SUPPORTING INFORMATION

[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: _Hlk511924412][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Response of chloramphenicol-reducing biocathode resistome to continuous electrical stimulation
[bookmark: _Hlk515952970]Bin Liang1,2, Jincai Ma3, Weiwei Cai4,2, Zhiling Li2, Wenzong Liu1, Mengyuan Qi2, Youkang Zhao2, Xiaodan Ma2, Ye Deng1, Aijie Wang1,2,*, Jizhong Zhou5
1Key Laboratory of Environmental Biotechnology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing, 100085, China
2State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology, Harbin, 150090, China
[bookmark: OLE_LINK109][bookmark: OLE_LINK110]3College of Environment and Resources, Jilin University, Changchun, 130021, China
4School of Civil Engineering, Beijing Jiaotong University, Beijing, 100044, China
5Institute for Environmental Genomics and Department of Microbiology and Plant Biology, University of Oklahoma, Norman, OK 73019, USA

[bookmark: _GoBack]*Corresponding author: Key Laboratory of Environmental Biotechnology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing, 100085, China. Tel/fax: +86 10 62915515. E-mail: ajwang@rcees.ac.cn, waj0578@hit.edu.cn  (Aijie Wang).




12 pages, 6 figures, and 4 tables.




[image: ]
[bookmark: _Hlk527884664]Figure S1. Comparison of CAP reduction efficiency (a) and AMCl formation efficiency (b) between the closed circuit biocathode (Cbiocathode) and abiotic cathode.
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Figure S2. Confirming the consistency of the performances of the 12 biocathode reactors (divided into two groups even though with the same operational mode; n=6) at the 1st cycle with CAP reduction efficiency and AMCl formation efficiency as indicators (a). No significantly difference was found at any time nodes for CAP or AMCl based on the two-tailed unpaired t-test. Changes in the anodic and cathode potentials for the BES reactor setup stage and the first cycle during CAP reduction with the applied voltage of 0.5 V (b).
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[bookmark: _Hlk511744755][bookmark: _Hlk511744938]Figure S3. DCA results showing that electric field markedly altered the CAP-reducing biofilm phylogenetic (a) and functional (b) microbiome structure. The richness, Shannon-Weaver (H) and invsimpson (1/D) index in the Obiocathode and Cbiocathode microbiomes at phylogenetic (c) and functional genes level (d). 
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[bookmark: _Hlk518141380][bookmark: _Hlk515913835]Figure S4. Phylogenetic MENs to visualize interactions among the identified OTUs from eleven phyla in the Obiocathode (a) and Cbiocathode (b) microbiomes. Gray dotted lines stand for negative interactions between nodes and red lines stand for positive interactions. Comparing the numbers of nodes and links in the whole phylogenetic networks (c) and the relative node proportions of eleven phyla in the Obiocathode and Cbiocathode biofilms (d).
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Figure S5. Functional MENs to visualize interactions among the detected bacterial carbon-nitrogen-sulphur cycling, organic remediation, antibiotic resistance and electron transfer genes from Geochip hybridization analysis in the Obiocathode (a) and Cbiocathode (b) microbiomes. Light gray lines stand for negative interactions between nodes and dark grey lines stand for positive interactions. Major topological properties of the empirical functional MENs of CAP-reducing biofilms upon electrical stimulation (Cbiocathode) or not (Obiocathode) (c).
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Figure S6. Comparing the numbers of nodes and links in the whole ARGs networks (a) and the relative node proportions of seven ARG families in the Obiocathode and Cbiocathode biofilm resistomes (b).












