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Isolation and diversity of crude oil-degrading bacteria
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Abstract: [Objective] In order to investigate the diversity of crude oil-degrading bacteria in
the seawater, mud and sponge samples from Dalian Bay, and obtain new oil-degrading bacte-
ria. [Methods] Crude oil was used as sole carbon source to enrich and isolate the potential
oil-degrading bacteria from samples of seawater, mud or sponge. Phylogenetic analysis was

conducted by 16S rRNA gene sequences of the bacteria. [Results] After screening via mor-
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phological and 16S rRNA gene sequences analysis 50 strains belonging to 22 genera were ob-

tained. Among them, 6 strains shared 16S rRNA gene sequence identities of 95%—97% with

the most similar strains, were speculated new species. Further experiments revealed

oil-degrading capability of 45 strains. [Conclusion] This study demonstrated a high diversity

of the cultivable oil-degrading bacteria in Dalian Bay, and obtained new resources in biore-

mediation of marine oil pollution.
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Table 1 Sequence analysis and growth characteristics of S0 bacterial isolates on crude oil

Isolates 165 rRNA Closest type strains and identity Source of Crude oil®
Acc. No. samples
SN-3-2 JX119039 Idiomarina fontislapidosi (NR_029115) 99% Mud ++
SN-3-4 JX119040 Marinobacter aquaeolei (AY669169) 99% Mud Snnints
SN-3-9-2 JX119046 Bizionia paragorgiae (NR_025827) 99% Mud 4
SN-3-9-1 JX119047 Labrenzia aggregate (EU440961) 99% Mud +
SN-3-11 JX119041 Marinobacter hydrocarbonoclasticus (JQ799097) 99% Mud +H
SN-3-1 JX119050 Pseudoalteromonas mariniglutinosa (NR_028992) 97% Mud +
OB44-3 IN942144 Luteimonas marina (NR_044458) 95% Mud +++
0OB38-2 IN942147 Erythrobacter ishigakiensis (AB363004) 97% Mud A
OB56 IN942149 Erythrobacter flavus (NR_025245) 99% Mud +
OBS53 IN942153 Nitratireductor aquibiodomus (NR_025262) 99% Mud A=
OB52 IN942154 Halomonas campisalis (GU228480) 98% Mud A
(53]
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OB57 JN942151 Microbacterium paraoxydam (EU714377) 99% Mud ++
OB44-1 IN942146 Microbacterium aquimaris (NR_042656) 99% Mud ++
OB44-2 IN942145 Microbacterium esteraromaticum (NR_026468) 99% Mud A
0A22 JN942130 Nocardiopsis dassonvillei (NR_029314) 99% Mud -
OAl6 IN942121 Nocardiopsis alba (NR_026340) 99% Mud NT
OA15 IN942122 Nocardiopsis alba (NR_026340) 99% Mud NT
0OA32 IN942115 Streptomyces qriseorubens (EU841555) 99% Mud ++
0A31 IN942116 Streptomyces litmocidini (HQ909754) 99% Mud 4
0A30 IN942117 Streptomyces sampsonii (HQ439905) 99% Mud +
0OA6 IN942112 Streptomyces sampsonii (HQ439905) 99% Mud +
SW-2-8 JX119043 Marinobacter aquaeolei (AY669169) 99% Water SR iats
SW-2-6 JX119042 Microbulbifer okinawensis (AB500893) 99% Water ++
SW-3-3 JX119044 Thalassospira permensis (F1860275) 99% Water A=F
SW-3-2 JX119045 Sphingomonas hankookensis (JQ660181) 98% Water A
OB38-1 IN942148 Halomonas nitritophilus (DQ289070) 99% Water +
OB51 IN942152 Gordonia bronchialis (HQ316182) 98% Water 4=
OBS55 IN942134 Gordonia alkanivoraus (AY995556) 99% Water ++
SW-2-7 JX119048 Alterierythrobacter marensis (FM177586) 98% Water
SW-2-4 JX119049 Altererythrobacter epoxidivorans (NR_043706) 97% Water
0OA10 IN942125 Nocardiopsis lucentensis (NR_026342) 99% Water -
0A21 IN942131 Streptomyces limosus (HQ268538) 99% Water +
0A20 IN942132 Streptomyces alboqriseolus (AB184780) 99% Water A
0A25 IN942127 Streptomyces qriseorubens (EU841555) 99% Water ++
0A24 IN942128 Streptomyces alboqriseolus (AB184780) 99% Water A=
0A23 JN942129 Streptomyces anulatus (EU647478) 99% Water ++
1-1 JN942108 Bacillus sphaericus (DQ350815) 95% Sponge +H+
2-8 IN942136 Bacillus cereus (HQ833026) 99% Sponge A
2-6 JN942138 Bacillus barbaricus (GQ200827) 99% Sponge ++
2-4 IN942140 Uitellibacter rladivostokensis (NR_028631) 98% Sponge A=
2-3 IN942141 Paracoccus homiensis (DQ342239) 99% Sponge 4
2-2 IN942142 Sphingopyxis witflariensis (NR_028010) 98% Sponge +
2-5 JN942139 Lysobacter concretionis (AB161359) 96% Sponge +++
2-9 JN942135 Nitratireductor aquibiodomus (NR_025262) 98% Sponge ++
2-7 IN942137 Nocardiopsis alba (NR_026340) 98% Sponge -
OAS58 IN942150 Streptomyces albus (AB249915) 99% Sponge SR iats
OA18 JN942133 Streptomyces sampsonii (HQ439905) 99% Sponge +
OA1 IN942126 Steptomyces albogriseolus (AB184780) 99% Sponge A=
0OA2 IN942119 Streptomyces albus (AB249915) 100% Sponge A
OA17 IN942120 Streptomyces limosus (HQ268638) 99% Sponge +

