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Abstract

This paper reports results of a valuable study on investigation of inhibitory effects of the sulfonamide
derivative of quercetin (QD) on human carbonic anhydrase Il (CA-1I) by electrochemical and chemometrical
approaches. To achieve this goal, a glassy carbon electrode (GCE) was chosen as the sensing platform and
different electrochemical techniques such as cyclic voltammetry (CV), differential pulse voltammetry (DPV),
linear sweep voltammetry (LSV) and electrochemical impedance spectroscopy (EIS) were used to investigate
and comparing inhibitory effects of quercetin (Q) and QD on CA-II. By the use of EQUISPEC, SPECFIT,
SQUAD and REACTLAB as efficient hard-modeling algorithms, bindings of Q and QD with CA-Il were
investigated and the results confirmed that the QD inhibited the CA-II stronger than Q suggesting a highly
relevant role of QD's-SO,NH; group in inhibiting activity and also was confirmed by docking studies. Finally,
a novel EIS technique based on interaction of Q and CA-Il was developed for sensitive electroanalytical
determination of CA-Il and in this section of our study, the sensitivity of the developed electroanalytical
methodology was improved by the modification of the GCE was with multi-walled carbon nanotubes-ionic
liquid.
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1. Introduction
Carbonic anhydrases are zinc containing enzymes which are able to catalyze the reversible hydration of carbon
dioxide to bicarbonate and hydrogen ions [1-4]. Human carbonic anhydrase Il (CA-Il, Fig. 1A) is a single
chain enzyme having 259 amino acid residues with a molecular mass of 29 kDa [5]. The CA-II has a high
catalytic activity with a very high affinity to sulfonamide derivatives and its active site contains a zinc ion
which is located in a cone-shaped cavity surrounded by three histidyl residues and a solvent molecule [6].
Aromatic sulfonamides can inhibit the CA-I11 [7], therefore, in the present study, we are going to investigate the
inhibitory effects of the sulfonamide derivative of quercetin (Q) on CA-Il. Molecular structures of the Q and its
sulfonamide derivative (QD) are shown in Fig. 1B and C.
Fig. 1

There is a verity of instrumental techniques such as UV-Vis spectrophotometry [8], FT-IR [9],
electrochemistry [10], capillary electrophoresis [11], high performance liquid chromatography (HPLC) [12]
and nuclear magnetic resonance (NMR) [13] which can be used to investigate the binding of a small molecule
with a biological macromolecule such as an enzyme. Among the mentioned techniques, electrochemical
methods are simple, inexpensive, fast, sensitive, selective, repeatable and reproducible which make them to be
suitable for investigation of small molecule-enzyme interactions. Sometimes, electrochemical methods are
assisted by chemometrical approaches which can help them to be improved [14-18]. When an investigation
focused on small molecule-enzyme interactions is assisted by chemometric methods, valuable information
could be extracted which cannot be obtained by the use of conventional methods.

In the present study, we are going to investigate the inhibitory effects of the QD on human carbonic
anhydrase Il by recording different types of electrochemical data such as differential pulse voltammetry (DPV),
cyclic voltammetry (CV), linear sweep voltammetry (LSV) and electrochemical impedance spectroscopy (EIS)
and anlaysing them by chemometric hard-modeling algorithms including EQUISPEC, SPECFIT, SQUAD and

REACTLAB and conventional methods. The results can help us to clarify the role of QD's -SO,NH, group for



inhibiting the activity of CA-Il which can be further investigated by molecular docking methods. Finally, by
the modification of a glassy carbon electrode (GCE) as the sensing platform by multiwalled carbon nanotubes-
1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl) imide (MWCNTSs-IL) to increase its sensitivity, an
indirect electroanalytical method based on Q-CA-II interactions will be developed for sensitive determination
of CA-I11. The schematic representation of the steps of the present study can be seen in Scheme 1.

Scheme 1

2. Experimental
2.1. Chemicals and solutions

The Q, CA-Il, Tris-HCI, MWCNTSs, IL, alumina, dimethylformamide (DMF), potassium ferrocyanide,
potassium ferriccyanide and the other chemicals used in this study were purchased from Sigma-Aldrich and
QD was synthesized by our research group. A Tris-HCI buffer solution (TBS) with a concentration of 0.1 M
and pH 7.4 containing 0.05 M sodium chloride to keep its ionic strength constant was prepared in doubly
distilled water (DDW) and kept in a refrigerator. Stock solutions of Q, QD and CA-Il were prepared in TBS
(0.1 M, pH 7.4) and working solutions of Q, QD and CA-Il were prepared by appropriate dilution of their stock
solutions. Suitable amounts of solid powders of potassium ferrocyanide and potassium ferriccyanide were used
to prepare a 5.0 mM [Fe(CN)e]*™ in 0.5 mM KCI. To prepare the MWCNTSs-IL, 20 mg MWCNTSs was mixed
with 1 mL DMF containing 20 pL IL and ultrasonicated for 1 hour. To prepare CA-1I-MWCNTSs-IL, 0.5 mL
2x10™ M CA-11 was added to 0.5 mL MWCNTSs-IL.

