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Screening of pyrene—degrading bacteria from Kochia scoparia rhizosphere in coking plant and study of plant
growth—promoting ability

SONG Li-chao, ZHANG Wei, NIU Xu-guang, LI Rui, CAO Yang, ZHAO Hao-yu, ZHOU Li-yang

(College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: In order to enhance in situ bioremediation of coking plant soils contaminated by polycyclic aromatic hydrocarbons(PAHs ) and
obtain plant growth—promoting bacteria that can degrade PAHs, functional strains in the rhizosphere of Kochia scoparia, which is a typical
plant in coking plants, were obtained using the enrichment culture method. Pyrene and 1—amino cyclopropane—1-deaminase( ACC) were
used as the sole carbon and nitrogen sources, respectively. The pyrene degradation ability and plant growth—promoting characteristics of the
isolated strains were studied. The effect of the strains on the germination rate and root length of Kochia scoparia seeds were also analyzed
using pyrene as the carbon source. After several enrichment times, 7 strains were identified and named as Kocuria sp. KSB1, Bacillus sp.
KSB2, Myroides sp. KSB3, Serratia. sp. KSB4, Paracoccus sp. KSBS, Staphylococcus sciuri. KSB6, and Bacillus sp.KSB7. In the degrada—
tion experiment, more than 58% of pyrene could be degraded in 14 days by strains KSB1, KSB2, KSB4, KSB5, and KSB7. The activity of
ACC deaminase was more than 3.5 M a—KB mg™'+h™ in KSB2, KSB4, and KSB7. Strains KSB2, KSB4, and KSB7 significantly improved the
germination rate and root length under pyrene stresses of 10~25 mg-+ L. Compared to CK, KSB7 increased the germination rate by 56.76%
and shoot length by 88.9%, respectively. The results show that strain KSB7 has great potential in the bioremediation of contaminated soils of
coking plants using Kochia scoparia.
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% ¥ 55 #& ( Polycyclic Aromatic Hydrocarbons ,
PAHs ) f& F 85 83 A7 A2 10— 2R AM A L5 4
95 NRABRR A A SIS N T T E I, R AR
T 5 Y A b E B Y 2 — , FEORIE TR
TE R AN T ARl 2 IR S iR 8 T BH e A Ak
J” 3 13 B PAHs Ji ik 8 RFIR 5 672.00 mg -
kg™, FLLL 4 35F0 5 258 3, o PAHs B 75.21%.
A AL e A A ) ZE ] -3 b PAHS Jit vk
JEA 144.81 mg-ke™', DL 3 A1 4 A, L4F, BT
IR 15 YL AR T R A5 I R, — S AR AR
TR, T 35t B 1 S e Ay S A AR
I, AT O T R R I A AL ) 1 PAHS T35 3% JXURS:
(R AAT T i DG T Y [ A

ERXTEEALTT B AT A 1Y PAHs B2 £ AR FE{L
2k b2 AL BB R A I B A &
52 45 L A B 2 FikE G 52 vk i TIREE . &
e R H IS A 4545, OB BT e 1 3B
19 F BT, Sun FEUPEEALT I E 7325 A
Pk Kocuria sp. P10, AR5 3% 14 d X} 25 2 BURIEE I
VA 2455 H 83.2% 76.5%F1 59.6% . A By Fiife 85 1%
i DR 3P TR S ECRL M E B R HR
MELUK TR FUET . Smith ZEOBEECT B R SE RS
FRIZ R T R B = By M S AR A e
e, g5 PRI 3 PR 4 FRE) PAHs HAF —E R
BERES . (BT PAHs HA—E MBSt
YA, Sl s alim AR Y B B R IEAN T, AN
] 38 =A% PAHs #EPERBTIE . SRS Y
it FEAIR PAHS MR U B2 R B SRR Y
WA A Y A R A 18 5 R T RN B
K AP TR R PAHSs, [R5 PAHS 1k
JE W% PAHs XA 098 3, AR ) A AR BRIX AT Sy
AR PR AL R AR A KRR, I T R A0S |, it
MR BRILA: AR AR IS HA R A ThRe , BEAS 2 S i A=
PR, Guo S A FH Y5 Y -3 AN i A% PAHS
BRI, P 4R o SRS B PAHs Ay 22k R - 458
W fE PAHs DhRERUZE R . SR, HRTC T4
)RR B AR b X P R4 A PAHS i A2 T Y
WFFEEA WAGE

