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CPE BCE o 3t B 27 22 B, VL9548 W BR300 e ds il J A0 SC %, i it 210023)

m =

38 3 1] e R A A R O R T e AR BT T S e AT R e AR A

HHRUE o e P8k i (Microbial fuel cells, MFCs) , SEI JESLIC R EETS G LW B AL R . 7 AL 110 h J5 45
W MFCs iBAT , 2R PR PR AR 22 12460 00 15 %o - S i A= 1 v AL 22 TG P 9 52 0 5 455 PCR-DGGE Bl 7 BeAR L 43 1T ¢
X MFCs BH A% 2 T 240 T8 RF 75 25 A ) 52 o 25 2R 7 , MFCs j™ At F o B 08 IR 38 35 0 8 35 BRI o 70 2 AR 2 A
ERERART LR WA AL T M . DNA JFH 4347 3B, BHAR 40 B 5 8 R 38 B0 7 f 40 v s BE A L, L 4
Sporolactobacillus , Clostridium . Enterobacter .Bacillus i Ethanoligenens, tE[EAR T Bacillus F

ES a0
HESES X82

% ¥ 3% J& ( Polycyclic aromatic hydrocarbons,
PAHs) J2 HATH B ip RIS ez —, FERE T
A7 R IR B BE o FE 13 PAHs BB UE XTI 2R
W 7 A R RS 0 2 2 RE Rt
SRERGE P a9 PAHSs I T LLBORE 4R
PEAB Y HE I3 N B R . B0l B 2R W AR bR )
R MG PAHs 75 1 3 rb ) 75 14 5 55 , 4 i ¢
T2 B2 I 9 PFA 15 G W) AR 25 o 5 ) S AR AR 0k 9 dn
B 0 R O AR A e T
PEBIA N 2 46 78 B SRR W T 1 e RO R bR 2
— U EE, bR R G AR A R O BB T LA
AE 52 B 2 | S e U

A My kRl v i ( Microbial fuel cells, MFCs) &
— 2 L B AR AR T R A LT B b o RE B
el BERg e B W E MFCs A& B % 5 B
e 111 S i S 191107 D U 3= Al )
DR A L O 4 7 AR R L TR R 2 B A,
T LB KPS 72 (W0, Fe
(1) ) 855, IWTTTE LU o Fir B 7 A4 0 v g o
JEE 5 7 HL TR B A T R DI A5G, MIFCs ] 15 Oy 2R
e R 5 e PRIBE AT A I i i 8 S
90 40 A 00 1 A B 2R AR SR (BOD) N B R

T Rk v B 5 7 P A TR 5 IR R AR 2 5 Ll
S ER AR IR D A

g E Y RIS g bk MFCs A )
i 14 N7 SR ] B AR A AT L TR Y B R L AR
I 7 T ™ W R E J5 R s AR K, AR 48
Az HL A T e R AT R S T e W Y R R
AEA

Ringelberg %5 "*' % 8 & ff + HE HL A7 7 1 iE 17,
T IE AR 2R W, AT LU A L
BB WL . 25 7 0 - A W B A T PR A
K, EEJE TAZILE ] (Proteobacteria ) 1 )5 BE T§
1T ( Firmicutes) "™, 7= L1 |92 50 4 T+ b IF
XF INEE AR AL A o fURK BT LA YS e )6 HE R A
Az I3 1 ] B AT RE 2 41 ) 7 H TR A, AT AT DA
3L 7 HLAE S R S W TS e ) # R (BB R A DA 5
B FIEEA TR &S S
AW S AP, B+ 57 B AE S 1B R TE 7
AN IR LR e A T A A 7 A BL R
AR TR T MFCs (8 22 K W J7 ko it A, >R
T HAE S IR T e B R UL TR TSR A i 2
I DA KA A 1 2 #AE

