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Abstract

Glucose oxidase (GOx) based biosensor is an eféectiethod to determine
glucose level. However, the biosensors embeddeld high electroactive species
suffered fromhigh background signal levels, which leading tatige low sensitivity
for glucose sensing. In this work, a novel 3D netwvmaterials based glucose
biosensor with low background signal was constadjctehich demonstrated high
sensitivity and selectivity towards glucose asstgre, the combination of ionic liquid
modified graphene sheets (GS-IL) and Au nanoroda (#Rs) acted as high
electroactive catalyst, and thiol-containing sils@-gel served as an nonconductive
matrix to self-assembly of GS-IL and Au NRs to fothe three-dimensional (3D)
network materials. Meanwhile, the doping amounttieé sol-gel had significant

influences on electrochemical performance of the 3ietwork materials



based biosensor. As a result, optimized 3.75 %mndpBD network materials were
selected to construct the glucose biosensor, waitthbited low background signal
and high sensitivity. This biosensor was succelysfapplied in monitoring the
glucose levels of serum and brain microdialysatees.

Key Words:. low background, glucose biosensor, 3D network gebl-

1. Introduction

Glucose, one of the most important energy substnatiee brain, plays a crucial
role in wide spread disease of the peripheral amdral nervous systems as well as
cardiovascular disease, nephropathy, retinopathy 4|l Therefore, there are
continuous interests to develop technically insginto glucose’s level involved in
biosystem.

GOx based electrochemical biosensors have beensextdy exploited in the
past year, owing to their low-cost, high sensihand potential for real time and in
situ detection [3-6]. Other than GOx as the speaificognition unit, an excellent
biosensor also embeds highly electroactive spesdbe electron transfer unit. As is
to all, Au nanopatrticles is very common in molec@ansing applications, while other
gold nanocrystals such as Au NRs have been leskewmbred especially its
electroactivity in spite of the fact that they haseveral advantageous features over
the spherical gold nanoparticles [7, 8]. Yet usisiggle gold nanocrystals as
biosensors is problematic because of their inctergisignal amplification [9]. The
discovery of GS in 2004, added a new dimension lézt®chemical biosensor
research due to the high conductivity, large serfaea, good biocompatibility and
high electron transfer rate of GS [10-12]. Moreowenas been verified that the use of
GS can avoid the problems associated with singlé ganocrystals [13]. Numerous
reports have demonstrated that the biosensors lasdalS/Au hybrids are highly
electroactive within an electrochemical potentiahdow [14-15]. Although these
biosensor exhibited strong voltammetric respontseiy tbbackground signal levels are
easily affected by electroactive interfering specleading to relative low signal-noise
ratios [16]. Therefore, nonconductive material sashchitosanpolyethyleneimine
and cyclodextrin were commonly doped into GS/Auriddto reduce its background
signal, thus contributing to glucose biosensor$ Wigher signal-noise ratios [17-20].

Sol-gel with tunable porosity, high thermal stakjlichemical inertness, is



another alternative matrix, attracting particuldeiation for biosensor fabrication [21].
It can effectively shield electronic turbulence dmehce decrease the fluctuation of
background current [22]. The three-dimensional (38lica sol-gel network,
discovered by Dong group [23], not only provideS[ structure to increase the
enzyme and biomolecules loading, but also fadcdgathe anchoring of gold
nanocrystals through Au-S bonds inside of the nkwa4]. Thus, the 3D silica
sol-gel was a good choice to improve the high bemkgd signal obtained by GS/Au
hybrids.

Herein, we first employed GS-IL/Au NRs nanocomp®git construct glucose
biosensor, which displayed an ultrahigh backgroomide. Then the silica sol-gel was
used to self-assembly of GS-IL/Au NRs, forming 8i2 network materials. With the
increasing doping percentage of the sol-gel, the éwork materials exhibited
decreased background noise and response currena éesult, the 3D network
materials with 3.75% sol-gel doping based bioserssuperior in terms of having a
much lower background response and better sigAahtkground ratio, which
exhibited high sensitivity, low detection limit, g selectivity. The novel 3D network
materials is a promising matrix to fabricate bicsmmwith high performance, which

was successfully applied in actual glucose samples.