SEE XL PSS AR L) -3 PAHSs S 74
SR 4R S S s, & PAHs BLEH
15.11% , BOZIRIESEEE h PAHs (A FRERL, FF
B AL XA SR AR B 43 i LB e fi
AE T RIARAE TR, DE BT TR R A Ve R R EE R E

AR R b7~ R B2, U O fe k) 1
PAHs {5 YAt ¥ W e S SRR .

| RS

1.1 ##l
1.1 FEA5]

EE(LHEE>97% )W H Fluka 23 F] 5 1-Z AN Lt -
1-15 22 Jif ( 1—amino cyclopropane—1-deaminase, ACC) |
5| 7,18 (Indoleacetic Acid,TAA )Y F A& ik gl (At
3O FEEBHE A R A
1.1.2 FER IR

OB AT HLER 5 5723 (g - L) : MgS0,- TH,0 0.2,
K,HPO, 0.8, (NH,),S0, 1.0, KH,P0O, 0.2, NaCl 20.0,
CaCl,-2H,0 0.1, %5 8# 0.05, 415 pH = 8.0,

QDF h 537 5L (g L) 54 2.0, (NH,),S0,
2.0,Na,HPO, 6.0, MgSO0,-7H,0 0.2,KH,P0, 4.0, #ij%j
WEIR 2.0, 7% 2.0, 335 pH % 8.0,

ADF 558 ] ACC 5+t DF 155itrh(NH,),S0,,
W ACC I TR EZE ARG, i 0.22 wm A ALIEAR
BT, (i HR 2O 0 3.0 mmol - L7,

@PKO ¥:3:3(g- L") : Cas(PO,), 5.0, %545 5.0,
NaCl 20.0,KCI 0.3, (NH,),S0, 0.5, MnSO, -4H,0 0.03,
MgS0,-7H,0 0.3, FeSO,-7H,0 0.03, Tifg 20.0, &5
pH £ 8.0,

1.1.3 - FEARAE B3k o

2016 4 7 J ,FEUL P S AR X A1 (41048
N, 123°20"E )R A A= K AR SR P 5k, R FH 0 5CRAE
PR, BN PR AL A 10 emx10 em, R 10 em
AL B AR 2R A B B - R AR S E IE R A1 T
FEARBRFNAEAR PR - 58580 25 1, T 4 CoKFRLRAF . T
FE R HEA LT pH E AL N B PR K DL
+ eIk b 16 PAHs 5 18 . 16 ) PAHs (1)1l
FE 2 2% Khan 2 E) )7 o PAHs 1 7 B 46 H R
0.021~0.103 mg-kg™ (T ), TR HNFR IR Ky
84.21%~108.36%

1.2 #RBR T rh BT & B8 TR TE PR R L R I

B 5 g HURRARBR AR 45 mL ARTCHLERRE 37
e (EFEEWRE N 25 mg- L), 28 °C 120 r-min™' §R¥%
Bege 7 d; B R FR 5 mL FRRINAR] 45 mL &1
IR A TCHLER B 97 3,28 °C (120 r-min™ 5537 7 d,
A 3K, MR LB AR5 R 52
A o

WEH 1 mL ER B AWM A E] 30 mL DF #3155
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Ferd 28 °C 120 remin™ ¥Ei%EEFE 24 h, 4% Bk 5 PR
AR 1 mL 2 30 mL i ADF #iiAE 570,28 °C|
120 r-min” $43% 24 h, & 3 ¥k, @1 ADF [#{kREF
FEEA TRRRE o3 B BRIV o
1.3 BEEBEENLEE

FIF 40 16S rRNA 38 5|97 (F27.5 ~AGAGTT
TGATCMTGGCTCAG-3',R1492:5’ ~-TACGYTACCTT
GTTACGACT-3") 55134 PCR ¥ 14, LUK S B2k ST
B I . AR TN, SR R B A
HITE GenBank HRifEAT XS, [RIES 0 2060 0 25 0
PN et AN LR N = AW b B S R I3 W Vi
14 HBEEERSS
141 fR ARt

JIT 43 25 W AR 1) ACC I3 22 i 05 PR 72 2 BR Liu
G T R RE 1 S Bk EDH S T R
TAA G IR T Salkowski J7 30, 7= Bk 4 1A fig ) 2
B8 Payne B9"77k
1.4.2 53 B RN B AR AT

