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Abstract

A biocompatible nanocomposite including bovine serum albumin (BSA) template Cu
nanoclusters (CUNCs@BSA) and single-walled carbon nanotubes (SWCNT) was synthesized to
fabricate a highly sensitive electrochemical biosensor for paraoxon as a model of
organophosphates. The UV-Vis, fluorescence and Fourier transform infrared (FTIR)
demonstrated that BSA entrapped in the nanocomposite film have been changed in its secondary
structure so that it provided an enzyme like activity attributing to the high electrical conductivity
of the entrapped copper nanoclusters. Also, the morphology and structure of prepared
nanocomposites were investigated by transmission electronic microscopy (TEM) and scanning

electron microscopy (SEM). In the prepared nanocomposite, the CUNCs@BSA found to play as



a conductive holder as well as an accumulator of redox active centers on the surface of the
electrode, and SWCNT improves the electrocatalytic activity along with conductivity of glassy
carbon electrode (GCE) surface. The fabricated biosensor exhibited excellent sensitivity,
acceptable stability, fast response, and high electrocatalytic activity toward the reduction of
paraoxon. The reduction peak current vs paraoxon concentration was linear over the range 50 nM
to 0.5 uM and 0.5 to 35 uM, with a limit of detection of 12.8 nM. Notable electrocatalytic
properties of the developed electrode toward paraoxon indicated that the nanocomposite
possesses a promising potential to fabricate the third generation enzyme-free electrochemical
biosensors, bioelectronics and state-of-the-art biomedical devices in the future.

Keywords: Enzymeless biosensor; Electrochemical biosensors; Paraoxon; Cu nanoclusters;

Organophosphorus; SWCNT.

1. Introduction

Pesticides which can be divided to fungicides, insecticides and herbicides are widely used in
agriculture to control hazardous micro-organisms, increase yield, and subsequently reduce the
cost of food production (Tiwari et al. 2015). However, long-term and widespread usage of
pesticides, caused severe contamination of soil, water, air, and agricultural products, finally
being destructiveness to the ecosystems including animals and humans. Owning to easily
degradable, highly effective in pest control, and less accumulation in living body,
organophosphates (Ops) including paraoxon and parathion are major pesticides which are
routinely used (Qian and Lin 2015). Nonetheless, OPs exhibit acute toxicity to animal and

human health through their residues in contaminated water and agricultural products which result
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in a deleterious effect on the visual, nervous, respiratory and cardiovascular system and even
death (Dong et al. 2015; Zhang et al. 2014). Therefore, developing an accurate, sensitive, rapid,
and simple method for detection of OPs is urgent demand in human health regarding the
concerns of the human safety and environmental protection.

Many conventional techniques such as gas chromatography-mass spectrometry (GC-MS)
(GOmez-Ramos et al. 2013), high performance liquid chromatography (HPLC) (Wang et al.
2012), spectrophotometry (Hu et al. 2010), flow injection analysis (Dominguez et al. 2015), and
capillary electrophoresis (Tang et al. 2016) have been used for effective measurement of the OPs
in food and environment. Even though these methods exhibit adequate selectivity and sensitivity,
they are expensive, required multiple steps, and skilled manpower, which makes them be
impractical for the regular and on-site environment and food safety monitoring. Recently,
numerous enzyme-modified Ops biosensors with low detection limit, and high sensitivity have
been developed based on activity  inhibition of the acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) activity or Ops hydrolysis by organophosphorus hydrolase (OPH)
(Arduini et al. 2015; Songa and Okonkwo 2016; Yu et al. 2015; Zhao et al. 2015). However, the
most common and serious problem is the enzyme stability and activity which can be easily
affected by pH, temperature, and humidity, also a complicated and multi-step procedure,
including cross-linking, adsorption, electropolymerization, and entrapment, which may decrease
the enzyme activity is required to immobilize the enzyme on the electrode (Amine et al. 2016).
Furthermore, most of them are required to deoxygenization or Ops detection which is
inconvenient for on-site monitoring. To address these issues, it is necessary to develop an
enzyme free electrochemical sensor for the detection of OPs because of their simplicity, stability,

inexpensively, and capability for on-site detection. To the best of our knowledge, there are only a



few reports about enzymeless electrochemical sensor for Ops detection in recent years (Dong et
al. 2015; Zhang et al. 2014; Singh 2016). Therefore, the enzyme-free Ops sensor is an attractive
alternative tool.

