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Effects of Comamonas testosteroni on PAHs degradation and
bacterial community structure in Leymus chinensis
rhizosphere soil

Qiao Wang, Rui Zheng, Xueting Sun, Ziwei Jiang, Fanghui Yang, Qian Lu, and Jizhe Cui

College of Life Science and Technology, Harbin Normal University, Harbin 150025, Heilongjiang, China

Abstract: To investigate the degradation of polycyclic aromatic hydrocarbons (PAHSs) and the changes of rhizosphere
microorganisms in the rhizosphere soil of Leymus chinensis during the remediation of PAHs contaminated soil by
Comamonas testosteroni (C.t)-assisted Leymus chinensis, we evaluated the removal of PAHs in the rhizosphere of
Leymus chinensis using gas chromatography-mass spectrometry (GC-MS), analyzed the bacterial community and the
diversity in Leymus chinensis rhizosphere soil by high-throughput sequencing technology, characterized the correlation
among PAHSs degradation and bacterial community components performing redundancy analysis (RDA) and network
analysis, and predicted PAHs degradation potential via PICRUSt software in this paper. The degradation of PAHSs in the
rhizosphere of Leymus chinensis was promoted, the abundance and diversity of bacteria and the correlation among
bacteria and PAHs were changed, and the degradation potential of PAHs in Leymus chinensis rhizosphere soil was
enhanced in the later stage of phytoremediation (60-120 d) due to the incorporation of C.t. The accelerated degradation
of three PAHs (Nap, Phe, BaP) was accompanied by the differ abundance and correlation of Proteobacteria
(Sphingomonas, MND1, Nordella), Actinomycetes (Rubrobacter, Gaiella), Acidobacteria (RB41) and Bacteroides
(Flavobacterium) affected by C.t. The results provide new insight into the microorganism choices for microbial assisted
plant remediation of soil PAHs and the mechanisms of enhanced PAHs degradation via the combination of Comamonas
testosteroni engineering bacteria and plants.

Keywords: Comamonas testosteroni, Leymus chinensis, polycyclic aromatic hydrocarbons, bacterial community structure,
rhizosphere soil

Z ¥ 554% (Polycyclic aromatic hydrocarbons,
PAHs) J& —KREAMWAHEZ DRI WILEY
PR, BRI =Z R, mEAE AR RAES
RGN 4a, JF BRI . MEREfE . 20
B AU S5 R i, TR AR R AR LTS
ey ™ 3R K H ) N A S TS e 2
— U T T AR AT BE I A T R

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

SECL IR PAHs 1975 5 H g E P R TR
AAbH X 3R PAHS 1975 S s ik 1 467 pglkg,
AT E 5 et i, ik 3 PAHS 19 1&
ST R b

HEYIEE R INAE5E PAHS 5 e 3 B
FB . MUEYIRE R L BRIAEE T PAHS 19 2R
7, HAETAARIFEF O rEEE TIFZ2ETA



IF SIENHAERRENESIRIRTE PAHs [ RMAEEEE SRS 2659

Al T & 19 PAHS FEMR TR, (HAS [R] Gl A 0 X A [
PAHSs 1) [ fift BE 1 77 E B AR R 22 51 I\ ot 3
J& Comamonas X —SExE L B i 2 85508 . 2%
R T5 06 LA B BUAR 5 93 S 5 YL W #8014 e e 4
B, JEPULE & P PAHS MRS £ | FEIRIL
Rl ) R U e RRATRT BT, R B
FLEIAAE B (Comamonas testosteroni, C.t) H.
AR R R AR AR ), B BN IE XS S pg T
BEHEMIEA, ULRHITHEA HF bR 2 15 J
e M, EERS R EA Ct BeS WL E
PAHSs 5 4 13 B9

& 52 02 — b A S 0 R R A8 &
AROZB(HAE PAHSs 53 305 2 ik 1B
Hipya Ry ip—D4 ) SEEE Leymus chinensis R4
FH R Z AR R, R8T RE NS
Tl S R N e [ NN o =5 I L € PN 7
B JB XA P ) R R T R R b R
Flro BFFT R WAL REREAE 47 PAHS SR8 A= K IF X
PAHS FLA7 W B4 FH , R 10 X6 2 BE R i 118 PAHS
AHLEI B e S i - PAHS R AR
ARG Z PAHS [ fifk 12 25 D 2R B BRI, BRafif
HYMEE X PAHs 154 +- M8 5 RORMELL— 4
B A LA 5 S (G R i) 398 Pl PAHS
Lk AR B T A AR s A 1 AR AR P02

