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K 2 48 ( DGGE) ( Bio-Rad, 3% ) , LK2005B H,
Pl TAES (22 i RME2Ef 7, K .
1.1.5 5|9 4 #7% DGGE 43#r5|49°4 BA101F .
5'-TGGCGGACGGGTGAGTAA-3" 1 BA534R. 5'-
ATTACCGCGGCTGCTGG-3', Xt M T E. coli
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B K Z 0] i 7 AR T —AN A, MFC 3K
Iy 3 BB (1) BB 1, MFC JW 2% LAFLIR M
YIRS, BU10 mL V58 B T 8% MFC KR #5H
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Figure 1. Voltage profiles of MFCs when substrates changed. Phase 1: MFC starting up with lactate; Phase 2 Substrate lactate

changed to propionate; Phase 3 : Substrate changed to lactate.
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Figure 2. COD removal efficiencies of MFCs in different phases.
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Figure 3. DGGE profile of anodic microbial communities in MFC
with substrates changing (A) clustering analysis for DGGE profiles
(B) P1, P2 and P3 refer to the three phases of MFC; numbers 1 to
12 in pattern A are the bands to be excised and sequenced, and the
Shannon indices for communities are shown below ; scale on the right

of pattern B indicates the divergence distance (% ).
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Figure 4. Phylogenetic tree based on bacterial 16S rDNA sequences from DGGE profiles with the closest matches and

representative sequences. Band 1 to 12 refer to the bands No. 1 to 12 in DGGE profiles Figure 3. Bacteria are typical bacterial

strain sequences obtained from GenBank database. Numbers in parentheses are accession number in GenBank. The tree was

generated using the Neighbor-Joining method with 1000 bootstrap replicates. The numbers on the branches are their bootstrap

values, bootstrap values lower than 50% are not shown. The scale under the tree is the divergence distance (2% ).
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Figure 5. Composition and relative abundance of anodic

microbial communities in MFCs.
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Figure 6. Shannon index (A) and principle component analysis (PCA) for the bacterial populations ( B) based on the

bacterial community 16S rDNA sequences.
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RIEE Y Geobacter J& WAL W 1Y K& F =F JE 1 IE
B PRI S Bl A 0 1 1 = X MFC 1) 7 FL A
e HAT EE TR, X MFC (S sh R e 18 17 A
AEEAEN.

MR 1, AT BE N BRI 7853 & 5 M7E
FLIRICY) = & Y AR B A= W) I A Dechloromonas
(TEWNRIEY T 1) F ik 3] 22. 46% ) | Novispirillum
(4.68% ) . Clostridium (1. 18% ) %, 5 W 5% & W,
Dechloromonas J& " i A7 &£ Ff J2& HE 22 1Y) S fild 1k 5% 1
W, EATRESTE K A S T 58 R 07 b &)
7R AR AR BOE IR AR AR K AR 4
RRAR XA e MFC BHAR AR A: Py ik i o
SR ORI B 7 H— M AR, BREE L) LR

TP WP — L LA X E TS S
o B MEC RS 7 i s e

AL ) AR B S BE A A BH A AR P
TE 45K, Dechloromonas spp. 5522 30 H X TR R JiS 9 /Y
B ) N TR — AR PR HL R Y Geobacter
JEXT MFC 7= B AR E HoA H 2R,

R1. BRYEERETHRERMENIEEBRKEHTL
Table 1. Changes in relative abundance of the bacterial

genera with substrates switching

Taxonomy Abundance (above 0. 1% )

Phylum or Class Genus Phasel ~ Phase2  Phase3
Acidobacteria Geothrix 0.33 0. 00 0.00
Actinobacteria Gordonia 0.09 0.58 1. 36

Mycobacterium 0.19 0.67 1.13
Propionicimonas 0. 03 0.21 0.44

Firmicutes Lactobacillus 0.10 0. 05 0.03
Clostridium 0.14 1.18 0. 69
Anaeromusa 42.59 1.22 16. 04
Alphaproteobacteria ~ Bosea 0.01 1.28 1.12
Rhodoplanes 0.04 0.15 0.10
Azospirillum 0.20 1. 44 0.27
Novispirillum 0.00 4. 68 1.28
Kaistobacter 0.01 0.12 0.00
Sphingomonas 0.02 0.07 0.34
Betaproteobacteria Thiobacillus 0.08 0.14 0.15
Dechloromonas 3.30 22. 46 6.26
Zoogloea 0.39 0.26 0.23
Deltaproteobacteria  Desulfovibrio 0.17 0. 46 0.21
Geobacter 1.62 10.29 11.40
Gammaproteobacteria  Pseudoalteromonas 4. 16 0.15 0.42
Halomonas 0.15 1. 56 1. 58
Acinetobacter 4.36 0. 46 1.54
Pseudomonas 10.92  4.71 5.53
Dokdonella 0.24 0.67 1.44
Stenotrophomonas 0. 13 0.23 0.26
Spirochaetes Treponema 0.02 0.82 0.62
Thermi Deinococcus 0. 09 0. 88 2.69
Verrucomicrobia Rubritalea 2.36 0.11 0.17