Metal nanoclusters (NC) with a size range of a few nanometer, typically consist of
several to tens of atoms. Their properties are governed by their subnanometer dimensions (Xie et
al. 2009). This size regime is comparable to the Fermi wavelength of the conduction electrons.
They have exhibited promising potential in a wide range of applications such as nanodevice,
optoelectronic, nanoelectronic, novel catalysts, and sensing, because of their ultra-small size and
spatial confinement of free electron in them (Lu and Chen 2012; Tiwari et al. 2013; Xie et al.
2009; Wen et al. 2013). Biomacromolecules provide a green chemistry protocol for the
preparation of metallic NCs which not only will increase their biocompatibility but also will
provide a surface with many functional groups. Among all the biomacromolecules, proteins,
peptides, and DNA are commonly used in templating the synthesis of NCs (Shamsipur et al.
2016; Shang et al. 2011). BSA, the most abundant plasma protein, as a multifunctional and soft
protein widely used in applications such as sensing, self-assembly, and imaging, was selected as
the model protein for the synthesis of NCs. It shows a strong affinity towards inorganic salts,
thus is widely used as biotemplate of metal NCs (Tao et al. 2015; Xie et al. 2009). Furthermore,
the protein-capped metal NCs with good conductivity have successfully shown a promising
potential as electrochemical interfaces for sensitive detection of glucose, H,O,, KB cells, tumor
markers, and retinal-binding protein (Hu et al. 2013a; Hu et al. 2013b; Hu et al. 2012; Hu et al.
2014; Shamsipur et al. 2015).

Carbon nanotubes (CNTs) based nanocomposites have shown numerous applications to

improve the host material properties, especially in the areas of biosensing and catalysis



(Chinnappan et al. 2016). For instance, enhanced catalytic activity has been demonstrated in the
nanocomposites of Pd-Pt-CNT (Yang et al. 2016), MnO,-CNT (Begum et al. 2016), CuS-CNT
(Zhang et al. 2016) and TiN-CNT (Haldorai et al. 2016). Owing to the large surface area as well
as high electron transport capability of CNTSs, they are ideal materials to load more catalysts,
ensuring high contact between the host materials CNT and ease fast electron transport.
Considering the unique properties, it is reasonable to expect that CUNCsS@BSA-SWCNT
nanocomposite, which can be readily synthesized by taking advantage of the strong n-n stacking
interaction between hydrophobic bases of the capped protein and SWCNT, may provide a
sensitive knob to tune the properties and improve the catalytic activity.

In order to fabricate an enzymeless biosensor for Ops, we used a green and simple strategy
to synthesize a protein-capped CuNCs with good sensing properties. Besides the good
biocompatibility and considerable environmental/cost advantages of this methodology, the BSA
coating layer on CuNCs also facilitated post-synthesis surface modifications with functional
materials. Then, SWCNTs have been utilized to improve the electrocatalytic activity of as-
prepared NC. To the best of our knowledge, this is the first time that the direct electrochemistry
of protein template CuNCs and their high electrocatalytic property towards Ops sensing has been
studied. The fabricated biosensor exhibited excellent sensitivity, acceptable stability, fast
response, and high electrocatalytic activity toward the reduction of paraoxon.

2. Experimental
2.1. Chemicals and instrumentation

This section is described in detail in the supplementary information.