Note: % Growth capability with crude oil in ASM medium; NT: Not tested; ++++ (ODgpp>1), +++ (ODgpo>0.6), ++ (0.6>0Dgp>0.2),
+ (0ODgp9<0.2), and — (no growth after a 7-day incubation at 30 °C) indicating the growth capability from strong to weak with crude
oil as sole carbon and energy source, measured by optical density at 600 nm.

http://journals.im.ac.cn/wswxtbcn



RHEIAAE: IV BRI WA gt o 1) 20 5 RN 2 A 20 A

983

2.2 16S rRNA FHZ MR
B 50 BR T B9 F A5 B o B A
GenBank FiFf7EREE, SHEAM T TIE—2IH28

- OB53 (JN942153 )

2-9 (JN942135)

Nitratireductor basaltis (NR044414)
2-3 (JN942141

—[23( )

SN-3-9-1 (JX119047)

2-2 (IN942142)
100
SW-3-2 (JX119045 )

OB56 (JN942149 )

1008~ OB38-2 (JN942147)

SW-2-7 (JX119048)

1001 SW-3-3 (JX119044 )

—1

IEERGERBRE 2. 3), G5HFE, 50 BRIAS
WET 22 MFEE, 45 Marinobacter, Idiomarina,
Microbulbifer, Thalassospira, Sphingomonas,

r Nitratireductor kimnyeongensis (NR042613)
— Nitratireductor aquibiodomus (HM640425)

Nitratireductor aquibiodomus (EU440986)
— Nitratireductor aquibiodomus (NR025262)

Paracoccus homiensis (DQ342239)

— Labrenzia aggregata (EU440961)
Sphingopyxis witflariensis (NR028010)

5 Sphingomonas hankookensis (JQ660181)
Erythrobacter flavus (NR025245)

Erythrobacter ishigakiensis (AB363004)
Altererythrobacter epoxidivorans (NR043706)

Altererythrobacter marensis (FM177586)
Thalassospira permensis (FJ860275)

SW-2-4 (JX119049 )

99
2-4 (JN942140)

499‘:2

100 1-1 (IN942108)

100

2-8 (JN942136)

2-6 (IN942138)

89 2-5 (IN942139)

OB44-3 (IN942144)

SN-3-2 (JX119039
SW-2-6 SJXI 19042)
Microbu

OB38-1 (JN942148
OB52 (JN942154)
SN-3-4 (JX119040)
SW-2-8 (JX119043)
SN-3-11 (JX119041)

