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Diversity of bacterial community in Suaeda roots rhizosphere
growth in PAHs-contaminated saline soil estimated by high

throughput sequencing method
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Abstract: [Objective] Analysis and comparison of the bacterial community diversity in Suaeda roots
rhizosphere and non-rhizosphere polycyclic aromatic hydrocarbons (PAHs) contaminated saline soil to
provide the basis for plant-microbial remediation of PAHs contaminated saline soil. [Methods] Soil
samples were collected from Suaeda roots rhizosphere and non rhizosphere at an oil well site in
Shengli oil field. Bacterial community structures were analyzed by high throughput sequencing, and
further the abundance of PAH-ring hydroxylating dioxygenase (PAH-RHD,) genes in soil was detected
by Real-time PCR. [Results] The salt content of Suaeda roots rhizosphere soil is 22.51 g/kg, which is
significantly lower than the salt content (40.03 g/kg) in non rhizosphere soil. The pH of rhizosphere
and non-rhizosphere soil were basically the same, which were 8.20 and 8.22. The organic matter
content and total nitrogen content of rhizosphere soil is 24.41 g/kg and 1.59 g/kg, respectively, which
made C/N 15. These contents of non rhizosphere soil are 18.80 g/kg and 0.71 g/kg, respectively, which
made C/N 26. The bacterial communities were analyzed and at least 53 854 and 30 312 sequencing
were obtained for rhizosphere and non-rhizosphere soil samples. At 97% similarity level, the OTU
number, Chao 1 index and ACE index are 5 934, 11 461 and 15 555 respectively in rhizosphere soil
sample, which are higher than the index values in non-rhizosphere soil (4 262, 8 262 and 11 186).
The rhizosphere soil contains 32 phyla and 758 genera of bacteria, more than those in the bare soil
(28 phyla and 676 genera). Bacteria abundance and diversity of Suaeda roots rhizosphere soil were higher
than that of the non-rhizosphere soil. There are rich resources of haloalkaliphilic microorganisms in
PAHs-contaminated saline alkali soil, such as Thioalkalispira, Halothiobacillus, Thiohalophilus, and the
PAH-RHD,, genes were detected in the rhizosphere soil. [Conclusion] Haloalkaliphilic bacteria such as
Thioalkalispira, Halothiobacillus, and Thiohalophilus were the dominant microorganism in
PAHs-contaminated saline alkali soil. Suaeda can reduce the salt content and improve the C/N value of
rhizosphere soil effectively, simultaneously increase the diversity of microbial communities structure and
the abundance of PAH-RHD, genes. Therefore, Suaeda was beneficial to promote halophilic PAHs
degrading microorganisms play a role in bioremediation of PAHs-contaminated saline-alkali soil.

Keywords: Saline soil, PAHs, Bioremediation, Suaeda, Bacterial community
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BB RCRP, AR B A R e T REAE SRR
2 TSR PAHs RO, W Ochrobactrum sp.
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B-11"7% FIRBIAE M IR AN T R BRAIAE ST, 2
B T is A YIE E A PAHSs 5L Y
AfPE, I, #R9Y PAHSs 75 4 Eh o 3 10 i
WRBRANTE ZFEE . BEIE 450 SO BRI G R, Xt
PAHs 75 % 1 58 A 4 - T A= WD R 18 2 AR 98 Fn 5
e, FHATE B BLSIE S, SR H ATEEAT AHOCHRE

EENRICE SR IRE T8 R N -pid = E I
TR0 H A AN L B 1%, KA I
PHEFRAEN o I AP ARTERIE 53T DNA,
WE @AY . PCR-DGGE Z545 K, AE 55w HD
SR A I REE SR, B2 N T IR R
YIFIERESE . MBS PAHs T80 1+ PAHs #1H
MU TR F 2838, FER I m AP &R
G BT ISR, %A R PAHs KRR A BR 4
B¥. PAHs A6 SUINARHE th 21 A 2 R ik
B, HA oV IERAD XT38 5 R S
92§ PCR (Real-time PCR, RT-PCR)IE %
THRE I DR B 5 B S W RE L IR g =

AHHGE VA REF I HM i PAHs 1594+ 580
XIS, 3 SR A a3 A= K DX 3 0 TG 3 i 52
A XS e - AR N, ST LA S AR
o N LA B AR R A A T, R v 4
ARXFAN R e v B AR DI RE TR S5 A AT e, 48
HIERBR AL PAHS 155 -3 S GaHE, /s
2 FARPRGCE Y Z B A BEAEF G R, SR SERT
PN i PCRWE IF LA W] 2 rh PAHS AUMIAR
filg 56 R0 1, M- IR A 1B 2 B Ak
PAHs 15 4%+ HEHR-AILK A
1 MRETE
1.1 HIEHRRE