2.2. Instrument and software

All types of electrochemical data were recorded by an Autolab PGSTAT302N-high performance under
controlling by the NOVA software (version 2.1). A GCE, a Pt wire and an Ag/AgCl electrode were purchased
from Metrohm which were used as working, counter and reference electrode, respectively. The scanning
electron microscopic (SEM) images was taken by using a MIRA3TESCAN-XMU. pH adjustments were
performed by an ELMEIRON pH meter (CP-411). Calculations based on EQUISPEC were run in MATLAB
environment (version 7.5). SPECFIT, SQUAD and REACTLAB were available in the achieve of our

laboratory or downloaded from the internet. The chemical structures of the Q and QD were constructed by
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Hyperchem package 8.0. The crystal structure of CA-1l1 was downloaded from Brookhaven Protein Data Bank.
The molecular docking Arguslab 4.0.1 program [19] was employed to docking studies. LIGPLOT [208], was
used for analyzing the enzyme-ligand interactions.

2.3. Fabrication of the biosensor
Prior to the modification of the GCE, it was well-polished on alumina slurry by a silky pad and rinsed with

DDW. Then, the electrode was immersed into a beaker containing ethanol and ultrasonicated for 30 min and
finally, rinsed with DDW. To fabricate the biosensor for biosensing of CA-II, the cleaned GCE was used as the
platform of the biosensor and 15 pL MWCNTSs-IL was drop-casted onto its surface and left to be dried under a
warm air provided by a hair-dryer. Finally, the biosensor was rinsed with DDW and covered until analysis
time.

2.4. Electrochemical titrations

For all types of electrochemical techniques including DPV, CV, LSV and EIS two different titrations including
Q with CA-Il and QD with CA-1l were performed. 5 mL of CA-Il with a known concentration was added to
the electrochemical cell and different volumes of Q or QD were added to the cell. After gentle stirring each
solution for 1 min, its electrochemical response was recorded.

3. Results and discussion
3.1. Morphological characterization of the platform for biosensing of CA-11

The SEM is a very useful technique for characterization of the modifications applied to a bare GCE to fabricate
a biosensor. Therefore, we have used it for morphological characterization of MWCNTSs-IL/GCE which was
used as the biosensing platform for CA-Il and the results are shown in Fig. 2. By comparing Fig. 2A and B, it
can be clearly observed that the GCE surface has been covered by a pretty layer of MWCNTSs-IL in which the
tubes have been twined around each other and well-distributed.

Fig. 2
All the experiments related to the investigation of interaction of Q and QD with CA-Il were

performed at the surface of the bare GCE and at the final step of our study to increase the sensitivity of the



GCE for biosensing of CA-I1l, it was modified by MWCNTs-IL. Therefore, in next section, electrochemical

behavior of Q and QD at the GCE will be investigated.

3.2. Electrochemical behavior of Q and QD at the GCE

The CV as a very useful technique was used to investigate electrochemical behavior of Q and QD at the surface
of the GCE. The CV responses of Q and QD at different scan rates (v) are shown in Fig. S1. As can be seen,
the CV currents of Q and QD were linearly increased with increasing the rate of scanning potentials which are
shown in Fig. S1B and D. These observations confirmed that the redox reactions for Q and QD at the surface
of the GCE were surface-controlled processes.

