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Gordonia sp. S14-10 N 2009 49 12 1635
S14-10 Eastgate
Gordonia sp. PCR
TaKaRa
Gordonia Stackebrandt Alpha Innotech San Leandro
1997 California PCR Eppendorf
Actinobacteria Corynebacterineae JYW-200
23 1.2
? ! ’ 100 mL 250 mL
6 7 § NH,NO,  KH,PO,
’ v 0.1% WIV 0.22 ym
FeSO, 2.8 mg/LL
3- 1% VIV 1:1
28°C 160 r/min
! 7d 2 ml,
NH 3
e 2161, 28%C
1.3 S14-10
1 1.3.1 )
1.1 APIL 20NE API ZYM bioMérieux
1.1.1 S14 Biolog GP2
17.5549° W 8.0610° 5~ " 2005 1.3.2 16S tRNA  secl S14-10
DY105-17A DNA 14 16S F
16S R 16S rRNA
1
1.1.2 MMC SecAl ATPase
14 NH 216 L preprotein translocase ATPase
15 secAl
1.1.3
Alfa Aesar
17
secAl 1
Sigma 165 tRNA  secA
1
Table 1 ~ The sequences of primers used in this paper
Primer name Sequences 5'—>3' Target gene
16S F AGAGTTTGATCCTGGCTCAG 16S rRNA
16S R ACGGCTACCTTGTTACGACT
SecAl-f GTAAAACGACGGCCAGGACAGYGAGTGGATGGGYCGSGTGCACCG secAl
SecAl-r CAGGAAACAGCTATGACGCGGACGATGTAGTCCTTGTC
PA50F ATGTTYATHGCNATGGAYCCNC P450
P450R NARNCKRTTNCCCATRCANCKRTG
alkBf AAYACNGCNCAYGARCTNGGNCAYAA alkB

alkBr GCRTGRTGRTCNGARTGNCGYTG
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1.5kb 500 bp
NCBI http //www . ncbi. nlm.
nih. gov/BLAST blastn 0.5 umx1.0 yum
DNAMAN Version 5.1 GenBank 2.1.2 S14-10
MEGA 3.1 API 20NE API
ZYM Biolog GP2 S14-10
1.4
1.4.1 S14-10  216L
0Dy 0.6 1%
G . terrae DSM 43249" G. bronchialis DSM 43247"
50 mL MMC G . rubripertincata DSM 43197"
Fe’ 28°C 160 r/min 2~7d 24 _ 25
1.4.2 5
2 S14-10
Table 2 Biochemical characteristics that differentiate strain S14-10
from the three representatives of closely related Gordonia species
3 Characteristics 1 2 3 4
OD¢y, APIL ZYM tests
1.5 Alkaline phosphatase + - -
: Butyrate esterase -
MMC Caprylate esterase + -
4 d Cystine arylamidase - - - -
18 B-glucuronidase - + - -
Leucine arylamidase + + + +
3 Myristate lipase - - - -
TLC Naphthol- AS-BI-phosphohydrolase - +
19 Valine arylamidase - -
Biochemical tests
1.6 P450 alkB  PCR Acsculi
esculin - _
Nitrate reductase + -
S14-10 DNA Oxidase - - - -
alkBf/alkBr®  P4SOF/ e ot
Utilization of
P450R * alkB P450 D-Galactose _ . . 4
1 PCR L-Rhamnose - + + +
D-Sucrose - + + +
D-Arabitol - + - +
I-Inositol - - + _
D-Cellobiose + - - -
Glycerol - + +
2 N-acetyl-d-glucosamine + - -
Gluconate + - +
1:1 4 Citrate + + - -
S14 Succinate + - + -
Quinate + - - -
16 L-Aspartate + - _ _
S14-10 L-Valine - - + -
Taxa 1 S14-10 2 G. terrae DSM 43249" 3 G. bronchialis DSM 43247"
MCCC MCCC 1A02417 4 G. rubripertincta DSM 43197"
2.1 2.1.3 16S rRNA
2.1.1 S14-10  216L 1462 bp  16S rRNA GenBank



