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ABSTRACT

Poly(5-hydroxytryptamine) (poly(5-HT)) is exploitedas a new and efficient
enzyme-immobilization matrix for amperometric andfbel cell (BFC)-based biosensing. A
GOx-poly(5-HT)-Pd  nanoparticles (PdNPs) bionanocosite is prepared by
NaPdCl-initiated oxidized polymerization of 5-hydroxyttgmine (5-HT) in a neutral
agueous solution containing glucose oxidase (G@ryl this bionanocomposite and then
chitosan (CS) are cast-coated on a Pd-plated Auctrete to vyield a
CS/GOx-poly(5-HT)-PdNPs/BadAu enzyme electrode. Scanning/transmission electro
microscopy, UV-vis spectrophotometry and electrogieal quartz crystal microbalance are
employed for material characterization and/or psscemonitoring. Under optimized
conditions, the amperometric response of the enzgheetrode is linear with glucose
concentration from 2.iM to 6.66 mM with a sensitivity of 110A mM™ cm?, a limit of
detection of 0.2uM, and excellent operation/storage stability in thest-generation
biosensing mode. The sensitivity is larger thars¢hof some conventional electrodes under
identical conditions. The enzyme electrode also k&owell in the second-generation
biosensing mode. By using the enzyme electroddv@samoddor glucose oxidation and a
Pd,/Au electrode as the cathofite KMnO, reduction, a monopolar BFC is constructed as a
self-powered biosensor, the current response oftwis linear with glucose concentration
from 50uM to 34.5 mM. Experiments also show that poly(5-H§ a physical and chemical
dual-immobilization matrix of enzyme, since the atbant amino groups in poly(5-HT) can

be used for chemical bonding of GOXx.

Keywords: Poly(5-hydroxytryptamine); Glucose oxidase; Pdnoparticles; Glucose

biosensing; Biofuel cell
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1. Introduction

5-Hydroxytryptamine (serotonin, 5-HT) as a monoamieurotransmitter contains one amino group
that is connected to an aromatic ring by a two-garbhain (-CH-CH,-). 5-HT is widely dispersed
throughout the central nervous system and playtahrole in the regulation of appetite, sleep, roeyn
learning and body temperature [1, 2]. Previousistutlave also indicated that 5-HT can form highly
ordered structures in a faulty oxidative environtmend thus cause some types of mental disorders
including schizophrenia, depression, and Alzheimdisease [3, 4]. 5-HT is electroactive and thes th
rapid electroanalysis of 5-HT has attracted mudbnébn to date [5]. The oxidation mechanism of
5-HT is complicated, and the oxidation productsolme oxidized dihydroxyindoles, dimers and
polymers, depending on the experimental condit{éA8]. However, to our knowledge, the oxidative
polymerization of 5-HT to develop a biomacromoleswhmobilization matrix for biosensing
applications has not been reported to date. Inrasmntthe polymerization of some other monoamine
neurotransmitters such as dopamine and L-DOPA haen widely used in diverse areas including
immobilization of biomacromolecules [10, 11], maddtion of surfaces [12], and environment analysis
[13, 14], since the inception of intriguing polydopine material about 10 years ago [15, 16].
Accordingly, the oxidative polymerization of 5-H® tevelop new functional biocomposites is an
interesting topic, which can enrich the family obmoamine neurotransmitter polymers for diverse
potential applications including biosensing. In i@dd, compared with other monoamine
neurotransmitter polymers, poly(5-HT) featuresaitsindant amino groups for chemical modification in
various promising applications.

Due to the necessity of daily check of the bloaacgke level for millions of diabetics, glucose has
become one of the most important analytes [17-IBg nonenzymatic and enzymatic electroanalysis
methods have been employed to quickly and senlsitargalyze glucose [20]. The enzymatic method
features excellent selectivity, and glucose oxid&¥®x) is often used for amperometric biosensing of
glucose. Highly efficient immobilization of GOx @appropriate physical and chemical methods is the
key step for electrochemical glucose biosensing P2]. Many natural and artificial polymers have

been examined as enzyme-immobilization matrixeduding natural biopolymer chitosan (CS) and
3
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some monoamine nheurotransmitter polymers like papganine (PDA) and poly(L-DOPA) (PD) [23,
24]. In our opinion, innovating polymer matrixe®rn chemical and biological reactions of biogenic
molecules for high-load and high-activity immobdtion of enzymes is always an intriguing theme for
developing biosensors (and bioreactors) and eveanathg bionic chemistry. Amperometric enzyme
electrodes can also be used to fabricate enzyiiafigel cells (BFCs), which are capable of harvesti
electricity from oxidation of biofuels using enzysn@s the catalysts [25, 26]. In recent years,
GOx-based BFCs have received great attention becaugheir application potential in developing
self-powered glucose sensors and even implantavieas [27-29].

Herein, a GOx-poly(5-HT)-Pd nanoparticles (PdNP&nh&nocomposite was synthesized through
oxidative polymerization of 5-HT by NBACl, in GOx-containing neutral aqueous solution, and
cast-coating the bionanocomposite and then CSRd+-plated Au electrode surface yields an enzyme
electrode. The enzyme electrode exhibits good aonpetric and BFC-based biosensing performance
under optimized conditions. In addition to the pbgkentrapment of GOx, the covalent bonding of
GOx on poly(5-HT) backbone via the amino chemisbfy poly(5-HT) is experimentally proven

(physical and chemical dual-immobilization for enm).

2. Experimental section

2.1. Instruments and reagents

All electrochemical experiments were carried outao@HI660A electrochemical workstation (CH
Instrument Co.). A conventional three-electrodetetdytic cell was employed. The working electrode
was either an Au disk electrode with 2.0 mm diamgieea = 0.034 cfhor its modified electrodes, the
reference electrode was a KCl-saturated calomeltrelde (SCE), and the counter electrode was a
graphite rod. All potentials here are reported wi#spect to SCE. An Autolab PGSTA 30
electrochemical workstation with an electrochemiugise module (Eco Chemie BV, the Netherlands)
was used in the BFC experiments [30]. We employembraputer-interfaced HP4395A impedance
analyzer and AT-cut 9 MHz gold-coated piezoeleafji@rtz crystals (6.0 mm diameter Au electrode,

12.5 mm diameter quartz wafer, keyhole configurgtidodel JA5, Beijing Chenjing Electronics Co.,
4
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Ltd., China) in the EQCM experiments [21]. UV-vibsarption spectra were recorded on a UV2450
UV-vis spectrophotometer (Shimadzu Co., Japan).n&og electron microscopy (SEM) and
transmission electron microscope (TEM) images weréormed on a Hitachi S4800 scanning electron
microscope with a field emission electron gun andeEdM-2100F transmission electron microscope
(Japan), respectively.

