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Supplementary Fig. S1. Microbial fuel cell (MFC) used in this study.

Sampling of San Elijo lagoon sediments, San Diego (A). Inoculum source of slurry from the lagoon
sediment (B). The air-cathode MFC used in this study, where the anode and the air-cathode were
connected with a resistor (C). The anode biofilm with pink color in a glucose-fed MFC after 3
months of enrichment (D).
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Supplementary Fig. S2. Exemplary current generation and substrate consumption rates in
second set of MFCs.
Typical batch cycle of reactor ‘b’ of AC-MFCs (A), BP-MFCs (B), GL-MFCs (C), and SU-MFCs

(D) after the 3-month enrichment process. The black line indicates electric current (mA) with 22
Ohm external resistance.
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Supplementary Fig. S3. Exemplary current generation and substrate consumption rates in
second set of SP reactors.

Typical batch cycle of reactor ‘b’ under SP-H (A, B), SP-M (C, D), and SP-L (E, F) operation
after the 2-month (A, C, E) and 5-month (B, D, F) enrichment process. The black line indicates
electric current (mA) under anode potential controlled operations.



Supplementary Fig. S4. FE-SEM images for anode biofilms adhering onto carbon
cloth electrodes.

Anode samples were collected from AC-MFC (A), BP-MFC (B), GL-MFC (C), and
SU-MFC (D) after 3-month enrichment process. Arrows in panels A and B indicate
filamentous structures in the biofilm. Bars = 5 pm.



Supplementary Fig. S5. Electricity-generating biofilms during the enrichment process
under controlling anode potentials.

Anodic biofilms after 2-month (A-C) and 5-month (D-F) of SP operation controlling the
anode potentials to +100 mV vs SHE (A for H-a2, D for H-a5), -50 mV vs SHE (B for M-
a2, E for M-a$5), and -200 mV vs SHE (C for L-a2, F for L-a5). Filled arrowhead indicates
carbon cloth anode, Open arrowhead indicates the air-cathode located on the side port of
the reactor. Bars are 1 cm.
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Supplementary Fig. S6. Rarefaction curves for the different phylotypes obtained from 16S
rRNA gene clone libraries.

The anode samples in duplicate MFCs (a and b) fed with acetate (A), mixture of butyrate and propi-
onate (B), glucose (C), and sucrose (D) were collected at 1 month, 2 months, and 3 months of
enrichment.
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Supplementary Fig. S7. Rarefaction curves for the different phylotypes obtained from 16S
rRNA gene clone libraries from three SP operations.

The anode samples in duplicate SP reactors (a and b) fed with sucrose, and controlled under
+100 mV vs SHE (A), -50 mV vs SHE (B), and -200 mV vs SHE (C), were collected at 1
month, 2 months, 3 months, and 5 months of enrichment.
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Supplementary Fig. S8. Phylum-Class level taxonomic distribution of 16S rRNA community
profiles between anode biofilm and anolyte suspension.

The taxonomic profiles were compared between anode biofilm (anode) and anolyte suspension
(solution) for the SU-MFC-b at 2 months of enrichment, and for the three different SP operations
(SP-H, SP-M, and SP-L) at 5 months of enrichment. Phylum Proteobacteria and Firmicutes are
divided into class level taxonomies. Five dominant genera in the communities are shown in inner
bars.
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Supplementary Fig. S9. Sorensen similarities comparing the bacterial communities
based on O.T.U. (99% cutoff).

Anodic community similarity comparison among four different substrates-fed MFCs (A)
and among three different set-potential operations fed with sucrose (B).
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Trichococcus pasteurii H181a (EF204309)
Escherichia coli (E05133)

Supplementary Fig. S10. A neighbor-joining phylogenetic tree showing positions of major
phylotypes representing anodic microbial populations for phylum Firmicutes.

Branch points supported with bootstrap values (100 trials) of >90% are indicated with closed
circles, while those between 70% and 90% are indicated with open circles. Accession numbers of
reference sequences are indicated in parentheses.
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Supplementary Fig. S11. A neighbor-joining phylogenetic tree showing positions of major
phylotypes representing anodic microbial populations for phylum Bacteroidetes.

Branch points supported with bootstrap values (100 trials) of >90% are indicated with closed
circles, while those between 70% and 90% are indicated with open circles. Accession numbers of
reference sequences are indicated in parentheses.
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Supplementary Table S2. Alpha diversity statistics of microbial communities from anode biofilms under three
different set-potential operations fed with sucrose.

SP-H
Anode potential (vs SHE) Legegi +100 mV
Reactor ID - Month a-1 b-1 a2 b2 a3 b3 a5 b5 |a-sol® b-sol®
Total clones sequenced 88 94 91 8 94 88 94 95 87 13 22
Number of OTU (99% cutoft) 77 18 14 17 11 15 10 15 14 4 6
Chao! Richness” el ol S S o S O I
Shannon’s Index 430 237 205 217 128 196 147 199 2.11| 120 1.09
Simpson Index (1 - D) 099 087 0.83 0.83 055 0.79 0.68 0.80 0.82 | 0.66 0.51
SP-M
Anode potential (mV vs SHE) —50 mV
Reactor ID - Month a-1 b-1 a2 b2 a3 b3 a5 b5 a-sol*® b-sol’
Total clones sequenced 95 79 94 90 93 93 91 91 93 23
Number of OTU (99% cutoff) 16 14 11 16 14 17 15 11 16 7
Chaol Richness" fﬁ) 3199 3110 3226 ig fz%; ig fé 3278 5
Shannon’s Index 208 182 1.66 200 2.07 2.13 219 174 1.82 1.59
Simpson Index (1 - D) 0.82 0.73 0.74 0.81 0.83 0.83 0.86 0.78 | 0.74 0.76
SP-L
Anode potential (mV vs SHE) —200 mV
Reactor ID - Month a-1 b-1 a2 b2 a3 b3 a5 b5 |a-sol® b-sol’
Total clones sequenced 76 74 9% 93 93 95 90 93 88 16
Number of OTU (99% cutoff) 9 16 10 17 10 22 10 17 7 7
nLogouoEouowopLo
Shannon’s Index 1.29 196 099 231 0.86 233 1.03 1.64|0.74 1.72
Simpson Index (1 - D) 0.63 0.75 040 0.87 0.33 081 040 0.61 | 035 0.79

* Microbial community of anolyte solution (sol) was determined only on 5 month samples.

