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Microbial Community of Anodic Biofilm of Microbial Fuel Cells Revealed by PCR-DGGE Analysis

WANG Hua—jin', ZHU Neng-wu'**, LI Chong', CHENG Dan', WU Ping—xiao™*

(1.College of Environmental Science and Engineering, South China University of Technology, Guangzhou 510006, China; 2.Key Laboratory of
Pollution Control and Ecosystem Restoration in Industry Clusters, Ministry of Education, Guangzhou 510006, China)

Abstract: Two microbial fuel cells(MFCs) equipped with ethylenediamine and ferric trichloride modified anodes were operated continuously
by using swine manure marsh—gas tank sludge as the inoculums. The MFCs could generate electricity from wastewater, and the pollutants
could also be efficiently removed as well. In order to better understand microbial community of the anodic biofilm of the MFCs, the anodic
biofilm samples of the MFCs including start—up phase(S), electricity—producing stationary phase(RG), and real wastewater electricity—pro—
ducing stationary phase(RS) were collected and analyzed by using PCR—-DGGE method. The results showed that the microbial diversity ap—
peared significant differences among the different anodic biofilm samples. The microbial community similarity of S—-RG, S—RS and RG-RS
was 70.1 %, 42.0 % and 50.6 %, respectively. Besides, the microbial community similarity of the anodic biofilm of the two MFCs when fed
with raw wastewater was only 48.0 %, which implied that the anodes modified with the two different methods had a selective effect on mi—
crobes. The sequencing and comparison of the DGGE bands revealed that the dominant bacteria of the anodic biofilm were Trichococcus sp.,
Thauera sp., Azoarcus sp., Azospirillum sp., Zobellella sp., Pseudomonas sp., Aeromonas sp., Thiobacillus sp., Desulfovibrio sp., and
Thiomonas sp., respectively. Among them, Pseudomonas sp.,Aeromonas sp. and Desulfovibrio sp. were the possible high electrochemically
active bacteria in this study. It was indicated that the microbial community structures were significantly different among the different biofilm
samples and the anodes modified by different methods. The results provide an academic basis for understanding the development of anodic
biofilm of MFCs.
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Tk A= My PRk H, b (Microbial Fuel Cell,MFC )2 LA
WA AL AR ORYD) HA B S TEH LY
RETE PR X 1 A B — 48 Ak , 7 A= ) B BT 4%
R ANR X G 5ERAE K, B RO
W) ALY BT L2 e L i BB, 5 HA
BABHE AR L, MFC 3R BA T i5 44 T3 087 A &/
A4 R, IF BZEALFTS K B[R] , B BERTSVE T i R
BB MT4ER,MFC BN TS BB B R KA TE , N EW)
VIR B AR A W B . L BRSF S A Rk, B LA
AT K BN T EOK Y SHE R B IR B 8
B K SIS R F ) A REL, A GR B K B3
R, FIERG TIEE N REE. B AR RRRHE M5
BTN HLE, PEBEBMEY 2R — E RIS
BRI, 2 BTN 55 5 BT R AR
IKFIN T KD 2B R T AE S5 BARH) MFC
KRR Z R I T, P i &K 3
AL T IS IRE

H 1993 4 Muyzer 5" PCR-DGGE ¥ F7Ef%
W5 F AT LR , I BORTE PR i S
2 Tz KR MY, PCR-DGGE BG4 AT H A |
PR B GBS R BRE R B A YRR L
P UL I AT AR X 22N IR AT o0, JE
WIE A A IR A YRR B 2= A8, B W] LU i
FPAN T e TS LA o R, AR E U
Fe IR T T A Wy VR ) A e sh AR A ) 248
SR,

AL AR I AT PIFPAS [ Bt FH AR MFC ) 27
BLERT AR A, SR S S
R E A JROK (FRFE K )RR HITE N 19 MFC [H
WA= Y R A MR P A R B e MK IR E 2
1TH) MFC FPoRAE FHAR AE W IR &, SRIBUAE W) 6
DNA, )i ] PCR-DGGE .DNA ¢ LA 2 R Gt & B 73 b
FE0FHEWFHEAR WA F AU F otk B A4
AT W RE TR A TIEAY , DABIERAS SOt BH AR A= AR
A SRS RE LA R ShAS AR AR , AT A 7 He,
AP RIS AR B B AR