R FET 2015 45 10 A SR H AR H )3
JH I (37°26'56"N, 118°22'37"E), 43 i+ E 4 1

5 m b BAREE A DX R TG g A K X - 4
PEATRE AR, FIT 36 110 AN TR) SR A X5k v A B
30-50 cm. RAERZE(0-20 cm)IELENFEM,
T IR 3 PATHE, B H AR MRS —A
FESL, 5N FER, 1 RER 38 FIFE S, 2 (#RHs
48y, Hop, BREMRPR R HERERPERRZ T,
BRRPERRINE R L, R E7ER R
R FENCREESR RSy, —E5r 4 °C
RAEHT PAHs S MPRALIE R0, 5—5
=20 °C TRAFF T AW 5317 o
1.2 FERXFIFNEE

FastDNA® Spin Kit for Soil X 7] &, MP
Biomedicals; 2x7ag PCR Master Mix., SYBR Premix
Ex Tag"™ 11 .pMDI18-T #8805 &, 524 TR (K
YA RAH]

Fastprep24 ¥t 248, MP Biomedicals 2y
A ; Bio-Rad IQ5 Real-time PCR Detection System,
Bio-Rad 2\ ] .
1.3 tI¥ PAHs R EFEL RN E

W R B HERE R TR FE, 2 HARKT .
WL (1 mm)f5, W@ 3R LPE BT Al PAHS
SR RS OKE . pH, AR SR A
BILJTE LA B Rl 5 5 A B 1 SR A o 4
AW Re g an T
1.4 TIEREY DNA IREVFN S @ ENF

Hi4fE FastDNA® Spin Kit for Soil i &k ES
BRI E Y DNA, MiSeq rnil&H s thA:
THAY TR BRMHABRAFSENK. PCR BTG
YIRHE 4 A T MiSeq MF 51 V3-V4 @5
Y1, 341F 51¥1%: 5-CCTACGGGNGGCWGCAG-3';
805R 5[¥1K: 5-GACTACHVGGGTATCTAATCC-3',
1.5 Real-time PCR 4%

S5 i FH 2% G 140 74 (Gram-negative, GN)
IV 22 [ FAE 41 B (Gram-positive, GP) PAH-RHD,
FEH5 9143 %8 PAH-RHD, GN F/PAH-RHD, GN R
1 PAH-RHD, GP F/PAH-RHD, GP R (GP), 16S rRNA
LS Y14 968F/1401R, £5-5 F5IANEE 1 s .
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Table 1 Primer sequences
EiLk7) izl H AL R/ 25 3R
Primer Sequence (5'—3") Amplicon size (bp) Reference
PAH-RHD, GN F GAGATGCATACCACGTKGGTTGGA 306 [13]
PAH-RHD, GN R AGCTGTTGTTCGGGAAGAYWGTGCMGTT
PAH-RHD, GP F CGGCGCCGACAAYTTYGTNGG 292
PAH-RHD, GP R GGGGAACACGGTGCCRTGDATRAA
968 F AACGCGAAGAACCTTAC 433 [15]
1401 R CGGTGTGTACAAGACCC

SEEXT GN A1 GP PiFh PAH-RHD,, &A1 7
PCR B JCOREERIIEAL, B KIRFEVER, 47-58 °C.
HH Cébron B AYAHSE PCR FRFFEHEI T 45 - 094K
HBHR AL 4 T RT-PCR, 58 PCR S
A% (50 pL): 2xTag PCR Master Mix 25 pL, #
HDNA 1 uL, 5% 10 umol/L 4% 1 pL, M ddH,O
Z MR, 50 pL, RT-PCR fAZ 4(20 pL): 10 uL
SYBR Premix Ex Tag™ 11, 54 10 pmol/L %&
0.4 pL, DNA #i#l 1 uL, /il ddH,O % SRR
20 uL. PCR X2 : 95°C 5min; 95°C30s,
PAH-RHD, GN 50 °C 30 s/16S rRNA 55 °C 30 s,
72°C30s, 30 MEH; 72 °C 5 min, RT-PCR [7E
WECH 40, BAFERLR 34 FA 7. FIF pMD18-T 2k
KT BRI BRI 16S rRNA FRifE Sk,

R0 AR E R A 16S tRNA FRHE BTk 43
BIFES 107107 BEREMREE, 1A HIvEbR 2
DNA #ite, F—PEREERE 3 A P17, KRS
fIA 2 Bio-Rad iQ5 S22 E fit PCR XY 14
HEIERH, LIS R DNA A9$E DU X 4L
YERREARR, DL CABAE A ALBR I ERR 2

1.6 HUES KRR

¥ B s 7 15085l FLASH 1.2.3 #il Prinseq
0.20.4 AT B, i Mothur 1.30.1 K
PEHEATRCIE , Bt iR R XA ¥ 5, e
KM Uclust 1.1.579 #{4#t17 OTU (Operational
taxonomic units) ¥ 241, KH RPD classifier Zf4:
DU REXT 97% AL K- OTU AL I¥ 51tk
TPt Gt S FEM VR 4L a, 4r28m]
{5 BE M Bootstrap J5 A58 o 234 BT 8k AT
RDP classifier (&% (16S rRNA FE[A). Sliva 4
J#E(16S rRNA FE[R)F1 Unite ITS 0888, FEMEE
JERR B /BT IR A Mothur 1.30.1 #4F22 1

2 ZR545M0
2.1 TIREYIBILIERFN PAHs B8

ASTA] 1 3ERE S B BRAL M BURD PAHSs Sk
2 fliR.