®Value + SD.



Supplementary Table S3. All phylotypes (n>2) obtained from the anode microbial communities fed with four different

substrates.
Taxanomy Té' Acetate Butyrate / Propionate Glucose Sucrose el = é Accesion
Phylotype 2o v a g oot s v g oot g oo ola G gl o8 3 E Best matched sequence No.
Al 0 ©® O ©® Q| O © O © Q| O © O © o|lo t') o t') o _fé\‘ =
Proteobacteria - 5-Proteobacteria
Desl -|372620261121(9 2 4 1 - 1|- 3 - - - -1 - - - -[-]162 99% Desulfuromonas acetexigens U23140
BP1 - - - - -/35 - - - -1 - - - - -f- - - - -[-19 98% Desulfuromonas acetexigens U23140
Ac2 -121 -1 - (- - - - - -1 - - - - -[--=---[-]165 96% Desulfuromonas michiganensis BB1 AF357915
Geol - - - - -1381226302052(4 10 - - - -|18 - - - - 210 99% Geobacter metallireducens GS-15 CP000148
Gl15 - - - - |- - - - - -]- -514 4|1 6 3 510[-|39 97% Geobacter sp.strain CdA-3 Y19191
Ac3 -3 - 241082 -1 -1 -|- - - - - - - -|-] 31 100% Geobacter sulfurreducens PCA AE017180
Geo2 - - - - - -|513 -3 - -|- - - - - |- - - - -|-]21 98% Geobacter metallireducens GS-15 CP000148
BP15 -l--- - - -(--7-11-|- - - - - -f- - - - -[-] 18 97% Geobacter bremensis U96917
Gl16 Bl R - - -]- -31 - 3[333 - -|-|16 99% Geobacter sp. CLFeRB DQ086800
Gl1 -l- - - - - -3 - - - -1|81 - 1 - -|-| 14 98% Geobacter sp. Plyl EF527233
Gl2 - - - - - -/21 - - - -4 4 - - - -3 - - - -|[-] 14 98% Geobacter sp.Plyl EF527233
Geo4 -l------/33 -1 - -/------/1-1- -([-19 98% Geobacter metallireducens GS-15 CP000148
Geo3 - - - - - 22 - - - -]2 - - - - |- - - - -[-]6 98% Geobacter metallireducens GS-15 CP000148
Ac_M02  -f- - - - - 4|- - - - - -f- R Y IR I 97% Geobacter bemidjiensis Bem CP001124
BP16 - - - - - -]112 - - - |- - - - - |- - - - -1-]13 99% Geobacter sp. M21 CP001661
Su6 B I R N AT I SR O B ) 97% Geobacter sp. TMJ1 EU711072
Su5 B - - - - - s - - - - -2 -2 2 2] 8 99% Pelobacter propionicus DSM 2379 CP000482
BP2 -l- - - - - -l/12 - - - -]1- - - - - -f- - - - 3 96% Pelobacter venetianus U41562
Ac4 -1 - - - - I R T e I 99% Desulfomicrobium escambiense DSM10707 AJ277886
Proteobacteria - y-Proteobacteria
Toll - - - - - -1- - - - - -|241757 1767 26/ 6 1528 9 29|46 295 99% Tolumonas auensis DSM 9187 CP001616
Tol9 - - - - - -1 - - - - -|3 - 4 3 6 16/6 15234329 - 148 99% Tolumonas auensis DSM 9187 CP001616
Tol12 -{------{- - - - - -- - - - - -8 5112 3|12 29 99% Tolumonas auensis DSM 9187 CP001616
Tolll - - - - - -1- - - - - <- - - - - -|- 61 3 2|11f 12 99% Tolumonas auensis DSM 9187 CP001616
Tol5 -{------{--- - - --3 - - - -3 - 31 -|-[10 99% Tolumonas sp. OCF7 GU370947
Tol8 - - - - - - - - - - <-4 1 -1 |- - - - -|-| 6 96% Tolumonas sp. OCF7 GU370947
Tol4 - - - - - -1- - - - - -1 - - - - -2 - - - -|-| 3 98% Tolumonas auensis DSM 9187 CP001616
Tol10 B IR e IR IR [ A A I N2 99% Tolumonas auensis DSM 9187 CP001616
Tol13 e IR I - - - -1 -1 -] 2 99% Tolumonas auensis DSM 9187 CP001616
Gl13 o R I B S V1 B - - -|-| 3 96% Aeromonas hydrophila strain: KAE13 AB473033
Gl12 -{------{- - - - - -- - -16 - 2|- - - - -|-| 18 97% Aeromonassobria LE 76. FN908438
