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ABSTRACT

An electrochemical aptasensor based on chitosanasade nanocomposite (CHIT-10) film
deposited on fluorine tin Oxide (FTO) was develofadthe detection of malathion. Iron oxide
nanoparticles were prepared by co-precipitationhowtand characterized by Transmission
electron microscopy and UV-Visible spectroscopye Tiotinylated DNA aptamer sequence
specific to the malathion was immobilized onto itwa oxide doped-chitosan/FTO electrode by
using streptavidin as linking molecule. Various reltéerization studies like Field Emission-
Scanning Electron Microscopy (FE-SEM), Fourier Bfanm Infrared Spectroscopy (FT-IR),
and Electrochemical studies were performed to tattessuccessful fabrication of bioelectrodes.
Experimental parameters like aptamer concentratesponse time, stability of apaelectrode and
reusability studies were optimized. Aptamer immiabill chitosan-iron oxide nanocomposite
(APT/SA/CHIT-IO/FTO) bioelectrodes exhibited LOD about 0.001ng/mL within 15 minutes
and spike-in studies revealed about 80-92% recogtmmalathion from the lettuce leaves and

soil sample.
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1. Introduction

Pesticides are widely used in agriculture as hifficiency insecticide to preserve the
crops from pests which has raised serious healtlcera. Neurotoxic effects of pesticides are
hazardous to both human health and the environni®ggticides are either carcinogenic or
cytotoxic and are responsible for many respiratdiseases [1]. Organophosphates (OPSs)
contribute about 38% of the total pesticide usedldwade [2]. Malathion, Parathion, Methyl-
parathion, Chlorpyrifos, Diazinon and Phosmet awstly used OP pesticides. The Malathion
(S-1,2-bis(ethoxy carbonyl) ethyl O,0O-dimethyl ppbsrodithionate) has been extensively used
to control a variety of insects in both urban amgicultural field [3]. Malathion leads to the
inhibition of acetylcholinesterase activity resodji in the interference of normal neuronal
functioning and sometimes fatal [4,5]. Thus, foe ttletermination of these toxic compounds
various analytical methods are required to ensafetys of human health and environment.
Conventional methods commonly used for the deteatioOPs are gas-chromatography (GC)
[6], high performance liquid chromatography (HPLT]), mass spectrometry [8], enzyme-linked
immunosorbent assay (ELISA) [9], capillary electropesis [10] and various other
spectrophotometric methods [11]. These methods samsitive but are time consuming,
expensive, require expertise and having low liroiftsletection. Therefore, there is urgent need
for the development of such a method with rapidgglectivity, reliability and low cost
instrumentation. Biosensors exhibit exceptionafgyenance capabilities like high sensitivity
and specificity, rapid response, low cost, portghilrelatively compact size, user friendly
operation and continuous real time analysis. Itioibiof acetylcholinesterase (AChE) based
biosensors have been widely used for the deterrmmat OPs [12,13,14,15]. These sensors can

be used for a wide range of organophosphates abdroate detection due to inhibiting action



on AChE and thus lack specificity but are idealifotial screening of the samples for presence
of OPs and carbamates. Thus less stability dues® df bioactivity by denaturation and lack of
specificity discourage the researchers and compeéxplore novel biomolecule that may

circumvent these limitations.

Aptamer have been used as biological recognigtements to develop efficient
aptasensor allowing the specific detection of nmadet. Aptamers are DNA or RNA sequences
selected in vitro from oligonucleotides libraries dpecific target molecules. Aptamer exhibit
competitive advantages over other biorecognitiotemdes such as remarkable target diversity,
specificity, synthesis, convenience tight-bindirapability, chemical stability and flexibility of
chemical modification for labeling or favorable immlization. They are thermally stable,
reusable and can be easily modified for their detecand immobilization by introduction of
reporter molecules and functional groups [16,17].