Table S1. The detailed information for the used primers in this study
	
	Adapter
	Barcode
	Pad
	Linker
	Primer

	515 forward primer
	AATGATACGGCGACCACCGAGATCTACAC
	-
	TATGGTAATT
	GT
	GTGCCAGCMGCCGCGGTAA

	806 reverse primer 1
	CAAGCAGAAGACGGCATACGAGAT
	TCAATGACCGCA
	AGTCAGTCAG
	CC
	GGACTACHVGGGTWTCTAAT

	806 reverse primer 2
	CAAGCAGAAGACGGCATACGAGAT
	CTATCGGAAGAT
	AGTCAGTCAG
	CC
	GGACTACHVGGGTWTCTAAT

	806 reverse primer 3
	CAAGCAGAAGACGGCATACGAGAT
	CGGATTGCTGTA
	AGTCAGTCAG
	CC
	GGACTACHVGGGTWTCTAAT

	806 reverse primer 4
	CAAGCAGAAGACGGCATACGAGAT
	GGTACTGTACCA
	AGTCAGTCAG
	CC
	GGACTACHVGGGTWTCTAAT

	806 reverse primer 5
	CAAGCAGAAGACGGCATACGAGAT
	ATCGAATCGAGT
	AGTCAGTCAG
	CC
	GGACTACHVGGGTWTCTAAT

	806 reverse primer 6
	CAAGCAGAAGACGGCATACGAGAT
	CTAGCAGTATGA
	AGTCAGTCAG
	CC
	GGACTACHVGGGTWTCTAAT

	806 reverse primer 7
	CAAGCAGAAGACGGCATACGAGAT
	GTTAATGGCAGT
	AGTCAGTCAG
	CC
	GGACTACHVGGGTWTCTAAT

	806 reverse primer 8
	CAAGCAGAAGACGGCATACGAGAT
	GTATGGAGCTAT
	AGTCAGTCAG
	CC
	GGACTACHVGGGTWTCTAAT

	806 reverse primer 9
	CAAGCAGAAGACGGCATACGAGAT
	CCTTCTGTATAC
	AGTCAGTCAG
	CC
	GGACTACHVGGGTWTCTAAT

	806 reverse primer 10
	CAAGCAGAAGACGGCATACGAGAT
	ACGCTGTCGGTT
	AGTCAGTCAG
	CC
	GGACTACHVGGGTWTCTAAT

	806 reverse primer 11
	CAAGCAGAAGACGGCATACGAGAT
	CTCGTTTCAGTT
	AGTCAGTCAG
	CC
	GGACTACHVGGGTWTCTAAT

	806 reverse primer 12
	CAAGCAGAAGACGGCATACGAGAT
	GCGAACCTATAC
	AGTCAGTCAG
	CC
	GGACTACHVGGGTWTCTAAT











[bookmark: _Hlk511765307]Table S2. Significance tests of the overall microbial community structure between Cbiocathode and Obiocathode biofilms with three different statistical approaches
	Functional 
gene categories
	Jaccard Dissimilarity
	Bray Curtis Dissimilarity

	
	Adonis
  F       P
	Anosim
  R        P
	MRPP
  δ        P
	Adonis
  F        P
	Anosim
  R        P
	MRPP
  δ        P

	All functional genes 
	2.81 0.004
	0.36 0.005
	0.25 0.005
	2.71 0.014
	0.34 0.007
	0.15 0.009

	Antibiotic resistance 
	2.98 0.002
	0.35 0.004
	0.32 0.003
	3.11 0.001
	0.37 0.004
	0.20 0.005

	Carbon cycling
	2.50 0.011
	0.29 0.018
	0.21 0.005
	2.34 0.042
	0.25 0.026
	0.13 0.020

	Metal resistance 
	3.33 0.011
	0.43 0.008
	0.24 0.012
	3.24 0.012
	0.42 0.007
	0.15 0.011

	Nitrogen cycling
	2.82 0.007
	0.38 0.006
	0.22 0.002
	2.59 0.024
	0.34 0.004
	0.13 0.006

	Organic remediation 
	2.80 0.004
	0.37 0.005
	0.32 0.006
	2.81 0.011
	0.35 0.009
	0.20 0.003

	Phosphorus utilization
	2.40 0.029
	0.24 0.020
	0.20 0.012
	2.19 0.057
	0.23 0.021
	0.12 0.014

	Sulfur cycling
	2.29 0.024
	0.29 0.017
	0.24 0.012
	2.12 0.071
	0.27 0.026
	0.15 0.058

	Stress
	2.88 0.001
	0.40 0.004
	0.34 0.004
	2.97 0.005
	0.38 0.004
	0.22 0.006

	e- transfer related genes#
	2.64 0.006
	0.32 0.012
	0.32 0.009
	3.15 0.012
	0.39 0.005
	0.20 0.007

	Cytochrome c 
	2.81 0.012
	0.33 0.009
	0.34 0.005
	3.48 0.007
	0.38 0.001
	0.21 0.009

	Hydrogenase
	2.85 0.001
	0.32 0.007
	0.35 0.005
	3.51 0.001
	0.38 0.004
	0.22 0.007

	gyrB 
	2.47 0.033
	0.31 0.022
	0.22 0.022
	2.34 0.038
	0.28 0.036
	0.14 0.033

	16S rRNA gene
	3.86 0.001
	0.94 0.004   
	0.61 0.002 
	11.1 0.001  
	0.99 0.003    
	0.50 0.002    


#Electron transfer related genes included cytochrome (b, c and bd) genes, ferredoxin oxidoreductase, 4Fe_4S ferredoxin, Fe_S cluster binding protein and NADH quinone/ubiquinone oxidoreductase in electron transport respiratory chain and hydrogenase genes as well as cytochrome p450 genes. 











