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HIGHLIGHTS

e Arsenic is considered as one of the highly hazardous elements in the environment and a
serious carcinogen for the human health.

¢ An enzymatic method has been described by using arsenite oxidase for arsenic detection.

e Residual activity of the immobilized enzyme was 43% of the initial activity after being recycled 10

times.

Abstract: Arsenic is considered as one of the highly hazardous elements in the environment and a serious
carcinogen for the human health. More attention has taken towards the arsenic due to its presence in ground
water in India, China, Bangladesh, Inner Mongolia and several other regions of the world. It's been a
challenge to remove arsenic due to the lack of its efficient detection approach in the complicated
environmental matrix. The proposed method describes an enzymatic method for arsenic determination using
arsenite oxidase, which catalyzes the oxidation of arsenite to arsenate. Hence, a colorimetric PVC strip with
immobilized arsenite oxidase has been developed to detect the arsenic concentration and also having
potential for the field-testing. The influence of the optimal conditions i.e. pH, temperature, storage stability,
and reusability of free and immobilized enzyme were evaluated and compared. The results have shown that
the stabilities were significantly enhanced compared with free counterpart. Residual activity of the
immobilized enzyme was 43% of the initial activity after being recycled 10 times. We approve that this novel
low cost immobilized carrier presents a new approach in large scale applications and expected to act as a
model for establishment of indigenous arsenic sensor in miniature form.

Keywords: arsenic; arsenite oxidase; PVC strip; groundwater.
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INTRODUCTION

Arsenic (As) contamination has been evolved as a global threat to environment and a serious toxic to
human health reported in many countries and regions [1]. It is studied that over 100 million people have been
affected worldwide mainly widespread in South and South East Asia particularly Bangladesh and West
Bengal being among the worst affected areas [2]. Arsenic is most commonly found as Arsenate [As (V)] and
arsenite [As (lll)] species present in aqueous environments [1]. As () is considered as to be 60 times more
hazardous than As (V) or organic arsenic compounds and hence most toxic to human health and environment
[3].The permissible level of arsenic is 10 pg/L (many developing countries still employ a 50 pg/L standard) in
drinking water according to US Environmental Protection Agency (EPA) and World Health Organization, but
found higher in several sources such as drinking water, irrigation water, vegetables and cereals, fish, meat,
milk etc. [4]. Exposure to arsenic can lead to various health concerns including cardiovascular diseases [5],
skin lesions [6], arsenicosis [7], various types of cancer and mutagenic effects, hematological side effects [8],
hyperkeratosis [9], and many more disorders. Arsenic is registered as priority toxic element under the
European Directive on Environmental Quality Standards due to its toxicity [5].

In this context, authentic and selective arsenic detection approaches are of paramount importance to
safeguard the public health. Various analytical methods such as hydride generation, laser-induced
breakdown spectroscopy (LIBS), atomic force microscopy (AFM), neutron activation analysis (NAA), surface
enhanced raman spectroscopy (SERS), atomic absorption spectroscopy (AAS) [10], and capillary
Electrophoresis inductively coupled plasma mass spectrometry (ICP-MS) [11], atomic Fluorescence
spectroscopy (AFS) and high performance liquid chromatography (HPLC) [12] are used to detect arsenic in
environmental samples. Although these techniques are reliable, highly sensitive and can detect even traces
of the element but have many drawbacks as these require more time, unsuitable for field testing, requires
sophisticated instrumentation and highly skilled personnel. However, these analysis based on the Gutzeit
method have been employed in the past and are also slow in providing results (30 sec to 10 min). These
methods require an expensive set up, experienced personnel and are bound only to laboratory areas.
Consequently, it is imperative to develop simple and cost effective alternative methods to detect arsenic that
can screen large number of samples in little time. The electrochemical techniques have emerged as a
possible means to fulfill these conditions [13,14]. Colorimetric methods offer an easy and economical way to
guantify arsenic compounds and some of these field test kits are already commercially available. Hence,
researchers have thought of better alternative of using enzymatic and biological approaches for arsenic
detection that reduce all these problems [15].

