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LM IR E A Alcanivorax (B 4E W JE ) . Cycloclasticus
(fi# ¥ W J& ). Marinobacter (g #F & J& ).
Marinobacterium (¥ 40 B J& ) . Neptunomonas | Oleispira
I I25E (4 )& ) | Thalassolituus %5 J& 415 ° "', H
RT3 A 3 e O 1) A 3R AL B ARV B o AR
ST R T TR

FRATHETE /N N B DO v 43 25 3 1 R T VE
LIS Marinobacter sp. PY97S, §if #1458 & #i
EREWS LUTE ESE 2 Fl PAHs Sy ME — Bk I8 F AR U5 2E
KM ARSCR LT 165 rRNA JE 1) R 45K F ¥
OIMTAE Z R T N AT T xR A e IR X HOE
M e F) HI A B0 4T T 0 28 O #r, 4 2R 3R B Bk
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it TR

1 MoKAeTr &

1.1 ##
L1.1 PRI S5 W bR PYOTS J2& M B i 0 AR

YAy BB 1 Bk PAHs B . JR A S AT
FH B Bk Marinobacter koreensis DD-M3" F % [E 4 . 15
DR 0 (KACC) 4248
1.1.2  }ig5 3. ONR7a 85 35 35 & — R AL 40U K K
SRR IE IR LT . ONRTa + M8 B 9 3 fil F 1 31
2B SONRTa + 1F 44 Ji % FH T W i 52 36 5 2216
BB A RS o, BE B 1 g, B R = £50. 01 g, BR
WK1 L, pH7.6 = 7.8, JiI T Biolog 4 A= 4 % 5 1l FH
W 25
L1.3 5 iR S B S W v W 1:45 g AL
%150 mLH BEFI150 mLZE 18 7K 5 % W 11: 190 mL
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10. 8 g F LGN T°900 mLZE IR /K I V AR AT
AR
1.1.4  EMkEkE: +—kM T Iube I+ Fluka 22
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Tl o akE A e T Alfa Aesar 25 F] . EIRIEY
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99% .
1.2 16S rRNA ERRZ LB SR
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Z: IR R S0 T e T b AT
1.4 HEHRIEFHMEDHF

Wit 3 2 S 4 B B Bk PY9TS FE A TR IR
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NaCl ¥ £ 52 56 1) %) 4 pH ¥4 pH 7.6 - 7.8, 1
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H4 05 AL 5 00 TR AR 4% 0. 2% (1) 35 Fh i 2 A ONR + M8
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JE (0D, ) , LB ER AR B AE KO B . 1 iR 43 b b 2R
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1.6 HFE A DNA {Ji2Ef1 DNA G +C SEME

P 2 24 g T AR OB bR PYOTS Rk A 2
DNA 2R ] Mesbah {38 ) HPLC 7 72 I 48042 M %
TR ™ MR LU T A 338 5 K4 DNA 1)
G+C&H.

(G+C) mol% =1/[1+Y x (VI/VG) ];

Y =Vg x Mt/ (Vi x Mg) ,,
VAT A, M AR molst A g URFRUESR Y T
G,

1.7 £HMERRSEMNNE

b Bk PY97S 3 F 10 mL ONR7a + M8 %
FEHE 5% 35 AN T A0, X 200 TR A0 i 1 A B O R
RS S SCik AT o SR AOHE £ 3 - 3 B
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5975cMS ) XFAE & i i g 7 IR 2 R R AT A . i
L A 3E R S HP-SMS £, 30 m, P 420. 25 mm,
TR B 0. 25 wmo 2R By B2 % TH IR R 1R TR E
50°C , A 30°C /min F} £ 200°C , B J5 L4 5°C/min F+ &
215°C , F5- U 1°C/minFF & 220°C , 4352 min, 5 5 P
10°C/min F+ & 280°C, 4k #F 2 min, & £ 10 & &
260°C , B T U5 I B R 200°C , DU B AT 36 BE R 150C



650

Qian Li et al. /Acta Microbiologica Sinica(2011)51(5)
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S HSCk AT
1.10 DNA 3 3L4

K JHE T B 2212 i B A BR 2 ) /) DNA
2232 3k # & ( DIG High Prime DNA Labeling and
Detection Starter Kit 1 ) #4748 41 Fric X DNA 2238
S, IS AR SRR H A TR R PYOTS AR A ik
DD-M3" A7 2458 .
1L.11 (R BEMEEE U E