Among all the transduction approaches, electrocb@mietection is an attractive sensing
platform in the field of biosensors [18-21]. Howevemce last few years, electrochemical
transduction has received much attention to moniterbehavior of target-aptamer complex on
electrode surface [22-24]. This sensing methodoldms various advantages including
simplicity, rapidity, low cost and high sensitivitfPresently, nanoparticles are being used to
improve the analytical performance of electrochaintwosensors for chemical and biological
sensing [25]. Metal oxide nanoparticles such as axide [26,27], zinc oxide [28], cerium oxide
[29] have been suggested as promising matricestter sensing application of desired
biomolecules. Iron oxide nanoparticles attracted¢hmattention as an electrochemical transducer
because of their ability to enhance conductivitypes paramagnetism, signal amplification and

favorable microenvironment for protein adhesionsthoproving sensitivity and selectivity.



However, the problem of aggregation and rapid lgoagation of iron oxide nanoparticles
(IONPs) onto a given matrix containing biomolecutas be overcome by dispersing IONPs in a
biopolymer matrix of chitosan (CHIT) to make themitable for biosensor applications. CHIT
has gained growing interest due to its biocompétiband biodegradability over the other
polymers. Also, owing to the presence of -OH an#izNgroups on CHIT provides flexibility to
material with specific functionality [30]. Recentlfluorine tin Oxide (FTO) glass sheets are
gaining wide attention as solid support in the dgwaent of electrochemical biosensors [31].
FTO sheets are known to exhibit high electricaldranivity, relative stability under atmospheric
conditions, chemical inertness, mechanical streng#iible transparency and resistance at high
temperature. Furthermore, FTO sheets are costtigegnd eliminate the problem of diffusion

as seen in case of ITO sheets.

Here we report the electrochemical aptasensor basedon oxide doped chitosan
deposited onto fluorine doped tin oxide (FTO) cdatglass plates for determination of

malathion.

2. Materials and methods

2.1. Materials

Biotinylated Aptamer sequence (72 mer), Malathi®tmeptavidin and fluorine-doped tin
oxide (FTO) sheets were purchased from Sigma-Aidfindia). Chitosan, ferrous chloride
tetrahydrate and ferric chloride hexahydrate wereclpased from HiMedia Laboratories Pvt.
Ltd. Mumbai, India. Autoclaved buffer solutions wensed in experiments. The Stock solution
of 100mM N-[3-(dimethylaminopropyIN-3-ethylcarbodiimide hydrochloride] (EDC), 100 mM

N-hydroxysuccinimide (NHS) and stock solution of gmL streptavidin in PBS (pH 7.5) were



prepared. All other chemicals used were of anaytictade. The deionized water has been used
throughout the experiment. Aptamer sequence spetifi malathion was taken from the

previously reported literature by Barahona et22] [

Biotinylated Aptamer Sequence-

5'(BtnN)ATCCGTCACACCTGCTCTTATACACAATTGTTTTTCTCTTAACTTCTTGACTGC-

TGGTGTTGGCTCCCGTAT-3'.

2.2. Preparation of iron oxide nanoparticles (IONPs) and characterization

Iron Oxide nanoparticles were synthesized usingnite co-precipitation method [33]
and were stored in desiccator for future use afteiing. The synthesized IONPs were
characterized using Transmission electron microg¢®gM) [Hitachi(H-7500)] and UV-Visible

spectroscopy [Shimadzu UV-1800].

2.3. Fabrication of aptael ectrodes and characterization studies

A suspension was prepared by dissolving 10 nanmest(50 mg) in distilled water (10
mL) and sonicated for 1 hr at room temperatures Baspension was mixed with CHIT solution
(solution prepared by dissolving 3 g of chitosari¥ acetic acid solution and ultra-sonicated at
RT for 1hr till the solution became transparent) &apt at stirring for 5 hr. The electrodes were
prepared by dip coating the FTO sheets in CHIT-§Drid nanocomposite suspension. The
prepared CHIT-IO electrodes were coated with atgtvatreptavidin solution. For activation, 20
ML of streptavidin (0.5 mg/mL) was dissolved in etxsolution of EDC (10 mM) and NHS (15
mM) and kept at room temperature for 3 hr. Theseptvidin immobilized CHIT-10 hybrid

nanocomposite films were kept in humid chamber®i@ dvernight at and rinsed with deionized



