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Dynamic Changes in Functional Genes for Nitrogen Cycle During

Bioremediation of Petroleum-Contaminated Soil

WU Bin-bin, LU Dian-nan, LIU Zheng
(Department of Chemical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Microorganisms in nitrogen cycle serve as an important part of the ecological function of soil. The aim of this research was to
monitor the abundance of nitrogen-fixing, denitrifying and nitrifying bacteria during bioaugmentation of petroleum-contaminated soil
using real-time polymerase chain reaction (real-time PCR) of nifH, narG and amoA genes which encode the key enzymes in nitrogen
fixation, nitrification and ammoniation respectively. Three different kinds of soils, which are petroleum-contaminated soil, normal soil ,
and remediated soil, were monitored. It was shown that the amounts of functional microorganisms in petroleum-contaminated soil were
far less than those in normal soil, while the amounts in remediated soil and normal soil were comparable. Results of this
experimentdemonstrate that nitrogen circular functional bacteria are inhibited in petroleum-contaminated soil and can be recovered
through bioremediation. Furthermore, copies of the three functional genes as well as total petroleum hydrocarbons ( TPH) for soils with
six different treatments were monitored. Among all treatments, the one, into which both E. cloacae as an inoculant and wheat straw as
an additive were added, obtained the maximum copies of 2. 68 x 10°, 1. 71 x 10° and 8. 54 x 10* per gram dry soil for nifff, narG and
amoA genes respectively, companying with the highest degradation rate (48% in 40 days) of TPH. The recovery of functional genes
and removal of TPH were better in soil inoculated with E cloacae and C echinulata collectively than soil inoculated with £ cloacae only.
All above results suggest that the nitrogen circular functional genes could be applied to monitor and assess the bioremediation of
petroleum-contaminated soil.

Key words :soil remediation; dynamic monitoring; functional gene; ecological assessment; real-time PCR
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A0SR S S B PCR W 2,4-D B 48l 5 1R
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L 1.2 ANEHERART 38 v 3 o 3 D18k i
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Wit T 6 Fifrimis e LAY B R i
Yo+ HEE N 6 1y, B0 5 650 ¢ LB AL S em
JER 2, S T an R Ab PR O K R 2 X R
(NTC) ¥ LR T 2T T 121CF K
P 15 min, 7 2 R @A KB 2 F X (CK) -
AMEALAT AL B, QB INFEFFALH (W) . £HER K
WL 5% (i L, T [\ B i S A RS FF. @3
FRA AL (B) « AR KT, 2R 30 mL Dy,
1.0 BB A B KT B 2 VR V. B[R] B S in G R A
AR AR AL B (WB) . IR K, R A 5%
(R FF A 30 mL YA W AT B 2 77 V. (© [R) s 422
FLE A AL B (FB) . 3R KB, B A 30
mL BF VA B AT B k7 VORI 335 2 fE 6 /)N o R T R R
flFEW.

IR 6 FlOAR TR AR BRAGBILAT S e IR R 2
BT 25C N TAMERE T, 1 AOAL 385 1 S 52 56 ke i
MLEM(RE T ~2 d) B 3 IF i Hob i B
IK CAHERF + HEREE R (20 £2) % .

0.2.4,.7.10, 14, 19,25 32,40 d Bkt
IURER 732 AR 2 3 43 514k 5 AN EURE A
A2 ¢ WAEA], BT 20 ¢ 47, F4C TR
FERFATHT.

1.2 AR R E

HAE ¢ H EPA 3546 951" SR FH M0 25 BUAY
(MARSX, CEM) X} 2 #¢ i) S8 ATk ( TPH) 5 5 iF
FFIAE.

1.3 THE4HTR S DNA $2HL

R L 4 DNA $2HUL ) £ (Soil gDNA
Kit, Biomiga ) 2 #i Ht + 38 41 7 & DNA. HARA1E
BEIR ) & N UL B, SR BUH Y DNA {7 T
- 20°C FF43HT.

1.4 5195 E A PCR )%

S5ILA 16S tRNA  nifH .narG Fl amoA FEF LR
SR U R T T RN Ak TR 38 AR g
PRI DL 2 o 43 A7 o1 79 244 2R P9 b 40 BT 11 75
1. 16S rRNA  nifH . narG 1 amoA J:H % B 5T ¥
Y E1 a1 FoR.

