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Abstract

We present a new strategy of Acetylcholinesterq@s#hE) immobilization on graphene field-effect
transistors (QFETS) for building up Acetylcholirensors. This method is based on the electrosystbésin
amino moiety-bearing polymer layer on the graphemannel. The film of the copolymer poly(3-amino-
benzylaminezo-aniline) (PABA) does not only provide the suitablectrostatic charge and non-denaturing
environment for enzyme immobilization, but it alsgproves the pH sensitivity of the gFETs (from 48
56.3 pA/pH unit), probably due to its wider effeetipKa distribution. The local pH changes causethby
enzyme-catalyzed hydrolysis produce a shift in@irac point of the gFETs to more negative valudsictv
are evidenced as differences in the gFET condtgtiand thereby constituted the signal transduction
mechanism of the modified transistors. In this vihg, constructed biosensors showed a LOD of 2.3api
were able to monitor Ach in the range from 5 to@@M in a flow configuration. Moreover, they showaed
sensitivity of -26.6 £ 0.7 wWA/Ach decade and algbileited a very low RSD of 2.6%, revealing goodidev
to-device reproducibility. The biosensors reveadad excellent selectivity to interferences knownbt®
present in the extracellular milieu, and the respoto Ach was recovered by 97.5% after the whdiefse
interferences injected. Finally, the biosensorsawadtba fast response time, with an average valuk36f

seconds and a good long-term response.
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1. Introduction

Acetylcholine (Ach) was the first identified newaismitter and is recognized to play a crucial ioléhe
cholinergic system as a transmitter of impulsestten cholinergic synapse (Sattarahmady et al., 2010)
Moreover, the alteration of central cholinergicngmission is coupled to a number of brain disorders
including Alzheimer's disease, Parkinson’s diseamddiction, epilepsy, schizophrenia, and depression
(Kong et al., 2019). In a recent report by the Wddealth Organization, it was stated that neuraialgi
disorders are affecting nearly 1 in 100 of the darlinhabitants (Kergoat et al., 2014; World Health
Organization, 2006). Since abnormal levels of dckbline are related to such disorders (Mitchell02),
considerable effort has been devoted in recentsyteadevelop highly sensitive and specific techegto

detect the local Ach concentration.

Although different analytical procedures exist f#ch detection, including capillary electrophoreaisd
liquid chromatography, they are usually expensinel @ime-consuming (Andreescu and Marty, 2006;
Sangubotla and Kim, 2018). Therefore, it is a piyaio develop a portable and rapid detection sgwtfor
Ach. Here is where Field-Effect Transistors (FETe)hnology emerges as a highly sensitive option for
biosensing, which also allows for miniaturizatioRarticularly, graphene-based field effect transssto
(gFETs) have gained much attention in last yeacsilee they are suitable for real-time, high-thrqugh
and highly sensitive detection (Andronescu and Befann, 2017). The sensing principle of gFETs roats

a change of the electrical conductance of the gma@lthannel upon adsorption of ions or moleculethen
sensor surface. In this way, as pH changes aret@alh®dify the doping of graphene, gFETs can alseckw

as pH sensors (Fu et al., 2017). If the pH vanmmaisogenerated by an enzymatic reaction, one dould a
biosensor by immobilizing an enzyme close to thapbene surface and detect changes in the analyte
concentration by the conductivity change inducedtly local pH change, this constituting the signal
transduction mechanism of the biosensor. Recetitlg, approach has been successfully applied to the
determination of relevant biomolecules, such as (Riccinini et al., 2017), acetylcholine (Chaeakt
2018), and L-arginine (Berninger et al., 2018).

