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Abstract

The potential application of biodevices based onyeratic bioelectrocatalysis
are limited by poor stability and electrochemicatfprmance. To solve the limitation,
modifying enzyme with functional polymer to tail@nzyme function is highly
desirable. Herein, glucose oxidase (GOx) was chasera model enzyme, and
according to the chemical structure of GOx cofadgftavin adenine dinucleotide,
FAD), we customize a biomimetic cofactor containingyl group (SFAD) for GOX,
and prepared an GOx nanocapsule via in-situ polgawgsn. The characterization of
particle size distribution, TEM, fluorescence antbcochemical performance
indicated the successful formation of electroacti®Ox nanocapsule with
SFAD-containing polymeric network(n(GOx-SFAD-PAM)Jhe network can act as
an electronic “highway” to link the active site tikelectrode, with capability to
accelerate electron transfer as well as enhanceds&ility. Further investigation of

bioelectrocatalysis shows that n(GOx-SFAD-PAM)-liaksmsensor has low detection



potential (-0.4 vs. Ag/AgCl), high sensitivity (6% pAmM™*cm?), good
anti-interference performance, quick response5& and excellent stability, and that
n(GOx-SFAD-PAM)-based enzymatic biofuel cell (EBFR3as the high maximum
power density (1011.2hWcm?), which is a 386-fold increase over that of native
GOx-based EBFC (2.62Wcm™). This study suggests that novel enzyme nanocapsul
with electroactive polymeric shell might provide paospective solution for the
performance improvement of enzymatic bioelectrdgsistbased biodevices.
Keywords glucose oxidase; biomimetic cofactor; enzyme rication; enzyme
nanocapsule; glucose biosensor; enzymatic biokl ¢
1. Introduction

During the evolution of nature, a series of impressedox enzymes was
evolved through natural selection, for catalyzingdax reactions(Caruana and
Howorka, 2010; Guven et al., 2010; Wong and Schiartg 2003). Redox enzymes
are also widely used as powerful biocatalysts titdbenzymatic biosensors(B et al.,
2020; Chen et al., 2011; Dhanjai et al., 2020; \\val.e 2018) and EBFCs(Kang et al.,
2019; Mahadevan et al., 2016; Yin et al., 2019)eargoing a bioelectrocatalysis
process(Chen et al., 2020; Karyakin et al., 200dff Rt al., 2020). The natural
structure of redox enzymes is revolutionized tcctress catalyst in specific natural
circumstances, but not to react as biocatalyskeict@chemical conditions. Generally,
their active site (active center) is embedded wtqutive protein shells, which is its
natural advantage to keep specific and stableysagatondition but nearly chemically

insulated(Campbell et al., 2016; Nicolas and MaR019; Wu et al.,, 2017). In



bioelectrocatalysis, however, such protein shalhtgy attenuates the electron transfer
between the active site and electrodes, leadimgdisadvantage for efficiency(Adrian
et al., 2018; Cheong et al., 2018; Xiao et al.,800ther problems might also need
to be fixed, such as how to protect the spatiaicttire of natural redox enzyme, and
how to maintain their catalytic properties in bealocatalysis circumstances(B et al.,
2020; Dhanjai et al., 2020; Moehlenbrock and Mint@®08; Zhang et al., 2017a).
These problems bring a series of troubles in batedeatalysis applications, such as
low sensitivity, slow response and poor stabilityepnzymatic biosensors (Deng et al.,
2014; Ruzgas et al., 2007; Wei et al., 2018), dsagelow power output(Chen et al.,
2015; Huang et al., 2019; Ji et al., 2017) andtdife(Boussema et al., 2018; Panpan
et al., 2015; Yan et al., 2006) of EBFCs.

