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Highlights
e The immobilization of proline dehydrogenase on magnetic mesoporous silica
nanomaterial was studied using electrochemical techniques.
¢ A thermostable biosensor for detection of L-proline was developed.

e The method was applied to assay L-proline in whole blood and cell lysates.
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Abstract

In this work, physical adsorption was used for immobilization of proline dehydrogenase onto
a magnetic mesoporous silica nanomaterial. The immobilization and electrocatalytical
activity of proline dehydrogenase entrapped in a magnetic mesoporous silica nanomaterial
was studied using cyclic voltammetry, differential pulse voltammetry, and square wave
voltammetry. The magnetic mesoporous silica networks having a high surface area (362 m? g°
1y exhibited excellent properties for entrapment of proline dehydrogenase. The applied
approach led to better resistance to temperature and pH inactivation in comparison to the free
enzyme. The electrocatalytic current response of proline dehydrogenase entrapped in a
magnetic mesoporous silica nanomaterial towards oxidation of L-proline was maintained in
the analytical solution temperature up to 70 °C. The entrapped proline dehydrogenase was
casted onto a polycysteine-modified glassy carbon electrode. The electrode was evaluated as
an electrochemical biosensor for electrooxidation and determination of L-proline in
phosphate buffer solution. A cyclic voltammetry study indicated that the oxidation process of
proline is irreversible and is diffusion controlled. The electrochemical behavior was further
exploited as a sensitive detection scheme for L-proline determination by differential-pulse
voltammetry. Under optimized conditions, the concentration range and detection limit were
0.01-0.15 uM and 0.006 pM, respectively. The method was applied to the assay of L-proline
in whole blood and normal and malignant cell line lysates ((normal cell (L929); gastric
cancer cell-CAT 3, colon cancer cell-HCT, colon cancer cell-SW, and breast cancer cell-

MCF7).

Keywords: Enzyme biosensing, proline dehydrogenase, mesoporous silica, magnetic

nanoparticle, immobilization, signal amplification



1. Introduction
Proline dehydrogenase (PRODH), the first enzyme in the proline degradative pathway, plays
a distinctive role in tumorigenesis and tumor development. PRODH possesses a variety of
regulatory functions, such as redox homeostasis, osmotic adjustment, protection against
metabolic stress, and providing signaling in a variety of organisms, including bacteria, plants,
and mammals etc. [1-8]. As the only proteinogenic secondary amino acid, proline has special
metabolic features [9, 10]. Not only does proline have its own family of enzymes, but also its
catabolism, initiated by PRODH, is metabolically linked with several other core metabolic
pathways in the human body. Therefore, detection and sensitive determination of this amino
acid is often requested by clinicians. One of the best candidates for this purpose is enzyme-
based biosensing and especially electrochemical enzymatic biosensors [11]. These types of
sensor combine enzyme layers with electrochemical transducers to produce a biosensor and
promise to provide a simple, accurate and inexpensive platform for patient diagnosis.
Electrochemical methods are well suited to enzyme investigation [11]. Sensitive
electrochemical-signaling strategies based on the direct or catalyzed oxidation of enzyme
bases, and the redox reactions of reporter molecules or enzymes recruited to the electrode
surface by specific enzyme probetarget interactions and charge-transport reactions mediated
by the n-stacked base pairs have all been demonstrated [12].
In order to get successful enzyme-based biosensing strategy, enzymes must be immobilized
onto suitable solid supports while preserve their biological activity [13]. This could also
supply increasing the catalytic activity of enzyme towards harsh conditions. For example, the
resistance to heat was attributed to the protective effect of the solid supports matrix, which
prevents the protein undergoing extensive conformational changes inside the pores of a solid
support. Despite the vast promise of extended stability and activity in harsh situations,

enzyme-biosensing applications of silica-based mesoporous materials are rarely investigated.



4 In order to improve electron transfer and extend the life of enzyme biosensors, the use of
nanomaterials as carriers/hosts to immobilize enzymes is promising [13].