Nevertheless, as the performance of the biosensatlg depends on the properties of the interfacial
architecture, the enzyme must be immobilized inay that guarantees the conservation of its bio&gic
activity and the accessibility to its active sitas,well as the functionality of the transducingne¢nt (Bliem
et al., 2018). To date, the majority of the reseafforts in graphene-based FETs biosensors haueséd
on the immobilization of enzymes by covalent bimgia functional groups of previously modified grapke
or to a linker molecule (Fu et al., 2017). Thishis case of all reports on gFETSs for Ach sensirftpéCet al.,
2018; Hess et al., 2014; Sohn et al., 2013). Howelre covalent attachment of biomolecules pressmise
drawbacks, such as poor reproducibility and, asialigroups can be involved in the immobilizatidine
possibility of disrupting the folding and functiditg of the enzyme, thus affecting the biosensor
performance (Sheldon and van Pelt, 2013; Vakur@l.e2005). Moreover, direct covalent attachmerthe
graphene surface can also provoke damage to fretrapture of the graphene and therefore deteeidtat
signal transduction (Bliem et al., 2018; Niyogaét 2010).



Polyelectrolyte adsorption on gFETs constituteesatile and simple technique of functionalizatibat
can provide adequate moieties for subsequent egtatic enzyme immobilization, preserving the bivac
functionality of the enzyme and ensuring substiateessibility (Chakrabarti et al., 2013). Withinsth
scenario, amino-moieties bearing polymers have lyeeantly reported to improve the pH response of
gFETS, as the change in the degree of protonafipolgmers in the vicinity of the graphene indueeshift
in the Fermi level (Hess et al., 2014; Piccininakt 2017).

On the other hand, electropolymerization offersesgvadvantages as functionalization method, sech a
precise control on the polymer film thickness anelchanical stability towards detachment. In the dgbi
modification by polyelectrolytes adsorption, nolreantrol on the amount of polymer deposited iaiatd
as it usually takes place until surface saturatidioreover, in opposition to the typical layer-byda
fabrication technique, a counter-polyelectrolyte rist required, producing nanofilms with chemical
homogeneity. Although the electrochemical functl@agion of graphene has been already reported
(Chakrabarti et al., 2013) and even the non-covadécttrochemical attachment of aromatic amino gsou
on gFETs was studied in order to modify the Dirattage of the transistors (Zuccaro et al., 2018)aa as
we know, there have been no reports on the eldwroal functionalization of gFETs with polymers fo

biosensing applications.

Among electroactive polymers, polyaniline (Panii aelated polymers have been much employed in a
variety of applications. However, the electrosystb®f polymers with pendant primary amine groispsot
trivial. In this sense, we have recently developedynthetic procedure that allows obtaining stairid
electroactive films of poly(3-amino-benzylamine-aniline) (PABA) with a considerable proportion of
primary amine groups by electropolymerization (Maatié et al., 2015). Within the field of gFETseth
presence of a variety of amine-imine groups in PAB®se from the Pani-like backbone and those fitoen
pendant groups) could be able to transduce pH esaimjo different sensor responses in a wide plgean
Therefore, in this work we explored the electrodsfimn of PABA on gFETs as an alternative for the
construction of neurotransmitter biosensors. Thwe, developed a new strategy for building up Ach
biosensors by immobilizing AchE on gFETs previouklypctionalized by PABA electrosynthesis (AchE-
PABA-gFETSs) (Scheme 1). The PABA film does not oplpvide the suitable environment for enzyme
immobilization, but it also improves the pH sensiyi of the gFETSs. In this way, the local pH chasge
caused by the enzyme-catalyzed hydrolysis produiferehces in the gFET conductivity, which were

employed as the signal transduction mechanismrneesAch in a flow configuration.



2. Resultsand Discussion

2.1.gFETs preparation, characterization and perfaroe

The gFETs were fabricated using a wet chemical gggbr on interdigitated electrodes (IDES) (St
Briefly, the glass space between the Au IDEs wadifieal with APTES and, in the next step, the introeld
amino groups were used for anchoring the negatiebigrged GO sheets by drop-casting. Next, two

reduction steps were performded. S1).