DAV 10° CFU -mL™" A4 A ST EE 25 mg- L
WARTCHLER KR TR NI, A S i B 40 1 , LA
AHEAT B RRAE %6 B, 28 °C 120 v+ min™ fHIRIR
BER O HIAE T d F0 14 d RSy Hrie R i . Bk
FEIE 3 R . P IS R AR BUS R S A
%, B I R FHVRORE (i
1.5 PERME TEERRT BT F AR & B8

HiJR AT A AL BES B Lin 28095 )5 18, Sk b
A7 70% T RS R 10 E 7 2 min, RIG TR 1%
AR ENIHHE 10 min, £z J5 FHJCEK ok 3 3, 20
THBE G R PR B 2 4R 53R A, 2 i
TS [a] e B B EE ¥ 7 (0,10 .25 mg - L)1 1 mL A9 4]
E W (ODgom=0.6~0.8),28 °C ¥55% 5 d, M EFI 1 &
ZERMZEK
1.6 ZEitarin

it A ffi SPSS 16.0, Al A Y L8R
LSD 540 (=0.05 ) , Fdfs ab F{f %R+ Origin 8.1

2 HRE5HM

2.1 i 1EMER

HURAR PR AN HIBR 3P R W3 1, W] i
HOIX AR TS0 , HURAR PR IX A9 LT AL N 33
2P AL K 3 5 2 5 FARMPRIX  APRIX. PAHSs J5it
TS SRR X AR L, 00 T 25.1 mg-kg™!, Bk
H PAHs W1 7.69 mg-kg™', HARPRIX &A1 K&
) PAHs Tif 52 7, X #43  PRH A B f# PAHs 1%
e, ZEH HE AR BR X PAHS 12255 Al g 2 A 241
FVRA: R S o R E T 52 B
22 HEEKRHNEE

PAEEFN AAC SAifE— i 5 RN 0 DB TR AR B ' 4R
Oy TR SRANES T Bk, 4300 4s5 4 KSB1,KSB2
KSB3 .KSB4 . KSB5 .KSB6 #1 KSB7, HEEETE &M%
FELEHYF R 2, WPk KSB2 F KSB7 ¥ 2R AT 1
J&, KA. B, FL R EN . AR,
KSB4 M Vb8 QB , R0 522 [ B (R
2.3 HEEKRMEESE

S R A RS RO TR 3, BR TR
KSB3 1 KSB6 LAAb, HoAx 5 k1 ACC Iz Bl 5 11 34
KF 1.OM o— T iz mg”'-h" (M a-KB mg™'-h™"), H
Hh T bk KSB2 . KSB4 1 KSB7 (19 ACC It 22 Jit 145 1k 78
3.55~5.21 M a—KB mg™'-h™'; 7 Bk EHA 7= TAA (1)
71, YuFR 6.33~108.71 mg-L™; REM A TR
W, Ak KSB3 B 1 feii ; TRk KSB2 1 KSBS AH%
BERRIE , RIAR KSBT ISBRRICRIR AT . 25 b, B T 8kl
PIAL, TEFTA AR KSB7 HAT i =K F1 ACC i
G TAA RIS S T
24 H BRI ERPEREEE

TS B AR T MRANT, 4 14 d JigR 5 HXE
FEARRICR AN 1 R o 45 R EE Y HAT — & BRE A
ey, HrhERk KSB2 Fl KSBS XI5 RIS 2%
AP, TEREFE T d J5XTEE B R AR 5051 35.81% 1
38.57%, SR Pk KSB7 7£ 14 d J& X2 B A 2 3

&1 il EEEEREER

Table 1 Characteristics of experimental soil

. R N/ A P/ L K/ LG/ PAHs/mg kg PAHs T 32 4/
iﬁé PH( H;0) -1 -1 -1 -1 . 5, -1
mg-kg mg-kg mg-kg g kg ML Hi ik CFUx10°-g
JicY/TNa o 7.69+0.04a 3.19+0.02a 13.17£1.31a  12.43+0.16a  15.3620.13a 43.4+2.81b 7.69+1.04 24+5h
AEMRBR L 7.75+0.03a 3.07+0.01b 8.24+0.73b 9.64+0.21b 14.29+0.49b 68.5+3.22a — 31+6a