Gl14 - - - - - - - - - - -] - - -2 - 4f- - - - -|-] 6 100% Escherichia coli strain CAIM 590 HM584002
Proteobacteria - S-Proteobacteria
Acl8 I R R T IR IR I N2 99% Alcaligenes faecalis strain MS11 FN997611
Acl? -l2 - - - -2 - - - - -] - - - - |- - - - -|[-] 4 100% Azoarcus sp. GPTSA12 DQ851175
Firmicutes - Clostridia
Ac5 -2 8 -32 4222116613 - - - -2 - - - -|-|54 100% Acetoanaerobium noterae ATCC 35199 GU562448
GI3 - -1 - - -{- - - - - -3 -3 -1 -3 -3 2 -[-]16 98% Acetobacterium sp. HAAP-1 AF479584
GI9 - - - - - - - - 1 - - - - 4 1|1-]1 6 94% Acidaminococcus intestinalis LBN 321 EF028685
Gl19 - - - - - - - - - - - - - =1 2f- - - - 5[-] 8 94% Acidaminococcus intestinalis LBN 321 EF028685
Su7 e I T 1 -1 2(1] 5 94% Acidaminococcus intestinalis LBN 321 EF028685
BP4 -l------/-211--]1-1- - - -[-- - - - 5 89% Anaeroarcus burkinensis DSM 6283 NR_025298
GI7 -{------{- - - - - -]-1 - - - -1 - - - -|-[ 2 90% Anaeroarcus burkinensis DSM 6283 NR_025298
GI8 -l------f-1----]-31--1(11- - -(-]8 90% Anaeroarcus burkinensis DSM 6283 NR_025298
Gl18 - - - - - - - - - 11 - -3 - 3 -|-] 8 97% Anaeroarcus burkinensis DSM 6283 NR_025298
Gl6 - - - - - 2f- - - - - -1 1 - - - - - - -] 4 90% Veillonella dispar X84006
GI5 -l-1217 -(----1-]-21- - -f- - - - 1(-] 16 90% Veillonellamagna strain lac18 EU096495
Ac21 -l- - -3 - -2 - 11|- - - - - -f- - - -1-] 8 90% Veillonella magna strain lac18 EU096495
BP17 - - - - - R N e I I A 97% Clostridium aminobutyricum DSM 2634 X76161
Act -113 - - - - - - - - -] E Y TR I 98% Desulfobacterium anilini AB237495
BP18 - - B I A H e [ I I ) 99% Acidaminobacter sp. CJ5 GU570195
Acl6 -1 -1 - - -|- - -1 -f- - - = - - - - - -|-] 3 95% Clostridium sp. FG4 AB207248
Ac9 I IR I AR IR I ) 90% Clostridium orbiscindens AIP028.07 EU541437
Ac7 -l-2 - -3 11 -2121]- - - - |- - -1 -|-| 14 99% Clostridium sp. P530(3) GU370098
BP12 - - - - 2116 -2(---- - -|- - - - -]-]112 97% Clostridium sp. P530(3) GU370098
BP20 -f------]-758132- - - - - |- - - - -|-| 35 98% Syntrophomonas sp. TB-6 AB098336
BP21 - - - - - -]--1-4 |- - - - - -/- - - - -|-|5 97% Syntrophomonas sp. MGB-C1 AB021306
Ac8 -3 -1 - - -f1 - - - - |- - - - - -[- - - - -[-]5 89% Clostridium akagii CK58 AJ237755
BP5 - 1----/1--1-+-/-1=-=-=--/-----1-]14 92% Rumen bacterium R-7 AB239481
BP6 -1-4 - - - -]-5 -1 -1]- - - - -12 - - - -]1-]113 100% Uncultured CC331 bacterium clone QEDR3BD10 CU922503
Firmicutes - Bacilli
Gl17 - - - - - (- - - - - -]--6126(-612 -[-]24 100% Lactococcus sp. YM05004 EU689105
Gl4 -f-- - - - -{- - - - - -]1]9813 - 2|11 - - -|-|[25 99% Trichococcus collinsii 37AN3 AJ306612
Firmicutes - Others
BP13 -/---12-21-11-|---1=--|-----1-19 92% Erysipelothrix inopinata strain 143-02 AJ550617
Acl9 e I R T N I I N2 93% Erysipelothrix inopinata strain 143-02 AJ550617
Ac20 -l- -1 - 11- - - = = |- - - = = |- - - - -|-| 2 93% Erysipelothrix rhusiopathiae KG-BB2 AB055910
BP22 - - - - - - - -2 - 1]- - - - - |- - - - -f-] 3 90% Clostridium ramosum strain KCTC5930 GU723322




