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Neorhizobium petrolearium OS53 combined with alfalfa
(Medicago sativa L.) for remediation of
petroleum-contaminated soil

LIU Xiaodong®, YU Tianfei’, DENG Zhenshan, FAN Xiaohong, ZHANG Wei, YANG Yu,
HE Ying, Al Jiamin, JIANG Yingying*

College of Life Sciences, Yan’an University, Yan’an 716000, Shaanxi, China

Abstract: [Objective] To explore the mechanism of Neorhizobium petrolearium OS53
combined with alfalfa (Medicago sativa L.) in the remediation of petroleum-contaminated soil.
[Methods] Illumina and Nanopore were employed to sequence the whole genome of
N. petrolearium OS53, and the complete genome map of the strain was constructed. Gene
prediction and functional annotation were carried out to analyze the genes involved in
nodulation and oil degradation. The abilities of strain OS53 to produce indole acetic acid
(IAA), secrete siderophore, and solubilize phosphorus and potassium were tested. The activities
of urease, dehydrogenase, polyphenol oxidase, and lipase in soil and the levels of chlorophyll,
malondialdehyde, proline, soluble protein, soluble sugar, and superoxide dismutase in alfalfa
were measured by kits. [Results] The genome of strain OS53 consisted of a circular chromosome
of 5.56 Mb and two plasmids of 0.92 Mb and 0.38 Mb, respectively, with the G+C content of
60.2%. The genome encoded a total of 6 968 genes. The strain OS53 and N. petrolearium DSM
26482" showed the 16S rRNA gene sequence similarity of 99.86%, and formed stable branches
on the phylogenetic tree, indicating that strain OS53 and N. petrolearium were the same species.
Therefore, OS53 was named as N. petrolearium OS53. The strain OS53 had the ability to
produce IAA, and the related genes were identified in the genome. After 120 days of remediation
of the soil with the initial oil content of (4 403.30+222.10) mg/kg, OS53 and alfalfa showed the
remediation efficiency up to 57.53%, which was 44.26%, 41.69%, and 8.84% higher than that
of no inoculation of strain OS53, inoculation of OS53 only, and planting alfalfa only,
respectively. In the combined remediation system, alfalfa showed elevated the levels of
chlorophyll, soluble protein, and soluble sugar and lowered levels of malondialdehyde, proline,
and superoxide dismutase, and the soil showed increased activities of polyphenol oxidase,
dehydrogenase, lipase, and urease. [Conclusion] The strain OS53 had the ability to produce
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IAA to promote the growth of alfalfa in the petroleum-contaminated soil, which increased the
activity of enzymes involved in oil degradation in the soil. Finally, the combined system

improved the remediation efficiency of the soil.

Keywords: Neorhizobium petrolearium; whole genome sequencing; Medicago sativa L.;

petroleum; combined system for remediation

A 75 e 4 BRI R P Ih7 I A 32 22 3R A5 )
Mz — o Arilig e a2t g A iR
(140 pH WL SR A LTS ) AL F1 R (1]
NG BRI R R, XA A T A
M, I B h A B o 4o ] LATE R AR
R, M s ik, RA&x A
(1 B ™ T R AR e W AL
BT, BINEARE . IR A L B
e L R Al s AAIESE, AT AR AR bR R
A, AHJETEAE S A R v S A S5 UL AN 45 A A
Sy ZWOR, &R TR, A, bR
AR NP 1o ER G R BR T T
YR B G EARR R R I A
SPFIR . BRI AT SR R AR
P S BART AR Z B KT

P E RO B . BB
LRRGAEE, teoh—sei A= gy . B
FC BT R ER B . R 2SR,
Wi 52 R AR 3 P A S e 5 B R A
HAR AT, YR RS LM E
R fi IR R RE RS A 2808 I Sh RE T -5 L3 15 ey
PR, [ AR AR 0 )t RE RS £ 1 D RE T
MRS 3, InPis QISR WONFZ R
WRE SRR | YRR E . YRR
KB AMIs R R HER S S
Gk T RE 2 FEARAR Y SR RO RT AR, R
Fr oy ik Z BN I BRI A is G IR Y B
BEAK RN FERRZ U GRAEYA
ASCRT LA AR R Bl 1o St A [ SR LA e i B B A
R LEPRAK, mHLA KRR BAERA

<l actamicro@im.ac.cn, & 010-64807516

Rk R IR, hIReE Y AR At R
IR IRIE S5 . AN, AV 2 MR T i T
AR BELR, ek THAERARY, HEH
AJ L A ;7 A 5| W 0 FR (indole acetic acid, IAA)
FHERKMER, RHFEYERK. RERD, WER
¢ 4= T (rhizosphere growth-promoting bacteria,
PGPR)AI LLid s i B g . 77 AR R SR FIAE )
R R UGER Y S FRRED R A K
348 5 0 X A A R A W W2 e Az T
Sk A ) A R VR B T e W IR B b i A KR S
Fo B, T -8 2R A kG 18 51 R m
102 R R B L B — (A R T LA 34100,