Table S3. The unique ARGs (in total of 113) in the Obiocathode biofilms (n≥3) detected by GeoChip hybridization.
	Genbank ID
	Gene category
	Organism
	Average intensity

	227405591
	ABC_antibiotic_transporter
	Geodermatophilus obscurus DSM 43160
	1.02±0.02; n=4

	257149117
	ABC_antibiotic_transporter
	Lactobacillus rhamnosus ATCC 53103
	0.90±0.02; n=3

	212527162
	ABC_antibiotic_transporter
	Penicillium marneffei ATCC 18224
	0.93±0.03; n=5

	212544566
	ABC_antibiotic_transporter
	Penicillium marneffei ATCC 18224
	0.87±0.01; n=3

	225378509
	ABC_antibiotic_transporter
	Roseburia inulinivorans DSM 16841
	0.87±0.01; n=3

	254388207
	ABC_antibiotic_transporter
	Streptomyces clavuligerus ATCC 27064
	1.00±0.03; n=4

	254394495
	ABC_antibiotic_transporter
	Streptomyces pristinaespiralis ATCC 25486
	0.92±0.02; n=4

	254382345
	ABC_antibiotic_transporter
	Streptomyces sp. Mg1
	0.95±0.02; n=3

	[bookmark: OLE_LINK34][bookmark: OLE_LINK35]164511893
	β_lactamase_D
	Pseudomonas aeruginosa  07-406
	0.92±0.03; n=3

	50236431
	β_lactamase_D
	Ralstonia pickettii PIC-2
	0.93±0.04; n=5

	62424736
	β_lactamase_A
	Brevibacterium linens BL2
	0.90±0.02; n=3

	148830696
	β_lactamase_A
	Erythrobacter sp. SD-21
	0.94±0.05; n=4

	[bookmark: OLE_LINK32][bookmark: OLE_LINK33]33188340
	β_lactamase_A
	Mycobacterium smegmatis str. MC2 155
	0.93±0.04; n=3

	254521343
	β_lactamase_A
	Stenotrophomonas sp. SKA14
	0.93±0.04; n=3

	239982849
	β_lactamase_A
	Streptomyces albus J1074
	0.94±0.03; n=4

	167840683
	β_lactamase_C
	Burkholderia thailandensis MSMB43
	0.91±0.04; n=3

	91691173
	β_lactamase_C
	Burkholderia xenovorans LB400
	0.87±0.02; n=3

	[bookmark: OLE_LINK30][bookmark: OLE_LINK31]94502863
	β_lactamase_C
	Enterobacter cloacae TR2000
	0.90±0.01; n=4

	94502853
	β_lactamase_C
	Enterobacter cloacae TR1102
	0.88±0.02; n=3

	156934049
	β_lactamase_C
	Enterobacter sakazakii ATCC BAA-894
	0.97±0.07; n=3

	4691716
	β_lactamase_C
	Escherichia coli E142
	1.11±0.05; n=6

	219949085
	β_lactamase_C
	Methylobacterium nodulans ORS 2060
	0.87±0.02; n=4

	229208568
	β_lactamase_C
	Nocardiopsis dassonvillei subsp. dassonvillei DSM 43111
	0.92±0.05; n=5

	37524830
	β_lactamase_C
	Photorhabdus luminescens subsp. laumondii TTO1
	0.98±0.02; n=3

