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Fig. S1. Experimental setup of the double-chamber BES reactor

Table S1 Operational parameters and conditions of all reactors
	Name
	Operating conditions

	Sine wave AC stimulation
	Alternating current (AC) was used as the power supply; The waveform was sine wave; The reversal frequency was 0.83 mHz/10 min; The applied peak voltage was 0.7 V. Bioelectrode.

	Square wave AC stimulation
	Alternating current (AC) was used as the power supply; The waveform was square wave; The reversal frequency was 0.83 mHz/10 min; The applied voltage was 0.5 V. Bioelectrode.

	Biocathode
	DC was used as the power supply without polarity reversal;
The applied voltage was -0.5V. Bioelectrode.

	Bioanode
	DC was used as the power supply without polarity reversal; The applied voltage was 0.5V. Bioelectrode.

	Open circuit
	No power supply. Bioelectrode.

	Abiotic DC stimulation
	DC was used as the power supply without polarity reversal; The applied voltage was -0.5V. Abiotic electrode.

	Abiotic AC stimulation
	AC was used as the power supply. The waveform, applied voltage and reversal frequency were identical to sine wave AC stimulation. Abiotic electrode.


Construction of the electrochemical reactor
Each reactor consisted of two chambers with a working volume of 110 mL, which were separated by a proton exchange membrane (PEM, N212, Dupont, U.S.). Two graphite brushes (3 cm diameter × 3 cm height, electrode area: 0.25 m2, Haote New Material Co. Ltd., China) were used as the working electrode and counter electrode. The graphite brushes were pretreated with 1 M of HCl for 24 h and then immersed in the deionized water for another 24 h. Before application, the graphite brushes were calcinated with a muffle furnace (SX2-12-12A, Shaoxing Jiaxing Instrument Manufacturing Co., Ltd., China) at 450 °C for 30 min. A saturated calomel electrode (SCE, model-217, Shanghai Precise. Sci. Instru. Co., Ltd., China) as the reference electrode was placed next to the working electrode. Titanium wires (0.3 mm diameter, TA2, Taizhou Rongge Hardware Products Co., Ltd., China) connected the electrodes to form external circuits.
Equivalent circuit
Based on the experimental EIS data, a Randles circuit model was used for quantifying ohmic resistance (Rs) and charge transfer resistance (Rct); the infinite size element for transport across a boundary layer (W) and a parallel capacitance (CPE) were included in the Randles circuit model [1]. For the different modes, the impendence comprised the same equivalent circuit model, including the Rs, Rct, and Rd, respectively. The EIS results were fitted to the equivalent circuit model through the ZView software (version. 3.2) [2] The type of simulation was complex (both the real and imaginary impedance values were fit) and the maximum number of iterations for convergence was 100. The error estimation for each parameter was always below 5% for the diffusive components and below 1% for the pure resistive and capacitive elements.
Electron utilization efficiency
[bookmark: _Hlk146812822]Electron flux during the cathode and anode period (, mM/L), the total electron fluxes in the circuit each 24 h (, mM/L), the electron utilization efficiency (, %) were calculated using Eq (1), Eq (2) and Eq (3).
                                                       (1)
                                                         (2)
                                                           (3)

where 62 represents molar number of electrons transferred by reduction and oxidation, 12 represents the relative molecular mass of carbon, 13 represents molar number of carbon atoms contained in 1 mol AYR,  represents voltage value (mV), 24 represents the time of a day (h), 3600 represents an hour (s), 10 represents the resistance value in the circuit (), 144 represents the total current count in 24 h,  represents the faraday’s constant (96484.5 C/mol), and 0.11 represents the reactor volume (L).
Electron flux during the cathode period (, mM/L), the total reduction electron fluxes provided by the circuit each 24h (, mM/L), the electron utilization efficiency (, %), were calculated using Eq (4), Eq (5) and Eq (6).
                                                           (4)
                                                        (5)
                                                          (6)