water to remove any unbound molecules. The bidbed single stranded (ss) DNA aptamer (15
MM) was immobilized on the surface of the modifielgctrode (SA/CHIT-I0) via biotin-
streptavidin interaction for 12 hr at 4°C in huncidamber and rinsed with deionized water to
remove any unbound aptamer from the bioelectrodéas® (Scheme 1). The EDC-NHS
activated -COOH group of streptavidin forms covélband with the -NH groups present in
CHIT in CHIT-IO/FTO electrode. The further immolaiition of biotinylated aptamer onto
streptavidin attached CHIT-IO nanocomposite (SA/CHD/FTO) takes place via strong biotin-
streptavidin interaction.

All the electrodes (CHIT/FTO, CHIT-IO/FTO, SA/CHIB/FTO and APT/SA/CHIT-10
) were characterized by Fourier Transform Infra&pactroscopy (FT-IR) [Nicolet 1S50 FT-IR],
Electrochemical studies (Differential Pulse Voltaatrg (DPV) and Electrochemical Impedance
Spectroscopy) [Potentiostat/Galvanostat, AutoLabowemie, Netherlands] and Field
Emission-Scanning Electron Microscopy (FE-SEM) [(JE8M-6100] to affirm the successful

fabrication of bio-electrodes.

For the fabrication of aptaelectrodes, the conetiotn of aptamer to be immobilized was
optimized using a range from 2-20 uM aptamer. Tiaelectrodes were prepared by
immobilizing different concentration on the SA/CHID/FTO electrode for 12 hr in a humid
chamber at 4°C and response was recorded eleatnaaiy. Another optimization was done
with respect to the incubation time from 5 min @ @in with the target (malathion) stating the

time required for the aptaelectrode to generaespanse with the target (Supplementary data).
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Scheme. 1. Schematic illustration for the fabrication of wory aptaelectrode.

2.4. Response studies

For the detection studies, 15 pM aptamer was imlzeldifor 12 hr on the SA/CHIT-10
electrode surface. The aptaelectrode was incubaittdmalathion concentrations range from
0.01pg/mL, - 0.001ng/mL) for 15 min and responss stadied with DPV taken in 0.05M PBS
(pH 7.0, 0.9% NacCl) containing 5 mM [Fe(G{)* at a potential range 0.2-0.7 V with a scan

rate of 100 mV/s.

2.5. Sability and reusability of the aptael ectrodes



The stability of aptaelectrode was studied upta@ys (stored at 4°C) at the interval of 7days by
DPV studies. To regenerate the aptaelectrode, 1@ih0mM NaOH solution was applied on
the surface of APT/SA/CHIT-IO electrode for 10 mifhe reusability of the biosensor was
tested by repetitive detection of the target afégreneration every time till the current response

reaches a non-significant value.

2.6. Spike-in studies (Lettuce leaves and soil sample)

Lettuce leaves sample:- 1g of leaf sample was incubated with four differeancentration
(0.01pg/mL, 0.0025pg/mL, 0.005ng/mL and 0.001ng/nalf) malathion for 2 hr at room
temperature. Leaf samples were homogenized by gdabhution of acetone (1mL) and 0.1M
PBS (1mL), thereafter centrifuged for 20 min at @@Pm. Supernatant containing malathion

was used for further sensing studies using aptaetkx

Soil sample:- 2g of soil sample was dissolved in 50mL of deiediz}O. And the solution was
spiked with different concentrations (0.01pg/mLOA25ug/mL, 0.005ng/mL and 0.001ng/mL)
of malathion. This spiked sample was then used electrochemical measurements using

APT/SA/CHIT-IO electrode.