HRBRAZAR ) 5 1 S A WA BAE T B X B
R AE WG I 4 39 PAH [ i o 1k i [X 3,
TYMESE PAHSs 15 Y 32 5438 o AR bR 2k ) & PR AE
2 L P P T N 01 . o = 1 A S B | 8 AR N ]
BRI L5 PAHs 82K, L Cit
NEEfRCEY, i s e TR, BT Ct
XoF SRR BR 20 TR A 9 Sk e Z ARV S, (R
A (033 - B v (GC-MS) I 2 J AR
PAHs BIREMETEOL, it Ct 5 R Rk & R
PAHs B[ 114E, FFiE it PAHS YR 5 + 358 2
PR AETS AL A8 Ak, BfaE PAHS B 1 AH i A:
Yy, i PICRUSt 4l C.t BEA2EEA PAHS [

% : 010-64807509

v, IAA Ct B A W) R i 138 PAHS 15 5%
PRACHISIRE, HE HoA A YRS 16 2
PAHSs 28T 9T A Wik £ .

1 MB5FE

1.1 PAHs i5# T IERYHI&

TR0 i A HEE ) PG R TS I R 2 18
NG+ R IESLREERAEME N pH A 6.9
A 38.25 mg/kg. HALME 14.82 mg/kg . HEH
141.19 mg/kg. HHLF 14.21 mglkg, + 3RS
4 mm Gt SR 55 5 KT #4528 (Nap). JE (Phe).
FIFEE (BaP) Zr Bl TN, 5—& & AT
THORG, fTENEE SR, BIHBAREA
Pl A L HERE L P HE R PAHS (975 543 1) Nap
i 4 800 pg/kg. Phe & 1 600 pg/kg. BaP A
700 pg/kg, 3 Fl PAHs A 7.1 mg/kg. VL EFAF
FHA LIS o g4l
12 RBAFEMHEM

FRF T BIRILA R BB i, HE
BN 3% HoO, 1 W K M 1H 5F 20 min, 47K
PE T ERR 16 h, HEHEFA .

LALLM B AMIE (Ct) Bl KA T E e
RO CHERIA LB B 55 i1k (28 C
iR 12 h) 5, BORRETE TR LB KigRdkd
28 °C. 180 r/min fHIRFEIK P TR, TF Asoo H 0.5
K B RAE 4 000 r/min B5.0> 10 min 15 2 TR 1H
T o B B A AR R R, AR R R
T 2 TRV
1.3 LRigIT54E

TGN L ERE R (P) FHHRE AP L
R (MP) 2 MMbFR, R Ab3y i E 3 IREY)
SPHI HTAER, BT A PAHS 1504 1 45 kg,
MP 20 + 3 C.t i3 R 1.09x10° CFU/g, +
W R CE 6 h BTV, A S A A
PR, BAVEMEER SRR T AT,
FEAETT 140 k. FrAACELE FYRHN S, 5

. cjb@im.ac.cn



2660 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244k  Chin J Biotech

SA] - 3EK A3 PR AR AR K B 60% A4 o H
Fil H B BCERE (GE A POd. MPOd), 439 T4#%
Flr 60 d., 120 d R4 AbH 4 “F B (R AR B 438 . ARBR
THERES IR Lu ZPN Ik T, BRI
WF: BERNE B, SIFRAR IR+,
B J 14 2 AR AR A A 1 R R i, B2 bl g
PR, RBRARTEAAEN G ) L SR B
BT FEEMGRA HHEIBCT , e F I m 4T Ry
FRBR 4 o B RN A2 B FR1C S P60d . MP60d
P120d 1 MP120d., - #Eid 2 mm i f5, W AGHE R
TRAFF-80 CARHLVKAE 25 FH -
1.4 +1iE PAHs (IR 8N E

+3%+ Nap. Phe, BaP W& KH GC-MS
ME o BB VR TR PR +FE4 10 g, FHDREE
R ZEEGE (ASE) $8HL PAHSs. i FHIEC e © —
ARBE (111, VIV) IRAHR, &2 IS FER
EH (5 min), ZEHUEE 100 C, K77 10.34 MPa,
PAHRIOR . PEBR AL 78 k4 2 1 mL, R
PR A X dr o A et , it BB R A
A, HaifbEMRRIRE S 2 1 mL J5, i
GC-MS K757 H Nap . Phe £l BaP #¢ & , GC-MS
WS HSE L SPse ik, KSR
Nap. Phe il BaP #EA7 ISR, FHEISER S5
h 61.2%. 64.9%7F/ 60.6%.