Compared to polymers, an inorganic mesoporous material is an excellent support for
molecular catalysts due to its strong chemical and thermal durability [14]. However, an
extremely hydrothermally stable mesoporous material has not only all the virtues of an
inorganic material but also has a large specific surface area, well-defined tunable pore sizes
and an adjustable hydrophilic or hydrophobic nature, which provides enormous opportunities
for immobilization of large catalytic species and catalytic conversion of bulky organic
substrates [15-16]. Therefore, silica mesoporous materials are suitable candidates for hosting
enzymes thanks to their unique advantages such as specific high surface area and large pore
volume, and tunable/uniform pore size, as well as defined pore geometry, which could also
supply fast transport of substrates and products to and from the biologically-active sites in the
material [17-20].

In the present work, an electrochemical biosensor for detection of L-Pro was developed
involving entrapment of PRODH onto Fe304-MCM-41-nPrNH; and its casting on PCys
supported CS. Due to important property of silica mesoporous nanomaterials on enzyme
biosensing and at continuing our study on the preparation and use of advanced nanomaterials
for the electroanalytical determination of amino acids [21-37] in the present work, the
preparation of a new electrochemical biosensor using PRODH loaded on Fe30s-MCM-41-
nPrNH: was described. The analytical performance of biosensor for quantification of L-Pro at
physiological pH was investigated by DPV. To the best of our knowledge, in the case of
amino acid sensing, silica mesoporous nanomaterials have been used for detection of tyrosine
[38] using immaobilization of tyrosinase on the surface of silica mesoporous materials and

there was no further application for enzymatic biosensing of amino acids based on magnetic 5



mesoporous silica. This is the first report on determination of L-Pro using PRODH

immobilized into Fes0O4-MCM-41-nPrNHa.

2. Experimental

2.1. Reagent and chemicals

All chemicals used in this work were of analytical reagent grade, from Merck (Germany). The
standard solution of L-Pro was prepared by dissolving an accurate mass of the bulk L-Pro in an
appropriate volume of 0.1M phosphate buffer solution, pH 7.4 (PBS) (which was also used as the
supporting electrolyte), and then stored in the dark at 4 °C. Additional dilute solutions were
prepared daily by accurate dilution just before use. L-Pro solutions were stable and their
concentrations did not change with time.

2.2. Apparatus
Electrochemical measurements were carried out in a conventional three-electrode cell (from
Metrohm) powered by an electrochemical system comprising of AUTOLAB system with
PGSTAT302N (Eco Chemie, Utrecht, The Netherlands). The system was run on a PC using
NOVA 1.7 software. The ac voltage amplitude used was 10 mV and the equilibrium time was 5 s.
An Ag/AgCI-Sat’d KCI (from Metrohm) and a platinum wire were used as reference and counter
electrodes, respectively. The working electrode was GCE. For differential-pulse voltammetry
(DPV) measurements, a pulse width of 25 mV, a pulse time of 50 ms, and a scan rate of 100 mVs-
1 were employed.

2.2.Cell Culture
Human breast cancer cell line MCF-7, KAT I11, mouse fibrosarcoma cell line WEHI-164, and
mouse normal control cell line L929 were obtained from the Iranian National Cell Bank
(Pasteur Institute, Tehran, Iran). Cells were maintained in a humidified water-jacked

incubator with 5% CO- at 37 °C in RPMI-1640 supplemented with 10% (v/v) fetal bovine 6



serum(FBS), penicillin (100U/mL), and streptomycin (100 pg/mL) (all purchased from
Sigma, Germany).
2.3. Loading of PRODH inside Fe304-MCM-41-nPrNH:

At first, Mobile crystalline material 41 having NH> group and doped with magnetic (FezOa)
nanoparticles [FesOs-MCM-41-nPrNH>] was synthesized and characterized (See supporting
Information) by methodology developed by our group previously [39]. At the next step,
amine functionalized mesoporous silica was added to PRODH and stirred for 24 h at room
temperature in 0.1M (pH 7.4). The supernatant was separated from solid materials by

centrifugation at 6000 rpm for 10 min.

