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Endoglucanase (endocellulase, EC 3.2.1.4) is one of the most widely used enzymes in industry. Despite its impor-
tance, improved methods for the rapid, selective, quantitative assay of this enzyme have been slow to emerge. In
this work, we have designed an aptasensor platform for ultrasensitive endoglucanase Il detection based on DNA
aptamer and reduced graphene oxide/Au nanoparticles (RGO/AuNPs). The surface morphology of RGO/AuNPs
was characterized by various techniques such as transmission electron microscopy (TEM), X-ray diffraction
(XRD), energy-dispersive X-ray spectroscopy (EDX) methods. The aptasensor characterization was monitored
with electrochemical techniques. Using RGO/AuNPs as a nanomaterial can effectively increase the conductivity
of biosensor electrode. Moreover, using an RGO/AuNPs/aptamer platform in the presence of endoglucanase,
the sensor system is able to generate a signal, which significantly improves the selectivity of the aptasensor.
The fabricated aptasensor exhibits high sensitivity and selectivity to endoglucanase II with a low limit of detec-
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tion (LOD) "0.1 nM.
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1. Introduction

Cellulose is the most-abundant and low-cost renewable natural or-
ganic compound. It contains a glucose polymer linked by a 3-1,4-glyco-
sidic bond and can be hydrolyzed by the cellulase enzyme. Cellulase is a
hydrolytic enzyme that has been widely used in renewable energy
sources for cellulosic ethanol production and biomass conversion. It
also has a multitude of biofriendly applications across the pharmaceuti-
cal, textile, detergent, and food industries [1]. According to a market re-
port published by Transparency Market Research, the cellulase segment
is projected to grow at the highest rate between 2017 and 2022 and has
become the fastest growing industrial enzyme globally [2].

Generally, cellulase is characterized by noncomplex or multi-
component enzyme complexes, operating synergistically. In different
species like Aspergillus niger, cellulase is represented mainly by non-
complex systems (e.g., endoglucanase), which is most advantageous
for industrial application [3]. Cellulase hydrolyzes the cellulose polymer
chain by hydrolytic cleavage of the 3-1,4-glycosidic bond in several
steps. Depending on the site of cleavage, it is classified as endo1,4-
glucanase (endoglucanase, E.C 3.2.1.4), 8-glucosidase (E.C 3.2.1.21), or
exoglucanase (E.C 3.2.1.91). Endoglucanase is the major cellulolytic
component enzyme and has the highest catalytic activity among other
constituents of the cellulase enzymatic complex [4]. Endoglucanases
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randomly cleave the intramolecular 3-1,4-glycosidic bonds in the amor-
phous cellulose region and produce the oligosaccharides [5]. It is gener-
ally believed that the market for endoglucanases enzymes will increase
dramatically when the second-generation biofuel industry becomes
economical.

