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Construction of Multiple Bacterial Consortium and Its Application in Bioremediation of Petroleum-contami-
nated Soil
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Abstract: Three bacterial strains were isolated from petroleum—contaminated soil and identified as Rhodococcus sp. based on their 16S rRNA
gene sequences and morphological, biochemical and physiological characteristics. Abilities to degrade petroleum were studied and compared
among three isolates and four strains instored in our laboratory. The seven strains prefered to degrade different component of petroleum re—
spetively. Multiple bacterial consortia were composed by different combination among the seven strains. Consortium D which consists of two
strains of Rhodococcus sp, a Gordonia sp and a Pesudomonas sp showed much higher degradating—oil efficiency than any single strains and
other consortia. Consortium D could degrade 70.3 % of petroleum totally and 71.4% of aromatic component in petroleum in 5 days incubation.
Consortium D could also degrade 99.8% of Cj;_ i alkanes, 92.6 % of Cy 5 alkanes,82.2% of Cy 3, alkanes and 90.2% phytane in petroleum.
When consortium D used in bioremediation of petroleum—contaminated soil,it could remove more than 50% petroleum in soil. In condition of
10~30 °C, pH 6.5~9.5 and inoculum10° CFU g, the consortium D could degrade petroleum faster. The results indicated that Consortium D
had potential used in bioremediation of petroleum—contaminated soil.

Keywords: oil polluted soil; degrading bacteria; multiple flora; bioremediation
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WAk, SR B R AR AT Y B Y g HGE
16 - 438 8 T B o AR T P R R SR B R A TR T e A
WEE AR, W AR B2, 3 EIMRR 7E
AbFEBTHIHTIN Exxon valdex A VMR , @3
I R AR A I T, TESEET [ THBR T A
HY RS R AEYE S R T S — T R 5
TEN, N THFRAEWERIEAR T 2N FIHES
BLT5 G i R FE 21 py A e A X R A DL B AR )
BRRGZIRF R, BARFEE A A
VBT LA, {H 5 530 0 PR8N 68 1 98 1Y)
WA ARAT AT TAERE S,

WS 7 B T AR A A R 20 43 B R Ak
BRI R A ARG T RO B, AR B A S
P+ ENAEMIEE R, A TG g BN A YR
BRI BHARMIRMIE S,

1 #BE57FE

1.1 ik 13%

P 5 £ BOE LR ZR B BER S B
SR & A 4 (0~20 em), AR LRSS
FR¥ARIES S 7 I SE00 2 , BR A PR R DRRSE Sy
Y, B 20 B, B AR AR 1,

#1 Rt ENECERE S HEAS

Table 1 Physico—chemical properties of soil tested and oil

concentration and fraction percentages

L Akl 2N 2E AR AR EER
xm P g'ks' gkg' gkg' gkg' % %
W+H 78 45 019 023 446 66 12
1.2 FkESRE

%mﬁ'zi%?%%: (NH4)2SO4 2 25 K,;HPO,:3H,0 2 25
NaH,PO,-H,0 0.6 g; MgCl, 0.5 g;NaCl 1g; CaCl, 0.02 g,
ZEMK 1 L,pH 7.2, LB B3R 3 . 4 WE 5S¢, EAMK
10 g, Z&18K 1 L,pH 7.2,

1.3 BMiEE5EE

B —E B WA T0T5 Y 3T 250 mL =M,
B 100 mL FoALERBE 3L , 30 CREIR¥ESE 7 d, R)5
BEREFRRIATRRRE , BUR R IR A 2] LA Tl Ry ME— Tk
VR TCALER A, 30 CHEE 1, P A K RIFAI T
P TE LB 3G 5 AR bk —2 40 88 Ak, K15 AT
Kot TR ) i 3 5

¥ o B A B B R T SR A 3 A1k
B (J7 65 0L 3CHR[14]) & 16S xDNA J7 51 [ 9544 Le
XFA3HT B RE Har A

BIPRE 16S xDNA JF 51 4371 52 B B8 9 S5
DNA, %A J5 LA4H T Y 16S rDNA 38 Fi5 #3847 PCR 3
W, PCR ¥y 5|49 F.5 -AGAGTTTGATCCTGGCTC
AG-3',R:5' -AAGGAGGTGATCCAGCCG CA-3', H
S EE YR A R AR S, PCR RBIER N
10xTaq buffer 2.5 wL,Mg*(25 mmol -L™)1.5 pL,dNTP
(2.5 mmol -L1)1.5 pL,5 %5547 (10 pmol pwL-L™)2
pL,3” %597 (10 pmol pL-L™1)2 wL, 4z DNA 1 pL,
Taq DNA BAH(5 U pL-L7)0.5 uL, H,0 15.5 pL, 2
&R 25 pL, PCR [ 2544 : 94 CHIAE M 5 min, 94 °C
A 30 5,52 CHE K 305,72 CHEfH 1 min 30 5,30
TEER, #bFEFEAH 10 min, PCR 7 ¥y 3k A 50 &
(Axyprep DNA Gel Extraction Kit, Axygen Biosciences )
AL S AT o WP 45 3R AE GenBank %4 42 rh
IR
1.4 EHEBEREA IR BETHINE

