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Section I 

Figure S1 Electropolymerization CV at a scanning speed of 50 mV/s for 1 mM 

riboflavin in 0.1 M PBS solution with the addition of 0.15 M NaCl (pH 7.0). Arrows 

show the direction of peak the changes during the potential cycling.  
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Figure S2 Presentation of possible bonding mode of polyriboflavin. The possible 

bounds are highlighted by red dotted box. R is for D-ribityl. It was redrew according 

to a previous report (Radzevic et al., 2016). 
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Figure S3 The fourier transform infrared (FTIR) spectra (A) and Raman spectra (B) of 

the PRF@CC-30 electrode, CC electrode and pure riboflavin.
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Figure S4 The SEM images in different resolution of polymerized riboflavin thin film 

on carbon fiber. 

Figure S5 Schematic diagram of redox reaction between quinone form and 

hydroquinone form of riboflavin. R is for D-ribityl. It was redrew according to 

a previous report (Chatterjee and Foord, 2009). 
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Figure S6 The four-cycle output voltage of the MFC equipped with PRF@CC-30 

anode. 

Table S1 Summary of the recently reported performance of MFCs inoculated with 

Shewanella species under similar operating conditions.

Electrode Inoculum 
Power density 

(mW/m2) 

Magnification 

factor 
Reference 

CC (carbon cloth) 
S. putrefaciens CN32

164 
This work 

PRF@CC-30 707 4.31 

CF (carbon felt) 
S. putrefaciens CN32

215 (Zou et al., 

2017) Mo2C@CF 1025 4.77 

CC 
S. putrefaciens CN32

127 (Wu et al., 

2018) PC/Si/CC 580.7 4.57 

CC 
S. loihica PV-4

98 (Liu et al., 

2015) PEDOT/CC 140 1.43 

CC 
S. oneidensis MR-1

51.5 (Liu et al., 

2017) PANI/CC 388.6 7.5 

GP (graphite paper) 

S. oneidensis MR-1

41 

(Wang et al., 

2017) 
GP/RF 148 3.6 

GO/RF 257 6.3 

CF 
S. oneidensis MR-1

190 (Hasan et 

al., 2017) NQ-LPEI/CF 530 2.79 



Section II: Polyriboflavin interface on graphene modified CC electrode 

The role of polyriboflavin interface in microbial electrocatalysis was further 

investigated on a graphene modified CC (G/CC) electrode prepared by a facile two-

step electrochemical deposition. The electrochemical deposition of graphene onto CC 

electrode was carried out in a two-electrode electrochemical cell with a platinum sheet 

as the counter electrode and 0.2 mg/mL graphene oxide (GO) solution as the 

electrolyte. According to a previous report (Liu et al., 2012), the negative-

charged GO was electrophoretically transported onto CC electrode surface by using 

0.3 mA/cm2 anodic current for 15 min, followed by 0.6 mA/cm2 cathodic current for 

90 s to reduce GO to graphene (Figure S7). The modification of G/CC electrode 

with polyriboflavin was also obtained through the same electropolymerization 

procedure as PRF@CC electrodes, but with different CV cycles from 30 to 60. The 

prepared electrodes were designated as PRF@G/CC-30, PRF@G/CC-40, PRF@G/

CC-50 and PRF@G/CC-60, respectively.  

As shown in Figure S8, the G/CC-base MFC delivered a much larger output voltage 

(over 0.2 V) than that of CC-based MFC, which is in good agreement with a previous 

study (Liu et al., 2012). More impressively, the MFC output voltage still achieved an 

increase to a great extent with the help of the interfacial functionalization of G/CC 

electrode with polyriboflavin, accompanying with a faster start-up rate. Furthermore, 

all the polyriboflavin-functionalized G/CC electrodes also showed much higher current 

densities and faster start-up rate than the G/CC electrode in three-electrode 

electrochemical cells where the working electrodes under a fixed potential of + 0.2 V. 

Compared to the G/CC electrode, the PRF@G/CC-50 electrode a more favorable 

driving force and faster EET speed in three-electrode half-cell reactor (Figure S9). In 

addition, the polyriboflavin functionalized G/CC electrode also achieved a great 

enhancement on cathodic fumarate reduction in comparison with the G/CC electrode 

(Figure S10). These results substantially demonstrated the promising potential of 

electropolymerized riboflavinint erface in interfacial functionalization of different 

carbon electrodes for boosting both anodic and cathodic bioelectrocatalysis 

performance. 
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Figure S7 The constant-current electrochemical deposition of graphene onto CC 

electrode in a two-electrode cell (A) and the SEM image of prepared G/CC electrode 

(B). 
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Figure S8 The output voltage curves of MFCs equiped with different anodes under a 

external load-resistance of 1500 Ω (A) and the amperometric I-T curves of different 

electrode posited at a potential of + 0.2 V in three-electrode cells (B). 
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Figure S9 The CV curves of PRF@G/CC-50 electrode and G/CC electrode under either 

turnover condition (substrate consumption) or non-turnover condition (substrate 

deleption) (A), and the corresponding first-order derivatives (B) in three-electrode cells. 

Note: CVs of both two electrodes showed remarkable current response with two-pair 

obvious redox waves under the turnover condition but negligible response under the 

non-turnover condition, indicating the bioelectrocatalytic activity towards lacate 

consumption. Obviously, the CV of PRF@G/CC-50 electrode exhibited much higher 

bioelectrocatalytic current density with more negative on-set potential compared to the 

G/CC electrode, which suggests a more favorable driving force and faster EET speed. 

Additionally, compared to the G/CC electrode, the PRF@G/CC-50 electrode showed 

similar but larger redox waves under the turnover condition in the potential range of 

higher than – 0.55 V, as shown in the corresponding first-order derivative curves. The 

above results are in good agreement with that of polyriboflavin functionalization of CC 

electrode. 
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Figure S10 The bioelectrocatalytic fumarate reduction for the PRF@G/CC-50 and 

G/CC electrodes in three-electrode cells. (A) Amperometric I-T curves where 

electrodes were poised at – 0.6V and 20 mM fumarate was added after 30 min, (B) CV 

curves of fumarate responses for different electrodes and inoculums (dashed line, no 

addition; solid line, 20 mM fumarate). 
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