Recently, biocatalysts have shown increasingly potential applications in arsenic detection as a more
specific alternative [16]. Enzymes can effectively transform and detoxify various metalloids [17]. Immobilized
enzymes are gaining enormous attention as they show more stability, unique specificity and increased activity
than the native enzyme [18,19]. Enzymatic methods overcomes all the drawbacks associated with previous
conventional methods as they cost-effective, sensitive, specific, user friendly and monitor large no. of
samples with in-field application. Also, immobilized biocatalyst is advantageous over free enzyme as it can
be recycled and reused many times by using physio-chemical properties of the supporting matrix and can
enhance its activity and stability [20]. Comparing to most of the matrix supports reported in the literature, the
proposed matrix is more convenient and efficient for the enzymes stability by providing suitable
microenvironment. The matrix comprises a large surface area for molecular recognition and immobilization
of enzymes that improves the enzyme catalytic efficiency and loading capacity significantly. This property
provides immobilization of more enzymes on their surface and less restriction for diffusion of substrate and
product.

Arsenic, being a very toxic metalloid, cannot be degraded into harmless compounds but its chemical or
microbial oxidation can lead to less toxic arsenate. Arsenite oxidase (Aio) is considered as an ideal biocatalyst
as it has the capability to oxidize and transform more hazardous arsenite [As (lll)] to the less harmful toxic
arsenate [As (V)] [21]. The arsenite oxidase is a heterotetramer. It consists a large catalytic subunit (AioA)
having molybdenum (Mo) centre and a 3Fe-4S cluster, and a small subunit (AioB) having a Rieske 2Fe-2S
cluster [22]. Arsenite oxidase catalyzes the aerobic oxidation of arsenite that couples its oxidation to the
reduction of oxygen to water creating ATP and sometimes NADH for CO; fixation [23]. It has been reported
that arsenite oxidation produces electrons that pass to the Mo centre, to the 3Fe-4S cluster, the Rieske
cluster and finally to an electron acceptor [24,25].

The aim of the present work is to develop a simple, rapid and affordable method for arsenic detection
with high sensitivity and specificity. The proposed work provides a laboratory model of enzymatic approach
for detection of arsenic compounds in various samples. It involves the use of an enzymatic strip to detect
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arsenic and provides onsite/in situ detection method. Arsenite oxidase enzyme was isolated and partially
purified from an arsenic resistant bacterium i.e. Arthrobacter sp.15b. Purified enzyme was immobilized onto
a nitrocellulose film using glutaraldehyde as a coupling agent. The improved properties and various
parameters of the immobilized enzyme were compared with the free counterpart enzyme. The results have
shown that the Immobilization has enhanced the enzyme stability at varying pH and temperature. Further,
the process is economical as the immobilized PVC strip has shown a significant reusability. The PVC strip
prepared by this procedure would surely provide a new pathway in fabricating many biosensing devices,
biomedical instrumentation and diagnostic kits. This novel approach of immobilizing Aio enzyme onto an
effective matrix proves to be highly sensitive for screening arsenic at nano levels. This laboratory model is
expected to act as a model for making indigenous arsenic sensor in miniature form.

MATERIAL AND METHODS

Chemicals and reagents

Sodium arsenite was from Sigma Aldrich (St. Louis, MO, USA), Nafion, Glutaraldehyde, DCIP (2, 6-
dichlorophenol indophenol), MES (morpholino ethelenediol sulfonic acid), (NH,),SO,, KH,PO,, KCI,

Ca(NO;),, NaHCO,; were from HIMEDIA Lab. Pvt. Ltd. Ninhydrin reagent, Folin-Ciocalteu reagent,

ammonium sulphate were from SRL Chemicals, India. All Chemicals and reagents used were of analytical
grade and purest quality. Double distilled water (DW) was used for all experiments.

