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FH#E XNTF XA TRE &R
(PR B A ALY PRBR AT R TR DT KiE 116023)

BOE: (BT ARESRGTRERERGESR T 5B RGEME 2-0 #HATEZ
B AR, [ % 1R A 16S rRNA KR 5 3| B BT & A L35 470 5% . DNA
G+C A& M & . 4 0 JRR8 W5 BRLA s ON & BOR AR 305 3 40 ik sh i Bkt AT 5 2, H
8 i R 23 ot Rk ey g oL, [4 R 1 B4k 2-9 52 2 Nitratireductor basaltis,
¥ LKA, BB AR LB, £ GenBank T 5 & 16S rRNA A B 5 5| A8 & & & 8
A XAk A Nitratireductor basaltis J37, A8t 99%. T £ K49 pH SEE 4 6.0-10.0, &i&
A K pHIEA 8.0; TAKIRELE A 15°C-42°C, :iEA KB/Z 4 30°C; NaCl KEA K
SEE 2 0-8% (WIV), RiEAKEEA 2%, ZEAKT AR A S A ¥EFA B GG5R, 2
DNA G+C 4% 4 57.29 mol%, E-Z05H B4R A oTc-+ NBRE e F2 5 By B2 (63.61%)
®8C A IR X+ LBk At Fu IS 15 85 (16.97%) . 4 Fa + N8R BE b BR (4.28%) A= -+ o< BE A0 A g i BR
(3.39%). B BF, #RT iz @AM Rb G EMBE, EALEKZRET, 14d Rt R (7
WIRE A 1 gIL)R-F Mg E h 63.5%. (48] Btk 2-9 R —HEAF LB ey Rk
fEH
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Studies on isolation, identification of crude oil degrading
bacteria and its degradation capability

XIN Yan-Juan LIU Ya-Nan WU Pei-Chun CAO Xu-Peng XUE Song”

(Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian, Liaoning 116023, China)

Abstract: [Objective] To identify and characterize a crude oil degrading bacteria 2-9 isolated
from a crude oil contaminated marine sponge from Dalian Bay, China. [Methods] According
to the 16S rRNA genes sequences analysis, physiological and biochemical characterizations,
DNA G+C content assaying, determination of cellular fatty acids and testing of carbon
sources. Its capability of degrading crude oil was further determined. [Results] The strain 2-9
was identified as Nitratireductor basaltis. Cells are Gram-negative with catalase-positive and
oxidase-positive. The similarity between its 16S rRNA gene and that of its most closely related
type strain in GenBank Nitratireductor basaltis J3" was 99%. Growth of strain 2-9 occurred
with 0—8% (W/V) NaCl (optimum 2%); strain 2-9 grew at 15 °C—-42 °C (optimal 30 °C) and at
pH 6.0-10.0 (optimum pH 8.0). It metabolized many carbohydrates and organic acids; the
G+C content of its genomic DNA was 57.29 mol%. The major fatty acids were C18:1w7¢
(63.61%), C19:0 cyclom8c (16.97%), C18:0 (4.28%) and C16:0 (3.39%). When the initial
concentration of crude oil was 1 g/L, the strain 2-9 could consume 63.5% of the crude oil in 14
days. [Conclusion] The strain 2-9 was a crude oil degrading bacteria, holding the potential of
being applied in the bioremediation of oil spill.