HEARBIARBERI ] S gL BRI CALAR
H,5 d J5 FATHBEANIE C B30, SRR 3 BR HE &
B EEHMEDS GC RS BT N A B R A
L5 BEAEHNME

W23 B R TR R S 30 = DR 1 LA BT AR 20 3
LB WA sEFREE P 30 CHRZHEFR 30 h, K ERZENE
KB IR, RIE B IFAEKE R 0.1 mol - L' (pH 7.2)
BERRZE v, KA TR B AR 35 2R MR
RIGHAT ARG , A R R A BB S H TR &
JE BB LU o E— BRI A B IR e, 30 CHR
B 5 d R AR E B 5N GC B Hr HXT
A R KRR, AR R AR 3 S R R B R
1.6 E8EFMREMKRRE TEDA MR

BRI A R B AR 2 B R B W A LB B
FE, BRERENPAERKEY, BO0BERKT
FAK B 78 18K Ve — K, &J5H 0.1 mol - L7 (pH
T2) BB Z MR ER, RAREFLHIREHMERE
B R E R

I E 3 AL, 738 X R (R K ++K
T AR D) A3 1CKEE L+ 57 D) 038 205k
K L+EH D)o Bt 0.1 kg(4 E D42 8.5 cm,
TH# 5.0 cm, 5 7.5 cm), LEFEMF R D MIMAR
7 10°CFU-g”, F 30 ‘CTF 3557, 8 H BUK 6 38K
BTE 20%, HEH O, BA DRI, D4ERRESE
5 d PO E A S B, DRI K
WK R EZERKHE . BB 3 N ERE B3
WEENFE,
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1.7 1% pH X ABITLEVEERNFIT

R + PR PRI HCL 2% NaOH, J735 -3/
pH 43314 4.5.5.5.6.5.7.5.8.5.9.5.10.5, iR I B B AL
FRAT B (INSE 2 ) 0.1 mol - L™ (pH 7.2) B FREL 5% v
), F 30 CT 3%, 55 H WK S /KETE 20%,
S5 JdBHEENE., B0 3 ERE 3 RER
AEE e 138 SR R AN 1.5 5 AR
1.8 REX il BERF R T

R B FEFIXT B, 437 F 10.20,30.40 CF
3%, H WK 58K ETE 20%, & 5 d BUE
R B 3 AEE I 3 REE M FHE 5
AR R ER 1.5 F5AH
1.9 TEFABARNENE

Z: B SCHR 7 M T B Bl IR 5 g, F 40
CT M 24 b, 588, B FRERE S, WA G MEES
mL, BIZUHRE; 30 s, B K IR 10 min,
HEEE 1 IR, LEAVMEABRARIE  5REHAH
10 mL A VHBARE & 4R 5, & I F IR EBOR , LA 3 000 £
min™ B0 10 min, BUH _BIEW, S50 BEE R
AMEE R, I X TR P 5 A I ) g R N
MREMERE, BRBAEREERNEZETE B
IEC kR, 29042 045 pm B4 uE RS 0E, H
GC Rl be e P A

il & . RAHEIE{CA Thermo trace GC UL-
TRA, ik TRB-5,FID &l , 80 C{#4F 5 min,
DL 3 Comin F+ & 165 C, {#¥F 2 min, RFLL5 C-
min~ F}Z 270 °C, {#+F 10 min, EEE O 250 °C, #:
T EEVELEE 280 °C, TR