HPr A3 PAHSs S ir IR #8115
fF PAHs &85 1 000 pgkg, 2 Maliszewska-
kordybach XTERUHA 13 PAHSs 7 555040 firkil 43

F2 AELIEH#SED PAHs 2= HIEERUER

Table 2 Total PAHs content and physicochemical properties of soils

FEfhARS  PAHs & fKE R AL e A5 AR B
A
Sample  PAHs content Moisture ~ PH Salinity ~ Organic matter Total nitrogen  Awvailable P Available K N
code (ng/kg) (%) (g/ke) (g/ke) (g/ke) (mg/kg) (mg/kg)
1 1065.33 15.90 8.20 22.51 24.41 1.59 29.07 571.88 15
2 1309.02 10.55 8.22 40.03 18.80 0.71 38.94 434.19 26

TE: AR S 1 GEMRPR R FEN S 2. TORE AR K X SR i (BR3h).

Note: Sample 1: Soil samples in the seepweed rhizosphere; Sample 2: Soil samples in the nudation.
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#*3 MmN Alpha ZHFMHIEE

Table 3 The Alpha diversity index of the sample

FE L5 A R Chao 1 $5%L ACE 5% Shannon 544 Simpson $5%{
Sample code Coverage Chao 1 index ACE index Shannon index Simpson index
1 0.944 11 461 15555 7.01 0.002 9
2 0.927 8262 11186 6.77 0.004 2

() 4 M6, X R4 PAHSs 594K 34 k6
T SR

WA 3RS pH O FIAT VR R 2 B R H Y
JpERmE g, X R BUARTE R pH (HZEHIA
K, (RS AR PR+ 3 0 R i W IR AR 1
B AmE MRS A YL AR A S E e T
i3, H CO/N R 15, (RT3 i
26, Ui Bl HGEAR bR 1+ 58 C/N {H & T PAHs F&f#
A RAEAE T o PR A0 25 3 IR T
BRHD A5, AT RO A S A A
2.2 FHEIETALIER OTU BESHh

FH MiSeq Rl F7 B A4 S A5 s 28 o s 4
ERRAIX BT A Ak MR BTSN, ff
15 45 )5 e A R ER 4 40 A 7E 400-600 bp 2
[\, VRPN abrask . s, MFR 8 m
HIFIIECH 53 854 7%, i TR 130 & B LY
H1%L 30312 4%,

H34E Barcode FREXIFEM TR PRAr, £IT
AALFR)5 #7453 16S rRNA Unique reads, FH7E 97%#H
U T LRI TP 20 OTU, Siit155|
BFEMAEARR OTU HFEEEE, PR3
45934 4~ OTU, #iith 14874 4 262 4~ OTU,
2.3 AR Alpha ZHESHT

Alpha 2 M 43 T 5 A5 0 35 SC % 55 %
(Coverage). Chao 1 #5%(. ACE 5% . Shannon f§
B Simpson 848, S FREGMEINZE 3 Fios.

FEfL 1A 2 SO SR R R T 92.7%, 1EH]
FEAS 3 51 AT 0 HE PR R AR, AR I 45
RS A FRAEA I LSS 0 . ARPR 4581 Chao 1.
ACE T Shannon f& %l ¥ T #t4h + 58, 1
Simpson fEHUEAML T4 38, FKWHR L 3EPRY
YR EEMEZFE A B 2R

OTU KFTF, S5 BRRbR A 59344
OTU, & T#h T30 4 262 4~ OTU, Ak
AT FHEEAT B9 OTU $H A Venn El /R, i 1 fir
o HE1ATH, 4 2250 1 OTU AR bR 43
ARG, rEEE 3 684 Fl 2 012 A~
OTU, Mifp-3ekeadts 7 946 4~ OTU, Jbf
OTU ¥t H 5431y 28.32%, AHIFIAY OTU Fr & Hu i)
WA, ULBHPRIRE S Z AR R 22 S
24 TIEWENMDLERDH

FR B 3800 P 2845 32 TTQIET]) 64 40 128 H
2410} 758 J& L IEANTE, A HE - EI0AE 28 ] (T )
58 41 118 H 228 &l 676 J& -3, A 3]
CUT DA ZKF T RN S LR 4 FR .
& 4 A1, PRI ] (Proteobacteria) £ A 135+
fi PRI 1], FEAR bR - SR+ 35 A
ST E AP ISR 55.22%F1 46.96%, i TIRDEH T,
R B = 48 A b = 8 0 R AR BT TR S B )
(Bacteroidetes), AHXTFEEESH1H 10.64%F1 13.07%.

3684 2250 2012

1 TEFRPEEFMER OTU £ H Venn
Figure 1 Venn analysis for bacterial species (OTUs) of
different samples

TE: PO T 0.97 #E4T OTU R2K.