L0 B 7% (Medicago sativa L) £ 4 4E AL
AR, HA TGN MR . T 50E T 2S8R,
IFHM R KL, fER L& Z 00, 2
RANTG Y R 4 Jd 5 e 3 R .
[, PREH LRI, IRAEAitis g+
b oy BB —HRANTE, 45 16S tRNA JLH 741
Hext oA, H5 Neorhizobium petrolearium DSM
264827 AL R 99.86%. N. petrolearium
DSM 264827 Sy A5 Y + 3 rh A B 13 3 Y
— R B Z I R R T R, JF AT
DA S0 B A A g™ i A i P AU
R A G kB, Rtk OS53 ANRRUERE fi
A, I HAARERS 5 S8 B 5 B i e A= i o
R 0853 SEAEEERSBEE AW
o R B S BEERCE, HILh T
FERGIEEILE, XIHPk 0S53 #fT4a kA
WMy, AR 0S53 MM EME, Xt
i ) KL KA T I RETE RS, IRFE LR AR 4 rh



MIRAR 25 | A W2E I, 2024, 64(3)

857

550 T R A S 25 9 AR DG BE TR 43 A o (] B o BB
G161k &R TG + 5 2 B A AL (soil
polyphenol oxidase, S-PPO) . Mi & [ (soil
dehydrogenase, S-DHA) . fIg /Il i (soil lipase,
S-LPS) MK i (soil urease, S-UE)VEH: LA A A7t
TERHATIE, JREXREEE MR AR
PEEE . AT . N . (malondialdehyde,
MDA )i Z & (proline, Pro)fy 7% &t UL A A4k
Yy AL i (superoxide dismutase, SOD)F %4 ik
e, DR RIEAmEE e A 1 0S53 &
EICG B AR RE L RBCR L]

1 MHE7T%

1.1 i E

PRIRE OS53 A4l miy i M A i v Y 13
R EEE, BIET 20% (WHRAE0H e
—80 °C T 5 -

1.2 EFE

PYG HiJidE(g/L): AN 5.0, BERERS 0.2,
HIARE 5.0, £ 3.0,NaCl 0.5, MgSO4-7H,0 1.5,
pH A 7.5, FECHil ARG FRIERITREINA 15.0 g/L
BilgH, 121 °CK B 15 min Jffi .

FEAith £ 1% % F (minimal salt medium, MSM)
(g/L): %85 10.0, NH4CIl 5.0, KH,PO, 0.5,
K,HPO, 1.0, MgS04-7H,0 0.5, CaCl,0.02, KCI
0.1, pH} 7.5, 121 °CKH 15 min J5f# .
1.3 HiXERM

L6 B 15 (Medicago sativa L.)& Fl i #iE 27
R AR B AR P AR S 2 S = A
1.4 EFk 0853 K451t

PR 1 20 T S 08 3% & 5 4 Al R R
(JEOL 2\ r)#EATUEE . i 1] PYG MARES IR NS
PPk pH Fll NaCl fiif 32 4700 o W& pH it
TGN, BEFRHEAY NaCl W 0.5%, fdi ]
1 mol/L % HCI 1 NaOH &5 55 3% 3£ 1 pH K ¥k

4 3.0, 40, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0,
11.0 1 12.0; 5 NaCl it 52 35 Bl , J5 R Emy
pH >4 7.0, fi ] NaCl il Eh BN 0.0.5% .
1.0%. 2.0%. 3.0%. 4.0%. 5.0%F 6.0%[F PYG
B R O

fd ] MSM 3% 35 5% B ke 1 e S D6 ) L 17
DA . W E BRI, BRI R A AR
KNO;, fEE I 1% (REARFEOM H
B IR IS A e U L A AR L e
o-Fl I TR . FPIER . D-TEEERE . D-ARTRE .
WL . D-2F4E 3 . % hF . KON, D3RR
A oD-HEERE; WE AR, 55 IR aRIE A
R, LR R R 1% (RSB0
B IN AR, Prial i &8 RAAHETR . TNA
MR . LM AR . L2228 . A —EhiREh. p-22
AR . LA . LR . R . TR .
TV T2 0 R A PR 2

A F IR 0.1% (RFL2 B0 I B A 7 855 5%
a4 f ODgoo N 1.0 BITEBE OS53 Fl T4,
7E 28 °C. 160 r/min [H4/F T 4557 48 h, M
ODgoo MG
1.5 BE#k 0S53 E[E4HAYHE BRAn =+