7E ONR7a $5 3¢ 5& vh 73 0 45 9 Fb 1E 4 % &

62

(nC11,nC14 ,nC16 ,nC17 ,nC18 nC19 ,nC20 ,nC22,
nC24 ) 1 Ml — B 5 A RE R, L) B Wk BE 24 O 4%
il T 150 v/min $ R B 5R , B K UL 4% 5 IR T ik
JiE 5 T bR PYOTS Xt 1) B A i 7

2 #X

2.1 ETF16S rRNA ERAFIHRFELE S

£ NCBI BLASTN [ _I %4 Lb X, 5 1 f#k PY97S
SR R A Bl BB SR IK IR U2 Marinobacter koreensis
DD-M3" (96.93% ) , Marinobacter bryozoorum 50-11"
(96.58% ) K1  Marinobacter FP2.5"
(96.51% ) , T B #k PYOTS k& GenBank 5 H g
G K FR O R AR 2 H R bR 16S TRNA JE 4]
FeA (25 1360 bp) 47 7RG KT ¥ Hr. A
MEGA4 Fil DNAMAN 45 &ff By 8 {F 44 3 2 48 % 77 W
(1), TRk PYITS 5 REREM FRE LR
Fie T A SRR B AR LB 25/ T 97 %, i ELE AR A v] fiE
JE— TR

lacisalst

Marinobacter algicola DG893"(AY258110)
Marinobacter flavimaris SW-145"(AY517632)
Marinobacter lipolyticus SM-19"(AY 147906)
Marinobacter sedimentalis KMM 3657"(AJ609270)

Marinobacter maritimus CK47"(AJ704395)

Marinobacter koreensis DD-M3"(DQ325514)

28

100

92

-‘Marinobacter sp. PY97S(EU660515)
Marinobacter lacisalsi FP2.5"(EU047505)

S
65 Marinobacter bryozoanae 50-117(AJ609271)

100| Marinobacter aquaeolei VT8'(AJ000726)
Marinobacter hydrocarbonoclasticus ATCC 498407(X67022)

Marinobacter daepoensis SW-156"(AY517633)

78 —‘—
97

Marinobacter lutaoensis T5054"(AF288157)

Marinobacter marinus SW-45"(AF479689)
Marinobacter excellens KMM 3809'(AY180101)

Hahella chejuensis KCTC 2396"(AF195410)

o

Zooshikella ganghwensis JC2044"(AY 130994)

97

Alcanivorax borkumensis Sk2'(Y12579)

1 EF 16S rRNA EH A /= 5 810l B ¥4 2 B ¥k Marinobacter sp. PY97IS IEHZ X B
Fig. 1 Phylogenetic analysis of Marinobacter sp. PY97S (EU660515). The phylogenetic tree was constructed based on 16S rRNA gene sequences

fragments (about 1360 bp). Reference used in the phylogenetic analysis was retrieved from database with accession numbers showed in parentheses.

The numbers at the branch nodes are bootstrap values based on 1000 reputations. Bootstrap values are shown. Scale bar equals approximately 1%

nucleotide divergence.
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2.2 T PYITS B ELHFE

PERR PYOTS by 85 2= [ 9114 40, 42 fioh il P
A AT BH 1
2.3 EHk PY9TS HyIE FRAFIE
2.3.1 AR BE VO RO AR BE SRR, T AR
PYO7S fE 4 CHI 45C F AN A K ;7 15C -25C
TAEKK NGNS, Bk W AW RN TE
30°C -35C MAEKEH, AR EHNEY =R K,
Ferp L 30°C e adi A= L
2.3.2  NaCl A= Kk B [l 7E AR [R) NaCl ok B 25 1F
T, BBk PYOTS 7 NaCl ¥ JE &8l (15% -20% )
AR K 7F NaCl ¥R R 5% - 10% I A K 28
1, BIA R E W 0 A= W = B/ 7E NaCl ¥R 2l 0%
- 1% B AE R, BEARE N AEY R R, Hikx
& NaCl KM EEH 0%
2.3.3  BEFRILWIAn pH X R bR AR Y 52 A AR A TR
Wits pH 25485, B Bk PYOTS FE W) 4 pH ALK (pH
5.0 -pH 5.5) g m iy (pH 10.5) AR A= K5 1
#1hh pH 9.0 — pH 10. 0 B £ K 2218, 1) 15 K 11 10
A YR EUIN AR WIhh pH6. 0 - pH 8.5 I A= K AL LY,
AR EMNWEYER R, K&V G pH
pH7.0,
2.4 EHHBEMEIEER