GOx (EC 1.1.3.4, type Il fromAspergillus niger) was purchased from Sigma. 5-HT and DA were
purchased from Shanghai Macklin Biochemical Cod. (Ehanghai, China). L-DOPA was purchased
from Aladdin. 1-Ethyl-3-(3-dimethylaminopropyl)-dardiimide  hydrochloride (EDC) and
N-hydroxysulfosuccinimide (Sulfo-NHS) were purch&ideom Sigma-Aldrich. PdGlwas purchased
from Tianjin Chemical Reagents Station (Tianjin,ir@f), and NgPdCl, solution was prepared by
adding 28.4 mg Pdghnd 18.7 mg NaCl into 8 mL pure water. CS, Nafglncose, ascorbic acid, and
uric acid were purchased from Sinopharm Chemicalg@et Co., Ltd. (Shanghai, China). 0.30 wt% CS
solution was prepared in 0.10 M acetate buffer gp#). 0.30 wt% Nafion solution was prepared in
alcohol. Glucose stock solution was allowed to muitde overnight at room temperature before use. A
30 wt% HO, solution was purchased from Shanghai Taopu Chérfiaetory, and a fresh &,
solution was daily preparedp-Benzoquinone (BQ) was purchased from Suzhou TimerC
Technologies Co., Ltd. (Suzhou, China). A phosplatiger consisting of 0.10 M K#PO,-K,HPQO, +
0.1 M K;SO, (pH 7.0) served as the supporting electrolyte. Bluraerum samples were donated by
Hunan Normal University Hospital. All other chenlkavere of analytical grade or better quality and
used as received. Milli-Q ultrapure water (Milligor>18 MQ cm) was used throughout. All

experiments were performed at room temperaturenar@a’C.

2.2. Preparation and measurements of biosensors

The preparation of biosensors is illustrated inesod 1. The bare Au disk electrode was pretreated
according to the reported protocol [31, 32]. Asffirone drop of fresh prepared concentratesQy +
H,0, (3:1, viv) was placed on the Au disk electroddasg for 15 s, and the Au disk electrode was
rinsed thoroughly with water and then dried witsti@am of pure nitrogen. The treatment was repeated

three times. Prior to the electrochemical experigietme Au disk electrode was subjected to repeated
5
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potential cycling (-0.35~1.5 V, 50 mV'sin 0.10 M aqueous #$0, until the cyclic voltammogram
indicating that a clean Au disk electrode surfaes wbtained. Then, Pd was electroplated on theetrea
bare Au disk electrode (Rg/Au) in 0.10 M aqueous 430, containing 5.0 mM Pdgl by
multipotential-step electrolysis from 1.1 to 0 V. &CE with a pulse width of 0.25 s, and the tatakt

for the electrodeposition experiment was 400 s. PHg/Au electrode can excellently catalyze the
electrooxidation of kD,, as shown in Fig. S1. Then, a stirred phosphaferbeontaining 40 mM 5-HT
and 2.5 mg mLt GOx was subjected to chemical oxidative polyméigzeby adding 2.5 mM N&#dCl,.

The precipitation was observed in several min, #rel reaction was allowed to occur for 2 h to
maximize the formation of GOx-poly(5-HT)-PdNPs pp#ate. Then, the biosensor was fabricated by
coating Pda/Au electrode with the GOx-poly(5-HT)-PdNPs bioneomposite (2.5uL) and then
strengthening the enzyme film with CS (0.3 wt%, 1L (CS/GOx-poly(5-HT)-PdNPs/BgdAu). CS

is also well known as a good binder of high biocatiiplity for enzyme immobilization. For
comparison, CS/GOx-PDA-PdNPsiRdAu, CS/GOx-PD-PdNPs/BgdAu, CS/GOx-polyaniline
(PANI)-PdNPs/PgldAu, GOx-poly(5-HT)-PdNPs/Rd/Au, CS/GOx-PdNPs/Rd/Au,
CS/GOx/PgadAu, and Nafion/GOx/PghdAu electrodes were similarly prepared, exceptlieruse of

DA, L-DOPA or aniline instead of 5-HT. When notlse, the prepared enzyme electrodes were stored
in phosphate buffer atC (refrigerator). The EQCM Au electrode was cleaasdeported before [33].
Briefly, one drop of concentrated HNGvas placed on the EQCM electrode surface for 1fhes,
follow-up procedures including electrode-modificats as required were the same as those for the
above Au disk electrode.

In the first-generation biosensing mode, to detieetoxidation of enzymatically generatee the
prepared enzyme electrodes were measured by msting them at 0.7 V vs. SCE under
solution-stirred conditions. The response curreais wecorded as the change value between the
steady-state current after adding substrate andnttial background current without substrate. The
clear liquid serum samples without further pretresits were utilized for practical sample analy3# [
35]. In the second-generation biosensing mode, éheyme electrodes were tested by cyclic

voltammetry (CV) in N-saturated quiescent phosphate buffer containitiftcel mediator.
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The BFC for self-powered glucose biosensing waddated as illustrated in Scheme S1. The anode
compartment contained the CS/GOx-poly(5-HT)-PdN&s{PAu electrode in 20 mL of 0.1 M
phosphate buffer (pH 7.0) containing 4.0 mM BQ aghacose at a specified concentration, and the
cathode compartment, separated from the anode conegrd by a Nafion 117 ion-exchange membrane,
contained a Bgl/Au electrode in 0.40 M KMn©+ 0.50 M HSO, aqueous solution [36]. When the
external resistance load was @,kthe BFC current developed between the two eldegancreased
with the glucose concentration, in the absence rof external power source (i.e. self-powered

biosensing).

2.3. Computational details

The possible polymerization sites of 5-HT are dised by density function theory (DFT)
calculations using the M062X function [37], as ieplented in the Gaussian 09 program [38], using the
standard Pople 6-31+g (d, p) basis set [39]. Wanatfons are obtained in the ground state using DFT
calculations with the M062X function with the 6-31 (d, p) basis set [40]. The analysis of Fukui
function and electrostatic potentials (ESP) on ke van der Waals (vdW) surface is done using

Multiwfn program [41, 42].

3. Results and discussion

3.1. Oxidative polymerization of 5-HT for preparing the enzyme el ectrodes

Some noble metal nanoparticles exhibit high eleeti@ytic activity for oxidation of kD, and
preparation of oxidase-based enzyme electrodes H8ie, electroplated Pd, Pt and Au on gold
electrodes were examined, as shown in Fig. S1.s€hsing current based on the anodic oxidation of
H,0, followed the order of B /Au = Pd,xd/AU > AuyadAu > bare Au electrode. Pd plating is selected
here, because Pd behaves well as Pt but the #gkisfobviously more environment-friendly due te th
higher abundance of Pd on the earth than that g4Pu5].