Table S3. continued.

§ Acetate Butyrate / Propionatq Glucose Sucrose s g Accesion
Taxonomy @l G o q ool g ugoolagagoaololalon g E Best matchecseqierice No.
Phylotype —[® 2 © 2 ¢ ofc 20 © 20 ¢ a9|c 0 &2 s alafy 0y aa B3
Bacteroidetes
Sul - - - - - - - - - - =122 - - - 13 2 - - -|1] 11 93% Paludibacter propionicigenes ABO078842
Ac24 - -31 - |- - - - - |- - - - - -[- - - - -|-| 4 91% Paludibacter propionicigenes AB078842
GI_E10 B T R B -l- - - - -]l 3 96% Paludibacter propionicigenes AB078842
Su2 -/--1- - -/-11-1-|12 23 - 5(3141 3 -[-] 38 100% Porphyromonadaceae bacterium JN18_A107_G DQ168658
Ac25 - - - - 4 - - (- - - - - - -|-] 8 99% Petrimonas sulfuriphila strain BN3 AY570690
Acl2 -14 51016 2 5|4 - - - - - - - - - -|- - - - -|-| 46 93% Sphingobacteriales bacterium Kimo37 AB260041
Ac23 - - - - 11 - - - - - B e IR -l 2 92% Sphingobacteriales bacterium Kimo37 AB260041
Acll -2 - 343 1(-1---1|1 - - - - -f- - - - -[-] 16 92% Rikenellaceae bacterium JAM-BA0501 AB362265
Acl0 -122 -21 -1 - - - 1 - - - - |- - - - -|-]19 94%  Alkaliflexus imshenetskii Z-7010 AJ784993
GI20 I - - - - -l- -1 -11|-1- - 2(2]| 8 92% Bacteroides intestinalis JCM 13266 AB214329
Su4 - - - - - -2 -1 -1-2 - - - 2 - - - - 7 87% Cellulophaga tyrosinoxydans EM41 EU443205
Gl22 - - - B I -1 - 1f- - -2 -|-| 4 86% Lutaonella thermophilus CC-MHSW-2 EU287913
Sus IR A -1 - - 1f-] 2 87% Lutaonella thermophilus CC-MHSW-2 EU287913
Gl21 - - - e e e - e e -2 -2 - -2 - - -] 6 90% Rikenellaceae bacterium WN081 AB298736
BP27 - - - - - -1 -4 -6 -]- - - - -|- - - - -]-|11 88% Cytophaga fermentans M58766
BP26 e IR . T SN I IR e I ) 88% Flexibacter canadensis IFO 15130 ABO078046
BP25 B I I 2 IR - - -|-] 3 89% Pedobacter daechungensis Dae 13 AB267722
Acl3 -110 - 22 41911 -1 - 2 - 2|- - - - - |- - - - - 71 88% Riemerella anatipestifer ATCC 11845 u10877
BP10 - - - -1 -|153 9 4101(6 2 - - - -3 - 1 - -|[-| 55 88% Bacteroidetes bacterium T4-KAD-strl AJ575808
Acl4 1|1 546 2 4/-1 - - 15|11 - - -|- - - - -|-] 32 87% Bacteroidetes bacterium clone WWP_SS3_G18 GU409275
GIl10 - - - - - - - -1 -/12 -3 -2|-11-1|7| 19 86% Sphingobacteriaceae bacterium Gsoil EU370954
Gl11 -l- - -21 -3 -4321|35 - - - 1 - 1 - -|1| 27 87% Bacteroidetes bacterium T4-KAD-strl AJ575808
BP9 -{-1-12-j21121-/2-- -3 -|- -1 - -|-|16 87% Bacteroidetes bacterium T4-KAD-strl AJ575808
Acl5 -12 3 - - - 1]- B R IR -l- - - - -|-| 6 84% Pedobacter sp. DL5 FJ517612
Su3 - - - - -1 - -1 - - - -1 - - - -f-| 3 90% Flexibacter sp. R2A36-4 EU787448
BP7 -1 1 - - -f-1 - - - |- - - - - -[- - - - -[-]3 99% Rikenellaceae bacterium WN081 AB298736
BP8 - - - - - -1 I T e I 87% Pontibacter sp. HMD3093 HM135524
Tenericutes - Mollicutes
BP14 -l--1-6 -3 - -2 -2|- - - - - -f- - - - -f[-] 14 98% Acholeplasma polakii AF031479
Ac22 -l- - 122 3|- - - - - |- - - - - -[- - - - -|-| 8 92% Acholeplasma palmae L33734
BP P04 -|- - - - -3 - - - |- - - - - -|- - - - -] 3 99% Acholeplasma sp. DM-2009 strain Lorelei FJ590762
Other phyla and Unclassified
BP24 - - - - - -1 - -1 - - - - e e e -] 2 99% Spirochaeta sp. Buddy AF357916
BP19 - - - - - == -2 - |- - - - - |- - - - -|-| 3 88% Clostridium putrefaciens AF127024
Ac_I20 - - -3 - -]- - - = |- - - - - - - - - -|-] 3 84% Dehalococcoides sp. BHI80-15 AJ431246
Ac26 - -2 -11f1 - -1 - -|- - - - - -[- - - - -[-]16©6 90% Bacteroidales bacterium 33bM GU129118
GlLo13  -|- - - - - - - - -]- - - -3 -|- - - - -|-| 3 85% Solobacterium moorei F0204 GU470893
BP23 -1- - - - - -/ - - -1 -]1- - - - -l- - - - -] -] 2 84% Unidentified eubacterium clone BSV19 AJ229184
BP3 - - - - - -/33 - - - -]J1 - - - - -[2 - - - -[-]109 86% Erysipelothrix rhusiopathiae B 470/87 EF050040
Rare population”
89(1118 6 5 6 5(1112 3 4 7 2|9 7 - 3 2 -]101 1 4 4]3]223 Unidentified
Total clones 90[85 82 83 89 84 80|126 89 81 89 94 86|92 92 86 83 91 90[{91 86 84 87 94/86] 2220

# Microbial community analysis of anolyte solution (sol) after batch was conducted at 2 month samples fed with sucrose.
®Rare population included phylotypes which were shown in only one library with less than 2 clones.



Supplementary Table S4. All phylotypes (n>2) obtained from anode biofilms under three different set-potential operations.

Taxonomy
Phylotype o @ w

© @© © ©

SP-

ag
<
1%
i

b-2
a-3
b-1
b-2
a-1
a-3
a-5
b-1
b-2
b-3

b-1

SUM

% match

Best matched sequence

Accesion
No.

o
c
o
o
(]
-
Proteobacteria - &-Proteobacteria
Gl1 -19 2624 6
Gl2 Bl I
MEC_GeoH3 -|- - 5 23
Gl15 Bl I
MEC_GeoM2 -|[- - - -
Su6 -l - - -
Ha4_101 - - - 4
Sub - - - -
Geol -1 - - -
Ac3 - - - -
Geo2 - - - -
Ha2_G01 -l- 3 - -

[N YR

193
37
45
57
57
11

16
14
10

12

Geobacter sp. CdA-2

Geobacter sp. Plyl

Geobacter humireducens
Geobacter chapelleii

Geobacter bremensis

Geobacter sp. OSK6

Geobacter sp. CLFeRB
Pelobacter propionicus DSM 2379
Geobacter metallireducens GS-15
Geobacter sulfurreducens KN400
Geobacter metallireducens GS-15
Desulfovibrio desulfuricans SRB-22

Y19190
EF527233
AY187306

U41561
JN795198
AB682759
DQ086800
CP000482
CP000148
CP002031
CP000148
FJ873799

Proteobacteria - y-Proteobacteria
Tol5 -{1 533
MEC_TOL2 -|2 3 510
GI13 -{1820 1 1
Gl12 -(1312 4
MEC_AER3 -|- - - -
Hbl_A01 - - - -
MEC_AER4 -]22 1 - -

[

99
96
97
98
100
98
100

Tolumonas sp. OCF

Tolumonas auensis DSM 9187
Aeromonas sharmana GPTSA-6
Aeromonas sharmana CB-8
Aeromonas allosaccharophila B021
Aeromonas sharmana CB-8
Aeromonas media E2P37

GU370947
CP001616
DQ013306
JF496528
ING44057
JF496528
JF920519

Proteobacteria - ¢-Proteobacteria
Ma3_I121 - - -2
Hbl_K13 B I

Lagoon3 C12 3| - - - -

98
98
98

Sulfurospirillum deleyianum DSM 6946

Campylobacter sp. DSM806
Sulfuricurvum kujiense K-2

CP001816
AF144694
AB080643

Firmicutes - Bacilli
Gl17 - - 43133
Gl4 -l- - - -

100
99

Lactococcus sp. JXZ-2
Trichococcus patagoniensis PMagG1

JF496551
NR_041841

Firmicutes - Clostridia
La3 B21 B I
Gl13 -
Mal_116 -l- - - -

©

[

w
'

