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As a primary building block for protein synthesis, L-arginine (1-Arg) is also a precursor for the synthesis of
important metabolites, and is involved in various physiological and pathophysiological processes. L.-Arg is
a potential biomarker in clinical diagnosis and nutritional status assessment, making it valuable to quan-
tify and monitor this biomolecule. In this study, peptide aptamers that specifically interact with L-Arg
were identified by high-throughput molecular docking, and the binding capacities between the synthe-
sized peptide aptamers and 1-Arg were then measured by isothermal titration calorimetry. We hypoth-

g:ﬁgg;d;tamer esized that the peptide aptamer with the greatest binding capacity could be used as the recognition
Docking element in a biosensor. A chemosynthetic peptide aptamer modified with mercaptan and spacer units
L-Arg (thioctic acid-GGGG-FGHIHEGY) was thus used to construct label-free electrochemical impedimetric
Biosensor biosensors for L-Arg based on gold electrodes. The optimum biosensor showed good sensitivity to L-Arg

EIS with a linear range of 0.1 pM-0.1 mM, and the calculated limit of detection (three times the signal-to-
Isothermal titration calorimetry noise ratio) was 0.01 pM. Interference studies and assays of diluted serum samples were also carried
out, and satisfactory results obtained. In conclusion, a potential method of peptide aptamer screening

and biosensor fabrication for detecting small biological molecules was demonstrated.
© 2020 Elsevier B.V. All rights reserved.

1. Introduction status assessment [13-15]. Thus, the quantification and monitor-

ing of 1-Arg is of high potential relevance.

As a crucial amino acid, r-arginine (L-Arg) is a precursor for
important metabolites such as polyamines, creatine, agmatine
and some other amino acids including L-glutamine (1-GIn) and -
proline (1-Pro) [1]. 1-Arg is also involved in various physiological
and pathophysiological processes [2-7], and is the immediate pre-
cursor of nitric oxide, variously involved in the regulation of cell
metabolism, insulin signaling and secretion, neurotransmission,
and immune function [8,9]. The L-Arg concentration in serum
ranges from 5 to 55 puM, and 1-Arg has been regarded as an effec-
tive mediator for blood pressure management [3,10], as well as a
potential biomarker in clinical diagnosis [11,12] and nutritional
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High-performance liquid chromatography (HPLC), amino acid
analyzer and capillary electrophoresis are traditional methods for
the measurement of total amino acids, including 1-Arg, as part of
a single array, but the tedious sample preconditioning, time-
consuming detection, and the cost of apparatus have limited their
popularity [16]. Moreover, because L-Arg has no aromatic group, it
is not feasible to directly detect 1-Arg via label-free fluorescence.

A biosensor is a self-contained, integrated device that is capable
of providing specific quantitative or semi-quantitative analytical
information based on a biological element [17], enabling the fast
measurement of small biomolecules. Nowadays, biosensors based
on optical, surface plasmon resonance (SPR) have the merits of
high sensitivity and selectivity [18], but the demand for labeling
and a rather troublesome fabrication process has impeded their
wider application. Moreover, potential toxic effects may be
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brought about by fluorochrome modification [19]. In contrast, elec-
trochemical biosensors represent an emerging advance in rapid,
cost-effective, and sensitive biosensor fabrication, as the amount
of the target can be inferred indirectly from changes at the elec-
trode surface [20-22]. Since White and coworkers first brought L-
lysine-decarboxylase into use as a biorecognition element, sensors
of this construction [23], known as enzyme electrodes, have been
increasingly used to detect amino acids. To date, the majority of
L-Arg sensors have been designed with the aid of arginase and
urease, where these enzymes catalyze the hydrolysis of L-Arg to
ammonium and bicarbonate ions, allowing ammonia gas elec-
trodes, ammonium ion-selective electrodes (ISEs), and/or glassy
carbon electrodes (GCEs) to detect L-Arg indirectly [24]. However,
the existing enzyme electrodes are confronted with major chal-
lenges due to the instability of enzymes, which leads to a cumula-
tive loss of activity, enzymes leakage from the electrode is also a
problem. A number of immobilization techniques have been tried,
such as crosslinking with glutaraldehyde, which can help protect
enzymes from leakage when the enzymes are non-covalently
immobilized [25], and immobilization on porous supports; how-
ever, methods of retaining the activity, stability, and selectivity
of enzymes are highly desired [26].

Aptamer-based biosensors possess better specificity and stabil-
ity than enzyme electrodes [27,28]. Various oligonucleotides or
short peptides, known as nucleic acid aptamers and peptide apta-
mers, can specifically recognize targets through their molecular
properties [29-31]. Nucleic acid aptamers are generally selected
through the systematic evolution of ligands by exponential enrich-
ment (SELEX) [32]. The approaches to screening peptide aptamers
can be summarized as in vivo screening, in vitro display, random
peptide library, and molecular docking [29,33]. Both SELEX and
the conventional methods used in aptamer screening are labor
intensive, in that multiple steps are required, including binding
and elution, and this circular process can repeat for 7-8 rounds,
which is tedious and time-consuming [32]. In silico modeling has
been adopted as an efficient strategy, which frees researchers from
the tedious process of experimentally screening aptamers for elec-
trochemical biosensors [34]. However, the yield ratio highly
depends on the docking accuracy, thus subsequent experimental
verification is necessary to eliminate false positive hits. Isothermal
titration calorimetry (ITC) and SPR are the most reliable methods
for verifying the molecular binding affinities predicted by docking.
Generally, SPR is limited to validating the binding affinity of rela-
tively large molecules (>1000 Dalton) due to the difficulty of
immobilizing small targets [35].