3.3. Investigation of interactions of Q and QD with CA-II
3.3.1. CV studies

Useful information about interactions of small molecules with enzymes can be obtained by CV as one of the
most important electroanalytical techniques. Therefore, CV was used to investigate interactions of Q and QD
with CA-11 at the surface of the GCE. Fig. 3A and B shows the CV responses of 1x10* M Q and QD upon
addition of CA-Il in the range of 0-1x10™ M, respectively. As can be seen, the current intensities are
decreasing with increasing CA-11 concentration which may be related to the interaction of Q and QD with CA-
I1. Some phenomena such as increasing the viscosity of the solution by the addition of CA-I1 or blockage of the
GCE surface by CA-I11 adsorption can decrease the peak intensities. Therefore, more investigations are needed
to clarify the reason of the decrease in peak currents. According to the previous work published in the literature

[21], we have performed an interesting investigation based on using [Fe(CN)g]*"*

in the absence and presence
of CA-11 to clarify our observations. To achieve this goal, CVs of 5.0 mM [Fe(CN)s]*’* which cannot interact
with CA-11 were recorded at the surface of the GCE in the absence of CA-11 (Fig. 3C, curve a) and presence of
CA-II (Fig. 3C, curve b). As can be seen, the CV response of [Fe(CN)s]*’* in the presence of CA-Il didn’t

change significantly which confirmed that the decrease in peak currents of Q in the presence of increasing

concentration of CA-1l was related to the binding of Q and QD to CA-II. Interaction of Q or QD with CA-I1I



causes formation of a bulky complex which slowly diffuses. Our observations were further clarified by the EIS
technique and the results are shown in Fig. 3D. The EISs of 5.0 mM [Fe(CN)s]*™* at the surface of the GCE in
the absence of CA-II (Fig. 3D, curve a) and in the presence of CA-11 (Fig. 3D, curve b) were recorded. As can
be seen, the EIS response of [Fe(CN)s]*™ in the presence of CA-II didn’t change significantly which was in a
good agreement with the CV results. This step was carried out to show that the decrease in peak currents was
related to the complex formation and not due to blockage of the electrode surface by an adsorbed layer of the
enzyme.
Fig. 3

3.3.1.1. Determination of the binding constants of Q and QD to CA-II
Here, the binding constants of Q and QD to CA-II were determined by CV and to achieve this goal, 15 pL CA-

I-MWCNTSs-IL was drop-casted onto the surface of the cleaned GCE and left to be dried. Then, this electrode
was immersed into 5 mL TBS (0.1 M, pH 7.4) and Q or QD was added to it in the range of 5x10™* M and the
CVs were recorded (not shown). It was observed that the peak intensity was increased by increasing Q or QD
concentration (Cq or Cop) and then, reached to saturation values. Binding constants related to the binding of Q
to CA-11 (Kp,q) and QD to CA-II (Kpqp) were computed according to the following equation [22]:
Cl1=(1/Kplmax)+(Clmax) (1)

where C, I, Imax, and Ky are concentration of Q or QD, peak current, maximum peak current and the binding
constant at CA-II-MWCNTSs-IL/GCE surface, respectively. Regression of C/l on C at CA-II-MWCNTs-
IL/GCE obeyed the following equations: Cq/l = 72.61 + 15.88Cq and Cqp/l = 48.11 + 13.01Cqp for Q and QD,
respectively. The Ky o and Ky qp values were calculated from the intercept of these equation which were to be
1.14x10% and 2.47x10° mol™ L, respectively.

3.3.2. LSV studies

The LSV is another important electrochemical technique which has been used to investigate interactions of Q
and QD with CA-IIl. The LSVs related to the addition of CA-Il to Q and QD are shown in Fig. S2A and B,

respectively. As can be seen, the LSVs of Q and QD are decreased by the addition of CA-Il which may be
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related to their interactions with the enzyme. Some phenomena such as adsorption of the enzyme onto the
electrode surface can also decrease the peak intensities which must be clarified. It has been proven that when
interactions of a small molecule with a biological macromolecule such as an enzyme with quite a low
concentration and a short accumulation time is occurred, only a low area from the electrode surface about 10%
maybe covered [23]. Therefore, the decrease in peak currents are related to the interaction and complex
formation of Q and QD with CA-Il. Embedding Q or QD within the CA-II structure decreases the equilibrium
concentration of Q or QD in solution. Therefore, the LSV results confirmed that interactions of Q and QD with
CA-Il led to complex formation.