In the cellulose industry applications and bioproduction of cellulase
enzymes by microorganisms, the complexity arises from finding the
particular method that can be used to detect each cellulolytic enzyme
and quantifying produced cellulase activity. In biological materials and
microbial fermentation broths, endoglucanase detection can be mea-
sured by the decrease in viscosity of water-soluble, chemically modified
cellulose derivatives such as carboxymethyl cellulose 7 M and rates of
hydrolysis of colorimetric or non-colorimetric substrates such as
nitrophenyl-cello-oligosaccharides, cello-oligosaccharides, borohydride
reduced cello-oligosaccharides, and benzylidene end-blocked 2-chloro-
4-nitrophenyl-B-cellotrioside [6-8]. However, these substrates cannot
be used to measure endoglucanase in the presence of other cellulose-
degrading enzymes such as R-glucosidase and exo-1, 4-p-glucanase,
which occur in fermentation broths and industrial enzyme preparations
[6,9]. Furthermore, several methods have been reportedly used for the
detection of endoglucanase hydrolases activity [10]. Among these
methods, High Performance Liquid Chromatography (HPLC) and mass
spectrometry methods need complicated instruments, and the colori-
metric and fluorescence assay needs special derivative reagents
[11-13]. Yet, the colorimetric methods including DNS and AuNP
methods are competitive, but they still have several drawbacks such
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as the requirement of experienced professional for the sample prepara-
tion and analysis [14-16]. Considering the commercial importance of
endoglucanase enzymes, development of a specific and robust detection
method is an important step in any cellulose application process
[17-19]. Many efforts have been devoted to the development of new
generation of biosensors to circumvent these drawbacks, using nucleic
acid as the biorecognition element [20-22]. Aptamers are short single-
stranded DNA/RNA molecules that bind to their preselected targets
and include small substances or cells or other biomolecules with high
selectivity and affinity [22,23]. Ease of synthesis, thermal stability, and
low cost are some features of aptamers. There is a new category of bio-
sensors based on aptamers, called “aptasensors” [24,25]. The selectivity
of aptasensors is related to their conformational changes upon binding
to target molecules that provide a high selectivity for them. The union
of electrochemical technique with aptamers generates the electrochem-
ical aptasensors that act as a powerful and sensitive tool in biosensing
detection [19,26]. Over recent years, introducing a wide range of
nano-structure material as a transducer element strongly improved
the biosensor performance and revolutionized the biosensing process
[20,27]. Graphene-based nanocomposites are now popular substrates
in various fields of application, due to their unique physical and chemi-
cal advantageous properties. Using graphene oxide and reduced
graphene oxide (RGO) in biosensor design not only overcomes the lim-
itations of the usage of a single component in biosensor applications, but
also provides a more effective surface area, higher specificity, limit of
detection (LOD) and excellent catalytic properties [28]. The oxygen
functionalities on reduced graphene oxide produce an overall negative
zeta potential, and easing coupling with positively charged
nanomaterials. Nowadays, the gold nanoparticles (AuNPs) are consid-
ered as the most promising nanomaterial for design of a new generation
of biosensors [23]. Due to their large surface area, excellent conductivity
and effectively conjugation with thiolated motifs, the AuNPs have been
widely used in the construction of electrochemical biosensors [22,29].
The addition of Au nanoparticles acts as a nano-spacer and conductor,
thus, enhancing the graphene interlayer distance to minimize the ag-
gregation and agglomeration. Furthermore, functionalization of RGO
with AuNPs enhances the loading efficiency of the biomolecules and
consequently increases the electrical conductivity of RGO [30,31].

The aim of this study is to develop a specific method for the identifi-
cation and measurement of endoglucanase. There are no previous re-
ports of sensitive and selective detection of endoglucanase through
the aptamer, and thus the present research represents the first attempt
to do so. Moreover, the process described here could become the basis
for highly sensitive detection of various enzymes. In this work, we de-
signed and constructed a new aptasensor electrode for detection of
endoglucanase type Il (EG II), which is one of the most common
endoglucanases and accounts for 5-10% of the total cellulase [1]. The
biosensor electrode was fabricated using RGO/AuNPs and an aptamer
chain. After fabrication of the aptasensor electrode, its electrochemical
response was studied using electrochemical technique.

2. Materials and methods
2.1. Chemicals and reagents

Analytical-grade reagents were used as received without any pre-
treatment. Double-distilled water was used for the preparation of solu-
tions. Graphite powder, tris-hydroxymethylaminomethane hydrochlo-
ride (Tris) and Ks[Fe(CN)g], gold chloride (HAuCl,), sodium
borohydride (NaBHy), Sulfuric acid(H,SO,), Potassium permanganate
(KMnO,) were obtained from Merck. Twenty millimolar Tris-HCl buffer
(pH 7.4) containing 140 mM NacCl, 5 mM KCl, 1 mM CaCl,, and 1 mM
MgCl, were used as a binding buffer. Phosphate-buffered solution
(PBS) (pH 7.0, 0.1 M) containing10 mM KCI and 2 mM MgCl, was
used as the working buffer solution. All other chemicals were analytical
grade and used as received.

The DNA aptamer was selected from an initial pool of 10'° different
ssDNAs with 30-nt central block of randomized sequence, through the
Systematic evolution of ligands by exponential enrichment (SELEX)
using nitrocellulose membrane and protein blotting method on the
solid support [32]. At the same time, aptamer enrichment during differ-
ent SELEX phases were investigated by Real-time PCR. The affinity of se-
lected aptamer to Endoglucanase I was calculated by fluorimetric
method [33]. The selected ssDNA with 3’-SH, modification used in
this study was custom-synthesized by the Bioneer Co. (South Korea),
and the sequence of aptamer was as follows: 5'-AGACAAGGAAAATCCT
TCAATGAAGTGGGTCG-SH2-3' (Egll aptamer containing 32 bases).