Keywords: Crude oil, Marine sponge, Identification, Biodegradation
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W A T At A JiE, AT TR 2 1l
WLt bR, R, T s R I e £
DR | T L DO LR A A e A S
T S i R, PTG T
FEIRGE, SRR AR Aok TICRAEE . A
I, 5 BRI R R T A1 il T Pt A7 i
RALBE T AT AR A BRI A0 G A R
{9 15 T AL R T A e e e ™ A
AIBFE HATE S IR R BIRTE | eSS
PREEPT, SR A B NI K | MR AR T
OYESARAR, A R e 5 1k — RGN A
WA P s I i B A S0 A 22 0L

MEARVE IR MR s, R dEA:
B FE AW RRE, R Z R SRR
NI [RIHG4 A AF R 1728
b, B FEOHIEMEY SRR, B4
TR BRI, SLRE AR PR LS 77
Wy RN RE P R T S g A R AR — e LA
Y E LAY, S 5115 Y A Y
B2 GE, Hoh—AE A T RE R s e,

AR 5T NG S35 v del A K it 2 v 43
BB BRI PR B 2-9, HRIE 16S rRNA JEH T
FIRPETES AT . A BRA TR PRI E . DNA G+C
T . MRS IR AL RGN 2 | IR A 5L
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R 5 2 M7 X AT T de e e, ITERIEAT
FEAL RS IS A RSO, R i v ] 16
FEAINTS B A B S P EEE KR .

1 MRS

1.1 MEEEFIE

B REFEEL (1) N T K B 3R 5L (ASM,
g/lL): ZHESCHR[10], BHfiJE 33 NaCl &
h30.0, AR 1.0, pH 7.2; (2) BEHAFHRS>
BE IR (ASMY, g/L): iR A T /KR 35 3 n
BlE 18.0; (3) [Al A V- #r 4l fb b5 57 KL 2216E
(Difco).

W SR F R TS A TS YT S R R, FHC
TR IIVI SN, FERERRH FH TR KR
Ve 3 IR, LABRZSHE MR IR e AL
Z=00; ETCRATER TP IEES 5 min, {2 BATHOIR;
U5 mL, A KBRS 100 mL/500 mL A T
IKIEFEE ASM RUREHD, DUBMOKEE 1 g/L)h
ME—BR IR FNRE IR AT B 4R35 9%, BT 28 °C.
200 r/min FE IR FP 53R, 3 d 5 WL 35 TR AR 7 Yo
J¥, 7 d —ANEW, B mL A E SR R
NN T KGR0, 4 3 k. M
LT YR AR R, TR An A o3 B B 7 5
ASML I, DIARIE M T KRG 3R 25
XTHESEAR, 28 °C K% 7-10 d, PRHCHE % T
2216E Zlifb VA, WAL B s, 158 4liss
I o PRAIAL S B SR TR TR LRI B ARG R A
(1) 2216E &, Kl B T 200 r/min k% 3555
4erh, 28 °C ¥R IESE 72 h Z245, B 200 pL Hik
IIASEA 1.8 mL 20% H 7K ¥ A A7 45
—70 °C A7 H o
1.2 EHRERE
121 BHREIBE WAFE: FHRAIEF A .
DNA G+C rimille . 24 Wi iR 4Ll /A S
Az A A REAE H i R 27 B B A 0 5 o R ol
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LSl Y v a8
1.2.2 EHRIEFFHES M E 3 AL A
Pk 2-9 TEAN[ARE (4 °C. 15°C, 25°C, 30 °C,
37°C. 42°C, 45°C). AN[F) NaCl ¥ (0. 2%,
4%, 6%. 8%. 10%)FI3EFRHA[FHILH pH {E (4.
5. 6. 7. 8. 9. 10)5M T HIEFAHIE
1.2.3 HEHRERFLH DNA 2B Kalifb FEikfE TSB
Bt T UE USRS SR 3 d oAy, SRHTER R4
PRI FE M 41 DNA $EEOT HE IR /R L 41 DNAM,
1.2.4 16S rRNA By PCR ##&: MG 16S
rRNA {#5p55 028 S5 190 F8 (5'-GAGAG
TTTGATCCTGGCTCAG-3')Hl R1492 (5'-CGGCT
ACCTTGTTACGAC-3"). PCR JZ#&Z (50 uL):
25 pL 2x(G+C)Z% ik (Mg plus), 8 pL dNTPs ji
A% (@5 pumollL), 1 uL 5% F8 F1 R1492
(20 umol/L), 2 pL 4z DNA, 0.5 UL LA Tag DNA
A5 U/UL)F113.5 pL iy 4K .PCR J2 i 454
94°C 5 min; 94 °C 1 min, 55 °C 1 min, 72 °C
2 min, 3£ 30 /MEFR; 72 °C 5 min,
125 DNA FIIMNEMBRZAEFHH: 16S
rRNA 3147242 PCR =42l fb i G alifbf5 it
M43 4T o 45585 NCBI 1Y GenBank i#47
BLAST Ltxt, HIFF 444 Phydit i # R 48 &
HR,
1.3 FEER4FHAR