	170721562
	β_lactamase_C
	Pseudomonas putida W619
	0.95±0.03; n=5

	213926251
	β_lactamase_C
	Pseudomonas syringae pv. tomato T1
	0.89±0.01; n=3

	254510297
	β_lactamase_C
	Rhodobacteraceae bacterium KLH11
	0.97±0.04; n=4

	226238141
	β_lactamase_C
	Rhodococcus opacus B4
	0.90±0.02; n=3

	229738934
	β_lactamase_C
	Spirosoma linguale DSM 74
	0.94±0.04; n=3

	229866563
	β_lactamase_C
	Stackebrandtia nassauensis DSM 44728
	0.93±0.02; n=5

	197296839
	β_lactamase_C
	uncultured bacterium BLR10
	0.90±0.01; n=3

	254445225
	β_lactamase_C
	Verrucomicrobiae bacterium DG1235
	0.95±0.02; n=3

	227217591
	MATE_antibiotic
	Anaerococcus tetradius ATCC 35098
	0.88±0.02; n=3

	90338104
	MATE_antibiotic
	Aurantimonas sp. SI85-9A1
	0.98±0.02; n=4

	163260956
	MATE_antibiotic
	Bordetella petrii DSM 12804
	0.91±0.04; n=5

	77385741
	MATE_antibiotic
	Pseudomonas fluorescens Pf0-1
	0.92±0.01; n=4

	125717962
	MATE_antibiotic
	Streptococcus sanguinis SK36
	0.93±0.01; n=3

	146311546
	Mex
	Enterobacter sp. 638
	0.97±0.09; n=4

	163852741
	Mex
	Methylobacterium extorquens PA1
	0.96±0.02; n=4

	115525329
	Mex
	Rhodopseudomonas palustris BisA53
	0.93±0.00; n=3

	39936964
	Mex
	Rhodopseudomonas palustris CGA009
	0.93±0.02; n=3

	222085432
	MFS_antibiotic
	Agrobacterium radiobacter K84
	0.90±0.03; n=3

	189467243
	MFS_antibiotic
	Bacteroides intestinalis DSM 17393
	0.90±0.01; n=4

	27382704
	MFS_antibiotic
	Bradyrhizobium japonicum USDA 110
	0.89±0.01; n=3

	148258804
	MFS_antibiotic
	Bradyrhizobium sp. BTAi1
	0.91±0.02; n=4

	170141690
	MFS_antibiotic
	Burkholderia graminis C4D1M
	0.93±0.06; n=3

	186472582
	MFS_antibiotic
	Burkholderia phymatum STM815
	0.91±0.04; n=3

	91692476
	MFS_antibiotic
	Burkholderia xenovorans LB400
	0.93±0.03; n=4

	91691438
	MFS_antibiotic
	Burkholderia xenovorans LB400
	0.92±0.03; n=4

	91689746
	MFS_antibiotic
	Burkholderia xenovorans LB400
	0.94±0.04; n=4

	39996581
	MFS_antibiotic
	Geobacter sulfurreducens PCA
	1.05±0.06; n=4

	237748532
	MFS_antibiotic
	Oxalobacter formigenes OXCC13
	0.90±0.02; n=4

	77380374
	MFS_antibiotic
	Pseudomonas fluorescens Pf0-1
	0.95±0.02; n=4

	68348063
	MFS_antibiotic
	Pseudomonas fluorescens Pf-5
	0.94±0.04; n=5

	24983490
	MFS_antibiotic
	Pseudomonas putida KT2440
	0.91±0.01; n=5

	197243797
	MFS_antibiotic
	Salmonella enterica subsp. enterica serovar Saintpaul str. SARA23
	0.99±0.07; n=5

	148556132
	MFS_antibiotic
	Sphingomonas wittichii RW1
	0.97±0.03; n=3

	4154078
	MFS_antibiotic
	Streptomyces coelicolor A3(2)
	0.94±0.01; n=4

	68568050
	MFS_antibiotic
	Sulfolobus acidocaldarius DSM 639
	0.90±0.03; n=3

	77956957
	MFS_antibiotic
	Yersinia bercovieri ATCC 43970
	0.93±0.02; n=4

	238787894
	MFS_antibiotic
	Yersinia frederiksenii ATCC 33641
	0.94±0.01; n=4

	126097863
	SMR_antibiotics
	Actinobacillus pleuropneumoniae L20
	0.90±0.02; n=6

	196195077
	SMR_antibiotics
	Alcanivorax sp. DG881
	0.94±0.01; n=4

	56908432
	SMR_antibiotics
	Bacillus clausii KSM-K16
	0.90±0.02; n=3

	52347680
	SMR_antibiotics
	Bacillus licheniformis DSM 13
	0.96±0.05; n=5

	89099464
	SMR_antibiotics