2.2. Synthesis of CUNCs@BSA and CuNCs@BSA-SWCNT



In a typical procedure, an aqueous solution of Cu(NOs), (10 ml, 5 mM) was added to
BSA solution (10 mL, 20 mg/mL) under continuous stirring at room temperature. After 2-3 min,
we used 1.0 M NaOH solution to adjust pH to the desired value (pH=12). Finally, we allowed
the mixture to stir for 6-8 hours at 37 °C during which the color gradually changed to light brown
(Goswami et al. 2011). After that the solution was dialyzed against phosphate buffer solution
(PBS) using a dialysis tubing (MWCO 10 kD) for 72 h to remove all the free Cu ions from the
solution and then freeze-dried to obtain a solid powder for subsequent characterization and
investigations. For the synthesis of CuNCs@BSA-SWCNT nanocomposite, the 0.2 mg of
SWCNT were added to 5 ml of CUNCs@BSA, kept sonicating for 30 min, and then centrifuged.
The resulting participate was desired nanocomposite (Scheme 1).
2.3. Preparation of electrochemical biosensor

A GCE was polished to a mirror-like surface with 0.3 and 0.05 mm aluminum slurry,
respectively. Subsequently, the electrode was rinsed with 1:1 HNO3-H,O (v/v), ethanol and
doubly distilled water in an ultrasonic bath for 2-3 min for each wash and dried under nitrogen at
room temperature. Then, the biosensor based on CuNCs@BSA-SWCNT composite was
prepared with the following simple procedure: 10 ul of the as-prepared composite was cast on
the surface of GCE and the electrode was dried in air (Scheme 1).

3. Results and Discussion

3.1. Characterization of CUNCs@BSA and CuNCs@BSA-SWCNT nanocomposites

BSA is a strong candidate for the synthesis of nanoclusters because it contains a large
number of cysteine, tyrosine, and charged residues and has a known propensity to bind to metal
ion complexes and functional groups of BSA (-COOH,—-NH and —SH) provide a suitable sites

for interaction target analyte (Xu et al. 2014; Hu et al. 2013a; Hu et al. 2013b; Hu et al. 2012).



Furthermore, the 3D complexed structures of BSA can withstand a wide range of pH and can be
easily conjugated with other systems. The protein are expected to influence the nanocluster
formation and property because of the diversity in amino acid contents and sequences (Xu et al.
2014). The characterizations of synthesized CuNCs@BSA and CuNCs@BSA-SWCNT
nanocomposites were done using different methods. The pure BSA solution was pale yellow in
color under visible light and emitted a weak blue fluorescence under UV light which was
characteristic of the aromatic side groups in the amino acid residues (tryptophan, tyrosine and
phenylalanine). In the UV-Vis spectra (Fig. 1a) the decrease in absorption peak related to
aromatic residues of amino acids at 280 nm in CUNCs@BSA compared to BSA solution can be
due to the formation of NC (Goswami et al. 2011). Furthermore, the intense fluorescence peak
(A exc: 325 and A emic 420 nm) confirmed the formation of CUNCs@BSA (Fig. 1b). Also, the
SWCNT did not exhibit characteristic peak (Yuan et al. 2013). However, by synthesis of
CUNCs@BSA-SWCNT the emission band of the fluorescence spectrum of CUNCsS@BSA has
been quenched (Figs. 1a and b), which can be due to strong interaction along with energy and
electron transfer contribution between SWCNT and CuNCs@BSA to form nanocomposite
(Shang and Dong 2008). We also employed the FTIR spectroscopy to study the synthesis
process. By comparing the IR spectra of NCs and the free BSA and SWCNT, one can study the
formation mechanism of NCs. As Fig. 1c reveals, there were O—H, N-H, C-N, and C=0 groups
on the surface of the CUNCs@BSA. The IR spectra of SWCNT showed the existence of two
obvious absorption bands at about 1700 and 3400 cm™. The former can be assigned to
characteristic of C=0 stretches and the latter is identified as O—H stretching mode in carboxylic
acid groups. Also, CUNCs@BSA-SWCNT showed a shift in the bands of amide I and Il regions

indicating a slight change of the secondary structure of the pure BSA protein. The results exhibit



partial unfolding of the protein in the presence of NCs which can be due to binding of Cu ions or
atoms to such functional groups of the protein residues as -NH, and -COOH (Le Guével et al.
2011; Xu et al. 2014; Greenfield 2006).