F
N

100
98
99

Clostridium sp. P2
Acetobacterium submarinus
Anaerofilum agile

AY949856
AY485791
X98011

Firmicutes - others
Hb2_E04 B I
Mal_E18 - - -
Hbl_019 - -
Ma3_107 - -

Gl18 - -
Ha2_K19 - -
Ma4_P11 B I
La3_L09 -l- 1 - -
Mb4_B08 B I
Mb2_F08 - - - -

N o
N O =

~
- oo

N
~ N

=
[N

~N w oo

108

92
92
90
94
99
99
99
95
91
92

Phascolarctobacterium sp. YIT 12068
Acidaminococcus sp. BV3L6

Acidaminococcus intestini ADV 255.99
Acidaminococcus fermentans DSM20731

Anaeroarcus burkinensis DSM 6283
Sporomusa silvacetica

Anaeroarcus burkinensis DSM 6283
Veillonellaceae bacterium 6-15
Clostridium sp. SW001
Veillonellaceae bacterium 6-15

AB490812
IN809763
NR_041894
CP001859
NR_025298
Y09976
NR_025298
AB603498
HM755724
AB603498

Bacteroidetes
Su2 -7 3 - -
La3 D17 B I
La3_NO05 - -
Lb2_124 -1 - - -
BP10 -1
Gl11 B I
Lal 120 B I
Lal G16 B I
La4_Al5 -l- -1 -
Hb4_016 - - -
Gl10 -1-1 -1
La3 B11 B I
Hal D22 -4 3 1 -

= 0
=N W
'

~N w NN
P NP A~

99
94
99
99
84
83
83
98
90
84
85
90
95

Parabacteroides sp. Lind7H
Proteiniphilum acetatigenes TB107
Petrimonas sulfuriphila BN3
Bacteroides sp. 253c

Cytophaga fermentans NBRC 15936
Cytophaga fermentans NBRC 15936
Cytophaga fermentans NBRC 15936
Rikenellaceae bacterium WNO081
Paludibacter propionicigenes WB4
Ornithobacterium rhinotracheale
Bacteroidetes bacterium 4F6B
Porphyromonadaceae bacterium C941
Bacteroidetes bacterium RL-C

HQ020488
AY742226
AY570690
AY082449
AB517712
AB517712
AB517712
AB298736
CP002345
CP003283
AB623230
JF803519
AB611036

Other Taxa
Ha2_KO05 -l- 1 - -
Mb3_M22 B I
Mb3_KO06 -l- - - -

100
88
99

Brevundimonas diminuta EC21X
Dehalobacter sp. E1
Alcaligenes faecalis 1C3N

KC128938
AYT766465
JF710955

Rare population®
85/6 2 1 4

161

Unidentified

Total clones 88|94 88 88 95

2255

®Rare population included phylotypes which were shown in only one library with less than 2 clones



Supplementary Table S5. Comparison of phylotypes between anolyte solution and anode biofilm under SP operations®.

SP-H SP-M SP-L
a-5 b-5 a-5 b-5 a-5 b-5
Taxonomy (= (= (= (= (= (= % Best matched sequence Accesion No.
Phylotype € 2.8 2|8 €8 2|8 2i¢g £ |mach
< = < = < = < = < = < =
< gL I i< g|<T 3i< 3
Proteobacteria - §-Proteobacteria
Gl1 6 - 4 - - - - - - - 96  Geobacter sp. strain CdA-2 Y19190
Gl15 - - - - |19 9 4 95  Geobacter chapelleii U41561
MEC_GeoH3 23 - {10 - - - - - - - - 98  Geobacter humireducens AY187306
MEC_GeoM2 - - - - 7 - - - - - - 99  Geobacter bremensis JN795198
Geol - - 1 - 2 - - - - - - 96  Geobacter metallireducens GS-15 CP000148
Su6 - - i1 - - 1 - - - - - - 99  Geobacter sp. OSK6 AB682759
Proteobacteria - y-Proteobacteria
Tol5 3 -:3 312 1:19 -]169 70:5 - 99  Tolumonas sp. OCF GU370947
MEC_TOL2 10 - - - - - - - 1 2 - 96 Tolumonas auensis DSM 9187 CP001616
Ma4S_P01 - - - - - 1 - - - - - - 98 Tolumonas auensis DSM 9187 CP001616
Lb4S_D16 - - - - - - - - 12 - - 99  Tolumonas auensis DSM 9187 CP001616
La4S_Ko03 - - - - - - - - - - - 1 99  Tolumonas sp. OCF GU370947
GI13 1 - - - - - - - - 1:57 5 97  Aeromonas sharmana GPTSA-6 DQO013306
Gl12 - - - - - - - - - 5 3 98 Aeromonas sharmana CB-8 JF496528
Firmicutes - Bacilli
Gl17 33 66 15|10 42{25 6 - -6 4 100 Lactococcus sp. JXZ-2 JF496551
Firmicutes - Clostridia
La3 B21 - - - - - - - - - - - 1 100 Clostridium sp. P2 AY949856
GI3 - - 7 2 1 - - - - - 3 - 98  Acetobacterium submarinus AY485791
Mal_l16 - - - - 1 - - - - - 99  Anaerofilum agile X98011
Mb1_P17 - - - - - 1 - - - - - - 97  Tissierella praeacuta ATCC 33268 GQ461814
Hbl E17 - - - - - - - 1 - - - - 96 Clostridium sp. NML 04A032 EU815224
Firmicutes - others
Hb2_E04 - - - - - - - - 3 1 - - 92  Phascolarctobacterium sp. YIT 12068 AB490812
MEC_AV1 6 4 - - - 1:28 - - - - - 99  Anaeroarcus burkinensis DSM 6283 NR_025298
MEC_AV2 1 - 8 1|10 10%¢ - 5 - - 1 1 98  Anaeroarcus burkinensis DSM 6283 NR_025298
Ma4_P11 - - - 2 5 - - - - - 99  Anaeroarcus burkinensis DSM 6283 NR_025298
Mb2_F08 - - - - - 1 - - - - - 92  Veillonellaceae bacterium 6-15 AB603498
Bacteroidetes
Su2 - - 4 - - - - - 3 - - - 99 Parabacteroides sp. Lind7H HQ020488
La3 FO3 - - - - - - - - - 1 - - 83 Cytophaga fermentans NBRC 15936 AB517712
GIl10 1 - - - 1 2 2 1 2 1 2 - 85 Bacteroidetes bacterium 4F6B AB623230
La4 Al5 - - - - - - 1 - - 4 1 90 Paludibacter propionicigenes WB4 CP002345
Ha4S_All - 2 - - - - - - - - - - 99 Flavobacterium mizutaii isolate Ch4 AM286271
Other Taxa
Mb3_KO06 - - - - - 19§ - - - - - 99 Alcaligenes faecalis 1C3N JF710955
Mb3_KO08 - - - - - - - 8 - - - - 100 Alcaligenes faecalis AMT-04 AB694009
Ma4S_H13 - - - - - 3 - - - - - 99  Alcaligenes sp. BJ-23 GQ280033
Ha4S_A03 - 1 - - - - - - - - - - 99 Comamonas sp. P4-4 EU113219
Hb4S_G15 - - - 1 - - - - - - - - 99 Comamonas sp. DF2 KC294053
Ma4S_Jo7 - - - - - 1 - - - - - - 100 Diaphorobacter oryzae RF21 EU342380
Mb4S_MO05 - - - - - - - 1 - - - - 99  Arcobacter cryaerophilus LMG:9865 FR682113
Ma4S J11 - - - - - 3 - - - - - 99  Arcobacter cryaerophilus LMG:9865 FR682113
Others” 1 -:i5 -|1w7 -i9 -|8 -i10 -