The Endoglucanase II, Xylanase and Phytase were produced
recombinantly in P. pastoris following previous reports and -
glucosidase was purchased from sigma [34-36].

2.2. Synthesis of RGO/AuNPs

RGO/AuNPs were synthesized as in previous reports [37]. At first,
commercial graphite was used to synthesis the graphene oxide ac-
cording to Hummers method [37,38]. Graphite (10 g) and H,SO4
(230 mL) were stirred at a temperature below 20 °C and then
KMnO4 was added to the suspension. After that, the temperature
was changed to 40 °C and the mixture was stirred for 1 h. At this
time, 500 mL of deionized water was added to the mixture and the
temperature was increased to 100 °C. H,0, was then added, followed
by addition of deionized water, until the filtrate became neutral and
the remaining impurities were removed. The suspension was then
washed with HCl and deionized water. After that, the product was
exfoliated in deionized water and 5 g of NaBH4 was added to form
graphene oxide (GO) nanosheets; the product was then incubated
at 100 °C for 24 h. RGO/AuNPs were synthesized by adding 0.25 M
HAuCl4-¢H,0 to the GO nanosheets and sonicated for 10 min,
followed by 3 h of incubation at 40 °C. The final product was filtered
using a Buchner funnel, washed with deionized water three times,
and then dried at 50 °C for 12 h.

2.3. RGO/AuNP characterizations

Morphological investigations were carried out by using a Transmis-
sion Electron Microscopy TEM (Zeiss - EM10C - 100 KV) and energy-
dispersive X-ray spectroscopy (EDX). The X-ray diffractometer
(PANalytical X'Pert-Pro) had a Cu-Ka monochromatized radiation
source and a Ni filter. X-ray was used to obtain the diffraction patterns
of RGO/AuNPs.

2.4. Fabrication of aptasensor electrode

The glassy carbon electrode (GCE) was polished with 0.03 M alu-
mina slurry and washed with large amount of distilled water. Then
RGO/AuNP/aptamer/Nafion-modified GCE was then fabricated by plac-
ing some of RGO/AuNP/aptamer/Nafion dropped on the electrode sur-
face to form a homogeneous layer.

RGO/AuNP/aptamer/Nafion was prepared as follows: 2 mg/mL RGO/
AuNPs was incubated with 2 pM thiolated EGII aptamer for 24 h at 4 °C.
The RGO/AuNP/aptamer was then incubated with 0.1% w/w Nafion at a
1:4 ratio for 10 min at ambient temperature. 5 pM of RGO/AuNP/
aptamer/Nafion was dropped to the electrode surface and dried at am-
bient condition and inert atmosphere. Afterwards, the fabricated elec-
trode was rinsed with water to eliminate any unbounded aptamers
and finally incubated with different concentrations of EGII for 45 min.
The designed aptasensor was stored at 4 °C when not in use. The elec-
trochemical signal was measured in a solution containing 1 mM Ks[Fe
(CN)g] by using CV.
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Scheme 1. Principle of endoglucanase aptasensor. The graphene oxide and reduced graphene oxide synthesized. Then the reduced graphene oxide (RGO)/Au nanoparticles/EGII aptamer/
Nafion modified glassy carbon electrode (GCE) was fabricated by placing some of RGO/AuNPs/EGII aptamer/Nafion dropped on the electrode surface. 5'-thiolated EGII-DNA aptamer self-
assemble and binds to the AuNPs. The Endoglucanase binds to the immobilized aptamer, forming a complex. Square wave voltammetry (SWV) technic measure the difference in faradic
current in the presence of different concentration of Endoglucanase.

o
: )

2.5. Electrochemical measurements rate of 50 mV s~ . Squarewave voltammetry (SWV) was performed in
0.1 M PBS (pH 7.0) to evaluate the performance and time processing

All electrochemical experiments were performed by an Autolab of the aptasensor. The SWV measurement was carried out: the potential