HTFREIERAES AR LS
Uk, AW 5T 1m) b it hn 26 38 I3 47 MFCs il
SETG Y A HE P TR [R) A ARG I TS G A IR R
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Bt 7% 4 ( dehydrogenase activity, DHA) , AW 5% + 4
7 AR 5 X BE VR BE 4 W AR AE , LD RS 56 L AR S
5 DHA B2 fl #3402 1 — 2, AT 40 20 i 5 8™
R S48 s LS Qe d v py al A7 4, JF s e T4
Wy HRBEFE L VR N % MFCs BH % 7= e, 1 B 7% 45 4
AR50

L BRS ik

1.1 #if+5E

Al 13T 2013 4F 6 R A B 5t I R A AlAk
A5 DX 18— Ak ] bR, SRAE DR JEE O ~20 em, REHL B
FAF R 2 U AR S B FT A 1 100 mm, 4R 1y
15 C o BAERIER LU E L 2 mm G I 58501k
SJF T EE A R , A O b Ak 2 X T R AT B
G, IR S BRI E T A B
LR/ M aF I R 4 M4 (VARIO EL III, Elementar )
S pH $FoK He 1:2. 5 (w/v) R pH 3 (FE20,
Mettler Toledo) M 5E ,lE S H (EC) # K b 1:5(w/v)
i3 H FR A (DDSJ-308F , -3 5 /) s . HAE A B
EHERTIN R - R B T, 220 1,81 mg g7, &2
.0.62 mg g ', 3% pH 7.57 ,EC 76.6 uS cm ',
1.2 EEREIRRE

Bud i e RS E 2 A S e WS it
R 1/10 JEA B IF N A BE Y 1E C be ¥ W,
FELOF BRI A CIE C Be i W, 17 IE C be 4% & 58 &
IR Lo o | 1 =N i o = o R o e o e B |
B 5 A4 B EE BN 60,120,180 1 240 mg kg™
(75 G A B KN RS 1 X B A A B A Ab B 3
Ry, — R KRR 25% il T &4k 72 h
Jo PEAT A SR S P, 5 — Oy T O A
WA S
1.3 TE~BEESKEN

R X2 R B MFCs A I A [] 26 e B2+ 33 1 7
S, AL BIE 4T 3 4> MFCs P47, ks 17 15
A MFCs, 7 RGN 7 2 a0 &1 1 frz . MFCs B =%
FIBAML K 6 em S5, BHAR F A A% 1 %
MK 3 em JEREE 0.5 em B IE BB E , 5 FH & F
A P AT T A & A B A = rp e H A JR] B
6 cm, SHHERLIE SIS R IFSETE A, R IR A 4%
(w/w) % % B8 5 I BA A% 28 5 K, 484> BE B =5 m
A 120 g (T2 8)  BIB = A 180 ml Bk &1k
B (50 mmol L™' 4k B AL 13 F 50 mmol L~

pH 7 B ER 28 Wil ) o PH R AN B4 p 6k 22 3% 432 JF:
FRIE 1000 Q HLBH, SR FH 0 R 4E R (76608, Jb 5t h
ZWEA) ARG 10 min 05— KBRS . i 15
A~ MFCs T 30 CI555 4 1847 110 h,
1.4 TIEBRSETENE

- 458 50 0 O P (DHA ) S 3 B gk e
FrEL2 g £RE(FEE) A S ml 1% G4 =K%
PUZME (TTC) (4 Tris ERFRIE W . 37 CHiFE 24 h )5,
P BEE 25, W HE L 38, T 485 nm & WOL(E ., b
o b 2 PP A A O = 2K R R (TPF) 41 4% .
1.5 BiZFHUE

MFCs B 2 4 58 1) H Ak 2 0 2 3 5 90 30 4R %2
H(CV) HEAT I E Y . MFCs 3547 110 h J5 R 4 B
W 150 g( T4+ 8E) FRo® P ,4 000 r min™'
B0 10 min, $2 B B W, R T 0,45 wm i B ad
U TR] B e A [ 5 ) A% S0 TR 28 TR 1 HEVE W
+ R W A 10 min S5 HEAT CV ORZI ., AG I SR:
SHLR R R, AR BE R TR R 22k E AR A
Ag/AgCl S 11 W M, 52 56 2 8% il 48 A £ { ( CHI
1040C, L) &6, ARl -1~ +1V
(vs. SHE) ,$1# % 50 mV s =" BEF AR R 5 ml, 52
B PRI
1.6 DNA i{2EUE PCR ¥ i

