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Determining the effects of Serratia sp. PW7 on pyrene removal and the endophytic bacterial community in rye-

grass(Lolium multiflorum L.) via different inoculation methods

LI Shuang', ZUO Shang-wu', WANG Wan—qing’, WANG Jin—song', QUAN Cheng—wei', ZHU Xue—zhu"

(1.College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2.Tianjin College, Universi-
ty of Science & Technology Beijing, Tianjin 301830, China)

Abstract: To understand the mechanism by which PAHs (polycyclic aromatic hydrocarbons) are removed from plants by functional endo-
phytic bacteria, pyrene residues and cultivable endophytic bacterial communities in a ryegrass plant inoculated with Serratia sp. strain PW7
were investigated. The results showed that the PW7 strain of Serratia sp. could efficiently colonize in the roots (5.87~7.63 lg CFU+g") and
shoots (3.49~4.97 Ig CFU - ¢™') of the inoculated seedlings. Colonization by PW7 strain significantly increased pyrene removal, plant growth,
and the cell counts and diversities of cultivable endophytic bacteria. Remarkably, pyrene removal efficiency and plant growth were both posi-
tively correlated with the establishment efficiency of PW7 strain. Compared to the seedlings inoculated by soaking the seeds, more cells of

the PW7 strain successfully colonized in the seedlings inoculated by dipping the roots, leading to less pyrene residues. Inoculated by dip-
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ping the roots enhanced the growth of inoculated seedlings by 18.5%~28.0% and decreased the pyrene concentation by 35.7%~44.2%.

Meanwhile, the maximal indices of diversity and evenness (H=2.22, J=0.865) were found in the roots of the seedlings from group LR grown

in Hoagland solution with 0.5 mg- L™ pyrene. The endophytic bacterial population could be shifted by PW7 strain as the seedlings were ex-

posed to pyrene. For the seedlings grown in the Hoagland solution with pyrene, the most dominant bacteria was Serratia, and the other domi-

nant bacteria were Pantoea, Erwinia, and Micrococcus in the roots of inoculated seedlings. Whereas, in the shoots of inoculated seedlings

grown in the Hoagland solution with pyrene, the most dominant bacteria remained Microbacterium, and other dominant bacteria shifted from

Chryseobacterium to Pantoea, Pseudomonas, and Sphingobacterium. Moreover, seven strains of these dominant bacteria could degrade more

than 55% of the pyrene in the media within 15 d. Our results clarified that functional endophytic PW7 strain could effectively increase the

pyrene removal efficiency by increasing endophytic bacterial diversities and shifting the dominant endophytic bacteria.

Keywords: pyrene; functional endophytic bacteria; inoculation; endophytic bacterial community
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Figure 1 Cell counts of strain PW7 in the roots and shoots of

inoculated ryegrass
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Table 1 Effects of inoculation with strain PW7 on the plant growth, pyrene removal in the plant and Hoagland solutions

b H: Wik Plant biomass/pg-pot™"  TEHEE Pyrene concentration/mg-kg™ 1 54 Pyrene accumulation/pg - pot™ KR EE R BRR

Treatments

Removal rate of

H Root 2511 Shoot H Root 251 Shoot 2 Root 2511 Shoot pyrene in solution/%
0 LK 31.87+1.18b  52.65+5.16bcd — — — — —
LS 33.97+1.29b  63.17+4.50ab — — — — —
LR 40.03+6.24a 66.00+3.72a — — — — —
0.1mg-L" LK 3327+1.78b  51.83+1.19¢d 84.99+13.15d 18.91+2.74d 2.81+0.32d 0.98+0.16d 33.50+15.79¢
LS 35.03+2.14ab 55.80+2.69abed 61.78+7.37¢ 15.71+£2.28d 2.15+0.13e 0.93+0.10d 62.79+6.92b
LR 39.43+2.75a  63.07+1.93ab 51.37+2.33e 12.16+1.33d 1.94+0.08e 0.77+0.06d 71.48+3.82ab
0.5mg-L”" LK 31.10+2.55b 47.73+5.80d 306.55+9.79a 82.15+5.85a 9.56+0.34a 3.90+0.22a 60.32+4.27h
LS 34.97+2.35ab 54.23+9.78hcd 245.45+7.69h 63.95+8.22b 8.58+0.49h 3.42+0.34b 71.41+2.98ab
LR 39.67+1.26a 61.10+5.48abc 171.01£14.0¢c 47.37+£5.25¢ 6.88+0.38¢ 2.74+0.21¢ 78.33+3.66a

T RSN FRERORTE 0.05 KF F 2R R .

