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S2 Materials and methods
S2.1 Preparation of WO3/MoO3, g-C3N4 and WO3/MoO3/g-C3N4
The synthesis of g-C3N4 was as described by Shi et al. [29]. Briefly, melamine (10 g) was directly annealed at 550 °C for 3 h with a heating rate of 3 °C/min in a muffle furnace. The obtained yellow g-C3N4 sample was grinded into powder for further use. The g-C3N4 photocathode was realized through an impregnation method: The designed amounts of as-prepared g-C3N4 powder (0.5 g, 1.0 g, 1.5 g, 2.0 g) were firstly dissolved in 1000 mL deionized water and ultrasonicated for 10 hours at room temperature. The solution was then centrifuged for 10 minutes at 5000 r/min to obtain the supernatant. The graphite felt (Sanye Co., Beijing, China) with either 2.0 cm × 2.0 cm × 0.25 cm or 2.0 cm × 2.0 cm × 0.5 cm, was immersed in the supernatant for 12 h, and stored in the refrigerator for another 12 h. The graphite felt was finally dried through a vacuum freeze dryer (LGJ-10, Songyuan Huaxing Co., Beijng). The amount of g-C3N4 loaded onto the graphite felt cathode was calculated from the difference between the initial and the residual amounts of g-C3N4 in solution. 
WO3/MoO3 species were in-situ electrodeposited onto the g-C3N4/graphite felt cathode through an electrodeposition method using a mixture of Na2MoO4·2H2O and Na2WO4·2H2O (Tianjin Bodi Chemistry Co., Ltd., analytical pure) as previously described [30-31]. The amount of WO3/MoO3 loaded onto the cathode was estimated from the difference between the initial and the residual concentrations of WO3 and MoO3 in solution.
S2.2 Evaluation of the electrotrophic viability in the presence of the photocatalyst and under light irradiation conditions
Briefly, both the catholyte and the cathode electrode were totally sampled from the reactors at the end of each fed-batch operation. The electrode was peeled off by sonication at a low specific power of 9 J/mL (Bran-sonic CPXH Ultrasonifier) in the catholyte. The solution was then centrifuged and the electrotrophic pellets were re-suspended in a physiological saline solution. An appropriate amount of aqueous propidium iodide was added to the physiological saline solution to reach a concentration of 50 ug/mL. The cells were then cultured at 37 °C for 10-20 minutes in the dark. After rinsing (twice) and re-suspension in physiological saline solution, the electrotrophic cells were quantified using a FD FACSCanto flow cytometer (Bioscience).
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Fig. S1 Comparison of CVs of the WO3/MoO3/g-C3N4 electrodes in the presence (A) or the absence (B) of Serratia marcescens using Pt or carbon rod as a counter electrode.
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Fig. S2 Broad SEM observation (A) on the biotic WO3/MoO3/g-C3N4 electrodes. EDS determination on the sites occupied by WO3/MoO3/g-C3N4 (B) or S. marcescens (C).
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Fig. S3 Acetate production (A), residual hydrogen (B) and photo-response curves (C) under different amounts of inoculated electrotroph (OD600) (WO3/MoO3/g-C3N4: 19.2 (w/w, %); loading amount: 1.43 mg/cm2; cathode thickness: 5.0 mm; inorganic carbon: 2.4 mM; cathode potential: ‒0.6 V; solution conductivity: 5.8 mS/cm).
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Fig. S4 Effect of loading of WO3/MoO3/g-C3N4 on acetate production (A), residual hydrogen (B) and photo-response curves (C) (cathode thickness: 2.5 mm; inorganic carbon: 24 mM; cathode potential: ‒1.1 V; solution conductivity: 103 mS/cm).
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Fig. S5 Effect of ratios of WO3/MoO3 and g-C3N4 on acetate production (A), residual hydrogen (B), photo-response curves (C), and photoluminescence (PL) spectra (D) (cathode thickness: 2.5 mm; inorganic carbon: 24 mM; cathode potential: ‒1.1 V; solution conductivity: 103 mS/cm).
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Fig. S6 Comparison of inorganic carbon consumption in the presence or absence of irradiation light (operational time: 0.5 d).
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Fig. S7 Flow cytometry analysis of live/dead electrotrophs on the cathode of WO3/MoO3/g-C3N4 (A), WO3/MoO3 (B), g-C3N4 (C) or graphite felt (D) in the presence of light, or W/Mo/g-C3N4 in the absence of light (E) upon propidium iodide staining. The control of electrotroph without propidium iodide staining (F) (WO3/MoO3/g-C3N4: 19.2 (w/w, %); loading amount: 1.43 mg/cm2).