An electrolyte-gated configuratiorFig.1A) was used for the gFETs measurements. By charipieg
voltage of the gate electrode dVat a constant drain-source voltaged)V it is possible to modulate the
conductivity of the rGO channel, resulting in a Naped transfer curve. The point of the minimum
conductivity is called Dirac point and occurs a fhirac voltage (). Voltages more negative than ivhply
majority of holes as charge carriers, whereasexardre electrons for more positive voltages. @hagrrier
mobility for the present gFETs was determined td®ent V' s* (seeSl).

A

Figure 1. Schematic illustration of the electrolyte-gatedfaguration(A). Optical micrograph of a gFET
and picture of the commercial IDE (inséB)). SEM image of the rGO-modified IDE).

The inset inFig.1B shows a commercial IDE, whereas the SEM imadeagrlC (see alsd-ig.S2) clearly
reveals the effective coverage and bridging ofeleetrodes by rGO. The slight variation introdutedhe
protocol reported before (Piccinini et al., 201&3ulted in very high device transconductance valupdo
1600 uS,Fig.S3B), stated as a critical requirement for the dewalept of highly sensitive biosensors
(Zhang et al., 2015). Moreover, the use of IDEwatidor a stable response as well as high deviaketice
reproducibility (the RSD of conductivity values fibie finished gFETs was less than 15% for 20 tsbmis).

Scheme 1 shows the successive steps for the constructiobiadensors and the enzyme-catalyzed

hydrolysis which constitutes the signal transductizechanism.
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Scheme 1. Representation of the different functionalizatsbeps of the gFETSs for the fabrication of Ach
biosensors and the AchE-catalyzed hydrolysis dfytad®line.

2.2.PABA electropolymerization and pH response anement

In order to turn the gFETSs into an adequate platfes immobilize AchE, the electropolymerization of
PABA in acidic medium was performed as describegdravious works (Gonzalo E Fenoy et al., 2018) (see
Sl for details). The electrosynthesized copolymer rbependant amino groups that allow for the
incorporation of different molecules and functioties. The complete coverage and the good electroni
conductivity of rGO between and onto the Au pads been confirmed in previous works by using diffiére
techniques as SECM and KFM (Kotlowski et al., 20R&iner-Rozman et al., 2015), which ensures a

suitable surface for electropolymerization.

Voltammograms of the PABA electrodeposition arevaman Fig.2A. The features of the voltammetric
response are very similar to those reported on glgdtrodes (G. E. Fenoy et al., 2018; Marmisadllélg
2015), even when comparing the current density eslduring the electropolymerization. From EQCM
results, a film thickness of approximately 7 nm banestimated for the PABA-modified gFETs (GonZalo
Fenoy et al., 2018). The effective deposition @f tbpolymer can be observed by SEHWY(2B).
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Figure 2. Voltammograms for the electropolymerization ofBPA(H,SO, 0.5M, 50 mV/s, 20 cycles) onto
a gFET and illustration of the configuration ug&d. SEM images of a PABA-gFE{B). Transfer
characteristics of the same gFET before and a@&APelectrodeposition (KCI 10mM, HEPES 0.1mM, pH
7) (C). PABA-gFET transfer characteristics while chandimg pH of the electrolyte solution from 3 to 7 in
HEPES 0.1 mM and KCI 10 mM bufféD). pH sensitivity curves at a fixed gate potenti&d € -0.2 V, \bs
= 0.1 V) for the same gFET before (bare) and &#BA electropolymerization (E).

The transfer characteristics at pH 7 of a gFET tleefmd after the polymer electrodeposition are shiow
Fig.2C. After the electropolymerization, there is a shif60 mV in the Dirac point to more negative value
This behavior has been attributed to the electiioggating effect of the positively charged copogmonto
the transistors (Wang and Burke, 2014). The ddpasitf cationic polyelectrolytes and polymer brushe
have been reported to cause the same effect ihgnadield-effect transistors (Hess et al., 2014GiRini et
al., 2017). Furthermore, the PABA-gFETSs transfesirahteristics and the transconductance curve af pH
(KCI 10 mM, HEPES 0.1mM) are shown kig.S4. The transconductance values remains barely tine sa
for the gFETSs before (Section 3Rig.S3) and after the electropolymerization (which hasrbeeported as a
decisive parameter for highly sensitive sensomyealing that no worsening of the gFETs performance
occurs after the polymer deposition.