Note: OTUs: The sequences are clustered according to the similarity
above 0.97.
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Table 4 Comparison of bacteria groups at phylum level

AR 1 AR 2
BRI Sample code 1 Sample code 2 X B A
Bacteria groups (phylum Sequence %X RS ES Sequence %X AEXS = B Relative abundance
level) Sequence Relative abundance Sequence Relative ratio
number (%) number abundance (%)

Proteobacteria 29 738 55.22 14 233 46.96 1.18
Bacteroidetes 5732 10.64 3961 13.07 0.81
Actinobacteria 4531 8.41 1561 5.15 1.63
Firmicutes 4088 7.59 2336 7.71 0.98
Chloroflexi 3053 5.67 2 308 7.61 0.75
Planctomycetes 1512 2.81 405 1.34 2.10
Gemmatimonadetes 1336 2.48 1159 3.82 0.65
Verrucomicrobia 958 1.78 283 0.93 1.91
Cyanobacteria 897 1.67 2935 9.68 0.17
Spirochaetae 414 0.77 292 0.96 0.80
Acidobacteria 399 0.74 141 0.47 1.57
Chlorobi 220 0.41 180 0.59 0.69
Nitrospirae 173 0.32 32 0.11 2.91
Tenericutes 160 0.30 123 0.41 0.73
Deinococcus-Thermus 154 0.29 66 0.22 1.32
Chlamydiae 134 0.25 19 0.06 4.17
Deferribacteres 90 0.17 29 0.10 1.70
Euryarchaeota 65 0.12 114 0.38 0.32
Candidate division TM7 50 0.09 36 0.12 0.75
Lentisphaerae 37 0.07 14 0.05 1.40
Elusimicrobia 31 0.06 16 0.05 1.20
Candidate division WS3 25 0.05 10 0.03 1.67
Unclassified 17 0.03 23 0.08 0.38
Candidate division OD1 11 0.02 18 0.06 0.33
Aquificae 9 0.02 - - -
Fibrobacteres 5 0.01 1 0 -
Crenarchaeota 5 0.01 1 0 -
Thermotogae 3 0.01 - - -
Synergistetes 3 0.01 14 0.05 0.20
Dictyoglomi 2 0 - - -
Armatimonadetes 1 0 - - -
Fusobacteria 1 0 1 0 -
Candidate division KB1 - 1 0 -

e 0 AIXFFERE/NF 0.01%; —: RAETHASAE S A SR B ; Unclassified: RAM2EI741.
Note: 0: Relative abundance <0.01%; —: Not detected; Unclassified: Not classified.
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AN TRIRE b R AR 2 BEN [R], R
MR S MAFAE 22 5, TR AN TR A AR 32 B2 T
{HL (20 A A M s 39 v R X 32 5 5 0 s 3 R X
FEZ), HEBEET 1, W2 R A
[FRE it P A PE TR LB, JERERT ] (Firmicutes)
TEMIPR LI AIXTE R 7.59%, TEARHL 1458
N 771%, N FEEE HAEIE, HE R 0.98, £
JELBE TR ] (Firmicutes) 75 9 i 4~ S8 PR 153 v S 47 450 ik
(R M, S FH A8 7 o 1 S PR B AN R AS 255
Wi 1% S A R TE B3R . S —Jr T, AN AN A
I} (Cyanobacteria) 7 H2 B 1= 3 1 4% #H XT =F B2
1.67%, MIAERRHL T3 9.68%, HHXF=REIETE
PR -4 rh ) 5.80 £, =701, UIHIHEAHET]
(Cyanobacteria) B 35 vy b e BR &% 1 L IEFREE . AHXT
FREHAE/NTF 0.5 80K T 2.0 RAHBEAEA R L3584
i TR R E 255, AR IR R L
FR(WERT 2.0)094 4 M ](Planctomycetes) |
PE 8 B 1] (Verrucomicrobia) . filf 1k 42 i 1 ]
(Nitrospirae) . A< J2{&[](Chlamydiae), 2 k(L
{E/NF 0.5 )74 ¥ #4151 ] (Cyanobacteria) . J7 iy

&[] (Euryarchaeota),

BT, MR IERITG 758 J& 40
W, HAPOUSAEE G FERT 1%)F 23 M,
B R R L N T =LA 1 O /7 =
Thioalkalispira (3.35%). Marinilabiaceae (2.44%) .
Salinimicrobium (1.76%)% . #H+3FEHIN1E 676 J&
HER, FURRPREHE 82 A8, HALH IR A 24 1,
Forp g Eh il sl i 2R AR L B IH IR AT Salinimicrobium
(3.08%) . Marinilabiaceae (2.61%). Halothiobacillus
(2.31%). Desulfobacteraceae (2.09%). Caenispirillum
(1.83%)3% . MRPRA3Erh F R R M iR 50 S HJE AR
MR 61.47%, #RHEFN 63.65%, B
FEREET 50 MRBCEE T HIEP R KER s
YT, X PP S AR = B e B HT 50 IR
PATHEL, KB 32 DR AR

H AR PR A [F] L3R AR R REZ L
B E R H (Sequence KT 100) H 2= 54K
(FAIXFEZ /T 0.5 BR T 2.0)89 53 4N R A
P o, SR 2 Fis . AL 2 thal L, AS[H
SRR P AR B (AT R T 1%) A

40
351 ol m2
30¢F
S
3 25|
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E
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215t
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OO 540 0900 5 (O g (O w{LiL Sd 50 0I<£h<|<ﬂ<<o FIFI J J
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Figure 2 Comparison of bacteria groups at genus level

T RIS FEET 1%.

