Effect of Treatment on Electron Transfer Mechanism in Microbial Fuel Cell
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Figure S1 (a) Experimental MFC set-up and (b) and (c) Schematic representation of MFC set used for this study.
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Figure S2  Inoculation and bifurcation of MFC set used in this study

The Figure S2 describes the bifurcation of different MFC set-ups. The parent sets were inoculated with treated and untreated sludge samples. These parent sets were allowed to grow for a considerable time span. The parent sets were bifurcated after they achieved a stable current generation. The bioelectrochemical studies of the parent sets were done before any bifurcation. Through all the experiments anolyte, catholyte, anode, cathode and connecting wire material, Nafion membrane was kept similar. The anaerobic conditions were maintained consciously. For all the power density results the reading of first feeding cycle were omitted as they were always at a higher magnitude value. This must have happened due to initial hours of change in open circuit condition to close circuit condition.
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Figure S3 Open circuit potential (OCP) recorded for separated sets with respect time before converting the sets to close circuit.
The Figure S3 represents the open circuit potential (OCP) of all bifurcated MFC sets. The OCP was measured after every two hours for duplicate sets. The data represented here is an average of duplicate sets. The remaining two sets were used for SEM and other biological analysis. 
  Table S1 Different analysis and analysing conditions applied for different MFC reactors.
	Reactor
	Analysis
	Conditions
	Anode
	Anolyte

	MFC- Th, MFC-B1 and 

MFC-B2
	Voltage and current measurement. 

Polarisation analysis.

Electrochemical analysis (CV). 
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Anode with biofilm
	Anolyte with planktonic microbial culture

	Th-Anode, B1- Anode and 

B2- Anode
	Voltage and current measurement.

Polarisation analysis.
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Anode with biofilm
	Anolyte without  planktonic microbial culture

	
	Electrochemical analysis (CV and Impedance).
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	Anolyte without any  planktonic microbial culture

	Th-Anolyte, B1- Anolyte and 

B2- Anolyte

	Voltage and current measurement.

Polarisation analysis.
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Anode without biofilm
	Anolyte with  planktonic microbial culture

	
	Electrochemical analysis (CV and Impedance).
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	Anolyte with  planktonic microbial culture

	Cell pellet of respective anolyte

	Electrochemical analysis (CV and Impedance).
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Anode without  biofilm
	Anolyte with cell pellet of  planktonic microbial culture

	Liquid supernatant of respective anolyte
	Electrochemical analysis (CV and Impedance)
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Anode without biofilm
	Anolyte devoid of microbial cell culture 


The SEM images in Table S1 are only used as a representative of anode biofilm conditions; they are not related to reactors directly. The three electrode system was used for few analyses to avoid the interference of other parameters like anolyte, catholyte, anode and cathode with respect to the analysis in interest. 
A control reactor without any microbial inoculation was used for first phase of CV analyses comparison, where as for second and third-phase a three electrode control assembly (without any microbial inoculation) was used for comparison.
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Figure S4 Comparative voltammograms for different MFC reactors; Phase I (a) untreated inoculum (MFC-Th), (b) Fe (III) treated inoculum (MFC-B1) and (c) fumarate treated inoculum (MFC-B2)

Table S2 Impedance data generated from EIS analysis of separated anode MFC reactor
	Microbial inoculation
	R1 (Ω)
	R2 (Ω)
	R3 (Ω)
	Scheme selected for circuit simulation (as shown in Figure 5)
	Error in curve fitting

	Control
	14.77
	1291
	*
	Scheme A
	0.1453

	Th-Anode
	1.98
	13.23
	59.38
	Scheme B
	0.0810

	B1-Anode
	1.44
	10.08
	24.50
	Scheme B
	0.0661

	B2-Anode
	7.026
	8.265
	64.34
	Scheme B
	0.1040


* (The component was not applied in the electrical circuit as per the respective nyquist diagram)

Table S3 Impedance data generated from EIS analysis of separated anolyte MFC reactors

