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Abstract: Bioremediation in petroleum pollution has attracted wide attention due to its advantages
including no secondary pollution and low cost. However, due to the large input of petroleum
hydrocarbons into the environment, the relative shortage of nitrogen sources in the environment has
become one of the key factors that restricted the efficiency of bioremediation. Therefore, screening
microorganisms that can grow in the oligotrophic-nitrogen environments has important ecological
significance. [Objective] To screen microorganisms that can grow on nitrogen-free conditions from the
Liaohe Oilfield reservoir, and to provide candidate strains for the bioremediation of petroleum-
contaminated environments. [Methods] The strains were isolated using modified nitrogen-free medium,
followed by the analysis of 16S rRNA gene sequence and nitrogenase activity, and amplication of
nitrogen fixation genes and petroleum degradation genes. [Results] 21 microorganisms were screened,
belonging to 16 different genera, among which Pseudomonas accounted for the highest proportion. The
analysis of nitrogenase activity showed that 8 microorganisms could detect acetylene reduction activity,
3 microorganisms successfully amplified the nitrogen-fixing gene nifH, and the remaining 13
microorganisms defined them as oligotrophic-nitrogen bacteria. Amplification of petroleum
degradation-related genes in these 21 strains revealed that 5 strains have a/kB monooxygenase genes or
cytochrome P450 genes in their genomes. [Conclusion] The bacteria isolated from the reservoir water
of the Liaohe Oilfield in this study can adapt to the oligo-nitrogen environment, coupled with the
potential to degrade oil. This study enrichs the microbial diversity in oil-contaminated areas and

provide bacterial foundation for microbial remediation.

Keywords: petroleum pollution; nitrogen-fixing bacteria; oligotrophic-nitrogen bacteria; petroleum
degrading genes
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Kiamarsi 57 F DA 5 oA ME— B I A9 S Al 15 5%
2 Y NERIREE U ok s A W R R (R o
(Pseudomonas resinovorans) . W Y6 ¥ ¥ ¥
(Plantibacter auratus). Hi¥ 2F /0K 18 (Bacillus
subtilis) . B 7 15 % % BR & (Staphylococcus
pasteuri) F1Z2 48 2 0T 7 (Bacillus atrophaeus),
IX L6 T BRI 07 AL W AT AL S Y
A AN T R 2 A e AU b B A B B e 5
15 Y RIS B 25 KRA MR, LIiEE
SR, EawAMBEECRE R T8 —
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SRR A e XA AU Sy iy ) 25 SR Al-Mailem
SETE R IR R TR AN T T 0 v B K R
Seh 7y 2 RRAEAS 18] R0 v L 17 I A 1A
Marinobacter depositedarum F M. flavimaris.
X 2 FhEARTEA IR RSO, 5 H
£ IR AR RE I, BRILZ AN, A SCHRARIE A
AN TS Y PR Ay B [ R, N R R R
(Azotobacter) . 1 5. il 7 J& (Pseudomonas) . [
RIR T & (Azospirillum) . KIZ T & (Aquaspirillum)
Flth %% [C T & (Dietzia) 40 1H 1", Karthikeyan
SERLT R IL IR SR BE, R TR
S TR N R S R I AT N 0F ]
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TE T 2% b W i Vi v AR 28 R e n s LR
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AR S ML 0T 347 3 K R 30k T R ARG
RIGFFEPARKNEE, #id 16S rRNA H[H
J7 90 (R JEPE %5 0 BRI R, R P T 205 DR 4 R
RS T8 A, R T A
T B8R i A DG R DR 1 S B RS PR i, LA
R I A M S R 52 TR i Rt TR R R

1 #RE5xF*

1.1 HIEHS

T K AR S BB R E AL Wk H R R
(41°07'49.40" N, 122°05'0.24" E).,
1.2 EFH
1.2.1 LBIEHFE

NaCl 10 g, FREE FIFR 10 g, RS ) 5 g,
Bifek 15g, /K 1L, pH7.0,
122 BRERERE

K,HPO, 1 g, FeS0O,7H,0 0.05 g, Ji/K
CaCl, 0.1 g, MgS0O47H,0 0.2 g, Na,M0O,4-2H,0
0.001 g, #ZiME 10 g, BEk 15g, KI1L,
pH 7.0,
123 EREENEEFRE

A¥&: NaCl 2 g, Hi#jHE 40 g, MR
36 mg, MgSO,7H,0 0.2 g, Na,MoO42H,0
7.6 mg, FEZXZE 900 mL; B # : Na,HPO4 12H,0
9.84 g, KH,PO, 1.7 g, EZAE 100 mL, 35K
HETR A
1.2.4 GMCY EHE