3.3.3. DPV studies
In order to further investigation of interactions of Q and QD with CA-II, the DPV data related to the titration of

Q and QD with CA-I1 were recorded and the results are shown in Fig. S3. As can be seen, the DPV data show
that with increasing concentration of CA-II, the peak intensities are decreasing which confirm the CV and LSV
results. If it is assumed that the complexes CA-11-Qn, and CA-11-QD, are formed by binding Q and QD to CA-

I, respectively, the following reactions can be written:

[CA-1I-Qm]

Ca-1l + m Q — CA-II-Qp, Kpo = [ca—1n[oI™ (2)
Ca-11 + n QD — CA-11-QD, Kp,op = Ej:z]_[g?’]l @)

The following equations can help us to obtain stoichiometry of the complexes and binding constants

[24,25]:

Al
log [m] =mlog Ky +mlog[Q] (@)
L [L] =nlog Kpop +nl D 5
°9 (Almax—AD =ntog Kpep T nlog [Q ] ( )

where Al represents the difference in the oxidative current in the absence or presence of CA-Il, and the

Al
(Ahnax—A@)

maximum value of Al is Alyax. By linear regression of log [ ] on log [Q] or log [QD], we will be able

to calculate stoichiometry of the complexes and binding constant values. By doing the mentioned actions, m
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and n were calculated to be ~ 1 and Kpo and Kypop were obtained as 1.21x10% and 2.34x10° mol™ L,
respectively.

3.3.4. EIS studies

The EIS is a very interesting electrochemical technique which can be used for characterization, determination,
complexation and the other purposes. Here, we are going to use it for investigation of interactions of Q and QD
with CA-Il. To achieve these goals, the EIS spectra of the GCE immersed into the redox probe having a
constant concentration of Q or QD were recorded upon increasing concentration of CA-Il and the results are
shown in Fig. 4. As can be seen, the charge transfer resistance (R of the EIS curves were increased by the
addition of CA-11 to Q or QD which may be related to the adsorption of the complex formed upon insertion of
Q or QD within the CA-II structure at the electrode surface which hindered the accessibility of the [Fe(CN)g]*
" to the electrode surface [26-28]. Therefore, the change in the EIS response of the GCE upon interaction of Q
or QD with CA-II confirmed complex formation by the interaction of Q or QD with CA-Il. The EIS is a very
sensitive electroanalytical technique which can also be used for quantitative purposes [29], and in next
sections, we will develop a novel EIS method based the results of this section for sensitive biosensing of CA-II.
Fig. 4

3.3.5. Determination of the stoichiometry of the complexes by mole-ratio method

Mole-ratio plots are very useful plots which can help us to obtain valuable information about stoichiometry of
the complex species formed under interactions of Q or QD with CA-I11. By plotting the currents of LSVs and
DPVs obtained from titration of Q or QD with CA-II versus mole-ratio ([CA-]/[[Q] or [CA-I1]/[[QD]), mole-
ratio plots were obtained which are shown in Fig. 5. As can be seen, the plots are inflected at [CA-11]/[[Q]~ 0.5
and [CA-I]/[[QD]~ 0.5 which confirm formation of CA-11-Q, and CA-11-QD,. The results of this section will
help us to define models for hard-modeling algorithms in chemometric studies which will be explained in more
details in next sections.
Fig. 5

3.3.6. Chemometric studies
3.3.6.1. Determination of the number of species by principal component analysis (PCA)
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The PCA is a well-known chemometric approach which can help us to obtain number of species involved in a
system [30]. Therefore, by performing the PCA on the LSV and DPV data, the number of species involved in
the interaction of Q and QD with CA-II were determined and the results are shown in Fig. S4. As can be seen,
for all the datasets, three main species were detected which were related to the free Q or QD, CA-Il and one
complex species. The results obtained in this section were compatible with those obtained from mole-ratio
method. These results will be used to define models for hard-modeling of the electrochemical data in next
section.

3.3.6.2. Hard-modeling of the electrochemical data
Here, we have used some chemometric hard-modeling algorithms such as EQUISPEC, SPECFIT, SQUAD and

REACTLAB to investigate interactions of Q and QD with CA-Il which helped us to verify the results obtained
from previous sections about nature of the species and binding constant values (Kyq and Ky op). The models
were defined according to the formation of one complex species (CA-11-Q; or CA-11-QD;) and estimation of
Kb,o and Ky op Was performed according to the results obtained by the direct analysis of the electrochemical
data. The results obtained by the modeling of the electrochemical data with the help of EQUISPEC, SPECFIT,
SQUAD and REACTLAB have been collected in Table 1. All the models were defined according to CA-11-Q;
or CA-11-QD; as complex species and then, the binding constants were estimated and finally, for each data
fitting procedure, the best model with the minimum sum of squares was chosen. As can be seen, hard-modeling
of the electrochemical data showed that the complex formed by binding of QD with CA-1l was stronger than
the complex formed by the binding of Q with CA-IlI which was related to the highly relevant role of QD's -
SO,;NH, group which must be further verified in next sections.