	Bacillus sp. NRRL B-14911
	0.89±0.02; n=4

	163261036
	SMR_antibiotics
	Bordetella petrii DSM 12804
	0.98±0.03; n=3

	163856301
	SMR_antibiotics
	Bordetella petrii DSM 12804
	0.97±0.04; n=3

	78065508
	SMR_antibiotics
	Burkholderia sp. 383
	0.94±0.02; n=5

	190687202
	SMR_antibiotics
	Cellvibrio japonicus Ueda107
	1.00±0.04; n=3

	189346607
	SMR_antibiotics
	Chlorobium limicola DSM 245
	0.91±0.03; n=5

	189340754
	SMR_antibiotics
	Chlorobium limicola DSM 245
	0.88±0.03; n=3

	163847342
	SMR_antibiotics
	Chloroflexus aurantiacus J-10-fl
	0.89±0.04; n=4

	227479419
	SMR_antibiotics
	Chromobacterium violaceum ATCC 12472
	0.89±0.02; n=4

	237758129
	SMR_antibiotics
	Corynebacterium kroppenstedtii DSM 44385
	0.93±0.03; n=3

	160896134
	SMR_antibiotics
	Delftia acidovorans SPH-1
	1.00±0.16; n=3

	145318441
	SMR_antibiotics
	Enterobacter sp. 638
	0.90±0.03; n=4

	89107408
	SMR_antibiotics
	Escherichia coli W3110
	1.04±0.09; n=5

	261408167
	SMR_antibiotics
	Geobacillus sp. Y412MC10
	0.89±0.02; n=3

	39995813
	SMR_antibiotics
	Geobacter sulfurreducens PCA
	0.92±0.06; n=4

	39995814
	SMR_antibiotics
	Geobacter sulfurreducens PCA
	1.27±0.07; n=5

	227845044
	SMR_antibiotics
	Halogeometricum borinquense DSM 11551
	0.88±0.02; n=3

	152970117
	SMR_antibiotics
	Klebsiella pneumoniae subsp. pneumoniae MGH 78578
	0.88±0.02; n=3

	240139327
	SMR_antibiotics
	Methylobacterium extorquens AM1
	0.89±0.02; n=3

	227479898
	SMR_antibiotics
	Methylococcus capsulatus str. Bath
	0.94±0.02; n=3

	119868942
	SMR_antibiotics
	Mycobacterium sp. KMS
	0.99±0.03; n=5

	258637180
	SMR_antibiotics
	Pantoea sp. At-9b
	0.94±0.02; n=3

	150960053
	SMR_antibiotics
	Pseudomonas aeruginosa PA7
	0.97±0.10; n=3

	169759514
	SMR_antibiotics
	Pseudomonas putida W619
	0.95±0.02; n=3

	113868633
	SMR_antibiotics
	Ralstonia eutropha H16
	0.91±0.00; n=3

	94311479
	SMR_antibiotics
	Ralstonia metallidurans CH34
	0.92±0.04; n=6

	115258076
	SMR_antibiotics
	Rhizobium leguminosarum bv. viciae 3841
	0.88±0.01; n=3

	229491479
	SMR_antibiotics
	Rhodococcus erythropolis SK121
	0.92±0.03; n=5

	115520443
	SMR_antibiotics
	Rhodopseudomonas palustris BisA53
	0.90±0.02; n=3

	85668384
	SMR_antibiotics
	Roseovarius sp. 217
	0.90±0.02; n=3

	29140278
	SMR_antibiotics
	Salmonella enterica subsp. enterica serovar Typhi Ty2
	0.91±0.04; n=3

	151365977
	SMR_antibiotics
	Shewanella baltica OS185
	0.89±0.03; n=4

	114332553
	SMR_antibiotics
	Shewanella frigidimarina NCIMB 400
	0.96±0.04; n=3

	82776831
	SMR_antibiotics
	Shigella dysenteriae Sd197
	1.23±0.03; n=6

	190575237
	SMR_antibiotics
	Stenotrophomonas maltophilia K279a
	1.03±0.03; n=4

	147850472
	SMR_antibiotics
	Synechococcus sp. RCC307
	0.95±0.02; n=4

	227963251
	SMR_antibiotics
	Tsukamurella paurometabola DSM 20162
	0.96±0.01; n=4

	269828925
	SMR_antibiotics
	Vibrio alginolyticus 40B
	0.98±0.06; n=5

	84625588
	SMR_antibiotics
	Xanthomonas oryzae pv. oryzae MAFF 311018
	0.94±0.04; n=4

	264674681
	Tet
	Caulobacter segnis ATCC 21756
	0.93±0.01; n=4

	258406024
	Tet
	Desulfohalobium retbaense DSM 5692
	0.91±0.03; n=3