W5 E R OS53 HEFIE PYG TR 23,
fE 28 °C. 160 r/min Y51 T 15 5% 48 ho AR5,
B 10 mL B9 55323, 7E 4 °C., 10 000 r/min 2% {4
TG 20 min, WCREREIA . KIS TR A ]
TVKIB 1L 2T AR A% A YR 2 /AT 20 T
D] 2 £ BRI ) o
1.6 EFERRGAES

B LRI e B PE 1 B8 f5 75 2] clean data, fiff
JHl Unicycler PO T4%%, FH# ] BUSCO
v5.4.7 FRAFPRE ir 4 4 3 DR 4 e B vk R T
i, FF%E 5 LN A7 9 1% % GenBank £
PalE . TR LA, aHrE R4
i i 5L R SR A5 1 RNA 2520 4%, 45 2 5 1 ik

http://journals.im.ac.cn/actamicrocn



858

LIU Xiaodong et al. | Acta Microbiologica Snica, 2024, 64(3)

R | A% 2 50 0 kIR 5 0 IR 4 A B4 5 (Kyoto
encyclopedia of genes and genomes, KEGG)%{ 4
PESEA TIIRE R, SRR 41 16S rRNA FEKI5E
Y5 FAE EzBioCloud HiF4T BLAST X,
PR S TR 0S53 AR R= Y 18 MRIEUA, 78
MEGA 5.1 %4 o ff F 4B 4% 1= (neighbor-joining
method, NN R 4 & B AL,
1.7 E¥k OS53 RE4FMHE SR

Fk OS53 MMM A FrtE ik #57 TAA | 8
AR R, PO AEAREET I E , HARD E

IrEBH R4
18 EH 0853 BAREEBEEAMS
RS 1

1.8.1 Rt

T 2022 4E 10 2023 4F 4 JEENITE
T OSS3 BRGSALE B 2 s g - HERFY .
BRI WK 1, 5%, MEPIMRERRZ
AmTG gy L, LR A WS RS,
Fi R 400 mg/kg FIR R &L KNO; #h 5t 1
BRI EE . R)E, I 5000 mg/kg MR EEFR

Treatment methods 0d 120d
(E)
¢ 1 Ir _____ :
I 1 1 I
i [ i ;
i [ 1 ;
SP , ISP e
% : : : :
| I 1 I |
[=.,:_,fb ; ﬁ : L |
Soil 4+ - - | | i :
| S COIS . ES !
A ) ! ! |
& ] I 1
: | ' :
g o I} 1 : :
-t 1 | ;
& ! . !
opP " I0P | | EOP !
S S ] \
: i _____ i !
I 1 |
- \ ! I :
. . | )
| A ! I |
ﬁ‘ OPB | 1OPB | | EOPB !
. I 1 |
; ,
Oil-contaminated soil = y . : : !
AT I i L ¥
0 LT i EO | % 0853
l | : !
= W : ! . %Alfalfa
I
OB N (0): I ! EOB !

e

1 EHk OSS3 AR EREMEERAMSRLELRE

Figure 1

with alfalfa. SP: Soil+Alfalfa treatment;

Schematic diagram of simulated remediation of oil-contaminated soil by strain OS53 combined
S: Soil;

OP: Soil+Petroleum+Alfalfa treatment; OPB:

Soil+Alfalfa+OS53 treatment; O: Soil+Petroleum treatment; OB: Soil+OS53 treatment. I: The initial samples;

E: The sample after 120 days of treatment.
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Figure 2 Petroleum content in samples with different treatment methods. “I” stands for the initial sample
number, and “E” stands for the sample after 120 days of treatment; The “*” in the plot represent the oil content
in sample I and sample E in different treatment methods were significant differences at the levels of P<0.05 by
t-test; The “ns” represents no significant difference between the oil content in sample I and sample E; The red
lowercase letters in the diagram represent the enzyme activity of different treatment methods in the I samples
was significant different at P<0.05 level after one-way analysis of variance (one-way ANOVA); The blue
uppercase letters in the diagram represent the enzyme activity of different treatment methods in the E samples
was significant different at P<0.05 level after one-way ANOVA.
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(F) of alfalfa in ESP, EOP and EOPB groups. The “*, ** and ***” in the figure represent the significant differences
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Figure 4 The polyphenol oxidase (A), lipase (B), dehydrogenase (C) and urease activities (D) in samples
treated by different methods. “I” is the initial sample number; “E” is the sample after 120 days of treatment;

(AT

in the plot indicated that the enzyme activity in samples I and E in different treatment methods was

significantly different at the levels of P<0.05 after t-test; “ns” represents no significant difference between
samples I and E. The red lowercase letters in the diagram represent the enzyme activity of different treatment
methods in the I samples was significant different at P<0.05 level after one-way ANOVA; The blue uppercase
letters in the diagram represent the enzyme activity of different treatment methods in the E samples was
significant different at P<0.05 level after one-way ANOVA.
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Figure 5 The mechanism of strain OS53 promoting the repair efficiency of the combined repair system.
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