As the signal transduction mechanism of our devisdsased on the detection of pH changes caused by
the enzyme-catalyzed hydrolysis, the pH respongbdebare Kig.S3A) and PABA-gFETs was studied in
both static and flow condition&ig.2D andE). As the pH decreases, the Dirac point of the gF&Hifts to
more negative values due tq® adsorption (n-type doping). Similarly, at basic, gkt OH adsorption (p-
type doping) shifts the Dirac point to more postivoltage values (Salvo et al., 2018). For a readt

measurement (continuous flow mode, operationapsietupotential biosensors), the gate potentifikisd at



a value at which no chemical reaction is knowndouo (V= -0.2 V in this case). As the gFET is biased in
the hole regime (¥ lower than the Dirac point), lowering the solutiphl yields a higher drain-source
current (at a fixed positive 3. In this continuous flow configuration, the pHhsgivity of the bare gFET
system was 40.8 + 1.0 pA/pH unit. Interestingly #lectrodeposited polymer was found to improveptHe
sensitivity at this fixed gate potential by 38%o(fr 40.8 to 56.3 pA/pH unit)={g.2D). This phenomenon
was already reported for PEI and cationic polymersb-modified gFETs, and it was postulated that the
change in the degree of protonation of polymersiged a shift in the graphene Fermi level and affdet

pH response of the transistors (Hess et al., 2Bicgjnini et al., 2017). In those works, the rG@fgrene
channel surface was modified with polymers havingKa around 8 (8-9 for PEI and around 8 for N,N-
dimethylaminoethyl methacrylate brushes). In casPABA, the composition of the copolymer has been
determined to be about 30% molar of ABA (Marmisdtéal., 2015), so it is necessary to take intmant
the differences between aniline and 3-aminoebendgka residues for the analysis of the protonatiates.

In the case of the polyaniline, pkre reported to be between 2.5 (assigned to,-\tnd 5.5 (-NH=
species) (Marmisollé et al., 2014; Ray et al., 3988r polyaminobenzylamines, the pendant aminaigso
are still protonated at neutral pH (Marmisollé bt 2015; Raffa et al., 2006; Zuccaro et al., 20IH)e
multiple protonation states of the electrodepositegolymer may be ascribed to be the reason for the
improved pH response of the PABA-gFETs compargtidabof PEI-modified ones (38% vs 28%). The same
argument has been ascribed for improvement of thegsponse at basic pH values and the lower pH
sensitivity in acidic conditions in the case of threish-modified gFETs. In summary, the electrodeeds
co-polymer does not only act as a priming layerth® enzyme anchoring, but it also improves the pH

sensitivity of the device.
2.3.Acetylcholinesterease immobilization

The immobilization of enzymes is one of the mogbantant steps in enzyme-based biosensor design and
development as it affects sensitivity, stabilitysponse time and reproducibility. Particularly, #mehoring
of AchE was studied extensively along the last yéAndreescu and Marty, 2006; Diao et al., 2018)0Ag
the existing methods, electrostatic immobilizate@n surpass some of the drawbacks of ordinary eoval
attachment, such as poor reproducibility and tresibdity of disrupting the folding and functionigliof the
enzyme, as crucial groups can be involved in thmodhbilization (Sheldon and van Pelt, 2013; Vakurov e
al., 2005). Moreover, direct covalent attachmenthi graphene surface can also induce the damate to

spf structure of the graphene channel and thus prgwignal transduction (Niyogi et al., 2010).