%0 10 g, K,HPO, 1 g, MgSO47H,0
0.2 g, NaMoO4-2H,0 0.001 g, CaCl,-2H,0 0.1 g,
FeSO,7H,0 0.05 g, MERHREEUY) 0.5 g, MR/KF#
FEEE 0.5 g, &2k 0.5 g, BilEM 15 g, K
1L, pH7.0,
1.3 SRR

YR 4= LR 4] DNA $EBGAH & Fa
FRICRBHE AR A F, 51908 TS G4k
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SERBHE A BRA A, FoAd o B 0 F A 4
HZ R A R A
14 FERAELRIEFERE KB

U1 mL K FE SO E 9 mL EEKH,
FEAMRAI G URLEFR B, &3R4 107, 107 fI
107 3% 3 AFRREE, il IR iR TA TR AL 4
A FE TGRS F B b A K B TR AR o TR TR S
1 mL Ff SR RO IR HI 2 55 °C 24K
RICAK AT, RAEFASEFRIA, 30°C
B35 . B AT B 0.1 mL A SRS BEROA AT T ik
RICAREF T, 30 °C g%, Bk 3-7d. K
IR . K/NMEIE, POBOREIMRET, o
SITE LB Al GMCY #5357 5Pl b Xl 4k 24k 3T G
5, 30°C B5¥%, Higw 3-7d.
1.5 HBEEHMS FENFETE

DA AVESS DNA ik, FIH 16S rRNA
5@ 1514 27F (5'-GAGAGTTTGATCCTGG
CTCAG-3")Fl 1492R (5-TACGGCTACCTTGT
TACGAC-3")?"'y 1 16S rRNA JE[H H B, 451
HEVEEERA IS , B R/NA 1S kb 7 ik &
b 7S A KA H B A B A 'Y . A
SeqMan PF4EF51)5, #iH EZbiocloud %df
(http://www.ezbiocloud.net/)i/F 17 16S rRNA JE[H
FEGI T, B MEGA 7 88 RS LB R,
K H neighbor-joining 728 & 77 & R AR 1 RGE K
F=B R VA
1.6 [EREEMEEN

W BATVE RS 5 mL il A KA RS SR 4k
H1, 30 °C #5572 X EAE KM, 10 000 t/min 2.0
4 min WA R, TREKBEE 3K, HFEZTRE
RS M W AR SR S, Kl ODgoo 1A o
¥ R EERNBNSHE 55 °C 2247 Y [ AU
TGP R RE SR B, i ODgoo fH N
0.2, IJFHL 10 mL ERIBAY, A 25 mL IR
AT, BOREE)E, 30 °C Kige, R
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B AR K, SR BB NEA 2mL &
e, BEER MG ARSI SR HidR 24-48 h e,
i I i PEAE 2 100 pL SAARTE AN SH 63
AS0H, T8 5% £ 0 06 B AR B B TR AR W TG R
It SR ERE ST IR, RZOTE B IREE N
WS R, SHORE R A Ny BRA.
Hy; HEARWIERIEEE . 70 °C. M (nmoL)
H T B (DT S

L =

IR ORI TR > PRS2 s AR

1 nmoL Z W THI AR x 7 A SR €8 1 AR B AR AR
(1)
1.7 ERERFNAHERERERY
PLEE I 41 DNA SHAS AR, 474 i 206 5
(nifH) . %e )& S0 U3 5] (alkB) . 41l €8 K il
K (P450) . PR By 72 AL B 3L 5] (phe) . L2
P23 WU 4 0 5 DR L) 35 356 245 5 B0 46
M (almA)o BIYFHNINE 1 fiR. A
DX nifH e K B fin A8l 2 1R alkB 5 DKL 38 1Y) I
% 55448 94 °C 4 min; 94°C30s, 57°C30s,
72 °C 20 s, 35 MG, 72 °C 10 min. HAl
4 FhBEP PCR SOV IR KGR BEE R 53 °C, 324
IR

#z1 s19F5
Table 1 Primers
Genes  Sequences (5'—3")
nifH*!  F: TGCGAYCCSAARGCBGACTC
R: ATSGCCATCATYTCRCCGGA
alkB?Y  F: AAYACNGCNCAYGARCTNGGNCAYAA