1 RS

1.1 MFC &# . Bl RIiE1T

MFC HEFIR(EXTEXE= 8.5 cmx7 cmx6.5 cm,
AR 200 mL), # B4 0.5 cm BB HLBERS , — I
DAE RS, 55—t I B AR . 25 SR A3
FHKAR(0.5 mg-m?), AR A A AL I ERHA L=

e = @A Bt g Bk ES (BET 1200 m?-g™,2
mm ) , AR [A]FE 2 3.5 cm,

MFC #9531 512472 M Logan 52160 % H M 7
B R s T, B 3N ER . BEERS
TS 1 g- L7 HEEERIR (N TIEK), 7% 1:1
IR GG, B MFC, 35 , 5k Keithley 2700
SRAE MFC A% B s o S5 AT R o [m] g i BE 3
1000 Q, 2% H o FEARE) 5 mV 224G B, B e
W o MR AP TR , BRARAS R E AO% S i, 77352 100
mV DL b WE, L1 g L7 AR E SRR T ISR, 4
Befh MFC AR5 F e R ik R RIS, MR 3
I, 3R AN BHTE R 500 Q. RG , BRI E AR E
FWA R INRFRFAZ KK B, 2545
JRIKIEIK . SZERAE 30 CIHIR S FisT,

MFC [ gt K FTH 7K ) CODe AR IR
BE R IR RN KGR e s (GB 7479—1987) (&
IR A (GB 11914-1989) FI R <@ Mk ¥ , i
BI3ANER, BUSENRE.

1.2 #£5 DNA Hy%l&

RAEE 4 FBHRRAEWIRRAE S, 23 30 & — ekt FH
W MFC %5885 shBl & bie e 3 sk S E 10
Felh, DA =SSR IR MFC JE KRS E B iR
i, SEE LA RIRE S, 4 5bRidh MF-1,
MF-2 MF-3 1 MF-4,

AW S DNA B3RS Alidb R B UE i EH
MRS T . SRR Y IR AR RS , BT AR 3
i, AT 5 mL RS ph % (100 mmol - L Tris+C1, 100
mmol +L.! EDTA —Na,,200 mmol -L* NaCl,2% CTAB,
pH=8.0) 1,37 CHERY 45 min, fil A 0.75 mL 20%
SDS, 65 C/K# 1 hy 12000 remin™, 10 min B.0>, It&E
VW, EIEWRSE AR By R 5 5 R (25:24:1)
R 2 K, INALHREE 0.3 mol - L ) NaAc(pH=5.2)
B 2 AR TOK OB, FiREFETIVE 1 he 7E4 °C,
12 000 r*min~ B> 20 min, IWETIE, HH 70% 2.
BRE 2 IR TR T 50 WL TE Hi,

1.3 16S rDNA EFE V3 X ¥ 1%

P I3 2 B Niemi S50 J7 1%  16S rDNA FE[H]
V3 X# 51 ¥73E A3 R Z 8 575 # A 16S rDNA
FHH V3 X AARRENGI X FisGC 5 Rss M, 43
B3R Fim: (5" -CCCTACGGGAGGCAGCAG -3’ ) ; Ryjs:
(5'-ATTACCGCGGCTGCTGG-3');GC K45 (5'-
CGCCCGCCGCGLGLCGGCGGGLCGGGGCGGGGGCACG
GGGGG-3'), MK ZE K 50 pL B F, H0 41.25
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pL, 10xBuffer (& 2.0 mmol - L™ MgCl,)5 pL,dNTP(10
mmol - L)1 pL,F;5-GC (10 pmol +L1)1 pL,Rs;5(10
pmol -L™)1 pL,Taq B (5 U-uL™)0.25 pL, 4
DNAO.5 pL, BB IR o SOV AR : 94 °C 4 min Tl
84594 °C 0.5 min; 58 °C 1 min; 72 °C 30 s;30 Cycles,
72 CHEf# 7 min, B PCR F=#)4% 3 nL, 1.5%3 W GE
il 5% Goldview 44 , IXTAE 2% ik , 120 V Fa FE B ik
30 min, f§ GE Health B¢ 2 R 5300

FRBUAE YRR E R 2H DNA BE 5, 2 3ieige
JEEE Tk HEAT AN , A5 2 ) T2 23 kb (I 1) ;3%
PCR P= R 25 51 7R , 16S tDNA V3 § BB R
4 AR F BOR/ME 250 bp Z6 (U1K 2) 38 T /5 25
i) DGGE H8Ik 5347 o