MFCs 3217 110 h 25 5 J5 , % BUX Al 240 mg
kg ™ EE AR ER HCHY FH AR 55 B G A K bk e 3% T+
HE,B9F 1 em L5 A9 B 6% B FH T DNA $2 507
fff i - 48 DNA e 5 42 Bk 77 £ ( Fast DNA® SPIN
Kit for Soil , MP) 42 F il 1% 7 156 WA 45 4 1| 41 B¢ BH 4% sk
B 5 K5 Y - HER DNA,

FLHU DNA 4T 16S rRNA 3£ [K PCR 1 F
F DGGE 43 #1. it 51 ¥ 8 3411 (& GC %)
907r*° . 25 wl By RN A R i 1 wl DNA HE iR,
0.5 pl.1 pmol L_]E@L%ET%%I%(InVitrogen) s
12.5 wl.2 x Taq-T SuperMix ( Transgene ) Fl 10.5 ul
RRAL K N o IR IR S5 194 C T AZ 1 4 min;
94 C A5 1 min,54 CiB & 30 5,72 C ZEfi1 30 5,30
AMEHA ;72 CHEA 5 min,
1.7 DGGEMFREZKELE N

DGGE SZ5 % F 8% Ay 5 T4 Jis ok Jig 488 ¢ , 78 1
B H 40% ~ 80% (100% H 7 mol L™ JR %, 40%
(v/v) EBTHBER) . Bk &1 4:0.5 x TAE 2%
M ,60 °C,100 V F Bio-Rad Dcode™ i FH 28 A8 #
MR Ge Pk 16 h, HLYK S BUR , 6F 1: 10 000 B
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BRI R
Data acquisition module
ik
Loading

R Sk

Soil electrogenic bacteria

N\, 6

Cation exchange membrane

FH & - 2 et

N\

Anode Organic

carbon

WK 13
Waterlogged soil

Cathode

SRR

Ferricyanide solution

TE AR MFC Sz 7 4% i FH AR 28 0 0 28 AR, 0 28 BE 88 S 45 s B, B A 5 DB il i Bk 22 45 1 000 Q AR I 32, PR % 5 TR % 43
S HE K Rk FAL PR DB R 28 oh RV . R 2 507 R 0 A T T PR A T e A L AR L CO, (B F IR F . F el gk
224558 AW IR Fe (1) B JFON Fe(11) o Az YRR 10 min fhy 2040 R 4R 10 5% 745 B L R B ) 22 /b i 28 Note: An MFC reactor

consists of an anode chamber and a cathode chamber separated by a cation exchange membrane. The anode and cathode are connected to a 1 000 Q

external resistance with titanium wire. The anode chamber and cathode chamber is filled with waterlogged soil and potassium ferricyanide in 50 mmol

L' PBS, respectively. The soil bacteria involved in power generation get enriched on anode and degrade glucose to produce CO,, electrons and

protons. The electrons are transmitted to cathode through the wire and reduce Fe (III) to Fe(Il). The produced voltage is recorded using a data

acquisition module every 10 mins and the curve of voltage against time is presented using a computer
BT 3™ AR S AR R SR

Fig. 1~ Sketch of the operation of monitoring of electrical signals generated in soil

1 SYBR™ Green T #% iR %8 i 44 W ( Invitrogen ) X} i
Bt 30 min Jf i 8 10 min, K 5 52 B E T
ChemiDoc™ XRS + #¢ ¥ 114 & 5t ( Bio-Rad ) 3% % H
Quantity One 4. 4. 0 ¥ {4 ( Bio-Rad) 43 #f DGGE & i
Aok S A AL R B 25 4R 0 A AR I AL AR S g 0 R 1
(unweighted pair group method with arithmetic avera-
ges, UPGMA) #EAT R L0 Hr .