	192808655
	Tet
	Geobacillus sp. Y412MC10
	0.93±0.02; n=4

	227954125
	Tet
	Meiothermus silvanus DSM 9946
	0.90±0.02; n=5

	254454179
	Tet
	Octadecabacter antarcticus 238
	0.91±0.05; n=3

	197779556
	Tet
	Streptomyces sviceus ATCC 29083
	0.87±0.01; n=3

	271968379
	Tet
	Streptosporangium roseum DSM 43021
	0.94±0.03; n=3

	255261248
	Tet
	Thalassiobium sp. R2A62
	0.92±0.01; n=3

	224002929
	Tet
	Thalassiosira pseudonana CCMP1335
	0.94±0.01; n=4





Table S4. The unique ARGs (in total of 29) in the Cbiocathode biofilms (n≥3) detected by GeoChip hybridization.
	Genbank ID
	Gene category
	Organism
	Average intensity

	224944606
	ABC_antibiotic_transporter
	Corynebacterium matruchotii ATCC 33806
	0.99±0.01; n=3

	260091396
	ABC_antibiotic_transporter
	Streptomyces flavogriseus ATCC 33331
	0.95±0.01; n=4

	21309656
	β_lactamase_D
	Shewanella algae N511
	0.87±0.02; n=5

	161786332
	β_lactamase_A
	Gluconacetobacter diazotrophicus PAl 5
	0.89±0.02; n=4

	197296842
	β_lactamase_A
	uncultured bacterium BLR5
	0.99±0.01; n=3

	227274985
	β_lactamase_C
	Kribbella flavida DSM 17836
	0.87±0.02; n=3

	229869621
	β_lactamase_C
	Spirosoma linguale DSM 74
	0.88±0.02; n=4

	240171708
	β_lactamase_C
	Mycobacterium kansasii ATCC 12478
	1.09±0.09; n=4

	255108247
	β_lactamase_C
	Sideroxydans lithotrophicus ES-1
	0.90±0.01; n=3

	256424087
	β_lactamase_C
	Chitinophaga pinensis DSM 2588
	0.91±0.02; n=5

	260816008
	β_lactamase_C
	Branchiostoma floridae S238N-H82
	0.91±0.03; n=4

	268324167
	β_lactamase_C
	uncultured archaeon
	0.89±0.02; n=4

	22776773
	MATE_antibiotic
	Oceanobacillus iheyensis HTE831
	0.87±0.02; n=3

	262308325
	Mex
	Acinetobacter lwoffii SH145
	1.02±0.03; n=3

	124514669
	MFS_antibiotic
	Leptospirillum sp. Group II UBA
	0.91±0.02; n=3

	226089127
	MFS_antibiotic
	Gemmatimonas aurantiaca T-27
	0.88±0.01; n=3

	257448772
	MFS_antibiotic
	Enhydrobacter aerosaccus SK60
	0.93±0.02; n=3

	271501800
	MFS_antibiotic
	Dickeya dadantii Ech586
	0.95±0.05; n=3

	122089325
	SMR_antibiotics
	Yersinia enterocolitica subsp. enterocolitica 8081
	0.90±0.01; n=4

	151500319
	SMR_antibiotics
	Delftia acidovorans C17
	1.02±0.08; n=3

	154685723
	SMR_antibiotics
	Bacillus amyloliquefaciens FZB42
	0.88±0.03; n=3

	157692400
	SMR_antibiotics
	Bacillus pumilus SAFR-032
	0.93±0.01; n=3

	169241692
	SMR_antibiotics
	Mycobacterium abscessus ATCC 19977
	1.22±0.11; n=4

	184201856
	SMR_antibiotics
	Kocuria rhizophila DC2201
	0.96±0.05; n=3

	205355917
	SMR_antibiotics
	Campylobacter jejuni subsp. jejuni CG8421
	0.87±0.02; n=3

	256832406
	SMR_antibiotics
	Jonesia denitrificans DSM 20603
	0.89±0.01; n=4

	223963292
	Tet
	Holdemania filiformis DSM 12042
	0.87±0.00; n=3

	256754238
	Tet
	Clostridium papyrosolvens DSM 2782
	0.87±0.01; n=4

	260431192
	Tet
	Silicibacter lacuscaerulensis ITI-1157
	0.93±0.04; n=3



S3

image2.emf
Time (h)

0 12 24 36 48

Concentration of CAP (mg/L)

0

5

10

15

20

25

30

Peak area of AMCl

0

100

200

300

400

500

600

C

biocathode (CAP)

O

biocathode (CAP)

C

biocathode (AMCl)

O

biocathode (AMCl)