AL HR AR 1 PAHS fY A% 355 51l A 1

A,

FE S Hh PAHS ﬁ%ﬁ@%(%)z%

0

NaH Co o 0 d T3 PAHS W, Coh%%
BURE IS A] p 138 PAHS ¥k B .
15 PCR¥HEESEBENF

ek R A 3 R A )
AR R AMRA . Z )5 Qubit® dsDNA HS
Assay Kit 5] &, XHEA AN DNA 317
FRBOEA IR . L 20 ng DNA Atk , fifi ]
@G Y) 341F (5'-CCTACGGRRBGCASCA

x100 .

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

GKVRVGAAT-3") #ll 806R (5-GGACTACNVGG
GTWTCTAATCC-3"), %} 16S rRNA FE[H ) V3-V4
AR X 4T PCR 73, J34h, il PCR [ 16S
rRNA B PCR ¥ A S i EAF A Index 1945
3, DMESEFF NGS MI¥ . PCR AR (25 pL):
TransStart Buffer 2.5 ul; dNTPs 2 pL; Primerl
1uL; Primer2 1 uL; DNA f&4% 20 ng; ddH,0 #b
FRERRE 25 pb, VTN 94 CHiAENE
3min; 94°C5s, 57°C90s, 72 °C 10s, F:yttr
24 ANMEIR, 72 ‘CLAEAf 5 min, PCR 4545, H
1.5%FB BE W EE I X PCR P4 4 7 F, TR ARG

fift B AR AT PCR 7™ ) [ A4 f 1) SC e 2R 7 7
EERGIN , B SO E & F 10 nmol/L, FJ Illumina
MiSeq (Illumina, San Diego, CA, USA) {{#sik
1T PE250/PE300 il J¥, F MiSeq Control
Software (MCS) BEHUTFIA5 E o )3l 75 M 4 vk
BEYRHECA RA R BT
16 HIEFHRITHH

R (%) B A T P PR PR, IR B R
F 200 bp HJFF . Zead it il ik e K BRin A AR SR
SO I =0 il A R I DA E I R - (5 e Sl ST
(Operational taxonomic unit, OTU) 2. fii ]
VSEARCH (1.9.6) #17/F5I1ER2%E, L 97%H)—3
PEKG P H SN OTUs, KA RDP classifier 5.4}
OTU HYRERMEFF I B TR 03 2622 00 b, 15BN [F]
P 3 HACE T AR REE 2 A QIIME
(1.9.1) BAFHATHE L o ZREPERD B 2R 04T it
o ZREME ACE. Chaol, FRIEE. s
BEFh Z R e R B SRR Rl INEGE 1%
PR AEREITR, IR T B . (] PICRUSE
1T KEGG Tl A=y R R DO RT3 47 -

I FH Microsoft Excel 2013, Origin 2018 %%
PEPEA TR A4k 7R, Cytoscape 3.6.1 %31 PAHs 5
AN GHE TS 2 A 2 8] M 45 53 Hr , TB tools 2 il 2 T4 J&
K48, F Canoco 5.0 7 PAHS 5 41 14 7 7%
BAEIETUA 73 M (RDA), I SPSS 25.0 47



IF SIENHAERRENESIRIRTE PAHs [ RMAEEEE SRS 2661

BN TR 5 55407
2 FR5H0M

21 CtMFEEIRFRLTH PAHs FERERIZ I
23l I 120 d B, FEFERIA (P 4)
MR R I REE AL (MP 4) 38 PAHSs (195
N H AR R AR IR 1 R . WE R
3 ' PAHs (Nap .Phe .BaP) A4} 6 700 pug/kg.
&% 60 d i, P 4LAI MP 20 13 3 F PAHs fY
M D, BAME RN PAHS BYFEIRSCE
35 50% 04 | (K 1A). P 4 Nap. Phe #l BaP i
WSR3 5k 56.2% . 42.4%7H1 61.3%, T MP 2H
3 54.8% . 38.9%7#1 56.3%, P ZHf% 3 F PAHSs [%
fif 235 = F MP 4, A B S b BRAT 1] Phe i1 BaP
AR R AR B35 25 5 (P<0.05) (&l 1B). B & )5
# (60-120 d), P ZH A1 MP £H X} PAHS 1) 5% i i Ji
AU 55 , B#f# 120 d B, P 41 Nap. Phe 1 BaP
1) R it 24331k 56.9% . 76.0% 71 58.9%, MP 41
3 60.1% . 79.2%7Fl 62.6%, MP ZHfY 3 Fl PAHSs