Note : Different letters in same column means significant difference at 0.05 level.
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Figure 2 Effects of pyrene contamination and strain PW7 inoculation on the cell counts of cultivable endophytic bacteria in ryegrass
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Figure 3 Photographs of colonies of the 32 endophytic bacterial strains on LB medium plate
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Table 2 Cultivable endophytic bacterial strains isolated from the ryegrass

2 Roots 280 Shoots
2K Class J&% Genus (ﬁﬁzﬁg ) 0 01mg-L’"  0.5mg-L" 0 01mg-L"  0.5mg-L"
LK LS LR LK LS LR LK LS LR LK LS LR LK LS LR LK LS LR
Gamma~— Acinetobacter ~ PYRL1(MF458860) + + + + o+ +
proteobacteria PYRL2(MF458861) - +
Erwinia PYRL3(MF458862) + + o+ 4 + o+ o+ o+ o+ o+ o+ o+ 4+
Kluyvera PYRL4(MF458863) + + + + + + + + + +
Pantoea PYRL5(MF458864) + + + + + o+ o+ + o+ + o+ o+ o+ o+ o+
PYRL6(MF458865) + + o+ + o+ +
Pseudomonas ~ PYRL7(MF458866) + + + o+ o+ o+ o+ + o+ o+
PYRL8(MF458867) + o+ + o+ o+ + o+ + o+ o+ o+ o+
PYRLI(MF458868) +
Salmonella  PYRL10(MF458869) + o+ o+
Serratia PYRL11(MF458870) + + + + + + + + + + o+ + o+ o+ o+ o+
Alpha- Brevundimonas PYRLI12(MF458871) +
proteobacteria Pedobacter ~ PYRLI3(MF458872) + +
Rhizobium ~ PYRL14(MF458873) + + + + + + + + + o+
Sphingobacterium PYRL15(MF458874) + + + v+ + +
Sphingomonas PYRL16(MF458875) + + +
Betaproteobacteria Delftia PYRL17(MF458876) + + o+ o+ o+ o+ o+ +
Actinobacteria Curtobacterium PYRL18(MF458877) + + + + + 4+ + o+ 4+ o+ + o+
Kocuria PYRL19(MF458878) + + + o+ +
Microbacterium PYRL20(MF458879) + + + o+ + o+ o+ o+ + o+ 4+

PYRL21(MF458880) + + +
PYRL22(MF458881) +
PYRL23(MF458882) +
PYRIL24(MF458883) + +
PYRIL25(MF458884) +
PYRL26(MI458885)
PYRI27(MF458886) +
PYRL28(MF458887) +
PYRI29(MF458888)
PYRL30(MF458889) + +
PYRL31(MF458890) + +
Flavobacterium PYRI32(MF458891)

Micrococcus

Bacilli Bacillus

Paenibacillus

Flavobacteria  Chryseobacterium

T MR BT Sums of bacterial strains 14 14 10
J& BB Sums of genera 12 12
2R B Sums of classes 5 6 4

13
10
5

+ 4+ + 4+ + o+
+
+ o+ + + + +
+ + o+ o+ o+ 4 +
+ + + 4+ + 4+ +

+ + 4+ + o+ +

+ + o+
14 17 15 14 16 14 13 12 10 11 14 12 13 16
12 13 13 14 13 10 11 8 &8 10 10 10 10 13

6 6 6 6 6 4 5 4 4 4 4 4 5 6

BaTE 21 & , Hor Microbacterium J& 1 20 B8 Fh 28
% , Pseudomonas J& . Paenibacillus J& IR Z - 32 ¥R N4
4N, 6 BRAR B 4F A (PYRLY, PYRL10, PYRLI2,
PYRL19. PYRL23., PYRL25) . 3 ¥k 25 it 3 4% A
(PYRL2.PYRL29  PYRL32) .4 fk t£ 5 YL ki bk 45
(PYRL9.PYRLI10O.PYRLI2 PYRLI3) .4 ¥k 2 i 1
¥4 (PYRLY . PYRL22 .PYRL23 .PYRL25) ., It4h,1E

BRSPS TR PWT E B R A B N T R B
PRI AT 5 5 N A B R K, TR R PWT R AR Rl
) PR REARR PN AR A T P B 2, AR B R e ok JEE
TSR R 2050 0 17 A 16 7
2.5 EYAEESF N A E AT

R FH A AR — R 48 B0 CHD A ) P48 5 () 4>
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REAIG , e IR AR MR B2 75 Y RE WS TRl e PR AE e A A 2
A 2 AR A 2] BE AN e 10 Y e R AR T B 3R N

