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Preparation of graphene oxide (GO) and graphene (Gr): We synthesized Gr using modified hummers
method as described in our previous work.*" In brief; 1 g graphite powder was added to 3 g of NaNO; and 25 ml
of concentrated H,SO, in an ice bath. Then, 3 g KMnO, was gradually added at 15 min under stirring. The
mixture was stirred for 2 h at ambient temperature and then diluted with DI water and stirred for 30 min. After
that, 5% H,O, was added into the solution until the color of the mixture changed to yellow, indicating that
graphite is fully oxidized. The as-obtained graphite oxide slurry was re-dispersed in DI water and then exfoliated
to generate graphene oxide nanosheets using a bath ultrasonic. The mixture was then filtered and washed with
diluted HCI solution to remove metal ions. Finally, the product was washed with DI water to remove the acid.
Afterwards, the graphene oxide nanosheets have been reduced by hydrazine. In a typical process, 50 mg of
obtained solid product were redispersed in 20 ml of H,O via ultrasonication. Then 100 mg poly (sodium 4-
styrenesulfonate) (PSS, (CgH;NaOS),, Mw = 70,000) and 2.5 ml hydrazine (NH,NH,) were added into the GO
dispersion. After stirring for 30 min, the mixture was transferred to a Teflon lined autoclave and held in an oven
at 110 °C for 1 h. During the hydrothermal reaction, graphene oxide reacted with PSS and was simultaneously

reduced by hydrazine to graphene nanosheet-PSS (GNSs-PSS). The product was centrifuged and then washed



with DI water and ethanol to remove the unreacted PSS surfactant. The final product was dried in a vacuum oven

at 60 °C.

Table S1: The onset potential and current density for ORR at different LC-based modified electrodes

Onset potential/ V, vs.

. . )

Electrode material Ag/AGCI Current density (mA cm™) Ref.
a 1 1 —|

C." unicolor LC/CNP in sol-gel 0.575at pH 4.8 0.095 at 0.0 V 52

silicate film on ITO

C. unicolor LC/ Anthracene modified

SWCNT 0.612 at pH 5.2 0.246at 0.2V S3

C. unicolor LC/pyrene/vertically

aligned CNT 0.600 at pH 4.8 0.400 at 0.4 V S4

T.? hirsuta LC/Au NP/Au 0.65at pH 4 0.0lat0.2V S5

T. hlrguta LC/phenol derivatives/ 0.60 at pH 5.1 0.5at 0.2V S6

graphite

T. hirsuta Laccase covalently on Au 0.65 at pH 4.2 0.04at 0.2V S7

;.uverswolor LC/ Anthracene-2-methanethiol- 0.91 at pH 4.0 0.025 at 0.23 V S8

T. versicolor LC/Anthracene -MWCNTS 0.62atpH 4.5 0.14at0.2V S9

Cerrena maxima LC/carbon nanoparticles 0.74atpH55 0.044at 0.0V S10

T. versicolor LC/MWCNT/Polypyrrole- 0.6 at pH 5.0 1.85 at 0.0 under O, purging S11

pyrene/LC

T. versicolor LC/MWCNT/pyr-(AQ).° 0.6lat pH5 0.8at0.2V S12

T. hirsuta LC/anthraquinone-3D-CNT 0.5atpH 5 0.4at0.2V S13

T. hirsuta LC/nanoporous Au 0.65at pH 4.0 0.028 at 0.2V S14

T. versicolor LC/PBA-amino-CNTs-Gr 0.64inpH5 0.8at0.3V This work

% Cerena, b Trametes, “1-[bis(2-anthraguinonyl)aminomethyl]-pyrene



Koutecky-Levich plots: The current signals were analyzed in accordance to the Koutecky—Levich plots.
Extrapolating to the intersection with the y-axis, when ® — o and 1/J — 0, the limit current can be found form

the enzyme kinetics. For the proposed modified electrode the obtained Je, value was 1.92 mA cm?.
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Figure S1: Koutecky-Levich plots from the RDE analysis for the LC/PBA-amino-CNT-Gr modified electrode at different

points of plateau region.



Study of the pH effect and the stability of modified electrode over time: The catalytic activity of LC/amino-
CNTs-Gr-based electrode was examined at three different pHs near to the physiological condition (5.0, 6.0 and
7.0). As can be seen in Figure S2, at all conditions, the modified electrode shows a superior biocatalytic activity
toward ORR, but at pH=5 provides highest biocatalytic activity toward ORR which at plateau region the current
density increases up to 0.8 mA cm™. By increasing the pH values up to 7.0, the current density slightly decreases
to 0.33 mA cm?, indicating the highest catalytic activity of LC in slightly acidic pHs. Among them, we selected

the pH=5 to study all other biocompatibility and biocatalytic activity.
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Figure S2: Recorded CVs from LC modified electrode in N, saturation condition (a) and O, saturation condition in pH=7

(b), pH=6 (c) and pH=5 (d).



The modified electrode exhibits preferable stability over time where, after 4 days from the first application, a
little depletion, about 7% in the catalytic current is observed (Figure S3A). Moreover, the continuous
biocatalytic activity of the modified electrode was examined using choronoamperometry technique. As shown in
Figure S3B, with the passage of time the depletion in the current density is not seen over ~4 hours. This results

show good stability of the LC-based electrodes.
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Figure S3: A) Recorded CVs of the LC/PBA-amino-CNT-Gr under O, saturation condition in the first application
(smoothed line) and after 4 days (dotted line). B) Choronoamperogram obtained by LC/PBA-amino-CNT-Gr modified

electrode under O, atmosphere during continues 4 hours.
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