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B OE. [§7] s Yo (Microbial Fuel Cell, MFC)/f 4 —A##7 A ¢4 ot K0k, f2 77 &
A F BT R R T KA B AR, X B FRR KR B 49, [ 8691 AR MFC F 2 B k5 —H T 3% /o ik
A, R FOAERAAETRKAEFGRAY LR, TLEWL. RBIEMELE, AV RERTHE
TR BRI A, [ %1 AR WO, 28 KARATA MFC FaAR ¥ i i RAF — AR L& 7= AR Bt 58
B E AR, 4% A EFS1. i& B JE IR 20 45 42 5 AT UL FEAR dL AR, BUER 9 o, LR 52 AR Y ) 42 A
HEFFE ML, NERARGEER. T BT EREEmRER. [£R] 2 16S rRNA KB 57| 547,
AT A F An A TR A LKA Z H AR EFS1 A% BR 3 7 2 I (Stenotrophomonas acidaminiphila). 8 #k
EFS1 A2 697 0 A, BHE/EZEHTIEA 300 mV, HEFETIE 5625 mW/m’;, ML
ARG HBERRORR Sk F FARAE 35 d T o975 X; MFC HFLA 1000 Q A4, A AEH
TR EBRETAD 70%, AAEGTF LR FLEIFRE T TED 80%; % EHHLELA B4 Cd™.
Cu™. Mn*'t % B KB FEfE 4L, /£ 48 h. 2-4 mg/L B XM E L] T 100%. [46]) ARk
iEY FWH EFSI &K Ee ). T2 BT, RETEMO TN, A7 BT LA G KALES
] AL T IR IE
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Electrical performance and application in sewage treatment of an
electricigenic strain Stenotrophomonas acidaminiphila EFS1

LING Lijun® YANG Caiyun LI Zibin LUO Hong FENG Shenglai ZHAO Yunhua
TU Yixin
College of Life Sciences, Northwest Normal University, Lanzhou, Gansu 730070, China

Abstract: [Background] As a new type of fuel cell resource, microbial fuel cell (MFC) can be used in
sewage treatment field to maximize resources while generating electricity. [Objective] A culturable
microorganism isolated from MFC was used to study its electrical performance and to characterize the
flocculation ability, heavy metal tolerance and the possibility of phenol degradation in sewage treatment of
Stenotrophomonas sp. which provides a theoretical basis for expanding the resources pool of electricigens.
[Methods] An electrogenic bacterial strain named EFS1was isolated from the anode of MFC using a WO;
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nano-probe. The anode electrode was observed by cyclic voltammetry combined with scanning electron
microscope, and the polarization curve and power density curve were measured by changing the external
resistance. Finally, the flocculation, heavy metal tolerance and phenol degradation of the strain were
determined. [Results] The strain was identified as Stenotrophomonas acidaminiphila through the
evidences of 16S rRNA, morphology, physiology and biochemistry. The strain EFS1 had a stable cycle of
electricity production, the maximum periodic voltage was 300 mV, and the power density was up to
56.25 mW/m®, scanning electron microscopy found that the strain had direct contact with electrodes and
secreted electron mediators to transfer electrons; the internal resistance of MFC was about 1 000 Q. The
flocculation rate of the strain could reach 70% under aerobic conditions and 80% in an anaerobic
environment with electron acceptor. The strain also had good tolerance to Cd**, Cu®", Mn®" and phenol
degradation performance, in which the phenol degradation rate reached 100% at 48 h and 24 mg/L.
[Conclusion] This study verified that the electrogenic bacteria strain EFS1 had flocculation ability, heavy
metal tolerance, and the possibility of phenol degradation and provide theoretical base for the development
of electricity producing bacteria and sewage treatment.