Gordonia sp. S14-10 N 2009 49 12 1637

Blast 1 16S rRNA

S14-10  Gordonia 23 S14-10 Gordonia 16S
16S rRNA 1 rRNA 99 %
S14-10 G. terrae DSM 43249" G. ambiences DSM G . sputi DSM 43896"

G. jacobaea MV-
44568" G . bronchialis”SM 43247" G . rubripertinctus 1" G. namibiensis DSM 44568"

G. rubripertincta
DSM 43197" DSM 43197"  16S tRNA 9%
99.86% 98.22% 98.29%  98.15% G. 99.66% 99.39% 16S tRNA

terrae DSM 43249" 100 % S14-10

Gordonia alkanivorans DSM 443697 (Y18054)
Gordonia westfalica DSM 442157 (AJ312907)
Gordonia namibiensis DSM 442157 (AF380930)
Gordonia rubripertincta DSM 43197" (X80632)
Gordonia amicalis DSM 444617 (AF101418)
Gordonia desulfuricans DSM 44462 (AF101416)
Gordonia affinivorans DSM 44604T (AF432348)
Gordonia hydrophobica DSM 440157 (X87340)
Gordonia sihwensis DSM 445767 (AJ416151)
Gordonia amarae DSM 433927 (X80635)
Gordonia hirsuta DSM 441407 (X93485)
Gordonia araii IFM 102117 (AB162800)
Gordonia effusa IFM 102007 (AB162799)
Gordonia terrae DSM 432497 (X79286)
S14-10 (FJ218348)
Gordonia bronchialis DSM 432477 (X79287)
Gordonia rhizospheara DSM 44383T (AB023368)
Gordonia otitidis' (AB122026)
Gordonia aichiensis DSM 43978T (X80633)
Gordonia jacobaea MV-1T (AF251791)
95 L Gordonia sputi DSM 438967 (X80634)

Gordonia polyisoprenivrans DSM 443027 (Y18310)
_|: Gordonia soli CC-AB07T (AY995560)
Gordonia sinesedisi DSM 444557 (AF380834)

0.01

100

91

Mycobacterium tuberculosis H37 (AJ536031)

' 1 16S rRNA Gordonia sp. S14-10
Fig.1 Neighbour-joining tree of strain S14-10 based on nearly full length 16S rRNA sequences of Gordonia species and representative strains. Bootstrap
values from 1000 replication are shown at branch points only values above 50% are given. The 16S rRNA sequences of the type strains of members of the
genus Gordonia were retrieved from the GenBank database. Bar 0.01 substitutions per nucleotide position.” Type strain. The numbers in parenthesis mean

sequences accession number in GenBank .

2.1.4 SecAl Sec secAl
Mikami "
Sec Gordonia 23 secAl
SecAl ATPase 16S rRNA
secAl
16S S14-10 secAl
rRNA secAl 2
S14-10
Fischer % 29 secAl S14-10
47 ATCC 59 secAl G. terrae DSM 43249"
SecA 1 93.69%
Conville 7 98.77%

29 16S rRNA secAl S14-10
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16S rRNA  secAl

secAl

0.01

sputi DSM 43896" G. jacobaea MV-1" 16S
rRNA 99.66% secAl

95.56%

G.
93 Gordonia aichiensis DSM 43978 (AB437905)
99 Gordonia otitidis™ (AB437923)
N Gordonia jacobaea MV-1T (AB437915)
97 Gordonia sputi DSM 43896 (AB437925)

Gordonia desulfuricans DSM 44462T (AB437911)

Gordonia rhizospheara DSM 443837 (AB437920)

Gordonia polyisoprenivorans DSM 44302 (AB437919)
Gordonia bronchialis DSM 432477 (AB437910)

Gordonia effusa IFM 102007 (AB437905)

_|: Gordonia terrae DSM 43249 (AB437926)
$14-10 (GQ162779)

93
———— Gordonia paraffinivorans DSM 446047 (AB437918)
Gordonia westfalica DSM 442157 (AB438073)

