o W% A May 20, 2015, 42(5): 845-852
Microbiology China © 2015 by Institute of Microbiology, CAS
tongbao@im.ac.cn DOLI: 10.13344/j.microbiol.china.140927

I I EE R PR AR A AR T RE TR B B MBS (E 0 4

Ax' AXE TEAY
(1. PEIREE Tl R WK IR S E K E A% BRI FR/RE  150090)
Q2. TEBEGEASIHEME PO P EREEEAE AR E SR E JEaT 100085)

B OE. [84] HAD R EMEC) AV JUFHik £ &6 F) R AL R KA P ik IE A AL
Ji, BB EBN M R A A RAANHT LL. MEC feBH 20h g & Gk o T4 )
REA, RARI LA KAtk Bahegkit. [7%] KA TR IS E#ME MEC BARKAE Y
B AL, @it st M % % Ik 4% K (Single-strand conformation poly-morphism, SSCP)H % 48] 54
BANER TR EARFIE. [4£R] ARAYBFEEA MEC TARI 2 d 69kt B3, Kt
BAEERE| 20%0h £, 7dRFFE TR, RASEELET] 30%, B EDKRCRIAE] 90% A b, il
it SSCP ZE% 5T R I, KA Mok b o FRAE A M I 22 69 MEC % FA5i8 ) 4840 % 44
1 £ .48 Pseudomonas sp.~ Flavobacterium sp.. Ochrobactrum sp., 1 B4 = 2 MEC [E4R 4 4
JE#T B 5069 MEC A AR F L £ K, @4&% T 2048 £ 569 Desulfovibrio. Pseudomonas
Fa Shewanella A EZAR Ao FALE AR, BT * RiE4AT, MEC AR AW R AR P 5
HEOBRRBIGREE L & T EH A AR R Y2 270 E %, [£4£]15 MFC R
AWEAA, MEC AMEAEA B A REBHIT SR EFFHOORAEAR, LECHE
VEE o &

KR MAEMOME, AH7E, TR, FRRENER, HENFE

Anodic biofilm formation and electron transport characteristics
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Abstract: [Objective] Microbial electrolysis cells (MEC) have been newly developed by employing
anodic respiring bacteria to degrade waste organics to electrons. And hydrogen is recovered directly
on the cathode surface under a very small external voltage to apply between anode and cathode.
Although MECs showed great potential on high efficiency both on organic removal and energy
recovery, there is a limited factor to enrich high-efficiency functional communities for scaled up
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reactors. [Methods] Microbial community structure and characteristic of electron transport were
analyzed through single-strand conformation poly-morphism (SSCP). [Results] The results showed
that MECs were successfully started up within 2 days with coulombic efficiency of 20%. The hydrogen
was produced steadily after 7 days with a conversion yield of 30% and energy recovery rate of 90%.
SSCP analysis indicated that Pseudomonas sp., Flavobacterium sp., Ochrobactrum sp. as the main
bacterial community related to electron transfer when inoculating the anode biofilm from microbial fuel
cell. While a higher diversity presented when inoculating the anode biofilm of former MECs, and the
dominant bacteria were including Desulfovibrio, Pseudomonas, and Shewanella, which were reported
high efficiency on electron transport. In addition, it was uncovered the important role of the co-existing
bacteria related to anaerobic digestion or assistance to electron transfer, showing an important function
to support a stable anodic biofilm structure. [Conclusion] The results illustrated that high reactor
performances with higher microbial diversity can be obtained using MEC biofilms as inoculum for
large MEC reactor setup.
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FIRE B 0.35 mg/em® SARYRRAS, ALK 9 cm®,
S H R FH B A A R 2 P, R AR
BRIRTE 30% Hy0,. Z3EF7K. 0.5 mol/L H,SOy
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Figure 1 Cuboid MEC reactor
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(10 000 r/min, 10 min)ZRR FIFK, FrAtemfET
—80 °C [Tl T DNA F3REHI T .
132 BERSZHSHT: PE R ZIMERR (SSCP)
FH 25 58 SO0 g D93 16 DI 4B A O e v 2 4 S I
AR AR B 0.5 mL BEAL, DA FER 2] DNA
/N 3 IO G (AR A ) 47 it 00 B A5 4R U
DNA, #J5H 100 pL 2 mmol/L ) Tris-HCI (pH
8.0-8.5) 1 4lifb i) DNA, ¥ 16S rRNA FE[F H Bt
P, 5/ 4% N~ BSF8/20 (5-AGAGTTTGATCC
TGGCTCAG-3") fl SRV3-2 (5-TTACCGCGGCTG
CTGGCA-3"). PCR §H=iy" 2k alifb fizk i
Mh2ehm, WEARF1(29 100 ng) 10 pL 5 5 pL bk
BAE, PG BFE. R 1xTBE M, 12%
RN EERZOM 10% 4 H i), F 20 °C & 300 V
HLUK 15 ho HLUKEEAT , K SRV IRBE e BE e A B AR
BRI TR Y . SEECE RSB R ) A5
FESCHR[161)7 1k MU BA%E DNA, T4 145 To Rk T-
AR (PMD18-T), BFAH LI 5 A SabETIT 2
Mro K50 #5814 RDP 1) Sequence Match
HEAT25, R Sequencher 5.0 KrARIM: = T
95% M FFAIH R IFl—4~ OTU, KA OTU it
BLASTn 55504 122 H (9 2 51 EA 706 EE 20T o