Keywords: microbial fuel cell (MFC), bio-electricity generation, bioflocculation, heavy metal resistance,

phenol degradation, Stenotrophomonas sp.
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7.0-7.2, BHAREFRNER AN 2%35 519 LB B5R3k,
1.1.2 EFEAF AN

AR SEN 2 DNA #2504 . PCR 50, =
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W ARG E T VS B R TR PR AL S E
132 BSOS TFEVFLETE
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MR GE KRB
1.4 BHRBUFEHERAR
1.4.1 BRI E

TETCIR S5 MBI AR5 LA LB WA=
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it B
1.5 ZERMEAR
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1.7 FERFEREIEBERT R
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PCR W22 BER A KA I I, K B2 27
1 400 bp, MJFf5#E5C% GenBank FKAFTH5H
MK355617.1, BLAST HEAT A1 X5 & iy
Y5 Stenotrophomonas sp AR o FIH MEGA
7.0 HEN RGRFRIAERANE 1 R, Btk EFS1
5 Stenotrophomonas acidaminiphila strain AMX19
BT Rl—03 . GG ERARYEE, AT
NP EFS1 R iE iR o A A M
2.2 E#¥k EFS1 RYF=B I EE S

wk EFST HATEE 1 i 5, 7208 LB
BRI R R AR 10 d 2240, 56 | RITERERI S
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L W RB R, S SRR A SRR s F S PR
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*F 1 HEHEEFS1 BER SR

Table 1 Results of carbon source utilization of strain EFS1

Chemicals EFS1
D-glucose +
Mannitol e

L-arabinose =
Xylitol =
D-galactose =

Inositol =
D-sorbitol =
D-cellobiose -
D-lactose
D-maltose
Sucrose
D-trehalose
D-melezitose
D-raffinose

I+ + +

e o+ BEPE; - B

Note: +: Positive; — Negative
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5Q|:Stenotr0phomonas nitritireducens strain L2 (NR025305.1)
Stenotrophomonas humi strain R-32729 (NR042568.1)

100 ——Stenotrophomonas pictorum strain LMG981 (NR041957.1)

—
0.002 0

EStenotrophomonas acidaminiphila strain AMX19 (NR025104.1)
99—EFS1 (MK355617.1)

Xanthomonas gardneri strain DSM19127 (NR104793.1)
100 [Xanthomonas pisi strain LMG847 (NR026385.1)
65— Xanthomonas euvesicatoria strain NCPPB2968 (KU301881.1)

Pseudoxanthomonas spadix strain IMMIBAFH-5 (NR042580.1)

Bl 1 H#k EFS1 T 16S rRNA EFEFFIMEN ARG L B
Figure 1 Phylogenetic tree for strain EFS1 based on 16S rRNA gene sequence

TE: EShITE S BHERS; 0308 EMEEE: Bootstrap SCRFAS; ARRZIE: JPHI 22 R1000 30K E

Note: Numbers in parentheses: The sequence accession number; Numbers in each branch points: The percentages supported by bootstrap;

Bar: Nucleotide divergence
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Figure 2 Voltage curves of MFCs operated with strain
EFS1 in batch-fed mode
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Figure 3 Cyclic voltammetric scanning analysis of strain EFS1
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Note: A: Voltage rise period; B: Voltage stabilization period; C: Anolyte supernatant during voltage stability; D: No inoculation control
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Figure 4 Polarization curve and power density curve of
MFCs operated with strain EFS1
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Figure 5 Flocculation activity of strain EFS1 under
aerobic conditions and in an anaerobic environment with
electron acceptors

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1510 TEY 8

Microbiol. China

3

-~

Pﬂk

ENT= 500K WO=12imm ©  Wage 1672KX SknalA=SE? i

vl—&ﬂﬂ' BDORV

Wh=120mm Map= 462KX  Sons A= SE2

Bl 6 EYIRE Bt PRIR(A)FIR 1A TR IS (B) BRI B SR M 22

Figure 6 Scanning electron microscopic observation of microbial fuel cell anode (A) and original carbon felt electrode (B)
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Figure 7 Effect of ion concentration on tolerance of strain
EFS1 to heavy metal ions
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Figure 8 Determination of phenol degradation by strain
EFS1 under different concentration gradients
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Bk BFS1 HAG — @M= ERe, nl7efE ™ i JR 4
HRE PR 56.25 mW/m’ TR, AR, 5
OB 5o B A IR MR L a5 A . s A
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SEEGZE R W ORNTARR EFST A 8 I 1) 2K iy R i 3
R, 48 h INHFEARRCR AT 1K %] 100%. Liu 25U iH
Stenotrophomonas sp. LG [5G ZFh 55 LG W7