Note: The imaginary line: Relative abundance=1%.
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6], HEPESEH 22 5 80K o ORI, TEMRPR 3
A 36 ATEE AN F R T AR
AR FBE, T340 17 AT AR B B 5K
TR RS A o Thioalkalispira TEARBR 1
e AT EBE N 3.35%, I HER BRI IA R
JE& , T A R A A, 33 P R AR X 2 A 0.82%,
M2 4 £ FAMEMRPR LIEP R PR RS, o
Coleofasciculus (1.42%) . Fusibacter (1.12%) .
Desulfobulbus (1.14%)% YN REAE R0 1 A Bl MG
W MEp P AR R, 40 Phormidium
(2.48%) . Lyngbya (2.42%) .Halothiobacillus (2.31%).
Caenispirillum (1.83%). Alteromonadaceae (1.29%)
SEIGAEAMRPR TR R PL R, I HRCA A5 2
Lyngbya [# @74, W& Denitromonas TEARFR 133
HAIXTEEE R 0.19%, X FL AR 4398 v Ay A X =
JE0.01%, #2219 1%; Leptolyngbya. Phormidium
AR PR - S RN M 358 v (% AR X = B 22 S 0 il
50 F1 100 1.
2.5 RT-PCRlZE PAH-RHD, £ [F % N #F0 16S
rRNA EF# ¥

TEIRKGREE N 47-58 °C I}, 4744745 PAH-RHD,
GN J:[H, {HAY %] PAH-RHD, GP 3. A
PR KRR ST IE MRS, I 50 °C ARSI
PAH-RHD, GN F:[H iR KGR EE . FIH] PAH-RHD,
GN FEN Fe e -3 b ik %) PAH-RHD, FEN AT
W, BFLLF SCH g PAH-RHD, 3t RS 209
H1 PAH-RHD, GN E:[H15 L, AR L 3RE 5L e
PAH-RHD, il 168 rRNA JEK# DI %hn2e 5 firzs, i
PRt SRR PAH-RHD, ZE[HFE DLEA 16S rRNA

x5 ARERTIEHSGT PAH-RHD, £ FF1 16S rRNA
EL R $ 2]

Table 5 Determination of PAH-RHD, and 16S rRNA
gene copy number for samples

Feimgn's  PAH-RHD,ZEHFEIIZL  16S rRNA J[FHE 1%k

Sample PAH-RHD, genes copy  16S rRNA genes copy
code (copies/g) (copies/g)
1 2.12x10° 3.34x10°
2 = 9.21x10°

W - RKIE.
Note: —: Not detected.

JEDHE DT %(2.12x10° copies/g 1 3.34x10° copies/g)
v TR HECRAS A 9.21x10° copies/g), it
AR 458 PAHs [ i A1 1 38 A7 A FE O T R i 1
g, JFHIAM AR TR 5, 5eEE
725 R/ —3

3 i

3.1 iE PAHs TR RIBIER

FEdh pH AR MR S R, A5 i iy
b SRS R AR g, 55 Bk e g v
FRIEE MUY, R AR gT & BUMARGE 4T PAHS
AW s EVER, AR A R ) fe s ik 3
1.5 nglgs WS & BUABIGE T 100 me/kg
V5 Y H A 42.86% 1 EPRF . WHkEXT PAHSs 1Y
EEEH, FTREEMER TS PAHs &K T4
IR R Z —,

TR 0 3 A AR PR - R A BT, B+
B N, F#E(IRC/N HufE, fi2iF PAHSs BEAERUZEDY)
RAEAVER . ke =R S BRI R AR AT AL
BRERAR 3 Ay S b . T3 O/N ER Ry 12 B
F A IS W 7 TS e 4 A A A PO AR
SEPPRN R C/N LWERRT 12, HENH RS
AT e i T B3 R aRIE, 55—+
RTINS . PAHS (R WA [ A ot A v i
FENE, A C LR, Mififd 3 ON TP,
HRERPR FIER R CO/N HAEN 15, AR TARER
FEfE Y R FEVER, JEARPR 4 PAHs 2K
R 3 SIS S
32 TIEHEBENZHES T

JFAZ A WL ZH N Y 16S rRNA JER ZREME S
FEEEE Z R E 45 R s, X RS 16S
rRNA JEH ARG IO BA 5. Sun ZFPVRFSE & BLAE
7% FHIMIMIE T, V6 Ik itk &5 532 5
PR, 15 12.9%, VA4-V5 X IS7 5 A R fe G
9 3.0%. ASHFFEH]H MiSeq Ml FH AR X 16S rIRNA
(1) V3-V4 XS T 438r, RIE T 16S rRNA
PRl 22 00 7 45 S 1) s e R B8 /N o X ERAS TR
TP RS S R I, A AR PR 4 P £
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Az ) A SIS RIS 12 1 T A [t BB 5 v 9 R
e, R, — 5 THAE TEBEGE X PAHS 1574
RO RAE, S5 — O e T oz S
MRPRGAE Y Z [ A B P A 1 R i P AR
K, & T BEHCR. FESPIR s 2
AT YR i - I B RIZE IR

