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WE: [ HEY ] M UASBREURLIS I 5 8 A% PR 28 {4 9 i i 1 (Single-chamber microbial electrolysis cell,
SMEC)®Ni(IDAY L Brigfe FISMECH RUE MR EhARHE. [ Trik ] ACTRENAIRYY, KA F4%
il 7 25T SMECKNi(ID) 4 2 B 1842 A1 F Tl Tumina 2 38 520 74 AR AT SMEC I 2hid B i ik VA 1
MG B AR . [ 45258 ] 558, SMECX] & 4@ 1Y bk B 2@ W A E e . &85
FRYMEDIBE R B A AR o B2 A= W R K] HL L (Single-chamber microbial fuel cell, SMFC)FH A=)
JIR PR B 2 Proteobacteria (R TE ], 91.42%) W i) Geobacter sp. AT & &, 76.25%); BAMAE Y IE R
Bf £ % JEBacteroidetes (FUAFFHE ], 47.99%)H BNiabella sp. (fi K&, 33.01%)HIProteobacteria
(45.74%) T () Ochrobactrum sp. (& FFFEE, 10.80%). HZASMFCHEE M AISMECTE12.5 mg-Ni(II)/L T,
FH A W) R e B FH B — 1 32V [ Geobacter sp. 575 A Geobacter sp. (41.56%)FlIProteobacteriat it Azospirillum
sp. ([FEIREIE, 5.97%); BAMAEYIEEREH Niabella sp. FlOchrobactrum sp. 7% A Firmicutes (JEBE
1], 25.21%)" W Acetoanaerobium sp. (19.28%). Proteobacteria (51.42%) 1Y) Dokdonella sp. (16.48%)
Azospirillum sp. (9.49%). [ 4518 ] AWF5R R, T5IRMAED AL SMFCHISMECHIfkid 2 K Ni(I1) A7 7K Fl
PR, TEHR BB T RRE . @0 i SRR AR, LA N Proteobacteria.
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e, SMECHA HARAYBH, 55 AL i 25
W 4w AT R RERE AT

PRSI W RREEE Vil (Single-chamber microbial
fuel cell, SMFC)Ji gliid B2 52 B 2 I RN IR =
AR R0 WU TR SR AL R R R S R, A
I AR A 0 W A A W T s R il B 5 L T
SMFCRRERI LAY . SMECZ AL 20 7l B2k il
SMEC"', SMECK} 5 4: J& 1) 25 B Ak 1 j& i i3 4k
TR AL B U R 4R TR AZ e T DL %
HrE AR R e I AR 0 . WA ST BT SMFCHI
SMEC HL I A= W B 7 H, B Tt 2 4 i 2B 0 P 2L
SERAF BN AR BAT S SRR S

AT AT 2R TS5 e K (Up-flow anaerobic
sludge bed, UASB)EUKI {5 NFIIE, L BREN MK
U8, H BUEASME CHCE i SMECH it K 9k 5
T AFSMECKT12.5 mg-Ni/LiY £ iz,
I FH v 38 12 I 2 R X R AR Je k. BV SMFC
FISME C 1 HL AR A8 ) 158 Tl 1o 405 ) F0 2 1804 77 i
Fr, 4878 T SMFCX ™ Hi IR e E I LS SMEC
XoF i B A R R A FH A B R RRAIE o

1 AR &
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AHIFFE K F AU SMEC i A HLIE 58 1 15 I8 4 fas

Cathode

SMFC

RIE T REEH, ARAF28 mL, E1iR, FH
WO, SR RRA . SMFCHE100 mmol/L
PR 1R 2% #hifk (Phosphate buffered saline, PBS), &
B91.28 g/L. #ItfipH 6.0, IR (35+1) °CHIZMINH
FL1000 QI 4514 T Jia sh i 3%, SMEC:H i 5l 2
SMFCECH AR, 7 F I 43 bl 446 B AR Al AT 5 25 <0
(32 AR B EOIRES e TR G HL IR s S e
JE240.7 VITHT FFRE AR e B TAC HE . 74
PR BH10 QY &4 T AT PR, Ay
48 ho SN AR A BEAUASBYG e BoRL, 54
PR Kl FINIC LA 5 i il
1.2 ik