HAERNER DCGE 25 g V) T IF B F 40 pl
a4 Cid % B DNA, W2l /9 7 i
DNA fE NIRRT ,3416/907r 514, SN K & 5 16 B
WHE R ERT R, #5147 PCR ¥ 314, fr 1% PCR 7 ¥ fifi
Jif Peasy™ T3 5z B 1 7 £ ( Transgene ) 17 5 i IF
A Trans1-T1 i W & AR Z S U1 E. coli( Trans-
gene) . oK F R 5 M50 ¥ MI13£/M13r Xf 5e & F 47

PCR § 3 AT % 7" . A4 DGGE & Pk ik 5 4~ %
Wt Invitrogen 22 NP . I 45 R 28 DNASTAR
Lasergene 7. 1 %4 2 5% 81K 17 9 )5, #& 38 BlastX
(http ://ncbi. nlm. nih. gov/blast) #17 X . B A
B il it MEGA4 ) 4% neighbor-joining 5. & 5
PR BT 58 W, AR ALPE 98% L i I 51 A [R) —
A OTU, Jr e XF (9 7 91 2 2 38 42 58 T GenBank %%
B, BLgm 5 o KJ128061 ~ KJ128073
1.8 ZitHHh

HLE(C) i 3E4E 110 h i1y 7= g o B2 v = AR 1)
SRR ARSI i R R TS

" (U, +U,.)
C: n n+
2 2100

n=1

XU SR (V) , 1000 Sy Bt 64 8 BHAE (Q)

x 600
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600 g ic i HL M A 18] B N 8] (s) o B3 R £ il
LA AR, m 2 110 h rpig s R A B 8
Ak P TE] 22 S B4 3 R SR T AT R 5 25 23 B (ANO-
VA) 7™ AL A e 5 5 ST P 2 TR AH S PR ] Pear-
son AR HT . BT A Geitor R AT SPSS 16 #iff .

2 4h B

2.1 F=EES X8 R iE

MFCs iz 1753 B i L IR i £ 8] 2 s o A Ak
HUIAE 6 h ZE AT R 3= B JRAE 12 h ZEAT iR B — 4
FURLUE R . N EE AL BR K MFCs W fE 7 240 ~ 270 mV
Z [ T % HE Ak B 7 B UAE(EL D 36 b BEAY 305 mV
xRS TG QAL BT B BT R AUR (R 1) o, A
JEEXT IR MFCs Y i 508 2 25 T e 75 Jeab 21, 0F H.
PR A TR R A0 I 2 R R (p <0.05) o B4, B
A5 K B s £ MFCs, Hoi JR A 1R &R T 2
mV, AF NS WAL G b o S 0 U i R e
S BRI S D/ L R R R e X
i Rzt BAT 2 Y IEA GG A (p <0.01) ¢

350 ¢ — X} 1 Control
60

300 f —_—120
- 180

250 | — 240

200 F

150

H1JE Voltace (mV)

100

50 F

0 1 2 3 4 5
5] Time (d)

T :MFCs 2 ATHS ] 110 h, K% 10 min 32 3 — 0l K5
1 f5i] ey g SRR 3R S i 26 AL 311, 60,120,180 Fl 240 43 5 fR 3%
fi] -4 1 V5 0 60,120 (180 Fl 240 mg kg ™' ¥ A i i 4b 3
Note: The MFCs operated for 110 hours and voltage data were
recorded every 10 min. In the figure legend, control denotes
soil without pyrene addition; the number 60, 120, 180 and 240
denote soil treatments added with 60, 120, 180 and 240
mg kg ™' pyrene, respectively
P2 BN [ PE A R R L TR
Fig. 2 Voltages generated by soilsadded with different

pyrene content

®1 FMARERELENHEBEEN~EEE

Table 1 Dehydrogenase activity and quantity of electrons generated of soils added with different pyrene content

EEU JE Pyrene content(mg kg ™')

5% %L 75 4 Dehydrogenase activity (TPF mg kg ™")

H i Quantity of electrons(C)

0 164.8 £12. 4a 82.4 +4.7a
60 142.4 £13.5b 68.0 +5.5b
120 135.7 £9. 3be 67.5 +7.5bc
180 130.4 £6.4bc 62.9 +2.8be
240 122.9 £3. 6¢ 58.2+2.9¢