A R TR IR ) 2RI ST 35 Qe R, R R
MR o FERH R BE EE TS e 261 T, BBk PWT IR AR
IR T B 4 REAS B2 i e 19 e R A TR 2 N A
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Table 3 Populations of endophytic bacteria in ryegrass seedlings

4 {3 Dominant % < R G sl B

N L A

2 Roots 0 LK 2.016 0.764 PYRI24 Micrococcus 7.31(33%) 58.54+6.46

PYRLI14 Rhizobium 7.26(31%) 66.42+3.11

LS 0.912 0.396 PYRLII Serratia 6.89(33%) 68.99+2.72

PYRLI9 Kocuria 6.80(27%) 56.86+5.31

LR 1.609 0.648 PYRLI11 Serratia 6.95(29%) 68.99+2.72

PYRL24 Micrococcus 6.95(29%) 58.54+6.46

0.1mg-L" 1K 2.019 0.813 PYRLS Pantoea 7.13(34%) 47.35+8.18

PYRL4 Kluyvera 6.68(12%) 38.64+4.87

LS 2.068 0.784 PYRLII Serratia 6.92(28%) 68.99+2.72

PYRL6 Panioea 6.90(28%) 33.48+2.81

LR 2.029 0.732 PYRLI1 Serratia 7.03(52%) 68.99+2.72

PYRI24 Micrococcus 6.44(13%) 58.54+6.46

05mg-L" LK 1.302 0.507 PYRLS Pantoea 7.08(37%) 47.35+8.18

PYRL17 Delfiia 6.54(12%) 50.81+6.41

LS 1.973 0.823 PYRLI1 Serratia 6.97(23%) 68.99+2.72

PYRL3 Erwinia 6.93(20%) 58.01+4.34

LR 2219 0.865 PYRL3 Erwinia 7.39(46%) 58.01+4.34

PYRLII Serratia 7.19(26%) 68.99+2.72

2511} Shoots 0 LK 2.016 0.764 PYRLIS Curtobacterium ~ 5.28(28%) 59.76+3.09

PYRL30  Chryseobacterium  5.20(22%) 34.51+0.54

LS 1.302 0.507 PYRI21 Microbacterium ~ 6.02(65%) 33.52+4.77

PYRLIS Curtobacterium ~ 5.46(17%) 59.76+3.09

LR 2.019 0.813 PYRL30  Chryseobacterium  5.99(34%) 34.51+0.54

PYRL32 Flavobacterium ~ 5.77(21%) ND

0.1mg-L' 1K 0.912 0.396 PYRIL21 Microbacterium  6.23(75%) 33.52+4.77

PYRL30  Chryseobacterium  5.43(12%) 34.51+0.54

LS 1.973 0.823 PYRI2I Microbacterium ~ 5.88(28%) 33.52+4.77

PYRL6 Pantoea 5.79(23%) 33.48+2.81

LR 2.068 0.784 PYRI21 Microbacterium — 6.18(33%) 33.52+4.77

PYRL6 Pantoea 5.90(17%) 33.48+2.81

05mg-L" 1K 1.609 0.648 PYRI21 Microbacterium ~ 5.82(50%) 33.52+4.77

PYRL30 Chryseobacterium ~ 5.45(21%) 34.51+0.54

LS 2219 0.865 PYRL21 Microbacterium 5.58(25%) 33.52+4.77

PYRL7 Pseudomonas 5.51(21%) 46.52+6.72

LR 2.029 0.732 PYRLI5  Sphingobacterium  5.96(35%) 72.06+8.25

PYRI21 Microbacterium  5.69(17%) 33.52+4.77

1 ND IR ERR R AT 20

Note : ND means the biodegradation could be ignored.
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A ) B T 7 B B B8 12 ey R 22 B DN 2 A R P e 2 A 1
FNI BT, AT EE T Yl b T 2 5 9 A 200 1 o R 22 A
PRI

BTG YL FITE bR PWT7 E B 14 23 5 i) MR Az B AR 25
IR B % A A A R 0 DI B S0 DY A 240 T R AR
G5k . MR 3 AT, REW AL, b5 e B AL F A b
£t #Fh & H Micrococcus J& F1 Rhizobium J& 78 i Pan-
toea J& , th 15 Y4 PR A2 B ZE I v 248 XA AR & B Curto-
bacterium J& 7% "N Microbacterium J& o [REE 15 G4 /K
T PR PWT IR S |, BB BT Serratia J& W R 48 X6F
PEH I (LRO.5 Hr g L Hph e ) , 22 FE2sm- AR it
B Fh g B Chryseobacterium J& 7% N Pantoea J&
(LS0.1.LRO.1) . Pseudomona & (1.50.5) 1 Sphingobacte-
rium J&(LRO.5)