2 SRS’
2.1 7= MFC FRRERER MEC FE5%
Tk

77 MFC BB L 5 (a2 500 Q)izty
1A, IR LIAE] 70%-80%, A&
(ki 1 2%k 126 mW/m?* (FHARRTEIAR), fir by
S Ak Ry HL S FRLBE Y B RCE T LA B 15%. Kz PR
WA VIRV A R RS 3T MEC R (41
B 0.5 V), MEC #1755 2 REmEM E
FHaH, 53 RESHERM =EF] 20 mL DL,
LIRERBN A RFALRIEE] 21%, COD LRk E|
80%LA I, BEEIIHCE 85% (3R 1). Figifadia
17 30d, COD EBREZEIRT] 85%, AL
F 30%Zc 47, A BRI E] 95%.,

SRR IR 25 RGN 2 iz, WL 2 th
(0 VSR 114 ST se B A HT (3R 2), SRR
BEEEREI 37 DT EENMT 4 N1, 1]
B 5 BB 4514 . Chloroflexi 8%, Proteobacteria 44%,
Actinobacteria 8%, Bacteroidetes 40%. HRif44)
SRRE L U 5 Hh R A R A HAT Al i A1 AR
B INREM T E Y #EJE T Proteobacteria. S # LA
MFC #3217 5d 47, BIRE W OB ke e A
YIREIR 450, TEIRSLaTTHY 35 d b, BEIEZ5IA
UM, IRV 3 MEC B, #7221k
B A LA L, o254 2, 30 40 8. 9 Al
14 HArsEdE, Mk 13 P mnisEk. &
LR 2. 3. 4 8 TR R IRl Pseudomonas
sp., = HHI MFC MR 2R IEZ —. #H

F 1 7=H MFC [EtkE % /351 MEC SEER AT

Table1 MEC performances by inoculated anodic biofilm communities of MFC reactors

)
Fhdh MFC-5 d MFC-20 d MEFC-30d MEC-3d MEC-10d MEC-30d
Samples

COD %fr% 8143 8746 8210 865 80+5 85+8
COD removal (%)
HE5 po
amfz}; _ _ - 2143 2645 2943
H, yield (%)
RE AR _ _ - 8543 1036 965

Energy efficiency (%)
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MEFC setup | wMEC setup B XT1Z 1 )E Pseudomonas aeruginosa KRP1 F/JH

2 b R kG mama TR HURITFT RIS, LR BT I e
IR -1 -FR RS i 1328 28 AR, i FLY7E B AR BB A2

PEX AR R B AR R X PR A AL i A

. JENTTI, SRR 2 A B PR A AR R B B AN AT

4 IR A= RE ), O REE M AR SR R R

A SRR R AL R RE T, BISRR s BRI LA

¥ I VRS H 55 i L 5 L A P o T
L B M s 45 R 9 1 14,3928 Ochrobactrum
B, ZEERIETE MFC Hhasias], EAamsr