As stated before, NBdCl, oxidized 5-HT in the aqueous solution containin@Gand an insoluble

GOx-poly(5-HT)-PdNPs bionanocomposite was obtaingdf:vis spectrophotometry was done to
7
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examine the reactions, as shown in Fig. 1. Hetegohltions were prepared with phosphate buffet (0.
M, pH 7.0), and the phosphate buffer was also uasda reference solution in the UV-vis
spectrophotometry. 2.5 mM BRACI, solution showed an absorption band at 425 nm @] solution

of 40 mM 5-HT was almost colorless, and 2.5 mg’n@Ox solution gave a yellow color. Fig. 1b
shows the characteristic peaks of GOx at 276, 3804&1 nm [47, 48]. The mixtures of 40 mM 5-HT
+ 2.5 mM NaPdCl, and 40 mM 5-HT + 2.5 mM NRdC|, + 2.5 mg mLC GOx (2.5 mM NaPdCl, was
finally added for each) was gold-yellow in color fatst, after 30 min reaction and then 8 min
centrifugation at 3500 rpm, we obtained yellow soptants and insoluble poly(5-HT)-PdNPs and
GOx-poly(5-HT)-PdNPs bionanocomposites at the Inottorespectively. Prior to subsequent
experiments, centrifugation was repeatedly doné th supernatant was colorless. The formation of
insoluble bionanocomposites implies the oxidatioolymerization of 5-HT by N#dCl, with
simultaneous formation of PdNPs. In fact, a préeatpi could also be formed after two days in
air-saturated 100 mM tris-HCI buffer containing 4tM 5-HT (pH 8.5), and a thin film of the
precipitate could be robustly attached to the tagibsurface, as displayed in Fig. S2, implying that
self-polymerization of 5-HT after oxidation of 5-Hly oxygen in air is possible.

Obviously, electrochemistry methods are very uséful studying the oxidative polymerization
mechanism of various monomers since the oxidategreks of monomers, oligomers and polymers
can be conveniently controlled and the electrondtfer reactions can be readily probed by the resd-t
electrochemical responses. The electrochemicabtrid and polymerization of 5-HT was investigated
by CV in 0.1 M phosphate buffer (pH 7.0) containgiT at several concentrations, as shown in Fig. 2
For 20uM 5-HT, a cathodic current ramp due to the irreNdesreduction of the soluble oxygen was
observed at potentials negative to ca. -0.4 V,esthes cathodic current ramp was also observeten t
5-HT-free blank solution and became notably smadiiéer nitrogen saturation of the solution (not
shown). A small anodic shoulder peak due to oxmfatif 5-HT was observed at ca. 0.4 V, which can be
ascribed to the oxidation of phenolic hydroxyl andole groups [49]. An anodic ramp due to the
oxidation of Au was observed at potentials positifeca. 0.5 V, since we observed a pair of redox
peaks due to oxidation of Au (peaking at ca. 0.8'‘ahMd reduction of Au oxides (at ca. 0.36 V) in the

blank solution (not shown). After the anodic oxidatof 5-HT, a pair of small redox peaks centerdng
8
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ca. -0.14 V was observed, and their peak heigktea@sed cycle by cycle, which can be attributetti¢o
quinone/hydroquinone couple of the anodically fodnéhydroxyindole [50]. With the increase of
5-HT concentration from 2QM to 0.1 mM, 1 mM, and finally 40 mM, the anodicabeat ca. 0.4 V
increased notably while the redox peaks at ca.4-0/1increased much slowly, implying the
synchronous occurrence of competitive deep-oxidatgactions of 5-HT at high concentrations, such
as oligomerization and polymerization [50]. The B-bkidation peak at ca. 0.4 V also notably
decreased cycle by cycle for each 5-HT concentrggacept for the very small oxidation peak of 20
MM 5-HT), and such peak decrease from the firstecymlthe second cycle was the most significant for
40 mM 5-HT, indicating the most significant electeposition of electron-insulating polymer during
the first-cycle oxidation of 40 mM 5-HT against thecond-cycle electrooxidation of 5-HT here. These
Au electrodes after experiencing 5-HT oxidation evatharacterized by CV and electrochemical
impedance spectroscopy of the Fe(€M)probe [30], as shown in Fig. S3 with discussioraited.
Both CV and electrochemical impedance spectroscdl$) characterizations revealed that the
reversibility of the Fe(CNJ™ probe was decreased with the increase of 5-HT curat®n,
demonstrating that electrooxidation of 5-HT at ghler concentration can increase the quantity of
electron-insulating poly(5-HT) on the Au electrodgom the above experiments/discussion and the
well-known mechanism for a general polymerizatioocess, we believe that the oxidation of 5-HT is a
complicated multistep process. At very low concatndins, oxidation of 5-HT may produce a
dihydroxyindole derivative as the main product [5@hd the chemical bonding between 5-HT
molecules for chain propagation is very difficultedto the very small probability of mutual collis®

of 5-HT molecules at very low concentrations. Atdioen concentrations with increased probability of
mutual collisions of 5-HT molecules, oxidation eHI may produce dimers, oligomers, polymer, and
the dihydroxyindole derivative [51]. At high condeations, oxidation of the crowded 5-HT molecules
allows chain propagation for polymerization of 5;H addition to the limited formation of dimers,
oligomers, and the dihydroxyindole derivative. Rerimore, the EQCM technique was used to track the
electropolymerization process of 40 mM 5-HT in ®1phosphate buffer (pH 7.0). Fig. S4 shows the

EQCM responses to CV electropolymerization of 5iHD.1 M phosphate buffer (pH 7.0) containing
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40 mM 5-HT. An anodic current peak for 5-HT oxidatiwas observed at ca. 0.4 V vs. SCE in the first

positive scan, accompanying with a notable frequelecrease. The total net frequency decreasi)(

was 566 Hz after 20 potential cycles. All curreatiks and the resonant frequency decreased with the
progress of potential cycling, proving the continsieelectrochemical formation of electron-insulating
poly(5-HT) deposit on the electrode.

To gain further insights into the origin of the céan mechanism of 5-HT, we have calculated the
Fukui function to evaluate their ability for theeetrophilic attack and nucleophilic attack (Fig, &4.
S6 and Table S1) [52]. Clearly, most positive paft§ function are localized in N13, C6, C7, C3, 024,

C5, C8, and C4, which means the positions of, (@®) , (C7, C8) and (C3, C4) are favorite reactive
sites for electrophilic attack or free radical ektaAlthough almost identical positive parts 6f

function are localized in N13 and 024, the N13 #rel O24 are not vulnerable sites for electrophilic
attack since both nitrogen and oxygen possesslygaalarized lone pair electrons. In addition, most

positive parts off" function are localized in H14, H12, H19, H23, H20, and H22, indicating that

these positions are favorite reactive sites foleaphilic attack. At the same time, we suspect kHizh

is also vulnerable to nucleophilic attacks. ToHtartconfirm this, ESP on 5-HT molecule vdW surface
is analyzed [53]. As shown in Fig. S6, a local acef maximum value (48.99 kcal/mol) near H25 is
shown, suggesting that the electron density isllpd@pleted and H25 is also a highly vulnerabte si
for nucleophilic attack.