2.4. Layer-By-Layer (LBL) electropolymerization of L-Cys supported CS on the surface
of GCE

For the preparation thin film of PCys-CS on the surface of GCE, 0.005¢g of L-Cys was added
to 7 mL PBS (pH=7.4) and transferred to electrochemical cell. PCys, films were
electrodeposited on the surface of GCE by cyclic voltammetry (CV) in the potential range
from -1.0 to 1 V vs. Ag/AgCl at a scan rate of 100 mV.s * for 10 cycles (Fig. 1A). The first
positive scan, an oxidation peak at +0.53 V was observed, which is attributed to the oxidation
of the Cys. In the subsequent reversal scan, one reduction peaks were observed at -0.7 V vs.
Ag/AgCl, which may be attributed to the reduction of L-Cys. It has been confirmed that
monomer containing NH can be electropolymerized at the surface of electrode to form a
conducting film via covalent bond (C—N) between electrode and NH. L-Cys has one NH>
groups and that can easily be oxidized to produce NH- Covalent bond (C—N) is then formed
by the free radical reaction of NH with GCE surface with excellent stability. Therefore, the
covalent bond (C—N) might be formed between carbon electrode and the amino group of

proline. It is important to point out that during the high potential scan rate, the amino free



radical will easily form and the polymerization of the poly amino acid film could be formed
on the surface of the GCE.

Chitosan (CS) has been increasingly used for preparation of sensors due to its attractive
properties that comprise of high permeability, good adhesion, excellent film-forming ability,
nontoxicity, cheapness and a resistance to chemical modification. It also makes possible the
electron transfer after its swelling in the reaction mixture due to its hydrophilic nature [40,
41]. In addition, chitosan can also be used as a dispersant to form a stable composite with
polymers (PCys-CS in this study) which can form a steady film on the surface of various
substrates. Therefore, at the next step of electrode preparation, the three-electrode system was
transferred into 0.1 M HCI containing 2 g/L CS, and 20 repetitive cycle in the potential range
from -0.1 t0 0.15 V vs. Ag/AgCl at a scan rate of 100 mV.s (Fig. 1B). Therefore, PCys-CS
was prepared in this step. It is known that the electron withdrawing oxygen-containing groups
on PCys are beneficial to the combination with CS from the electrostatic point of view, since
CS dissolved in acid (HCI in the present work) is positively charged. Therefore, the
hydrophilic CS can be interact PCys via -SH and -NH3z" side groups, which allow forming
distinctive self-assembly network between the CS chains. Finally, thin film of PCys-CS was
obtained at the surface of GCE.

2.5. Preparation of PRODH-Fe304-MCM-41-nPrNH2 modified GCE

For preparation of enzyme biosensor, GCE electrode (2 mm in diameter) was polished to a
mirror-like finish with 0.3 and 0.05 pum alumina slurry (Beuhler, USA) followed by rinsing
thoroughly with double distilled water. Then it was successively sonicated in acetone and
double distilled water, and allowed to dry at room temperature. Then, PRODH-MCM-41-
nPrNH2 was immobilized on Au surface and incubated for 24 h in 24 °C. Afterwards, the
modified electrodes were rinsed with double distilled water. Finally, of PRODH-Fe30s-

MCM-41-nPrNH2-GCE was obtained.



2.6. Immobilization of PRODH-Fe304-MCM-41-nPrNH2 on PCys-CS modified GC
electrode

In this step, PRODH-Fe304-MCM-41-nPrNH2 was immobilized on the surface of GCE
premodified by PCys- supported CS. Scheme 1, shows different modification steps.