J& 53 28 e PR s - 3 v [ 508 7T J& (Azospira)
MRS IR 2.73%, #th 3 0k 1.11%,
X EA B ERER], BT ES T R N &
W TR R, SATZE R, B EOR,
Halothiobacillus . Thiohalophilus .Halobacteroidaceae .
Halomonas . Thiohalomonas . Thiohalobacter .
Thioalkalispira . Alkaliphilus. Geoalkalibacter 5545
1ok W 6 B A B Y AR P S K R R R
WU, AEALEAN [R] 138 v A ARG =5 BE A A ) i 22 5
R, HER PR - b iy & & U B AT
PRG-I, AR W) 3 R B IS 1 RE S AN TR
SECT R B AE PR A AR P TR R A A
R, ZRBERIEIEU Rhodobacteraceae
Thioalkalispira, FEM PR HIEHAIXTEE 3.56%F1
3.35%, P 1.48%F1 0.82%. Gutierrez
SB35 & B Rhodobacteraceae 5143 PAHs
AR AT G

BN BERE AT H2 15 PAHs V5 4B ACR, A
WL ) B TR UE LA TE v 2k el 1 39 PR 5 v R A AL
YEFT, i S e ok 1 2K - 9 1 33 )37 e ) AAE A
MRKIE S Tz HAEYEE 5 Bn BRI Je i
AATHE . MEEIR FoRE, MFR IR M MA Y+
JERRDE Y LA R R R, UL AR B
REAS N WUE Dy it AT I A R BR B, T Wy o U
T, AR TH— L. RN EE T,
R — A F AR I BRI R, W E T
(Thalassospira) . 524 W55 ML J& (Sphingomonas) |
flx B2 Ml TR (Pseudomonas) . 5 F H
(Stenotrophomonas) . % {8 1 J& (Bacillus) 55, &
ATHEAR PR 3 AE & v AR T BEAR I 0.79% |
0.46%. 0.65%. 0.41%. 0.31%. LFAREES, 4

A ZFFER OO IR IE, R %A% PAHS
FAISHREFF etk , U0 Kodama 2045 g 51 HAy
PAHs P DI RE BT B kK Thalassospira tepidiphila
sp.; Schuler %1% Bl Sphingomonas sp. strain
LH128 HAFEMRAEFAIF[a BRI IRE; Ling 250
RIET Bacillus vallismortis TY3A FEFFEE BIAHCHT
5% ; Santos ZPVWISY T Pseudomonas aeruginosa
312A X BRI

ABEFERT LSRR AL A PIRY 16S rRNA JE[A
HEFTAGI,  XoF PV A 5 P K e T v e el 0
TAEYE AR BIR AR, R IUAHFSE e 2R 56
T I B AR, XS T AR A A &
B AT EERE IS Eh Ol 22.51-40.03 g/ke,
2w T AN A R 5T B AR L S AR e
0.49-18.48 g/kg, MiffT— g HanwRCE 5 1%
HEEREREAMEC, HEEFEFRESS, Mt
PR D o R SRR i T A IR PAHS Y
PAH-RHD,, HEP 46 I 25 2R i /s S e AR P - 3 v
FFTEA PAH-RHD, A, MZE#R b 1 458 rh A A I
FI| PAH-RHD, JEH , Ui T ARBR 38 v sl sz 7
w4 PAH (AR P UL REAE O B U WA PAHL fiE
Jio M T AR F L0 L PAHs AL 4f BUM 4R B X
PAHs A TIFERREA%, PAH-RHD, 55 £7 7 W] 4k
W e = 384 i HPAFAE PAHs FEAR TR 9 T REDE .

Zi bPrk, PAHs {5YEhis L P S+
PITECE I GEUR , 38 3 A R e g A
Y AW s U INE LR PAHs SRR, HAE
PAHSs 75 YL bt - S A B i b R R EAE
4 Zig

(1)  Thioalkalispira Halothiobacillus .
Thiohalophilus 55 V&3 E% M E5 Gl A= 1 /2 A1) i
H PAHs I5jhi LIS EE, FE+FE
[ g ER AR El it SRk PAHSs BEFRTUEYI IR, AL
B AT e S PAH RS ERIRAHOC, A fFdE—22
5T

(2) SHBHGEAE Ry A I IR DX AR Bk - 3 g 10 A
Y, ReARUEARER AL b S, B A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BN i N R T 2 3807