WS T WPk PY9TS XF 20 2y iy s v . 45
FEW IR I R X 45 UR % 7 R% % ( Piperacillin) (& ik
Jk (Fortum ) | £ % 3 ( Erythromycin) R *F 5 & R
(Carbenicillin) %% 5 % £ ( Ampicillin) e % &%
IV ( Vanguard ADM V) S8 %5 % VI (Vanguard ADM
VI ). W % #E ( Tetracycline ). ¢ % » &
( Cefoperazone ) | 2% Wk 35 2% & ( Oxacillin) | B 2 I8
( Ceftriaxone ) . H1 # 2% ( Neomycin ) 8% ; 1fij X} 3k 41 ik
fi5 ( Cefuroxime) | 35 i#% 55 & ( Minocycline ) | JK K5 &
(Gentamicin) R I8 % &K (Kanamycin) | T i K K %
Z (Amikacin) (38 J) % 3 (Doxycycline) Je % R V
(Vanguard ADM V) [ %5 &K ( Penicillin) AUk
2.5 DNA G+C 2EH DNA TN EHR

K Al HPLC M vk IF AR 24 X+ 345 21 T 1Y
FEK4H DNA G +C 5 48,2 mol%

Bk PY97S S5k DD-M3" ) DNA-DNA 2%
SR AE R R, W E R IRl 46.7%

2.6 MREEANEMMAEHERARNEL R

T PR R B 2 ZEOE IR R Q-9

Rk PYOTS 19 = E AR Wi MR i 4 ( > 5% ) R 2-
methylC15:0(29.97% ) .C16: 1o7c(27.22% ) .C12:
0(22.22% ) 3-methylC16:0(7.29% ) Fil C18: lo9¢
(5.73% ) , E A1 Jg 05 R A & 1) 92. 43%
2.7 Biolog kiR F AiER

i 3 Biolog 14 A= ¥ A 3 %5 3 & Ge 15 2] H X 95
oI 09 R 45 5 o 45 3% R, % B vT LUR) BT $r
fE0E D-SRME O R A7 TR 55 2 Fh OB 2R LA PLIR 2
(B, 38 T AR S 20 R i 2 R S5 /0 B L b &
R(&E 1),
2.8 B PYI7S MR BRIFEMELILER

P RE PYOTS BEAE 73 51 LA 9 A 1E A4 &e 48 (nC11 |
nC14 .nC16 .nC17 .nC18 nC19 .nC20 .nC22 .nC24) %y
ME— B 5 R BE R A K

3 4t

Biolog 2 ¥ [ 3 % & & %t (3 @ Hwyword
Biolog 2 7] ) ¥4 B v i bR AP (5 R A T
Bl YA 0, TS BF 9 o i T T 40N R A A T AR AL
i -5 2 A 0 0 2 S M 40 A5 DG B 5 25 ) s
gk 9L, 3E i Biolog i Y5 A FiI 52 %, — Jy i AT LA bR
5 58] B O A O B R T UG AE KRR RS R, 5 —
5 T AT LAY FE 1% % 2 R G BB I

BBk PYOTS J& 3 TR 58 /N 41 N 8 1 5T AR 4 v
SyEs B 1 Bk PAHs [ f#% B, 16S rRNA 3£ [
(EU660515) BLAST Ft %t 45 5 36 B &2 J& T 9 4T 1 )&
(Marinobacter) . H: 40 MoV 25 o S FFAR , JHG 18 1 7 4
K/NAL13 pm x 0.53 pm, 8% B i A 55 2 28 JF
[ o] EEAEPIRY 11 A PAHS, X 9578 PAHs 3 i [ fig R
Ak ] 99% (FEWI MR MO0, 2 ¢/L,10 d) ',

Witk PYOTS 5 RS K H W L% KRBT
T T 5 5k 1 22 2R TR A R A UL A (3
2), UL H A A R AN — R, 7
GenBank 1, 5 [ bk PYOTS 4 X 2 L 9 52 1 bk
Marinobacter sp. GPM2512 ( AJ871937,98.60% ) , 4k
T % B R R A 20 2 2 e i (B BE A% LA 4 i IE 4 4
J% (nC6 ,nC14 .nC20 ,nC21 ) 1 5 b5 A1 g I — B 5t
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*1