= 7 i Ny . A p Akl R N, ‘/K\J—H‘ I M
2 ETIIIRMAEMESE R SSCP i A% RE ) ?@/Mﬁ 13 P
Figure 2 SSCP for community changes over time &R Sulfurovum, L EEATIRER L FE I GERIE

%2 i®id BLASTn 0 Sequence match X7[&| 2 Eb %45 5R

Similarity analysis of OTUs shown in figure 2 based on BLASTn and sequence match

OTU Band No. GenBank No. Most similar strain Similarity (%)  Most similar genus

1 1-2 DQ207731.2 Pseudomonas fluorescens strain CCM 2115 99 Pseudomonas

2 2-1 AJ704794.1 Pseudomonas sp. ws14 partial 96 Pseudomonas

3 2-4 AM411057.1 Pseudomonas sp. Z49zhy 91 Pseudomonas

4 2-5 AB334528.1 Pseudomonas sp. MPU L18 99 Pseudomonas

5 33 EF432578.1 Acinetobacter calcoaceticus 96 Acinetobacter

6 4-2 EU072019.1 Agrobacterium sp. X9 99 Agrobacterium

7 4-3 AY643492.1 Dysgonomonas wimpennyi 94 Dysgonomona

8 4-5 DQ989291.1 Pseudomonas putida strain 97 Pseudomonas

9 5-2,5-3 AB195773.1 Aquatic bacterium R1-G6 95 Alkanindiges

10 5-5 AF524858.1 Bacterium K-4b6 92 Levilinea

11 Z:z’ ?TZ AY643492.1 Dysgonomonas wimpennyi 99 Dysgonomonas
12 7-1,7-4 AJ319867.2 Dysgonomonas mossii partial 99 Dysgonomonas
13 8-1, 8-2, 8-3 AF276640.1 Corynebacterium sp. IC10 96 Corynebacterium
14 9-3 AY972454.1 Ochrobactrum sp. S79 98 Ochrobactrum

15 103,105 DQ677004.1 Icr;’_rl:rlzdmng enrichment  clone ~ CI-AI2  clone 94 Xylanibacter

16 11-2 AB066236.1 Flavobacterium sp. PJ711 99 Flavobacterium
17 11-5 EU046605.1 Flavobacteriaceae bacterium 97 Flavobacteriaceae
18 12-1,12:3 DQ977670.1 Sgnltllﬁt(;c construct clone CC-40 from Pseudomonas 99 Terrimonas

19 13-2,13-3 AY261811 Uncultured proteobacterium 99 Sulfurovum
20 14-2, 14-5 AY972454.1 Ochrobactrum sp. S79 99 Ochrobactrum

http://journals.im.ac.cn/wswxtbcn
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TEALRE B FRREY) , R 8 I B RRRE RS LU SR SR
SR ACER R R A L LA, DU SRR ER T 7
ik, BlREAFRER. BRIbZAh, S50 11 551
AU RS Flavobacterium, TEFEEA MR —H
TEAE XA B B A AL A, (FERGER D,
T TRk Lt A SR BT P R . ol 7
AGRAT I R AR 2 IR R £ QO AR 56 g PR AR
FEFTROBE R PSRAFAE . PRI L, P A= Wi
TP 5L A S MAEIFE MEC HA3 31 et
(R4, T At DR SR AR R A BT 1) PR A S
LA A~ ) TR A B T R T A AR T e RNk b

S5 R F B 29I MEC S0 25 BEA 4= 49
F TR R I i 7 R A A ) B L e
R, SHIE ARG BHAR (ol R P e et b
P AE ko X I AR R BE R B A 0 R R A
MFC J slid B E 2 5e i T A Te 4 w45 51Tk,
FEAARE AR e 2 PR AR AR A H B () R4
2.2 =5 MEC FR#REEE B 31#E MEC [HR
EabzRiate