(a) 

Time (h)

0 100 200 300 400 500 600

Potential vs SHE (V)

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

C

bioanode potential

C

biocathode potential

O

bioanode potential

O

biocathode potential

(b)

setup stage

first cycle


image3.emf
H

1/D

richness

H

 and 

1/D

 index

0

5

15

20

25

Richness

0

140

280

420

560

700

c

biocathode

o

biocathode

***

1/D richness H

1/D

 and richness

0

8000

16000

24000

32000

H

 index

0

2

4

6

8

10

12

(c)

(d)

***

***

Number of sequences

0 5e+4 1e+5 2e+5 2e+5 3e+5 3e+5

Number of OTUs

0

500

1000

1500

2000

c

biocathode

o

biocathode

(f)

DCA1(32.9%)

-2 -1 0 1 2 DCA2 (13.1%) -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 cbiocathode obiocathode DCA1 (24.2%)

-0.50 -0.25 0.00 0.25 0.50 DCA2 (14.3%) -0.4 -0.2 0.0 0.2 0.4 Col 16 vs Col 17  Col 16 vs Col 17  (a) (b) DCA1 (25.0%)

-0.4 -0.2 0.0 0.2 0.4 0.6 DCA2 (19.3%) -0.4 -0.2 0.0 0.2 0.4 0.6 gyrB vs Col 19  gyrB vs Col 19  (c) Chao1 value: 3169.2