Total clones 95 13 87 22

91 93 91 23

®Phylotype comparison was conducted at 5 month samples between anode biofilm (anode) and anolyte solution (sol) after batch.
® Rare population included phylotypes with less than 2 clones within the anode biofilm.



SUPPLEMENTARY METHODS

Medium composition

The medium for MFC and SP operations contained (per liter) the following: 0.136 ¢
KH,PO,4, 1.5 g NH4CI, 0.007 g Na,SO4, 0.03 g MgCl,-6H,0, 0.015 g CaCl,-2H,0, 2.52 g
NaHCOg3, 0.01 g Yeast extract, 10 ml vitamin solution (Ishii et al 2005), 1 ml Se/W solution
(Ishii et al 2005), and 20 ml trace mineral element solution. The trace mineral element solution
contained (per liter) the following: 1350 mg FeCl;-6H,0, 24 mg CoCl,-6H,0, 136 mg ZnCl,,
128 MnCly, 6.2 mg H3BO3, 37 mg CuSO,4-5H,0, 120 mg NiCl,-6H,0, 24.2 mg Na,M00O,4-2H,0,
47.4 mg KAI(SO,),-12H,0, and 5 drops of concentrated HCl. The medium was anaerobically
prepared with N,/CO; (80/20 [vol/vol]) flushing. Four carbon substrates (i.e. 15 mM of acetate
for AC-MFCs, mixture of 3.75 mM butyrate and 3.75mM propionate for BP-MFCs, 5 mM of
glucose for GL-MFCs, 2.5 mM of sucrose for SU-MFCs, or 3 mM of sucrose for SP reactors at a
final concentration) were anaerobically added to each batch cycle. The concentration of carbon
substrates was determined that the substrate was completely consumed by the community around
7 days (Fig. 4 and 5, and Supplementary Fig. S2 and S3). The conductivity of the medium was
3.65 mS/cm, and pH was 7.1, respectively.

HPLC analyses

Volatile fatty acid (VFA) concentrations in the anolyte solution were measured using a
high-pressure liquid chromatography (HPLC) machine equipped with a multiple wavelength
detector (Agilent 1200 series) and a reverse phase C18 column (Epic Polar, ES Industries or
Synergi™ 4 pm Hydro-RP 80 A, Phenomenex). The eluant was 50 mM phosphoric acid (pH
1.87) for Epic Polar and 0.5 mM sulfuric acid (pH 2.61) for Synergi™ 4 pm Hydro-RP 80 A at a
flow rate of 1.0 ml/min. Acetate, propionate, butyrate, and lactate were identified and determined
based on known standards (detection limit was > 0.1 mM).

Scanning electron microscopy (SEM)

A small portion of carbon cloth was collected from the anodes, fixed with 1.25%
glutaraldehyde, dehydrated through a series of ethanol dilutions, and dried using a critical point
drier (Autosamdri 815, Tousimis) (Gorby et al 2006). The specimens were coated with Pt/Pd and
imaged at 2 kV on a LEO 1540XB Field Emission SEM (Carl Zeiss SMT AG).
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SUPPLEMENTARY DISCUSSION

Microbial metabolic functions in AC-MFC

Acetate was observed as a substrate or primary fermentation byproduct coupled with
electrode respiration (Fig. 4 and 5, and Supplementary Fig. S2 and S3) in all MFC and SP
reactors; therefore, the microbial community profile associated with the acetate-fed enrichments
is considered a baseline for all other MFC enrichments.

Previous reports have shown that acetate-consuming electrogenic biofilms are typically
dominated by family Geobacteraceae populations (Kiely et al 2011); however, the microbial
community in our AC-MFCs showed three dominant groups, family Geobacteraceae, family
Desulfuromonadaceae, and phylum Bacteroidetes (Fig. 7A). The Desulfuromonas phylotype
Desl was highly abundant in the early stage of biofilm establishment, while the relative
frequency of the Geobacteraceae phylotype AC3 increased in the biofilms after a longer
enrichment period under MFC operations (Fig. 8). Various strains in family
Desulfuromonadaceae have been reported as solid iron/electrode reducers with acetate
consumption (Roden and Lovley 1993) and have also been observed in electrically active anode
biofilms in MFCs (Holmes et al 2004, Ishii et al 2012, Tender et al 2002). This suggests that the
dominant Desulfuromonadaceae phylotypes Desl and Geobacteraceae phylotype Ac3 were both
primary contributors to electricity generation through EET coupled with acetate oxidation;
however, the nature of the relationship between these two phylotypes (competitive vs.
syntrophic) remains unknown.