3. Results and discussions

3.1. Characterization of IONPs

The presence of dark round spots in TEM image (EW) clearly highlights the
formation of reasonably uniform sized IONPs powdh less than diameter of 20 nm. The
UV-VIS spectrum (Fig. 1B) of IONPs showed an absorppeak at 359 nm due to surface

plasmon resonance [34]. According to Mallick etthk absorption bands appeared in region |



(250-400nm) are due to the ligand-to-metal chargesfer (LMCT) transitions (direct

transitions) with combined contributions from the'Fligand field transitions [35].
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Fig. 1. Characterization studies of Iron oxide nanopaicl@) TEM image,(B) UV-VIS

spectrum.
3.2. Characterization studies

3.2.1. FT-IR studies
Fig. 2 shows the FT-IR spectra of (a) CHIT/FTO @WIT-IO/FTO (c) SA/CHIT-

IO/FTO and APT/SA/CHIT-IO/FTO (d) to verify the hgd nanocomposite as well as
fabrication of bioelectrodes. The FT-IR spectrdaiffe chitosan (Fig. 2a) displayed a broad band
at 3366 crnt due to the stretching vibration mode of -OH aNdH; group. The band in the
region 2956 cr was attributed to the -GHand -CH groups, that led to chitosan symmetric and

antisymmetric stretching modes. The band at 1640 evas due to amide | group (C-O
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stretching along with N-H deformation mode), 154%'eak was attributed to the -Nigroup,
1458 cni peak was due to C-N axial deformation, 1150 emas assigned to broad peak3dfL-
4) glycosidic bond in the polysaccharide unit aB88 cni to the stretching vibration of C-O-C
in glucose circle [36]. The IR corresponding to #NBH stretching modes in bare chitosan were
found to be shifted in the spectra of CHIT-IO hgbnanocomposite film (curve b). It appeared
that amine groups of chitosan bound with IONPs efactrostatic interaction. The IR-band
corresponding to curve b shifted to lower wavenumthgée to the formation of a complex
between surface charged IONPs and cationic chitosdrix, indicating the formation of CHIT-
IO hybrid nanocomposite. Also the characteristiaksedisplayed by CHIT-IO (Fig. 2b) had
decreased intensities than CHIT (Fig. 2a) becausdeagroup of chitosan was involved in the
formation of nanocomposite with IONPs [37].

In FTIR spectrum of SA/CHIT-IO/FTO bioelectrodegtiR bands corresponding to the -
NH and -OH band were further shifted to lower wanenber (3276 crf) corresponding to
CHIT-IO (3317cnmt) hybrid. This suggests that amine (-NH) groupscbhitosan were also
involved in the interaction with carboxyl (-COPDgroup of streptavidin biomolecule. The
absorption bands of amide | group at 1610-1690 cepresent the C=0 stretching vibration of
peptide linkages and amide 1l group at 1500-160€ tmmm a combination of N-H bending and
C-N stretching. The FT-IR spectrum of SA/CHIT-IOBTbioelectrode (Fig. 2c) showed two
absorption peak at 1620 é¢nand 1523 cr, which corresponded to the amide | and amide I
groups of the protein on CHIT-IO/FTO nanocomposiieface [38]. After the immobilization of
aptamer onto SA/CHIT-IO/FTO bioelectrode, the apson bands corresponding to base pairs
and phosphate backbone of Aptamer (DNA) were oleserVhe aptamer layer covered most of

the functional groups that appeared in previoustspm of SA/CHIT-IO/FTO bioelectrode (Fig.
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2c), and thus those displayed broader peaks wils Ilmtensity in the spectrum of
APT/SAICHIT-IO/FTO aptaelectrode (Fig. 2d). The bempeared at 1632 chwas attributed
to in-plane ring vibration of Thymine in ssDNA [39}hile the peak at 1136 cthshowed the

presence of sugar phosphate backbone of aptamer [40
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Fig. 2. FT-IR spectra of (a) CHIT/FTO (b) CHIT-IO/FTO (CASHIT-IO/FTO (d) APT/SA

ICHIT-IO/FTO.
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3.2.2. FE-SEM studies

Surface morphological studies of prepared nanocsiteélms and aptaelectrodes were
characterized by FE-SEM images as shown in Fig.hg& FE-SEM image of CHIT (Fig. 3A)
was a porous surface representing its polymeriaireatin Fig. 3B, the globular porous
microstructure seen after the incorporation of IGNiRo CH indicates the synthesis of CH-10
nanocomposite. This may indicate the electrostateractions betweesationic -CH and anionic
IONPs [41]. Fig. 3C shows the globule like struetuof streptavidin covering the CH-10 matrix.
In Fig. 3D, a uniform immobilization of the aptanar the surface of CHIT-IO/FTO film can be

observed.
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Fig. 3. FE-SEM imagegA) CHIT/FTO (B) CHIT-IO/FTO (C) SA/CHIT-IO/FTO(D) APT/SA/

CHIT-IO/FTO.