2. Materialsand Methods
2.1. Materials and reagents

1-Methylimidazole (99%), (3-mercaptopropyl) trimexdy silane (MPTMOS,
95%), Glucose oxidase type VIl (GOx, 136000 unjt&@ 1.1.3.4. from aspergillus
niger), nafion (5 wt %), norepinephrine hydrochiieri (NE, 97%), epinephrine
hydrochloride (E, 98%), 3-methyldopamine hydrocider(3-MT, 99%) and bovine
serum albumin (BSA, 98%) were purchased from Sigddaich (USA). Flake
graphite (Asbury Carbons, 230U Grade, High Carboatuhil Graphite 99,
5-hydroxytryptamine (5-HT, 99%), uric acid (UA, 99%nd dopamine (DA, 99%)
were from Alfa Aesar. All the amino acids includiteyicine (Leu), threonine (Thr),
histidine (His), serine (Ser), glutamate (Glu),aghe (Gly), tyrosine (Tyr), tryptophan
(Trp), arginine (Arg), and methionine (Met), hydewsg tetrachloroaurate hydrate,



HAUCl,-4H,0 (99.9%), hexadecyltrimethylamm-onium bromide (GTA99%),
sodium borohydride (96%), ascorbic acid (AA, 99.7%JNO; (99.8%), HO, (30%)
was purchased from Sinopharm Chemical Reagent QGhyl Eacetate (99.5),
N,N-dimethylformamide (99.5%), glucose and lactétac) were from Shanghai
Titan Scientific Co. 2-Bromoethylamine hydro-bromi(®8%), sodium citrate (98%),
glutaraldehyde (25%) were from Adamas-beta. Seramptes were from healthy
volunteers provided by local hospital (Xiangtan €a&lnHospital). The solutions of
metal ions were prepared from their chloride saith double distilled water. All the
reagents were of analytical grade and used witlurthher purification. aCSF was
prepared by mixing NaCl (144 mM), KCI (2.7 mM), Na&, (1.75 mM), MgC} (1
mM), NaHCGQ (2.5 mM), and CaGl(1.75 mM), then the pH value was adjusted to
7.4 with NaOH. All aqueous solutions were prepaméti doubly distilled water.

2.2. Apparatus

The morphology of Au NRs, GS were examined usingE®L 2100F field
emission transmission electron microscopy (FE-TEMNV-vis—NIR absorption
spectra of the Au NRs solutions were collectedgisiPerkin EImer LAMBDA 1050
spectrophotometer. Raman spectra were obtained od-Ya T64000 Raman
spectrometer with 514.5 nm wavelength incidentriight. The XRD patterns were
collected on a Bruker D8 ADVANCE instrument usingi-Ko radiation. All the
electrochemical experiments were performed on CHODB electrochemical
workstation (Shanghai Chenhua Instruments, Chikaonventional three-electrode
system (Shanghai Chenhua Instruments, China) frelbctrochemical experiments
composed of a platinum wire as counter electrodéAg@AgCl electrode as reference
electrode, and a modified glassy carbon (GC, 3 mlentrode as working electrode.
All the current-time curve was collected at thegmbial of -0.2 V. LSV parameters
were selected as follows: scan rate of 100 mVis\péa interval of 1 mV, potential
range from 0.4 V or 0.2 V to -0.6 V. In situ momitw of the dissolution behaviour of
Au nanoflowers (Au NFs) during potential cycling @5 M HSO, was monitored

through cyclic voltammograms (CV) measurement. Seaige: —-0.5 to 1.5 V, scan



rate: 100 mV/s.
2.3. Fabrication of GC/Au NFS/GS-IL-Au NRs (sol-gel)/GOx biosensor

The fabrication process was depicted in schemerdtlyi- Au NRs with tunable
plasmonic peaks were prepared from a modified t&p-growth method following
the previous literature [25Considering co-fabrication of negative charged Gx
3D network materials, here we employed the positieharged GS-IL which was
verified as a promising material for GOx immobitioa before [26]. The thiolated
aqueous sol-gel was prepared according to thequsvViterature [23, 24]. All of their
synthesis procedure was briefly described in ESiiRed suspension was prepared
by adding sol-gel solution (OL, 1 pL, 2 uL, 3 pL, 4 uL, 5.5puL to 11.5ulL) into 40
uL GS-IL and 40uL Au NRs suspension, which respectively denoted8slL-Au
NRs (sol-gel 0%, 1.25%, 2.5%, 3.75%, 5%, 6.25%5%3).