Chao1 value: 1910.5

16S rRNA gene gyrB gene functional genes


image4.emf
OTU_216

OTU_457

OTU_274

OTU_2281

OTU_167

OTU_1532

OTU_108

OTU_198

OTU_201

OTU_6

OTU_127

OTU_133

OTU_103

OTU_92

OTU_769

OTU_168

OTU_600

OTU_2

OTU_34

OTU_93

OTU_83

OTU_85

OTU_352

OTU_174

OTU_105

OTU_1085

OTU_282

OTU_465

OTU_1069

OTU_115

OTU_173

OTU_2306

OTU_157

OTU_112

OTU_2274

OTU_99

OTU_136

OTU_97

OTU_235

OTU_10

OTU_351

OTU_30

OTU_596

OTU_118

OTU_90

OTU_636

OTU_187

OTU_263

OTU_129

OTU_131

OTU_89

OTU_11

OTU_175

OTU_1489

OTU_296

OTU_622

OTU_154

OTU_663

OTU_453

OTU_765

OTU_604

OTU_124

OTU_163

OTU_94

OTU_54

OTU_2283

OTU_316

OTU_119

OTU_2275

OTU_113

OTU_685

OTU_2289

OTU_159

OTU_581

OTU_361

OTU_246

OTU_1438

OTU_834

OTU_806

OTU_242

OTU_121 OTU_151

OTU_40

OTU_158

OTU_500

OTU_171

OTU_2279

OTU_2356

OTU_73

OTU_2295

OTU_2338

OTU_320

OTU_2278

OTU_101

OTU_144

OTU_419

OTU_2315

OTU_138

OTU_104

OTU_490

OTU_96

OTU_509

OTU_1101

OTU_811

OTU_664

OTU_100

OTU_1454

OTU_2276

OTU_405

OTU_95

OTU_2544

OTU_2300

OTU_223

OTU_705

OTU_2307

OTU_799

OTU_2284

OTU_2277

OTU_2271

OTU_1491

OTU_307

OTU_1843

OTU_122

OTU_8

OTU_140

OTU_2294

OTU_9

OTU_25

OTU_74

OTU_2285

OTU_179

OTU_646

OTU_102

OTU_18

OTU_110

OTU_13

OTU_145

OTU_2286

OTU_275

OTU_14

OTU_314

OTU_209

OTU_109

OTU_1603

OTU_2308

OTU_2292

OTU_88

OTU_150

OTU_2342

OTU_2310

OTU_184

OTU_344

OTU_126

OTU_106

OTU_155

OTU_1100

OTU_148

OTU_1528

OTU_305

OTU_30

OTU_950

OTU_152

OTU_92

OTU_255

OTU_2294

OTU_2276

OTU_204

OTU_2377

OTU_562

OTU_1128

OTU_242

OTU_120

OTU_930

OTU_107

OTU_419

OTU_254

OTU_273

OTU_61

OTU_2274

OTU_123

OTU_2286

OTU_397

OTU_1654

OTU_115

OTU_145

OTU_1056

OTU_271

OTU_622

OTU_933

OTU_2208

OTU_793

OTU_929

OTU_133

OTU_105

OTU_1261

OTU_102

OTU_190

OTU_519

OTU_119 OTU_427

OTU_418

OTU_194

OTU_149

OTU_422

OTU_175

OTU_184

OTU_1438

OTU_1057

OTU_430

OTU_154

OTU_264

OTU_699

OTU_46

OTU_458

OTU_2

OTU_1041

OTU_914

OTU_729

OTU_9

OTU_216

OTU_500

OTU_275

OTU_151

OTU_495

OTU_639

OTU_113

OTU_213

OTU_89

OTU_2280

OTU_324

OTU_132

OTU_185

OTU_274

OTU_223

OTU_272

OTU_1018

OTU_163

OTU_1051

OTU_1265

OTU_1122

OTU_328

OTU_547

OTU_994

OTU_564

OTU_1293

OTU_1224

OTU_399

OTU_101

OTU_2281

OTU_1733

OTU_1208

OTU_637

OTU_1020

OTU_2277

OTU_191

OTU_174

OTU_245

OTU_215

OTU_1085

OTU_461

OTU_202

OTU_235

OTU_552

OTU_2279

OTU_96 OTU_54

OTU_499

OTU_314

OTU_88

OTU_173

OTU_426

OTU_246

OTU_268

OTU_938

OTU_643

OTU_1272

OTU_159

OTU_205 OTU_331

OTU_629 OTU_239

OTU_501

OTU_110

OTU_1248 OTU_267 OTU_98

OTU_1659

OTU_575

OTU_2282

OTU_1345

OTU_429

OTU_144

OTU_359

OTU_2085

OTU_240

OTU_116

OTU_345

OTU_2291

OTU_201

OTU_2311

OTU_636

OTU_142

OTU_309

OTU_177

OTU_705

OTU_296

OTU_1006

OTU_128

OTU_294

OTU_112

OTU_306

OTU_40

OTU_563

OTU_2284

OTU_301

OTU_1933

OTU_139

OTU_2008

OTU_198

OTU_90

OTU_74

OTU_508

OTU_97

OTU_186

OTU_453

OTU_135

OTU_143

OTU_2271

OTU_122

OTU_49

OTU_127 OTU_438

OTU_873

OTU_903

OTU_157

OTU_179

OTU_118

OTU_322

OTU_307

OTU_95

OTU_210

OTU_1322

OTU_230

OTU_282

OTU_117

OTU_131

OTU_360

OTU_229

OTU_304

OTU_224

OTU_2073

OTU_366

OTU_646

OTU_129

OTU_358

OTU_195

OTU_943

OTU_6

OTU_1287

OTU_34

OTU_85

OTU_292

OTU_263

OTU_748

OTU_338

OTU_991

OTU_277

OTU_265

OTU_252

OTU_181

OTU_1434

OTU_180

OTU_1843

OTU_769

OTU_261

OTU_121 OTU_344

OTU_83

OTU_203

OTU_188

OTU_183

OTU_1857

OTU_1024

OTU_187

OTU_103

OTU_106

OTU_262

OTU_421

OTU_1637

OTU_259

OTU_807

OTU_209

OTU_948

OTU_374

OTU_689

OTU_1447

OTU_567

OTU_148

OTU_380

OTU_56

OTU_303

OTU_23

OTU_408

OTU_336

OTU_16

OTU_1023

Proteobacteria

Firmicutes Bacteroidetes

Euryarchaeota Actinobacteria Lentisphaerae Verrucomicrobia

Synergistetes

Relative node proportion 

of different phyla (%)

0

5

10

20

30

40

50

O

biocathode 

C

biocathode 

Total nodes Total links Negative links Positive links

Number of nodes and links

0

150

300

450

600

750

900

Col 6 

Col 7 

(c)

(d)

(b)

(a)


image5.emf

image6.emf
Total nodes Total links Negative links Positive links

Number of nodes and links 0

200

400 600 800 1000 Col 6  Col 7  ABC_transporter

β_lactamase MATE Mex MFS SMR Tet Van

Relative node proportion of different ARG families (%) 0

7

14 20 25 30 35 Obiocathode  Cbiocathode  (a) (b)


image1.emf
0

10

20

30

0 12 24 36 48

Concentration of CAP (mg/L)

Time (h)

closed circuit biocathode

abiotic cathode

0

200

400

600

0 12 24 36 48

Peak area of AMCl

Time (h)

系列

1

系列

2

(a)

(b)