3.2.3. Electrochemical studies

Fig. 4(A) shows the results of the DPV measuremeatged out on CHIT/FTO film (i),
CHIT-IO/FTO nanocomposite (ii), SA/CHIT-IO/FTO bieetrode (iii) APT/SA/CHIT-IO/FTO
(iv) and MAL/APT/SA/CHIT- IO/FTO aptaelectrode. ThHBPV curve of pure CHIT/FTO
electrode (Fig. 4(A), curve i) showed the lowestkpef current suggesting weak conductivity of
bare chitosan. However, in Fig. 4(A), curve (igignificant increase in the magnitude of current
response was observed on addition of iron oxide NIRis might be attributed to the presence of
IONPs resulting in enhanced adsorption of the redwieties on cationic CHIT-IO/FTO
nanocomposite surface with improvement in electransfer and electrical conductivity. With
the binding of activated streptavidin (SA) onto CHO/FTO surface (Fig. 4(A), curve iii) there
was a decrease in the magnitude of current peaalieg inhibition of the electron transfer and

hence less electrical conductivity. The DPV curf@BT/SA/CHIT-IO/FTO (Fig. 4(A), curve

14



iv) showed an increase in peak current as comparddat of SA/CHIT-IO/FTO bioelectrode,
because the electrical characteristics of aptas®rlted in increased number of charge carriers
and enhanced electron transfer towards the elextfd@]. Curve (v) the DPV image of
APT/SA/CHIT-IO/FTO aptaelectrode in response toattabn showed a decrease in peak of
current as compared to the aptaelectrode (curveug)the formation of aptamer target complex

which hindered the diffusion of [Fe(CN3/* towards the electron surface.

The Nyquist plots of EIS studies of CHIT/FTO, CHID/FTO, SA/CHIT-IO/FTO,
APT/SA/CHIT-IO/FTO and MAL/APT/SA/CHIT-IO/FTO elémdes are shown in Fig. 4(B) in
0.05M PBS ( pl 7.0, 0.9% of NaCl) containing 8vh off Fe(CN)]3/*. There was a significant
increase in the diameter of semicircle for CHIT;(R.00Q2) as compared to that of CHIT-IO
nanocomposite suggesting increased flow of elestedter addition of iron-oxide nanoparticles
(Rt decreases to 5QN). After the SA immobilization, there was increase diameter of
semicircle of CHIT-10 (R=90Q2) due to presence of non-conducting protein causingrance
in electron flow. The nyquist curve for APT/SA/CHID showed a decrease in the diameter and
R¢ value (70@) as compared to SA/CHIT-IO that could be due ® tiegative backbone of
DNA aptamer, responsible for the conductivity céattode. When malathion was immobilized
on aptaelectrode the diameter further increased Rpdialue was 80Q because of the

intereference in the electron flow.

The electron transfer rate constant)(as calculated using following equation [27]:

ker = RT/IPFPAR(S] equation 1
where R= gas constant, T= absolute temperatureafaelay constant, A= electrode area, S=
bulk concentration of redox probe and n= numbetrarisferred electrons per molecule of the
redox probe. The value of,Kor bare CHIT was noted as (0.53 x1@m/s), which increased

15



twice upon the addition of IONPs (1.06 ¥16m/s). The immobilization of streptavidin led to
decrease in theskvalue to 0.59 x10' cm/s but aptamer binding again increased the vi@ue
0.76 x10" cm/s. The incubation of aptaelectrode with thgeadecreased the, kalue again to

0.66 x10' cm/s.