Phylum Bacteroidetes has been frequently observed in other MFCs fed with acetate (Jung
and Regan 2007, Jung and Regan 2011, Zhang et al 2011), suggesting functional traits related to
a central metabolism are associated with this phylum. Our AC-MFC biofilms featured two
Bacteroidetes phylotypes, Ac12 and Ac13, that were highly abundant (Fig. 7A and 8) within the
communities; however, those phylotypes were not closely related to other previously reported
Bacteroidetes strains (Supplementary Fig. S11). This includes Dysgonomonas oryzarvi strain
Dy73, which was recently isolated from an MFC and is also capable of MnO, reduction
(Kodama et al 2012). The general role of the phylum Bacteroidetes isolated from the human gut
is suggested to be involved in polysaccharide production, uptake, and degradation, and in
metabolizing liberated sugars by fermentation (Xu et al 2003). This also suggests the phylotypes
Acl2, Acl3, and other less frequent Bacteroidetes phylotypes may play a role in the degradation
of excess polysaccharide produced by other microbes in the community.

These three taxonomic groups in the AC-MFCs were also observed during the
enrichments in other substrate-fed MFCs (Fig. 7A), which also indicates that those microbes
played a key role for consuming acetate with EET; however, the dominant phylotypes in the
other MFC and SP reactors were not similar to the AC-MFCs (Fig. 8) suggesting that
fermentative substrate and electrode surface redox potentials affected to a species or strain
selection of acetate-consuming electrode-respirating members.

In addition, the microbial community diversity was lower in the AC-MFC anode biofilms
than those fed with more complex substrates like sugars (Supplementary Table S1 and Fig. S6).
There was a higher diversity of less frequent phylotypes in the AC-MFCs, especially in phylum

20



Bacteroidetes and class Clostridia at the 3-month operational period (Supplementary Table S3).
Those relatively rare populations might also have existed in the sugar-fed MFCs since acetate
was also consumed after 1 day of medium exchanges (Fig. 4CD); however, the electrogenic
communities in the SU/GL-MFC reactors were highly occupied by Geobacter phylotypes and
Tolumonas phylotypes, which are likely associated with a central metabolism of electrogenic
sugar consumption (Fig. 7A and 10A). To address whether rare phylotypes observed in AC-
MFCs were also present in the sugar-fed MFCs, we will need to do more sequencing of the 16S
rRNA clones from the sugar-consuming communities.

Microbial metabolic functions in BP-MFC

Compared with acetate, butyrate and propionate are less characterized as substrates for
the enrichment and evaluation of electrogenic anode biofilms (Chae et al 2009, Freguia et al
2010, Jang et al 2010). The microbial community analyses that have been reported for butyrate-
or propionate-fed MFCs have not specifically addressed the taxonomic and functional
associations between these carbon sources and electricity generation. Chae et al. reported that
Bacilli were highly represented in a propionate-fed MFC and Betaproteobacteria was
represented in a butyrate-fed MFC (Chae et al 2009), while Jang et al. demonstrated that
Betaproteobacteria and Gammaproteobacteria were observed in a propionate-degrading anode
biofilm (Jang et al 2010). However, those groups observed by DGGE did not specifically relate
to previously reported propionate-degraders, butyrate-degraders, or electricity generators.

Our BP-MFCs showed that various Geobacter-associated phylotypes dominated the
electrogenic microbial communities (Fig. 8). Although the phylotype Geol, closely related to G.
metallireducens was highly abundant in the communities, other Geobacter-associated phylotypes
Desl and Ac3 were also observed (Fig. 9A). This result suggests that different types of
electrogenic Geobacter strains were necessary to consume the mixture of propionate, butyrate,
and acetate in the BP-MFCs.

In addition, the BP-MFC enriched Clostridia-associated phylotypes BP20 (closely related
to those of the genus Syntrophomonas), and Ac5 (closely related to Acetoanaerobium noterae)
(Fig. 7A and Supplementary Fig. S10). The family Syntrophomonadaceae is known to include
butyrate oxidizers (Muller et al 2010), suggesting that the phylotype BP20 contributed to
butyrate degradation in the electrogenic communities. Acetoanaerobium noterae has been
previously characterized as an acetogenic bacterium which converts H, and CO, to acetate (Sleat
et al 1985), suggesting that the phylotype Ac5 is associated with acetate-related metabolism in
the biofilm. The results collected from our BP-MFCs yield more convincing data than previously
reported for butyrate degradation and electricity generation (Chae et al 2009, Freguia et al 2010,
Jang et al 2010), and addresses how the microbial community metabolizes these VFAs and
generates electricity. As for propionate degradation, there is no evidence of direct electricity
generation with propionate consumption, and no potential propionate degrader has yet been
observed in propionate-fed MFCs (Chae et al 2009, Freguia et al 2010, Jang et al 2010). Our
results also revealed no clear image of propionate-consuming electricity generation. The
possibility also exists that the Syntrophomonas and Acetoanaerobium phylotypes may
syntrophically cooperate with Geobacter phylotype Geol (dominant only in the BP-MFCs)
enabling effective EET reactions from butyrate and propionate (Fig. 10A).
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Sugar metabolism-related strains in EET-active communities

Phylotypes only observed in the sugar-fed MFC and SP reactors are considered as key
microbes related to sugar fermentation within the electrogenic microbial communities. We found
that two Gammaproteobacteria phylotypes Toll and Tol9, classified to family Aeromonadaceae
and genus Tolumonas (Fig. 9B), increased in population frequency throughout the MFC
enrichment process only in the GL/SU-MFCs (Fig. 8). In addition, we found one
Gammaproteobacteria phylotype Tol5, also classified to family Aeromonadaceae and genus
Tolumonas, had significantly high relative abundance within all SP reactors (Fig. 8). These
trends strongly suggest that the Tolumonas-associated phylotypes play an important role for
sugar fermentation and supply critical VFAs that can be consumed in subsequent reactions (Fig.
3CD, 5, and 10A). Two Tolumonas isolates have been described in the literature as fermentative
microbes including strain TA 4" and OCF7 (Caldwell et al 2011, Fischer-Romero et al 1996),
while one electrochemically active Tolumonas strain P2-A-1 has recently been isolated from
MFC (Luo et al 2013). The family Aeromonadaceae includes a couple of Aeromonas strains that
have been isolated from MFCs such as Aeromonas hydrophila (Pham et al 2003) and Aeromonas
sp. strain 1SO2-3 (Chung and Okabe 2009a), which were reported as electricity-generating
bacteria using glucose and hydrogen as energy sources (Chung and Okabe 2009b, Pham et al
2003). These features suggest that the Tolumonas-associated phylotypes in our MFC and SP
reactors functioned mainly as the dominant fermentor in the anodic microbial communities.
However, the possibility exists that the Tolumonas phylotypes were so abundant because they
were directly involved with electrode reduction and/or may have syntrophic cooperation with
specific Geobacter phylotypes observed in each reactor. The involvement in EET reactions
(directly or indirectly) of the Tolumonas microbes might explain their high frequency in the
enriched electrogenic biofilms fed with sugar compounds under lower EET rate conditions
(GL/SU-MFC and SP-L reactors). This finding is new relative to other reports that have
frequently described Clostridia, Bacilli, or Bacteroidetes as fermenters in the other glucose-fed
MFCs (Jung and Regan 2007, Jung and Regan 2011, Xing et al 2009, Zhang et al 2011).