In the last two decades, to solve these probleesgarchers have been working
on constructing an efficient electron transmissioterface between redox enzyme
and the electrode surface(Scherbahn et al., 20d3g &t al., 2019; Wang et al., 2020).
The main strategy of interfaces design is the natisgn of nanomaterials to modify
the electrode to improve the electron transferitgffleng et al., 2010; Gao et al.,
2010; Han et al., 2015; Zhang et al., 2016). Witk development of nanomaterials,
the performance of nanomaterial-based EBFCs hage beeatly improved(Gao and
Duan, 2015; Jin-Zhong et al., 2003; Qu et al., 2@h&o et al., 2017). However, due
to the defects of the natural redox enzyme, EBRillscannot meet the requirements
of application(Jeerapan and Ma, 2019; Rasmussel.,eR016). Therefore, more

and more researchers began to pay attention terthgme modification to further



enhance the performance of enzymatic bioelectrlysita devices(Caruana and
Howorka, 2010; Guven et al., 2010; Wong and Schwargg 2003). Enzyme
modification was realized through protein enginegri such as chemical
modification(Dong et al., 2018; Minteer et al., B0Murata et al., 2013; Szczesny et
al., 2020), rational design(Courjean et al., 20D@min and Hall, 2009), directed
evolution(Arnold and H, 2018; Arnold, 2018; Ma dt, 2020; Schwaneberg et al.,
2019) and other combined methods. For example, diyposylation of enzyme has
been proved with improved electrochemical perforoean but poor
thermostability(Courjean et al., 2010), while hyglgcosylation strategy usually
obtains improved stability and probably poor electiemical properties(Nicolas and
Mano, 2019). A novel strategy obtaining both eledtiemical and stability properties
is highly desired.

In order to prepare high-performance biosensors emaymatic biofuel cell,
herein we report a rational design of electroacte@ox enzyme nanocapsule with
mediator-containing polymeric network, through iitu spolymerization(Cal et al.,
2014; Zhang et al., 2017c; Zhang et al., 2018pbiained nanocapsule, the polymeric
network acts as an electronic “highway” to link thetive site with electrode, with
capability to accelerate electron transfer betw#®m. To successfully prepare
efficient enzyme nanocapsules, two key points aresidered in the design. Firstly,
such mediator should have similar structure asatofao guarantee a similar redox
potential, which benefits to the electron transteetween cofactor and the

network(Kazarinov et al., 2014; Masuda et al., 200@colas and Mano, 2019).



Secondly, it is better to introduce polymerizabieyl group to mediator, in order to

prepare enzyme nanocapsule through in situ polyagon, which has been proven
as a perfect method to maintain GOx activity as mag possible with enhanced GOx
stability(Li et al., 2015; Wei et al., 2013).

Based on the key points above, we herein select®d & a model redox
enzyme to prepare an efficient GOx nanocapsuleusec&Ox is notoriously difficult
to achieve direct electron transfer between the D the electrode. As illustrated
in Scheme 1, GOx nanocapsule containing electron relay netwergonstructed via
three steps:

Step 1) we refer to chemical structure of the FADBJ designed and chemically
synthesized a biomimetic cofactor monomer contgininyl group (SFAD);

Step 2) the polymerizable GOx was generated byré¢hetion between acrylic
acid N-hydroxylsuccinimide ester (NAS) and aminougy of GOX;

Step 3) the polymerizable GOx reacted with SFAD atietr monomers via situ
polymerization to form electroactive GOx nanocapsul

According to our previous work(Dong et al., 2018arg et al., 2017b; Zhang et
al., 2017c), the GOx nanocapsule prepared viatin{sblymerization can enhance
stability even at harsh conditions because of tbynperic network. Importantly,
SFAD, as a hydrophobic monomer, tends to polymenizbe cavity of GOx, and thus
promote an effective wiring of the GOx active diveelectrode(Huang J and Yiwen

Wang, 2020).
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Scheme 1. A, B) Schematics of SFAD synthesis,

and the prejmaraof

n(GOx-SFAD-PAM) nanocapsules (A) and their Mechiani®r bioelectrocatalysis

(B).