5 YR L R R AR PR E R Z R

1611

N. P. K & Eifekst C/NH, BEhnidet Yk s
ke, $25 PAHs B‘Q%IJJ%*E%E’JEEE?, Bl

TAestng

ik PAHs [ G4 Y07E PAHs 15 Y<Eh k1

MBS AR

&

=

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

% 3 ik
Cao YZ, Liu XJ, Xie YF, et al. Patterns of PAHs concentrations

and components in surface soils of main areas in China[J]. Acta
Scientiae Circumstantiae, 2012, 32(1): 197-203 (in Chinese)
A, Ui, g, & REFEBRXRZ LER 2
J5 KR S R AR A BT[], I BE R AR, 2012, 32(1):
197-203
Liu J, Song XY, Sun RL, et al. Petroleum pollution and the
microbial community structure in the soil of Shengli Oilfield[J].
Chinese Journal of Applied Ecology, 2014, 25(3): 850-856 (in
Chinese)
X, REYE, PIEGTE, . MR R X S s gk
B0 K FL G A Wy BT A M (9], N AR SRR, 2014, 25(3):
850-856
Li XC, Hu Y, Du XY, et al. Simulated model of the fate and
transfer for PAHs in the multimedia environment for a onshore
oilfield[J]. Journal of Safety and Environment, 2011, 11(6): 5-9

(in Chinese)
IR, WM, LT, 4. BALATITR X PAHS REES AR

GIAT BGT RSB T]. LA S IEEAEAE, 2011, 11(6): 5-9
Zou DX, Luo YM, Xu FH, et al. Microbial degradation of
polycyclic aromatic hydrocarbons in soil environment and
combined bioremediation of PAHs contaminated soils[J]. Soils,
2007 39(3): 334-340 (in Chinese)

a5, SOKH, RRGE, . LEEREE D 205 R
V‘ﬁ’i&ﬂfAEWWE[J 13, 2007, 39(3): 334-340

Gao YC, Wang JN, Guo SH, et al. Effects of salinization and
crude oil contamination on soil bacterial community structure in
the Yellow River Delta region, China[J]. Applied Soil Ecology,
2015, 86: 165-173

Cheung PY, Kinkle BK. Mycobacterium diversity and pyrene
mineralization in petroleum-contaminated soils[J]. Applied and
Environmental Microbiology, 2001, 67(5): 2222-2229

Li CF, Ge BM, Jiang SH, et al. Review on remedial effect of
Suaeda salsa on saline and polluted soils[J]. Chinese Journal of
Soil Science, 2014, 45(4): 1014-1019 (in Chinese)

2RI, FEN], R, S5 BOERT I IS Y A
SRR R, TR, 2014, 45(4): 1014-1019

Gao SZ, Zhao XR, Cui SM, et al. Distribution characteristics of
the typical persistent organic pollutants (POPs) in Suaeda
heteroptera[J]. Environmental Science, 2010, 31(10): 2456-2461
(in Chinese)

it ﬁ%ﬁﬁ RN, 45, TR AP BLTS YL 1 0

HEHI A ARFELT]. FREERIEE, 2010, 31(10): 2456-2461

Wang XX, Bai ZH, Jin DC, et al.
halotolerant petroleum-degrading bacteria of the rhizosphere of

Bacterial diversity and

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Suaeda salsa (L.) in petroleum-contaminated saline-alkali soil[J].
Microbiology China, 2011, 38(12): 1768-1777 (in Chinese)
EFH, OB, ST, S AT Yo L O G AR
A2 T 2 A D T 8 A it e A T R B [0, B2k il A,
2011, 38(12): 1768-1777

Arulazhagan P, Vasudevan N. Biodegradation of polycyclic
aromatic hydrocarbons by a halotolerant bacterial strain
Ochrobactrum sp. VA1[J]. Marine Pollution Bulletin, 2011, 62(2):
388-394

Cui CZ, Feng TC, Yu YQ, et al. Isolation, charcaterization of an
anthracene degrading bacterium Martelella sp. AD-3 and cloning
of dioxygenase gene[J]. Environmental Science, 2012, 33(11):
4062-4068 (in Chinese)

BRAE, MEA, TR, % FMEIEEE AD-3 QL 1
iR A e i A g 2 [N B@Eﬁaﬁ[J]. WELRL2, 2012, 33(11):
4062-4068

Song LC, Li PJ, Liu W, et al.
degradation characteristics of a PAHs-degrading bacteria from
salt-alkaline soil[J]. Microbiology China, 2011, 38(2): 282-287
(in Chinese)

RALH, R, X058, 55 Ehi -8 PAHS FAR A Y T AL 4
R ILRREFRRRIELT]. TR 24T, 2011, 38(2): 282-287

Cébron A, Norini MP, Beguiristain T, et al. Real-time PCR
quantification of PAH-ring hydroxylating
(PAH-RHD,) genes from Gram positive and Gram negative
bacteria in soil and sediment samples[J].
Microbiological Methods, 2008, 73(2): 148-159
Zhang J, Zhang HW, Li XY, et al. Bacterium and mycobacterium
diversity in paddy soils under PAHs stress[J]. Chinese Journal of
Eco-Agriculture, 2008, 16(2): 405-410 (in Chinese)

i, TRESC, AT, 55 ZEOMRMNA TS A X ST
FFRFREZREEDITE]. A AL, 2008, 16(2): 405410
Felske A, Akkermans ADL, de Vos WM. Quantification of 16S
rRNAs in complex bacterial communities by multiple competitive

Isolation, identification and

dioxygenase

Journal of

reverse transcription-PCR in temperature gradient gel
electrophoresis  fingerprints[J]. Applied and Environmental
Microbiology, 1998, 64(11): 4581-4587