P £ bRl 22 (n =3) o ARG M 675 R0 246 3 d R R I , Hi & MFCs 3247 110 h (g 87 i o [7] 31 v A5 A ] 5 BE 3%
NAL ] 22 R AR (p > 0.05)Note; Means + SD (n =3). Dehydrogenase activity was determined 3 d after pyrene addition; Quantity of electrons

was produced by MFCs operated for 110 h. The same letters in the same column indicate insignificant differences between treatments (p > 0.05)

2.2 ERMEX TIEBAFEFEENII

R B E N, R AT ERE KGN+
RS WA AT AT B I i SR R e (1RT 3) o FHAR
2 ORI X R AW S A 240 mg kg ' B
F) E W AE - 100 mV 2247 H BLBH S 9 38 Ji 04 | 7
+100 mV Z2 47 H B0 3 55 09 SR A 06, 3 L EE IS i Ab B
59 F A H0 e X FEAL B
2.3 HEpBEXNITEAFBAREESEHNI

1% Jl DGGE 5 R4y 85 16S tRNA £ [ F Bf PCR
FEP S B N [FRE A B ) 20 DL B
Uk gkt (B 4) , Horp 4 8800 4545 BE = T MFCs [H

oo FEFHBRE S, BT 465 1.2.3.4.6 F1 8 2%
o BEAGA ZRA S RN T AT REACER X BE U Y
FL T, [N 2t 9 ML 10 D AR T 52 v Y T AR o X
DGGE &3l iy A M 2R (1 5) ks - HERE dh
5 MFCs FHARAE IR — 28 B9 A RMELAL D 0. 43, 77
FE WL 22 5 (— A D9 M RUE = T 0. 60 11 P A HE
PR EA B B AR ) o T 7E BH AR R i, S e
JTRERE S 5 240 mg kg ™' Ab BB AR 0L P ik E
0. 83 (H A7 7E 25 57 , AL 35 X0 BRUKGHE 45 5 F T Y
TR TR 15 YR A DK B REAR T 2K o
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FHA% Anode
+3ESoil e ——
%I B Control fINEEWith pyrene
#1 #2 #3 #1 #2 #3 #1 #2 #3
— K7 133 Sterilized soil , H
10 - ———X*}H# Control
| = /mi&13% Soil added with pyrene N |
-1
_5r h =7
s o N B
S L
Z »
o L | L1_4
5 0 3—‘;5‘ ™ -6
2 M B EE A e-s
=
5 F »
L | 1 | ; M -10
' ) ’ ’ 2 B B
~10 L L 1 L 1 L 1 1 1 ]
-1.0 -0.5 0.0 0.5 1.0 |
Hi 3 Potential (V) 1
B3 MHNEE 13 (240 mg kg ™' #5) KR (RN EE Hadi's 1 -10 Z KRG LT FRMAREKE 200 FEEW

M) LK T A S b R B A S R R AR & R

Fig. 3

Cyclic voltammograms of soil solutions fromsoil added

with pyrene (240 mgkg ™' pyrene ), control ( soil without

pyrene addition) and sterilized soil

Note: The numbers from 1 to 10 represent the major DGGE bands for

sequencing and phylogenetic analysis

Pl 4 ek +3E (240 mg kg ™" EE) FIXS B R N EE +38) 72 #1110 h
S5 BEARAE ity MR N T L3RR A A 16S tRNA 2 DGGE [ 3%
Fig. 4 DGGE profiles of 16S rRNA gene fragments from anode of MFCs with

pyrene treated soil (240 mg kg ™'

pyrene) and control ( soil without pyrene

addition) after 110 h of operation and soil samples without pyrene addition

0.43

0.83

#1
0.74 T4
# Soil
0.77
#2
#1
e
0.88
#3 | With
0.94
pyrene
#2 FHAR
41 Anode
0.90 REL
#3
0.95 Control
#2