Instead of Tolumonas-associated phylotypes, we found a relatively high frequency of two
Firmicutes phylotypes, Lactococcus phylotype GI17 and Anaeroarcus phylotype GI18, in the
enriched electrogenic biofilms and anolyte solutions under higher EET rate conditions in the SP-
H/M reactors (Fig. 8). Genus Lactococcus is a well-known group of lactic acid bacteria that
produces lactic acid as the major or only product of glucose fermentation (Bolotin et al 2001).
The metabolic trends of SP-H/M reactors at 5 months of operation showed lactate production
coupled to initial sucrose fermentation happening within 10 hours after medium exchange (Fig.
5BD and Supplementary Fig. S3BD), which also suggests that lactic acid bacteria were actively
working in the SP-H/M reactors (Fig. 10A). Genus Anaeroarcus is reported as an obligately
anaerobic chemo-organotroph that can ferment a limited range of organic acids, amino acids,
carbohydrates and alcohols, which are converted to mainly acetate, propionate, succinate and
propanol (Strompl et al 1999). Fig. 10B suggests that genus Anaeroarcus was related to
maximum current density in SP-H/M reactors. Anaeroarcus burkinensis DSM 6283, which is
most closely related to the phylotype GI18, has been reported to reduce soluble ferric iron
coupled with lactate consumption to make acetate (Ouattara et al 1992). This suggests the
possibility that the phylotype G118 might facilitate EET reactions using its soluble iron-reducing
machinery.
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Geobacter phylotype trends in EET-active communities

Fig. 7B and 8 showed dynamics of Geobacter-affiliated phylotypes under SP conditions
with different anode electrode potentials. The results indicate that more positive electrode
potentials (SP-H/M reactors) resulted in higher current production and higher abundance of
Geobacter spp. relative to the electronegative electrode potentials (SP-L reactor). The exceptions
to this trend were SP-M-b2 that did not show Geobacter phylotypes, and SP-L-b3 that had a high
abundance of Geobacter phylotypes.

Even with ~25 mA of operational current in the SP-M-b2 reactor (Fig. 2B), Geobacter-
affiliated phylotypes were not observed in the anode microbial community (Fig. 7B). It is
postulated that the SP-M-b2 community was in a transition phase of dominant Geobacter
phylotypes from phylotypes Geo2 and Gl1, to phylotypes Ac3 and GI15 (Fig. 8). During this
transition phase, it is possible that the Geobacter portion in the community might be reduced.
Additionally, the SP-M-b2 community showed a rapid and significant increase of overall biofilm
biomass density (Fig. 6B) including a considerable increase in the relative frequency of the
fermentative microbes, Lactococcus phylotype GI17 and Anaeroarcus phylotype GI18 (Fig. 7B
and 8). These phenomena suggest that the EET-active Geobacter phylotypes were present in
such a low abundance within the community that the clone library method for the SP-M-b2
sample (90 clones sequenced) was not sufficient for detecting the genera. Fermentor microbes
were also dominant in the anode biofilm at the time, further decreasing the chance of detecting
Geobacter spp.

The SP-L-b reactor showed relatively slow performance trends with respect to
establishing current generation (Fig. 2C), which suggests that the community development was
also slow compared to the other three sucrose-fed MFC/SP reactors. The Geobacter phylotype
GI1 was highly dominant at the 3-month operation of the SP-L-b reactor and this trend was not
observed for the other low current-generating reactors (SP-L-a and SU-MFCs). However, the
phylotype GI1 was found to be present within a group of three Geobacter phylotypes (Geol, Gl1,
and GI2) that were frequently observed at the early stages of community development in SP-L-a
and SU-MFCs (Fig. 8). These phenomena suggest that the high abundance of Geobacter
phylotypes in SP-L-b2 reactor was related to an initial activation of Geobacter growth frequently
observed at earlier stage in the other reactors.

One of the preceding reports (Torres et al 2009) concluded the opposite trends for
electrode potential preferences of Geobacter spp. Torres et al. found that a positive anode
potential (+370 mV vs SHE) under SP conditions resulted in a lower abundance of Geobacter
phylotypes and very low current generation relative to electronegative anode potentials. The
Geobacter phylotypes were reported as relating to Geobacter sulfurreducens, which is a member
of the G. metallireducens clade (Torres et al 2009). In our SP-H/M reactors (+100 mV or -50 mV
vs. SHE, respectively), the phylotypes affiliated to the G. metallireducens clade (Fig. 9A) were
not abundantly observed (Fig. 8). Instead, our SP-H/M reactors showed a high relative
abundance of phylotypes affiliated to Geobacter Subsurface clades 1 and 2, which are
hypothesized to be electricity generators that are well adapted to more electropositive anode
potentials (Fig. 10B). It is possible that members of the Geobacter Subsurface clades 1 and 2, as
well as genus Desulfuromonas, were not inoculated in the previous report (Torres et al 2009),
since their inoculum source was wastewater and not sediment. Additionally, we did not operate
our reactors at such high electropositive potentials. The Torres et al. report found higher
abundances of Geobacter phylotypes associated with the +200 mV, -90 mV and -150 mV (vs.
SHE) operational potentials, which is generally in agreement with our findings. However, as
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noted above, the phylogenetic differences found at the more electronegative potentials in our
study, relative to the Torres et al. report, is likely due to the inoculum sources.
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