0.1

& 2

L——— SN-3-1 (JX119050)

Vitellibacter viadivostokensis (NR028631)
SN-3-9-2 (JX119046)
Bizionia paragorgiae (NR025827)
Lysinibacillus sphaericus (EU741101)
Bacillus cereus (HQ833026)
Bacillus barbaricus (GQ200827)
Lysobacter concretionis (AB161359)

Luteimonas marina (EU295459)
Pseudoalteromona,§ mariniglutinosa (NR028992)

Idiomarina fontislapidosi (NR029115)
bifer okinawensis (AB500893)
)

Halomonas desiderata (NR026274)

Halomonas campisalis (GU228480)
Marinobacter aquaeolei (AY669169)

Marinobacter hydrocarbonoclasticus (JQ799097)

JRhBERRE 16S rRNA F5I N-J REX B/

Fig. 2 Neighbor-Joining phylogenetic tree of isolated strains and their closest NCBI (BLASTn)
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Note: Bootstrap values calculated from 1 000 resamplings using Neighbor-Joining are shown at the respective nodes when the calcu-

lated values were 50% or greater.
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Fig.3 Neighbor-Joining phylogenetic tree of oil-degrading actinobacteria and their closest
NCBI (BLASTN) relatives based on 16S rRNA gene sequences
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Note: Bootstrap values calculated from 1 000 resamplings using Neighbor-Joining are shown at the respective nodes when the calcu-

lated values were 50% or greater.
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Table 2 The diversity of crude oil-degrading bacteria from Dalian Bay compared with that from other Ocean

Atlantic Ocean Pacific Ocean Indian Ocean Dalian Bay Dalian Bay Dalian Bay
seawater!'") seawater!'”] seawater!' ] seawater mud sponge
Alcanivorax Alcanivorax Alcanivorax Alterierythrobacter Bizionia Bacillus
Bacillus Achromobacter Achromobacter Gordonia Erythrobacter Lysobacter
Brachybacterium Aerococcus Acinetobacter Halomonas Halomonas Nitratireductor
Erythrobacter Bacillus Arthrobacter Microbulbifer Idiomarina Nocardiopsis
Gordonia Corynebacterium  Cellulomonas Marinobacter Labrenzia Paracoccus
Halomonas Castellaniella Dyella Nocardiopsis Luteimonas Sphingopyxis
Idiomarina Donghicola Erythrobacter Sphingomona Microbacterium Streptomyces
Kordiimonas Flavobacterium Gallaecimonas Streptomyces Nocardiopsis Uitellibacter
Leifsonia Gallaecimonas Halomonas Thalassospira Nitratireductor
Marinobacter Idiomarina Idiomarina Streptomyces
Martelella Joostella Knoellia Pseudoalteromonas
Mesorhizobium Leucobacter Marinobacter
Microbacterium Microbacterium Modicisalibacter
Novosphingobium Nitratireductor Micrococcus
Ochrobactrum Oceanicola Martelella
Parvibaculum Ochrobactrum Mycoplana
Salinisphaera Pseudomonas Mesoflavibacter
Solimonas Paracoccus Novosphingobium
Sphingobium Phyllobacterium  Ochrobactrum
Spingopyxis Pusillimonas Parvibacterium
Tetrathiobacter Stappia Phyllobacterium
Tistrella Pelagibaca
Zunongwangia Sinomonas
Sphingobium
Salinicola
Salinisphaera

Marinobacter, Marinobacterium, Neptunomonas,
Oleispira, Thalassolituus 25 Jg& W AN o AT 43
1 3 B L PEAR AR B SW-2-8 \SN-3-4 FII1 SN-3-11, ‘&
1@ F Marinobacter W&, SEMTH 16S rRNA
B P81 — R i R 73 & Marinobacter
aquaolei (AY669169)' F1 Marinobacter hydro-
carbonoclasticus (JQ799097), Marinobacter T J&
Je—RAEW HERHE R, TR
fi R, PRSI R I E AT A B A S
FEAFIETE o Thalassospira W& &7 — M EHENA
IR, TELIDFEIRREM . AR
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