EHk PY97S 3t 95 MBI FIHER

Table 1  Utilization of different carbon sources on GN2 plates by strain PY97S
Carbon sources Results || Carbon sources Results || Carbon sources Results || Carbon sources Results
Water - B-Methyl-D-Glucoside - p-Hy’({r()xy Phenylacetic - L-Histidine -
Acid
Dextrin - D-Psicose - Ttaconic Acid - Hydroxy-L-Proline -
Glycogen D-Raffinose - a-Keto Butyric Acid - L-Leucine -
Tween 40 + L-Rhamnose + a-Keto Glutaric Acid - L-Ornithine +
Tween 80 + D-Sorbitol - a-Keto Valeric Acid + L-Phenylalanine -
N-Acetyl-D-Galactosamine ~ + Sucrose - D, L-Lactic Acid + L-proline +
N-Acetyl-D-Glucosamine + D-Trehalose - Malonic Acid - L-Pyroglutamic Acid +
Adonitol Turanose + Propionic Acid - D-Serine -
L-Arabinose - Xylitol + Quinic Acid - L-Serine -
D-Arabitol - Methyl Pyruvate + D-Saccharic Acid - L-Threonine -
D-cellobiose - Mono-Methyl-Succinate - Sebacic Acid + D, L-Carnitine -
i-Erythritol - Acetic Acid + Succinic Acid + y-Amino Butyric Acid -
D-Fructose - Cis-Aconitic Acid - Bromo Succinic Acid - Urocanic Acid -
L-Fucose - Citric Acid + Succinamic Acid + Inosine -
D-Galactose + Formic Acid + Glucuronamide Uridine -
Gentiobiose - D-Galactonic Acid + L-Alaninamide - Thymidine -
Lactone
a-D-Glucose - D-Galacturonic Acid - D-Alanine - Phenyethylamine -
m-Inositol - D-Gluconic Acid - L-Alanine + Putrescine -
a-D-Lactose + D-Glucosaminic Acid - L-Alanyl-glycine - 2-Aminoethanol -
Lactulose - D-Glucuronic Acid + L-Asparagine - 2 ,3-Butanediol -
Maltose - a-Hydroxy Butyric Acid - L-Aspartic Acid - Glycerol -
D-Mannitol - B-Hydroxy Butyric Acid + L-Glutamic Acid + D,L-a-glycerol Phosphate -
D-Mannose + v-Hydroxy Butyric Acid - Glycyl-L-Aspartic Acid - Glucose-1-Phosphate -
D-Melibiose - a-Cyclodextrin + Glycyl-L-Glutamic Acid - Glucose-6-Phosphate -

+ : Growth; — : No growth.

Table 2 Differential characteristics of strain PY97S and type strains of phylogenetically related Marinobacter species

2 B #k PYITS MG+ H B ik 48 =X ¥k 0 4 B 4F4E

Characteristics 1 2 3 4 5

Cell size (pum) 1. 13 x0.53 0.3-0.5%x1.5-3 1.0-1.3 x0.4-0.5 0.6-0.9x1.9-2.4 1-1.5(d)
Growth temperature ;

Minimum ( °C ) 15 10 7 20 4
Maximum (°C) 35 45 42 40 35
NaCl growth range (% ) 0~10 0.5~20 1.0 ~18 3~15 1 ~15
pH growth range 6~9 5~9 ND 5~9 6 ~10
Catalase tast ND

oxidase test +

Utilization of ;

Glycerol ND - + - -
D-Fructose - ND - -
D-Glucose + - - - +
Cellobiose - ND + - -
Maltose + - ND ND -
D-Mannitol + - - -
Sucrose - - - +
Citric acid - - - -
DL-Lactic acid + + - ND
cis-Aconitic acid + - ND ND ND
D-Gluconic acid + - ND + -
L-Alanine + - ND - -
L-Proline + + - ND -
DNA G + C content (mol% ) 48.2 54. 1 59.6 58.6 60. 6

Species/strains: 1. PY97S;2. DD-M3" ;3. 50-11" ;4. FP2. 5" ;5. JSM078120" Data were obtained from this study and the following references: Byung-Yong

Kim et al. (2006) (201 , Lyudmila A. Romanenko et al. (2005) (2 , M. J. Gauthier et al. ( 1992) !

negative; ND, not determined.