PPk 2-9 16 2216E RS FR L IEfL X
Bk KW (ODgoo 25°4 0.6), LA 5%k b i 22 5]
100 mL ASM ARG R (& it 1 g/L), &
T30 °C. 200 r/min $EIRYESE 14 d. [FIESBEAN
BRSNS IR IR P AL BAPE XS IR, % 3 IRE AR 5L
FHAERBL R — S BERNE B (101, VIV) 2K HR A fif
Jo R 7% p gk B TG, A HIL A oE B TR
2 mL A, STeHJEK NapSO, ik, FEAH 0.22 pm
MG L RIS I8, AT, RE1EL1 mL
EEEENEM, BA GC HMIES, H



RHEIAAE: — PR ISG A 8 10 70 B9 48 8 SR RS PR 7S

561

GC-FID. GC-MS X Ji i Rt J 5% BR (A e ke i 43
HEAT A HTINE o S350, WA DA 50 mL %,
FFERRITRRE R,

JEhZH 3 ) GC-FID . GC-MS /3#r, (aidthy
DB-5 (30 mx0.25 mmx0.25 pm)f1 B4
DIFRIELEE A 300 °C; FHEAF: 100 °C fHik 2 min,
PITHE R 4 °C/min FHEZ) 300 °C, #XJ/5 FE
Jik 20 min; ZA(N) A 1 mL/min; SRR R
h 280 °C; HEREEH 1 pL; AN 1:1 (VIV).

2 GiR

21 BEFk29MIETE

2.1.1 HR4RAE: Hbk 2-9 M2 M AN,
Bzl B AR R, B->F 2L T A R 2= BUK
fERERAYE, MR ORET . SRR . IR
Fte R A BB, malWe = Az B, V-P )i FH
M, FPEERRER A B, Bk 2K, wR
ER I JFBH A

2,12 EEFREEME: EAR 2-9 MY KIEE LR
15 °C—42 °C, HL) 30 °C W@ A K IR #
Pk 2-9 WA pH JEHCY 6.0-10.0, fRidiAz 1<
pH {E4 8.0; Btk 2-9 7£ NaCl ¥ J& i Fl o 0-8%
(WIV)EFRT A, Feadi A ER R 2%,

2.1.3 ‘AARASEAERLAR: TEIRIFRA NN oTc-

+ B BRI RN BB T 2 (63.61%) . w8c AUFRZU1
JUBR A R0 15 iR (16.97%) . 481 A1+ /\ Bk I 15 iR
(4.28%) . T SRiEAIARNIMR (3.39%) . +Likil
FRE D5 82 (3.17%) . S =X+ L ik 1R A AR 1Dy IR
(2.51%) . w7c- T 7SR FAE NI T2/ 0bc-T 75Tk
BRI R (1.53%) . 3-F2 %k 5 20+ FLm i AN
JIg Wi R (1.43%) . ©8c- 1L i B AN 1 1 g 7 IR
(1.31%). Witk 2-9 S BRI EZRRNTR
A AL 1,

214 DNAG+C&E: RHHPLCIMREL, RIHE
INFOTHEAFENZ A IR 4] DNA G+C F &k
57.29 mol%.

2.1.5 Biolog #RExiEFIFALER: #Eit Biolog 4
Yy H h %58 R G A3 8 H X 95 FhERIE A A FHAE R .
5L IR, T LRI L-BTRCrpE . D548
D-F3LbE . B-RE TR, y- & TR, DL-3LIR .
BEIAE G R 55 Z FBESFA HLRR IS Wi, 38 mT
DRI L-BERR . LA . L-222 55 LR
SR (R 2).