Table 1
3.3.7. Molecular docking studies

Here, the Arguslab program was used to obtain more information about interactions of Q and QD with CA-II.
After docking Q and QD with CA-I1, the residues of CA-11 which interacted with Q and QD were detected and

the results are shown in Fig. 6. The residues of CA-1l which interacted with Q were including Asn 253, Arg
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254, Pro 195, Tyr 194, Thr 193, Gln 255, Lys 257 and Asp 41 which as can be seen in Fig. 6A. As can be seen
in Fig. 6B, the residues of CA-Il which interacted with QD were including Glu 187, Leu 189, Leu 185, Arg
182, Tyr 51, Val 49, Ser 48, Leu 47 and Pro 46. Interactions of Q and QD with CA-I1 were further investigated
by LigPlus and the results are shown in Fig. 6C and D, respectively. As can be seen, four amino acid residues
of CA-II including Pro 195, Lys 257, Arg 254 and Asn 253 had hydrophobic interactions with Q while six
amino acid residues of CA-Il including Ser 48, Leu 47, Leu 189, Arg 182, Leu 185 and Pro 186 were
hydrophobically interacted with QD. One hydrogen binding was occurred between CA-Il and Q and two
hydrogen binding were occurred between QD and CA-Il. The only difference between Q and QD is the
presence of QD's-SO,NH, group in QD structure and as can be seen, more hydrophobic interactions and
hydrogen binding were observed in interaction of QD with CA-Il. According to docking results, the binding
constants related to the interactions of Q and QD with CA-I1 were calculated to be 1.41x10% and 2.57x10° mol’
1 L, respectively. The docking results confirmed that binding of QD with CA-11 was stronger than Q with CA-
I1 which was compatible with results obtained from experimental sections.
Fig. 6

3.4. Developing a novel method for determination of CA-11

According to results of interaction studies, we were going to develop a novel electroanalytical methodology for
sensitive determination of CA-Il based on EIS measurements. The EIS is a sensitive technique but, to obtain
more sensitivity, the GCE was modified with MWCNTSs-IL and used as the biosensing platform [31-37]. More
details about the biosensing procedure will be given in next sections.

3.4.1. Impedimetric measurements

Binding of Q to CA-II can be used to develop a novel electroanalytical method for determination of CA-II.
Therefore, to achieve this goal, the EIS responses of the MWCNTSs-IL/GCE immersed into 5.0 mM [Fe(CN)s]*
" containing 10 pM Q upon increasing concentration of CA-I1 in the range of 10-190 nM were recorded which
are shown in Fig. 7A. As can be seen, the R of the EIS responses is gradually increased upon addition of CA-
Il to the electrochemical cell. According to the change in the EIS response of the MWCNTSs-IL/GCE upon

10



changing concentration of CA-I1 we have developed a novel and indirect EIS method for determination CA-I1.
Regression of the AR values on concentration of CA-I1 helped us to build a calibration curve which is shown
as the inset of Fig. 7A. As can be seen the EIS responses are linearly correlated with concentration of CA-Il in
two linear ranges of 10-50 nM and 50-190 nM. The sensitivity and limit of detection were calculated to be 9.5
Q nM™ and 12 nM (according to 3SD/m, where SD is the standard deviation of the intercept and m is the slope
of the calibration curve), respectively.

Fig. 7

3.4.2. Selectivity, stability, repeatability and reproducibility of the developed biosensor
In order to investigate selectivity of the MWCNTSs-IL/GCE towards determination of CA-II, the EIS response

of the sensor to 50 nM CA-II in the presence of 100-fold interfering species including HSA, BSA, cysteine,
tyrosine, histidine, valine, glucose, glycine, L-tryptophan, L-tyrosine, citric acid, folic acid and ascorbic acid
was recorded. The results showed that the biosensor was able to selective determination of CA-1l even in the
presence of high concentrations of the interfering species. Stability of the developed biosensor was investigated
by weekly recording its response to 50 nM CA-I11 during seven weeks and the results showed that the biosensor
was able to retain 95.5% of its original response which confirmed that the biosensor response was stable (Fig.
7B). In order to investigate the repeatability of the MWCNTSs-IL/GCE response, it was applied to the
determination 50 nM CA-II for six times during a day and the results showed that a relative standard deviation
(RSD) of 3.66% was obtained which confirmed that the biosensor response was repeatable. Reproducibility of
the biosensor was investigated by fabrication of six biosensors and applying them to the determination of 50
nM CA-I1I and the results showed that a RSD value of 3.51% which confirmed that the biosensor response was
reproducible.