2. Experimental

Full details about the preparation of GOx nanockgssihe construction of GOx

nanocapsule-based biosensor and EBFC, and eleetnicdl testing has been given

in the Supporting Information.
3. Resultsand discussion

3.1. Preparation and characterization of GOx nanusaaes

Detailed process of preparing GOx nanocapsule fsllsvs: side chain on the

2'-C site of Vitamin B2 is firstly oxidized into aldgde group in the action of

periodic acid and sulfuric acid to obtain FMF(Sa&tal.,

2018). Then the aldehyde

group on the product was reacted with the secondanyine group of

N-Methylallylamine (NMAA) to form Schiff base witha followed reductive
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amination using mild reductant NaBEN to obtain SFAD. The products involved in
each step are characterized by nuclear magnetanaese (NMR) spectroscopy
(Supporting InformationfFigures S1, S2, $S4, S5) and Mass spectrometry (MS)
(Supporting InformationfFigure S3, S6), which verified the successful syntheses of
FMF and SFAD. In addition, the redox potential ¢fAB® is close to that of FAD
reported in the literature(Kang et al., 2018), #mel results are shown Figure S7.
After the synthesis of SFAD, the native GOx was cted with the
N-acryloxysuccinimide (NAS) at predetermined matkio (native GOx/NAS = 1:50)
in 0.02M PBS (pH 8.0). After the reaction was oviee excessive NAS was removed
to get the acryloylated GOx, which was furtherhacterized by MALDI-TOF-MS.
The results show that there were an average ofvéwatrylamide moieties on the
surface of acryloylated GOxF{gure 1A). The obtained acryloylated GOx reacted
with SFAD, acrylamide (AAm), (N-(3-aminopropyl) ninetcrylamide (APM) and the
crosslinker (N, Nmethylenebisacrylamide) (BIS) by in situ polymeation method to
form the GOx nanocapsule, n(GOx-SFAD-PAM). Simitathanocapsule without
SFAD is called n(GOx- PAM). The molar ratio of moners (AAm, APM, SFAD and
BIS) were listed inTable S1. Polymerization was initiated by the addition of
ammonium persulfate (APS) and N,NN-tetramethyl-ethylene diamine (TEMED).
As shown in thd=igure 1B, the native GOx shows a size distribution centetediran,
the result is similar to those that have been detlumented(Dong et al., 2018). For
comparison, the size distribution centered of n(&BAD-PAM) is 35 nm,

suggesting that a polymer network successfully faround the enzyme surface. As



shown inFigure S8, spherical nanocapsules with uniform distributioiaoieed from
TEM images, and the TEM results are consistent WighDLS results. According to
the results Kigure 1C), native GOx and n(GOx-SFAD-PAM) have similar
fluorescence emission wavelength. It is mainly tuéhe similar chemical structure
of FAD and SFAD. However, native GOx shows weakifiscence intensity because
FAD is deeply embedded in protein shell. In conir&-AD is distributed on the
periphery of active site, not restricted by proteihell coating, so it shows a
significant fluorescent intensity(Dong et al., 2DIBherefore, the significant increase
of the fluorescence intensity can prove that SFAI3 heen successfully introduced
into n(GOx-SFAD-PAM) and it can freely tumble irethanocapsule. Considering the
results from DLS, TEM, and fluorescence propertilectively, GOx nanocapsule
containing SFAD was successfully prepared.

The stability is an important enzyme function fasddectrocatalysis applications
in various circumstances. Therefore, we conductathildy tests under different
temperature and pH conditions, using native GOxamsparison. As shown in the
Figure 1 D-F, n(GOx-SFAD-PAM) exhibits excellent thermal and ptdbility. After
heat treatments at 60, 70 and 80 °C, rapid declua¢alytic activity was observed on
native GOx, with completely denaturation at 80 YWhile n(GOx-SFAD-PAM)
retained most activity at 60 and 70°C, retainingrenthan one third of activity at
80 °C figure 1D). Both enzymes displayed a maximum activity at5061 At pH 3.0,
however, native one loss only retained 33.3% akiggt while n(GOx-SFAD-PAM)