Tang JZ, Feng TC, Liu SY, et al. Functional verification of a dual
functional consortium: degrading phenanthrene and oxidizing
arsenite simultaneously[J]. Journal of East China University of
Science and Technology (Natural Science Edition), 2013, 39(4):
450-456 (in Chinese)

VEZ, WRA, XAk, . BHERRIERS L =ML
CHRERIELT]. RBP4k BARFIARR, 2013, 39(4):
450-456

Maliszewska-Kordybach B. Polycyclic aromatic hydrocarbons in
agricultural soils in Poland: preliminary proposals for criteria to
evaluate the level of soil contamination[J]. Applied Geochemistry,
1996, 11(1/2): 121-127

Yang HJ, Xie WJ, Chen ZY, et al. Decontamination of six grass
species to phenanthrene in soil[J]. Chinese Journal of Soil
Science, 2012, 43(5): 1242-1246 (in Chinese)

WELE, WISCE, PR, 4. NP RoXs 13 dh3E i b fig

R[], YR, 2012, 43(5): 1242-1246

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1612

AEY) 4R Microbiol. China

2017, Vol.44, No.7

—

[19] Zhang LB, Xu HL, Zhao GX. Salt tolerance of Suaeda salsa and

its soil ameliorating effect on coastal saline soil[J]. Soils, 2007,
39(2): 310-313 (in Chinese)

TRALEE, ALY, PR, BRE R ERAE )1 B H X B
PR RACR[T]. T, 2007, 39(2): 310-313

Ptaza G, Nalgcz-Jawecki G, Ulfig K, et al. The application of
bioassays as indicators of petroleum-contaminated soil
remediation[J]. Chemosphere, 2005, 59(2): 289-296

Sun DL, Jiang X, Wu QL, et al. Intragenomic heterogeneity of
16S rRNA genes causes overestimation of prokaryotic
diversity[J]. Applied and Environmental Microbiology, 2013,
79(19): 5962-5969

Gao NY, Liu XB, Zhao XR. Influence of oil in soil on growth and
physiological indexes of Suaeda heteroptera and plant-microbial
remediation[J]. Chinese Journal of Environmental Engineering,
2013, 7(4): 1578-1582 (in Chinese)

0, XVTEA, TN, AR e e TR A e KA
YIS IR A AR T, BT TR, 2013, 7(4): 1578-1582
Gutierrez T, Singleton DR, Aitken MD, et al. Stable isotope
probing of an algal bloom to identify uncultivated members of the
Rhodobacteraceae  associated ~ with  low-molecular-weight
polycyclic aromatic hydrocarbon degradation[J]. Applied and
Environmental Microbiology, 2011, 77(21): 7856-7860

sp. nov. a polycyclic aromatic hydrocarbon-degrading bacterium
isolated from seawater[J]. International Journal of Systematic and
Evolutionary Microbiology, 2008, 58(3): 711-715

Schuler L, Jouanneau Y, Chadhain SMN, et al. Characterization of
a ring-hydroxylating dioxygenase from phenanthrene-degrading
Sphingomonas sp. strain LH128 able to oxidize benz[a]anthracene[J].
Applied Microbiology and Biotechnology, 2009, 83(3): 465-475
Ling JY, Zhang GY, Sun HB, et al. Isolation and characterization
of a novel pyrene-degrading Bacillus vallismortis strain JY3A[J].
Science of the Total Environment, 1994, 409(10): 1994-2000
Santos EC, Jacques RJS, Bento FM, et al. Anthracene
biodegradation and surface activity by an iron-stimulated
Pseudomonas sp.[J]. Bioresource Technology, 2008, 99(7):
2644-2649

Sun JJ, Yin JD, Xie YH, et al. Microbial ecological characteristics
of saline-alkali soil in coastal area of Tianjin[J]. Journal of
Nanjing Forestry University (Natural Science Edition), 2010,
34(3): 57-61 (in Chinese)

IMEA, FHEE, MR, S REEHRM L RHEY AS
FRAEDFFE[T]. B MO R 224k BARFLARR, 2010, 34(3):
57-61

Zhou NY. Microbial diversity in saline-alkali soil[J].
Microbiology China, 2012, 39(7): 1030 (in Chinese)

AT —. SR MR S AR ], B, 2012,

[24] Kodama Y, Stiknowati LI, Ueki A, et al. Thalassospira tepidiphila 39(7): 1030

R oY oY R Y SRY R RY RY Y RY RY R RY RY Y RY RY R RY RY R RY R R RY R Y RY R R RY R R RY R R RY Y R RY Y R RY Y R RY RY R RY RY R Y RY R Y RY LY

BIFEICE (RAEYWSERIR) TARKES
N T WA AR R MBI AN R | TR SS , (Al ) BT
NGRS S o AEE i U RE SRR 2 TR A A, 28— I IR) T A A A 2E AR S ik b B+ A
LGN G 22 P S S B R R, R AT T LR s B T TR CRCEY iR )
SCEEH SR, AR PG S

KEIpE
1, TEMIE AN SR A2 E R 5 wswxtb”;
2. HMIEE4 i =4 .

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