4. Conclusions

In this work, an interesting study was planned to investigate interactions of Q and QD with CA-II. The study
was performed in several steps including direct analysis of electrochemical data, chemometric modeling of
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electrochemical data, molecular modeling and determination of CA-Il. Direct analysis of electrochemical data
confirmed formation of one complex species including CA-11-Q, and CA-11-QD, and also confirmed that the
binding of QD with CA-1l was stronger than binding of Q with CA-II. The results obtained by direct analysis
of electrochemical data were verified by hard-modeling of the electrochemical data and there was a good
agreement between the results. Then, molecular docking studies were performed to further verification of the
results of the previous sections. The results obtained by molecular modeling confirmed stronger binding of QD
with CA-I11. Finally, according to the results obtained by investigation of interactions of Q and QD with CA-II,
an indirect EIS method was developed for sensitive determination of CA-Il. On the whole combination of
experimental and theoretical evidence helped us to develop a thorough study for investigation of interactions of
Q and QD with CA-II with applicable results for determination of CA-I1.
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Caption to figures:
Fig. 1. Molecular structure of (A) CA-I11, (B) Q and (C) QD.
Fig. 2. SEM images of (A) GCE and (B) MWCNTs-IL/GCE.

Fig. 3. (A) CVs of 1x10™ M Q upon addition of CA-Il in the range of 0-1x10™ M, (B) CVs of 1x10™* M QD
upon addition of CA-I1 in the range of 0-1x10™ M (C) CVs of the GCE immersed in 5.0 mM [Fe(CN)e]*™: (a)
in the absence of CA-1l and (b) in the presence of 5.0 mM CA-II. (D) EISs of the GCE immersed in 5.0 mM
[Fe(CN)e]*™: (a) in the absence of CA-11 and (b) in the presence of 5.0 mM CA-II.

Fig. 4. (A) The EIS spectra recorded by immersing the GCE into 5.0 mM [Fe(CN)e]*™* containing 5 pM Q
upon addition of CA-11 in the range of 0-5 uM and (B) the EIS spectra recorded by immersing the GCE into
5.0 mM [Fe(CN)s]*'* containing 5 pM Q upon addition of CA-11 in the range of 0-5 pM.

Fig. 5. Mole-ratio plots: (A) and (B) obtained from DPV data related to the titration of Q with CA-Il and QD
with CA-I11, respectively, (C) and (D) obtained from LSV data related to the titration of Q with CA-Il and QD
with CA-I1, respectively.

Fig. 6. (A) and (B) the outputs of docking of Q and QD with CA-II. (C) and (D) the outputs of LigPlus related
to the interactions of Q and QD with CA-II.

Fig. 7. (A) The EIS responses of MWCNTSs-IL/GCE immersed into 5.0 mM [Fe(CN)s]*™ containing 10 pM Q
upon increasing concentration of CA-11 in the range of 10-190 nM. Inset shows the calibration curve obtained
by the regression of AR of the EIS responses on concentration of CA-Il. (B) Recording the response of
MWCNTSs-IL/GCE to 50 nM CA-I1 during seven weeks.

Scheme 1. Schematic representation of the steps of the study presented in this work.
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Table 1. Data analysis using different chemometrics algorithms.

Algorithm Type of electrochemical data Kyo (x10° mol™ L) Kp.op (X102 mol™ L)
DPV 1.38+0.02 2.44+0.04
SQUAD LSV 1.33+0.05 2.41+0.03
cv 1.35+0.03 2.42+0.05
DPV 1.33+0.03 2.42+0.05
SPECFIT LSV 1.36+0.06 2.44%0.02
cv 1.38+0.02 2.41+0.03
DPV 1.38+0.03 2.42+0.02
EQUISPEC LSV 1.35+0.04 2.41+0.03
cv 1.38+0.04 2.41+0.02
DPV 1.33+0.05 2.44+0.05
REACTLAB LSV 1.38+0.03 2.44+0.04
cv 1.38+0.02 2.41+0.02
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Highlights

N N N NN

Inhibitory effects of Q and QD with Ca-1l were compared.

Direct analysis of EIS, CV, LSV and DPV was performed.

Hard-modeling of electrochemical data as the second step was performed.
Molecular modeling was performed to verify the results of experimental section.
A novel electroanalytical method was developed for determination of CA-II.

17



Figure 1



SEM HV: 5.0 kV WD: 9.31 mm MIRA3 TESCAN

SEM MAG: 10.0 kx Det: SE SEM HV: 5.0 kV 'WD: 8.85 mm
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