——CHIT ()
—— CHIT-IO (il
0.0004 5 SA/CHIT-TO (i)
—— APT/SA/CHIT-IO (iv)
(i MAL/APT/SA/CHIT-IO (v)

0.0003 S

0.0002

Current (A)

0.0001

0.0000 : : : : :
0.2 0.3 04 05 06

Potential (V)

(A)

16



B CHIT
o CHIT-IO
N7 A SACHIT-O
v APT/SA/CHIT-IO
MAL/APT/SA/CHIT-IO
1500 - (i)
L]
. ) i)
E 1000 - ' A
.Q C A
N ' 0
oA T ¥iiv)
" v—v o (il
= lvtVo"""OOOO' .
J’,.
{
e T ' T ' |
0 500 1000 1500
Z'lohm
(B)

Fig. 4. (A) DPV studies of i) CHIT/FTO ii) CHIT-IO/FTO iii) SACHIT-IO/FTO iv)
APT/SA/CHIT-IO/FTO v) MAL/APT/SA/CHIT-IO/FTO at pantial range from 0.2 to 0.6 V

with a scan rate of 100 mV/s. in 0.05M PB$I{p.0, 0.9% NacCl) containing 5mM [Fe(Q}f"*
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and (B) EIS measurements of i) CHIT/FTO ii) CHIT-IO/FTQi)i SA/CHIT-IO/FTO
iV)APT/SA/CHIT-IO/FTO v) MAL/APT/SA/CHIT-IO/FTO in0.05M PBS (pI-7.0, 0.9% NaCl)

containing 5mM [Fe(Cl)]>™* within the frequency range 100 kHz-100 mHz.

3.3. Sensing studies

Fig. 5 (A) shows DPV response curves of aptaeldesoafter interaction with the
malathion concentration ranging from 0.001 ng/mL @®dIug/mL for 15 min. As the
concentration of malathion increased from 0.00Imhgfo 0.01pg/mL, the DPV peak current of
the aptaelectrode decreased due to the formatianooé 3D-complex between aptamer with
malathion that caused inhibition in flow of curreHence, more the concentration of malathion,
more the interference and more decrease in theerumeak. 0.01pg/mL of malathion
concentration was sufficient to saturate all theéamg@r moieties present on aptaelectrode.
Therefore, there was no more decrease in curreeathis concentration (0.01pg/mL). While,
0.001ng/mL was the least concentration that couhd o aptamer molecules and below this
concentration, there was no increase in the pealerdusuggesting the low detection limit. A
linear calibration curve (B) displayed the linealationship between the peak current and

malathion concentrations.

18
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1 y=mx+c, where m=-0.38
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RZ = 0.993
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Fig. 5. DPV response ofA) aptaelectrode with different concentrations of atfabn (a) Bare
aptaelectrode (b) 0.001ng/mL (c) 0.005ng/mL (d) 00Qug/mL (e) 0.001lpg/mL (f)
0.0025pg/mL (g) 0.01ug/mL; at potential range fr@1& — 0.7 V with a scan rate of 100 mV/s in
0.05 M PBS (pI-7.0, 0.9% NaCl) containing 5vii [Fe(CN)]*"* and (B) shows the linear
relationship between the peak current changesraatddy DPV and the logarithm of malathion

concentrations. Error bars show the standard demmtof measurements taken from three

independent experiments.
3.4. Sability and reusability studies of aptasensor

The aptaelectrodes were stored &tCGtand the stability studies were performed foratibirty

days. The response of the respective aptaelectrudes analysed with the interval of fourteen

20



and then seven days. There was gradual decreahke jmeak current from O day-28 day (Fig.
6A). The aptasensor retained about 81% of its maigresponse at 14 day and decreased
gradually to 79 % and 75% after 21days and 28desspectively. This suggested that the
aptasensor had relatively good stability of aboalf lof month. The reusability (Ru) of the
aptaelectrode was studied after regenerating ityetme and noting down its electrochemical
response with the target (malathion). The DPV shibthe reduction in peak currents to 96%,
94%, 90%, 85% , 81%, 77% and 69%, from seven saxEesegenerations, indicating that the

proposed aptaelectrode diplayed reusuability aings (Fig. 6B).
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Fig. 6. DPV studies to evaluaté\] Stability of aptaelectrode with malathion a) O dgyl4 day
c) 21 day d) 28 day; an®) Regeneration witbOmM NaOH (a) Aptaelectrode (b) Ru 1 (c) Ru 2 (d)
Ru 3 (e) Ru 4 (f) Ru 5 (g) Ru 6 (h) Ry & potential range from 0.0 to 0.8 V with a scate of