General Purpose System PGSTAT 30 (Eco-chime, Netherlands). The range was from —0.6 to 1.1 V, modulation amplitude was 0.05 V, pulse

electrochemical experiments were conducted using a conventional width was 0.05 s, and sample width was 0.0167 s.

three-electrode cell with an Ag/AgCl reference electrode (Argental, Limit of detection (LOD) and limit of quantification were calculated

3 M KCl). For the counter electrode, a platinum wire with a diameter by the following equations:

of 0.5 mm and an exposed area of 0.65 cm? was used. A glassy carbon

electrode with an area of 0.03 cm? was used as the working electrode. LOD = 3sb/m (1)
CVs of the fabricated electrode were performed in 5 mM K3[Fe (CN)
6] solution containing 0.2 M KCl, scanning from —0.6to 0.7 Vatascan  LOQ = 10sh/m (2)
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Fig. 1. (a) XRD analysis of GO powder and (b) RGO/AuNPs. (c) EDX analysis (d) TEM image of RGO/AuNPs and histogram of particle size distribution.
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Fig. 2. (a) CVs of modified electrodes with RGO/AuNPs, RGO/AuNPs/Apt and RGO/AuNPs/Apt/EGII in 1 mM Ks[Fe(CN)g] solution at the scan rate of 50 mV s~ and (b) EIS spectra modified

electrode with RGO/AuNPs, RGO/AuNPs/Apt and RGO/Au NPs/Apt/EGII 15 nM and 80 nM.

where Sb is the standard deviation of blank solution and m is the slope
of calibration curve. LOD of EGII was calculated about 0.1 nM and the
value of LOQ was determined about 0.33 nM.

2.6. Real sample preparation

The slurry sugarcane bagasse sample was prepared following the
protocol reported by H. Jergensen [39]. 50 mL biomass samples were
spiked with appropriate concentration of endoglucanase enzyme. The
mixture was then centrifuge at 10,000 xg for 15 min. The supernatant
was filtered using 0.45 pm syringe filter and store at 4 °C for further
analysis.

3. Results and discussion
3.1. RGO/AuNPs nanoparticles surface characterization

We designed an aptasensor platform using the principle described in
(Scheme.1). The surface morphology and characterization of GO and
RGO/AuNPs powder were investigated by TEM, XRD and EDX. Fig. 1a
presents the XRD diagram of GO powder and RGO/AuNPs. As shown, a
strong and sharp peak at 26 = 11.2° demonstrated formation of GO.
The small peak observed at 26 = 24.2° is associated with the (100)
plane of graphite and indicates that small amounts of graphite phases
are still present in the GO. As illustrated in Fig. 1b, the XRD diagram of
RGO/Au NPs presents the broad peak at around 26 = 24° and can be
indexed into the RGO sheets. Furthermore, the diffraction peaks at
38.1, 64.5, and 77.5° correspond to (111), (220), and (311) planes of
AuNPs, respectively. Moreover, an additional peak is observed at about
43.6°, which seems to be due to overlapping (200) reflection plane of
Au, at 26 = 44.4°, with (100) plane of graphite. The results of EDX and
TEM are present in Fig. 1c and d. EDX analysis confirmed that the weight
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percentage of AuNPs is low and the nanoparticles are very small in size.
As evident from Fig. 1d, the RGO sheets exhibit rippled and crumpled
morphology and have a structure consisting of very thin layers. The
TEM images of AuNPs/RGO sheets indicate a uniform and homogeneous
distribution for gold nanoparticles at the surface of RGO sheets with the
surface coverage of about 5.6%. Also, an average particle size of 50 nm,
from the size distribution histogram (inset) could be estimated. To ob-
tain the size distribution histograms, about 100 nanoparticles were con-
sidered for each sample.