71 Gunasundari %™ J i #E BE AK 43 8 — bk
Stenotrophomonas sp.Ftk, Ll EHERRESESTT
A R B R ik B 100%. DRI G2 T AR KT 28
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4 4w

(1) MUABRIR IR Y MFC Hh o B3R5 —
PREA 7 HL . 2058 K FE 4 R WM BRI TR AR EF ST,
ZIREF . AL BT AEYSF TS N E
FR SR TR

(2) FPk EFS1 HAS RAFM = PERE  TESMEH
FH>R 1000 Q B, 43 JE A F F B AT 38 300 mV, )
BRI IA 56.25 mW/m®, TEFMRZESIS T U R
AR TR, T % B vk DA 28] F vl v BH
1000 Q /45,

(3) WPk EFS1 JZ&3dad 454 A/ A ofn B e fin
HUAR 9 5 2R A 3 S AL I e R v = A Y L . TR
PRAMEE A REFIY AL A PERE, B B0 R 1Y 2R 5
M. ARRM T EERIE 70%, 7E2L MFC
WhErh, ZEEAATIA 80%.

(4) Hitk EFSI X} Mn™", Cd’", Cu”#FHA R
YRR 20 . Ho Cd™ RO S2 MR, T RE i
& B B T 5 TR AR R T )T R P A A ok i e A AR
PR 2 1

(5) Hitk EFS1 7E 24 h 1 48 h I XA 842K
T RMREE ST . 16 48 h B BERRAL TRHR BE ZR I A T
o, FEAERIAE] 100%, Evk AR P R RRGA
60%. PR ARAETS KA ELA B N A AL

REFERENCES

[1] Feng]JS, Yao HX, Cai C, Wang XH, Zhang Y. Microbial fuel
cell electro-activated persulfate to degrade methyl orange
azo dye[J]. Research of Environmental Sciences, 2019,
32(5): 913-920 (in Chinese)
WRA, MR, 2R, EBRLL, SKES. BUEYIORHIL
HL I o R R e PP RS IR U BT, BRI R TR,
2019, 32(5): 913-920

[2] Wang B, Huang JX, Zhang XB, Wang W, Xiong XJ, Xu FC.
Isolation and characterization of an electricity-producing
strain Shewanella sp. S2 from marine[J]. Microbiology
China, 2010, 37(3): 342-348 (in Chinese)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1512 A 2 A

Microbiol. China

E, EARR, EhM, FR, BE/NE, R, — i
= L IS Shewanella sp. S2 [T AN 7= B AHr [0]. UED
2FIER, 2010, 37(3): 342-348

[3] Ghangrekar MM, Shinde VB. Simultaneous sewage
treatment and electricity generation in membrane-less
microbial fuel cell[J]. Water Science and Technology, 2008,
58(1): 37-43

[4] Tian YS, Mei XX, Liang Q, Wu D, Ren NQ, Xing DF.
Biological degradation of potato pulp waste and microbial
community structure in microbial fuel cells[J]. RSC
Advances, 2017, 7(14): 8376-8380

[5] Sivasankar P, Poongodi S, Seedevi P, Sivakumar M,
Murugan T, Loganathan S. Bioremediation of wastewater
through a quorum sensing triggered MFC: a sustainable
measure for waste to energy concept[J]. Journal of
Environmental Management, 2019, 237: 84-93

[6] Jia JN, Tang Y, Liu BF, Wu D, Ren NQ, Xing DF. Electricity
generation from food wastes and microbial community
structure in microbial fuel cells[J]. Bioresource Technology,
2013, 144: 94-99

[7] Feng YJ, Wang X, Logan BE, Lee H. Brewery wastewater
treatment using air-cathode microbial fuel cells[J]. Applied
Microbiology and Biotechnology, 2008, 78(5): 873-880