(A) B 7000
I BaP
1 Phe

AL I Nap

5000
4000 -
3000 -
2000
1000 -

Concentration of PAHs in soil (pg/

P60d MP60d P120d MP120d

Initial

IR R B 2w T P 41 (P<0.05), 3 HFiA-ik
FRZH 3 Fh PAHSs HYRFfif 3234 5 Phe>BaP>Nap.

TE 0-120 d Ay FE AL AR, PS40 FRZH I Phe
1) R i S S8 Bl A 52 B ) ) 384 I v, AR AR S
] (60-120 d) MP 41 Phe [ 5 1) Tt i i B K
T P, XAREFE B KL AR Phe AYFEfR A
MP T P 4, #EMial & i C.t i ATERE R S5
HAEE R T Phe BIRFEARE . 11 Nap Il BaP 19 B fig %
AALEIATE P 45 MP 4l [A1 {77625 5%, Nap 1 BaP
R Ff 24 MP 4L BERT (RIS i s, P4l
FHTHA (0-60 d) I PAHS () [ i A5 Ak a3
5 MP dAfA, HFH (60-120 d) HPiFN PAHs
R AR e R TR . X AT RB R B T AR 1B 2 A5 R
P41+ 3 Fl PAHS 19 & &= MP 4, LA 2%
REH], &b 120d WBE, Ctryf ALEd 17
FAPRXT 3 A PAHs RUREME, H AR B 5 I
C.t /N7 Nap 5 BaP AUR&S# , 1 & H#2 7} Phe
IR AR AR (P<0.05), R R 485 s it MP 41 1
b PAHs (& KT P 4.

(B)

o0
o
T

A

~
h

-u-Nap-P
-o-Phe-P
-A-BaP-P
-u-Nap-MP
-®-Phe-MP
~A-BaP-MP

60 120
Degradation time (d)

Degradation rate of PAHs in soil (%)

E 4 2
\\ S\

L] 3 >

AN
o
b b
s

352

(=]

<

B 1 i PAHS R F LA (A) R 37 PAHs RREE (B)

Fig. 1 Changes of PAHs content (A) and degradation rate of three PAHs (B) in soil. Fig. A, Changes in the content of
total PAHSs in the soil under two treatments at different times, Fig. B, the degradation rates (B) of the three PAHs (Nap,
Phe, BaP) under two treatments at different times, the color of the broken line represents different processing, blue
represents P treatment, and red represents MP treatment. The different shapes in the figure represent three different
PAHSs, square for Nap, circle for Phe, and triangle for BaP. The results were expressed as the X+s (bars) of three
independent exposures. “*” means that there are significant differences in the degradation rate of the three PAHs
between the two treatments (P<0.05).
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Fig. 2 Different treatments at different time points of soil sample dilution curve (A) and different treatments based on
OTUs Veen diagram (B). Different colors in b figure represent different treatment groups, yellow is P treatment, blue is

MP treatment.

x1 AEEENET CtHEERFRLIENEY o ZHMEHBIZMW
Table 1 The effect of C.t on the microbial e diversity index of rhizosphere soil of Leymus chinensis under

different repair time

Sample Ace Chaol Shannon Simpon Coverage (%)
POd 13 807 13 486 9.513 0.986 92.6
MPOd 13 755 13 285 9.061 0.980 92.9
P60d 6 345 6 300 9.357 0.988 97.1
MP60d 6 737 6 700 9.477 0.989 96.8
P120d 6 080 6 024 8.474 0.977 97.0
MP120d 6 704 6678 9.616 0.991 96.8
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Fig. 3 Principal component analysis of soil bacterial
communities in the rhizosphere of Leymus chinensis in
the two treatment groups at different time points.
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Fig. 4 Soil bacterial community structure at the phylum level (A) and class level (B). The numbers on the bar graph
represent the relative abundance values of bacteria.
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Fig. 6 Redundancy analysis (RDA) of three PAHs and genus-level bacteria in P treatment (A) and MP treatment (B).
The red arrows in the figure represent the three PAHs (Nap, Phe, BaP), and the blue arrows represent the 30 genera of
relative abundance.
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