According to the above findings and the reportedymerization mechanisms for indole and
dopamine of similar chemical structures [16, 54, &S well as the oxidation mechanism reported for
5-HT (Scheme S2) [50, 56], we believe that the athied polymerization mechanism of 5-HT is the
indole-like polymerization through chain propagatimainly at 1, 2, 4, 6, and 7 sites (Scheme S3).
Anyway, the exact oxidative polymerization mechemisf 5-HT is very complicated due to the
presence of several possible active sites in thE Snolecule for chain propagation, and thus more
in-depth studies are required to clarify the exdemical structure of poly(5-HT).

SEM images displayed in Fig. 3 reveal the surfaogphmlogy of Au disk electrode and its modified

electrodes. The bare Au disk electrode (a) dispysther smooth surface. Many aggregated Pd

10
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nanoparticles (ca. 100 nm) are clearly seen g%l electrode (b). After cast-coating the
GOx-poly(5-HT)-PdNPs bionanocomposite on thg.R@u disk electrode (c), a blanket of aggregated
nanoparticles is clearly seen. After further casiting of CS (d), the outer surface is newly coglere
with a glue-like film. The TEM image of the GOx-p¢b-HT)-PdNPs bionanocomposite is displayed in
Fig. 3(e), which proves the formation of Pd nanopartieléh a statistically dominant size of 3 nm and
confirms the fact that NRACl, can oxidize 5-HT in the agueous solution contgn@0x to produce
PdNPs. Furthermore, the electrode modification vleracterized by CV and EIS of the Fe(¢Nf)
probe (Fig. S7 with discussion detailed), both yimd that the enzyme film has been successfully

constructed on Au electrode surface.

3.2. Mass-specific activity of immobilized GOx and biosensing performance of the enzyme electrode

The amperometric method was used to estimate tlss-sgecific activity of native or immobilized
GOx in pH 7.0 phosphate buffer containing eitherxG@ GOx-poly(5-HT)-PdNPs dispersion, as
shown in Fig. S8. One unit of GOXx activity (U) isfihed here as the production gfithol H,O, in 60 s

under our experimental conditions. The enzymatiecsde activity (ESA) can be written as
ESA=n, ., IAM,,,, where N, o, in pmol is the molar quantity of 4, produced in the 60 s

enzymatic reaction obtained from amperometric siethdcurve method under our experimental
conditions, andAmgoy is the added mass of native and immobilized GQxchSan amperometric
method to estimate the ESA values has been promosgdiscussed in detail in our previous reports
[57-60]. Here, the mass of added G@xn§o,) for native GOx and immobilized GOx (entrapped ia th
GOx-poly(5-HT)-PdNPs bionanocomposite) were bottb1@. We obtained the current change value

on the Au disk electrode at 0.7 V vs. SCE in thgusat 60 s as 1.12A and 1.05pA for native and
immobilized GOx, respectively. Hencd},, is calculated according to the calibration curveg.(F

S8A) to be 0.8%umol for native GOx and 0.8@mol for immobilized GOx. The ESA values of native
and immobilized GOx were measured to be 68 Kland 64 kU d, respectively. Thus, the enzymatic

relative activity ERA = ESA;/ESA,) is estimated to be 94.1%. For comparison, we edsionated the

11
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mass-specific activities of the immobilized GOxtive PDA and PD cases under identical conditions,
the enzymatic relative activity are estimated a% &nhd 65%, respectively (Fig. S8), quantitatively
demonstrating that the proposed enzyme-immobitraprotocol based on the poly(5-HT) matrix is

indeed promising for preservation of the higheivitgtof enzyme.

To obtain the best sensitivity for glucose assayrious experimental conditions, including the
concentration of GOx, 5-HT and MrRdCl, the volume of CS, and detection potential andvahlie
were investigated by varying the examined paranveitde others were fixed, as shown in Fig. S9 with
discussion detailed. The optimized conditions fozyene electrode fabrication are 40 mM 5-HT, 2.5
mg mL* GOx, 2.5 mM NgPdCl, and 1.5pL 0.30 wt% CS, and the optimized parameters for
biosensing experiments are pH 7.0 phosphate barfigtest potential at 0.70 V vs. SCE.

The performance of the biosensor in the first-gati@n biosensing mode was tested. Under
optimized conditions, the amperometric glucosedmsg responses (A) and the calibration curves (B)
of several enzyme electrodes are displayeBign 4. The amperometric response to glucose reache
steady-state within ca. 5 s in each case. The msspat the CS/GOx-poly(5-HT)-PdNPsjRdAu
electrode is linear with glucose concentration fa®pM to 6.66 mM R= 0.993), with a sensitivity
of 110 pA mM™* cm® and a LOD @N=3) of 0.2 pM. The sensitivity is superior to
CS/GOx-PDA-PANPs/Au (87.21A mM™ cm?), CS/GOx-PD-PdNPs/Au (55.3A mM™ cm?),
CS/GOx-PANI-PANPs/Rgi/Au (10.7 pA mM™ cm?), CS/GOxX/Pga/Au (61.0 pA mM™ cm?),
Nafion/GOx/Pg.dAu (58.4 A mM™ cm®) , CS/GOx-NaPdCl/PdyadAu (2.35puA mM™ cni®) and
many reported GOx electrodes (Table S2). Howevke sensitivity is slightly worse than
GOx-poly(5-HT)-PANPs/RdJAU (126 pA mM*  cm?  electrode, but the
GOx-poly(5-HT)-PdNPs/Bg/Au electrode has a poorer stability probably doethte shedding of
enzymes (Fig. S10). From the above data, we coecdhat poly(5-HT) is an excellent polymer matrix
to entrap GOx for amperometric biosensing undeei@mnined conditions.

The apparent Michaelis-Menten constakt,(") is an indicator of the enzyme-substrate kinetics.
According to the Lineweaver-Burk equation [36K.,* is obtained as 4.07 mM at

CS/GOx-poly(5-HT)-PdNPs/RBddAu electrode, as also shown in Fig. 4. The esgoh&t, " is lower
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than the reported value of 15.2 mM for the GOx irbitiped at the boron-doped carbon nanotubes and
many others [61-63], implying that the immobiliz8®x has high bioactivity and affinity to glucose.

The anti-interference ability, reproducibility astbrage stability of the biosensor were investigiate
by amperometric measurements. As shown in Fig. ®&ladditions of 0.1 mM ascorbic acid and uric
acid caused very small interference to the deteatiin of glucose, and the interfering signal is
increased with the concentration as expected. @m@ducibility of this biosensor was evaluated veith
relative standard deviation of 2.3%=6) for 1 mM glucose, and our amperometric enzyieetede
maintained 95% of its initial current response ra@ days (Fig. S11). The biosensor was used for
practical analysis in several human serum sami@@esum sample (0.1 mL) was added to 10 mL
phosphate buffer (0.1 M, pH 7.0) as testing sotuaad a potential of 0.7 V vs. SCE was applied. The
concentrations of glucose in serum is calculatethfthe calibration curve, and the values measured a
CS/GOx-poly(5-HT)-PdNPs/BddAu electrode agree well with the hospital res(fable S3). The
satisfactory results originate mainly from the $atttat GOx is highly specific to glucose and thghhi
sensitivity of our enzyme electrode allows a highier sample-solution-dilution that can minimize the
background and interferences.