[8] Lian B, Chen Y, Zhao J, Teng HH, Zhu LJ, Yuan S.
Microbial mucilaginosus:
applications and mechanisms[J]. Bioresource Technology,
2008, 99(11): 4825-4831

[9] Zhong CY, Sun S, Zhang DJ, Liu L, Zhou S, Zhou JG
Production of a bioflocculant from ramie biodegumming
wastewater using a biomass-degrading strain and its
application in the treatment of pulping wastewater[J].
Chemosphere, 2020, 253: 126727

[10] Jia BJ, Yu JM. The research status and development trend of
microbial flocculant[J]. Physics Procedia, 2012, 24: 425-428

[11] Chen W, Zheng HL, Zhai J, Wang YL, Xue WW, Tang XM,
Zhang ZG, Sun Y.
coagulation-flocculation performance of a composite

flocculation by  Bacillus

Characterization and

coagulant: poly-ferric-aluminum-silicate-sulfate[J]. Desalination
and Water Treatment, 2015, 56(7): 1776-1786

[12] Agunbiade MO, Van Heerden E, Pohl CH, Ashafa AT.
Flocculating performance of a bioflocculant produced by
Arthrobacter humicola in sewage waste water treatment[J].
BMC Biotechnology, 2017, 17(1): 51

[13] Bar-Or Y, Shilo M. Characterization of macromolecular
flocculants produced by Phormidium sp. strain J-1 and by
Anabaenopsis  circularis PCC 6720[J]. Applied and
Environmental Microbiology, 1987, 53(9): 2226-2230

[14] Zhang WIJ, Xiao LP, Deng ZY. Study on the degradation
performance of Cd** and Pb*" by Stenotrophomonas
acidaminiphila  during integrated phenol/heavy metal
wastewater treatment[A]//Proceedings of the Technical
Exchange Meeting on Heavy Metal Pollution Control in
Rivers[C]. Changsha: National Water Special Office, Water
Special River Theme Group, 2012: 172-179 (in Chinese)

TSR, M A, WA MBS AR E AR/
EEEATTYIE K Cd™ . pb” MR AL/ E oK R
T Y i 5 A BURL B R 00 O E 4 S e B A
LWEIEEC]. Kb EFKLIIAE, KL
ML, 2012: 172-179

[15] Yang T, Chen ML, Wang JH. Genetic and chemical
modification of cells for selective separation and analysis of
heavy metals of biological or environmental significance[J].
TrAC Trends in Analytical Chemistry, 2015, 66: 90-102

[16] Liu YG, Pan C, Xia WB, Zeng GM, Zhou M, Liu YY, Ke J,
Huang C. Simultaneous removal of Cr(VI) and phenol in
consortium culture of Bacillus sp. and Pseudomonas putida
Migula (CCTCC AB92019)[J]. Transactions of Nonferrous
Metals Society of China, 2008, 18(4): 1014-1020

[17] Yuan SJ, He H, Sheng GP, Chen JJ, Tong ZH, Cheng YY, Li
WW, Lin ZQ, Zhang F, Yu HQ. A photometric
high-throughput
electrochemically active bacteria using a WO3 nanocluster
probe[J]. Scientific Reports, 2013, 3: 1315

[18] Dong XZ, Cai MY. Common Bacterial System Identification
Manual[J]. Beijing: Science Press, 2001 (in Chinese)
RFELR, #W. IR R L ET M. dtat: &
SR, 2001

[19] Suzuki MT, Giovannoni SJ. Bias caused by template
annealing in the amplification of mixtures of 16S rRNA
genes by PCR[J]. Applied and Environmental Microbiology,
1996, 62(2): 625-630

[20] Luo JM, Yang J, He HH, Jin T, Zhou L, Wang M, Zhou MH.
A new electrochemically active bacterium phylogenetically
related to Tolumonas osonensis and power performance in
MEFCs[J]. Bioresource Technology, 2013, 139: 141-148

[21] Fan LP, Zheng YJ, Miao XH. Effects of catholyte and
dissolved oxygen on microbial fuel cell performance[J].
Journal of Chemical Engineering of Chinese Universities,
2016, 30(2): 491-496 (in Chinese)