Gordonia amicalis DSM 444617 (AB437908)
Gordonia alkanivorans DSM 443697 (AB437906)
Gordonia namibiensis DSM 44568T (AB437916)
75 Gordonia rubripertincta DSM 431977 (AB437921)

Gordonia soli CC-AB07" (Ab437924)

Gordonia sinesedisi DSM 444557 (AB437923)

Gordonia hirsuta DSM 44140 (AB437913)
Gordonia hydrophobica DSM 44015t (AB437914)
96 Gordonia sihwensis DSM 44576" (AB437923)

Gordonia araii IFM 102117 (AB437909)
Gordonia amarae DSM 433921 (AB437907)

= :

Mycobacterium tuberculosis H37 (AB438074)

SecAl Gordonia sp. S14-10

Fig.2  Neighbour-joining tree of strain S14-10 based on SecAl sequences of Gordonia species and representative strains. Bootstrap values from 1000

replication are shown at branch points only values above 50% are given. The secAl gene sequences of the type strains of members of the genus Gordonia

were retrieved from the GenBank database.

accession number in GenBank .

2.2
2~74d
Ciop ~ Cos
Ci 3d
OD gy
Quatrini
Gordonia sp.
He4
2%
2.3

dieselolei B-5" TW53

Bar 0.01 substitutions per nucleotide position. " Type strain. The numbers in parenthesis mean sequences

Yakimov Alcanivorax
S14-10 borkumensis SK2"
0Dy
S14-10
Cas
PAH Mycobacterium Nocardia
Corynebacterium Rhodococcus
GC-MS
S14-10
Gordonia sp. S14-10
MMC 4d
31.6 mN/m
3 cm
TLC -
Alcanivorax
14
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99.61% 16S rRNA
2.4 98.75% 471/478 P450
3
CYP153 N
MFIAMDPP  I- LLIVGGNDTTRN
GPol AlkB C
AlkB P450 CYP153 HLSFGFGIHRC CYP153
alkBf/alkBr PCR 4 267
S14-10 NCBI GenBank
550 bp NCBI Blastn G + C
S14-10 alkB  Gordonia sp. TF6 alkB2 Mycobacterium  Rhodococcus  Norcardia  Gordonia
88.76% Fujii  * Gordonia
sp. TF6 alkB2 Cs AlkB  P450
C13
alkB B
Hisl HE I/M AlkBs  CYP153s
XHK His2 EHXXGHH HYG NYXEHYG L/M Cs ~Cp AlkBs
His LQRHXDHHA \ S14-10
4 Hisl His2
AlkB PCR S14-10
3 183 NCBI
GenBank AlmA ™ LadA * PCR
P450F/P450R 800 bp
P450 NCBI Blastn S14-10
P450 Gordonia sp. TKF6 P450
2[ Gordonia sp. TF6 AIkB (BAD67020)
T 99 S14-10 AIkB (GQ145212)
69 L Gordonia sp. Socp AlkB (EF437972)
Rhodococcus erythropolis 16531 AIKB (AJ297269)
Nocardia farcinica IFM 10152 AlkB (BAD359469)
82 Mycobacterium tuberculosis H37Rv AlkB (CAB08323)
53 Nocardioides sp. CF8 AlkB (AF350429)
64 Rhodococeus erythropolis 16531 AIkB (AJ009586)
52

Nocardia farcinica IFM 10152 AlkB (BAD58168)

Corynebacterium jeikeium K411 AlkB (CAI38097)

= ;

Gordonia sp. S14-10

AlkB

Murinobacter aquaeolei VT8 AlkB (ABM19918)

Alcanivorax borkumensis SK2 AlkB (BAC98365)

Fig.3 Phylogenetic tree based on partial amino acid sequences of AlkB from strain S14-10 and closely related representatives. Bootstrap values from 1000

replication are shown at branch points only values above 50% are given. The scale bar corresponds to 0.05 substitutions per nucleotide position. The

numbers in parenthesis mean sequences accession number in GenBank .
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0 S14-10 P450 (FJ218218)

