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100| Marinobacter koreensis DD-M3 (DQ325514)

Marinobacter santoriniensis NKSG1 (EU496088)

—— Marinobacter sp. BP-Mb1 (AB189331)

Marinobacter flavimaris SW-145 (AY517632)

Marinobacter guineae M3B (AM503093)

97

Marinobacter lipolyticus SM-19 (AY 147906)
—— Marinobacter marinus SW-45 (AF479689)
'—— Marinobacter sp. NP40 (EU196314)

—— Marinobacter maritimus CK47T (AJ704395)

Marinobacter hydrocarbonoclasticus (Y16735)

Alcanivorax sp. 22C0O-6 (GQ505286)

Alcanivorax sp. JZ9B (GQ505281)

—wl,

Alcanivorax borkumensis Sk2 (Y12579)

Alcanivorax dieselolei NO1A (AY683531)
Alcanivorax sp. PA7 (EU647560)

001 trcanivorax venusti 1804 (AF328762)

Phylogenetic analysis of two species of the obligate hydrocarbonoclastic bacteria. The phylogenetic tree was constructed based on 16S

rRNA gene sequences fragments (about 650 bp). Reference strains used in the phylogenetic tree can be retrieved by the database accession

number in parentheses. The numbers at the branch nodes are bootstrap values based on 1000 re-samplings for maximum likelihood. Only

bootstrap values greater than 90% are shown. Scale bar equals approximately 5% nucleotide divergence.
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Fig.2  Electron micrograph of negatively stained PY97S JZ9B and 22C0O-6. Bar =200 nm. A: PY97S (30000 x ) ; B:

JZ9B (20000 x ) ; C: 22CO-6 (20000 x ).
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Oil degraders and defined bacterial consortia
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Fig.3 The degradation rates of oil by weighting method after biodegradation. NC, treatment without any inoculum; PY97S, JZ9B and 22CO-6,
treatments with pure culture of each bacterium as inoculum; PY97S + JZ9B and PY97S +22C0-6, treatments with co-culture of two species of the

obligate hydrocarbonoclastic bacteria as inoculum.
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Alkanes in crude oil
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Fig.4 The relative concentration of alkanes determined by GC-FID after biodegradation by consortium PY97S + JZ9B. Tetracosane-d50 was
used as internal standard to calculate the relative concentration of each alkane in oil. nCl11 — nC35, n-alkanes with different carbon atom

number; Pr, pristane; Py, phytane.
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Alkanes in crude oil
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Fig.5 The relative concentration of alkanes determined by GC-FID after biodegradation by consortium PY97S +22C0-6. Tetracosane-d50

was used as internal standard to calculate the relative concentration of each alkane in oil. nCl11 — nC35, n-alkanes with different carbon

atom number; Pr, pristane; Py, phytane.
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Table 1  Percentage change in group components
of oil after biodegradation
saturates aromatics  resins asphaltenes
NC 23.02 58.90 15.63 2. 46
PY97S 20. 47 59. 86 14. 09 5.58
JZ9B 24.74 24. 68 42.05 8.53
PY978 +JZ9B 24.37 28.34 39.45 7.84
22C0-6 20. 96 59.31 13.92 5.80

PY97S +22C0O-6 19.94 57.18 16.28 6. 60
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Alkylated PAHs in crude oil

B 6 EE PYITS +JZ9B £EYEMEAMPFTERAS A S E (AT C30 -Fix)
Fig.6  The relative concentration of aromatics determined by GC-MS after biodegradation by consortium PY97S + JZ9B ( normalized to C30-
hopane ). P-Terphenyl-d14 was used as internal standard to calculate the relative concentration of each alkylated PAH in oil. CO-N, CO-P, CO-
D, CO-F and CO-C represent for naphthalene, phenanthrene, dibenzothiophene, fluorene and chrysene, respectively. C1-N — C4-N, alkylated
naphthalene with straight-chain of 1 —4 carbon atoms; CI-P — C4-P, alkylated phenanthrene with straight-chain of 1 =4 carbon atoms; C1-D -
C3-D, alkylated dibenzothiophene with straight-chain of 1 —3 carbon atoms; C1-F — C3-F, alkylated fluorene with straight-chain of 1 —3 carbon
atoms; C1-C - C3-C, alkylated chrysene with straight-chain of 1 —3 carbon atoms.
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Fig.7 The relative concentration of aromatics determined by GC-MS after biodegradation by consortium PY97S +22C0O-6 ( normalized to C30-
hopane ). P-Terphenyl-d14 was used as internal standard to calculate the relative concentration of each alkylated PAH in oil. CO-N, CO-P, CO-D,
CO-F and CO-C represent for naphthalene, phenanthrene, dibenzothiophene, fluorene and chrysene, respectively. C1-N — C4-N, alkylated
naphthalene with straight-chain of 1 —4 carbon atoms; C1-P — C4-P, alkylated phenanthrene with straight-chain of 1 —4 carbon atoms; C1-D — C3-
D, alkylated dibenzothiophene with straight-chain of 1 -3 carbon atoms; C1-F — C3-F, alkylated fluorene with straight-chain of 1 —3 carbon atoms;
C1-C - C3-C, alkylated chrysene with straight-chain of 1 -3 carbon atoms.
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Synergic effect of marine obligate hydrocarbonoclastic
bacteria in oil biodegradation

Zhisong Cui', Li Zheng ", Baijuan Yang, Qian Liu, Wei Gao, Ping Han, Shaoliang
Wang, Wenjun Zhou, Minggang Zheng, Li Tian

(Marine Ecology Research Center, The First Institute of Oceanography, State Oceanic Administration, Qingdao 266061 ,
China)

Abstract: [ Objective ] In order to study the synergic effect of two marine obligate hydrocarbonoclastic bacteria in the oil
biodegradation process. [ Methods | We combined the PAHs degrader Marinobacter sp. PY97S with the oil degrader
Alcanivorax sp. 22C0-6 and Alcanivorax sp. JZ9B respectively to construct oil-degrading consortia. Multiple methods
including weighting method, gas chromatography-flame ionization detection, gas chromatography-mass spectrometry and
thin layer chromatography-flame ionization detection were used to analyze and compare the oil degradation rates as well as
the chromatographic figures of degraded oil between the pure cultures of obligate hydrocarbonoclastic bacteria and defined
consortia. [ Results] The two consortia, 22C0-6 + PY97S and JZ9B + PY97S, exhibited synergic effects in the oil
biodegradation process. The degradation rates of oil by the consortia were increased from 27.81% and 83.52% to
64.03% and 86.89% compared to the pure culture of oil degrader 22C0O-6 and JZ9B, respectively. The consortia could
degrade aliphatic and aromatic fraction at the same time, including high molecular weight PAHs chrysene and its alkyl
derivatives. [ Conclusion | There are obvious synergic effect of Alcanivorax and Marinobacter strains in the oil
biodegradation process, which accelerated the oil biodegradation and decomposed thoroughly the more ecotoxic high
molecular weight compounds in crude oil.

Keywords: obligate hydrocarbonoclastic bacteria; synergic effect; oil spill; biodegradation; polycyclic aromatic

hydrocarbons
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