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Biodegradation of Petroleum Pollutants Based Biostimulation-
bioaugmentation System with Bacillus Cereus
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Abstract ;In order to investigate the removal ability of biological stimulation,biological en-
hancement and its combined system to remove petroleum pollutants ,the best repair strategy
was chosen to better utilize the advantages of microbial remediation. Taking an oil degrading

Bacillus cereus as an example, the biological stimulation, biological enhancement test and
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combined degradation test were carried out on the basis of organic nutrients,inorganic nu-
trients and mixed nutrients. Different repair methods in different periods had different deg-
radation effect,and the biological stimulation had the best degradation effect on the fifth
day when the degradation rate of the mixed nurients reached 40.98% ,on the 10th day the
degradation rate of different nurients had obvious differences,and on the 20th day,the deg-
radation rate reached 80% which was consistent.In the treatment of bioaugmentation , when
mixed nutrients were used as substrates,the degradation rate was excellent,and the degra-
dation rate was 90.23%.Different periods and different repair strategies showed different re-
moval ability of crude oil ,which provided some theoretical significance for selecting reason-
able repair methods in practice.
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WA it T A DL PR HE 28 RS B i 2 e T )
SR A R e AR AT, TR (T AR N
Jet, ST — PR R ) TRAB (A ) iy B P 2 JE R A

TS A 2L, 2XEs Taq MasterMix ( Dye ) M FE A 1t
N w3 5 I AR T A TR ELA AR
1.2 ExEE

BRI A AE 3.0 g, HH Pk 10.0 g,
NaCl 5.0 g, Z£/87K 1 000 mL,pH 7.2,121 °C K
20 min , e ] [ 4455 #5255 S5 A 15.0~20.0 g
Big.

JCHLE 37 £k K5 95 M. NaCl 10.0 g, NH,Cl
0.5 g,KH,PO, 0.5 g,K,HPO, 1.0 g, MgS0, 0.5 g,
CaCl, 0.02 ¢,KCl 0.1 g, 7&K 1 000 mL,pH 7,
121 °C K 20 min.

AHVE SRR R WA AR 10 ¢ WIS 3 ¢
pH 7,121 C K 20 min.

RAE RV SR : NaCl 8.0 ¢, NH,C1 0.5 ¢,
KH,PO, 0.5 g,K,HPO, 1.0 g,MgSO, 0.5 g, CaCl, 0.
02 g,KC10.1 g ,ZRFIFR5.0 g BIWENR 1.0 g, pH 7,
121°C KA 20 min.
1.3 16S rRNA > FEMFLTE

PR FH B AR SE it 355 32 6 7E 28 °C L K537 48 h
Ja HKER 1.5 mL B4 8 000 r/min &0,
10 min}aq&%%ﬁg, KA LA TAY TR F
A PR YN B JE P AL DNA PR 42 B0 57 6 B A
TR A UEL DNA 252, LAt DNA #i4 ,PCR 3"
14 16S rRNA, 514K .

P1(5'-CGGGATCCAGAGTTTGATCCT GGCT-
CAGAACGAACGCT-3")

P6 (5'-CGGGATCCTACGGCTACCTTG TTAC-
GACTTCACCCC-3")

PCR S W 4 & FUSON 250 (T 1,36 2 B
7R) YIS B 2XEs Taq MasterMix ( Dye ) #24EH
TR RS HEATY 3G 5 55 R A e sy
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#1 PCREMEZR
Table 1 PCR reaction system

=l 50 pL

2xEs Taq MasterMix( Dye) 25 pL
P1 2 ul

P6 2 ul

PR DNA 2 pL
TREETFK 19 L

*®2 PCR RM&EH

Table 2 PCR reaction conditions

g MR/ C fit ]
A 94 5 min
A 94 30 s
Bk 55 30 s
S fif 72 30 s
LT A 72 3 min

PCR 4" 37 Wy 5t 1t 53 BCh 19% B SR RE A 5E
2,90 V40 min 7K F-HLPK , BERE R R S8 UV 41
MR Ay AR Y Yk 2 B e TAY T
FEARIHEATINT , IrakA% 10 )75 4% & GenBank,
IREUF 515 0 25 SR AE 5% 1] EZtaxon B8 ZEVEA T
FEXT, FHE I MEGAS.2 M@ RS RS
1.4  AilREAEEE E KT

BUE AL S H W4 0.5 mL 4 4R )28 N
A EBAAR R 3R 3 30 °C 160 r/min 5537 24 h,
12000 r/min 10 min &0 45 AR MR P Sk
AL 41 DNA A1 BUR DNA. LLiX 48 DNA
AR ARSI 3G A b R g R (G 3 TR
FEPN ST 32 B35 2 SOk 43 A A oot 35k TR
WA C230, 75 3 A0 QHM, b k2 54 1k 1
alk B, KAEELEIE M NS alm A Be )R 20
p450 FE K, PCR KW 2514 94 °C 3 min; 94 °C,
45 ;55 °C ,45 ;72 °C,90 s;72 °C,7 min(alm A
B JREE R 50 C).