10
69 Gordonia sp. TF6 P450 (AB220915)

Mycobacterium sp. MCS P450 (YP_640381)

Mycobacterium gilvum PYR-GCK P450 (YP_001135848)

Rhodococcus erythropolis PR4 P450 (YP_345695)

98
100
’ﬂ
63
100 -
X ) I
4 Gordonia sp. S14-10

VMycobucterium marinum M P450 (YP_001851443)

Rhodococcus erythropolis PR P450 (YP_345718)

Gordonia alkanivorans P450 (AB426724)

Acinetobacter sp. EB104 P450 (CAC37904)

Alcanivorax borkumensis SK2 P450 (YP_691921)

Limnobacter sp. MED105 P450 (ZP_01913735)

Marinobacter aquaeolei VI8 P450 (ABM17701)

Oceanicola batsensis HTCC2597 P450 (ZP_00997728)

P450

Fig.4 Phylogenetic tree based on partial amino acid sequences of cytochromes P450 from strain S14-10 and closely related representatives. Bootstrap values

from 1000 replication are shown at branch points only values above 50% are given. The scale bar corresponds to 0.05 substitutions per nucleotide position.

The numbers in parenthesis mean sequences accession number in GenBank .
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Isolation and identification of a hydrocarbon-degrading bacterium Gordonia sp.
S14-10 from the surface water of Atlantic Ocean and analysis on its related
characteristics

Liping Wang' Yihui Liu' > Zongze Shao'*

"Key Laboratory of Marine Biogenetic Resources The Third Institute of Oceanography State Oceanic Administration Xiamen
361005 China

2School of Life Science Xiamen University Xiamen 361005 China

Abstract Objective The aim of this study is to isolate novel and efficient hydrocarbon-degrading bacteria HDBs  from
pelagic ocean. Methods The surface water sample from Atlantic Ocean was enriched in NH medium with crude oil diesel oil
in a ratio of 1:1 as the sole carbon source. HDBs were isolated and their degradation ability was tested in MMC medium and
further subjected to genotypic and phenotypic analysis. Polymerase chain reaction with degenerate primers was performed to
detect the genes encoding integral-membrane non-heme iron monooxygenase AlkB and cytochrome P450 CYP153 family.
Meanwhile the production of biosurfactant was examined by surface tension measurement then extracted and purified for
component characterization. Results A hydrocarbon-degrading bacterium named S14-10 was obtained which can utilize C;, ~
Css as the sole carbon source. Analysis of 16S rTRNA sequence showed that it belonged to Gordonia genus showing the highest
similarity  99.86%  with type strain of Gordonia terrae” while secAl sequence showed a low identity only 93.69% .
Furthermore two genes alkB and CYP153 P450 were obtained with PCR which had highest similarities 88.76 % and 99.61% to
that of Gordonia sp. TF6 respectively. In addition strain S14-10 was found to produce glycolipid biosurfactant which lowered
the surface tension of water to 31.6 mN/m.  Conclusion Strain S14-10 is possibly a novel species of Gordonia and the first
hydrocarbon-degrading bacterium isolated from open sea. It has potential in bioremediation of oil contaminated environment.

Keywords hydrocarbon alkane hydroxylase biosurfactant Atlantic Ocean Gordonia

Supported by the National Natural Science Foundation of China 30670051 the National Infrastructure of Natural Resources for Science and Technology
Program of China 2005DKA21209 the COMRA Program DYXM-115-02-2-05 and the Fujian Province Science foundation 2009H0029

* Corresponding author. Tel + 86-592-2195321 Fax + 86-592-2085376 E-mail shaozz@ 163.com

Received 19 May 2009/Revised 22 June 2009

AP AR AN AR A N AR A N AN A A AN A A A N A A A N A A A A A A A A e N A A e N A A e N A A A N e N A e N A A e N A A A A A A A N A A A A e N A A A N A A A N A A A A N A N A

hitp //journals. im. ac. cn/actamicrocn

3 E-mail