	Microbial inoculation
	R1

(Ω)
	R2 

(Ω)
	R3

 (Ω)
	Scheme selected for circuit simulation (as shown in Figure 5)
	Error in curve fitting

	Control
	18.17
	449.10
	*
	Scheme A
	0.7416

	Th-Anolyte
	0.001
	10.65
	585.80
	Scheme C
	0.1935

	B1-Anolyte
	0.55
	21.65
	970.60
	Scheme C
	0.0205

	B2-Anolyte
	0.001
	8.46
	280.70
	Scheme C
	0.0210


* (The component was not applied in the electrical circuit as per the respective nyquist diagram)

Table S4 Impedance data generated from EIS analysis of separated anolyte in two different forms
	Microbial inoculation
	R1

(Ω)
	R2 

(Ω)
	R3

 (Ω)
	Scheme selected for circuit simulation (as shown in Figure 5)
	Error in curve fitting

	Th-Cell Suspension
	0.98
	17.91
	88.30
	Scheme C
	0.0810

	B1-Cell Suspension
	1.01
	24.22
	316.00
	Scheme C
	0.0500

	B2-Cell Suspension
	1.49
	21.08
	89.78
	Scheme C
	0.0472

	Th-liquid Supernatant
	0.54
	17.76
	102.30
	Scheme C
	0.0955

	B1-liquid Supernatant
	1.11
	8.981
	916.10
	Scheme C
	0.0191

	B2-liquid Supernatant
	0.49
	11.82
	99.94
	Scheme C
	0.0960


The electrical circuits used had ohmic resistance (R1), a set of parallel resistance (R) -constant phase element (CPE) (R+CEP, as capacitor element) connected in series representing a charge transfer (CT) process and W (warburg impedance) was used to analyse diffusion resistance in the anolyte (Figure 5) In accordance with Scheme B and Scheme C (Figure 5) two CT were considered on each step of electron/charge transfer namely CT1 (R2+CPE) and CT2 (R3+CPE).
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 Figure S5 Optical density at 600 nm and power density of all separated sets with respect to time for three feeding cycles. (a), (b) and (c) parent MFC sets MFC-Th, MFC-B1 and MFC-B2 respectively. (d), (e) and (f) separated anode sets Th-Anode, B1-Anode and B2-Anode respectively. (g), (h) and (i) separated anode sets Th-Anolyte, B1-Anolyte and B2-Anolyte respectively. 
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Figure S6 Phylogenetic tree based on the 16S rRNA for isolate B2A1. The tree was constructed using neighbour-joining method.  Numbers at internodes indicate bootstrap values (100 replications).  
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Figure S7 Phylogenetic tree based on the 16S rRNA for isolate SW. The tree was constructed using neighbour-joining method.  Numbers at internodes indicate bootstrap values (100 replications).
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Figure S8 Phylogenetic tree based on the 16S rRNA for isolate BR. The tree was constructed using neighbour-joining method.  Numbers at internodes indicate bootstrap values (100 replications).
Statistical Analysis

All the experiments were run in duplicates. Three readings for current and voltage were taken for each set at respective time interval. The electrochemical analyses were also performed in same manner. 

Statistical analysis revealed no significant difference between the duplicate set-ups (p value>0.05).

Example of ANOVA Hypothesis testing (Th duplicate set at 48 hours) at 95% significance level.

  Table S5 Example of ANOVA test for experimental replicates 

	ANOVA
	
	
	
	
	

	SUMMARY
	
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	Th a1 (mW/m3)
	3.00000
	9.37500
	3.12500
	0.00000
	
	

	Th a2 (mW/m3)
	3.00000
	9.23900
	3.07967
	0.00225
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	0.00308
	1.00000
	0.00308
	2.74584
	0.17285
	7.70865

	Within Groups
	0.00449
	4.00000
	0.00112
	
	
	

	
	
	
	
	
	
	

	Total
	0.00757
	5.00000
	 
	 
	 
	 


(a)





(b)





(c)