3.2. Characterization of electrochemical behavior of fabricated aptasensor

The aptasensor electrochemical behavior was characterized in pres-
ence of a redox probe and by using the Cyclic Voltammetry (CV) and
Electrochemical Impedance Spectroscopy (EIS) technique. The Fig. 2a
presents the CVs of electrodes through aptasensor fabrication process
in 1 mM Ks[Fe(CN)g] solution with a scan rate of 50 mV s~ . As illus-
trated, a well-defined redox peak of [Fe(CN)g]> /4~ was observed at
the bare GCE (black line). The red line curve shows the CV of the RGO/
AuNP modified electrode (GCE/RGO/AuNPs). The peak current was
markedly increased, indicating that the RGO/AuNPs load on the electron
surface area, change the electron transfer resistance and therefore pro-
mote electron transfer. After that, the thiolated aptamer chains were
self-assembled at the surface of (GCE/RGO/AuNPs) and the peak current
clearly decreased. The result illustrates that the RGO/AuNPs are well
decorated by EGII aptamer chains.

The current response of [Fe(CN)g]> /4~ on the GCE/RGO/AuNP/apt/
EGII (green line) was further decreased, indicating that the EGII success-
fully interacts with aptamer chains. The pattern shows that the modi-
fied electrode can strongly detect this protein.

The Nyquist diagrams of the electrode modification procedure are
presented in Fig. 2b. As can be seen, each diagram has a semi-circle
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Fig. 3. (a) Time processing EGII aptasensor and the effect of time incubation upon SWV. (b) The effect of pH on the response of aptasensor.



280 F. Fatemi / International Journal of Biological Macromolecules 148 (2020) 276-283

transfer resistance of the electrochemical reaction. Indeed aptamer/
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2 02 4__ oonm
E TR A number of optimizations to develop an efficient aptasensor for
'5 ‘ sensitive detection of endoglucanase have been performed. The time
o 02 processing and the effect of time incubation between aptamer and the
EGII enzyme were analyzed by SWV. As shown in Fig. 3a, the differential
04 4 pulse voltammetric response increased by increasing incubation time.
06 | The signal values stabilized after 35 min and remained stable for the
] rest of the measurement of the time. Consequently, the constant value
0.8 — obtained after 35 min showed that the surface of fabricated aptasensor
06 04 02 0.0 0.2 04 0.6 0.8 satL_lrated by EGII enzyme and no improvement in response could be
achieved by longer incubation time.
Potential (V) The effect of physicochemical conditions including ionic concentra-

tion and pH was also studied. In our study, increased concentration of
Fig. 4. CVs of RGO/AuNPs/Apt mf);iiﬁed electrodes in presence‘of various concentration of NaCl resulted in little decrease of endoglucanase detection, which indi-
EGIl at the scan rate of 50 mV's %, in 1 mM Ks[Fe(CN)o] solution. cated that ionic strength weakly influenced the affinity of the

endoglucanase aptamer used in this study (data not shown). To investi-

gate the influence of pH, the response of aptasensor tested in different
that corresponds to charge transfer resistance of the Fe? ™ /Fe>* reac- pH ranges (Fig. 3b). The binding of the Endoglucanase to the aptamer
tion. The values of electron transfer resistance (R.;) of 90 Q are mea- depends on pH condition, which is probably connected to stabilizing
sured for the GCE bare electrode while the modified electrodes show the three dimensional aptamer conformation, optimal for binding the
a higher R value respectively; 105 Q for GCE/RGO/AuNPs modified enzyme. Our results show that maximal response of the endoglucanase
electrode, 160 Q for GCE/RGO/AuNP/apt modified electrode, 260 Q sensor occurred for pH 7.2, while for lower and higher pH the sensitivity
and 325 Q for GCE/RGO/AuNP/apt/EGII modified electrode respec- was lower. Consequently, to ensure the aptasensor to operate at its

tively, in presence of different concentration of endoglucanase II. maximum sensitivity, all the endoglucanase sensing experiments car-
As reveled by the R value, by attaching the aptamer chains on the ried out in PBS at pH 7.2. The effect on temperature change wasn't inves-
surface of RGO sheets, the electrochemical conductivity of the mod- tigated in our experiments and tests were performed in ambient

ified electrode decreased, which resulted in increasing the charge temperature.
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Fig. 5. (a) SWV response of electrochemical aptasensor for EGII at different concentration: 0 nm, 10 nM, 30 nM, 50 nM, 70 nM and 90 nM in detection buffer containing 0.05 M PBS (b) the
calibration plot of current intensity vs concentration (nM) in the range from 0 nM to 90 nM. (¢) EIS spectra for modification of aptasensor electrode at different concentration: 0 nm, 10 nM,
30 nM, 50 nM, 70 nM and 90 nM. (d) The calibration plot of modified electrode obtained from EIS spectra.
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Table 1