3.3 WMAEMRERERAREME

AN IR K B0 4RSS AR YA
v BB B R A2 3 JEOR BRPIRAS 2 S A HE )
M A= R, AR P 3 AR 6, IS S
BORFLIRIG , MFC BHAR A= Wy A i b B2 E W
55 5] 64 LA LR A JEE 0 1) 350 0 A 5 A AL A 3k )
95% VAL, TR e v 1) & JR O 1ol H BT ke A 3
G, RV W0 e s A5 1o R Bl A Wy b v 2L AU )
RIS

1E DGGE &35, 5571 4 R WHRBIFLIRIEY)
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B2 WHALRIKY & % %W AT
Thiobacillus thioparus (T) (M79426 , #H L4 96% )
T. thioparus #& REWS AL BRAL Y 0 fL RE B 7 B fol A=
Y e LAGRALY) MR B MEC )2 4748, I 5t
BRALI I E AR G =T RRE ARE R 1, TR
M1&Z I Anaeromusa 1 Pseudomonas P4 @ & b s 4
RIMITERT B 1 FIBT B 3 s R 1Y 2EHF, 78 MFC it
B 1 BB AE Wi I T, Anaeromusa J& B T A2 W) 1%
FLIRA K I & 4, £ B =ik 42.59% SR e & 01—
WINTR IR IS (B F A 1.22% ) %2k
FERUCE Y AET B 3 iR LUE &, F A3
16. 04% ., 2@ I A= Py 1 = J3E Bt A LI 1 45 i -+
U B, R B EATTE 2L IR 19 B A A MFC iz 173 2
 BA EEAER R 8 o) A 2 RE % R
RILFR A ZEAE {0 Borole % 1 FH#5 48 b L ZL A2 A1
FAERME G, | £ T ARG e
I PR A B E , o Anaeromusa J& U W)
MR R 41% X 5ARTF R AR AR L, Rt 1R
FHWIHZEHMAEDATRRPRZS S T MFC 7
U8

[FFE | Pseudomonas J& TUAE P i - B2 AR {52 R
KRy EaH, BT LR UCE 4 i 7R FHAK 6L
YRR TP N 5.53% R Z 0
4R 2% FQ B G S B (HL 288 R B3 2t A 0 e DA
FLI R S DR S8 I 4 TR AE > BT 1T g
SEBR S5 FURR 0 R A () B 38 sk AT 0% I A FH O
o SO g FA) 280, DT DRAIE R 8 A B AU REAE | 21T R
HERAMED M BRI A A3, B, EA]
() IZAFAEXT MFC 17 HL il R A i >0

B 5T LR 5 N R 1Y) 58 85 JIe M il d ik 552
U SRATFIR LI T A e v EAA RS 3 ok AR
BHGEH, BRI G0 1, 5 R T 0T
Z W IR — 2P UE S

4 i

AWFERDT T IR P S0 MFC 181720 F
WA RIS, R B RR ) X MFC 7™ L
IR 5 MFC 5 Shid B2 2R 0L, REAS i35 52 ) MFC
87 FLASCR  MFC 5 B IS N4 . MFC BHA)
A= W AT X IR WM PR AR 5% | Dechloromonas spp.
F1 Comamonas testosteroni SFZSHEXT TN R IS WA B o

m i, 3E T S 2R Anaeromusa spp- . Pseudomonas
spp. VA Thiobacillus thioparus X ZLERJFEY) B A 5% 1
Ry I, B L TR TS ) ) B3 T s 4 5 7 AL IR )
Geobacter spp. J& 25 PB4 () 245 B HE, BEE I 22
PEHF R AR . DL s SR W 2R X MFC
7L RS E Y B HEAEH]

5% Xk
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Response of microbial fuel cell anodic microbial
communities to substrate switch of lactate-propionate-
lactate

Chongyang Gao' , Weimin Wu’, Yanhui Zhao® , Aijie Wang' * ,Nangi Ren',Min Wang’ ,

Yangguo Zhao’

" School of Environmental and Municipal Engineering, Harbin Institute of Technology, Harbin 150090, Heilongjiang
Province, China

? Department of Civil and Environmental Engineering, Stanford University, Stanford, CA 943054020, USA

* College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, Shandong Province,
China

Abstract; [ Objective ] To study the effect of substrates variation on the electricity production of microbial fuel cell
(MFC) and anodic microbial communities. [ Methods ] An MFC was started up and operated by feeding in turn with
lactate, then with propionate and finally with lactate. The anodic microbial communities were monitored by using culture-
independent microbial molecular ecological techniques. | Results | The switch of substrates markedly affected the power
efficiency of MFC. It required relatively long time to recover the electricity generation capability as the substrate was
switched. The substrates switch also changed the microbial community structure. Anaeromusa spp. , Pseudomonas spp.
and Thiobacillus thioparus were dominated with lactate fed because they were enriched in the presence of lactate. When
propionate was supplied as sole substrate, Dechloromonas spp. and Comamonas testosterone were selected. The electricity-
producing bacteria, Geobacter spp. , were enriched by acetate from either lactate or propionate degradation. Hence,
Geobacter spp. was an overlapping microbial population in the presence of the two different substrates. [ Conclusion] A
well correspondence between substrate and anodic microbial community was observed in MFC with switching substrates. To
reduce the effect of substrate fluctuation on the MFC electricity production, more complex organic substrate should be
provided as broader nutrients which could improve the functional overlap of populations and MFC stability.

Keywords:; substrate switch, population overlap, microbial fuel cell, denaturing gradient gel electrophoresis, high

throughput sequencing
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