Prior to surface modification, the glassy carboacebde (GC, 3 mm) was
polished with 0.05um alumina followed by sonication in HN(1:1, v/v), NaOH
(50%, wi/w) and pure distilled water. First, the ostnuctured Au NFs were
electrochemically deposited on the GC electrodenfemueous solutions of 0.5 M
H,SO, containing 20 mM HAuGIby applying a potential of —0.2 V for 60 s. The Au
NFs electrodeposited electrode was denoted as GGl electrode. L of the
above mixed suspension GS-IL-Au NRs (sol-gel 0925%, 2.5%, 3.75%, 5%,
6.25%, 12.5%) were casted on the GC/Au NFs eleetredpectively, and denoted as
GC/Au NFs/GS-IL-Au NRs (sol-gel 0%, 1.25%, 2.5%/¢%8%, 5%, 6.25%, 12.5%)
electrodes. After drying and washing thoroughlyud 0of GOx solution (10 mg/mL)
was incubated on the modified electrodes in a vacuwwen for 30 min. Finally,
glutaraldehyde steam was used to trigger the enégsd) reaction and a thin film of
0.5% nafion solution was coated. The resulting QC/NFs/GS-IL-Au NRs

(sol-gel)/GOx biosensor was stored at while not in use.
2.4. Animal experimentsand real sample measurements

The experiments involving animals were conducteth wihe approval of the

Animal Ethics Committee in East China Normal Unsmir Male Sprague—Dawley



rats (200—-300 g) were anesthetized by chloral hgdiaitial dose of 300 mg/kg (i.p.)
with additional doses of 50 mg/kg (i.p.) as needednaintain anaesthesia), and
wrapped in a homoeothermic blanket (69000 Seriesp&eature Controller, WRD
Life Science, Shenzhen, China) to keep the bodyé¢eature at 37C. The rat was
placed on a stereotaxic frame (WRD Life Sciencegn2hen, China) with the incisor
bar set at 5 mm above the interaural line and gpjaiely placed holes were drilled
through the skull. The microdialysis probe (CMAl1&witzerland) was implanted
into the striatum (2.5 mm anterior of bregma, 215 tateral of midline), and lowered
to 7 mm beneath the surface of the brain. In otdeeduce the injury of the rat, the
microdialysis probe was carefully implanted inte tstriatum of rats within 30 min.
After continuous perfusion for 30 min with aCSFuwmn, the microdialysis system
started to collect microdialysates at a rate ofi2/nin for 3 hours as the real sample

for glucose determination.

3. Resultsand discussion
3.1. Characterization of GS-IL, Au NRs

As illustrated in Scheme 1, positively charged GSmas used to provide a
universal environment for GOx immobilization thréuglectrostatic interactions.
First, the size and morphology of GS-IL was invgstied by TEM. Graphene oxide
(GO) had a typical shape, resembling the large pledithin flake (Fig 1A), and the
GS-IL did not change significantly with obvious nkles (Fig. 1B). However, the
image of the GS-IL was distinguishable from the BG{its appearance of seemly
being cover a layer of jelly, which is due to theaehment of IL units to GO. From
the Raman spectra (Fig. 1C), the D band (1353)@nd the G band (1595 &hwere
observed from both GS-IL and GO. The D band cooedp to the defects and the
staging disorder in the curved GS, while the G banctlated to the $phybridized
carbon. The D/G intensity ratio increased from O(@&®) to 1.07 (GS-IL), which
illustrates the GO was reduced at some extent girdunctionalization [27, 28]. The

results also indicate the more disorder of the G&an GO, which is because the



ionic liquid was attached onto the GO surface tghocovalent bond [26].

Fig. 2A shows the UV-vis—NIR spectra of the synibed Au NRs with shifty
aspect ratios. Their aspect ratios were varioum f&b6, 2.8, 3.1 to 3.4 with the
corresponding maximal longitudinal plasmon band el@vgths at 678, 702, 755, and
808 nm, respectivelyincreasing the amounts of AgNOn the growth solutions
resulted in gradual red-shifts of longitudinal pgakhich is basically consistent with
the well-known reported method [25]. Fig. 2B extslihe TEM image of the Au NRs
with aspect ratio 2.6 (length: 42+3 nm, width: 16hm).