Comparison of the analytical performance of developed EGII biosensors with other endoglucanase detection methods.
Detection method Main examine reagent Activity/detection limit (as Analyze Reference

reported) time

CMC Carboxy methyl cellulose Not reported >2 h [7]
BzCNPG3 BzCNPG3 (4,6-0O-benzylidene end-blocked 2-chloro-4-nitrophenyl-b-cellotrioside) 103U >30 min [5]
Chito based assay Chito-oligosaccharides 6 mU >1h [14]
Flow cytometry 3-carboxy-7-(4’-aminophenoxy) coumarin, vanadium bromoperoxidase Range of 0.1 to 0.5 U/mL >30 min [12]
Mass spectroscopy ABTS mediator (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) - >2 h [11]
HPLC based FPA assay 3, 5-dinitrosalicylic acid 63.7 + 1.5 FPU/mL >1h [10]
AuNPs CTAC, hydrogen tetrachloroaurate hydrate 0.14 IU mL™! >45 min [13]
Endoglucanase aptasensor GCE/RGO/AuNPs/apt 0.1 nM ~30 min This work

3.4. Analytical performance characteristics of EGII aptasensor

The electrochemical performance of designed aptasensor is in-
vestigated in various concentration of EGII enzyme in K;[Fe (CN)
6] solution. As illustrated in Fig. 4, each CV curve has a redox
peak related to electrochemical reaction of Fe?>*/Fe3*. Following
interaction between aptamer and enzyme, available active site on
the electrode surface decreased and the steric hindrance on the
electrode surface area increased. Therefore, the magnitude of the
redox peak current diminished. Consequently, the interaction pro-
cedure caused an increase in the electrode surface resistance,
resulting in a reduction in the anodic and cathodic peaks and a
change in the peak potential to positive for oxidation and negative
for reduction processes. As the single-stranded DNA aptamer mol-
ecules contain numerous negatively charged phosphate groups,
they are likely to act as a barrier to restricting access of the anionic
electrolyte to the electrode surface [24]. By enhancing the concen-
tration of EGII at the surface of electrode, the anodic peak potential
shifted from 0.3 to 0.6 V and the cathodic changed from 0.2 to 0 V.
This accounted for the increase in Ret for the aptamer/AuNPs
coated electrode. The larger semicircle indicative of further en-
hance in Ret occurred from formation of a mixed layer comprising
aptamer and enzyme molecules.

SWV is one of most useful electrochemical techniques for ana-
lytic quantitation. Because of the elimination of double-layer
charge for high-surface-area electrodes, the sensitivity of this tech-
nique is very useful for detection of analytes in very low concen-
trations. Square wave curves of RGO/AuNP/apt at various
concentration of EGII are presented in Fig. 5a. As shown, by in-
creasing the concentration of EGII and therefore occupation of ac-
tive sites at the surface of electrode, the magnitude of the peak
current decreased. The calibration curve of modified electrode is
shown in Fig. 5b. We can see the dual behavior of the modified
electrode at linear range concentrations of EGII. By changing the
concentration of EGII, the slope of the calibration curve shifted
from higher magnitude at low concentration to lower magnitude
at higher concentrations. This behavior corresponds to a change
in binding mechanism. It is likely that the high sensitivity can be
attributable to the correct orientation of the enzyme, whereas the
reduced linear working range can be defined by the number of rec-
ognition sites present on the electrode surface.

Nyquist diagrams of the modified electrode at linear range from
0 to 90 nM concentrations of EGII are shown in Fig. 5c. As shown,
by increasing the concentration of EGII macromolecules at the sur-
face of electrode, the charge transfer resistance of the Fe?*/Fe3™
electrochemical reaction increased, corresponding to semi-circle
diameters. The calibration curve of EIS analysis shown in Fig. 5d
and presents a linear response of the modified electrode to EGII
concentration, demonstrating a satisfactory electrochemical behav-
ior of EGII aptasensor with a limit of detection (LOD) 0.1 nM and a
limit of quantitation (LOQ) value about 0.33 nM.