retained 70.3%HKigure 1E). Furthermore, the encapsulation also can enhdnee



storage stability of enzyme. As presented in Figlife native enzyme was fully
denatured after 30-day storage at room temperatiereas n(GOx-SFAD-PAM)
still maintained 90%. Native GOx is easily denatufeom the unfolding of protein
structure and releasing of FAD, while n(GOx-SFADNPA can prevent such

unfolding and releasing with protective polymerietwork(Ramanavicius et al.,

2012).
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Figure 1. The formation and stability of n(GOx-SFAD-PAM) nacapsules. A)
MALDI-TOF mass spectroscopies of native GOx andylated GOx; B) Size
distribution of native GOx and n(GOx-SFAD-PAM); €Juorescence spectrum of
native GOx and n(GOx-SFAD-PAM); D) Thermo-stabildgmparison of native GOx
and n(GOx-SFAD-PAM). The catalytic activity obtathat 30°C was treated as 100%.
E) pH stability comparison of native GOx and n(GSKAD-PAM). The catalytic
activity obtained at pH=5 was treated as 100%.t6)age stability of native GOx and

n(GOx-SFAD-PAM) at room temperature. The catalgintivity obtained on the first



day was treated as 100%. Data represent mean dasthdeviation (SD) from three
independent experiments.
3.2. Characterization of enzyme-modified electrodes

For bioelectrochemical applications, uniform andab& conductive
nanomaterials films with larger surface area shdaddyenerally needed to improve
the efficient immobilization and utilization of lmatalysts. As shown iRigure S9A,
compared with bare glassy carbon electrode (GCH)graphene oxide (GO)/GCE,
carboxyl Multi-walled carbon nanotube (cMWCNTs)/GQtas a larger response
current. Moreover, cMWCNTs/GCE has the smalRett as can be seen frdangure.
S9B. These results indicate that cMWCNTs/GCE haveebgtérformance compared
to GO/GCE. What is more, the cycle stability of gprepared cMWCNTs/GCE was
detected by the CV for 50 cycles, as showRigure SOC. There was nearly no decay
with the curves, indicating that cMWCNTs can bebktdixed on the surface of bare
GCE.Figure S9D that there is an integrated free-standing three=dsional network
structure with well developed nanoscale pores atctfWCNTs/GCE. The structure
is beneficial to the efficient immobilization of dmatalysts. Therefore, we choose
cMWCNTs/GCE to prepare the enzyme-modified ele@rod

Next, enzyme-modified electrodes were prepared ovotlg reported
method(Kang et al., 2018; Panpan et al., 2015)a{l@et process in Supporting
Information). Enzyme-modified electrodes using n¢(G&FAD-PAM), native GOX
and n(GOx-PAM) was denoted as n(GOx-SFAD-PAM)/cMWIGKGCE, native
GOx/cMWCNTs/GCE and n(GOx-PAM)/ cMWCNTs/GCE, regpesly. The

10



interaction between enzymes and cMWCNTs/GCE wassiinyated through cyclic
voltammetry (CV). As shown ifrigure 2A, there were no redox peak in CVs in
either native GOx/cMWCNTs/GCE or n(GOx-PAM)/cMWCNGELE, however a
specific redox peak in n(GOx-SFAD-PAM)/cMWCNTs/GC&uch results indicate
that no direct electron transfer between electraag native GOx or n(GOx-PAM),
and prove a successful immobilization and electrafg of n(GOx-SFAD-PAM).
Next, surface characteristics of the three enzyrmdiied electrodes were tested by