Preparation of Arsenite oxidase

Crude extraction of arsenite oxidase

Extraction and purification of Aio from Arthrobacter sp.15b was performed by following the protocol
reported by Prasad and coauthors [26]. Briefly, Bacterial isolate was cultured and the trace element solution
was added to it maintaining final pH 7.8. Then the culture was left for incubation for 16 hours at 28 °C and
centrifuged at 4,500 g for 5 min at 4 °C where absorbance of the growth medium recorded as 0.35 at 600
nm. Pellet obtained was further washed thrice with washing buffer (0.9% NaCl, 0.1 mM PMSF, 0.6 mM EDTA
and 20 mM Tris—Cl), pH 8.4 and centrifuged every time with same conditions. Final pellet suspension was
supplemented in 50 mL of suspension buffer (having 2 mg mL-1 lysozyme) and left for 2 hours at ambient
temperature with slight shaking. MgSO4 (20mM) and Mg(CHsCOO), (100mM) were added followed by
addition of DNase (100 ug) and RNase (500 pg). After incubating the extract for half an hour, the suspension
was sonicated and the disrupted cell suspension was warmed at 60 °C for 1 min in water bath and cooled at
once on ice to 4 °C. Cell detritus was separated and clear protein supernatant was stored after centrifuging
lysate at 9000g for 15 m.

Purification of Arsenite oxidase

The purification procedure was performed by protocol reported by Prasad and coauthors [26] with some
modifications. Total protein solution was undergone with (20-85%) ammonium sulfate precipitation. Then the
precipitate was harvested by centrifugation and resuspended in minimal buffer and dialyzed overnight. pH of
the protein was maintained at 8.4. Next, the solution was further incorporated into gel filtration column-
Sephadex G-75 equilibrated with buffer solution (having 0.01% Triton X, 300 mM NaCl; 50 mM Tris.Cl, pH
7). Active fractions were pooled, concentrated and eluted with the same buffer. The purification procedure
was performed at 4 °C to sustain enzyme activity.

Preparation of reusable enzyme strip

The rectangular strips (15 x 1 cm?) size was cut from PVC sheet (thickness 0.5mm). Then the strip was
activated by placing it in ethylene diamine (0.020%) in water bath under continuous shaking. This provided
the amine groups at the PVC surface required for immobilization. Thereafter, the strip was rinsed several
times with DW to remove the unbound amines and allowed to dry at ambient temperature.

Immobilization of Arsenite oxidase onto activated PVC strip

The immobilization scheme for Aio onto activated PVC strip has been shown in Figure 1. Modified PVC
strip was activated by incubating with glutaraldehyde solution (2.5%) for 48 hours at room temperature.
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Then, the activated strip was rinsed with DW to remove unreacted glutaraldehyde. Then 2 yL of AiO was
casted onto the surface of strip with a micro syringe and allowed to dry at room temperature. After it, 1 uL
of 5% Nafion was used as a binder to stably hold the arsenite oxidase on the matrix surface. The excess
solvent was left to evaporate before use. The final strip formed will be used for detection method and stored
at 4 °C in a refrigerator until use.

PVC Strip €1

{} EDA Modification

Modified

G Glutaraldehyde Activation

Activated NH(CH2):N=CH-(CH2);-CHO

PVC Strip
G Aio Immobilization
I““;;’r'i’:""d NH(CHz):N=CH-(CHy):- CH=NJ¥

{} Nafion addition

Nafion coated : - 5 *
Immobilized Strip | HCH2N=CH-(CH:):- CH=N-

Figure 1. Schematic representation for the immobilization procedure.
Enzyme and protein assay