*3 RiEMEMREEMEFT

Table 3 primer sequence of petroleum degrading gene

gk
A e i [ 15 53"
alk Bwr GCRTGRTGRTCHGARTGNCGYTG
alm Af GGNGGNACNTGGGAYCTNTT
alm Ar ATRTCNGCYTTNAGNGTCC
P4SOF TGTCGGTTGAAATGTTCATYGCNMT
GGAYCC
P450; TGCAGTTCGGCAAGGCGGTTDCCSR
YRCAVCKRTG

A7 A TN 15 53"
C230f CCGAGAACTACCCGTTGCT
C230r ACCACATCGCAGAGTACCTCG
QHM{f CCGAGAACTACCCGTTGCT
QHMr ACCACATCTCAGACTACCTCC
alk Bwf AAYACNGCNCAYGARCTNGGVCAYAA

1.5 AEMBEGREERRE

Ry T i A 38 P AR A TR AR AN [R5 2
TR AR R AR SC R E BRI LG pH L R P
PR 28 X6F 1 i I it B o8 fie sk SR 2 i B A T I AR
£ 250 mL IR O A TCHLER B #2100 mL,
pH IRIe #14h pH H 405 R 3 ~9, &8 T
HREE R 0.5 ¢/U; Frim il gn i, & v 2R 1 it i
W (g/L) 4:0.5.1.0,1.5.2.0,3.0.4.0.5.0,
pH7.0, LA 160 rpm,30 °C ,7E53%0.5.10,15.20 d
Ji S mL A T g
1.6 HE4rHlE-E ek ikie

ISR EFRYIN Y, 7E 250 mL H#EIE R
IAEFEY 100 mL, A 0.5 ¢ (MAD A
T R G SR G AR TR RE ) I rp R
TR 0.5 o/ LAY RIS 50 0 - I+
HUEFRDI(b) S+ THLE =Y (c) SR+ &
EFRY(d) JEIM+ICE K (A SRIEAR ) s ARk
SRy AR i A G 45 2 S G RO L R B T-
04, T-04 I AR B #4115 F 1.0x10° Cfu/mL, 535
A5 mL. Ho A TG B 7K S5 56 41 R X 4. DL 160
rpm, 30 C pH 7.0 FEHMEE %, 7E 5 F% 0,510, 15,
20 d J& , HHUS mL 07 e g
1.7 AimpERRRINE

SR HT 0il-480 FULT AN I A5 H A I B i %6
BUS mL B 15 mL PUSEALRRAEEL 3 WK, A R4
B, B A OB 2 To K B R AR UK 43 I |, 55 7 5]
Z5 0 PO G Ak B E A 50 mL, 5 H
JET BRI R A

AR AR R = [ (25 PRI A T e o vk
FE SRR R A R R W) /A R
AR BT R | x100%

2 ZERHT

2.1 BREEAREF 16S r(RNA £7F
T8 X6} 2 /AT IS G S R R AR AR A
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RO PR AR TR T-04 168 rRNA %05 R FH 4B 4%
( Neighbour-Joining ) F4 & A0 | 38 b 24 BB A5 2%
MEE(E ) s RS RIBRDE | B4 @
% 2 QB E, VR R, R IMHLAE i ~F- AR,
LSRRG R F R (18 2) 2% B n] RE D I
IRZEFIAT ( Bacillus cereus) .

Bl1 Ekk T-04 HIE SR ASEHE
Fig.1 The colony morphology characteristics
of strain T-04

| Bacillus cereus(AE018877)
2] Bacillus wiccimarri(LO8001000053)
01
0.02 TO4(KY852255)
100l Bacillus teyceresis(CP008883)
100 Bacillus anthracis Ames(AE016879)
Bacillus cytotoxicus(CP000764)

acillus flexus(BCVD01000224)

1 Bacillus tianshenii(KF811034)

50 Bacillus cohnii(BCUW01000190)
1 Bacillus zhanjiangensis(HM460884)

Pseudomonas geniculata(AB021404)

B 2 &E# T-04 16S rRNA EE F &
FHNRFEEE N
Fig.2 Phylogenetic analysis of the strain T-04 based
on partial 16S rRNA gene sequence