[image: image8.jpg]Ry solution and electrode resistance;
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Fig. S8 Equivalent circuits
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Fig. S9 CV test of the abiotic cathodes with or without (control) g-C3N4 or/and WO3/MoO3 deposits in the presence or absence (control) of light irradiation.
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Fig. S10 Comparison of absorbance peak of p-hydroxybenzoic acid in HPLC as a probe of hydroxyl radicals under various cathode electrodes (A), and the established standard curve (B).
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Fig. S11 Comparison of XRD (A) and XPS (B) on the new biotic WO3/MoO3/g-C3N4 cathodes or after 5 cycles operation.
Table S1 Comparative overview of acetate production from inorganic carbon in pure or mixed cultures cathodes of MES in the absence of solar light.

	Cathode electrode
	Separator
	Potential 
(V vs. SHE)
	Current density (A/m2)
	pH
	Conductivity (mS/cm)
	Temperature (°C)
	Substrate
	Electrotroph
	Acetate production rate (mM/d)
	CEacetate
(%)
	Reference

	Graphite sticks
	CEM
	‒0.4
	0.2
	---
	---
	---
	CO2
	Sporomusa ovata
	---
	86
	[1]

	Graphite sticks
	CEM
	‒0.4
	0.01 ~ 0.03
	---
	---
	37
	CO2
	S. sphaeroides; S. silvacetica; Clostridium aceticum; C. ljungdahlii; Moorella thermnocetica
	---
	48 ~ 88
	[2]

	Carbon cloth
	CEM
	‒0.4
	0.7
	---
	---
	25
	CO2
	S. ovata
	0.14
	76
	[3]

	Carbon cloth + Ni
	
	
	3.0
	
	
	
	
	
	0.64
	80
	

	Carbon cloth + Au
	
	
	3.9
	
	
	
	
	
	0.85
	83
	

	Carbon cloth + Pd
	
	
	3.2
	
	
	
	
	
	0.66
	79
	

	Graphite + nickel-nanowire
	PEM
	‒0.4
	8.9
	7.0
	---
	---
	CO2
	S. ovata
	1.13
	82
	[4]

	Graphite
	
	
	1.0
	
	
	
	
	
	0.49
	---
	

	Graphite + nickel nanoparticle
	
	
	1.7
	
	
	
	
	
	0.03
	84
	

	Carbon felt + graphene
	PEM
	‒0.7
	2.5
	---
	---
	---
	CO2
	S. ovata
	2.08
	87
	[5]

	Carbon felt
	
	
	0.4
	
	
	
	
	
	0.31
	77
	

	Reduced graphene oxide + copper
	PEM
	‒1.0
	21.6
	---
	---
	25
	CO2
	S. ovata
	3.53
	70
	[6]

	Carbon felt + iron oxide 
	PEM
	‒0.7
	---
	---
	---
	25
	CO2
	S. ovata
	5.95
	86
	[7]

	Carbon felt
	
	
	
	
	
	
	
	
	1.25
	73
	

	Grapheme +  carbon nanotubes
	CEM
	‒0.6
	0.6
	---
	---
	---
	---
	C. ljungdahlii
	0.26
	83
	[8]

	Grapheme
	
	
	0.5
	
	
	
	
	
	0.17
	82
	

	Carbon nanotubes
	
	
	0.3
	
	
	
	
	
	0.09
	75
	

	Graphite felt
	PEM
	‒0.7
	1.0
	7.0
	---
	30
	HCO3- (4 g/L)
	C. ljungdahlii
	6.67
	53
	[9]

	Graphite granules
	PEM
	‒0.6
	---
	---
	---
	25
	CO2
	Mixed culture
	17.3
	69
	[10]

	Carbon fiber
	CEM
	‒0.4
	0.03
	7.3
	---
	30
	CO2
	Mixed culture
	0.20
	35
	[11]