Therefore, the AchE was immobilized via electrostatteractions by employing a solution of highét p
than its PI (5.3) (Leuzinger et al., 1968), at whtbe protein is negatively charged. The anchovuag
observed in the FET response as a shifting in tingcpoint to more positive potentialgi§.S6), coherent
with negatively charged species adsorption; i.@-d@ping effect (Wang and Burke, 2014). Furtheemaoio
significant changes in the form of the transfervewvere observed, indicating no deterioration efdFET.
Contrarily, Sohn et al. reported a decrease irstmsor sensitivity of approximately 50% after tbgadent

immobilization of AchE on rGO-gFETs (Sohn et al013). Quantification of the amount of immobilized



AchE was performed by SPR (s88, yielding a mass surface coverage of 290 ng,cmhich agrees with

typical AchE surface coverages (Milkani et al., 201
2.4.Acetylcholine sensing

Firstly, the signal transduction mechanism of tlesénsors was studied by analyzing the static respo
The transfer characteristics of an AchE-PABA-gFETHe absence (dashed black line) and presenad (sol
red line) of 75 uM acetylcholine are shownHig.3A. A clear shift of the Dirac point to more negative
potentials can be noticed in the presence of thetgte, coherent with a shift obtained upon desimgathe
pH of the solution. This outcome reveals that tluR effectively catalyze the hydrolysis of acetylie,
yielding choline and acetic aci@gheme 1); thus, causing a decrease in the local pH. TthenpH variation

modifies the charge density of PABA triggering gatéve shift of the Dirac point.

Furthermore, the real-time flow response of the BEMABA-modified transistor to increasing Ach
concentration can be seen kig.3B. As was shown irFig.3A, the decrease on the local pH due to
acetylcholine catalyzed hydrolysis shifts the Dipint of the gFETs to more negative values. Thiét s
causes a decrease 3 (at a \bs > 0) as the transistors were biased in the ha@ene where ¥<V;. The
continuous flow response of the transistors shdwas they can be used for the real-time sensingabf. A
Moreover, the electrolyte gating setup allows far tlevices to be operated at very low gate volt@des -

0.2 V), which has been reported as a critical megoént to minimize the disruption of biological gdes or

any possible electrochemical reaction (He et at102.

As can be noticed frorig.3B, the flow response of the transistors exhibitéabarithmic sensitivity with
the Ach concentration. By assuming that the pratmmcentration is proportional to Ach (Hess et2014),
the logarithmic ratio can be comprehended by ewpkie linear response of the gFETSs to the pH (&ecti
3.2); that is, the logarithm of proton concentnatid decrease of the drain-source current of apprately
70 pA was observed when flowing through the cellaaatylcholine concentration of 1 mM. Above this
concentration, the enzyme could be inhibited by High substrate concentration (the so-called satestr
inhibition) (Wilson and Alexander, 1962). The arsdyof the modified gFET response in terms of an

enzymatic kinetics model is presented in $hdile.

On the other hand, the variation iy can be correlated with a change in the local pH.26 pH units
using the sensitivity values obtained for the psprnse of the sensors, i.e. from 7.4 to 6.15, starsi with
other studies of Ach sensing with gFETs (Chae .e28l18; Sohn et al., 2013). This change in thenad
reported to diminish the activity of AchE by almaK1% (Bergmann et al., 1958). Finally, the obtained
response was totally reversible, as the injectidnboffer solution after the highest acetylcholine
concentration yielded an increase in the draing®mgurrent to almost the initial valualfs~0), implying

that the transistors could be reused for furthemsueements.

Many methods have been described for the construcfi acetylcholine sensors by the immobilizatién o
AchE onto amino-containing matrices (Vakurov et aD04). In the present case, the fabrication ef th

biosensors was performed by functionalizing thdaser of graphene field effect transistors with PABA



polymer bearing pendant amino groups, to whichetheyme was anchored. However, the use of PEI also
appears as a promising strategy to build sensingel® as its assembly onto the channel of rGGsistors

has been recently reported to improve the pH sgngarameters of bare gFETs and, concomitantly, it
provides anchoring sites for electrostatic enzymenobilization (Piccinini et al., 2017). In ordercompare

the performance of the PABA-gFETs with PEI-gFETs flee construction of real-time biosensors, the
immobilization of AchE was assessed on both PABA B&I-SPS-modified gFETs and, subsequently, their
response to acetylcholine was studied. It is wadtiing that the PEI-gFETs were first modified W8S in
order to confer negative charges to the chann@ciand afterwards a layer of PEI was anchore iy
electrostatic interactions. Note that due to thectebchemical procedure of modification, no pyrene

anchoring layer was required, constituting an athga of this functionalization approach.