T R B IR iE2E (n=3) s N [Al T BE2R 0.05 /K1 1225+ W2 (LSD K ). Tl

Note ; Data in the table showed mean =+ standard deviation(n=3); Different letters refer to significant differences at 0.05 level (LSD test). The same below.
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Table 2 Identification of isolates
RS AR A PRl Eik/tds A R WEIES
KSB1 Kocuria sp.NO19(KC200019) 99% L IH M, BRIE B e, 6
KSB2 Bacillus sp.KT15(KJ734005) 96% W2 [P, AP A 540 e, e, B
KSB3 Myroides sp.12.2KSS(HE575905) 97% 2 R, T R, G
KSB4 Serratia sp.TF1-13(KJ127205) 98% 2 [, Rk e, ANiE
KSB5 Paracoccus sp.CY-b28(JX997853 ) 96% 2 R, BB NSNS i)
KSB6 Staphylococcus sciuri 1SB2(KJ507203) 96% 22 [CRH M, ARk R, B
KSB7 Bacillus aryabhattai T245(KC764988) 98% oS W A < 0 H, G, AN iE
x3 HEEKNRERSS TEARE T o Zodd 5 d JEFR G HA A F R MR
Table 3 PGP features of isolated strains EMANFE 4 Frs o ANEHT R, & 2E R MK bl
. Acin\j .i:KB AN gL (ﬁfi&b) Fj%fﬁrﬁi F VR B A S REAI 5 %ﬂ:}ﬁ , %EEH?J‘iﬁ_T%%HE
KSB1 1.21i0.24cd 54212843c  1.93+0.14b + 5 CK A ttfﬁiﬁ%ﬁ%%%%%lJ ﬁﬁﬁ:%ﬁﬁﬂ&% 1
KSB 355:053h 63381571 o . S0, B AT U0 ET S v MR Y R SRR R 5 IR
KSB3  031£0.07¢  63.19:4.27¢  1.3720.17cd +Ht KSB7 RILHEAFAIfEARES), 5 CKAHEL 10 mg- 17
KSB4  4.06:032b  89.46:9.05h  1.16:0.11d + EEWMA T R ZERFZFR e T 14.74%F1 50%,
KSBS  157£022c  31.27+2.28d 0 + 25 mg L7 EEMA FHEE T 56.76% Fll 88.9% (KSB7 -
KSB6 0.83:0.11de  17.0945.15¢  1.62+0.26¢ ++ CK/CK), ZFHHBARR KSB7 X g vk FEETE Wi T i) i ik
KSB7  521£042a  108.71x64a  22120.11a +

s A/Ar 0.4~0.6 +++;0.6~0.8++;0.8~1.0+,

e

e, RF) 90.23%, B AEAR PR X Bk KSB2 Al
KSB5 W REXEE R SE B, VR R
2 JE TRk KSBT X 26 0 [ i, 3 1T 42 8 AR s DX %
PAHSs (YRR
2.5 AREEEIRE TEERXT A FHI MM

S PR RR AR AR R A B R RE T,
I bR KSB2 \KSB4 Fll KSB7, 58 A T Hi e Ah 114

120§ 174

[ oa 144
100+ 42 o ab be
I { 1P [y de
s ¥ i TR
g P [ [ |1 | % |
x| AR IREEN
ol t B B BB B EE B m

"CK KSBI KSB2 KSB3 KSB4 KSB5 KSB6 KS
LS
Pl H S ) A 2 7 TRl — st () RS [ B R AR HE T
EEAR B A 3 25 5 (P<0.05)

1 EERXEERIPERRRR

Figure 1 Biodegradation rate of pyrene by strains
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Table 4 Effects of strains on the growth of Kochia scoparia grown

in different concentrations pyrene

R 3 Ko
Rk - By r o
0 10 mg-L" 25 mg L™ 0 10 mg:L™" 25 mg-L.

CK 95+3a  81+£3c¢ 32+1d  2.3+0.1a  1.120.1d 0.2+0d
KSB2 97+la  87+4b 44+5¢  2.1x0.1a  1.4+02¢ 0.920.1c
KSB4 93+5a 92+2ab 57+6b  2.2+0.2a 1.8+0b 1.3£0.1b
KSB7 95+2a  95+3a 74+3a  2.3+03a 2.2+0.1a 1.8+0.2a
3 3tig