The concentration of dissolved, @ aqueous solutions is only ca. 1 mM, which lanibe linear
detection range (LDR) of the first generation bres®. Hence, our amperometric enzyme electrode
was also exploited to determine glucose in the rmbgeneration biosensing mode with the
solution-state redox mediators of BQ. As shownim B, in the presence of 4 mM BQ, we observed a
pair of well-defined redox peaks of BQ, centering ea. 0.2 V vs. SCE on the
CS/GOx-poly(5-HT)-PdNPs/BadAu electrode, and the anodic peak was notablyesssd while the
cathodic peak was decreased with the increase of@@entration. The LDR was favorably extended
to 40 mM glucose with a slope of 74ud mM™ cm®. The above results demonstrate that the biosensor
can evolve into a second-generation biosensor witwider LDR by simple addition of a redox
mediator in the detection solution.

In addition, a monopolar BFC was constructed usimgenzyme electrode as the anode for glucose
oxidation and a Rg/Au electrode as the cathode for KMn@duction. As shown in Fig. 6, the BFC

exhibited an open-circuit potential of 1.0 V, a skaircuit current of 4.24 mA cify and a maximum
13
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power density Prna) of 2.31 mW crif. This Pnay is much larger than most reported values [36, 64],
indicating that the enzyme film is an excellent@oanaterial for BFC development. As shown in Fig.
6, the BFC as a self-powered glucose sensor eglilaitlinear relationship to glucose concentration
from 50uM to 34.5 mM with a sensitivity of 71, @A mM™ cm®, which effectively broadens the linear

range of glucose detection versus the first-germeramperometric biosensing mode.

3.3. Chemical immobilization of GOx based on the amino chemistry of poly(5-HT)

The enzyme-immobilization protocol presented abevgased on the physical entrapment principle.
In fact, poly(5-HT) is an amino-rich polymer, arfiis the high reactivity of the pending amino groups
can be exploited for chemical immobilization of gme molecules. Such a combined physical and
chemical protocol for enzyme immobilization seembé of sufficient novelty and significance in the
area of enzyme electrode including the applicatmnglucose detection. Herein, the electrochemical
and chemical polymerization of 5-HT was employeddeliminary principle validation of the idea of
physical and chemical dual-immobilization of enzyme

First, one-step electrochemical codeposition ofy{@HT), GOx and NgPdCl by CV was
conducted on Rdi/Au electrode in 0.1 M phosphate buffer (pH 7.00teming 40 mM 5-HT, 2.5 mg
mL™* GOx and 2.5 mM N#&dCl, under stirring condition (to maximally homogenthés precipitation
mixture), yielding a poly(5-HT)-GOx-PdNPs/R&/Au electrode. Then, 2.%L aqueous solution
containing 10 mg mtt GOx, 20 mM EDC, and 5 mM NHS was cast-coated @nathove electrode
(GOXchenfpoly(5-HT)-GOx-PdNPs/R@/Au). Fig. 7A shows the amperometric responseduooge at
poly(5-HT)-GOx-PdNPs/Rd./Au and GOxpen/poly(5-HT)-GOx-PdNPs/RdJAu electrodes under
optimized conditions. The sensitivity at G&x/poly(5-HT)-GOx-PdNPs/Rg/Au electrode is ca.
1.56 fold that at poly(5-HT)-GOx-PdNPs/RdAu, demonstrating that the amino chemistry of
poly(5-HT) can indeed be used for further chemiedhering of GOx molecules and the idea of
physical and chemical dual-immobilization of enzyme thus supported. Furthermore,
poly(5-HT)-GOx/Pgad Au and GOXnen/poly(5-HT)-GOx/Pd/Au electrodes were similarly prepared

without NgPdCl, the sensitivity at GOxenpoly(5-HT)-GOx/Pd../Au electrode is ca. 1.62 fold that
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at poly(5-HT)-GOx/PgadAu electrode (Fig. S12A). For comparison,
GOx/poly(5-HT)-GOx-PdNPs/RdJ/Au were similarly prepared without crosslinkingeag) (EDC/NHS)
(Fig. S13), and we found that the sensitivity atx@0ly(5-HT)-GOx/Pd../Au electrode is almost the
same as that at poly(5-HT)-GOx/R@Au electrode, demonstrating that the further cloatiethering
of GOx on poly(5-HT) molecules cannot be achievetthout crosslinking agent (EDC/NHS).
PDA-GOx/PdadAu and GOx..r{PDA-GOX/Pg/Au electrodes were also similarly prepared, except
for the use of DA instead of 5-HT. The sensitiatyGOXh../PDA-GOx/Pd /AU electrode is only ca.
1.04 fold that at PDA-GOx/BddJAu electrode (Fig. S12B), demonstrating that PBAack of amino
groups and thus a further chemical tethering of G@Jecules via the amino chemistry is very small. |
should be noted that the amperometric responsesihethe electropolymerization case are notably
lower than the counterparts in the chemopolymédratase as before, probably due to the limited loa
and activity of the electropolymerization-entrappedyme, as reported in our previous study [21].
Second, the prepared GOx-poly(5-HT)-PdNPs suspensgis centrifuged (three times, 3000 rpm, 5
min) and then redispersed in the phosphate b@fepl redispersed precipitate was cast-coated on the
Pd.ad/Au electrode, yielding a poly(5-HT)-GOx-PdNPs/RdAu electrode. Then, 2.5L aqueous
solution containing 8 mg mt. GOx, 20 mM EDC, and 5 mM NHS was cast-coated @nahove
electrode, and the reaction was allowed to ocaub fo at room temperature. Finally, ub of 0.3 wt%
CS solution was cast-coated to strengthen the emZyim. The prepared electrode is denoted as
CS/GOx%pendpoly(5-HT)-GOx-PdNPs/BR@/Au electrode. As shown in Fig. 7B, the sensitivay
CS/GOx%pendpoly(5-HT)-GOx-PdNPs/Rg/Au electrode is ca. 1.42 fold that at
CS/poly(5-HT)-GOx-PdNPs/Rgd/Au electrode. For comparison, a
CS/GOx%nen PDA-GOX-PANPs/Pgl/Au electrode was prepared by the same processsérstivity at
the CS/GO¥%.dPDA-GOX-PdNPs/Pgl/JAu electrode is only ca. 1.06 fold that at
CS/PDA-GOx-PdNPs/Rd/Au electrode, as shown in Fig. S14. From the abdat, it can be
concluded that poly(5-HT) possesses much more amingmino groups than PDA, and thus this
unique structural characteristic enables convenjantsical and chemical dual-immobilization of

enzyme and other biomacromolecules for wider p@krpplications including the detection of
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4. Conclusions