where 10 represents the number of electron moles required to reduce 1 mol AYR, 287.23 represents the molar mass of AYR,  represents voltage value during the cathode period (mV), 12 represents reaction time of reduction (h), 3600 represents an hour (s), 10 represents the resistance value in the circuit (), 72 represents the total current count in 12 h,  represents the faraday’s constant (96484.5 C/mol), and 0.11 represents the reactor volume (L).
Electron flux during the anode period (, mM/L), the total oxidation electron fluxes provided by the circuit each 24h (, mM/L), the electron utilization efficiency (, %), were calculated using Eq (7), Eq (8) and Eq (9).
                                                       (7)
                                                        (8)
                                                         (9)

where 52 represents molar number of electrons transferred by complete oxidation of 1 mol PPD and 1 mol 5-ASA, 12 represents the relative molecular mass of carbon, 13 represents molar number of carbon atoms contained in 1 mol PPD and 1 mol 5-ASA,  represents voltage during the anode period (mV), 12 represents reaction time of oxidation (h), 3600 represents an hour (s), 10 represents the resistance value in the circuit (), 72 represents the total current count in 12 h,  represents the faraday’s constant (96484.5 C/mol), and 0.11 represents the reactor volume (L).
DNA extraction, PCR amplification, sequencing, and taxonomic classification
Microbial DNA was extracted from 12 samples using the E.Z.N.A.® stoolDNA Kit (Omega Bio-tek, Norcross, GA, U.S.) according to manufacturer’s protocols. Metagenomic shotgun sequencing libraries were constructed and sequenced at Shanghai Biozeron Biological Technology Co. Ltd. In briefly, for each sample, 1μg of genomic DNA was sheared by Covaris S220 Focused-ultrasonicator (Woburn, MAUSA) and sequencing libraries were prepared with a fragment length of approximately 450 bp. All samples were sequenced in the Illumina HiSeq X instrument with pair-end 150bp (PE150) mode. 
Raw sequence reads underwent quality trimming using Trimmomatic (http://www.usadellab.org/cms/uploads/supplementary/Trimmomatic) to remove adaptor contaminants and low quality reads [3]. Reads through quality control were then mapping against human genome (version: hg19) by BWA mem algorithm (parameters: -M -k 32 -t 16, http://bio-bwa.sourceforge.net/bwa.shtml). The reads removing host-genome contaminations and low-quality data were called as clean reads and used for the further analysis.
Taxonomy of clean reads for each sample was determined by Kraken2 [4] using the customized kraken database. The customized kraken database included all bacteria, archaea, fungi, virus, protozoa and alge genome sequences in NCBI RefSeq database (release number: 90). All reads were classified to seven phylogenetic levels (domain, phylum, class, order, family, genus, species) or unclassified. The abundances of taxonomy were estimated by Bracken (https://ccb.jhu.edu/software/bracken/) which can produce accurate species- and genus-level abundance even in multiple near-identical species. Relative abundance of certain level in the article is a total of abundance of species belonging to certain level.
Clean sequence reads were generated a set of contigs of each sample using MegaHit with “--min-contig-len 500” parameters [5]. The open reading frames (ORFs) of assembled contigs were predicted using Prodigal (v2.6.3) [6], and all ORFs were generated to a set of unique genes after clustering using CD-HIT (parameters: -n 9 -c 0.95 -G 0 -M 0 -d 0 -aS 0.9 -r 1) [7]. The longest sequence of each cluster was considered as the representative sequence of each gene in the unique-gene set. In order to calculate the gene abundance within total samples, salmon software [8] was applied to get the reads number for each gene. Finally the gene abundance was calculated using following formulas:
                                                      (10)
                                                           (11)
                                                     (12)
                                                              (13)
Where  represents gene abundance;  represents single-mapping reads abundance;  represents multi-mapping reads abundance;  is length of gene sequence [9].
The unique-gene set was searched against the KEGG databases using BLASTX to identify the proteins to retrieve their function annotations. Based on the KO results of 12 samples, the specific function and pathways of each sample were obtained using the pathway mapped by the annotated genes using the KEGG Pathway Database. Predicted genes transform to amino acid sequence to make comparison with the Carbohydrate-Active Enzymes (CAZy) database [10] and eggNOG database [11] using DIAMOND [12].
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Fig. S2. The changes of the AYR and TOC concentration of different electrical modes in the first 7 batch cycles (840 h) of start-up phase. Sine wave AC stimulation (a and b), Square wave AC stimulation (c and d), Biocathode (e and f) and Bioanode (g and h).
Table S2 Microbial diversity indices of communities from different electrical modes
	Sample
	Chao
	Shannon
	Simpson
	ACE
	Coverage