2.2 PEFEEFERKIN ST

WA it D Rk A i O B g 1) S DRUAT ) A T 3
KIZH DNA A A WA T BORE b AR S50 43 51 %o i
ff VA T-04 FE[RI A1 DNA FIBTRLRY 5 Fh 32 2G5
SEPR AT A . N BT 3 rf R DU AR B R T T-04
FEHA4 DNA HPsi iR I i T 1 600 bp Z2 45 Y
230,200 bp 1 1 000 bp ) P450, 100 bp F
700 bpf# Alk B 800 bp 1 QHM 600 bp 1 AlmA £
R RS T, 1 000 bp 4 800 bp A1 300 bp AY
P450 .1 200bp i) Alk B 1 600 bp Hl 1 200 bp,
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Fig.3 The results of degradation gene PCR
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Fig.4 Degradation effect in different periods
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Fig.5 Degradation results under different conditions

BG5S D3 b — D U PR AT
BRI R Z — 81 ¢ K58 8T, AN R0 4R 75
FEMT,p<0.05, Ui HAAS [A] 5 il 30 5 [ A 2R 22 )
P s R BT ZE R 20 d R, AT
REREMFRIEAR R EM R, P16 E Rt
3.0 g/LJi , B RAR T 60%. 200 4 7 i R ik 5
5.0% /L B BEfRER A 32.53% , Y0106 & iR
H0.5% g/ L B, 1 i1 B il R0 B T, B i R R
79.63%.

2.4 EWRIEANE YR PEFRSLR

T A B 5 A 0T R A U R R Y
A= Wy T AT LTS 33 o i A 0 e o i
AR A IR A8 R AR AR 2%
P, A BRIk 3 34.58% , N4 TR F4E 20
PN R NN R ST Y < 3 A N
E IR e A [ B ) BE e it 35 R AN [, 7T g

JEAT T AT AE P 8 it AT X SR I R R BE ) R
AL AETCHLE SRR R 56 TR R R 42.
18% , MITESF 20 KFEMEFN 81.76% , i@ it ZH R
T 2EAHT R 5 d I, =4 TR 5 % IR
FVEZE R (p>0.05) , 7E45 10 KI, AHLY IR &
BIRYAL A, 5 X REAR L PR RCR 4 W
PEZ25 (p<0.05) , 1M TCALA AL BT B AR LA A Gk
R (p>0.05) , AT RE S A i R A R
il ROV A ML 3R 23 A 2 R o B A B R
20 i, =ANAbEE ST IRAR S B E R (p
<0.05) , VL HHE I3 3013800t o] LA S ot A i B B
ZELR I AR A T A A A A P s g
IRAE Y5 HAb R s S 307 UM b A
T RS T5 R SOR (p>0.05)

DL TG B 7K R ik D 2 5 A i A G 2L A
55 RAFIRAR R 30.72% 55 20 KA A% 2 5 5]
56.12% 16 =4 B LAA HLE 37 L TCHLE 329 Fn
R BTV ETIRY, IR A B T-04 /Y
THTH TS ORISR A RS, =AW
W0 N 27.99% . 43.41% ,51.27% (1N 6
FiR) HESS 10 RIHS5E 5 KA, =& MR R A8
AN S, R f R 4y BIaA 2] T 31.39%,51.57%
53.05% , TE55 15 K, A L 5790 20 B 30OR
A=A A B B 5, BRSO 72.75% , b LA A 1)
FfpoR A8 R0 20 Rt A HLE SR TCHUE Y
FHRA B RN EFRIEY, B iE 325 5K 8 T
81.08% .80.57% .90.23% , i it £ [N & 7 243 ¥,
Fp— I3 55 6 B A e, LA ML B 3% 9 Jon v fig
PO AL BRI AESE 15 KA B 2557 (p<0.05) ,
M5 B LATR A 8 FR P R TCHLE F2 40 M s T %
ff AL 7R3 5 Ko 5 0t IR AL A i 35 1k 22
5t (p<0.05) 55X HRAH ., B AIUR B 2 W5
FZ 5 (p<0.05) ; 7ERF 37 20 d BF, =4NAb B 5 %) IR
HALE A BFEPEZE 5+ (p<0.05) , 7E A Py 5 ALk
g IR A B IR S HAL IR E SR RO S
A G R B8R (p<0.05) .

3 Z5Rvhe

A XA T R A AR A A 11 PR R T 2 2 WL R
16S tRNA %78 , #1458 22 1% T Ak Ol e IR 28 AT
BRI, Z AT AR T A 1) R 2F R 1R A B A
5 Y, A= o™ A AR 9T SR R IR 2E 1
FF B T LIS AN [ () 5 75 8 28 0 o LA — 2 1 R
fi#RET ,7E 32 h INRERF VR 73 5124 15 mmol/L (1)
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Fig.6 The results of biological stimulation and

bioaugmentation degradation
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