R: GCRTGRTGRTCNGARTGNCGYTG
P450* F: TGTCGGTTGAAATGTTCATYGCNMTGGA
R: TGCAGTTCGGCAAGGCGGTTDCCSRYRC

phe!®  F: AGGCATCAAGATCACCGACTG
R: CGCCAGAACCATTTATCGATC
xylE®? F: AGGTATGGCGGCTGTGCGTTTC

R: TTCGTTGAGAATGCGGTCGTGG
almA®? F: GGNGGNACNTGGGAYCTNTT
R: ATRTCNGCYTTNAGNGTCC

2 BERXR504

2.1 HEEH 16S rRNA EFFIIFRSE
RBFESW

ARG BT 21 BRANTE , X HEAT
16S rRNA [N 5 41 Il 7€ , R 0 Fe 45 R 7
EZbiocloud HH e il A7 P51 LX), S 455
W2, WEHRATAL 21 RATE DB T 16 A
R0 &, 53 3J& Siccirubricoccus . Brevibacillus .
Methyloversatilis . Brucella . Agrobacterium .
Verticiella . Pannonibacter . Bosea . Methylorubrum .
Klebsiella .

Acinetobacter. Neorhizobium . Pseudomonas F1

Phaeospirillum Bacillus

R2 2 HERHIMELEER

Table 2 Identification of the 21 bacterial isolates
Isolates The most similar strains based Similarity/
on 16S rRNA %
31-1 Acinetobacter junii 98.7
19-6 Agrobacterium arsenijevicii 99.0
28-2 Agrobacterium larrymoorei 99.6
48-2 Bacillus tequilensis 98.6
1-4 Brevibacillus agri 99.2
38-4 Bosea eneae 98.0
5-1 Brucella intermedia 100.0
49-1 Klebsiella michiganensis 99.9
2-1 Methyloversatilis discipulorum 99.0
52-1 Methylorubrum rhodesianum 99.8
16-3 Neorhizobium alkalisoli 99.0
1-1 Novosphingobium meiothermophilum 98.0
38-1 Pannonibacter phragmitetus 98.4
64-1 Phaeospirillum chandramohanii 92.0
5-3 Pseudomonas oleovorans subsp. 99.7
lubricantis
19-2 Pseudomonas chengduensis 98.9
19-10  Pseudomonas aeruginosa 98.4
40-1 Pseudomonas oleovorans subsp. 99.4
oleovorans
45-5 Pseudomonas balearica 99.7
1-3 Siccirubricoccus sp. 96.7
23-5 Verticiella sediminum 98.7

http://journals.im.ac.cn/actamicrocn
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Novosphingobium . H-A R SR JE P o5 Ll
(23.8%), HUOR LIHERAT R (9.5%)
22 EBERERFMEREEES T

) [ UG AR 1 09 nifH LR R Ge ke
et B FORSF IR R 2 — R H I nifH
BEDAE Sy G A= 1 S 1 24 T RURe M A=
FRIRES, I 5 |9 (PolR-Pol ) Mk 21
T A [ BB DY mifH . S5 N 3 BRAH TR P41 3
nifH, ‘A4 9 Pannonibacter sp. 38-1 .
Klebsiella sp. 49-1 1 Phaeospirillum sp. 64-1,
nifH FEN R G T A WA 1.

WAL, LI Dt i FH R I E T A M i
(] St 5% 1, ) A A ) [ R0 T e B T A R
ik AWFFEXS 3B Y 21 BRI Y 2 Bk stk
e L5 RS, 8 BRGUEY Al A 3] 2 it 5t
FEGE (8 2). HiH Methyloversatilis sp. 2-1 .
Neorhizobium sp. 16-3 . Agrobacterium sp. 19-6,
Bosea sp. 38-4 Fll Pseudomonas sp. 45-5 HIRA

Py B RN nifH, (BRERIN R 2 B il i it
T
23 EREFEXNRIFEN A&

TRIEFR I BRI LR, HAb
B4 TR R BAT [ AR FRAE , KR R IR I
HH e 118 ] 20l 35 R X 2 B i, (R AT AE
WREAMHTEK, Wik Has WERE R
We. AMREN, AMERAEPFNESTEY
J 0.8 mg/LPM, i — B SRR R S RN
1.5 g/Lo 3T FEAERE 1 LA R RS 24T,
TEHCL I =T TR E TR W, MBI LR TE
VS INAS [R) AR B ot R i 3 7 e b AR ORI i
MRFFEEZE RN A A HEES . %k 3
Fiin, TEATS AR BRI, BEELE
9 MREREFRRIIAT ALK, 45T LR b
ALE N BRI, e s SR AR R &
B, BEHHWERN, REBEAEFEER
ARG, X5 R U X A W I A