3/4- as a redox

electrochemical impedance spectroscopy (EIS) viagufFe(CN}]
probe. In order to determine the correspondingteactransfer resistancdr¢d,
curves were fitted via equivalent circuliigure. 2B inset), and the results are shown
in Figure. 2B. The diameter of this semicircular region of Nygjuplots represents
Rct. Compared toRct of cMWCNTsS/GCE [igure S9), Rct of native
GOx/cMWCNTs/GCE, n(GOx-PAM)/cMWCNTs/GCE and
n(GOx-SFAD-PAM)/cMWCNTs/GCE were greatly increased! the specific values
were about 196@, 2330Q and 1070Q, respectively. This is because the protein
shell impedes the redox probe's access to theradiecsurface(Panpan et al., 2015).
More importantly, theRct of n(GOx-SFAD-PAM)/cMWCNTs/GCE is the smallest
one in three enzyme-modified electrodes. As smaket indicates a faster
electron-transfer rate, our result proves that {GBAD-PAM)/cMWCNTSs/GCE is
able to proceed a fast electron transfer, donated the redox activity of polymeric
network containing SFAD. Based on these data, gpothesis is that SFAD might be

able to improve the electron transfer between actite and electrode. Such
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improvement is also proved through enzymatic cttakinetics data. As shown in
Figure 2C, n(GOx-SFAD-PAM) behaved with increaskd; than native GOx (from
763.72 + 10.74 5 to 930.85 + 24.20Y. According to the catalytic mechanism of
GOx (equation 1), a highdg,: proves that SFAD can quickly obtain electrons from
the reduced GOx (FADJHI (equation 2) and accelerate the regeneratiohefQOXx,
further proving an improved electron transfer iG@k-SFAD-PAM).

When glucose was added, a significantly increaséthtion peak current in CV
was observedHigure 2D). The catalytic current produced, resulting fromeguence
of electron-transfer, can be described by equatignsquations 2 and equations 3.
These results demonstrated that immobilized n(GEXEBPAM) maintain excellent
catalytic activity and that the network containi8gAD could effectively shuttle
electrons from the active site of GOx to the elmbtry Combined with the reported
literature(Krikstopaitis et al., 2004) and expenta results Figure S10), we can

infer that mediated electron transfer proceeded ifilya- and intermolecular

mechanism.

GOx(FAD) + glucose — GOx(FADH,) + gluconotone (1)
GOx(FADH,) + SFAD — GOx(FAD) + SFADH, (2)
SFADH, + SFAD < SFAD + SFADH, (3)

The electrochemical properties of the n(GOx-SFADMIAMWCNTS/GCE
were evaluated via executing CVs at different sces.Figure. S11A shows the
redox peak currents clearly increased with increpgiotential scan rate. Moreover,
the redox peak currentt{andlpy) were proportional to the scan rateproving that

12



the electrode reaction corresponds to a surfacwaltead electrochemical process
(Figure. S11B). Then, the stability of the n(GOx-SFAD-PAM)/cMWCN/TCE was
investigated, acting with little decrease of reg@nourrent after 100 cyclé€Bigure.
S11C). Thanks to the high stability of n(GOx-SFAD-PAMjtle decrease of response
current was observed even after storage for 15 ¢(fagsire. S11D), indicating an
excellent stability of n(GOx-SFAD-PAM)/cMWCNTs/GCE.

The excellent performance of n(GOx-SFAD-PAM)/cMWGCMNGCE prompted
us to apply it in biosensors and enzymatic biofcells. Based on the improved
electron transfer and enhanced stability, we canpeex that the
n(GOx-SFAD-PAM)/cMWCNTs/GCE-based glucose biosensas high sensitivity,
good anti-interference performance, quick resparse excellent stability, and that
the n(GOx-SFAD-PAM)/cMWCNTs/GCE-based glucosg/énhzymatic biofuel cell

has high output power and excellent stability.

13
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Figure 2. A) Cyclic voltammograms of n(GOx-SFAD-PAM)/cMWCNTs/G(a),
n(GOx-PAM)/cMWCNTSs/GCE (b), native GOx/cMWCNTs/GCE) in 0.1 M PBS
(pH 7.4) saturated with NB) Nyquist plots of electrochemical impedance spefcira
n(GOx-SFAD-PAM)/cMWCNTs/GCE (a), n(GOx-PAM)/cMWCN/MGCE (b) and
native GOX/CMWCNTS/GCE (c) in 0.1M KCI with 1.0 mMe(CN) ™. Inset:
equivalent circuit used to fit dat@) ke, of native GOx and n(GOx-SFAD-PAMR)
Cyclic voltammograms of n(GOx-SFAD-PAM)/cMWCNTs/GQEN,- saturated 0.1
M PBS (pH 7.4) containing 0.02M glucose (a) or withglucose (b).