100mV/s in 0.05 M PBS -7, 0.9% NaCl) containing 5m [Fe(CN)]*"*

22



3.5. Spike-in studies

To evaluate the performance of synthesized aptas@mseal samples, prepared lettuce sample
and soil sample was applied onto the surface aedgitrode in triplicates. Recovery percentage
obtained from the spiked in samples of lettucedsaable 1) and soil (Table 2) were in a range

from 80-88% and 83-92% respectively.

Tablel

Recovery studies of malathion in lettuce leave dasp

S. No. Added Found Recovery(%)
1, 0.01pg/mL 0.008pg/mL 80

2. 0.0025pg/mL 0.0022pg/mL 88

3. 0.005ng/mL 0.0042ng/mL 84

4. 0.001ng/mL 0.0008ng/mL 84

Table2

Recovery studies of malathion in soil sample.

S. No. Added Found Recovery(%)
1. 0.01pg/mL 0.0092pg/mL 92

2. 0.0025pg/mL 0.0021pg/mL 84

3. 0.005ng/mL 0.0044ng/mL 88

4. 0.001ng/mL 0.0008ng/mL 83

The fabricated aptasensor has been compared wéthpigviously reported electrochemical
biosensors for the detection of malathion (Table ¥)e developed APT/SA/CHIT-IO/FTO

based aptasensor has shown better detection 0@ ng/ml) and specificity in comparison to
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others. Electrochemical nucleic acid sensors aite gansitive for the detection of genotoxicants
including malathion but lack specificity [39]. Fhermore, Acetylcholinesterase (AChE)
inhibition based biosensors have applicability dolyinitial screening of the samples containing
organophosphates as these are not specific forteypar organophospahate. APT/SA/CHIT-
IO/FTO based aptasensor has reported high spégifamd improved detection limit for
malathion in comparison to other biomolecule basstsors. However, Bala et al. have reported
a colorimetric aptasensor for the detection of mhéda with detection limit of 0.06 pM
(0.02pg/ml) with response time of about 1 hr [4Bfesent work is the first report on

electrochemical aptasensor for the detection oathain within 15 min upto 0.001 ng/ml.

Table3

Comparison of the proposed aptasensor with oflesehsors for the determination of

malathion.
Biosensor Biomolec | Sensing | Linear Detectio | Respo| Storag | Reference
ule Techniq | range n limit nse e S
) ~lue (ng/mL) (ng/mL) | time | stabilit
immobili y
AChE-PAn’- Enzyme | CV 0.009- 0.9 15 30 [44]
PPy- 499.9 min
MWCNTSs/GCE Enzyme | DPV 0.033-23.1| 0.033 10 |90 [45]
¢ AChE- min
IONPs/c-
MWCNTS/ITO? | Enzyme | DPV 69.7- 56.1 4 min| 30 [12]
AChE-SiSCG- 1299.9
CPE PLaE- Enzyme | DPV 0.495- 0.498 10 15 [46]
CS/AuNPs- 499.9 min
GNS/GCE
dsCT-DNA- dsDNA CcVv 291.6- 291.6 0.5 150 [39]
PPy-PVS/ITO 4999.8 min
AChE/PEDOT- | Enzyme 0.0000003 | 0.00000 | 10 30 [31]
MWCNTS/FTO DPV -330.35 03 min
APT/SA/CHIT- DPV 0.001-10 0.001 15 (14 Present
IO/FTO min study
DNA
Aptamer

24



& AChE- acetylcholinesterase.

P PAn- polyaniline.

¢ PPy- polypyrrole.

4 MWCNTs- multi-walled carbon nanotubes.

® GCE- glassy carbon electrode.

" c-MWCNTSs- carboxylated-MWCNTs.