For the biosensor construction, Au NFs were firslgctrochemically deposited
onto the electrode, forming a gold platform. Theidtgl SEM image for GC/Au NFs
in Fig. S1A revealed that Au NFs were well disttdml on the GC electrode like
nanostructured flowers with typical size rangingnir600 to 1000 nm. The crystalline
orientation of Au NFs was further characterizedd®D pattern (Figure S1B). Three
typical peaks located at 38.29°, 44.48°, 64.65° ewabviously observed,
corresponding to (111), (200), (220) facets respelgt which indicates the Au NFs
were composed of pure crystalline gold with theefaentered cubic structure [29].
Fig. S2 shows the cyclic voltammogram (CV) of GC/N&s electrode in 0.5 M
H,SO,. A rise in anodic current at 0.57 V indicates @xidrmation and reduction of
the oxides started at around 0.57 V in the cathedan, which is the characteristic

CV of Au in acidic solution [30, 31].
3.2. Electrochemical behaviour of the 3D network materials toward H-O»

To investigate the electrochemical behavior of3Benetwork materials towards
H,O,, the electrocatalytical activities of the Au NRswards HO, were firstly
checked. The typical LSV performances of the four MRs modified electrodes in
aCSF without (curve a) and with (curve b) 5 mMOA solution were showed in Fig.
2C, D, E, F. Obvious differences could be seeroat Au NRs modified electrodes
with respect to on-set potential and the magnituafe®duction current. Obviously,
compared other Au NRs, Au NRs (aspect ratio: 2e§galed much higher response

current and lower on-set potential. As a resuét,Aln NRs (aspect ratio: 2.6) was used



for the following self-assembly of 3D network maa¢s.

Then, effects of the sol-gel doping percentage gebl0%, 1.25%, 2.5%, 3.75%,
5%, 6.25%, 12.5%) on the electron transfer perfoicaaof the 3D network materials
were tested (Fig. S3A). A step-by-step enhancedk-pepeak separations and
attenuation process in peak currents were obsemékde GC/Au NFs/GS-IL-Au NRs
(sol-gel 0% to 12.5%) electrodes, which evidendest the electron transfer of
Fe(CN)}>/* becomes more and more impeditive with the stepimisease in sol-gel
doping. These results were confirmed by electroct@nmpedance measurements in
Fig. S3B on the other hand.

Because increase in concentration of glucose isllysmeasured with the
generation of KO, or the consumption of 32, 33], the electrocatalytic activities of
the 3D network materials towards® and Q was studied (Fig. S4). Upon addition
of H,O,, the reduction peak current started to increageifsiantly at -0.05V, while
removing the @in air caused an obvious decrease in the redugiak current at
-0.2 V. In consideration of the interference from, @.2 V was selected as the
optimal working potential and used in the followiglgctrochemical experiments.

The effects of the sol-gel doping percentage (sble§o, 1.25%, 2.5%, 3.75%,
5%, 6.25%, 12.5%) on the response sensitivity ef3D network materials towards
H,O, were investigated (Fig. 3A). The amperometric oesgs of the fabricated
electrodes towards the detection of.(d have been carefully recorded by
successively adding 100M H,O, in aCSF solution. Large background noise and
negligible current response with each addition @ &M H,O, were found on the
GC/Au NFs/GS-IL-Au NRs (so-gel 0%, curve a) eledgoThe loadings of Au NFs
with anisotropy and GS-IL-Au NRs increase the etettive surface area, thus
causing the increase in the double-layer capa@taartd charge build-up at the
double-layer interface. The extremely high noise probably due to the large
electroactive surface area in response to a changke applied potential at the
electrode-electrolyte interface. Therefore, GC/AGSIGS-IL-Au NRs (so-gel 0%,
curve a) electrode demonstrated poor sensitiviyatds HO,. However, gradually

descending signal reduction currents and backgrowoises were observed with each



GC/Au NFs/GS-IL-Au NRs (sol-gel 1.25%, curve b;%.5curve c; 3.75%, curve d;
5%, curve e; 6.25%, curve f; 12.5%, curve Q) etsl#s. The specific results were
summarized in Fig. 3B. It can be clearly witnessi®el signal/noise value increased
with increasing doing of sol-gel, which revealedhyti sol-gel addition could
dramatically improve the background noise thus mtenits signal/noise value. This
suggests that 3D network materials assembled frolhged has a variety of pore
interconnections that may facilitate the transpdrthe HO, and electron. However,
the signal-to-noise levels declined above 3.75 %gsb doping, suggesting that
excess non-conductive matrix loading starts togkcertain limitation on the B,
and electron transfer from the small mesoporeddarede surface. As a result, the
3D network materials with 3.75% sol-gel doping nfiedi electrode is superior in
terms of having a much lower background responsebatier signal-to-background
ratio. And it is of great importance to control tiedative contents of the sol-gel when
employing this 3D network composite.