N T A 7 BH AR A A B R R AR R =2 1]
FEAEMMEXR, DEEE MEC (RDBAMA:
VIR RN, 7E5E 2—FERY 75— MEC (R2)
R AT B, it SSCP R ER M i M)
R . O Ae DL S BRER M E—Bk T, R1
s tmRa s, MR 0.5 V T igiiaty
3AH, FECRCRRAETE 35%+4% R S KR
31%+3% (£ 3) o FEIIRAS T4 PR A= s | BSURD

%*3 MECHYIERIIRNENEMEES
R R BE R RE

Table 3 Reactor performance by inoculated anodic
biofilm communities of MEC reactors

" MEC-R2
Ha MEC-R1 r

Samples 2d 7d 30d

COD R 865 2148 7246 80+4

COD removal (%)

HE e

amfﬁi 3143 — 2044 29+4

H, yield (%)

BE-EL2r 3%

HATEIES 9244 —  74%7 94+4

Energy efficiency (%)
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IR T AR R2 BOEER, JR 3l 30 h R AR 2
ZREM T AR, 7 d ZEAECRCEIA R 30%+5%,
ARTRIBE 20%+4%, ELHETT 1 MAKRRE S
g, FEORCEN 32%+4%, /S0 HN 29%+4%,
3N HJRFECHCEMA "R 1 DA LA
BEINIF AR E L 38%+4%F1 31%+7%. COD Y L Bk
ARASAUAR/N, I 80%—83% F-241K 82%+1%., X LL%
PRI C 2B A= P iievs g sl SO s T L
TR I TR] T BT S REREVR o

COD ({1 Z:BR3R ik 80% 447, 45 A LR 5
AWECHCESM, 80% KR Y A H AU
30%—40% YA B T T AL B R AR, X TE
DR BE A EA T AN I AD L 15 33 T BE R B 2E ) U2
—/NERGY, BRIGZ AL, HAlR DL R AR I
ATRALHG L A5 3 2 F R Y Zh RE

XN 3 PO RS B I R] 520 Sl SR A
I R1SIFHEMK . R1 BHAZEYIBE . R2 45Fh 2 d
JE R . R2 81T 7dJE A . R2 817
30 d BYLEWIIR, ARIFHER SSCP 452R (1K 3)FII¥ 41
IIPTEE R 4). 7€ SSCP Elifh—JLik st T 10 4
ZM AT T RSN o34, FR A AR S 4 2R
INIXSEFEIR AP TE 12 MCEYT IR BRI,
FA PR LR E W pe 3 4 DIIRERETS : (1) S5A L
Yok fE M O W, U E Stenotrophomonas
(y-Proteobacteria, G )#l Lactobacillus (Bacilli, G");
2 L WM AW, 0 Curobacterium
(Actinobacteria, G") . Agrobacterium (o-Proteobacteria,
G) A
Bradyrhizobium (a-Proteobacteria, G); (3) EREAY
W L 8 Y g W, 4 Pseudomonas
(y-Proteobacteria) . Desulfovibrio (J-Proteobacteria)#ll
Shewanella (y-Proteobacteria); (4) HABAYTIRER, 1
& Desulfonauticus . Xenohaliotis #1 Marinicola.

1t SSCP 34 b vl LU B — e #4Hv%
IHAAE R1 5 R2 FRHGINFY, Stenotrophomonas (55715
El). Desulfovibrio (& E2). Pseudomonas (557
E3). Agrobacterium (55715 E4). Bradyrhizobium (5%

G) . Flavobacterium (Bacteroidetes ,
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Figure 3 Analysis of microbial communities by SSCP
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o1
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Note: 1: Suspension communities in R1; 2: Biofilm communities in R1; 3: Suspension communities in R2 on 2 d; 4: Biofilm communities in

R2 on 7 d; 5: Biofilm communities in R2 on 30 d.