2 HRESH

2.1 EBEKRNIBNNEE
MG Y 4 3RS B A5 B 14 R G TN R R

B, AT A TR AR SE IR, e Y 3 ARRR AR T
B, HA AR R LR 2, BIMRIIBSHLE L
FHIELL K 16S rDNA Fr3lERY, X 3 %hiEHET
Rhodococcus spo
2.2 EHRX A PR
AWFF TR LA B 3 AT DA S SE I 2= AR A7 I
fihd BREX A i A REARRCR 3R 3, Forp Wbk 4.5
Gordonia sp . FH#K 6 &1 Comamonas sp E K 7 K Pesu—
domonas sp™, 3% 7 ¥REEX I B FERERE 1 5B AR,
BAR 1.2.3 BEABEAR Coos P KEEIEM SR, B
PR 4.5 R Cos o BB IREELEIZ BOPEMRCREGS, Wtk
6.7 FEREMITER MbiR R P RS 5
IR IRRE R , BHEREAE , Bk 1.2 X HRE
AT 50%L) b S5 RFTIX 7 bR ETEREARA I )7
K EFTEZRAE,
R 3 BEREMAIPBERZE(%)
Table 3 Degradation efficiency of petroleum by
bacterial strains(% )
[
BER FFR Cow Cox Cna Mk
BHR 1 Rhodococcus sp. 444 304 932 914 431 921
Bk 2 Rhodococcus sp. 503  43.6 862 883 542 542
Bk 3 Rhodococcus sp. 38.8 642 873 903 374 0
Btk 4  Gordonia sp. 339 412 664 687 625 142
BHE S  Gordonia sp. 43.1 565 639 733 732 222
Btk 6 Comamonas sp. 203 652 793 532 134 O
WAk 7 Pesudomonas sp. 303 752 713 364 224 72

TR 123 AT E, Btk 4.5.6.7 LB RIFE k.

23 EARMERNAE
ARG Z B EEAEAF FE U RO, A AR & B
R AR O A TSR, SRR R 3
PRBH LB SE U 2 AR A7 9 oAt 4 AR EAT AL G
THFEAR S TR o 26 4 SR 5 77 SR B X i

Bk B

R2 REERESFURMEREALER
Table 2 Morphological , physiological and biochemical characteristics of strains

Y TERHE Btk 1 Btk 2 Btk 3 X 7E RFAE Btk 1 Btk 2 BIbk 3
3120 % B 7% B % TEMIK R + - -
[N B HEA HHEA AR ERIE JE - - -
VAR BLATH BTk T i) 4ed - - -
ISR + + + V-P - - -
SRR - - - B aT - - -
Beflii + + + PR A A + + +
[l w + + R w + w
20 - - - R w + +

Ve FOR B, - R, W FRS L



1570 B S 525 R FOR S R HOX A s e 3B 5 BT 5T 201148 A
® 4 BABEHXEMPREHSHIPEFEE(%)
Table 4 Degradation efficiency of petroleum by multiple bacterial consortium(% )
- — FERRRI%

SRER FHEE Cip Cxs Con HekE
WEEA HkR 1.3.4.5 54 38.4 91.5 78.3 80.7 90.6
WEEB HHk 3.5.7 28.8 45.6 92.7 66.3 29.8 1.3
B C Btk 1.2.4.6 37.2 55.9 89.0 90.3 78.6 85.2
WHD FR 1.3.4.7 70.3 714 99.8 92.6 82.2 90.2
WHE Witk 2.3.6.7 333 21.1 90.3 69.3 45 33.9
WEF Btk 2.4.5.6.7 16.3 30 782 59.3 229 8.2
BHG WRE 1.2.3.4.5.6.7 34 36.9 87.3 68.4 54.2 29.7

AIREFRSUR . BT AT B EHNE (GC BllE
GyHT, GERFHERE 1.3.4.7 WEMERE D XA W
R AR BT, FE 26V 100 mL B F & 4 mL,
AR 5 g- L7 MR TTHLER G SR 59,7 d WA
R RIA R 70.3% (BB ). T1.4%(EIMNE) , HIkfE
AR RCRIT i R — B AR M AR A B
2.3 EAEFIMREF R K E DA HHFER

MHRLE RS LR 1, XA MRS R R
A AT, 45 R0 B Y v A IR
WRE, TEAMIKEN 44.6 g-kg” I+ HH 30d
Ja BB RN 12.6%(INEHR 15%) . MM E S
PERE D BB A AR A AR, EEKE TR
K B rp BRI I A R ERA ] T 50%
DL (AN R 61.2%)  FEREREALEE A, A i A [ i
FERATERT 15d B, 705 15 d BEEIERZ1E,
2.4 1% pH M EAEFEYEE RAiMTLARNE

+ 48 pH X & & B A WE AT YL %
L 2, 7E pH 4.5 . pH 5.5 13 H A BB A ML
R R, RAFEMRBRME A P, BRI AR K 2 3
KM, B pH (ERFHE , BN A R A5
YERIZ 5, Hoh pH 6.5~9.5 Fr {34 ¥