F5 Nt +398(240 mg kg™ BE) AR (R INEE + 36 ) #9 MECs BAARAE & 5 2 I i + 36K 1 16S tTRNA
B[} DGGE & 1% 19 R 243 Bt
Fig.5 Cluster analysis of DGGE profiles of 16S rRNA gene from anode of MFCs with pyrene treated soil (240 mg kg ™' pyrene)

and control ( soil without pyrene addition) , and from soil without pyrene addition
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H#E DGGE Ji& b BARERM N 10 2548 (25
XEREPE 4 Hhéts 1~ 10 245 DI RIDFalife . P i 5%
i PR AT B B T, A R v B B B R VR AT
DNA U Jy , Bir 45 2 9 Fy 51 K/INE 523 ~ 547 bp {5 [H
Wo HDFF45R S GenBank ¥ K 4 LU XS, B H]
MEGA 4 B #E 1T RGEHE L B, 4521 (] 6) 2R
2ty 1A 2 e85 7 28 L FL AT 1 s ((Sporolactobacil-

lus ) FARL, 25717 3 751 5 2 AR 25 F 4T B I8 ( Clostridi-
wm) KL, 4570 4 )7 51 5 7 O BEFF I JE ( Ethanoli-
genens ) FABL, 25717 S F 7 P 5 5 2 M R ( Bacil-
lus ) FARL, 25717 6 A1 10 F7 31 5 i AT 1 J& ( Enterobact-
er) MWL, % 8 ¥ 91 55 K AR A 4l Bk 5% 0 B AT 1 1)
(Acidobacteria) #1 , 55 9 ¥ 5 W #F 1 )& ( Enter-
obacter) S 2 ZFHIFF I )@ ( Paenibacillus ) FH1M o

3| Sporolactobacillus laevus NBRC 103092 (AB681934)

4
100
98

100

MFC anode DGGE Band 2 (KJ128062)
Sporolactobacillus laevolacticus NRIC 0371 (AB362647)

MFC anode DGGE Band 1 (KJ128061)

MEFC anode DGGE Band 7 (KJ128068)

Bacillus sp. UNPA236 (AB696842)
85 99
58
100

MEFC anode DGGE Band 5 (KJ128065)
Bacillus longiquaesitum LMG 23782 (AM747041)

37 —— MFC anode DGGE Band 8-2 (KJ128070)

100L—— Uncultured Chloroflexi bacterium clone (JN003119)
100 MFC anode DGGE Band 3 (KJ128063)
57 {lostridium sp. strain X9 (EU434651)
94 —— MFC anode DGGE Band 4 (KJ128064)
100 —— Ethanoligenens harbinenseY UAN-3 (NR 074333)
—— MFC anode DGGE Band 8-1 (KJ128069)
100 L——— Uncultured Acidobacteria bacteriumelone (JF521809)
MFC anode DGGE Band 6-1 (KJ128066)
—98Ii Uncultured alpha proteobacterium clone (EU299769)
[ — MEC anode DGGE Band 9-2 (KJ128072)
L Paenibacillus sp. 27-9 (EU571199)
—— MFC anode DGGE Band 9-1 (KJ128071)

80
40 | Enterobacter ludwigii LHC8 (KC951920)
99 Enterobacter cloacae Z3s (KF429488)

100 MFC anode DGGE Band 6-2 (KJ128067)

Enterobacter sp. B20(2013) (KF010365)

gg! MFC anode DGGE Band 10 (KJ128073)
| |
0.02

O RG R TP 16S tRNA JEH K By 525 bp, DGGE &7 J7 51 € # 2¢ 2 GenBank ¥4 12, %i 5 1
KJ128061 ~ KJ128073 Note: The tree represents the alignment of a 525-bp region in 16S rRNA gene sequences

The DGGE bands were assigned the accession numbers KJ128061-KJ128073 after the sequences of

the bands were submitted to the Genbank database
6 DGGE #ili F 45 GenBank Hi 5 L X F A R R F KR
Fig. 6  Phylogenetic relationships between the DGGE band sequences and the reference sequences in in the

GenBank database

3 9 ®

A FER A LA S AR s S e
I I 75 e My 5 i - 9 Gl 2R R A 3 A DL R R
2N R RE TS Y R AR R T S X T e U AL
B AR L S R, O A A AR, TR ]
TR LR Y R DI RE . Lk R
P P o i b R e R A B R B, O B AR Ak