Comparison of the purposed aptasensor based on the GCE/RGO/
AuNP/apt in this work to the other previously reported detection
method for endoglucanase was presented in Table 1. The devel-
oped aptasensor achieved a wide linear dynamic range from 10
to 90 nM with a low LOD value of 0.1 nM in 30 min analysis
time, which demonstrates suitable and significant performance
compared to other reports.

3.5. Selectivity and sensitivity of EGII aptasensor

One of the key factors for evaluating the performance of biosensor is
the selectivity. To investigate the selectivity of EGII aptasensor, the SWV
response to some other enzymes such as xylanase, phytase and (3-
glucosidase at concentration of 50 nM were analyzed under the same
experimental conditions. As illustrated in Fig. 6, the biosensor showed
a specific response to EGII which was at least ten times higher than
that of xylanase, phytase and (>-glucosidase. The sensitivity of purposed
aptasensor was investigated from the slope of the linear part of the cal-
ibration curve (Fig. 5, curve d). In the electrochemical measurements,
the sensitivity was 2.8 nM. These results show that the EGII aptasensor
has the higher sensitivity and selectivity toward the endoglucanase I
than the other enzymes.

3.6. Stability and reproducibility of EGII aptasensor

The stability of the aptasensor was investigated at 30 day period and
it was evaluated every two weeks for long-term storage at 4 °C. The
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Fig. 6. RGO/AuNP/apt/aptasensor selectivity toward EGII, xylanase, phytase, {3-
glucosidase.
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Table 2
Recoveries of endoglucanase from spiked biomass samples (n = 3).
Samples Added (nM) Found (nM) Recovery (%) RSD (%)
1 0 0 - 1.7
2 0.05 0.048 89% 32
3 5 4.94 94% 34
4 50 50.66 112.5% 53

aptasensor maintained 96% of its initial current response after 15 days
storage and 92% after 30 days of storage, which demonstrated that the
aptasensor has a good stability. To evaluate the reproducibility of EGII
aptasensor, five proposed aptasensors were fabricated under the same
condition and incubated in presence of 40 nM enzyme. The electro-
chemical response by independently prepared aptasensors was similar
with the relative standard deviation (RSD) of 3.5%. This result demon-
strated acceptable precision and reproducibility of proposed aptasensor.

3.7. Real sample analysis

To evaluate the practicability and reliability of prepared aptasensor
for analysis in real sample, the recovery experiments for several samples
were assayed. The biomass samples were spiked with various concen-
tration of endoglucanase enzyme in the range of (5 x 1078
—5 x 1072). Sugarcane bagasse biomass samples containing
endoglucanase was diluted 1:10 in PBS buffer. The EIS spectra were car-
ried out after incubation of the aptasensor for 35 min at ambient tem-
perature with the samples. As shown in Table 2, the recovery values
range from 89% to 112.5% and relative standard deviation from 3.2% to
5.3% for sugarcane bagasse biomass. The results indicated that the pur-
posed aptasensor could be applied for the detection of endoglucanase in
biological sample.

4. Conclusions

Given the importance of endoglucanase as an industrial biocatalyst
in a wide range of industries, there is an increasing global demand for
a rapid, specific, automatable assay that exhibits a desirable recovery
in the determination of endoglucanase levels. In the present study, we
report for the first time the sensitive and selective detection of
endoglucanase through aptamer. The electrochemical sensing of
endoglucanase Il was studied using RGO/AuNPs/aptamer platform. Dec-
oration of reduced graphene oxide sheets with AuNPs enabled efficient
immobilization of thiolated aptamer on the surface of the electrode and
enhanced the conductivity and surface area of the electrode. The de-
signed modified electrode presents a great potential to rapid detection
of endoglucanase II with suitable sensitivity and selectivity. In addition
to its remarkable long-term stability and reproducibility, the purposed
aptasensor showed a low limit of detection (<0.1 nM) values for
endoglucanase detection. The fabricated aptasensor was successfully
applied for the endoglucanase detection in real sample. Compared
with the previously reported methods, the purposed aptasensor in
this study has many advantages, such as ease of synthesis, simplicity
of operation, low cost and specificity, and the short processing time. Fur-
thermore, the aptasensor presented in this work can be developed for
high-throughput detection, which will be more feasible for industrial
application.
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