Free and immobilized enzyme assay

The enzyme assay for determining the activity was performed by following the protocol reported by
Anderson and coauthors [27]. It was based on the principle of the reduction of an artificial electron acceptor
DCIP in MES buffer (pH 6.0). Activities of both the crude and column purified fractions were calculated by
adding enzyme solution into 1 mL of assay buffer containing DCIP (60 uM), NaAsO, (200 uM) and 50 mM
MES (pH 6.0). Arsenite oxidase oxidizes the arsenite and couples to the reduction of oxygen to water that
generate ATP and NADH for CO, fixation. The electrons form arsenite oxidation pass to the Mo centre, then
to Rieske cluster and finally to an electron acceptor [22,24]. Absorbance was observed at 600 nm. Heat
denatured protein (boiled for 10 min) was referred as a control for this experiment.

One unit of Aio activity is described as the enzyme concentration used to oxidize 1 umol of substrate
per minute under the standard assay conditions.

Protein assay

The protein content was measured by Bradford protein assay [28] using Bovine serum albumin as
standard. The enzyme concentration immobilized onto the strip was calculated by observing the initial and
final protein concentrations in immobilization medium.
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Effect of pH and temperature

Effect of pH was observed by incubating the enzyme with buffer of different pH and checked from pH 3
to pH 9. Purified Aio was added in assay buffer maintaining same concentration of DCIP (60 uM) and
NaAsO, (200 uM). Buffering condition in reaction buffer was maintained and attained using various buffer.
pH 3 and 4 was maintained by using 50 mM Citrate, pH 5 and 6 was maintained by by 50 mM MES, pH 7
and 8 by using 50 mM Tris.Cl and pH 9 was maintained by using 50 mM Borate. Relative activity of Aio was
determined at different pH values [26].

The temperature effect on purified Aio was monitored by incubating at different range of temperature
values (10-50 “C with interval of 5 °C) for one hour and the reaction mixture (containing 60 uM DCIP, 200
MM NaAsO, and 50 mM MES), pH 6.0 was added. Change in absorbance was observed using
spectrophotometer. Greatest change occurred in absorbance was regarded as 100% activity. Then, relative
activity of Aio at several temperatures values was monitored and recorded. The process was performed in
a set of triplicates and the results were analyzed as average * standard deviation. The relative activity (%)
was measured as a comparison of the residual activity to the initial activity for each sample [26].

Reusability and storage stability

Reusability property of immobilized Aio was monitored by determining the enzyme activity in
successive experimental cycles. After getting each activity, the immobilized strip was rinsed with buffer
solution and reintroduced into a fresh suspension. It was done for 10 consecutive cycles. The efficiency of
reusability was measured as the difference of initial and final enzyme activity.

Free and immobilized enzyme film were incubated in buffer solution, pH 6.0 at 4 °C and their
activities were measured and compared for 30 days on fixed time periods using the mentioned enzyme
assay and the storage stability was analyzed to determine the feasibility of biocatalyst activity in use after a
particular duration of storage. Following it, the residual activity was evaluated as a ratio between enzyme
activities after storage to their initial activities.

Interference study

Influence of different chemical agents or metal ions interfering with the activity of Aio was detected with
several metal salts. These include effect of Para chloromercuribenzoic acid (pCMB), CaCl,, NaCl, CoCl,,
MgCl,, ZnCl,, FeSO,, EDTA, DEPC, Na,Mo, and lodoacetic acid. Their 100 mM stock solution was
prepared and the absorbance was recorded before and after the addition of salt solution in reaction buffer
containing enzyme. Changes observed were evaluated as percent change in activity.

Percentage recovery

Reliability of the method was determined by measuring arsenic content in six water samples before
and after addition of two different concentration of Aio i.e. 1 ug/ mL and 2 ug/ mL. The Percentage recovery
of added Aio was measured.

Precision

Reproducibility, selectivity and reliability of the present approach was checked by determining the level
of arsenic concentration in six samples within a batch (in single run) for same day and between batches i.e.
after one week of storage at -20°C.