BENTPE, BRI, BEEE. BRI S SO B e,
WAERER R[], Rk TRESEIR, 2016, 30(2): 491-496

[22] Liu T, Yu YY, Deng XP, Ng CK, Cao B, Wang JY, Rice SA,
Kjelleberg S, Song H. Enhanced Shewanella Dbiofilm
promotes bioelectricity generation[J]. Biotechnology and
Bioengineering, 2015, 112(10): 2051-2059

[23] Peng Y, Zhu NW, Nie HY. Isolation of an electrogen
Klebsiella  sp.
electricity-generating characteristics[J]. Acta Scientiae
Circumstantiae, 2013, 33(4): 1035-1042 (in Chinese)

P, KRR, LM, —k 5 55 1 S (Klebsiella sp.)
Z6 BI5rE R H R AR R AT (3], IREERL 244, 2013,
33(4): 1035-1042

[24] Lei GY, Ding CP, Yang JX. Isolation of an excellent
bio-flocculant-producing strain and its application in the
treatment of cold-rolling waste oily water[J]. Environmental
Science, 2011, 32(9): 2716-2723 (in Chinese)

method for identification of

Z6 from anodic Dbiofilm and its

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



AR TUEFRTES PR EFST 7= B BE e TS /K A B o i) 1 1513

WHEIG, TRM, BEF. 1 kR0 LB Rk 72
S HAE BL &I KA 3R e g N D], FRBERRSE, 2011,
32(9): 2716-2723

[25] Folsom BR, Chapman PJ, Pritchard PH. Phenol and
trichloroethylene degradation by Pseudomonas cepacia G4:
kinetics and interactions between substrates[J]. Applied and
Environmental Microbiology, 1990, 56(5): 1279-1285

[26] Lai CW, Sreekantan S. Fabrication of WOj; nanostructures
by anodization method for visible-light driven water splitting
and photodegradation of methyl orange[J]. Materials Science
in Semiconductor Processing, 2013, 16(2): 303-310

[27] Huang X, He J, Pan JJ, Hong Q, Li SP. Separation
identification and  degradation  characteristics  of
thifensulfuron-methyl degradation bacteria FLX[J]. China
Environmental Science, 2006, 26(2): 214-218 (in Chinese)
AL, fIfil, WRARAN, LT, ZI0NS. WEMMEREREARLT FLX 1)
Oy S RRFRREIELD]. R EIREERL2E, 2006, 26(2): 214-218

[28] Li HQ, Li HM, Jiang JZ, Yang XL, Guo RJ, Ping SZ, Zhang
W. Isolation and characterization of a DDT degradation
bacterium strain D-1[J]. Microbiology China, 2008, 35(5):
696-699 (in Chinese)
PLLRL, BLLM, Hakd, BEm, BARE, FiREg, K
Yt —bk DDT B TLE . % K AR E R B 2 0
FE. BUEEYAiE R, 2008, 35(5): 696-699

[29] Tang YB, Wang XC, Chen FY, Ma SS, Yang X. Screening,
identification and degradation characteristics of a dominant
fluorene-degrading strain[J]. China Environmental Science,
2010, 30(8): 1086-1090 (in Chinese)
R, Ewes, PROTHE, D, Wfa. 2R s
V14 9 306 4 2 M B R R PRI S (). R IR BRBE R, 2010,
30(8): 1086-1090

[30] Zhang QM, Saleem M, Wang CX. Probiotic strain
Stenotrophomonas acidaminiphila BJ1 degrades and reduces
chlorothalonil toxicity to soil enzymes, microbial
communities and plant roots[J]. AMB Express, 2017, 7(1): 227

[31] Uniyal S, Paliwal R, Sharma RK, Rai JPN. Degradation of
fipronil by Stenotrophomonas acidaminiphila isolated from
rhizospheric soil of Zea mays[J]. 3 Biotech, 2016, 6(1): 48

[32] Aziz A, Agamuthu P, Alaribe FO, Fauziah SH.
Biodegradation of benzo[a]pyrene by bacterial consortium
isolated from mangrove sediment[J].
Technology, 2018, 39(4): 527-535