SMEC J5 i #5 H % Hv 471 Fie, B 794 s 1) FL R
H S8 E R AE RS (PISO-813, BIM&, &)
30 min R AR VB, PIVANT A0 R P R oA
BB R R SOEEE(CP-AES) . KRG
341F (5'-CCTACGGGNGGCWGCAG-3")HI805R
(5'-GACTACHVGGGT ATCTAATCC-3")4" M4 I
16S rDNARIV3-VAIX S, J7 41kl 3# 2 1llumina
MiSeq &Gl (B, & TAY TRBROHERA
Ao DR 8  PFEE K ik fe , 4% FLF 1 ]
PIRE B XT AT TR, i Uclustfh 4 (Uclust
v1.1.579) AL RO 7% A T 1A 732 HT(OTU) BB
X, BAES R ITHOAN T REEEE TR . W oy
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Figure 1. The schematic diagram of SMFC and SMEC.
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Figure 2. The output voltage of SMEC during starting up and acclimation (A) and the removal efficiencies of Ni(Il)

and COD in SMEC during the acclimation (B).
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Figure 3. Ni’ removal efficiencies at 48 h in different
SMEC including uncultured SMEC, autoclaved SMEC
and mature SMEC, respectively.
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I [ W B & A2 AR W B AF AR AR T AR
[Cu(Il). Ni(IDZEME R ER", #—LHEmT
Ni(IDA LR, BRIEFESMECHNI(ID ) 55k 5
B2RNIEAE . MBI . RUEMIPER, IR AT LIS
e FEARSEES FP AR B (uSMEC) 4125.6%, 1A
YIVE P AL FR A P ffF(mSMEC-uSMEC) 19.8%7#11
Ay B AL 3 JFL(SMEC-mSMEC) 25.3%,
45.1%, SLu4E R 5 Abourached 25" HF9E 1Y
SMFCZFRZn(IDAICA(IDZ5 A7, {HSMECH &
4@ B TR R 5 T SMFC,

2.2 BAARANBAR b A Y R S5 e L

2.2.1 THAEYMBEEMBEE. Flfllumina
Pl I AR XSTUASBYRRE(OS) . JHEASMFEFCHI
F£12.5 mg-Ni(Il)/Liz 17 R 41 SMEC [ hill FH AR
(e A0 AT)FIER AR B4R (43512 M CO |
C1) bRy AW AT A IR s 450 o b, DLAb)T
FITE7000-10000, PP BEFE400 bp, HAK
Mo AW BEEETE O 5 L9 T % AR AL B R 4T 22 57
PERI 4, WER1FTR, OSHJACE. Chaolf1Shannon
SRR R(5146. 3368H16.12)HEEEEMER A, H

R ONFBIEEECCE

Table 1. Similarity-based OTUs and species richness and diversity estimates of microbial communities from SMFC

and SMEC
Samples Sequence number OTUs ACE Chaol Shannon Simpson Coverage/%
0os 9406 1727 5146 3368 6.12 0.008 90.06
A0 11070 586 2417 1603 2.52 0.398 96.78
Al 11115 511 1991 1262 3.72 0.070 97.41
Co 9226 568 1817 1226 3.95 0.086 96.73
Cl 7465 932 3766 2412 5.08 0.019 92.53

WHCL, CO, Al. A0, HH'ACEFIChaolF5%H]
TN AR B FE R, MIEEKTOTUSs
B, RUMAARRINE], XU HCE e T 5
RIZ R (1), ShannonISimpsond§ £ AE
WAEYI R Z R0, A BARRRE S C1h A MR V%
ZREMEEAT, DA PR R 0 i 2 R PR AE AR
RIZEF(E]D.,