Images of the products by SEM confirmed the successful synthesis of CUNCsS@BSA-
SWCNT nanocomposite. According to Fig. 1d, CUNCs@BSAis an agglomeration of
nanoclusters. It is interesting to note that the smaller nanoclusters tend to have spherical shapes
and appear to have fused slightly with their adjacent nanoclusters. SWCNT with a relative
regular distribution with special three-dimensional structure were observed in SEM image of the
SWCNT. The average diameter of the SWCNT seems to be varied in the range of 15-40 nm. In
CUNCs-SWCNT the CuNCs partially  decorating  the SWCNT sidewalls  form isolated
nanoclusters partially interconnected, while the CUNCs@BSA decorating SWCNT sidewalls in
continuous manner and nanoclusters merge together to form larger nanoclusters. According to
Fig. 1d, the clusters are tightly attached to the SWCNT and formed well in nanocomposite
structure. Morphology of CuNCs@BSA was investigated by TEM. TEM image of the
CuNCs@BSA sample exhibits NCs with narrow size distribution and spherical morphology (Fig.
1d). Based on the results we conclude the nanocomposite is successfully synthesized.

3.2. Electrochemical characterization of biosensor

Electrochemical impedance spectroscopy (EIS) has been commonly used to probe the
electrode surface change during stepwise assembly process (Barsoukov and Macdonald 2005;
Bagheri et al., 2016a). In EIS the semicircular part at higher frequencies and linear part at lower
frequencies correspond to the electron transfer resistance (R¢;) and the diffusion limited process,
respectively. The diameter of semicircle equals R, which reflects the interfacial electron transfer

ability and electron transfer kinetic of redox probe (Bard et al. 1980; Bagheri et al., 2015; Shin et



al. 2016). Figure 2a showed the R; values of the bare and modified electrodes in the presence of
redox probe. As can be seen, bare GCE after electrochemical pretreatment exhibited a small R
value of 185 Q (blue curve). The CuNCs-SWCNT/GCE revealed a very small semicircle domain
(Ret= 62 Q), implying a very low electron-transfer resistance of the redox probe showing that the
SWCNT promoted conductivity. Then, GCE surface was modified with CUNCS@BSA-SWCNT
nanocomposite to form a 3D layer. With the successful assembly of CUNCs@BSA-SWCNT, the
Rt value decreased to 107.5 Q, indicating the accelerated electron transfer rate than GCE which
can be due to nature of CuNCs and presence of SWCNT. The R, value of CUNCs@BSA-
SWCNT increased with assemble of BSA. We supposed that a large amount of BSA was
immobilized on the binding sites in the CuNCs (Afkhami et al., 2016)

In order to obtain the electrochemical active surface areas of GCE, CuNCs-SWCNT/GCE
and CUNCs@BSA-SWCNT, the cyclic voltammetry of potassium ferrocyanide was performed
using the Randles-Sevcik equation (1):

l, = (2.69 x 10°)n¥*?AC*D"?y""? (1)
where |, refers to the anodic peak current, n is the total number of electrons transferred (n = 1), A
is the effective surface area of the electrode, D is the diffusion coefficient for K4[Fe(CN)s] =7.6
x10° cm? S, C* is the concentration of K4[Fe(CN)g] and v is the scan rate (Fig. 2bl) (Bagheri et
al. 2016b). The surface area of CUNCS@BSA-SWCNT/GCE (0.247 cm?) is higher than the
CuNCs-SWCNT/GCE (0.218 cm?) and GCE (0.068 cm?). The increase of the electroactive
surface area of the modified electrode showed the influence of CUNCS@BSA-SWCNT as an
effective platform that provides a large surface and facilitates the electron transfer between the

electrode and the solution.