2.7. Characterization different step of electrode modification

FEG-SEM images of GCE, PCys-GCE, PCys-CS-GCE, and PCys-CS-PRODH-Fez0s-MCM-
41-nPrNH2-GCE are shown in Fig. 2. PCys electropolymerized directly on GCE, in the
absence of CS as matrix, displays a regular dispersion. If the CS was coated on PCys-GCE,
an irregular and spongy film can be observed. The following deposition of CS on the PCys-
GCE providing an efficient interface for the following combination with Fe304- MCM-41-
nPrNH: (Fig. 3). Finally, these results confirmed that the GCE was coated by PCysCS-
PRODH-Fe304-MCM-41-nPrNH> film, leading to the change in the surface activity of the
electrode. As mentioned above, the electron withdrawing oxygen-containing groups on PCys
are beneficial to the combination with CS from the electrostatic point of view, since CS
dissolved in acid (HCI in the present work) is positively charged. Therefore, CS can play a
key role in the formation of a regular and high ordered polymeric film which was confirmed
by FEG-SEM image of PCys-CS-GCE. On the one hand, SH-containing groups on PCys can
provide large amounts of active sites for interaction with amine groups of CS and successful
electrostatic interaction between PCys-CS (SH...NH). Therefore, the thiol-containing groups
on PCys are also beneficial to the combination with CS from the electrostatic point of view.
Consequently, PCys form long-range chemical bonding interactions with CS. Therefore, a
biocompatible polymer (PCys-CS) with low toxicity can be fabricated on the surface of GCE.
In general, scheme 1 shows the preparation steps of PCys-CS modified GC electrode.

3. Results and discussion

3.1. Comparison the performance of prepared electrodes



The electrochemical behaviour of L-Pro have been analyzed by measuring the CVs at
different modified electrodes. Fig. 4 demonstrates a comparison of cyclic voltammograms
(CVs) of 30mM L-Pro in phosphate buffer solution (0.1 M, pH=7.4) at the PRODH- Fe;Os3-
MCM-41-nPrNH,-GCE, PRODH-Fe203-MCM-41-nPrNH2-PCys-GCE, and PRODH- Fe;Os-
MCM-41-nPrNH2-PCys-CS-GCE. As can be seen, no response at the surface of bare GCE is
observed at 1.49V. In Fig.4 A-C it was demonstrated that the anodic peak current response
increases noticeably at the PRODH-MMSNP-nPrNH,-GCE which shows the significant role
of Fe203-MCM-41-nPrNHz. The CV of PRODH- Fe,03-MCM-41-nPrNH,-PCys-GCE
exhibited higher current than PRODH- Fe,O3-MCM-41-nPrNH,-GCE, which shows that
Fe203-MCM-41-nPrNH,-PCys composite film has a large effective surface area than
MMSNP-nPrNH>. Furthermore, change of the resultant electrode with CS enhances the
response of the electrode about 1.42 and 3.04 times on that obtained with the PRODH-Fe>0s-
MCM-41-nPrNH2-PCys-GCE and PRODH-Fe>03-MCM-41-nPrNH2-GCE, respectively,
which can be related to the increased active surface area of the modified electrode and
accumulation of L-Pro on the surface of the modified electrode. These results show the
anodic peak current at the surface of PCys-CS-Fe>03-MCM-41-nPrNH2- GCE is significantly
enhanced than PCys-GCE, PPR-CS-GCE while the cathodic peak current was decreased
considerably. These results indicate that PCys-CS-Fe;O3-MCM-41- nPrNH2-CS could
accelerate the rate of electron transfer of L-Pro and have good electrocatalytic behaviour for
redox reaction of L-Pro, which demonstrated that the nano-coatings of polymers deposited on
the mesopore walls lead to a remarkably enhanced oxidation rates of L-Pro.

It is important to point out that, the amino group of L-Cys could enable PCys to be related???
with negatively charged groups of L-Pro through electrostatic interaction. Also, mesoporous
silica with good geometric surface area, prepare a suitable substrate for dense loading of LPro

in the presence of CS. It is no doubt that when CS and L-Cys were electro-polymerized at 10



the surface of GCE, the response current for L-Pro was greatly enhanced. In addition, the
increasing oxidation peak and decreasing overvoltage of L-Pro confirm that Enzyme-
PCysCS-Fe203-MCM-41-nPrNH>- films have a high catalytic ability for oxidation of these
analytes. Therefore, Enzyme-PCys-CS-Fe,03-MCM-41-nPrNH: is suitable as a mediator to
transfer electrons between L-Pro and the working electrode and enhance electrochemical
regeneration following electron exchange with these analytes. Finally, as a decisive electrical
component in the biopolymer film, PCys-Fe>03-MCM-41-nPrNH2-CS provides an
enhancement for sensitive detection of L-Pro, meanwhile; PCys can amplify the
electrochemical signals produced during the electrochemical sensing process. In summary,
the synergistic effect of Fe20O3-MCM-41-nPrNHz, PCys, and CS leads to a successful
electrooxidation of L-Prol.