Klebsiella pneumoniae nifH gene (J01740)

99

Uncultured bacterium clone YI(4) nifH gene (KX502657)

Klebsiella sp. 49-1 NMDCNOOOONU1)

71

'_‘
0.10

E1 nifHERRGZEZEH
Figure 1

~ Pseudacidovorax intermedius nifH gene (KM103912)

— Unidentified bacterium nifH gene (AF194084)

r Pannonibacter sp. 38-1 NMDCNOOOONUO)

95 | Uncultured nitrogen-fixing bacterium clone AD884 3G10 nifH gene (KP260224)

75! Gamma proteobacterium BALS506 nifH gene (KF151378)
|Phaeospirillum sp. 64-1 NMDCNOOOONU2)
100 Uncultured bacterium UPO35 nifH gene (KU144965)

Phylogenetic tree of isolates based on nifH gene. Node values represent percent bootstrap

confidence derived from 1 000 replicates. Bar 0.1 at the bottom is the sequence divergence. The GenBank
accession numbers of the indicated sequences are shown in the parentheses.
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Nitrogenase activity nmol C,H,

2 T EEERESE LN E

Figure 2 Determination of nitrogenase activity of
different strains. The results are from three
biological replicates, and the error bars in the figure
represent the SD value.

FRE WA, RmEA 5 W57 38 Y

REJT, NIRSLIF R A W s A e S AOCR

B E LA

2.4 AimPERRERERNE
XFNATITG PR B TR AT B 21 BRI AT

AT AR AR DG B R 3, B 5 e Jes B o AU il

alkB. A ZE P450 FL[H P450. KAk

R3 TRFKRETEREKER

B FE phe. JLASHR-2,3-RBUNNABEFE ) xylE Fl
RGNS almA. alkB F P450 F
SN DT AR R R BE R B, (H P VR IS
WIFARGERER, almd 8 R THEI A E
Y&, phe 1 xylE F BTG FIEAK D . 45
HNF R Novosphingobium sp. 1-1. Verticiella
sp. 23-5 . Acinetobacter sp. 31-1 1 Pannonibacter
sp. 38-1 ¥ 14 alkB FLIH , kK Siccirubricoccus
sp. 1-3 FIE#E Acinetobacter sp. 31-1 ¥ HiH
P450 JEH R TR B A I A DG BRI R S
REWIE 3. DL S5 RUEHI A5 Y R
H o3 B AR TR R LA R T O TR RE
3 Wik

T o A PR g B R, AR iB R
ZRNZMEERNEm, FEAFEL TR 15
YW ity A= el R FAER D R B B R
BREGRE . pH. HFRYEN A
PeRpBE R, BRE SR, AR,
XA R A R AL, B R W A
Wi EERNRZ —, TR bl it
A7 — X S FGE W AR ) . BT, ASBiE

Table 3  Growth of strains under different ammonium concentrations (mg/L)

Samples 5000 1500 1.6 0.8 0.4 0.2 0
Pseudomonas sp. A4 + +++ + + + + +
Pseudomonas sp. C7 ++ +++ ++ ++ ++ ++ +
Pseudomonas sp. D11 + ++ + + + + +
Pseudomonas sp. E9 ++ +++ ++ ++ ++ ++ +
Pseudomonas sp. G26 + + + + + + +
Pseudomonas sp. G27 + + + + + + +
Sphingobium sp. F3 ++ +++ ++ ++ ++ ++ +
Sphingobium sp. F11 ++ +++ ++ ++ ++ ++ +
Pandoraea sp. ES ++ +++ ++ ++ ++ ++ +

+: poor growth; ++: good growth; +++: better growth.

http://journals.im.ac.cn/actamicrocn
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(A)

Verticiella sp. 23-5 alkB gene (NMDCNOOOONU6)

95| Pseudomonas citronellolis UAM-Ps1 alkB gene (KJ489379)

Pannonibacter sp. 38-1 alkB gene (NMDCNOOOONUS)
Pseudomonas sp. ITRH76 alkB gene (FJ014900)
Ochrobactrum sp. ITRH1 alkB gene (FJ014898)
Pseudomonas sp. 7/156 alkB gene (AY034587)
Novosphingobium sp. 1-1 alkB gene (NMDCNOOOONUS5)
94 Uncultured prokaryote clone A7 alkB gene (GQ261099)

|—Acinetobacter sp. 31-1 alkB gene (NMDCNOOOONU?7)

981 cinctobacter sp. LAM1007 alkB gene (KY417159)