	Sine wave AC (Sine AC)
	2493488
	18.35
	0.0020
	2532303
	0.994

	Square wave AC (Square AC)
	2629727
	18.30
	0.0017
	2661241
	0.994

	Biocathode (BC)
	2324909
	18.23
	0.0012
	2377741
	0.993

	Bioanode (BA) 
	2498504
	18.23
	0.0014
	2537184
	0.994
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Fig. S3 Abundance of (a) phylum and (b) class in bioelectrode biofilms driven by different electrical modes.
[image: ]
Fig. S4. LC-MS chromatograms of (a) 4-aminophenol, (b) 3-amino-catechol, (c) 3-oxoadipate, and (d) succinate from different electrical modes.

Table S3. HPLC–MS analysis of metabolites in different electrical modes.
	Mode
	m/z
	Retention time(min)
	Main organics
	Peak area

	Sine wave AC stimulation
	108
	0.811
	4-aminophenol
	2014736

	Square wave AC stimulation
	
	
	
	2856873

	Biocathde
	
	
	
	154907

	Bioanode
	
	
	
	165187

	Sine wave AC stimulation
	152
	0.770
	3-amino-catechol
	978651

	Square wave AC stimulation
	
	
	
	1143617

	Biocathde
	
	
	
	214113

	Bioanode
	
	
	
	94199

	Sine wave AC stimulation
	141
	0.935
	3-oxoadipate
	3966745

	Square wave AC stimulation
	
	
	
	5066711

	Biocathde
	
	
	
	229812

	Bioanode
	
	
	
	4050592

	Sine wave AC stimulation
	235
	1.204
	succinate
	1247652

	Square wave AC stimulation
	
	
	
	1598742

	Biocathde
	
	
	
	230979

	Bioanode
	
	
	
	1168754


[bookmark: OLE_LINK8][bookmark: OLE_LINK99][bookmark: OLE_LINK119][bookmark: OLE_LINK118][bookmark: OLE_LINK132]To comprehensively understand the biodegradation process of reduction products (PPD and 5-ASA) in different electrical modes, the chemical structures of the metabolites were identified using a HPLC-MS. The polarity scan for each identified product was shown in Fig. S4. Four main peaks appeared with m/z ratios of 108, 152, 141 and 235 in negative polarity mode, respectively. The product with m/z of 108 [M − H]− was consistent with 4-aminophenol (Fig. S4a). The product with m/z 152 [M + HCOO]− [H2O] was 3-amino-catechol (Fig. S4b). The product with m/z 141 [M − H]− [H2O] was 3-oxoadipate (Fig. S4c). The final product with m/z 235 [2M − H]− was succinate (Fig. S4d). Based on the metabolites analysis (Fig. S4), 4-aminopheno could be oxidized to 3-amino-catechol, followed by the cleavage of benzene ring by oxygenase catalysis. 3-amino-1, 6-adipic acid was achieved by cleaving the double bonds of -C=C- add H- and was further oxidized to 3-oxoadipate. Finally, 3-oxoadipate might be oxidized to succinate and acetate acid. As shown in Table S3, the relative abundance of metabolites in sine wave AC stimulation was lower than that of in square wave AC stimulation, which showed that sine wave AC stimulation had the better oxidation capability of metabolites. The higher TOC removal efficiency in sine wave AC stimulation seemed to confirm this result. On the other hand, the relative abundance of metabolites in biocathode was lower than that of other modes, which the result showed that biocathode had the weak capacity of metabolites degradation. In bioanode, the relative abundance of 4-aminophenol and 3-amino-catechol was lower, but the abundance of 3-oxoadipate and succinate was higher, which indicated that AYR degradation could be due to the cleavage of the benzene ring by anodic oxidation.
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