The electrocatalytic effect of the Enzyme-MCM-41-nPrNH2-Au electrode can be ascribed to
the combination of the electron-acceptor ability of NH2 and confinement effects due to the
attachment to the MCM-41 matrix. On the basis of the previous considerations, the
electrocatalytic effect of Enzyme-MCM-41-nPrNH, modified electrode must result from the
superposition of the effect associated with more external NH2 units and that due to boundary-
associated ones. On the other hand, since the catalytic effect associated with Enzyme-MCM-
41-nPrNH: consists essentially of an enhancement of the anodic peak for Pro oxidation, the
catalytic effect can tentatively be associated with a redox reaction in solution phase between
NH2 units and any intermediate species resulting from the initial electron transfer of L-Pro.
3.2. Biosensor selectivity

One of the most important problems to solve in the practical application of the prepared
sensors is to minimize the effect of interfering species that may be present in real samples
together with the analyte. Possible compounds that may interfere in the voltammetric

determination of proline, such as uric acid (UA), ascorbic acid (AA), Glucose (AA), Tyrosine
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(Tyr), Ascorbic acid (AA), Phenylalanine (Phe), Glycine (Gly), Serine (Ser), D-Alanine (D-
Ala), L-Alanine (L-Ala), Arginine (Arg), Aspartic acid (Asp), Histidine (His), Cysteine
(Cys), and Leucine (Leu), were investigated. CV measurements of the L-Pro and its mixture
with different interfering species are shown in Fig. 5. As can be seen, none of these
compounds oxidises or reduces at oxidation potential of L-Pro (Epa=1.429), and it was
confirmed that they have no interference in L-Pro determination. However, the peak currents
were decreased witht he results shown in Fig. 5.3.

3.3. The effect of temperature on electrode stability

Fig. 6 shows the plots of the current response of 40 mM L-Pro at various temperatures of the
PBS solution. Also, Fig. 5 shows dependence of the current response of L-Pro with a
PRODH-Fe;03-MCM-41-nPrNH2-PCys-CS-GCE on the various temperature of PBS (0.1
M). As can be seen in Fig. 5, the current response was not changed with increase of the
measurement temperature up to 313.15 °C. The applied approach led to better resistance
temperature and pH inactivation in comparison to the free enzyme. The electrocatalytic
current response of proline dehydrogenase entrapped magnetic mesoporous silica
nanomaterial towards oxidation of L-Pro was maintained in the analytical solution
temperature up to 313.15 °C.

3.4. Effect of scan rate

Scan rate is one of important items affecting electroactivity of various organic molecules. The
electrooxidation of L-PRO at various scan rates was investigated on the surface of PRODH-
MMSNP-nPrNH2-PCys-CS-GCE by CV technique. Thus, the effect of the scan rate on L-Pro
electrooxidation was studied in the range from 20-200 mVs? using CV method (Fig. 12 7A).
A linear relationship was achieved between the peak current and the scan rate in the range of
20-200 mVs, which revealed that the oxidation of L-PRO was an adsorption-controlled step.