3.3. Characterization of n(GOx-SFAD-PAM)-based brsor

The analytical performance of the biosensor wasluated through the
calibration curve. Figure. S12 shows current-time response plot for the
n(GOx-SFAD-PAM)-based biosensor, dealing with sgsbee steps changes of
glucose concentration at a relative low workingeptial of -0.4 V (vs. Ag/AgCl).
The relationship between the electro-catalytic enfrrand the concentration of the

glucose was shown inFigure. 3A. The result demonstrates that
14



n(GOx-SFAD-PAM)/cMWCNTs/GCE-based biosensor hashhsgnsitivity, and that
detection range of the biosensor can be dividea twb sections of 0.1-18 mM and
18-50 mM, both of them showing good linear fithesgh a sensitivity of 63.69
pAmM2em? and 12.23.AmMcm?, respectively. Blood glucose concentration of
healthy people usually range from 4.4 to 6.6 Mm(@enhal., 2014), and the Limit of
Detection(LOD) of our biosensor was calculated ® 13 mM Figure. S12).
Therefore, linear range of our biosensor is capéblmeet quantify at the healthy
blood glucose monitoring. The n(GOx-SFAD-PAM)/cMWTMGCE-based
biosensor also has quick response ability. Aftehesddition of glucose, the response
current can reach equilibrium in about 3-5s. TRiwing to fast electron transfer
donated by SFAD-containing polymeric network.

Moreover, anti-interference ability of biosensorswgested by adding some
endogenous species (such as ascorbic acid (AAgnmime (DA), and uric acid (UA))
during glucose analysis. As shown kingure. 3B, 0.5 mM AA and 0.1 mM DA
showed minor interference to the overall oxidatomrent, with 3.5% and 1.8% in 4
mM glucose, respectively. What's more, 0.5 mM UAdma affects the glucose
analysis. These results demonstrate a strong raetférence performance for
n(GOx-SFAD-PAM)/cMWCNTs/GCE-based biosensor, atirdal from low redox
potential of SFAD as well as low operating potdntigbiosensor(Deng et al., 2014).
The n(GOx-SFAD-PAM)/cMWCNTs/GCE-based biosensoo ashibited excellent
repeatability (five repeated measurements) with\a@rage relative standard deviation
of 2.15% Eigure. 30). Storage stability of the

15



n(GOx-SFAD-PAM)/cMWCNTs/GCE-based biosensor was estigated by an
everyday monitoring of its response current to 4 giMcose. As shown ifigure.
3D, the biosensor maintained 97% of its responseentigven after 15 days’ storage
period. Moreover, we also applied our biosensor dietermine the glucose
concentration of real samples. The results, asdish Table S2, indicate that the
glucose biosensor have excellent accuracy, precisiad recovery, and that it is
capable to test practical sample. The n(GOx-SFAMPAMWCNTs/GCE-based
glucose biosensor prepared in this study has maelent overall performances than
other reported biosensors, comparison data list@@lble S3, largely attributed to the

rational design of n(GOx-SFAD-PAM).
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Figure. 3. A) Calibration curve of the glucose biosend®y Amperometric response

recorded by the n(GOx-SFAD-PAM)/cMWCNTs/GCE-basadsensor in a stirred
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solution to which 0.50 mM AA, 0.10 mM DA, and 0.5MnUA were added,
respectively; C) five repeated measurements for 4mM glucose of
n(GOx-SFAD-PAM)/cMWCNTs/GCE-based biosensor; D) Results of
n(GOx-SFAD-PAM)/cMWCNTs/GCE-based biosensor meagud4mM glucose at
different days. The response current obtained enfitbt day was treated as 100%.

