min
9 cm ( 10 min 200 pL
15W 35 cm) 1 2 3 4 5 6 225 nm 254 nm
7 min 0.1 mL TPHs
48h 1.9 EIBFRBEREENE
1.6.3 EIR-ZEEFHRESIHFT: TPHs
5mL 2 min 0.2 mL 5
TPHs
50mL  35°C 180 r/min
10 L/min 3.[(1)6?]11 120 W ASh 100 mL
10% 35 °C 180 r/min 72 h
10 20 30 40 50 60 70 s TPHSs
2 mL
2 HRE46
48 h 2.1 EHHKRDE
1.7 FLIREESE
0.1 mL LB
TPHs 1
96 100 uL TPHs 46.6% 57.5%
LB TPHs PW04

x1 DBEERAHEEMRERER

Table 1 The results of TPHs-degrading rate on isolated strain

Strain number Isolate source TPHs content (mg/L) TPHs-degrading rate (%)
PWO1 49.1+1.6 50.1
PWO02 60.2+1.1 39.8
PWO03 54.7+1.8 453
PWO04 42.5+0.7 57.5
PWO05 49.8+1.5 50.2
PWO06 56.4+0.7 43.6
PWO07 59.1+0.6 40.6
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22 EMETEHER S. multivorum
PW04 LB PW04 2 min 80%
(0.8-1.0) pmx 2 min
(2.0-3.0) pm
PWO4 F2 HRiess
Table 2 The results of biochemical experiment
2 PW04
(Sphingobacterium multivorum) Reaction o o i Reaction o 1 Reaction o .
% 168 rRNA b2 ope ype
95% APPA + PyrA + dCEL +
1 H2S - AGLTp  + GGT -
PW04  Sphingobacterium multivorum NBRC14947 BGLU 4 dMAN = BXYL i
100% ProA = PLE + URE -
SAC + dTRE + MNT -
PW04
) ) ) ILATk - SUCT - AGAL +
(Sphingobacterium multivorum) GlyA 5 LD 5 i B
23 BIE-FEBTHRESFTIEE O129R + IMLTa - ILATa -
231 EIMERIFTIES: S. multivorum PW04 ADO - IARL - BGAL  +
5 BNAG + dGLU + OFF -
. dMAL + dMNE + BAlap -
7 min
LIP - TyrA + dSOR -
dTAG - CIT - 5KG -
AGLU + NAGA + PHOS
oDC - IHISa - BGUR
60%—80% GGAA 4 ELLM =

Sphingobacterium cladoniae No.6 (NR108441)
Sphingobacterium caeni DC-8 (NR109661)
95| PW04 (KP342266)
99| | 100" Sphingobacterium multivorum NBRC14947 (NR113706)
L Sphingobacterium detergens 6.2S (NR118238)
99 Sphingobacterium canadense CR11 (NR043196)
74 Sphingobacterium pakistanense NCCP-246 (NR113311)
69 Sphingobacterium thalpophilum DSM11723 (NR042135)
Sphingobacterium faecium NBRC15299 (NR113744)
Sphingobacterium psychroaquaticum MOL-1 (NR108297)
Olivibacter soli Gsoil034 (NR041503)
Pedobacter terrae DS-57 (NR044005)
99 Nubsella zeaxanthinifaciens NBRC102579 (NR114146)

88— Sphingobacterium siyangense SY1 (NR044391)
i

99

0.01

B 1 ET 16S rRNA EEFFIEIRIER E K PW04 REREHHRE
Figure 1 Phylogenetic tree showing the relationship of strains PW04 on 16S rRNA gene sequence
GenBank 1000 1%

Note: The sequence number in the bracket means the GenBank accession number of the strain. The number at the node means the percentage
of occurrence in 1 000 boot-straped trees. The scale bar means 1% sequence difference.
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Figure 2 UV irradiated celled rate curve
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9] 36 h
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TPHs 85.1% S.
multivorum PW04 48%

2.5 HEHIEEREES
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Figure 3 Plasam irradiated celled rate curve
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*3 EA8IFTHE TPHs [REE

Table 3 The results of TPHs-degrading rate by complex mutagenesis

Orifice plate number Fermentation hole number TPHs content (mg/L) TPHs-degrading rate (%)
1 B5 24.2+0.4 75.8
D7 26.6+0.3 73.4
F1 20.2+1.0 79.8
H10 14.9+0.3 85.1
A6 (CK) 42.9+0.7 57.1
2 A6 17.3+0.7 82.7
Cl11 20.7+0.7 79.3
E8 22.5+0.5 77.5
F3 15.4+0.5 84.6
G9 17.1+0.4 82.9
H6 (CK) 42.3+0.9 57.7

&4 K TPHs ERREEREEITER

Table 4 The results of TPHs-degrading rate by analysis of strain genetic stability

TPHs-degrading rate (%)

Strain number

I I il v \%
PW04-H10 84.9+0.3 84.10.9 84.3+0.4 84.6+0.4 84.6+0.4
PW04-F3 82.7+0.9 82.0+0.3 81.3£0.9 79.8+0.6 79.4+1.1
PW04-G9 82.5+0.5 82.8+0.4 82.4+0.3 83.10.6 83.3+0.5
PW04-A6 82.6+0.3 82.7+0.4 82.5+0.6 81.7+0.5 82.3+0.6
CK 57.2+0.4 58.1+0.7 57.6+0.6 57.7+1.0 57.4+0.7

S. multivorum TPHs
PWO04-H10 S. multivorum PW04-G9  S. multivorum 42.85% -
PWO04-A6 TPHs - TPHs
3 TPHs TPHs
S. multivorum PW04-F3  TPHs TPHs
75% [21-25]
S.

multivorum PW04-H10 S. multivorum PW04-G9 6] DNA TPH

S. multivorum PW04-A6

3 Wi TPHs 85.1%

48% 13.5%

[20]
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