Two approaches widely used to study the reversibility of reactions and to determine whether

11



a reaction is adsorption or diffusion controlled; Consist of the analyses of dependencies: Ip vs
v¥2and In I, vs In v. Fig. 7B shows these plots for the oxidation peak of L-PRO in 0.1M
PBS. For reversible or irreversible systems without kinetic complications, Ipa varies linearly
with v 2, intercepting the origin. Although, the plot of Ip. on v ¥ presented in Fig. 7B is
linear (R2=0.9914), it crosses the origin of the axes. In the scan rate range from 60-350 mVs"
! oxidation peak current (I,) of L-Pro electrooxidation depends linearly on the square root of

the scan rate (v) and is described by the following equation:
lpa (A) = 34.903 v %° (V.s1) %%+ 0.9655A (R2=0.9914)

This dependence does not cross the origin (Fig. 7B). This fact can suggest that the electrode
process of L-PRO electrooxidation isn’t controlled by diffusion and can be preceded by
chemical reaction. On the other hand, a dependence of In Ipa on In v is linear and described by

the following equation:
In lpa =0.5157 In v (V s1)+9.0538 mA (R2=0.9925)

Its slope is 0.5157 and indicates diffusion-control of the electrode process. A slope close to
0.5 is expected for diffusion-controlled electrode processes and close to 1.0 for adsorption-

controlled processes [42, 43].

Fig. 7C presents a dependence of Epa 0n scan rate determined from cyclic voltammograms
recorded for the L-PRO electrooxidation. If electrochemical reaction is irreversible, then Epa
is independent on v. Thus, it can be concluded that heterogeneous electron transfer in L-PRO
electrooxidation is irreversible because Epa increases with an increase in the scan rate. In
addition, the value of the overall electron transfer coefficient for the reaction can be obtained

from the following equation [42, 43].

Ep = (j;)lnu + constant @)

12



Where Ep-peak potential (V), R-universal gas constant (8.314 J K'* mol™), F-Faraday
constant (96,487 C mol™), T-Kelvin temperature (298 K), « -anodic transfer coefficient, v-

scan rate (V. s).

Using the relation of anodic peak potential on the logarithm of the scan rate (Fig. 7C), the
value of the overall electron transfer coefficient (#n) was obtained as 0.521 for L-PRO
electrooxidation.

3.5. Analytical Approach

As a highly sensitive electrochemical method, the DPV has much higher current sensitivity
and better resolution compared to CV. Therefore, DPV method is used for determination of
L-Pro with the PRODH-Fe304-MCM-41-nPrNH,-PCys-CS-GCE (Fig.8 A). Under the
optimum conditions, with the increase of L-Pro concentrations, the DPV oxidation peaks
increased gradually in standard samples (Fig. 8B&C). The results demonstrated that anodic
peak current were proportional to L-Pro concentration intervals. The experimental conditions
influencing the determination of L-Pro were optimized and under physiological pH, the
oxidation peak current was proportional to L-Pro concentration in the range of 0.01-0.15 uM,
while the low limit of quantification (LLOQ) was 0.006 uM.

3.6. Real sample analysis

According to the obtained results, it was possible to apply this technique to the quantitative
analysis of L-Pro in real samples. As mentioned previously, the PBS of pH 7.4 was selected
as the supporting electrolyte for the quantification of L-Pro. The linear range for the
determination of L-Pro in whole blood was investigated under optimal conditions. Using
DPV technique (Fig 9), the linear range for unprocessed whole blood without any pre-

treatment was 1 umto 10 nM. In addition, the LLOQ was 10 nM.
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The analytical recoveries of added L-Pro from blood were determined in triplicate at
concentrations of 1uM, 4 pM, and 50 mM. The respective mean values (all %) obtained were
100-110 (Table 2).

In addition, square wave voltammetry (SWV) technique was used for the analysis of L-Pro in
different cancer cell culture media. To this end, using the developed biosensor and standard
addition method, we analyzed for the detection of the L-Pro in normal cell (L929) and
various cancer cell lines such as gastric cancer cell- CAT 3, colon cancer cell-HCT, colon
cancer cell-SW, and breast cancer cell-MCF7. The engineered biosensor (PRODH-Fe304-
MCM-41-nPrNH2-PCys-CS-GCE) could detect the L-Pro in these samples. Fig. 10 and Table
3 shows the SWVs of L-Pro in the supernatants of the normal and various cancer cell lines
cultured during three days. The application of the engineered biosensor showed that colon
cancer cell-SW and breast cancer cell-MCF7 has lower and higher peak currents,
respectively. These results confirmed application of engineered biosensor for diagnostic of
cancer type and relationship of L-Pro with the investigated cancer cells.