Results for the AchE-PEI-gFETs system are alsoepttesl inFig.3B. From the comparison between the
PEI and the PABA-functionalized systems, it cannbéced that the sensitivity of AchE-PABA-gFETSs (-
27.5 + 0.8 pA/Ach decade,”®0.994) is higher than the one of AchE-PEI-gFET8.11+ 1.1 uA/Ach
decade, R=0.975) (two measurements performed), showing @9%3improvement. Moreover, the
enhancement on the performance of the biosensorgparticularly when higher Ach concentrations ar
injected, meaning lower local pH. This result suppthe hypothesis that attributes the higher seitgiof
PABA-gFETSs to the multiple protonation states afali in PABA. As different amine moieties from both
aniline and amino-benzylamine are present in tHegnper, different pK-values are found in a broader pH
range. Secondary amines present in PABA becomeottetated at more acidic pH values than primary

ones, improving the pH response in a more acididiune.

On the other hand, it has been reported that biecatés in solution can be adsorbed onto the graphen
surface, triggering changes in the conductivitynathe charge carrier mobilities (He et al., 20R{@cinini et
al., 2017). Moreover, due to the high sensitivityhe transistors to pH, even very small variationthe pH
of the solution can also generate changes on thentuecorded. Considering these factors, thespaific
response of the polymer-modified transistors téed#int neurotransmitter solutions was examinedqulieg
the enzyme immobilization onto the polymer layeeaRtime measurements increasing the neurotramsmitt
concentration from 10 uM to 1 mM were performedRARBA-gFETs Fig.S7) and no significant changes

on Ips were observed while flowing different concentraiof acetylcholine.
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Figure 3. Transfer characteristics of an AchE-PABA-gFETHa absence and presence of Ach 75 pi(V
= 0.1V, KCl 10 mM, HEPES 0.1 mM, pH 7A). Flow response of an AchE-PABA-gFET and an AchE-
PEI-gFET (300 pL/min, ¥ = -0.2V, \bs = 0.1V) at different acetylcholine concentrationtereas the inset
shows the sensitivity comparison between both sys{gwo measurements perform¢d). Reproducibility
assay for the AchE-PABA-gFETs showing the resuitsimed for three different electrodg3). Flow
response of an AchE-PABA-gFET (300 pL iV = -0.2 V, \bs = 0.1 V) while flowing the analyte and
different interferencefD). Flow response of an AChE-PABA-gFET (300 pL hiNg =-0.2 V, \bs=0.1
V) while flowing spiked urine samples, whereasittsget shows the linear fitting of the response in a

logarithmic scale (two measurements performgs).

Different figures of merit of the AchE-PABA-gFETS aepeatability, reproducibility and stability were
also studied (Justino et al., 2010). The relatteadard deviation (RSD) for repeatability was 4 &f¥ofour
successive measurements ofuRb urea. The biosensors reproducibility was invetggd by preparing three
different AchE-PABA-gFETs and monitoring the reiahé¢ Ach flow response in the range of 5-1Q00
(Fig.3C). The transistors sensitivities exhibited a vesw IRSD of 2.6%, revealing excellent device-to-
device reproducibility. Moreover, the biosensorevséd a fast response time, with an average valuSof
seconds for 95% of the maximum response. The Byabfl the devices was also studied, and it wasifbu
that, by storing the electrodes at 4°C in bufferPHS solution, they retained almost 94% of the pali
response after 4 days of storage. The limit ofd&te (LOD) of our biosensor was calculated as1/&8 the
standard deviation for the buffer injection (blankiglding a value of 2.3 uM.