23.1kb

B 1 #& DNA BikE
Figure 1 The picture of extracted DNA

1 000kb e
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100bp

2 PCR =4 B8k E
Figure 2 The picture of PCR products

1.4 ZSMEHA R RERC % DGGE

B 400 ng [ V3 X PCR F=4), % D—Code 7275
Kl 22 GE X RE fh HE4T TEE &2 DGGE 43#r. BT HRIR
TR 5 T P 4 s R S 8% (R s O o - L 1A s B o =
37.5:1), ARV BE M 30%~60%( 100% AP K 7
mol - L™ JRE ,40%FH BEf% ). 7E 60 V BT ,60 ClE
&, IXTAE HrEJk 16 h, HLIKSEEESE , 4K ik
JiE , SR 5K B HE S 5% Goldview FIYLH , B T2
JR_E 448, 30 min J5 , 7€ GE Health BU& RS,

1.5 DGGE EiZ447

MEEFEM A PCR =4 DGGE 7385 ALK
3% , 1 Quantity One 73783} DGGE &Ik iE I
S HEAT E SRS o FH Sorenson BLAT HLAZARUM: R %X
(Pairwise similarity coefficient,C,), I A [F] #£
DGGE 85U REHIARMME: , THE AN

C=2j/(a+b)
Kb ab FARFTA BT L) DNA £ 5H ,j
FIR o Fl b FAHRFERIZECR

AR E(H ) b B (S) 8 AR g ok L
BAFER A E S AN

s

S
H=- ZPJHPF— z (N/N)In(N/N)
i=1 i=1

A :ps RFAFE G B — R AR TR P
PR S BB E T RS RIS P TE
FAEE B
1.6 FHEHEKNFENRELZE S

WU RRER 2T, iESTFARII ¥ E
#» DGGE ZRA 522 MU T, JFA 1.5 mL BE.LEH,
# o Bt DGGE 4577 H % H s DNA. 43 3B A FA#
kb EMBEE PCR, SI¥I/F514 Fus (5'-ACTCC-
TACGGGAGGCAGCAG-3") Rsjs: (5'—~ATTACCG CG-
GCTGCTGG-3"), MWK ZE K 50 pL EfkFH,ddH,0
40.75 pL; 10xBuffer (£ 2.0 mmol L' MgCl,)5 pL;
dNTP(10 mmol -L)1.0 pL;338f(10 pmol -L7)1.0 pL;
518r(10 pmol -L.7)1.0 pL;Taq(5 U+pl.1)0.25 pL; 4
# DNA 1.0 pLo VAT :94 °C 4 min FiAEH: ;94 C
0.5 min;58 °C 1 min;72 °C 0.5 min;30 Cycles,72 C 7
min, 1.0%35 AEWEEE RS AL Ik A

KBS ) B s DNA 1855005, B rik
Invitrogen | #4378 &) 5E L ¥, {8 F GenBank #
Sequin win32 £ &2 ¥ ¥ ,M1 ~M17 {) & % 5 K
JQ771693~]Q771709,

{#i i GenBank 1] BLAST #21%, ¥ HHrF4 5%k
P2 e P SN AT HOX, RIS 4505 5 B9 RIS
B, 2R J5FIH GenBank F83I 5 H i KR EMHFI,
% i Neighbor—Joining % #ll MEGA4.1 #4445 22 TC A%
RRGLEW

2 HR5iTiE

2.1 MFC BJ7=BBFA7K RS R
B )a , MFC1( Z e BHAR ) #EJE 3h 20 d J5
FER RS 0514 V, XTI H TR 88 B
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332 mW-m?,MFC2( =F AL Bkl PR ) TE /S 3 22 d
JERAER R EERS] 0.527 V, Xk I EE N
349 mW-m>(SMBH 500 Q) [RIBT, 53 51% iR S
B EMA MFC F1) 358 K K 7 B e S 1 A
BH,MFC1 F1 MFC2 B4 FH 435128 169 Q Fil 178 Q, %
NIRRT 2 B 43 5|k 208 mW em™ FI 158 mW em™,