Also, electrochemical behaviors of different fabricated electrodes were recorded in
Fe(CN)¢>™ and KCI solution using CV (Fig. 2b II). On Bare GCE, a pair of weak redox peaks
with the peak-to-peak separation (AE,) of 0.24 V was observed, indicating the sluggish electron
transfer rate at the interface. On the CuNCs-SWCNT/GCE, a pair of well-defined peaks
appeared with lower AE, value which was due to the synergic effects between CuNCs and
SWCNT then the conductivity of the whole electrode surface was further improved. On the
CUuNCs@BSA-SWCNT/GCE, the symmetric redox peaks and lower peak currents than that on
CuNCs-SWCNT/GCE were obtained, indicating that the surface conductivity and reaction
reversibility of electrode were suitable by the presence of CUNCs@BSA-SWCNT.

3.3. Electrocatalytic activity of fabricated biosensor and electrochemical behavior of OPs

Figure 2c shows the CVs of bare GCE, CuNCs@BSA/GCE, SWCNT/GCE, and
CUNCs@BSA-SWCNT/GCE in PBS before (2cl) and after (2cll) the addition of 100 uM
paraoxon, respectively. As seen, no redox peaks were observed for the CVs at either bare or
modified GCE in the absence of paraoxon, indicating the high electrochemical stability of
CuNCs@BSA and CuNCs@BSA-SWCNT over a wide potential window. However, in the
presence of paraoxon an irreversible cathodic peak at -0.55 V corresponding to the of nitryl (-
NO;) group of paraoxon was observed for the CUNCs@BSA/GCE as well a reversible peak at
approximately -0.12 V corresponding to the conversion between hydroxyamino (-NHOH) and
nitroso group (-NO) electrochemically reduced from nitryl (Zhang et al. 2014). The
voltammograms of CUNCs@BSA-SWCNT/GCE showed an obvious increase in the two redox
peaks. The irreversible peak involved the reduction of nitryl into hydroxyamino in the four-
electron and four-proton transfer process (Scheme 1). Similarity, the reversible redox peaks can

be attributed to the conversion of the hydroxyamino group to a nitroso group via a two-electron
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and two-proton transfer process (Scheme 1). Because no significant catalytic peak for the
paraoxon was observed at the bare GCE or at the SWCNT/GCE in this potential range, the high
catalytic activity of CuNCs as well as the enhanced catalytic activity of SWCNT towards the
electrochemical reduction of paraoxon to a great extent was concluded.

3.4. Parameters Optimization

In the following sections, the experimental conditions such as buffer pH,
preconcentration potential and time were investigated for the peak current (-0.12 V) to improve
the detection sensitivity of paraoxon at the fabricated electrode.

Because of participation of proton in the electrocatalytic reaction at CUNCs@BSA-
SWCNT/GCE, the pH solution has a significant effect on the sensitive detection of Ops. As is
shown in Figs. 3a and b, the peak potentials have negatively shifted in the pH range of 4.0-8.0
and the maximum peak current and best peak shape obtained at pH 6.0. In fact, this pH value is
the most suitable condition because the hydroxyamino is produced and reduced to nitryl (Scheme
1, mechanism), which causes to have the best SWV response. So, a PBS buffer of pH 6.0 was
selected for further studies.

The effects of preconcentration potential (PP) and time (PT) on the peak current response
are exhibited in Fig. 3b. By changing the PP from 0 to -1.0 V, the cathodic peak current
increased and the maximum plateau was reached at -0.8 V. Therefore, -0.8 V was chosen as the
optimum PP for sensitive detection of paraoxon. Then, the PT as another effective parameter was
optimized. As can be seen in the Fig. 3b the PT was increased, when the peak current increased
and reached a maximum at about 180 s, and then remained unchanged. So, the optimized PP and
PT were -0.8V and 180 s, respectively.