In summary, a novel enzyme electrode has beenrcotest based on the oxidative polymerization of
5-HT by NaPdCl, in GOx-containing neutral agueous solution to iritive GOx. The thus-prepared
enzyme biosensor exhibits higher sensitivity andwelo LOD, in comparison with
enzyme-immobilization polymer matrixes of PD, POBANI, and/or common CS and Nafion. Also,
the enzymatic relative activity of GOx immobilizedpoly(5-HT) is better than those in the PDA and
PD cases. Our study also suggests that the thusdtdl BFC device can be applied as a self-powered
biosensor for glucose analysis with a wide linestedtion range. Poly(5-HT) as an amino-rich polymer
is facile for amino-based chemical modification, cliding the physical and chemical
dual-immobilization of enzyme tentatively discus$eue, and more relevant researches on poly(5-HT)

are in progress in this laboratory.
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Figure captions

Fig. 1. UV-vis spectra and digital pictures (inset) for @® 5-HT (a), 2.5 mg mt GOx (b), 2.5 mM
Na,PdCl, (c), 40 mM 5-HT + 2.5 mM N#dCl, (d), and 40 mM 5-HT + 2.5 mg miLGOx + 2.5 mM

Na,PdCl, (e, after 30 min reaction and then centrifugafmm min at 3500 rpm).

Fig. 2. Cyclic voltammograms (1st (black), 2nd (purplePthl (red) and 20th (blue) cycles) in
phosphate buffer (pH 7.0) containing 5-HT at sevepacentrations. Scan rate: 500 mi¥/ $he 5-HT

concentrations are given in the figure.

Fig. 3. SEM pictures of bare Au (a), R&/Au (b), GOx-poly(5-HT)-PdNPs/RBdJ/Au (c), and
CS/GOx-poly(5-HT)-PdNPs/B@dAu  (d) electrode surfaces, and TEM image of the

GOx-poly(5-HT)-PdNPs bionanocomposite (e).

Fig. 4. Chronoamperometric responses to successive auklifoglucose (A) and the calibration curves
(B) on  CS/GOx-poly(5-HT)-PANPs/R@/Au  (a), CS/GOx-PDA-PANPs/Bg/Au (b,
GOx-poly(5-HT)-PdNPs/R@/Au (c), CS/GOx/PghdAu (d), CS/GOx-PD-PdNPs/Rgd/Au (e),
Nafion/GOx/Pd.dAu (), CSIGOxX-PANI-PANPs/RdJAu (g), and CS/GOx-N#dCl/Pd,./Au (h)

electrodes at 0.7 V vs. SCE in pH 7.0 phosphatiebuf

Fig. 5. Cyclic voltammograms and the calibration curvestied anodic peak current (inset) of a
CS/GOx-poly(5-HT)-PdNPs/B@dAu electrode in degassed phosphate buffer congidi mM BQ
and 0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 2228428, 30, 32, 34, 36, 38 or 40 mM glucose. Sedet r

50 mV sh.

Fig. 6. U andige as functions oR, (A) as well ag.eyandP as functions ol (B) for the monopolar
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10

BFC, and time-dependent current responses to siceexiditions of glucose (C) and the calibration

curve (D) for the monopolar BFC.

Fig. 7. Chronoamperometric responses and the calibratiomrves (inset) on
GOxhenfpoly(5-HT)-GOx-PdNPs/RgdJAu  (black) and poly(5-HT)-GOx-PdNPs/Rg/Au  (red)
electrode (A) (electrodeposition protocol), and Q%/GOXnenpoly(5-HT)-GOx-PANPs/Rgd/Au
(black) and CS/poly(5-HT)-GOx-PdNPs/RdAu (red) electrodes (B) (chemical protocol) at 0.¥s.

SCE to successive additions of glucose into pH#dsphate buffer.
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Fig. 1. UV-vis spectra and digital pictures (inset) for @ 5-HT (a), 2.5 mg mt GOx (b), 2.5 mM

Na,PdCl, (c), 40 mM 5-HT + 2.5 mM N#&dCl(d), and 40 mM 5-HT + 2.5 mg miLGOx + 2.5 mM

NaPdCl, (e, after 30 min reaction and then centrifugafamB min at 3500 rpm).
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phosphate buffer (pH 7.0) containing 5-HT at seveoacentrations. Scan rate: 500 mi¥/ $he 5-HT

concentrations are given in the figure.
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Fig. 3. SEM pictures of bare Au (a), R&/Au (b), GOx-poly(5-HT)-PdNPs/RdJAu (c), and
CS/GOx-poly(5-HT)-PdNPs/RBgd/Au  (d) electrode surfaces, and TEM image of

GOx-poly(5-HT)-PdNPs bionanocomposite (e).
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Fig. 4. Chronoamperometric responses to successive auklitioglucose (A) and the calibration curves
(B) on  CS/GOx-poly(5-HT)-PdNPs/R@/Au  (a), CS/GOx-PDA-PANPs/Bg/Au (b,
GOx-poly(5-HT)-PdNPs/R@/Au (c), CS/GOx/PghdAu (d), CS/GOx-PD-PdNPs/Rgd/Au (e),
Nafion/GOx/PdidAu (f), CS/GOx-PANI-PANPs/Rd/Au (g), and CS/GOx-N®dCl/Pd,./Au (h)

electrodes at 0.7 V vs. SCE in pH 7.0 phosphatibuf
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Fig. 5. Cyclic voltammograms and the calibration curvestltd anodic peak current (inset) of a
CS/GOx-poly(5-HT)-PdNPs/BgdAu electrode in degassed phosphate buffer congidi mM BQ
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Fig. 7. Chronoamperometric responses and the calibratiomrves (inset) on
GOxhenfpoly(5-HT)-GOx-PdNPs/RdJAu  (black) and poly(5-HT)-GOx-PdNPs/Rg/Au  (red)
electrode (A) (electrodeposition protocol), and Q%/GOXnenpoly(5-HT)-GOx-PANPs/Rgld/Au
(black) and CS/poly(5-HT)-GOx-PdNPs/RdAu (red) electrodes (B) (chemical protocol) at 0.¥s.

SCE to successive additions of glucose into pHdsphate buffer.
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Resear ch highlights

» Oxidative polymerization of 5-hydroxytryptamine.

» Immobilization of glucose oxidase.

» Amperometric biosensing of glucose.

» Monopolar glucose biofuel cell as a self-powered biosensing device.