B - I S X — AL G AR AR A — 2L, BOR
R R X — AR AR s R TS R T R TS
T LA e 1) RO AT S P L AG I
LA, AR, AN 5 B FERE IR, 30 e A L RE

il F MFCs iz 47 I 4h By Bl 28— %2 i (] 1k 77 B
B 7E LR R T AR I, 2 )5 7 i A 2 B T
T ERI I BER Y ARSI R T 4 e R I
RIS ] ooy - S8 TR AT A A o 2 B R 2 TR B
S5 5y WA B /N 23 1A BILIRE W) B 8 Bl R T PR
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¥R 5L

AR DT AE R 38 46 Dk 38 7 ri A 3l it i) £
[, T MFCs B %, T 5 7 AN [F] 26 Ak 34 [a]
2% 5. MFCs [ + M WK CV B3 b, 78
=100 mV i B 1 W] A (9 3k J5U 07 AE + 100 mV
T AR 20 AR A I T 0 AT R Sy — A o AT
(quasi-reversible ) fi@[ 01 I H K& 0 R A
4 a2 R A I ) AR A A DT A U B Z
A S PR AR AT BE R SR W e, Horh 240 mg
kg ™" A A U4 R AIG TS 0 X B b B R EE Y
BB S T IR E BT, R
TSI A T I A I A, TR AR O
A B — S 2R H O3 A A LIS ) Y R A
A4 32 520 (A 7 HERE T B A TR 00 S T AR

DGGE KR R/ £ W], Lz
G, FIEBAEY R S 5 7 A T B R R
T A LB A, DT 3 ol 4 38 R0 BH AR Gl 26 ) B T 25 4
)25 5o MEE RNk 22 7 MFCs FH AR ™ H 16 1Y
V& 4, o R WY R A T 28 T B8 (Bacillus)
AR TR o A 5% 8 3k X BH AR RE S A X T A AR A
(R RE S M 45 AT DU P SR A 2 5 7 FL I A TR 1
REVE . H A e B rp R IR ™ e T AR
TE7AR B W 1] ( Proteobacteria ) 1 J& BE W ] ( Firmi-
cutes) ' o AL B BHACRE RS S E 9 DGGE 4t
J¥- 9 A5t [R) 5 M 1Y) 240 DR R RE TR 2F J6L T 1 (Ba-
cillus) ZEAFLFT & J8 ( Sporolactobacillus ) 25 2 fi T
W ( Paenibacillus) . ¥ IR ZF 18 FF B )& ( Clostridium ) .
AT & & ( Enterobacter) F1 77 2, BEATF 7 /& ( Ethanoli-
genens) Y J& TIX PN, H, ZF /4 # ( Bacil-
lus sp. ) 3 B3 1 A] 75 PE 09 S0 8 SR A B L %
B2 PR T ARk R Y T %k Fe (T11) /Fe
(1) UG A AT AR S o A5 s A 0 0 P e
XF 2 AT TR Y A 2 0 5 R L RE . BOIREF
AT B (Clostridium) * " KT 15 J& ( Paeniba-
cillus) B kR ( Enterobacter) Bl 8 k3 52
HA B ae 1. M 2E 1 FL AT 8 )8 ( Sporolactoba-
cillus) BT R 2 EEAT R ( Ethanoligenens) SR
W KT 5 1] (Acidobacteria ) ' R BAT 7= HLfig J , i 2
ERA R AN . DA, i1 A
25 AT, HAE R e W) Re 8 S P 3 7 H,  (E [R] B
P4 4 2 W s IR 7 TR R B, AT RIS T AR
R

4 45

S e A S TR T R .