PCR SV A& AL ARG W (10 x buffer)2. 5 plL,
A 1A 1 (BSA, 10 mg-mL™") 2uL, B IR &
¥ (dNTPs, 2.5 mmol-L™")2 pL, &M 5% (10
pmol+L™") 4% 1.5 wL,rTaq (5 U-mL™")0.4 pL,
MR 1 pl, SJa b2 Atk 2 25 pl.
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Table 1 ~ Primers for 16S tfRNA, nifH, narG and amoA genes
I [H 2 FR 514 L A% F Bt K/ bp ik
. 1055-f ATG GCT GTC GTC AGC T
165 rRNA 1392-r ACG GGC GGT GTG TAC 332 [13]
. Pol-f TGC GAY CCS AAR GCB GAC TC
niftl Pol-R ATS GCC ATC ATY TCR CCG GA 360 [14]
c narG-f TAY GTS GGG CAG GAR AAA CTG o [15]
nar narG-r CGT AGA AGA AGC TGG TGC TGT
" amoA-f GGG GTT TCT ACT GGT GGT 101 161
amo amoA-r CCC CTC KGS AAA GCC TTC TTC

1)Y(C/T),S(G/C) ,R(A/G) ,K(G/T) ,B(C/G/T) HKfai F-ik Ik

PCR ¥ WP AN E

16S rRNA JE K 4 34 #2 )7 . 94°C #1421 5 min;
94°CAEME 1 min, 65 ~55°CiE K 1 min, 72°C #Ef#i 3
min, 3£ 20 MEFR, B IR IR KOREEFEAR 0. 5°C
BB KR BE A RE 55°C AR A1, DU [F) S5 (A 4k 2L 4 3
10 MG ; e 72°C BAE(H 7 min.

nifH FEP Y BEFLF :94°C TS YE 2 min; 94°C 48
1 min, 55°CiB K 1 min, 72°C ZE{#1 2 min, 3£ 30 4>
P&, Bea 72°C #EAH S min.

narG JERY WEFEF . 95°C HZAE M 10 min; 95°C
P15 s, 63 ~58°CIE K 30 s, 72°C #EMHI 30 s, ¥
6 MEA , BTGB QR BEFEAL 1°C 5 1B R B4k
F7 58C , LA FaR SR AT HEY 1S 34 MG,

amoA FERY TR T . 94°C WA 5 min; 94°C
5P 1 min, 60°CIE K 1.5 min, 72°C #E{# 1.5 min,
LY 14 35 MER; fe5 72°CHEM 10 min.
1.5 SEIFER PCR bRt 2R Hi4E

HA3EE PCR ¥ 14 7 ) 4lifk ( TIANquick Midi
Purification Kit, TIANGEN) J& , f# F pMD18-T z/Ai
F & (TaKaRa) $ H 58K T8 #3577 YW1k
DH5« J&% 32 2% 4l ffd ( Tiangen ). £ &% 4 Amp (50
pgeml ™), R IEAH 4 pl IPTG I ¥ (200
mg-mL ") F140 pL X-gal %% (20 mg-mL~") i LB
FrAR Ak IR R T VR . BEMLPRIE 1 R TR EA T I
7% PCRY BRI K B V5 O FH PR S )5 B T4 Amp
() LB WA R g2 58, 37°C, 175 remin ™' 5 F IR
T¥EFR 12 h. B53R45 300 R H BRI i) &
(Plasmid Miniprep Kit, Biomiga ) #£47 Ji k7 $2 B, $2HK
HB ) JBORE SR FH R T i 4366 BE 3 ( NANODROP 1000
Spectrophotometer ) Ml 5& H: D, H , IR 3 LL T A X
TS 2 PRk B

¢ =N x Dy x50 x107°/M, x6.02 x 10”

M. = n x 660

X, e ﬂﬂﬁ*ﬁﬂ@?ﬁg,copies'mL_l s N R G
FE (B BORLRR B B4 50 x 1070 Dy = 1.0 9
KL LA g - mL ™" Ry BLE B (VR B 5 ML A SRR ) AF R
TR gemol 7'y 6.02 x 107 g PR AN £ %7 5 %
{EL; n N BORLET & TREE X4, bp; 660 S BREEXS (1-F
HIRARS 35 Bt