Coefficient of variation (CV) was calculated in both batches using the following formula:

CV =0o x100 (1)

Where:
c=SD
a = mean of series
Application of the developed method

Arsenic contaminated water samples were collected from different sources. The samples were
reacted with enzyme immobilized PVC strip which converted the arsenic into less toxic arsenate form.
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DCIP (2, 6-dichlorophenol indophenol) in MES buffer was added to the reaction mixture and observed
at 600 nm as reported earlier.

RESULTS AND DISCUSSION

Extraction and Purification of Aio

Prasad and coauthors [26] has observed that the Aio enzyme shows 10% of total activity when
found in periplasmic space and 90% of the activity localized in the membrane fraction. Aio was
extracted and purified by subjecting to (20-85%) ammonium sulphate precipitation and further by dialysis
and gel filtration chromatography. Fractions of 3 mL were collected and the protein concentration was
observed. The summary of Aio extraction and purification has been provided in Table 1. The enzyme
precipitates showed specific activity of 0.023 uM As(lIl)/min/mg with 1.15 fold purification. Dialysis improved
the purification fold of Aio from 1.15 to 12. Eluted protein fractions were concentrated, evaluated and 0.83
UM As(l11)/min/mg specific activity with 41.5 fold purification was observed. Aio has been purified from
several sources by many researches to different extent [29]. Anderson and coauthors [27] has efficiently
purified Aio from Alcaligenes faecalis and shown high yield. Further, Ellis and coauthors [22] used the
same source A. faecalis for Aio and observed its structure. Muller and coauthors [30] has used -
proteobacterial strain ULPAs1 as source of Aio. Watson and coauthors [25] has purified Aio from Rhizobium
species structure NT-26 and constructed a biosensor. Hence, the purified Aio from Arthrobacter
species15b was highly efficient and overall produced 41.5 fold purified enzyme with 0.83 specific activity
which is desirable for immobilization procedure.

Table 1. Purification summary of Arsenite oxidase enzyme

Purification of Arsenite Total protein Total activity (UM Sp. Activity (UM Purification
oxidase (mg) As(l1)/min) As(llIl)/min/mgQ) fold
Crude enzyme 2190 45 0.02 1
Precipitates 1590 37 0.023 1.15
Dialyzed Precipitates 117 29 0.24 12
Eluate 24 20 0.83 41.5

10ne unit of Aio activity is defined as the concentration of enzyme used to oxidize 1 pmol of substrate per minute under
the standard assay conditions

Optimization of immobilization yield

Immobilization mechanism of Aio enzyme onto activated PVC strip has been illustrated in Figure 1. Aio
enzyme was evaluated for the immobilization capability onto activated PVC membrane. Aio activity was
analyzed prior and after to immobilization. The effect of enzyme concentration on the immobilization
process was determined and has been shown in Figure 2, where relative activity with different enzyme
loading has been illustrated. The final PVC strip immobilized with 3mg of Aio enzyme extract showed
highest activity at the identified specific optimum parameters. This also shows analogously highest
immobilization yield which appeared as highest activity. Immobilized enzyme showed conjugation yield of
0.37 mg/cm? retained about nearly 43% immobilization yield. The membrane gets saturation point at this
concentration and showed a slight declination on further addition of enzyme. This showed good loading
efficiency and highly recovered Aio enzyme due to formation of stable crosslinking between the enzyme
and the support. Moreover, local surface area of support material was increased by immobilization that
diminishes the steric hindrance of the enzyme active site [31]. Then, the prepared membrane was used to
study different parameters to find the optimality of the enzyme. Pandey and Bhatt [19] have utilized
chitosan nanoparticles to successfully immobilize arsenite oxidase purified from arsenic resistant bacterium
that increased the enzyme stability and increased biotransformation. Simeonova and coauthors [32] has
purified Aio from arsenite oxidizing strain ULPAs1 and immobilized in calcium alginate beads that offered
a promising way for implementation of various methods in arsenic remediation. Bienzymatic immobilization
has also done on carbon electrode by covalently bonding that produced efficient results [33,34].
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Figure 2. Effect of enzyme concentration on immobilization process. Error bars representing standard deviation of three
values.