Based on the well-balanced signal and noise of AtheNFs/GS-IL-Au NRs
(sol-gel 3.75%) film, the typical amperometric respes of this film with successive
additions of HO,, which depicted the good relationship betweenrheement in the
reduction current of this electrode and the comagion of HO,. As shown in Fig. 3C,
D, the peak currents increased linearly with theceatration of HO, ranging from 1
uM to 10.164 mM with a slope of 116.85 nA/mM. Thetad#ion limit (LOD) was

calculated to be 0.28M based on 8 of the background noise.

3.3. Electrochemical behavior of the 3D network materials modified biosensors

towards glucose

In view of the good catalytic performance of the /&C NFs/GS-IL-Au NRs
(sol-gel 3.75%) electrode towards,® above, LSV performances of GC/Au
NFs/GS-IL-Au NRs (sol-gel 3.75%)/GOx biosensor @Sk with (curve b) and
without glucose (curve a) were studied (Fig 4A).eTireduction current of this
biosensor started to increase at -0.05 V, whichlmaattributed to the generation of

H,O, from the oxidation of glucose. The relative low-get potential further



confirmed the good electrocatalytic property of tiptimized Au NFs/GS-IL-Au NRs
(sol-gel 3.75%) materials. In an effort to assesseffect of the sol-gel amount on the
performance of the glucose biosensor, the ampermmesponses of the fabricated
biosensors based on series 3D network materialarti®mhe detection of glucose
have been carefully recorded by successively addid@ M glucose in aCSF
solution (Fig. 4B). A remarkably high backgroundiseo resulting in a lowest
signal/noise value was observed on the GC/Au NFSI&Su NRs (so-gel 0%, curve
a)/GOx biosensor. After that, both gradually desda®m signal reduction currents and
background noises were observed on each GC/Au NE-R/Au NRs (sol-gel 1.25%,
curve b; 2.5%, curve c; 3.75%, curve d; 5%, curvé.25%, curve f; 12.5%, curve
g)/GOx biosensors. All the signal/noise values warmmarized in Fig. 4C, which
were highly coinciding with that of ¥, sensing.

In effort to confirm the contribution of AuNFs ilmé biosensor's performance,
GC/Au NFs/GS-IL-Au NRs (sol-gel 3.75%)/GOx biosenand GC/GS-IL-Au NRs
(sol-gel 3.75%)/GOx biosensor were prepared. Tammperometric responses towards
100 uM glucose were investigated and depicted in Fig.. S®%ithout the
electrodeposition of Au NFs, the GC/GS-IL-Au NRsl{gel 3.75%)/GOx biosensor
presented dramatically decreased current respoosards 100 uM glucose.
Moreover, a stable background current was achiafted a relative long period (600
S). This is because the GC/GS-IL-Au NRs (sol-géb3)/GOx composite is unstable
on the electrode and easy to be removed in angtisolution. Whereas, for GC/Au
NFs/GS-IL-Au NRs (sol-gel 3.75%)/GOx biosensor,haiigher sensitivity, the stable
current was reached within 20 s. With the moditédAu NFs layer, the GS-IL-Au
NRs (sol-gel 3.75%) are assembled onto the Au serfgy covalent Au-S bonds to
form a stable 3D porous structure, which offerstexe® attaching sites for GOXx
immobilization.