» Physical and chemical dual-immobilization of enzyme.
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Fig. S1. Chronoamperometric responses om@Au (a), P@adAu (b), AudAu (€) and bare Au

(d) electrodes at 0.7 V vs. SCE to successive iadditof 0.1 mM HO, into pH 7.0 phosphate
buffer. Here, the Bt /Au (a) and Pgk/Au (b) electrodes give the greatest and almostme
anodic current responses, demonstrating the vety édectrocatalytic activity of electroplated Pd

that is well comparable with that of electroplakd
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Fig. S2. Photographs of a tagboard before (A) and aftercé&}ing 100 mM tris-HCI buffer (pH
8.5) containing 40 mM 5-HT for 48 h, drying in aivashing with water, and then drying with a

stream of pure nitrogen.
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E/Vvs. SCE Z'/1kQ
Fig. S3. Cyclic voltammograms (A, scan rate: 50 mtj and Nyquist curves (B, potential applied:
0.176 V; frequency range: 100 kHz-0.01 Hz; amphtusl mV; quite time: 200 s) in 0.1 M,80,
containing 2 mM KFe(CN}) at the Au electrodes after experiencing CV treatsén 5-HT-free
blank solution (red) or in 5-HT-containing solutoas inFig. 2 (5-HT concentration: 20M (blue),
100 uM (green), 1 mM (pink), and 40 mM (black)). A paif well-defined redox peaks was
observed for electrodes treated at low concentraitad 5-HT (20uM, 100 uM) and in the absence
of 5-HT, indicating the very slightly changed efeetctivity of Au electrode here. However, at a
medium concentration (1 mM) and especially a higincentration (40 mM) of 5-HT, the
peak-to-peak separation became wider, indicating thecreased electroactivity due to
electrodeposition of electron-insulating poly(5-Hi) the electrode. The EIS tests have confirmed
the conclusions drawn from the above CV experimefssis well known, the charge transfer
resistance K is a useful parameter reflecting the facility eléctrode reaction, which can be
measured by EIS from the semicircle diameter inNtipguist plot. At 20 and 10AQM, we observed
small Ry values (below 20@). However, at 1 mM, th& of the modified electrode increased to
819 Q (pink), and at 40 mM, thB, of the modified electrode increased significarfbiack, R =
6758Q). The above EIS data validate the CV results, budltating that poly(5-HT) film obtained

at high 5-HT concentration has been successfuligteldeposited on the Au electrode surface.
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Fig. $4. Simultaneous records of curreijt dndAf, during CV treatment of EQCM Au electrode

in 0.1 M phosphate buffer (pH 7.0) containing 40 BMIT. Scan rate: 20 mV's
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ACCEPTED MANUSCRIPT

Fig. S5. Fukui function for electrophilic attack (a) andcieophilic attack (b). The isosurfaces
were visualized by Multiwfn software (isovalue 901 a.u.) Gray, white, red, blue represent C,

H, O, and N atoms, respectively.
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Fig. S6. Optimized structures with color-mapped ESP on w&lWace to 5-HT. In which ESP
varying from global minimum and maximum is showrbine, white and red respectively. Cyan
and orange spheres correspond to surface locaimaiand maxima of ESP, respectively. Cyan,

white, red, and blue represent C, H, O, and N atoespectively.
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E/Vvs. SCE Z'1kQ
Fig. S7. Cyclic voltammograms (A, scan rate: 50 mi%j and Nyquist curves (B, potential applied:
0.192 V; frequency range: 100 kHz-0.01 Hz; ampktu8 mV; quite time: 200 s) of bare Au
(black), Pdiai/ AU (blue), GOx-poly(5-HT)-PdNPs/RgdAu (green), and
CS/GOx-poly(5-HT)-PdNPs/BgdAu (red) in 0.1 M KSO, containing 2 mM KFe(CN). A pair
of well-defined redox peaks with peak-to-peak satpan QAE;) of 65 mV was observed at the bare
Au electrode (black), indicating the very high @feactivity of the pretreated bare Au disk
electrode. At the Rdi/Au electrode (blue), the peak current slightlyreased and th&E,was 78
mV, demonstrating the high electroactivity and &f@e-conductivity of Pgl. as well. At the
GOx-poly(5-HT)-PdNPs/Rg/Au electrode, the redox peaks became almost sgtindicating
the low electroactivity and electron-conductivitiytbe GOx-poly(5-HT)-PdNPs bionanocomposite.
At the CS/GOx-poly(5-HT)-PdNPs/Rd/Au electrode, the redox peaks was also invisiblee
EIS tests have confirmed the conclusions drawn fileenabove cyclic voltammetry experiments.
At the bare Au (black) and Ra/Au electrodes, we observed snfall values (both below 70Q).
Cast-coating the GOx-poly(5-HT)-PdNPs bionanocontpascreased th&; to 24.9 I and the
successive CS coating decreasedRheao 17.0 2. The above EIS data validate the CV results,

both indicating that the enzyme film has been ssgfedly modified on the Au electrode surface.
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Fig. S8. (A) Chronoamperometric responses and calibratiorvec (inset, with a linearity
regression equation éfl (WA) = 13.1c (mM)) of an Au disk electrode potentiostated &t \@.vs.
SCE to successive additions ob@® in 10 mL of 0.1 M phosphate buffer (pH 7.0). (B)
Chronoamperometric responses of enzymatic kineficative (red) and immobilized (entrapped
in GOx-poly(5-HT)-PdNPs bionanocomposite (black)Ox&GPDA-PANPs bionanocomposite
(blue), GOx-PD-PdNPs bionanocomposite (pink)) G@xaodisk electrodes at 0.7 V vs. SCE to
the addition of 60 mM glucose into 10 mL 0.1 M pplogte buffer (pH 7.0). The mass of added
Amgoy for native and immobilized GOx were both 1&g We obtained the current change value
on the Au disk electrode at 0.7 V vs. SCE in thgusat 60 s as 1.1j2A and 1.051A for native
and immobilized GOx (entrapped in GOx-poly(5-HT)NRE bionanocomposite), respectively.

Hence, n, . is calculated to be 0.83mol for native GOx and 0.8@mol for immobilized GOx

(entrapped in GOx-poly(5-HT)-PdNPs bionanocompgsiéecording to the calibration curve
obtained above and the solution volume. So theegati ESA and ESAunder our experimental
conditions are ESA, =ny,0,/Amgox = 0.85 pmol/1.25 x 107> g= 68kUg™! and
ESA; = ny,0,/Amgox = 0.80 pmol/1.25 X 1075 g = 64 kU g™, respectively. Thus, the ERA
of the immobilized GOx in the poly(5-HT) case s tiested as
ERA = ESA;/ESA, =64 kU g /68 kU g~! x 100% = 94.1%. Similarly, the ERA values of

the immobilized GOx in the PDA and PD cases arenaséd as 80% and 65%, respectively.
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Fig. S9. Optimization of concentrations of 5-HT and GOx (&pncentrations of NRdClL and
volume of CS (B) for fabricating the CS/GOx-polyH-)-PdNPs/Pgl..J/Au electrode, as well as
applied potential and pH (C) for biosensing. Theant of the enzyme cast on electrode is a vital
factor affecting the analytical sensitivity of theosensorAi increased and then decreased with
the increase of the GOx amount, and the best ctna¢ciom of GOx was 2.5 mg L. beyond this
value, the sensitivity decreased, demonstrating elkaessive amounts of enzymes can hinder
electron transfer during biosensing. As a reduciastifficient amount of 5-HT may not produce
sufficient Pd nanoparticles to increase the bidsgnsensitivity, and the increased amount of
insulating poly(5-HT) in bionanocomposite induceddxcessive 5-HT can hinder mass/electron
transfer during biosensing. So 40 mM 5-HT is selécas the best 5-HT concentration. The
optimized concentration of NAdCl, is 2.5 mM. The cast volume of 0.30 wt% CS wasrojzied