0.1

(B)

473{

Siccirubricoccus sp.1-3 P450 gene (NMDCNOOOONU3)

Uncultured bacterium CYP153 P450 gene (LC019174)

Uncultured Rhizobiales bacterium clone BRHN H10 P450 gene (GU586429)
| Acinetobacter sp. 31-1 P450 gene (NMDCNOOOONU4)

100 | ycinetobacter sp. SLOO3A-18A1 P450 gene (KT160387)

—
0.05

E 3 alkB £EF1 P450 ER R Z 4 B

Figure 3 Phylogenetic tree of isolates based on alkB gene and P450 gene. A: alkB gene; B: P450 gene.
Node values represent percent bootstrap confidence derived from 1 000 replicates. Bar 0.1 and 0.05 at the
bottom are the sequence divergence. The GenBank accession numbers of the indicated sequences are shown

in the parentheses.

ST INIL AT FH b K AP 0 26 H RTE ole R T U8
FRAEEP AR RUEY, k21 #k, fU3E 8 BRETA
A 13 BRI AE IR A

AWFFE A3 B ARAT I 21 BRTE T, (R R R
ANAKT T T o7 A9 v , T S 36 28 i 0 Tk
SR8 LAET, BRERCOR ok R T A B 3R A B
i Iy AT 50 BRI PR, Hrh R R R
(Pseudomonas) F1 25 2 #0 ¥ & J& (Paenibacillus)
S RFAJE RN, T TRORE PG KT SR s I IR K
A EARE] 6 MMER 10 FRE FTEA TS IA IR Y
R, FERMCNINELEE (Salinicola)
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FIRIBRE & (Paracoccus) . TE3X 3 FpASIE B A TH
Y IEE, HE RN R E k. T
PS4 T J 7 PR3 P A3 A Y R L RS A
IO R SRR A, D I T S 2 0 A TP R HY
FART o MM 43 #5158/ Siccirubricoccus
Brevibacillus

Methyloversatilis . Brucella .

Agrobacterium . Verticiella . Pannonibacter .
Bosea. Methylorubrum . Phaeospirillum % 10 />
Ja A S 3 2 i3 0 B R A AR R IR
Ul B [) BR35 Hh A0 l A= ) BAT — 7 e e 12k
ARWFSEF R T A iTs e REE A 22 R0 N R A
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VI Z R, N IS SEAH OGO 0 TAR Y I e 35
T ARG

Pu 4R iE , Agrobacterium . Neorhizobium .
Pseudomonas F1 Klebsiella J& " )3 73 Ak H 2%
B RRE TP, AW, Agrobacterium sp.
19-6 EEARAGIN FIAR =5 1) & B S BT, [HA
FH38 5191 (PolR-PolF) IR 448 H nifH FLIA
LR 0 1 B nifH A — & M2k
BRI 22 Ab, Pannonibacter J& 2 HijF KA kT [F
RAE S RE , (HRTEAMN S, Pannonibacter
sp. 38-1 ARG 2] £, B ids i il 16 M, 18 BT
W nifH R RS K T a2 Rk W,
LR nifH B2 51 5 IR — SE R I SR A
PRARIE By, X — 45 2R R B nl g B AT [

f= Al

R He ] o

AT AR AH G B 9 45 2R R B, 5 Bk
TR LA A I BRI RE 0 ) B AT R
Novosphingobium sp. 1-1. Verticiella sp. 23-5
ABFFHE Acinetobacter sp. 31-1., Pannonibacter
sp. 38-1 Hl Siccirubricoccus sp. 1-3, Chaudhary
SETEAT IS Y LR A S ) 2 R AT AR AT A
i SR AN R S S 7 SN N/ S S
Pannonibacter J& WA 182 5 Eh e m ),
I Verticiella 1 Siccirubricoccus A4 SCHkk
HHAEMBAOMBE T, RELEF WD
Siccirubricoccus JEB) P450 IR FH| 5 K17
TR R (14 ) B8 ke DAL ] 51 e vy, PRI S5 2 ) gk —
A e H I RE SRHLE

BET A TS QR W S AR, ARBPSEE
HHPRGE AT AU U [ A 8 3 B v A K Tk
A et I i R PRI E , B E T
A E SR E IR o W, 850 T WA
T A R e 8 RE AN B2 RUE W PE o DA s e 3R 05
FROER A5 A ] 0 T T 52 A Tk 5 T EAT SRR
e, H IR A% A5 A AN ST A A R e

16 L R 155 0 11 5 B9 U T 2 B
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