%< 4 iBit BLASTn F1 Sequence match %f[&] 3 L 3f45 R

Table 4 Similarity analysis of OTUs shown in figure 3 based on BLASTn and sequence match

OTU Band No. GenBank No. Most similar strain Similarity (%) Most similar genus
1 El-1,El-4 EU374944.1 Stenotrophomonas sp. APH3 100 Stenotrophomonas
2 El1-3 EF411134.1 Curtobacterium sp. CO1 100 Curtobacterium
3 E2-2 EF520765.1 Uncultured bacterium clone b9-3 100 Desulfovibrio
4 E3-1, E3-2 AM710608.1 Pseudomonas sp. 129 (43zx) 100 Pseudomonas
5 E4-1 EU072019.1 Agrobacterium sp. X9 99 Agrobacterium
6 E5-2 AB066236.1 Agrobacterium sp. X9 98 Flavobacterium
7 E6-3 EF520765.1 Uncultured bacterium clone b9-3 100 Desulfonauticus
8 E7-2 AB362652.1 Lactobacillus plantarum 95 Lactobacillus
9 ES8-1 AY547290.1 Bradyrhizobium sp. CCBAU 95 Bradyrhizobium

10 E9-1, E9-2 DQ898723.1 Sistotrema biggsiae isolate FCUG 782 95 Xenohaliotis
11 E9-3 DQ443995.1 Uncultured bacterium clone ET10-39 99 Marinicola
12 E10-1 AF005250.1 Shewanella alga 92 Shewanella

W E8)F1 Shewanella (%75 E10). L # &
Shewanella . Pseudomonas J&E 8% ) 12 18 I HLT-1%
BINBERT, (Ha2 SSCP 45t [m] iy R B HA 5 iy
2 328 JC L HE AR S A TR AR [ AR 2 18T AR ) JEE oh
HEH R X SRATZ AT TUA AR, B4
VAT AP IR R S s AR ). X
R B TR S RE T 5 A S RE TR 2 AR
N IIREFI A A 58 4 - BOELE IR 5 T IR AR

ATAHERTX 28 A K AL 0 D BE TR REAE 2R PR & v
AR BIATRA PIMER, AR HEAE DCHE A
37 244 5 B g A A FHAS R AR 562021

kR Agrobacterium sp. 1 Bradyrhizobium sp.
Y SRR ER I S A FH R 18 AU HTAEOCH, J3 o —
RN BN DA E R Desulfonauticus, v LI
LR N R SR R R B A U R Y, Rl
XAV BA S 58RI R RE T . MEomE
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FERTH L DTk R, EATERR PR A
YIRS A DY . H TR X e kel
H, it T ol A 0 P L Tt B P BRI AR AR R R T
E R HARE M AAE I A MEE R RN S5
T 3o A S 14 ) B TR 7 A A P AR v 2 L Bl 4
AN B3, A AR A P WA B i A
VISR N R, i YIfbrY MEC FER AL P
Je ST HA TR P AR S BN T R 2 A
P, DO AN T2 I AU [R) 6 8 3l oA
Flo RIE, 5 s RGE R AR AL R MEC T
ITIRE R LS SR X R T A B

3 &

AWFFEERT T HL MFC BHAR A= P RRAN ™ & MEC
BRAR A= MBS [R) R B U, %3 3l 9 MEC
B e e 2R 5 A AR T T b, did
BRAR A= W PRy A A e A e BT R B, SR A A
T AR AR MR Y MEC 2 TR D)6
MR E LSS Pseudomonas sp.. Flavobacterium
sp.. Ochrobactrum sp., T EH#:H ™% MEC PHA:
YIRS ) MEC D BERRHEZH BUELA5 HL T A%
AESE Y Desulfovibrio . Pseudomonas I Shewanella
Jh R AL R . UK E MEC 7722
IOt TE I RE TR P B B A e P, A% 1B T 5 At )
REEHEIRYISE S, FEVECRCRER. LUYIMLr
9 MEC A= WIIEERS Sl 0 S s int , e IRl B AT
By T ARSI RE R IR Y PRg R . ZRRVIRHIE
22 MEC SO a BHAR AR PR TR IR 3h 5 AT
WA= IR R b AR AT B, TR A A B
Bl OIRERAE DN RE Ed e A TP AE 1) Ak
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