216 DFLETELLER: X 2-911% 16S rRNAJT
H1(1 424 bp)iATillF, JEM GenBank 1 16S
rRNA JPFIHE T LEXT, 5H 16S rRNA LK 7514
LB B = =Rk >4 Nitratireductor basaltis J3T,
ALK 2 99% % ClustalX 1.81 ¢, F N-J

F 1 HE#k 2-9F0JI3. NL21 B9EZEBERATLLA MK bLEE

Table 1 Comparison of the predominant fatty acid of strain 2-9, J3 and NL21

Fatty acid N. basaltis 2-9 N. basaltis J3" N. aquibiodomus NL217

C16:0 3.39 2.48 2.16
C17:0 3.17 0.88 1.72
C18:0 4.28 3.95 4.23
C16:1w7c/16:1mw6C 153 - =

C15:0 iso 30H 143 0.31 1.86
C17:0 iso 251 2.86 3.25
Cl7:1»8c 131 0.37 0.59
Ci18:1w7c 63.61 81.93 76.47
C19:0 cyclow8c 16.97 4.25 12.14
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32 K 2-9 XF 95 FhixkiE R FI A R

Table 2 Utilization of different carbon source on GN2 plates by strain 2-9

Carbon sources Results Carbon sources Results Carbon sources Results
Water — B-Methyl-D-glucoside — Z(-:Ii—(;ydroxy phenylacetic —
Dextrin - D-psicose - Itaconic acid -
Glycogen - D-raffinose - a-Keto butyric acid -
Tween 40 - L-rhamnose - a-Keto glutaric acid -
Tween 80 - D-sorbitol - a-Keto valeric acid -
N-acetyl-D-galactosamine - Sucrose - D,L-lactic acid +
N-acetyl-D-glucosamine - D-trehalose - Malonic acid -
Adonitol - Turanose - Propionic acid -
L-arabinose + Xylitol - Quinic acid -
D-arabitol - Methyl pyruvate - D-saccharic acid -
D-cellobiose - Mono-methyl-succinate + Sebacic acid -
i-erythritol - Acetic acid - Succinic acid -
D-fructose 4 Cis-aconitic acid - Bromo succinic acid -
L-fucose - Citric acid - Succinamic acid +
D-galactose + Formic acid - Glucuronamide -
Gentiobiose - D-galactonic acid lactone - L-alaninamide +
a-D-glucose - D-galacturonic acid - D-alanine +
m-inositol = D-gluconic acid = L-alanine +
a-D-lactose - D-glucosaminic acid - L-alanyl-glycine -
Lactulose - D-glucuronic acid - L-asparagine -
Maltose - a-Hydroxy butyric acid - L-aspartic acid -
D-mannitol - B-Hydroxy butyric acid + L-glutamic acid +
D-mannose - y-Hydroxy butyric acid + Glycyl-L-aspartic acid -
D-melibiose - a-Cyclodextrin - Glycyl-L-glutamic acid -
L-histidine = L-threonine = Putrescine =
Hydroxy-L-proline - i D,L-carnitine - i 2-Aminoethanol -
L-leucine = y-Amino butyric acid = 2,3-Butanediol =
L-ornithine - Urocanic acid - Glycerol -
L-phenylalanine - Inosine - D,L-a-glycerol phosphate -
L-proline + Uridine + Glucose-1-phosphate -
L-pyroglutamic acid - Thymidine - Glucose-6-phosphate -
D-serine = Phenyethylamine = L-serine +

http://journals.im.ac.cn/wswxtbcn
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DREEST FRR 2-9 SHRAAIEY 16S IRNA RGeik  — X WfaEr:. 456 A ufebs . £4iiuis
o WE 1 AR, Bk 2-9 5 Nitratireductor ba- iR 2> Fl% FR 4R 1E, ATLAKEH MR 29 5
saltis J3T b T-[d—43 37, 100%0) [ (B UEEH Tix  Nitratireductor basaltis J3" 4 [a]— i ff .