4. Conclusions

In summary, an electrochemical biosensor for sensitive detection of L-Pro were developed
involving PRODH,Fe304-MCM-41-nPrNHz, PCys, and CS. Physical adsorption, the simplest
approach has been used to immobilize PRODH onto Fe304-MCM-41-nPrNH2. The method is
simple to perform, non-destructive which are appropriate for preserving the biological
activity of enzyme. The electrocatalytical behavior of PRODH-Fe304-MCM-41-nPrNH>
immobilized on glassy carbon electrode was evaluated using cyclic voltammetry. The MMSN
networks with high surface area (362 m? g) exhibited excellent properties for entrapment of
PRODH. The prepared electrode (PRODH-Fe304-MCM-41-nPrNH2-PCys-CS) has higher
current densities for the oxidation of L-Pro than PRODH-Fe304-MCM-41-nPrNH2-PCys,

PRODH-Fe304-MCM-41-nPrNH2-GCE, and PRODH-GCE. These results indicated the
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synergetic effect of PCys-CS and PRODH-Fe304-MCM-41-nPrNH: on the electrocatalytical
oxidation of L-Pro. The electrocatalytic current response of PRODH-Fe30s-MCM-41-
nPrNH-PCys towards oxidation of L-Pro was maintained in the analytical solution
temperature up to 70 °C. Also, it's found that, the combination of mesoporous silica with
conducting/redox polymers is favorable, since mesoporous silica can increase the electrical
conductivity and mechanical strength of the resulting polymer-mesoporous silica hybrids,
apart from the possibility of presenting superior analytical performances due to synergistic
effects. Finally, this biosensor can be used as a voltammetric detector for routine analysis of
L-Pro in flow systems when coupled to chromatographic and electrophoretic separation
systems.
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Fig. 5: CVs of PRODH-MMSNP-nPrNH>-PCys-CS-GCE in the presence of different interfering species and its
histogram. The concentration of L-Pro and interfering species were 0.004 g.ml %, Sweep rate is 100 mV.s™.
Supporting electrolyte is 0.1M PBS, pH=7.4
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FIG. 7: A) CVs of a PRODH-MMSNP-nPrNH>-PCys-CS-GCE in the presence of 0.004 g/ml of L-Pro+0.1M
PBS, pH=7.4 in various potential sweep rates (20-200 mV/s). B) Dependency of oxidation peak currents versus
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concentration of L-Pro was 0.004 g/ml . Supporting electrolyte is 0.1M PBS, pH=7.4.
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Table 1: Electrochemical characterization of different electrodes

Type of Enzyme based sensor Electrochemical parameters

Epa/V Epc/V lpa/ LA lpo/ LA

PRODH-MMSNP-nPrNH,-PCys-CS-GCE 1.412 1.30 46.9 -7.00
PRODH-MMSNP-nPrNH,-PCys-GCE 1.399 - 32.9 -
PRODH-MMSNP-nPrNH,-GCE 1.492 1.558 15.4 -2.34

Table 2: Tested whole blood samples

Sample Type Added Concentration Calculated Concentration (Fégic::\éirtigtion %
50 mM 50.05 mM (sb=4.17,n=5) 100.10

Whole Blood 40 UM 40.86 UM (SD=4.22,n=5)  102.15
1uM 1.10 pM (SD=5.00, n=5) 110.00

Table 3. Electrochemical parameters of SWVs of normal and different cancer cells using
PRODH-MMSNP-nPrNH2-PCys-B-CD-GCE. (SD=3.56, n=3)

Type of Cells Peak height/uA Peak position/ V

Normal cell (L929) 5.94 1.7393
Breast cancer cell-MCF73 0.199 1.7589
Colon cancer cell-HCT 2.44 1.5172
Colon cancer cell-SW 0.94 1.3611
Breast cancer cell-MCF7 0.59 1.7589
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