[33] Wang CX, Zhang QM, Li GF, Dong XL, Li BH.
Identification of the antagonistic bacteria BJ1 and its
antifungal activity against Valsa ceratospermall]. Acta
Phytophylacica Sinica, 2012, 39(5): 431-437 (in Chinese)
ERE, KIEY, N, FHam, R PRRE R
FRTEPTANR R BT A% S HAM AR R (0], A TR
2#4l%, 2012, 39(5): 431-437

[34] Xing DF, Zuo Y, Cheng SA, Regan JM, Logan BE.
Electricity generation by Rhodopseudomonas palustris

Environmental

DX-1[J]. Environmental Science & Technology, 2008,
42(11): 4146-4151

[35] Bond DR, Lovley DR. Evidence for involvement of an
electron shuttle in electricity generation by Geothrix
fermentans[J]. Applied and Environmental Microbiology,
2005, 71(4): 2186-2189

[36] Liu Y, Yuan LJ. Isolation of an electrogen Klebsiella oxytoca
d7 and its electricity-generating mechanism[J]. China
Environmental Science, 2017, 37(9): 3540-3548 (in Chinese)
XU, BRI, —kF=H & Klebsiella oxytoca d7 535
Ker=m HLELT]. H EREERNE, 2017, 37(9): 3540-3548

[37] Holmes DE, Bond DR, Lovley DR. Electron transfer by
Desulfobulbus  propionicus to  Fe(Ill)
electrodes[J]. Applied and Environmental Microbiology,
2004, 70(2): 1234-1237

[38] Li M, Zhou MH, Tian XY, Tan CL, McDaniel CT, Hassett
DJ, Gu TY. Microbial fuel cell (MFC) power performance
improvement through enhanced microbial electrogenicity[J].
Biotechnology Advances, 2018, 36(4): 1316-1327

[39] Chen Z, Li ZP, Liu PZ, Liu Y, Wang YP, Li QB, He N.
Characterization of a novel bioflocculant from a marine
bacterium and its application in dye wastewater
treatment[J]. BMC Biotechnology, 2017, 17(1): 84

[40] Abu Tawila Z, Ismail S, Dadrasnia A, Usman M. Production
and characterization of a bioflocculant produced by Bacillus
salmalaya 139SI-7 and its applications in wastewater
treatment[J]. Molecules, 2018, 23(10): 2689

[41] Cheng JP, Zheng M, Zhang LY.
flocculent-producing strains and studying on time course[J].
Environmental Science and Technology, 2001, 24(2): 12-15
(in Chinese)
TR, AR, TRZEIE. AW BRBE AR T Y O 1 B
ZESN 0 IRI]. REERRE 5HOR, 2001, 24(2): 12-15

[42] Wilén BM, Keiding K, Nielsen PH. Flocculation of activated
sludge flocs by stimulation of the aerobic biological
activity[J]. Water Research, 2004, 38(18): 3909-3919

[43] Dai JJ. Use biosorption method removing heavy metal ion
mixed wastewater[J]. Public Communication of Science &
Technology, 2011(1): 90,196 (in Chinese)
WARRE. AEYRMEEBREKESBRAE T B
Heft4%, 2011(1): 90,196

[44] Tzu TW, Tsuritani T, Sato K. Sorption of Pb(II), Cd(II), and
Ni(II) toxic metal ions by alginate-bentonite[J]. Journal of
Environmental Protection, 2013, 4(1): 51-55

[45] Annadurai G, Mathalai Balan S, Murugesan T. Box-Behnken
design in the development of optimized complex medium
for phenol degradation using Pseudomonas putida (NICM
2174)[J]. Bioprocess Engineering, 1999, 21(5): 415-421

[46] Gunasundari D, Muthukumar K. Simultaneous Cr(VI)
reduction and phenol degradation using Stenotrophomonas

and  graphite

Screening  of

sp. isolated from tannery effluent contaminated soil[J].
Environmental Science and Pollution Research, 2013, 20(9):
6563-6573

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