N, R R A S AR s R e TS Qe A R AT
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EVALUATION OF TOXICITY OF PYRENE POLLUTION BY ELECTRICAL
SIGNALS GENERATED BY SOIL MICRO-ORGANISMS

Jiang Yunbin Zhong Wenhui Xue Hongjing Deng Huan }

(' School of Geography Science, Nanjing Normal University, Jiangsu Provincial Key Laboratory of Materials Cycling and Pollution Control
Nanjing 210023, China)

Abstract Polycyclic aromatic hydrocarbons (PAHs) , being nowadays the major environmental pollutants, can bring
about adverse effects on soil microbial community. Classical biological indicators, such as dehydrogenase activity, sub-
strate induced respiration rate and community level physiological profiles, are widely used to evaluate toxicity of PAHs to
soil ecosystems. However, it is not feasible to use them to monitor soil pollution in a real-time continuous way. Microbial
fuel cells (MFCs) are a kind of devices that convert chemical energy of organic substrates into electrical power through the
catalysis of electrogenic bacteria. As the current which is closely related to metabolic activity of the electrogenic bacteria
can be recorded immediately and continuously, MFCs have already been used as a biosensor to monitor wastewater treat-
ment. Electrogenic bacteria are known to be widely distributed in soil. They generate electricity while decomposing soil or-
ganic matter and are extremely sensitive to environmental change. Pollutants creating stress on soil microbes may also in-
hibit the activity of electrogenic bacteria. Thus electrical signals generated by soil micro-organisms could be used as an in-
dicator to detect soil pollution. The objectives of the study are to determine feasibility of the use of the electrical signals to
evaluate pyrene toxicity in soil, and understand how soil electrogenic bacteria respond to pyrene pollution.

Synthetic PAHs contaminated soils were prepared, different in amount of pyrene spiked, i.e. 0 (as control), 60,
120, 180 and 240 mg kg™ 'pyrene and then packed into MFCs anode chambers, separately. To accelerate the electricity
generation, 4% (w/w) glucose was thoroughly mixed into the soil before packing. Voltage of MFCs was real time moni-
tored every 10 min for 110 h. To examine reliability of the use of electrical signals in toxicity detection, dehydrogenase ac-
tivity in the pyrene contaminated soil was also measured simultaneously. After the MFCs operated for 110 h, electrochemi-
cal activity of the soil microbes was determined using cyclic voltammetry. Bacterial community diversity on the MFCs an-
ode biofilm was determined through phylogenetic analysis of 16S rRNA genes with the PCR-DGGE and sequencing meth-
ods. All the DGGE band sequences were submitted to the GenBank and assigned with accession number,
KJ128061-KJ128073.

Results show that the cells started to generate electricity after 6 h of operation. Peak voltages from MFCs of pyrene-
contaminated soils were monitored varying between 240 ~ 270 mV, while that from control reached 305 mV. The coulomb
production of the MFCs within the 110 h decreased significantly with the rate of pyrene added, and significantly (p <
0.01) correlated with soil dehydrogenase activity. Cyclic voltammogram shows that the soil of control treatment had higher
redox peaks than the soil spiked with 240 mg kg ™' pyrene with ranging at potentials around — 100 mV and 100 mV while
no peaks were observed in the fumigated and sterilized soil, illustrating that pyrene addition weakened electrochemical ac-
tivity of the soil micro-organisms. DGGE patterns show that after 110 h of operation, the bacterial community on the MFCs
anode biofilm differed significantly from that in the soil in structure. Sequencing and phylogenetic analysis of the DGGE
bands reveal that the bacteria on the anode biofilm was highly similar to the known electrogenic bacteria, including Sporo-
lactobacillus , Clostridium, Enterobacter, Bacillus and Ethanoligenens. Pyrene addition decreased the abundance of Bacil-
lus.

This study demonstrates that the electrical signals generated by soil micro-organisms could satisfactorily be used to
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evaluate pyrene toxicity in the soil. The mechanisms of pyrene reducing electricity generation include inhibition of
electrical activity of soil micro-organisms and alteration of the structure of the electrogenic bacterial community on the an-
ode. In future the study in this field should be oriented toward monitoring of more pollutants varying in a wider range of
concentrations, and optimization of the configuration and operation of MFCs to shorten their startup time and to improve
their sensitivity of electrical signals.

Key words Microbial fuel cells (MFCs) ; Electrogenic bacteria; Cyclic voltammetry; Dehydrogenase
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