KIS RER, 23— MRy (44d),
MFC1 1 MFC2 X{ 5558 B 7K SR K I CODg, P34 Z: R
G350 R 85%H 18% , BAIIEIRFIH 52%H
45%. MFCI1 ij CODe FIE A H B EBR R HA N
0.43 kg-m™ Al 0.08 kg *m>,MFC2 fJ COD, Fl% & H
VI EBR RS HIZ9 0.39 kg-m™ 1 0.07 kg-m™, [7]
B, -~ MFC #8EBB BATFRIBRR BB T
22 HEMEHNER

HFE 4% 400 ng B V3 X PCR 724, F§ D-Code
ZEARKGIN R G #EAT DGGE 43047, DGGE EFE AN 3 f
7N o % Quantity one 314317 , B R ZHEPETEEL
(H) 3B (S) A& 8 5 4 AR £ B An A 4
FE 5 B

M 3 A 4 FTLAER Y, A4 i 40 BR AL
% ,RIUNEH 32~41 L5007, Hrp MF-2 B4
&% ,MF-4 BAHEED, WA S REES
A R AE PR AR IR b AR TR S AR AR LA
RS XTELRT 3 MRS, 7T DA B A H B &%
R, DB [F I BA#RE 25 B A [F A DL 3 el (52
FLER ) o Xof LSS PIRE S AT 0, (RIS A BHAR A= 9 |
RSB YAR A —E 2R, Hrp M1 M2 77

MF-1 MF-2 MF-3 MF-4

3 ¥ mE DGGE Eik
Figure 3 The picture of DGGE
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Figure 4 The picture of diversity index and species abundance
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Figure 5 Variations of the relative DGGE band abundance
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BFAS [RY e84 3k o PF AR A= 0 s 2 T A9 A P L
BHEM. WE 5 7T LUE B ,M9.M10.M11 . M12,
M13. . M14 ,M16 . M17 7& 5 B b T 72 78 9 Ee 5 A
%, Uk X LA MR REIE . MFC 3R3%
2.3 WEYETERMES R

AR ST B S TR R G, LS MK TS 1Y
MEAE , N &R R A U R B Co M
F 1 ATLUE H ,MFCL 78 3 M ME A EE R
Pk, BEHEE SRR A R
72.0% , B % W8 R e B9 A SR K RS E A AH U R Bk
45.7%, T MFC1 i MFC2 75 Bk 4 5 Bt PR
FEAATEN S S, AR R 48.0%,
24 FiFELLBRMRZELZE ST

TEERE 3 A a5 R4 HEAT I T , 4 AR 21 Y
J#5) i BE A€ GeneBank (3 %E  F Blast #47H: 2 Al
RIS R T REKBERI(E 6). W 6 fis,
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Table 1 The coefficient of similarity of different microbial

community samples(%)

PR 8 ) \Thauera sp.(MJE R E & ,B-ZTE N ) A-
zoarcus sp.([H A5 W& ,B-Z XL HE DN ) Azospirillum
sp.([EEIE TR , a-BTE R ) . Zobellella sp. (" HHE

e BiJR -5 40 Pseudomonas sp. (T3 E R ,
MF-2 . 1000 457 215 VBB M ) Aeromonas sp. (LRI RE , v-2TY
MF-3 100.0 48.0 %éﬂ )« Thiobacillus sp. ( @ﬁﬁ%%}% , B‘ﬁﬂé%
MF—4 100.0 4 ) . Desulfovibrio sp. (iR INE & ,0- L E N ) .

RER BB M1~M17 FRHZZH) BAR DNA § 1845
XN AP REY, 4335 Trichococcus sp.(3RE

98
33

40
82

51
58
g9 | M6(JQ771698)

32 |

33
32

99
80

a4 49

60 M5(JQ771697)

99

0.05
—

M12(JQ771704)
Zobellella denitrificans MW1(EU569287.1)

Aeromonas hydrophila TUB19(FN568022.1)
Aeromonas sobria 2CCH202(GU187060.1)
M11(JQ771703)

Iron-reducing bacterium(¥J802382.1)

96 ' Thiobacillus thioparus Happold(HM173635.1)
Thauera chlorobenzoica 3CB-1(NR_024972.1)

Thauera aromatica 3CB-3( AF229882.1)
88| M16(JQ771708)
Thauera aminoaromatica NS5(FJ609701.1)

Georgfuchsia toluolica G5G6(EF219370.1)
M4(JQ771696)
Uncultured bacterium gene( AB280312.1)

Azoarcus sp. PRB7(GU223121.1)
Azoarcus communis SWub3(NR_024850.1)