	Reticulated vitreous carbon + carbon nanotube
	CEM
	‒0.9
	37
	7.0
	---
	35
	HCO3- (0.5-2 g/L)
	Mixed culture
	0.42
	70
	[12]

	Carbon nanotubes on reticulated vitreous carbon
	CEM


	‒0.9
	17.7
	6.7
	---
	35
	HCO3- (1-4 g/L)
	Mixed culture
	1.08
	100
	[13]

	Carbon felt/stainless steel
	AEM/CEM
	‒1.1
	5
	7.7
	---
	21
	CO2
	Mixed culture
	3.4
	70
	[14]

	Carbon felt
	---
	‒1.26
	5
	7.6
	---
	28
	CO2
	Mixed culture
	1.0
	58
	[15]

	Carbon nanotubes on reticulated vitreous carbon
	PEM
	‒1.1 ~ ‒0.5
	34.8
	5.2 ~ 6.7
	---
	35
	HCO3- (1-4 g/L)
	Mixed culture
	1.08
	98
	[16]

	Carbon felt/graphite stick
	PEM
	‒0.8
	10
	7.0
	---
	30
	CO2
	Mixed culture
	6.67
	53
	[17]

	Carbon felt
	CEM
	3.1a
	---
	7.0
	---
	30
	CO2
	Mixed culture
	1.67-2.48
	34
	[18]

	Carbon felt + reduced graphene oxide
	PEM
	‒0.9
	4.9
	7.0
	---
	25
	CO2
	Mixed culture
	1.83 ~ 2.83
	77
	[19]

	Carbon felt
	
	
	3.2
	
	
	
	
	
	
	70
	

	Grapheme + nickel foam
	PEM
	‒0.9
	11.2
	7.0
	---
	25
	CO2
	Mixed culture
	3.11
	70
	[20]

	Nickel foam
	
	
	5.6
	
	
	
	
	
	1.70
	65
	

	Carbon cloth + carbon nanoparticles
	PEM
	‒0.4
	1.0
	7.0
	---
	55
	CO2
	M. thermoautrophica
	0.61
	57
	[21]

	Carbon cloth
	
	
	0.04
	
	
	
	
	
	0.02
	65
	

	Graphite
	PEM
	‒0.6 ~ ‒0.8
	1.5 ~ 39
	7.0
	---
	30
	HCO3- (2.5 g/L)
	Mixed culture
	1.58 ~ 1.70
	---
	[22]

	
	
	
	
	
	
	
	CO2
	
	1.82 ~ 1.90
	---
	

	Graphite plate
	PEM
	1.4a
	0.4
	---
	---
	30
	CO2
	Mixed culture
	1.39
	66
	[23]

	Graphite granules/rod
	PEM
	‒0.6
	---
	---
	---
	25
	CO2
	Mixed culture
	4.00
	67
	[24]

	Stainless steel plate
	CEM
	‒0.7
	1.5 ~ 2.0
	7.1
	103
	30
	CO2
	S. ovata
	14.7
	53
	[25]

	VITO-CoRE®
	PEM
	‒0.6
	0.1
	7.0
	---
	22
	HCO3-
	Mixed culture
	2.33
	56
	[26]

	Granular activated carbon
	PEM
	‒0.8
	4.1
	---
	---
	25
	CO2
	Mixed culture
	2.33
	65
	[27]

	Activated carbon + Mo2C
	PEM
	‒0.9
	5.2
	6.8
	---
	25
	CO2
	Mixed culture
	3.17
	64
	[28]


 a: applied voltage; PEM: proton exchange membrane; CEM: cation exchange membrane; AEM: anion exchange membrane

Table S2 System performance under conditions of various cathode thickness (CT), inorganic carbon (IC) concentrations, cathode potentials (CP), solution conductivities (SC) and initial pHs (WO3/MoO3/g-C3N4: 19.2 (w/w, %); loading amount: 1.43 mg/cm2; inoculum of electrotroph at an OD600 of 0.35).
	Condition
	Acetate production (mM/d)
	Residual H2 (m3/m3/d)
	Acetate-H2 (m3/m3/d)
	H2 production (m3/m3/d)
	NaHCO3  consumed (mM/d)
	Current