3.5. Analytical performance of the biosensor
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Under optimum conditions, SWV signals proportionally increased by increasing the
concentration of paraoxon at the CUNCs@BSA-SWCNT/GCE (Fig. 3c). The plot of response
current vs paraoxon concentration was linear over the concentration range 50 nM to 0.5 uM and
0.5 to 35 puM, with linear regression equations I,.(nA)=3.6117 C(uM)+0.6373 (R?=0.994) and
loc(MA)=0.6405 C(uM) +4.6104 (R?= 0.996), respectively (Fig. 3d). The limit of detection
(LOD) of the developed biosensor was 12.8 nM based on signal-to-noise ratio between 3 or 2:1.
Determination of the signal-to-noise ratio is performed by comparing measured signals from
samples with known low concentrations of analyte with those of blank samples and establishing
the minimum concentration at which the analyte can be reliably detected. It is obvious that the
designed biosensor shows excellent sensitivity along with wide linear range, and possessing a
promising potential to be one of the most generally analytical methods used for determining of
very low concentration of paraoxon.

Repeatability and reproducibility CuUNCs@BSA-SWCNT/GCE were investigated by
SWV measurements of 10 uM paraoxon in 0.1 M PBS buffer at pH 6.0. For five consecutive
scans on the same electrode, the relative standard deviation (RSD) was 4.12% which shows good
repeatability of the developed biosensor. Also, the SWV response of five identically modified
CuNCs@BSA-SWCNT/GCE electrode exhibit an RSD of 4.85% confirming the acceptable
reproducibility of the system. Moreover, nearly 96% of the initial SWV response of modified
electrode was remained after 5 days storage demonstrating acceptable stability. The results verify
that the biosensor has good repeatability, reproducibility, and stability toward paraoxon
detection. Also, from the viewpoints of simplicity, sensitivity, wide linear range, low LOD,
acceptable stability and very fast response, the proposed biosensor can be ranked as an effective

reported paraoxon sensors (Table 1).
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The response of the fabricated sensor toward paraoxon was also evaluated in the presence
of some common species found in real samples. The results revealed that 400-fold of glucose,
sucrose, fructose, alanine and glycine did not affect the selectivity. It was found that 200-fold of
S0.%, CI', F, ca®*, Mg?, Li*, Na*, K* have no influence on the signal of paraoxon. Moreover,
the responses of paraoxon in the presence of sevin, simazine, sutan, diazinon and atrazine were
examined. It was found that same concentration of these compounds had no effect on the
response of paraoxon. Interestingly, the presence of oxygen has a significant effect on the Ops
detection because of the nitryl and oxygen reduction potential similarity. However, in this study,
the oxygen presence does not have a considerable effect on paraoxon detection because the
reduction peak (at -0.12 V) of the intermediate products was investigated instead of nitryl
reduction peak for the p-nitrophenyl detection.

3.6. Real Sample analysis

We used the river, waste, and well water samples to investigate the capability of
CUuNCs@BSA-SWCNT/GCE in practical applications. After filtering the water samples to
remove large particles, the pH was adjusted to 6.0. Table 2 presented the SWV response to spike
different concentration of paraoxon to the water samples, in which the recoveries of spiked
paraoxon in real samples were observed in the range from 93% + 4% to 104% =+ 3%. The results
indicate the high reliability of the proposed biosensor. Moreover, the investigation confirms that
the matrix effects from real water samples have not interference with the detection of OPs,

demonstrating its high selectivity against naturally occurring compounds in real water samples.

4. Conclusion
To date, most of the paraoxon sensor are enzyme based, which may have very low LOD.

However, they suffer from complicated and multi-step procedure along with the sensitivity of the
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enzyme to the temperature, humidity, pH and sample matrix. In this work, we have developed a
facile and eco-friendly strategy for the synthesis of CUNCs@BSA-SWCNT nanocomposites.
Direct electrochemistry of protein capped CuNCs@BSA was investigated when the protein
templated copper NCs were used to the synthesis of CUNCS@BSA-SWCNT nanocomposite
immobilized on a GCE for detecting of paraoxon as the model of OPs. To the best of our
knowledge, this is the first time that the direct electrochemistry of protein template copper
nanoclusters and their high electrocatalytic property towards Ops sensing has been studied. The
CuNCs@BSA play a role as a conductive holder as well as an accumulator of redox active
centers on the surface of GCE and SWCNT improved the electrocatalytic activity along with
conductivity of the surface. Notable electrocatalytic properties of CUNCs@BSA-SWCNT as a
non-enzymatic electrochemical biosensor in this study offering the proposed nanocomposite as a
candidate to fabricate the third generation enzymeless electrochemical biosensors, bioelectronics,
biocatalysis as well as state-of-the-art biomedical devices in the future.
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Table 1. Comparison of analytical performance of the proposed CUNS-MWCNT modified PGE

with previously reported other nanomaterial- modified carbon-based electrodes.