The selectivity of the biosensors relative to detgrof potential interferences known to be presenhe
extracellular milieu was also testdeid.3D andFig. S8). Glucose, ascorbic acid (AA) and neurotransnstter
dopamine (DA) and serotonin (SA), as well as otrefogenous electroactive species as L-cysteingyfl);C

were injected after 20 pM Ach flow detection andfféu washing. The concentrations of potential



interferences tested were at levels that occur fainb ECF (Mitchell, 2004); the electroactive
neurotransmitters DA and SA are typically presértamcentrations much lower than 10 uM and theeesfor
should have little effect on sensor response. Tiuwgenous electroactive species, as AA, are ustrale
that present the greatest potential interferenbe. typical ECF concentrations of AA fluctuate i ttange
100-300 pM (Mitchell, 2004). The transistors did sbow significant Js changes in the presence of the

interferences and the response to Ach was recowsr8d.5% after the whole set of interferencesciae.

Moreover, in order to study the response of thesdmgor in a real biological fluid, we performedwfio
measurements of Ach spiked diluted urine samplgsg (Eig. 3E). The device showed similar sensitivity to
that reported in the buffer solution, proving thatan be used to sense the neurotransmitter i w@mplex
matrices. Note, however, that in the case of usorcentrated buffer solutions the sensitivity af tevice

could be affected due to the concomitant effe¢chefbulk buffer capacity on the local proton concaion.

Finally, Table S1 shows a comparison of major analytical figuresnefit between the present biosensor
and other recently reported enzymatic FETs for Melection. Transistors presented in this work show
remarkable features, such as high sensitivity, vddeection range and low detection limit, while rizgi
operated at small applied potentialss(@nd \bs). Particularly when compared with similar devices
involving the immobilization of AchE on graphene T this device merges the above-mentioned features
with the possibility of performing measurementscontinuous flow conditions, making feasible thel+ea

time sensing of the neurotransmitter.
3. Conclusions

We presented a new strategy for the rational cocstn of gFET-based systems using
electropolymerization as integration approach. Totammetric synthesis of PABA, an electroactive
polymer film with pendant amine moieties, allowele timmobilization of functional AchE and,
simultaneously, the enhancement of the pH respohg#-ETs. The higher sensitivity to pH changes was

ascribed to the wide pKa distribution of PABA calibg a variety of amine/imine groups.

The AchE-PABA-gFETs showed a shift in the Diracrmpdio more negative values in the presence of
acetylcholine due to enzyme-catalyzed hydrolydieyéng for the real-time sensing of the neurotraitser

in the range 5 to 1000 uM. Moreover, AchE-PABA-giBEShowed excellent selectivity to interferencest fa
response time and good reproducibility. The sensere even checked in real urine samples, witimilasi
sensitivity to that observed in buffer. Comparethwgimilar reported gFET sensors, the AchE-PABA-GEE

present better response in flow conditions anchetd.OD.

Finally, the proposed strategy represents a pramyissethod for the construction of biosensors duthé
advantages of the voltammetric electrosynthesish sis precise control of the film thickness, stgband

no necessity of chemical primers. On the other hdmel electrosynthesized polyelectrolyte constitide
scarcely explored electroactive polymer with mamgvpd advantages as building block compared to the

wide-employed Pani, particularly when dealing wstft acidic or neutral media, as those needed fstm



enzymes to work. Thus, the functionalization apphozould be extended to the integration of otheyeres

or even nanomaterials, which could expand the sgragplications.
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Highlights

Electropolymerized layers improve the interfacial design of graphene-based field-effect
transistors.

Enhanced sensitivity is demonstrated in such designed reduced-graphene-oxide based field-
effect transistors (rGO FETS)

Reproducible and stable acetylcholinestearase-modified rGO FETSs are realized.
An enzymatic rGO FET biosensor detected acetylcholine selectively in aqueous media.

The limit of detection (LOD) for urea is estimated to be 2.3 uM.
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