Xof b3 3 v AN [] 4k 2 PR A AR N ZE AR A
T PR ) EE R AR AR RE R R, PR AZ B N AR BV T AR S 0 28 B
A — JE 1 B AE J1 , Hoh B PR PYRL3 (Erwinia) |
PYRL11(Serratia) PYRL14(Rhizobium) PYRL15(Sphin-
gobacterium) \PYRLI18 (Curtobacterium) . PYRL19 ( Kocu-
ria) \PYRL24(Micrococcus) %f 20 mg- L' EEHY 15 d [
L 55% ., TS YR T e TR RN L
PR L 56 A% B8 5 i e T R 36 T R A R A TR R, 3R
TR Bk PW'7 7 B BE A% 108 o P PR A2 e PN e v A i g
AP T EE RBRAE ST . HEAb, 25 b PR AR RO A T bk
BRI AE )3l T 2R P SR, R IR R A
A= R ik e Y T2 SR A

3 g

LIIBE PN A 4 TR AR 0 1A 9 10 o B 80 R R
AR IR AE R 0 GBI ZR, AR E Y Bz TR b 3L S
S JH 7E A A7 R R 2K S Y 2 B DA Ak PWT R i
10°~10" CFU - g, & WA T #k PW7 REMS i ) < Fi 1E BB 2
AP I RE AR A AN . BRI PWT I R 80
FEA AT FEARAR ) 6 15 e A SRR P AR G . A O
T ARG YL ST, SR REAR Y D) g TR E BE
B 5 R R A K o S IE A G (AR P p=0.647, P=
0.031; 2211 p=0.661, P=0.038) ; K B 2 EE I5 4L T B
22 WK P ) BE A FE 0 S AR AR T EE TS G LB
FIEA & (R P p=0.879, P=0.01; 21 Hh1 p=0.655, P=
0.029) . BFFEFRM, WA I E R ZIRZH R
SEM, BRAEY) A B PRI ZRPT DN A A R TR AP A R R
A, 8 B 7 3 A 2 52 i T BE P A 20 T Y BE AROR
Afzal ZF5R R 4 Fh e 58 5 206 9 A2 4 1R Burkholderia

phytofirmans PsJN 425 2] 58 1} 15 e 1l X 11 B8 27 R {4
N, S5 R R, PsIN T bR E AR H 7 1) 5 B AR B
R AR ROCR . ARUTFEAE RWIE S AT LR
FPEERD IR AR P 22 R A Rk PW 7 € B AR B
R AT 7 e IXUBS: OO B -

BEA EE TS YL LRI O, R AR T B R N AR
20 RO 2 b, 2R O AR R N, e
R, HASE R 35 0 Liu SFP R RIESE 45 R 3R
AR it S5 v B2 0 T L /N2 AR b N A 20 T S 0
A RN R e R R s, U BV B PAHS 75 YL B A i
L ZE I i P A 2 R A o R R B R
AW R BLER PWT E S I i 1 ik B EET5 4 T 2R
2z BN 2R rh ] 15 3R N A AN AR T L TR
A 20 T R D RE TR 8 FELAR AT %, MRS B 2R W
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AHIEFE 30 R A2 B A PN 3 1 1 21 3L 32 kAT
KRN AN B , 43 5 )8 F Gammaproteobacteria , Alpha-
proteobacteria, Betaproteobacteria, Actinobacteria., Ba-
cilli #1 Flavobacteria 6 140 , R B ALY N A R EF =
MZREE. 5 2R N A i w A A T e gAY A
K RSPt R PAHS 5 YL REAE RN G
ZHENE, Wang S5 W57 R WITE R W PAHs {5 5% R UL
R rh A B 22 R4 3 1 B T Cravo—Laureau 55 A
R 2R R AR 2™ B 5 5 G W R R .
ZAETEAR BT R B, 5 Wk LR 15 YL RE S AR AE A Y
A 0 T R 22 R AN ) BE L (ELR PR PW T SRR AR il
SE A REAT RCHE vy R A2 REARLRI ZE I vh N A A T Y 2
FEPERY S B, G2l 16 T5 QR HE ) N A 4 1 2 A
AIBERE o X855 Afzal 28 W 78— 55, R WA
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ROk

] AW S R B AEAE ] TR A R R B
HEZE N AR AT R N AR A AR R AR T AR A
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PW7 i FH RE(H 1 75 Y 8 22 REARL AN 2R it vh T 15 5 AR
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SRS BTG G A BE ) o EE AR A RR PWT E Bl
Jei FET I 1Y Serratia J& 1 22 FEHL %) 48 X G B
J& , HA AL &8 Pantoea J& . Micrococcus J& 1 Erwinia
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