AR 55 21 (Y BORL I B2 K BORL I M #E AT 10
TR BE R, T 2 PRI V. 5 4 PR DR R Bty ot
LR TR VR R S FET AN 3R 2 s

F2 FRRERRIRE

Table 2 Concentration of standard solutions

B B LA FRUEF B BE/ copies » uL ™!
16S rRNA 8.02 x10° ~8.02 x 10?
niftl 1.06 x107 ~1.06 x 10°
narG 1.49 x 107 ~1.49 x 103
amoA 2.58 x 107 ~2.58 x 103

1 EIRPRUETS AR B IE AT S € B PCR,
13 208 T AR BRI X 1 19406 R A ( Ce ) |,
PL Ce AEAE AR AR e B X R AR A i A A D
AR AR e 4.

1.6 SWfiER PCR &M 5HF

526K H ABI 7300 ( Applied Biosystems ) ¢ G E
I PCR X 3EF7 920 28 & PCR. WA R BEAFL Y 50
wL, f1$5 2 x SYBR Premix Ex Taq(TaKaRa)25 uL,
50 x ROX Reference Dye ( TaKaRa ) 1 uL, 10
pmol -L™'5#)4 1 uL, DNA #itR 4 pL, #aiK 18
L.

4 b PRLR A [ 1 7 25 vk 3G 72 7 . 95°C T
ARPE 30 55 40 DEH BT HE, 95°CZEME 10 s, 60°C
BK 45 5 g Ja b i 2o i, 95°C 15 s,
60°C 1 min, 95°C 15 s.

2 HR5ITR

2.1 SEAFERE PCR PRk
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WRRE 1.5 15 TR 5 AT S A2 B PCR, 15
FI45 B e BE AR T X L (4 Ce (B, FELA Ce {EAE A
DAL AR e B X R AR R A AR At 42
PIA A5 BB a2 3 B,

F3EEREIR, 4 L AR E 261 B R4
MERIERE bR nifHl JFEDIRS A 22 51, LA JE R 4 3
RORBHEBTE (100 +10) % 3t BN LB 7E A B
% IR R P S RE B PCR T 16S rRNA nifH |
narG 1 amoA & R Y5 HLAT 34103 FH .

£3 BAMREBEAR

Table 3  Formulas of standard curves

FIAmAE B EEVRE AN R E/%
16S rRNA  Cr= -3.107 5 IgX, +35.7197 0.998 3 109.8
nifH Cr=-3.8397 IgX, +42.2692 0.999 0 82.2
narG Cr=-3.4033 IgX, +38.8758 0.9998 9.7
amoA Cr=-3.4383 IgX, +35.5997 0.999 8 95.4

1) X, WVRREARE LR Cr AR IR £ =107 V5-1; B9 83005,
K ZAERLA A 3 URR

2.2 IEW Y AMEE T nifH narG  amoA %
PR DR A o A

RIS E i PCR X IE# 13 5 Y 3R
2 A3 16S tRNA \nifH .narG Fll amoA FE[H 5 U1 %k
AT E BRI AR AN 1 A 2 Fs.
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Fig. 1 Amount of total and functional microorganisms

in different soils
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HEFEIA nifH .narG F1 amoA i , 18 T35 Il
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g ! EE /b IR R MG 2 . X R A TS
YLyt 5 b A B 9 A A A B B R .

2 R A EAN A 3 3 Bl RESE R 5 DL %L
7 16S rRNA J K 5 DB L 1] i AN ). 15 4 + 4 v
nifH .narG 1 amoA FETRFE D15 16S rRNA JE R
DUECE HE A (23590 K 0. 21% | 0. 14% F1 0. 05% ) it
T IEH HIE (98 2.02% |, 1.50% F10. 62% ) ,
TAE &2 A e b (9 Fe 48] (43591 0 1. 38% 1. 03% Fi
0.42% ) W L FAZAT IE 5 48, FaRgs R L0, Al
15 YW AEAERE IR T R R I AH I I TR VR 45 4,
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Fig. 2 Ratios of functional bacteria to total germs in different soils
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Fig. 3 Dynamic changes of TPH in soils with different treatments
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