100 [ pesulfovibrio paguesii SB1(AY726757.3)

M13(JQ771705)

M15(JQ771707)
91 |_— Dinophysis acuminate acumWH10(AF530385.2)
Thiomonas perometabolis(AY455808.1)

81! Thiomonas arsenivorans b6(AY950676.1)
M14(JQ771706)
E‘ M10(JQ771702)
Uncultured bacterium clone(GU591544.1)
Uncultured bacterium clone( HM346794.1)
Uncultured Bacteroidetes bacterium(CU927749.1)

Thiomonas sp. (B SMIEE , B—"LILEHN) USRS
FMAEY BEA B RFSI AL

Logan AN = BEY | IZ A7 T AR R
Pseudomonas aeruginosa TMR2.13(HM030825.1)
Pseudomonas alcaligenes( EF523548.1)
M2(JQ771694)

Pseudomonas otitidis(EU244762.1)
Pseudomonas stutzeri BTL6( HM446015.1)

-2 HN

B WA

M3(JQ771695)

Azospirllum brasilense Gr32(FN813487.1)
Azospirllum zeae Gr31(FN13486.1)
Azospirllum brasilense (FN813485.1)

Desulfovibrio gigas DSM 13827(DQ447183.2)

a- AL HAN

3T A

Streptococcus sp. G81218H1(AB261007.1)
Lactococcus sp. YM05004(EU689105.1)
M9(JQ771701)

M1(JQ771693)
7 Trichococcus collinsit RBE2CD-24
(EF111215.1)

87

99

BT WA

Uncultured
M7(JQ771699) bacteria
M17(JQ771709)
36 M8(JQ771700)

Eo6 RERER

Figure 6 Phylogenetic tree




1436 FARESE YRR R BEAR AR W R A e Y% ) PCR-DGGE 734

201247 H

B, KRBOk A FAHREN 3 1MrX ATRH | JERE
B HEDE S R RS . 3 IR e YR
Geobacter sp.'™ Shewanella sp."" Klebsiella sp."!
Corynebacterium sp. ™ Pseudomonas sp. ®) Aeromonas
sp.®! Desulfovibrio sp.?d Clostridium sp.””Enterobacter
sp.”® Lactococcus sp.P'%, AW 5% H MFC RHAR 44
B Proteobacteria A= , X 51R 2 SCHR B —2K,
Proteobacteria B ) 12 AETETFMFC FHAR A= 1y i ch 730
A 5% H #) Pseudomonas sp..Aeromonas sp..Desul—
JSovibrio sp. 5 CRIE M A W RGN R 5
IR, XLERFN AT RE N AS SEH MFC A 2™ H,
i oRabaey £ % BLAE MFC H43 B i Pseudomonas
aeruginosa BB AL SR MR TR A B F A2 R A 14K
Pham 2% 38 M MFC FHAR IE _E 43 B8 (19 Aeromonas
hydrophila BA HAL#IENE , JB THOE R HE , LR
W REF FH K B R BRER AR R AR

SRT , MEFC BRI A= ¥y 8 % 1T o A0 35 i) 48 7 oK b
ERRF AR, KB EZ R KB E ”
RAES, ENTERWIERERKPAIRIER, A
7 H A TR P B R B IS A B BT . Mechichi ZEPHACH
Azoarcus sp. REF| FIRHRRERAE 1y o 2 AR FEMR K
ALY . BRT,7E MFC 35 B SRR R SR B
BA AL AE AR SCIRIRGE . (B2, Kim S£2E
ZRUESE Azoarcus sp. BERS MR K RS R ER AL AH AR
i MARMGRE T ALK Azospirillum sp. R FH
FENERBE, Trichococcus sp. 7= FRANE

3 it

ISR PRI B R ERY, T2
e =R R PR, F) 2 AR B 2 A AR et
b, B REF FSREEZ K 7 B - RE Rl ki ALK i

iz ff] PCR-DGGE HARBIIE T 4 M H i)
HIRER S, R YRR S BUE A
A SR E R RTE R AEYIE |

X DGGE Z&7 7 FEb Xy & B, ARl B 3 AU
[ S BHAR 9 MFC BHAR AW T RIS AP
2%, FTREM FE B KN Pseudomonas
sp. «Aeromonas sp.F1 Desulfovibrio sp.,

SE 3k
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