H AT, [ N AMF T & Bl i s se A=
(FLPR{EA: 8 \PAHs FEAR R ) R SR ALAR Y% PAHSs
KAWL YRS AR A ™ Liu S8 E A0S
Yo 5 S 2L P PRI 1 BRI A BE T B9 Kleb -
siella sp. DSA, Rl (R 250 XA TR 1 B A 2 2 15
T 162%, i LA T ARG T 75.2%
42.2%., XVERERSF BT 2R B EE Rl PAHs %k Rt i
AR A E 5 X PAHs B FEARR 58 5 49.6%, 1T [ B
FERFE DAL A T AN PAHSs 4R i T 522 48 1 7
PAHs WAL T 60.1% . FET I, F R
PAHs e RIS YIS PAHs 15 LMk B
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A —E N VG T A AL AR D B TAT AR A 076 A2 G
S b PR PRI Bk , IR R, A
T B4 , Moubasher S5E2VF 57 2 B bk BE A 20 5 B
TR RErh ke, KEREN 31.2%~57.7% 18
A OCHARBRAN TR 5 BRI S8 G BILTS P AR e
K IARAE o AHFFE N PAHSs J55e k) i AR B 432
it 7 PREEE BRI A DL AR T bR, 5T T TR
EEMBERRRE J1 . G RERY], BIKEETR 14 d J5 Wtk
KSB1.KSB2 .KSB4 . KSB5 #iI KSB7 X £ i) F& fift 2R 14
16 58% L) b (¥ 25 mg- L), /3 B RIMR A K 57 g
T i [CHE (Kocuria sp.) HHIFFIR & (Bacillus sp.) |
REWH B (Myroides sp.) V0 55 B J& (Serratia. Sp.) .
BIEKR & (Paracoccus sp.) KA B A ER F & (Stap hylo—
coccus sciuri ) F Zf KT & J@ ( Bacillus sp. ), KSB2 |
KSB4 KSBS #l KSB7 Jir 1& J& A9 i bk A7 i PAHSs
FPIREC A G , REAL T 40T 5 KSB2 4K R
T RR Bacillus sp.SPL-4 1] 2B + 3 d 35.1%1%) 4
¥ PAHs, 53.5%I1) 5 33f1 6 25 PAHS™ | H A ZMF5%
T Z @ W] A A R S PR 2, AR TR
Pk KSB2 3535 7 d XFEE R R s, RINZIRwbk
S PR PAHs MOICEERE . Liu SFPBFTE R B4
PR Bacillus sp. DZ13 W] #2546 R R 13.8% 004
Wik, ABFSE & PR bR KSB2 KSB4 il KSB7 Y ACC
R WS TER T 3.5 M a-KB mg™ -h™', 7 #R i 4 B AT
77 TAA [BES), JE R 6.33~108.71 mg- L™, HATALR
HIPEA I T

MBI A= T T £ i Fh 11 & 2R R, R
PR AR A AR it (BRI Pl 2 S AR DD RE R AR 75 L
A HLBREON , SE AR A EIIRERI OCHE . Chen Z5™L BE
HeFp Microbacterium sp. KL5 F11 Candida tropicalis C10
AR R PR B RIAS R SR A AR R AU PAHs 1 25
B, (HBEZZ R 5 7R R s R H, HAA B AR PRALN.
R, FRATAEAE AR R RIEE R A RE ) SC I A St |
PEHUE k KSB2 . KSB4 1 KSB7, fif T2 4= 1856 , 255
P TCEE W8 R AR A D2 AR R 00 BEAH L TG i 2
2250, SR B e W B T, S TS 1 HER Y &
ZERMZER (R 4). Wbk KSB7 ZEEEMME TRt T
RAFIEARE Sy, WEEE 25 mg- L7 5 10 mg- L AHLE,
HARE D RE I R FERAE X B3, R Pk KSB7
FEVS YA BRI RER e AR T, Je g 1 ik
JERERIR TR R A B A R . KT
PPk KSB7 X} 143 PAHs HuRAE R Bs2mi7E 45 TAE
R — 2P ST

4 #Eig

A5 NEEART DL SAAE Py b kAR B A 398 3%
B 7 MREL PAHSs FEAERE T IAR PR AR B, o TR AR
KSB7 HA & e FEfRRE ) AR AR 16, BB T
ZEAUFT R & (Bacillus sp.) , 3Pz bk B 7] 22548 Ry it
AT X BT, 7E 25 mg- L7 U EE N, 5% REAH
Fb Lk e 2 2R AN ZF R A3l $ i T 56.76% F1 88.9%
TR TR AR KSBT 7E AR5 Yy A 38 0 ik — Sl W B
HEE T BA BRI G T1.
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