Data represent mean + standard deviation (SD) fhoee independent experiments.

3.4. n(GOx-SFAD-PAM)-based EBFC performance

The performance of the assembled glucose/EBFC by taking the
n(GOx-SFAD-PAM)/cMWCNTs/GCE as the bioanode and thikrubin oxidase
(BOD)/N-cMWCNTSs/GCE as the cathode was further stigated (see details in the
Supporting Information). BOD is often used as dodic enzyme because of its good
capability of direct electronic transfer(Campbetl &., 2016). The open circuit
potential E°P) reached 0.9V, as the shown curve aFigure. 4A. Figure. 4B
presents the polarization curve (a) and power temsirves (b) of EBFC. For the
EBFC, a maximum power densitroax) of 1011.21 pW cthcan be achieved at
0.378 V. ThePmax of it is 386 times that of EBFCs constructedhwnative
GOX/cMWCNTs/GCE  Figure. S13). These results indicate that
n(GOx-SFAD-PAM)-based EBFC has high output powsthviigher theE°® and
Pmax than reported work previously (listedTiable $4). Major reason might be that
network containing SFAD acts as an electronic “higi” to link the electrode and
the GOx active site, and accelerate electron tearsftween them.

As GOx is usually easy to lose activity, lifetimesEBFCs is relatively short
(typically 8 hours to 7 days)(Moehlenbrock and Mar 2008). While the

n(GOx-SFAD-PAM)/cMWCNTs/GCE showed desired stafilitvith 94% Pmax
17



retaining (curve b irigure. S14) after storage for 15 days. The potential valughef

EBFC as a power source was also studied. Two EBFE&sonnected in series, and its
E°P andPmax reach 1.8 V and 2001.08 uW énrespectively, as shown curve b in
Figure. 4A and curves b irFigure. 4C. A red LED could be lighted by the two
EBFCs connected in serieBiqure. 4D), suggesting a potential application of this

EBFC as a power source.

A B
e
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e-2 E 600 3
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Figure. 4. A) Time course ofE°® for a single EBFC (a) and for two EBFCs
connected in series (IB) The polarization curve (a) and power density csirfi® for

a single EBFC on the first da.) Polarization curves (a) and power density curves
(b) of two EBFCs connected in seri€y. A red LED was lighted by two as-prepared

EBFCs connected in series.

4. Conclusions

We designed and synthesized a novel biomimeticctmfanonomer SFAD, and
successfully prepared an electroactive enzyme m@gusote n(GOx-SFAD-PAM) via

in-situ polymerization. The SFAD-containing polyntenetwork can promote an
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effective wiring of the GOx active site to electeoand significantly enhance stability
of the GOx. Based on these advantages, n(GOx-SE¥DHPase biosensor displays
high sensitivity, good anti-interference performanand excellent stability.
n(GOx-SFAD-PAM)-based EBFC has the high maximum ¢rowdensity (1011.21
uWem?), which is a 386-fold increase over that of nat¥®x-based EBFC (2.62
uWem?). Moreover, a red LED could be lighted by the two
n(GOx-SFAD-PAM)-based EBFCs connected. This wodvgles a new approach for
building an effective interface for transferring@irons and improving performances
of enzymatic bioelectrocatalysis-based biodevices.
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Highlights

To mimic the structure of glucose oxidase (GOx)actdr (flavin adenine
dinucleotide, FAD), a biomimetic cofactor contamiminyl group (SFAD) was
customized.

Electroactive = GOx nanocapsules with  SFAD-containingolymeric
network(n(GOx-SFAD-PAM)) were synthesized via itugpolymerization.

SFAD containing electroactive polymeric network astan electronic “highway”
to link GOx active site to electrode, resultingfast electron transfer as well as
enhanced GOx stability

The n(GOx-SFAD-PAM)-based biosensor has low deiactpotential, high
sensitivity, good anti-interference performance arcellent stability.

The n(GOx-SFAD-PAM)-based enzymatic biofuel ceklgied 385-fold greater

power density compared to native one.