Figure 4D illustrates the typical amperometric meges of the GC/Au
NFs/GS-IL-Au NRs (sol-gel 3.75%)/GOx biosensor wghccessive additions of
glucose. The peak currents increased linearly w#hiln concentration of glucose

ranging from uM to 0.764 mM with a slope of 64.08 nA/mM. The bgakund noise



obtained on the GC/Au NFs/GS-IL-Au NRs (sol-gel 3a)/GOx biosensor was
0.005 nA, and the LOD was calculated to be BBbased on 3 of the background
noise. This LOD value is superior to that of presly reported biosensors, which
indicates that the present glucose biosensor lypitt promising for glucose assay in
a biological system [34-42]. Atable has been sunred to more clearly compare the
proposed 3D network materials based biosensor atitbr materials based platforms
(Table S1). The apparenk,{*?), which is an indication of enzyme—substrate kaset
can be calculated according to the Lineweaver—Bagpkation [43]. In this work, the
KPP value was about 0.302 mM, much smaller than previ@lative reports [44,
45]. Since the smallek,’? shows the higher catalytic ability, a clear cosida can
be drawn GC/Au NFs/GS-IL-Au NRs (sol-gel 3.75%)/G®iosensor displays a
higher affinity and enzymatic activity in the rangidower concentration of glucose.
Several advantages of the proposed biosensor loot&rio its high sensitivity.
First, thiol-containing silica sol-gel provides r&e attaching sites for GS-IL and Au
NRs, which can be assembled onto GC/Au NFs eleettodform a 3D network
structure. Because of the electrostatic attractietween GS-IL and GOx, enzymes
can be firmly immobilized on the electrode. And guod biocompatibility of the 3D
network materials and GOx provide a favorable ngoxeronment for preserving the
activity of enzyme. Second, self-assembly of GRALLNRSs to sol-gel provides the
benign conduction pathways and enables efficiestten tunneling, which makes it
possible to realize fast electron transfer from ¢ngymes to the electrode surface.
And the effective 3D porous structure offers arffport channel” to facilitate the

transport of the substrate and electron.

3.4. Selectivity and stability of the optimized 3D network materials modified
biosensors

The complexity of biosystem presents a great chgdiéo the present biosensor
for glucose detection in selectivity. The seletyivbf the present method was
evaluated by monitoring the response current ofbibeensor to sense the potential
interferences in the absence/presence of glucoke. pbssible interferences for

glucose detection that commonly coexist in biosyséee metal ions (G, Cu', Ni**,



Cd?*, Mn?*, zr®*, F€*, Fé*, Co*, PKF*, amino acids (Leu, Thr, His, Ser, Glu, Gly,
Tyr, Trp, Arg, Met); several typical biological spes (DA, AA, 5 UA, 5-HT, NE, E,
Lac, H0O,). Remarkably, as shown in Fig. 5A, B, no obvicesponses were observed
with additions of these mentioned interferences] alh the potential interferences
showed negligible effects on the current signaldioicose sensing. These evidences
indicate the high selectivity of the present biaserfor glucose determination against
metal ions, amino acids and biological speciehékiosystem, which is attributed to
the high specificity of GOx.

To further study the antifouling properties of t8&€/Au NFs/GS-IL-Au NRs
(sol-gel 3.75%)/GOx biosensor against proteins,pe@gormed the electrochemical
studies with BSA which is commonly used in antifogl researches. The
amperometric responses of the biosensor towardsggutllowed by the addition of
BSA into solution were recorded. As shown in Fi§, 8ie addition of BSA induced a
slight decrease in amperometric current responga@sh may be because the protein
trapped in the 3D network materidhsings mild damage to the electron transfer
between enzyme and electrode redox center. Noesthethe decrease in current
response is tiny, which should not exert significagffect on the glucose

determination of real sample with a few protein.

The stability of the GC/Au NFs/GS-IL-Au NRs (soltge75%)/GOx biosensor
was tested by storing it at(4 for 40 days. The biosensor retained almost 79.58% o
their initial activity (data not shown). The effee retention of the biosensor can be
explained by the combination of several factorsstf-the GS-IL, positively charged,
provides a favorable environment for better retentof negatively charged GOx.
Second, the biocompatibility of GS-IL/Au nanorodsthvGOx enzyme provides
substantial improvement in long-term stability betglucose biosensor. Third, the
sol-gel provides 3D network structure to encapsul@Ox effectively, which may
contribute to the prevention of GOx leaching.