2]

, Zhuang DC et al. (2009)"”'. + | Positive; — ,
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FRE VR AE A M Ak PYOTS mJ LUK ] O Fof iE 44 ot 4
(nC11 ,nC14 nC16 .nC17 ,nC18 ,nC19 ,nC20 ,nC22
nC24 ) Sy M —fie 5 RN BE IR ZE K A e R se A 11
F PAHs'" o py e AT UL, B A 3 R S R A
fE—E 25 . 1E GenBank 1, 5 #k PYOTS JE 4 ¢
Fi B BRIK R 2 Kim & AN R E 1
Marinobacter DD-M3" ( DQ325514,
96.93% ) Marinobacter bryozoorum 50-11"(96.58% )
F Marinobacter lacisalsi FP2.5" (96.51% ) , {H &A1

YR i s AR BRI AR E T AP R (2

koreensis

Wk PY9O7S 5 3 A bR 2Z ] (4 16S rRNA JE K A
LB REAR ( <97 % ) ) 254 W R iz g B

2L S A5 R R W bR PY9TS 5 3 A
[ MR ZIE ) DNA G +C &6 (R 2) 40 =25
PR 2H LI AP AR 8K 2% 5 (36 3) 5 Ak, T Bk PYOTS
5 H GenBank 3£ 4 56 R il (B R DD-M3" ()
FIIRPEAL Ry 46.7% o e la, EATHEAK &M R
FASE T HEA —EX5, FRERRS BRHE
Bk PYOTS 7% @ 40 B v 1 Al ST, B S 0 AT R R
R — A 7 TR R f AR P

&3 Bk PYITS #1 DD-M3" = ERS R ER A A LB
Table 3 Comparison of the predominant fatty acid of strain PY97S and DD-M3"

PY97S DD-M3"

Fatty acid Proportion Fatty acid Proportion
2-methylC15 :0 29.97% C16:0 28.8%
Cl6: lo7c 27.22% Iso-15:0 2-OH/C16: lw7c 15.2%
C12:0 22.22% C18:1w9¢ 12.2%
3-methylC16:0 7.29%

Cl8:1w9¢ 5.73%

it Rost s B R L @ AR s (KACC) #) Dr.
Byung-Yong Kim 7% 4£ #& 4t # X #% Marinobacter
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Identification and characterization of a novel
hydrocarbon-degrading Marinobacter sp. PY97S

Qian Li', Zhisong Cui’, Aifen Zhao', Wei Gao’

'College of Life Science, Ludong University, Yantai 264025, China

Li Zheng’"

b b

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

Abstract: [ Objective ] To identify and characterize a hydrocarbon-degrading bacterium isolated from the sediment of the
Yellow Sea. [ Methods] We used 16S TRNA gene sequences based phylogenetic analysis, physiological and biochemical
characterization, DNA G + C content assaying, determination of cellular fatty acids, testing of carbon sources and
respiratory lipoquinone and experiment of DNA-DNA relatedness. lts capability of degrading aliphatic hydrocarbons in
ONR7a media supplemented with nine n-alkanes, separately, as sole source of carbon and energy was further determined.
[ Results ]| The Gram-negative isolate PY97S was a member of the genus Marinobacter, catalase-and oxidase-positive, and
with Q-9 as its predominant respiratory lipoquinone. The similarity between its 16S rRNA gene and that of its most closely
related type strain in GenBank Marinobacter koreensis DD-M3" was 96. 93% , and their level of DNA relatedness was
46.7% . The appropriate temperature for its growth ranged from 15%C to 35°C with the optimum of 30°C , the appropriate
initial acidity from pH 6. 0 to 9. 5 with the optimum of pH 7. 0, and the appropriate salinity ( NaCl) from 0% to 10% with
the optimum of 0% . It metabolized many carbohydrates and organic acids and was sensitive to diverse antibiotics including
ampicillin and piperacillin. The G + C content of its genomic DNA was 48. 2 mol% . The major fatty acids were 2-methyl
C15:0 (29.97% ), C16: 1w7c (27.22% ), C12:0 (22.22% ) and C16: 1w9c (5.73% ). [ Conclusion] The isolate
PY97S was identified as a petroleum hydrocarbon-degrading novel species of genus Marinobacter, holding the potential of
being applied in the bioremediation of oil spill.

Keywords: petroleum hydrocarbons, PAHs, alkane, biodegradation, taxonomic identification

(AL E257)

Supported by the National Natural Science Foundation of China (40906062 ;41076108 ) , by the Public Welfare Project of Marine Science Research
(200705011 ) , by the Marine Science Foundation for the Youth (2009114) and by the Project of Fundamental Science Research, First Institute of
Oceanography (2010G23)

" Corresponding author. Tel; +86-532-88961802;Fax: +86-532-88963259 ;E-mail: zhengli@ fio. org. cn

Received: 19 November 2010/ Revised: 31 January 2011