Electrode Methods Linear range LOD Ref.

OPH Enzyme/MC/CB/GCE Amperometry 0.2-8 uM 0.12 uM (Lee et al. 2010)
OPH Enzyme/GO/Nafion/GCE Amperometry 2-20 uM 0.14 uM (Choi et al. 2010)
AChE Enzyme/CNT/NH ,/GCE Amperometry 0.2-30nM 0.08nM (Yu et al. 2015)
OPH Enzyme/BSA/pH electrode Potentiometry 150-700 uM 2 uM (Mulchandani et al.

1999)
Ordered mesoporous carbon/GCE DPSV 0.01-1and 1.9nM (Zhang et al. 2014)
1-20 uM
CuNCs@BSA-SWCNT/GCE SWv 50-500 nM 12.8 nM Present work
0.5-30 uM
Table 2. Determination of paraoxon in the water samples (n=3)
Sample Paraoxon added Paraoxon found Recovery
(UM) (UM) (%)
0.50 0.45+0.08 95
2.0 21 0.3 93
River water 10.0 9.8+0.1 97
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25.0 242 +0.2 102

0.50 0.46 + 0.07 94

2.0 1.9+0.3 96
Waste water

10.0 10.2+05 95

25.0 246 +0.3 103

0.50 0.53 +0.05 93

2.0 1.8 £04 101
Well water

10.0 10.1+0.2 95

25.0 254+05 99

Figure captions:

Scheme 1. Schematic representation of biosensor fabrication (a) and suggested mechanism for

paraoxon reduction (b).

Figure 1. (a) UV-Vis absorption spectra of free BSA, CUNCs@BSA and CuNCs@BSA-
SWCNT nanocomposite, (b) Fluorescence emission spectra of CuNCs@BSA and
CUNCs@BSA-SWCNT at A ex: 325 nm, (c) FT-IR spectra of free BSA, CUNCs@BSA, SWCNT
and CUNCs@BSA-SWCNT (D) SEM images of CUNCs@BSA, SWCNT, CuNCs-SWCNT and
CuNCs@BSA-SWCNT nanocomposite, respectively and TEM images of CUNCs@BSA.
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Figure 2. (a) EIS measurements of bare GCE, CuNCs-SWCNT/GCE and CuNCs@BSA-
SWCNT/GCE, (bl) CVs of CUNCs@BSA-SWCNT/GCE in different scan rate, (bll) CVs of
GCE, CuNCs-SWCNT/GCE and CuNCs@BSA-SWCNT/GCE in a solution in PBS containing 5
mM Ka[Fe(CN)s]*2in 1.0 M KCI. (cl) CVs of different modified electrodes in blank and (cll) in
the presence of 100 uM paraoxon in PBS (pH =6.0).

Figure 3. (a) Effect of pH on peak potentials, (b) the SWV response to the reduction of a 10 uM
paraoxon in PBS at a CUNCs@BSA-SWCNT/GCE in different pH, preconcentration potential,
and preconcentration potential. (c) The SWV in PBS (0.1 M, pH 6.0) containing different
concentrations of paraoxon from 0.05 uM to 35 puM, and (d) the corresponding calibration

curves.
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High analytical performance of biosensor towards paraoxon reduction was achieved

Nanocomposite of BSA template Cu nanoclusters-SWCNT uses as a novel sensing layer.

Rapid and direct detection of trace paraoxon using the fabricated enzymeless biosensor.
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e The developed sensor was used in real samples with satisfactory results.
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