(A/m2)
	CEacetate 
(%)
	EIS

	
	
	
	
	
	
	
	
	Rs
	Rct
	Rdif

	NaHCO3: 2.4 mM; CP: ‒0.6 V; CT: 5 mm; pH 5.8; SC: 5.8 mS/cm
	0.83 ± 0.03
	0.001 ± 0.000
	0.08 ± 0.01
	0.08 ± 0.01
	3.88 ± 0.05
	0.7 ± 0.1
	71 ± 2
	15
	38
	1580

	NaHCO3: 24 mM; CP: ‒0.6 V; CT: 5 mm; pH: 5.8; SC: 5.8 mS/cm
	1.80 ± 0.03
	0.001 ± 0.000
	0.18 ± 0.01
	0.18 ± 0.01
	6.62 ± 0.12
	1.1 ± 0.1
	91 ± 3
	14
	41
	449

	NaHCO3: 24 mM; CP: ‒1.1 V; CT: 5 mm; pH: 5.8; SC: 5.8 mS/cm
	2.37 ± 0.07
	0.004 ± 0.001
	0.23 ± 0.02
	0.24 ± 0.02
	7.79 ± 0.19
	1.6 ± 0.1
	88 ± 3
	13
	45
	211

	NaHCO3: 24 mM; CP: ‒1.1 V; CT: 2.5 mm; pH: 5.8; SC: 5.8 mS/cm
	2.60 ± 0.10
	0.006 ± 0.001
	0.26 ± 0.02
	0.26 ± 0.02
	8.17 ± 0.17
	1.7 ± 0.1
	90 ± 4
	8
	36
	80

	NaHCO3: 24 mM; CP: ‒1.1 V; CT: 2.5 mm; pH: 5.0; SC: 5.8 mS/cm
	2.27 ± 0.07
	0.058 ± 0.005
	0.22 ± 0.02
	0.28 ± 0.02
	7.71 ± 0.14
	2.0 ± 0.1
	66 ± 2
	9
	49
	46

	NaHCO3: 24 mM; CP: ‒1.1 V; CT: 2.5 mm; pH: 5.8; SC: 103 mS/cm
	3.10 ± 0.10
	0.002 ± 0.000
	0.31 ± 0.02
	0.31 ± 0.02
	9.14 ± 0.21
	2.5 ± 0.1
	73 ± 2
	5
	32
	30


Table S3 EIS parameters obtained from Nyquist plots and CV data on the biotic or abiotic cathodes (over-potentials for acetate at biotic cathode and hydrogen at abiotic cathode).

	Condition
	
	EIS
	
	CV
	

	
	
	Rs (Ω)
	Rct (Ω)
	Rdif (Ω)
	
	Eonset (V)
	Ep (V)
	Ip (mA)
	Over-potential (V)

	biotic
	WO3/MoO3/g-C3N4
	
	5.1
	32
	30
	
	‒0.31
	‒0.56
	‒0.42
	0.08

	
	WO3/MoO3/g-C3N4, no light
	
	6.5
	43
	33
	
	‒0.32
	‒0.55
	‒0.31
	0.09

	
	WO3/MoO3
	
	4.1
	60
	35
	
	‒0.34
	‒0.52
	‒0.27
	0.13

	
	g-C3N4
	
	3.3
	74
	33
	
	‒0.42
	‒0.51
	‒0.21
	0.21

	
	Bare graphite felt
	
	3.1
	100
	36
	
	‒0.46
	‒0.50
	‒0.18
	0.25

	abiotic
	WO3/MoO3/g-C3N4
	
	3.9
	59
	21
	
	‒0.46
	‒1.20
	‒1.12
	0.12

	
	WO3/MoO3/g-C3N4, no light
	
	4.3
	68
	24
	
	‒0.48
	‒1.20
	‒0.98
	0.14

	
	WO3/MoO3
	
	3.1
	88
	25
	
	‒0.50
	‒1.20
	‒0.89
	0.16

	
	g-C3N4
	
	2.3
	113
	26
	
	‒0.52
	‒1.20
	‒0.57
	0.18

	
	Bare graphite felt
	
	1.9
	127
	30
	
	‒0.54
	‒1.20
	‒0.46
	0.20
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