as 1.5uL. The effects of pH and applied potential wer@agamined. The maximum response of
the biosensor occurs at pH 7.0 due probably tdidieest enzyme activity at this pH. Meanwhile,

to minimize interferences and current noise, ONGVSCE is selected as the applied potential for

amperometric measurement.
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Fig. S10. Storage stability of the GOx-poly(5-HT)-PdNPs/RdAu electrode under storage

conditions. Background solution: 0.1 M phosphatigopH 7.0).
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Fig. S11. (A) Effect of additions of 1.0 mM glucose, diffeteconcentrations of ascorbic acid
(AA) and uric acid (UA) on the response of the GSKooly(5-HT)-PdNPs/Pg/Au electrode.

(B) Storage stability of the CS/GOx-poly(5-HT)-PdPq,./Au electrode under storage

conditions. Background solution: 0.1 M phosphatidopH 7.0).
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Fig. S12. Chronoamperometric responses and the calibratiamves (inset) on
GOXchendPOly(5-HT)-GOX/PdidAu (black) and poly(5-HT)-GOx/R@JAu (red) electrode (A),
and on GOx¥,eo/PDA-GOX/Pdi/Au (black) and PDA-GOx/Rd/Au (red) electrode (B) at 0.7

V vs. SCE to successive additions of glucose ikta’f® phosphate buffer.
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Fig. S13. Chronoamperometric responses and

GOx/poly(5-HT)-GOx/PgadAu (black) and poly(5-HT)-GOx/RdiJAu (red) electrode (A) at

0.7 V vs. SCE to successive additions of glucosepi 7.0 phosphate buffer.
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Fig. S14. Chronoamperometric responses to successive awklitibglucose and the calibration
curves (inset) on CS/GQxn{PDA-GOX-PdNPs/Pgd/Au (black) and

CS/PDA-GOx-PdNPs/Rd/Au (red) electrodes at 0.7 V vs. SCE in pH 7.0gphate buffer.
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Table S1. The calculated condensed Fukui indices of 5-HT

Atom N N-1 f- Atom N N+1 f+
N13  -0.07182 0.025588 0.097408 H25 0.167648 0.155212 0.012436
C6 -0.065424 0.031972 0.097396 H17 0.030245 0.017364 0.012881
C7  -0.043229 0.04577 0.088999 H16 0.033561 0.019703 0.013858
C3  -0.058459 0.018566 0.077025 H11l 0.046174 0.032211 0.013963
024 -0.209361 -0.132823 0.076538 H10 0.036504 0.018912 0.017592
C5 0.057848 0.134088 0.07624 H22 0.094082.07392  0.020162
C8 -0.019273 0.032504 0.051777 H20 0.028853 -0.013266 0.042119
C4  -0.076063 -0.040945 0.035118 H9 0.04251 -0.02891061422
C1 -0.030536 -0.008945 0.021591 H23 0.095092 0.032783 0.062309
Cc2 0.015755 0.03717 0.021415 H19 0.011803 -0.0526910.064494
N21 -0.216314 -0.20293 0.013384 H12 0.048705 -0.111059 0.159764
C15 -0.049767 -0.037296 0.012471 H14 0.140623 -0.109575 0.250198
C18 -0.008543 -0.002864 0.005679

Nucleophilic attack: f *(r)=pn«+1 (r)- pn (1)
Electrophilic attack f (r)=pn (r)- pn-1 (1)

whereN is number of electrons in present system, anddhstant ternv in the partial derivative is

external potential.
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Table S2. Characteristics of some Pd nanomaterials-basedsgutiosensors

LOD
Sensitivity LDR
Fabrication (UM Reference
(LA mM™ cmi?) (mM)
)

GOx/PdNPs/CS-GR/GCE 32.1 0.2 0.001-1.0 [3]

Nafion/Pd-HCNF/GOx/GCE 13 30 0.06-6.0 [4]

RGO-Pd-GOx/GCE 40.8 1.0-8.0 [5]

Nafion/GOx/Pd-CNT/GCE 40.8 150 Upto12.0 [6]

GOD/Pt/MWCNT-PANI/GCE 16.1 1.0 0.003-8.2 [7]

CS/GOx-PABA-PdNPs/
160 0.1 0.002-4.5 [8]
Pdiaid MWCNTS/Au

Nafion/PEDOT-Pd/GOx/GCE 1.6 0.5-30.0 [9]
CS/GOx-poly(5-HT)-PdNPs/BgdAu 110 0.2 0.002-6.66  This work
GOx-poly(5-HT)-PdNPs/Pg/Au 126 0.2 0.002-3.66  This work
CS/GOx-PDA-PdNPs/Rdi/Au 87.2 0.6 0.002-5.66  This work
CS/GOx-PANI-PANPs/Rd/Au 10.7 1.8 0.002-1.66  This work
CS/GOx-PD-PdNPs/BgddAu 55.3 3.6 0.005-3.65  This work
CS/GOx/PgadAu 61.0 1.6 0.002-2.66  This work
Nafion/GOx/Pga/Au 58.4 2.1 0.005-2.16  This work
CS/GOx-NaPdCl/Pd;.d/Au 2.35 5 0.01-2.64 This work

# HCNF: helical carbon nanofiber; PEDOT: poly(3,4yd¢medioxythiophene); CNT: carbon

nanotube; PDA: polydopamine; PANI: polyaniline; Rialy(L-DOPA).
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Table S3. Results obtained in analysis of several human nsersamples with
CS/GOx-poly(5-HT)-PdNPs/RgdAu’
Determined by Determined in  Bias Standard Found
recovery
biosensor (mM) hospital (mM)  (mM) added (mM)  (mM)
1 4.52 4.90 -0.38 5.00 5.27 105
2 4.05 4.38 -0.33 5.00 5.15 103
3 4.19 4.38 -0.19 5.00 5.52 110

" Fresh serum samples were first analyzed

at Hunamal University Hospital with a

Biochemical Analyzer (Mindray BS-300, Shenzhen MaydBiomedical Electronics Co., Ltd.)

based on the well-known GOx-peroxidase spectropheticc method. The samples were then

analyzed with the CS/GOx-poly(5-HT)-PdNPs/RdAu electrode. Serum sample (0.100 mL)

was added into 10.0 mL 0.1 M phosphate buffer a7gH and the current response was recorded

at 0.7 V vs. SCE. The concentrations of glucoseerum are calculated from the calibration

curve.
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