50

40+
E
T 30
5
22 - X1
Tl R

- KK+
0 1 1 1 1 1 ]
0 5 10 15 20 25 30

A E)/d
B 1 SAWEMTRI DA mHFER

Figure 1 Degradation of petroleum by bacterial consortium D in

tested soils

BB , 7 pH K 8.5 I, AR MR ALRE MR B &
HEHNF] 64.9% (258K 65.9% ), BEEE D Mk FiES
H RN pH 5%, BB EN B RE Aihis 4
TIERRETT,

100 [
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Figure 2 Effect of soil pH on petroleum degradation by bacterial

consortium D
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Figure 3 Effect of soil temperature on petroleum

degradation by bacterial consortium D
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I, H TR 20 CHYSH A i BRSO BT, 30 d WA
THFEAR R 61.4%(RINEN 72.4%); #E 10 CHI
30 ChTt B A TRIF R FEAERCR, 1 40 CRARIMHI T
A RFER , AR FHEST A M R, ZE B
T T X A T R A RS RBCR X L F AT Y
REMEE R T EEMN.
2.6 BEMEXNARMTETIEEYESHZIT
B R A s A B E B L 4,
BRI, B B S AT AR R R IR, [HEE
FhETE 10'~10° CFU- g +-JEFEIN , AR R i 2
SRR, AR 10°CFU-g" XI5 g 3
A B BORA AT

100
~-10°CFU-g?  %10°CFU-g"

| -0-10°CFU-g? -O-10°CFU-g*
—A-10'CFU-g*

o]
[=]

[=)
[=]
T

AR %
&

[\
[=]
T

0 c‘ 1 1 1 1 1 1
0 5 10 15 20 25 30
Fa]/d
4 HEMEXERFEE R M A RN
Figure 4 Effect of inoculum size on petroleum degradation by

bacterial consortium D
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RE TP F L RO M AR 3%
WA (H AR ORI R ARG, T H3E b
WA 7 D3, XA A0 i T B ] P T o )
R 22—, el = A o e T I Y 75 R R A 0 8R
%FE, Sanjeet Mishra 2”155 T F A. baumannii S30
pJES AT ATMIS I HIEARALIE S , F5RFRI0d
r 3R AT 89.3 g-kg ! FEF 53.9 g-kg ™, Kishore
Das 252 F] P. aeruginosa M Fl NM &Y L & B. sub—
rilis WARHFA T AT IR AR (120 ), 45F
F W], AEXT X5 BE A, B TR B A 3 T PO I R
R RIS . 1 H P aeruginosa . B. subtilis BB
o

AR Z R H B EY, (BRESEHA
YRtk B R EFEMER A M P RE—H S,
AR —HERBARRA RS Al e 5%,
&2 6 R T A M RAEBE Z B AT
B, (EFFARR S PR TR AT DLk

FNEHM . AR, SRS RN AR
R, ARG R REEA B REARSR , T
A EHEIEA R — R AR AT . FRTERE 1.
B ¥k 3(Rhodococcus sp) Bk 4( Gordonia sp ) I Ak
7(Pesudomonas sp) 28 5% B B BEFE 5 d B[R] Y X A T
MIRERRRRIAR] 10% 704, T FARM—RE— bk
7 A XA B R VR AT BE R T J LR AT 1 & B R
AT ARRIE S, GBI 1.2 BRUEME Ciaas 1Y
HREEIEMEERE, Rk 4 3 Coss BB EELEIR IO I
R, AR 7 FEERA MR ER.
IR Z IR A e 4, BT LARBAR B A4 T3[R A=
Ko BT R E RO MR RZH 5, B8
A 1E AT A B A RS MR 2 . Komukai -
Nakamura 252145 W22 2] [RIFE AU IR G2 o AT KE R F bt
Y2/ Acinetobacter sp Rhodococcus sp Bikk . —IR &R
LEFER I BEME Pseudomonas putida Fl—HRFF R E A
¥k Sphingomonas sp ¥E47 /S [R] (I 2H-& LA ST Joe 1 ok f
WM EREMEZBMHEEER. Z5REY
Acinetobacer sp F1 P. putida W2H G B85 A L , GERE
A 40% AR 21955 . BRIk, FIF
A RRHEE AihTs Y I RA TR N A E

4 i

(DAFFFT M5 Y 3 453 3 MR
AR, 2015 %€, BN 1R T Rhodococ—
cus spo

() ¥ ik 3 MR ISR =E A 54 4
WA T A RIS, MR R A NN E A E
B RRIA, ERR 1.3.4.7 B ERE D BEASCR
B, 7ERE MR 100 mL, SR & 4 mL A HIRES
g L7 MR IATIHLERIE R, 7 d A T FEARRIAF
70.3%(E &Y ). 71.4%(EK5NE ), KA W BEZ A
B EWE R i A R E R K

BG)IRA WAL EEULMT , BB R
FEfR LR AM . A EEP AN EEEE R
10~30 C .pH B} 6.5~9.5, B B HE7E 10°CFU g
P,
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