Mesorhizobium amorphae ACCC 19665 (AF041442)
Mesorhizobium septentrionale SDW 014 (AF508207)
Mesorhizobium plurifarium LMG 11892 (Y14158)
Mesorhizobium huakuii IFO 15243 (D13431)
Mesorhizobium tianshanense A-1BS (U71079)

93| | 991 Mesorhizobium mediterraneum UPM-Ca36 (L38825)
_[ Mesorhizobium temperatum SDW 018 (AF508208)

72 Mesorhizobium loti ATCC 33669 (D14514)

Mesorhizobium ciceri UPM-Ca7 (U07934)
—— Mesorhizobium chacoense PR5 (AJ278249)
Aminobacter lissarensis CC495 (AF107722)
Aminobacter aganoensis DSM 7051 (AJ011760)
Aminobacter aminovorans DSM 7048T (AJ011759)

61 ,7 Mesorhizobium thiogangeticum SJT (AJ864462)
Mesorhizobium albiziae CCBAU61158 (DQ100066)
100 ,_— Chelativorans oligotrophicus LPM-4 (EF457242)
— Chelativorans multitrophicus DSM 9103 (EF457243)
Hoeflea marina (AY598817)
Hoeflea alexandrii AM1V30 (AJ786600)

100 I: Aquamicrobium defluvii DSM 11603 (Y 15403)
Aquamicrobium lusatiense DSM 11099T (AJ132378)

—i Pseudaminobacter salicylatoxidans BN12 (AF072542)
Pseudaminobacter defluvii THI 051 (D32248)

100

Nitratireductor indicus C115 (GU447302)
Nitratireductor sp. Pht-3B (DQ659453)
Nltratzreductor aquibiodomus NL21 (AF534573)
Nitratireductor kimnyeongensis KY 101 (AM498744)
() Nitratireductor basaltis J3" (EU143347)
Nltratlreductor basaltis 2-9 (JN942135)

89

0.01

1 T#k 2-9 16S rRNA F5I N-J RELZ B34
Fig. 1 Neighbor-Joining tree of strain 2-9 based on 16S rRNA gene sequences
TE: AT 16S rRNA 2 KIFHII RGER TR, 55 o 52 HRTE GenBank "I FS 5, AR M N-J 2285 1000

WCHHE, THREAE 50% L ERPRICIEA A 7 S0 by 030 B R BUE AR AR E A 2 1L AR 0.01 BUHTRIEE.

Note: The phylogenetic tree was constructed based on nearly full length 16S rRNA gene sequences. Bootstrap values calculated from
1 000 resamplings using Neighbor-Joining are shown at the respective nodes when the calculated values were 50% or greater. Num-
bers in parentheses represent the sequences accession number in GenBank. The number at each branch points is the percentage sup-
ported by bootstrap. Scale bar equals approximately 1% nucleotide divergence.
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2.2 JRHPEMRIER

XK 2-9 BYIIIMPERRRE DT TINRE, K
BIZ AR RENS LU A ME— B IR AE I o SR &
VAN E LE MR itk B AR R R AR B A LR, O
TR, 2R, Witk 2-9 XM
R 635%, Lo 14 d FEARKE TR, S5 PITHER EAH

[mV]
900.000 ¢
800.000 [
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500.000 F
400.000 ¢
300.000
200.000
100.000