pH and temperature activity profile

A comparative study was done between free and immobilized enzymes in terms of pH and
Temperature. pH of the reaction suspension is a crucial parameter for enzyme stability as it can affect the
dissociation state of the enzyme. The effect of pH values on enzyme activity on PVC strip was determined
in a range between 3 and 9 with regular increment of 0.5 as shown in Figure 3. Free enzyme showed the
highest activity at pH 6 while immobilized enzyme exhibited maximum activity at pH 7.0. This shift in pH
values after immobilization might be due to changes in acidic and basic amino side chain around the
enzyme active site in the microenvironment. Purified enzyme was remained active at wide range of pH
values i.e. 5 to 8 and showed high activity. Prior to this range (at pH 4) and after this range (at pH 9)
enzyme showed significant activity loss. Broad and shift to high pH range showed by immobilized Aio is of
paramount importance for commercial applications. Similar pH dependence has been observed by previous
researches [32,35].
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Figure 3. pH activity profile of the free and immobilized Aio. Error bars representing standard deviation of three values.

The influence of the temperature on the free and immobilized enzyme activity was investigated from
10 °C to 50 °C (with increment of 5 °C) to evaluate the enzyme stability (Figure 4). The optimum temperature
shown by free and immobilized enzyme was 25 °C and 35 °C respectively. Immobilization has extended the
temperature effect on enzyme activity and increased the enzyme stability. Temperature profile gets
broadened after immobilization. Enzyme displayed gradual loss when the temperature was below 25 °C and
above 35 °C. The covalent bonding prevented conformational flexibility and provided more activation energy
for proper reorganization. Therefore immobilized enzymes have shown more resistance towards higher
temperature than free enzymes. Hoke and coauthors [35] has done each experiment at 20 °C (as
optimum temperature) for arsenite oxidase. Most effective temperature for arsenite biooxidation has been
recorded as 25-28 °C where the enzyme showed highest potential [32].
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Figure 4. Temperature activity profile of the free and immobilized Aio. Error bars representing standard deviation of
three values.

Reusability and storage stability

The residual activity of immobilized enzyme after continuous uses has been depicted in Figure 5. The
reusability of immobilized enzymes is advantageous over free enzymes in several applications. High
expenses and lengthy time duration of enzyme production is being a major problem in industrial areas
whereas the immobilized enzyme has the ability to recover from the substrate and reuse again [20].
Immobilized Aio strip showed high reusability and no visible losses during first three uses. After 4 uses, It
showed decline behavior in enzyme activity. The declination may be occurred due to distortion of Aio from
support material after repetitive use. The residual enzymatic activity retained was about 43% after ten
continuous reuse of the immobilized strip. Hence, Aio immobilized PVC strip exhibits properties of thermal
stability and reusability.

120 1

8

Residual Activity (%)
3

Number of Reuses
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Figure 5. Reusability of the immobilized enzyme onto PVC strip. Error bars representing standard deviation
of three values.

Storage stability represents the potential of biocatalyst of retaining its activity over a long duration.
Thus, it is an important characteristic in practical utilization and in the commercialization of an enzyme [36].
It highly depends upon the immobilization support and the method used. Storage stability of free and
immobilized Aio was evaluated over 30 days of time period and the activities retained were 17% and 52%
respectively (Figure 6). Immobilization improved the storage capability by covalent bonding and stable
enzyme conformation as compared to the free enzyme. Similar reports regarding enhancing storage
stability of various enzymes upon immobilization has been also observed in previous researches [37,38].

100
o 80
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g 60
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Q
< 40
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0 r . T 1
0 10 20 30 40

Time (Days)
Figure 6. Storage stability of the free and immobilized Aio at 4 °C for 30 days. Error bars representing standard deviation
of three values.