222 HYBEEFEST: N T HEASRUE
YIRETS OSSR 225, XFA0, CO. ALFICI#HfFOTU
T B E T (E4) . PHAUE PRV 19 EL0TUsEL
(A0, CO. AIFICI)N19404, (HH A HAT AT
56 10TUs (/5 E5012.9%), AOFIA1IAHOTUs
1144 B B15.9%), A A E 28 TR
Proteobacteriall] Geobacter sp. J& . T IR
FEVE LA OTUSEA 1134 (5 B 4K5.8%), A
Y £ 2R T IE | ] Proteobacteria,

Venn diagram at distance 0.03
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Figure 4. Venn diagram of microbial communities
from electrodes in the SMFC and SMEC based on
OTUs.
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OSHY39.58%FF EA0KI91.42%, {HAESMECERR
Ni(IDE R, FEE79.38% (Al); S B A= i
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Figure 5. Bacterial phylogenetic tree. OS, original sludge; A0, anodic biofilm of the matured SMFC; A0, anodic
biofilm of matured SMEC; CO0, cathodic biofilm of the matured SMFC; A0, cathodic biofilm of matured SMEC.
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Figure 6. Relative abundances of phylum (A) and genus (B) level phylogenetic groups based on sequencing of 16S

rDNA-gene. Amplicons showing structures of bacterial communities in the original sludge(OS), anode (A0) and
cathode (CO0) biofilms of SMFC without Ni(Il), anode (A1) and cathode (C1) biofilms of SMEC with 12.5 mg-

Ni(IIY/L.
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25.21% (C1), IfjBacteroidetes?E FH#% 1B AE ¥y
JE b BRI, 4 MASMEFCH4.82% (A0)F11
47.99% (CO)FEAEF1.33% (A1)F112.98% (C1); %4
K& Proteobacteria, FirmicutesfIBacteroidetes
TR L ) S R

R T EHTBEASMEC 5 SMEC I #2514 X T g
YERS, X JE/K-FRYBRESE T 08, i El6-BRIAl,
BASMFCH L& J& A Geobacter sp. (HUAFTA
J&, 76.66%; J& T Proteobacteria, AO0), IM7E
SMECZ:412.5 mg-Ni(I1)/L Y BHH A= M A3
J& M Geobacter sp. (41.56%, Al)HlAzospirillum sp.
(MAIREE, 5.97%; J& TProteobacteria, Al),
SMFCHISMECIH# LT AP PR S A2 2%,
FERRT3I%MARIEE 1A S THEB 74, H
" Niabella sp. #JE1ESMFC H A= M F &5 B4
R ECEE, 0.07%; J& THUFFEIT], A0), I
FECOH & 1 5 1533.01% (C0); ZNi(IDAY YL
J5, SMECBAM A % S PR E1.67%
(C1)o Azospirillum sp. (MEIRFE, JETZEH
I 1) TE B R B A PR | & e iR m , 43
MSMFCH0.97% (A0)F11.63% (CO)HEf%5.97%
(A1)F19.49% (C1); Acetoanaerobium sp. (J& T)&
BEWE | ))HlDokdonella sp. (J& TSI BT 1) 7E FH# 3k
AP LS AR T 1%, MAE B P 53531
MO (A0S H0.14%)F12.15% (CO)HE I =
19.28%M116.48% (C1); SMECH# )5 T
Ochrobactrum sp. TE I A PIRR - 7 & H H
10.80%[#20.18% 44 R W BHR ™ HL L% TR B2
F#H Geobacter sp.FlAzospirillum sp., SMFCFH
e 7= H 18 F % A Niabella sp. FlOchrobactrum
sp., SMECH& F= 21t 88 18 A Azospirillum sp.
Acetoanaerobium sp. FlDokdonella sp. .