E 29 | | l
0.000 - = - kit i

b, BERE 2-9 XA R bE R gL 4 AR A N TR RE R
HIREfR(E 2), it GC-MS 43Hr, Btk 2-9 X
MR EHR EE bR R a3 s, 45k
B, BRI BEbE R (C23—C26) K fit %3k 50%L)
o AR R IR B S B b R 5 2 T R
(PAH)HYfiE

R Sa—

20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00

¢ (min)

B2 E#k2-9 BRI R RE R REE S SEEIEE

Fig. 2 Gas chromatogram showing the biodegradation of the alkane fraction
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il

3 it

Nitratireductor J& Labbé Z57E 2004 4F42 1Y
Bi#E, )& T AT E R (Phyllobacteriaceae), | H
Hi A 1A AL $E 6 Bk AR U & A Nitratireductor
aquibiodomus®® | Nitratireductor kimnyeongen-

sisl*®!  Nitratireductor basaltis™™” . Nitratireductor
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ig. 3 Percentage of n-alkane degradation in crude oil by the strain 2-9

indicus™® | Nitratireductor  pacificus™® #I
Nitratireductor aquimarinus?®®, & 1i14#54r 5 A
HIRESTS PN S9N S LY b RT3 e 25 N )
A o3 B B — R SR R R 2-9, AR LA B
AAFRIE . 4R IGFR 7387 . DNA G+C it
MEFT 16S rRNA JE PP B LR & b, %€

A Nitratireductor basaltis, 54355 H & E 55N 5
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> ¥ M A9 Nitratireductor basaltis  J3
(KCTC22119") Mg F W] — Wi Fh . K5 Hikk 2-9 S
I AR R PR 1 2 R D R 4 R AT L A R R
(GRY), 1 JS TR B e W I (0 45 AIE S AN VR 0 B 1R
C18:1w7c fi AR IITR 60%LA I, X %5 g i)
— AR, AT DL S BRI 4 S
AMEMSEER.

Biolog AW FI 8% R Ge 8 e Hh b
PRFP B Rk A FREEGUEY, AW hiE
TR UE B A T A A AR AR ARAE 5 22 A B 2
5, BRI IC R E R E M SR it
Biolog Ak iEAI IS, — 5 i n] Lhpeiifs 3 e
LRI R AP B IR A KRS R, 5 — T
AT LAY S % R G I

FkE 2-9 WA= K NaCl WKLY 0-8%
(WIV), el KERE R 2%, X—RFREFESE
RFEW BB AR AR, PR N. aquibio-
domus NL21 TSR] A5 K i) NaCl ¥ & 115 Fil 2 0-5%
(W), el AERKEER 1%; FE N. indicus
C115T™8F1 N. pacificus pht-3BTH A 4= K () NaCl
WRETEHI N 0-7% (WIV), fFoidi 2k KEREE N 3%,
FARIX—FIE A BEEE TG NaCl f77ER 244 F
AeA K, e EaE A KR E R 1%-3%, X—
FRAEE B R R B TR T BEJE TR AN, B
IO TR B R I A K AR

Rk 2-9 20 B8 [ JEIh TG ek A K A v R
T 22% 5) pA A 0] 5 v =3 S R S W e 9] 5 S
h 63.5%, JiHIE X L oK B 1 B A P
TR 0Ty e o N E i 1S B s il S N ) R it 1
RS, B SR B AR N.indicus C115TM® Fp
N. pacificus pht-3BTM/3 5153 8 [ B HE S &
B 15 37 0% I 3 I A 181 R R RO R D TE
SR LR R AR, (ERAEE AT ENTR 5325
PEEAT TAIRSY, LR Rt v R DA i . 25
R, RSO MBS YL TR LR RE A B Y

bR 2-9 BEFT T M IR IR T SE, 25

R, AR 2-9 BIFEAR IR KON B AR 1 2
NaCl HJFFAE, LAKO SO A BEARRE 1, iz s
PR v 5 U B A B oA B R

payany =R
A 5o

2 % X W
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