3.5. Analysis of glucosein real sample

The GC/Au NFs/GS-IL-Au NRs (sol-gel 3.75%)/GOx heasor for glucose
sensing showed high sensitivity and selectivityjolwlcan be applied in real sample
assay.The accuracy of the biosensor was calibrated bgoge standard solutions

before and after real sample measurement. Firgté/,serum sample (10.) was



added into the stirred 5 mL PBS and amperometepaese was recorded at -0.2 V
(Fig. 5C). The results were shown in Table S2. glueose levels determined in this
study were close to the values measured by spéctometric method in hospital,

indicating that the fabricated glucose biosensar fractical potential. Furthermore,
the present biosensor was used to glucose assmyabral microdialysate (Fig. 5D)

as above. The basal level of glucose in the miatgsiate from the rat striatum (Table
S3) are comparable to previously reported works #82. This demonstrates that the
proposed biosensor for glucose sensing can sati&fyrequirements of complex

sample detection and has bright potential in thewap diagnostics.

4. Conclusions

In summary, a novel 3D network materials was fated by self-assembly of
GS-IL and Au NRs into the thiolated sol—gel. Thecélochemical performance of the
3D network materials were affected by the Au NRscitire and the doing amount of
sol-gel. With the optimized sol-gel content (3.758a)0 Au NRs (aspect ratio 2.6), the
3D network materials based glucose biosensor with background signal revealed
high sensitivity and selectivity towards glucosetedaination. The remarkable
analytical performance of the biosensor, enablefouseal sample assay including
serum and brain microdialysate. Although the camsion of the biosensor is
complicated, the thiolated sol-gel provides anradteve excellent matrix to reduce
the background signals of the high electroactivéalgsts, thus contributing to
promoted sensitivities. Beyond this, the sol-gelated a favorable 3D environment
for nanomaterials modification and enzyme immohii@n for use in various

biocatalytic and bioelectrocatalytic applications.
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Fig. 1 TEM images of A) GO, B) GS-ILC) Typical Raman spectra of GO (curve a),
GS-IL (curve b).
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Fig. 2 A) UV-vis—NIR spectra of Au NRs a, b, ¢, d speaoarespond to aspect ratio
2.6, 2.8, 3.1, and 3.4, respectively. HEM images of Au NRs with aspect ratio of
2.6. Note: the splotches among Au NRs are the uakethanol used to dilute Au
NRs.LSV performances of Au NRs correspondagpect ratidC) 2.6, D) 2.8, E)
3.1, and F) 3.4 modified electrodes in aCSF (ahaut, and (b) with 5 mM bO..
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Fig. 3 A) Comparison of amperometric responses obtainean fthe GC/Au
NFs/GS-IL-Au NRs (sol-gel a: 0%; b: 1.25%; c:2.586;3.75%; e: 5%; f: 6.25%; g:
12.5%) electrodes towards 1@M H,O,, and B) The corresponding a) signal; b)
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GC/Au NFs/GS-IL-Au NRs (sol-gel a: 0%) electrode®& decrease their signal and
noise into 10% here. C), D) Typical amperometrispases obtained by GC/Au
NFs/GS-IL-Au NRs (sol-gel 3.75%) electrode with segsive addition of specific
concentrations of }D,from 1uM to 2 mM.
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Fig. 4 A) LSV of GC/Au NFs/GS-IL-Au NRs (sol-gel 3.75%)@x biosensor toward
5 mM glucose in aCSF (a) without, (b) with 5 mM gbge. B) Comparison of
amperometric responses obtained from the GC/AuGE€L-Au NRs (sol-gel a: 0%;
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uM glucose. and C) The corresponding a) signal;di§e) c) signal/noise of with the
increasing sol-gel in A. D) Amperometric responsebtained by GC/Au
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Fig. 5 Amperometric responses of GC/Au NFs/GS-IL-Au NRd-@el 3.75%)/GOx
biosensor in aCSF with successive additiofA)fmetal ions (C&", Cu’, Ni**, Cd*,
Mn%*, zr?*, Fe*, F&é*, Cd™*, PE*, (10uM, curve a)); amino acids (Leu, Thr, His, Ser,
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(curve c¢)) and 10QM glucose; (B) 10QuM glucose containing metal ions (curve a);
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1. A novel 3D network materials were fabricated thiosglf-assembly of GS-IL/Au
NRs into the thiolated sol—gel.

2. The thiolated sol-gel can effectively reduce thekigeound signal of the highly
electroactive materials, thus promoting its sevisyti

3. The proposed biosensor exhibited high sensitiviti Wow background signal and

good selectivity towards glucose assay in biosystem