HZ, SMFCHISMECH: ¥ A I sh 94k K
Ni(ID) 22 B et A& rpox ¥ e v A G2k A T T DR iE
P, WZIUH TSR HL . AR A R S T
B

224 FHBAARAEYE FERTAEXR: Lo
R A ) R BRN(IT) 9 SMEC H BH AR FI K f 2E
Yk b, HoHp 7 T L Proteobacteria . Firmicutes
FiBacteroidetes’y &=, & BYRFFAS A 510 A
A H T SMEC £ B V5 Y ) S 3G sm 3Pt s A A R
WRESIR). IR AR E R Geobacter
sp. (COMC1E®ES50%LL 1), Geobacter sp. t14f
Geobacter metallireducens (43 )&% JFEHIAT ) Al
Geobacter sulfurreducens (FiiR )5 HAFE)", 1
TEQOK FL B FHRACH A E RS S5
UL S P E T 4 SR NI(ID) A8 S e = e B,
HAE I &% AR T 2%, H IS 2 REvE
TR 2R, BEENIADBE,
Yy & eI S PR AR b A T A ELR AR,
Niabella sp. #Brucella sp. 5 &K E1%LIT, T
Acetoanaerobium sp. FlDokdonella sp. ¥ w3 n,
UEIANG (X)Xt SMF C Ry HU AR B EAT 1 18 2K Al ik
P, TN 52 A SR 0 R O M A LAY Y RE
FIRWRBEHE = o

3 %

1 %F L SMFC . mSMFCAluSMECXNi(1II)
2Bk, B SMECXNI(ID Y LBk 48 32 22 b
B (25.6%) AR (19.8%) R A= M i fk
SR JE(25.3%) 0 REFASMFCHISMEC ) BH A 71 ]
WA Y AR TR B 1] N Proteobacteria
Firmicutesf1Bacteroidetes, Ni(II)X BHAR FIRAM 4=
PR b BB EAT 1Y IR AL RE, SMFCRIMR 2
VIR L Geobacter sp. (76.25%) &, JNANI() G
PR AL N Geobacter sp. (41.56%)FlAzospirillum
sp. (5.97%), IRV L2t T
FEM, FESMFCHLVE & A Niabella sp. (33.01%)Fl1
Ochrobactrum sp. (10.8%), MFESMECH — & & &
BAK, AR M Acetoanaerobium sp. (19.28%) .
Dokdonella sp. (16.48%)HlAzospirillum sp.
(9.49%).
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Removal of Ni (II) and microbial dynamics in single-chamber
microbial electrolysis cell
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Abstract: [Objective] Single-chamber microbial electrolysis cell (SMEC), inoculated by granular sludge from upflow
anaerobic sludge bed, can remove Ni(Il). Therefore, it is of great significance to explore the role microbial community
to remove Ni(Il) in SMEC. [Methods] With sodium acetate as substrate, single-factor control method and Illumina
high-throughput sequencing were applied to analyze Ni(Il) removal, as well as microbial community structure and
dynamic characteristics in SMEC. [Results] Adsorption and microbial functions were the major mechanisms for
removing Ni(Il). In mature single-chamber microbial fuel cell (SMFC), Geobacter sp. of Proteobacteria (91.42%) was
dominant on the anode with an abundance of 76.25% whereas Niabella sp. of Bacteroidetes (47.99%) was dominant
on the cathode with an abundance of 33.01%, followed by Ochrobactrum sp. of Poribacteria (45.74%) accounting for
10.08%. In SMEC modified from mature SMFC with 12.5 mg-Ni(II)/L, the dominant bacteria turned from single
Geobacter sp. to Geobacter sp. (41.56%) and Azospirillum sp. (5.97%) on the anode; the dominant bacteria on the
cathode turned from Niabella sp. and Ochrobactrum sp. to Acetoanaerobium sp. (19.28%), Dokdonella sp. (16.48%)
and Azospirillum sp. (9.49%). [Conclusion] Microbial populations in raw sludge were selectively acclimated in the
Ni(Il) removal process of SMEC, and effective microbial communities of electrogenesis and nickel removal were built

on the electrode to promote the removal of Ni(Il) in SMEC.

Keywords: single-chamber microbial electrolysis cell (SMEC), nickel removal, Illumina high-throughput sequencing,
microbial community structure, environment selective, Proteobacteria
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