91TO- indium tin oxide.

" SiSG- silica sol-gel.

' CPE- carbon paste electrode.

JPLaE- CS/AUNPs-GNs- plant esterase-chitosan/gaftbparticles-graphene nanosheets.
k dsCT-DNA- PPy-PVS- double strandealf thymus deoxyribonucleic acid entrapped
polypyrrole-polyvinyl sulphonate.

' PEDOT-MWCNTSs Poly(3,4-ethylenedioxythiophene)- MWCNTSs.

4. Conclusions

The CHIT-IO/FTO based aptaelectrode showed the Ldd@bout 0.001ng/ml for malathion
within 20 min. Compared to enzyme based sensoesdéveloped aptaelectrode exploit the
remarkable specificity of recognition elements tevelop efficient biosensors allowing the
detection of malathion. The applicability of thevdped aptasensor was successfully evaluated
by determining malathion in the real sample (leftieaves and soil sample) with satisfactory
recovery results. The aptasensor can be demomkttatde a very attractive alternative to

guantify and examining malathion due to its sewisyti stability, short analysis time and cost
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effectiveness. Further improvement in terms of L&1id real sample recoveries can be done by

explored using conducting polymers and other namerahbased nanocomposites.
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Figure Captions:

Scheme. 1. Schematic illustration for the fabrication of wory aptaelectrode.

Fig. 1. Characterization studies of Iron oxide nanoparicl®) TEM image,(B) UV-visible

spectra.

Fig. 2. FT-IR images (a) CHIT/FTO (b) CHIT-IO/FTO (c) SA/CHIO/FTO (d) APT/SA

ICHIT-IO/FTO.

Fig. 3. FE-SEM image$A) CHIT/FTO (B) CHIT-IO/FTO (C) SA/CHIT-IO/FTO(D) APT/SA/

CHIT-IO/FTO.

Fig. 4. (A) DPV studies of i) CHIT/FTO ii) CHIT-IO/FTO iii) SACHIT-IO/FTO iv)

APT/SA/CHIT-IO/FTO v) MAL/APT/SA/CHIT-IO/FTO at pantial range from 0.2 t0 0.6 V, in
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0.05M PBS (pi-7.0, 0.9% NaCl) containing 5mM [Fe(@}¥"™ and(B) EIS measurements of
i) CHIT/FTO ii) CHIT-IO/FTO iii) SA/CHIT-IO/FTO ivAPT/SA/CHIT-IO/FTO V)
MAL/APT/SA/CHIT-IO/FTO in 0.05M PBS (H-7.0, 0.9% NaCl) containing5mM [Fe(GE"*

within the frequency range 100 kHz-100 mHz.

Fig. 5. DPV response ofA) aptaelectrode with different concentrations of attdbn (a) Bare
aptaelectrode (b) 0.001ng/mL (c) 0.005ng/mL (dP0Xug/mL (e) 0.001ug/mL (f) 0.0025ug/mL
(9) 0.01pg/mL; at potential range from 0.2 — 0.7 iN,0.05 M PBS (H-7.0, 0.9% NaCl)
containing 5V [Fe(CN)]*’* and (B) shows the linear relationship between the peakentr
changes obtained by DPV and the logarithm of madatltoncentrations. Error bars show the

standard deviations of measurements taken frone thoeependent experiments.

Fig. 6. DPV studies to evaluaté&] Stability of aptaelectrode with malathion a) O dgyl4 day
c) 21 day d) 28 day; an({@®) Regeneration witbOmM NaOH (a) Aptelectrode (b) Reg 1 (c) Reg 2 (d)
Reg 3 (e) Reg 4 (f) Reg 5 (g) Reg 6 (h) Re@f7potential range from 0.1 -0.8 V, in 0.05 M PBS

(pH-7, 0.9% NaCl) containing 5w [Fe(CN)]>"*-
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Highlights

* An electrochemical aptasensor for the detectidialathion has been developed.
* Chitosan-iron oxide NP deposited FTO sheets pes/platform for aptamer immobilization.

* Aptasensor has efficiency to detect malathior @001ng/mL within 15 min