Effect of interfering substances

The influence on the activity of Aio by various metal ions (inhibitor/activator) was evaluated. Among the
various substances investigated for possible interference, 1 mM of Na*, Fe?*, Ca?*, Mo® and EDTA didn't
show any effect and the enzyme was not inhibited by these metal ions. However, Co?*, Zn?*, lodoacetic acid
and pCMB inhibited the Aio and reduced the activity by 97, 98.5, 18 and 12% respectively. Similar enzyme
inhibition by copper metal ions has been reported by Male and coauthors [39] where he has observed its
interference in different levels. Lace and coauthors [5] has reported that Fe?* ions above 0.1 mg? interfere
with As®*" monitoring using the microfluidic detection system.

Analytical recovery and precision

To estimate the accuracy of the present method, the analytical recovery of added arsenic in the six
samples was detected. The mean analytical recovery of added arsenic (1 pg/ mL and 2 pg/ mL) in sample
was 98.7% and 97.2 % respectively. Pena-Pereira and coauthors [40] has studied the recoveries by spiking
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water samples with arsenic at different concentrations and observed the recovery values for inorganic As in
the range of 88 to 112%. Lace and coauthors [5] has found the minimum percentage recovery i.e. 85.71%
for 0.7 mg L-1 As®** sample and the maximum percentage recovery (122%) for 1 mg L-1 river water sample.

Reproducibility and authenticity of the present method was observed by detecting the level of arsenic
concentration in six samples within a batch (in single run) and between batches i.e. after storage for one
week at -20 °C. The arsenic values obtained by these observations consented to one another and the result
of within and between batch coefficients of variation (CVs) were < 2.35% and < 2.43%.

Application of newly developed method

Multiple devices are used to detect arsenic based on enzyme and protein [41]. Strong bonds are formed
by arsenic with sulfur thiolates in protein that either inhibits or enhances the protein function [42]. However,
mainly protein based devices are significantly based upon enzyme inhibition that is useful for monitoring of
heavy metals in liquid samples [43]. The levels of arsenic by using the present method were found between
4 and 53 ppb in water samples. Some samples do not show any presence of arsenic and hence detected by
spike with 15ppb arsenic as a control. Similar evaluations have been observed by Male and coauthors [39]
where the detection was done in no. of water samples and by Pena-Pereira and coauthors [40] in which the
As was detected in four water samples of different complexity. Similar percentage recovery was shown by
the water samples having same water matrix except some lake water samples because of several reasons
affecting the microfluidic detection system. A broad range of many sample matrices would need to be
estimated in future studies [5].

CONCLUSION

Owing to the toxicity of the arsenic in environment and human health, their detection is of paramount
importance and remains a major challenge. Besides the methods used, enzyme based detection found to be
reliable and accurate. Enzymes are known to have unique specificity and high sensitivity [44]. Hence, In the
present study, PVC strip was used for the immobilization of purified Aio enzyme to enhance its biocatalytic
efficiency and used for the arsenic detection. Purified Aio enzyme acquired specific activity of 0.83 pM
As(lll)/min/mg and can be used for further applications efficiently. The immobilized enzyme oxidized As (ll1)
to As (V) more rapidly than the native enzyme with high stability, sensitivity and efficient reusability. The
prepared immobilized strip was capable of retaining almost 43% of its initial activity after using 10 times
repeatedly. The optimum pH and temperature for immobilized enzyme were pH 7 and 35 °C respectively and
showed stability in fluctuations. A rapid, sensitive and accurate analysis device for the arsenic using
immobilized Aio enzyme was successfully accomplished. This can be considered more economic when
compared with existing methods with better stability. Since PVC strip is economical, reproducible and efficient
in electrochemical analysis, proves to be an apt and promising matrix for arsenic detection. Nanomaterials
should be explored for developing versatile detection and activity enhancement. Further development should
focus on modified approaches regarding in situ environmental monitoring.
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