A number of biosensors based on aptamers have been designed
to recognize amino acids, including i-tryptophan (i-Trp) and
L-phenylalanine (.-Phe) [36,37], as well as 1.-Arg [38,39]. However,
the instability of RNA aptamers is a concern. An aptamer-based
biosensor has also been designed to detect L-Arg by fluorescence
labeling [40], which correctly distinguished between Arg enan-
tiomers; however, fluorescent tags can have a potentially disrup-
tive influence during the recognition process. Electrochemical
impedance spectroscopy (EIS) is a label-free and nondisruptive
technique based on the conformational changes of aptamers on
an electrode in response to the target molecule. This response
can be easily measured via the charge transfer resistance (Rct),
and visualized in the form of a Nyquist plot [41]. Sensors based
on EIS are low cost and simple to fabricate, and allow the rapid
quantification of metal ions, biological molecules, other chemicals,
and even whole cells [42-44]. The simplicity of fabricating
EIS-based biosensors stems from the lack of a need for labeling
and signal enhancement strategies.

In this study, we screened peptide aptamers by molecular dock-
ing and verified their activity by ITC, then selected the optimal

peptide aptamer to construct a biosensor. The resulting EIS-based
“aptasensor” exhibited good sensitivity and selectivity. This
demonstrates the potential utility of docking, in combination with
ITC validation, as a strategy to screen aptamers for the construction
of biosensors for small molecules.

2. Materials and methods
2.1. Reagents

The peptide aptamers predicted by docking were chemically
synthesized by Genescript Biotechnology Co., Ltd. (Nanjing, China)
for ITC analysis (purity > 95%). The peptide aptamer with the great-
est binding capacity, modified at the N-terminal with thioctic acid
and a spacer unit (-GGGG-) (purity > 95%), was synthesized by
China Peptides Co., Ltd. (Shanghai, China). K4Fe(CN)s], Ks[Fe
(CN)g], potassium chloride (KCl), tris-(2-carboxyethyl) phosphine
hydrochloride (TCEP), L-tyrosine (L-Tyr), L-threonine (L-Thr), L-Pro,
L-lysine (1-Lys), L-histidine (L-His), L-aspartic acid (L-Asp), L-serine
(L-Ser), L-asparagine (L-Asn), L-Gln, r-glutamic acid (.-Glu), L-
methionine (1-Met), L-cysteine (1-Cys), L-alanine (L-Ala), L-
isoleucine (i-Ile), i-leucine (i-Leu), r-glycine (1-Gly), r-valine (i-
Val), L-Phe, L-Trp, and -Arg were purchased from Aladdin (Wuhan,
China). Phosphate-buffered saline (PBS) tablets consisting of
1.8 mM of KH,PO4, 10 mM of Na,HPO,4 137 mM of NaCl, and
2.7 mM of KCl were purchased from Sangon Biotech (Shanghai,
China). Sulfuric acid (H,SO4) was purchased from Sinopharm
Chemical Reagent Co., Ltd (Shanghai, China). Ultrapure water
(18.3 MQ cm™!, Millipore Milli-Q system (Bedford, MA, U.S.A.)
was used throughout the experiments.

2.2. Docking and peptide property prediction

Eight-mer peptide aptamers were extracted from the protein
sequences of four species: Homo sapiens, Mus musculus, Rattus
norvegicus, and Sus scrofa. A total of 29,185 protein sequences of
the four species were obtained from the UniProt database. A total
of 2,854,481 peptide fragments were generated by scanning the
protein sequences with a sliding window of eight amino acids.
The build_seq.py script included in PyMol [45], was used to build
o-helices for the eight-mer peptides, which were then used as
the initial conformations for the molecular dynamic simulations.
The simulations were performed to investigate the stability of
the complexes of eight-mer peptides and L-Arg using AutoDock
4.2.6 [46]. Binding energy scores were obtained for all of the com-
plexes. Potential peptide aptamers were chosen for further exper-
imental verification from high to low according to the binding free-
energy scores.

2.3. Binding verification between peptide aptamers and L-Arg

To evaluate whether the predicted peptide aptamers could
actually specifically bind to L-Arg, ITC experiments were performed
using a Nano-ITC system (TA Instruments, U.S.A.). Samples in solu-
tion were thoroughly degassed before the titration started. Then, a
1 mM solution of peptide in PBS was drafted into the injection nee-
dle and a 0.1 mM solution of 1-Arg (in PBS) was loaded into a
microcalorimeter. A reference cell was used in each experiment,
containing PBS, with a heat capacity equal to the contents of the
sample cell. The syringe was connected to the sample cell through
a cannula and filled with 100 pL of titrant. The experiments were
conducted with periodical injections using an injection interval
of 250 s and stirring at 125 rpm. All experiments were performed
at 37 °C, and the first injection of 4 puL was excluded from data
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fitting to account for diffusional loss of titrant. The data analysis
was performed according to a previous study [47].

2.4. Fabrication of peptide aptamer-based biosensors

Peptide aptamer-based sensors were fabricated according to the
process described below. First, polycrystalline gold disk electrodes
(diameter 2 mm) were successively physically polished by 1, 0.5,
and 0.03 pm alumina slurry, and then ultrasonically cleaned with
deionized water, ethanol, and deionized water for 5 min each, fol-
lowed by being electrochemically roughed in 1 M of H,SO4 by
potential scanning between —0.2 and 1.6 V until a stable cyclic
voltammogram was obtained. After being thoroughly washed with
deionized water, the electrodes were blow-dried. Then, a 7-pL dro-
plet of thioctic acid and the spacer-unit-modified peptide (0.5 pM)
was dropped onto each of the pre-treated electrodes. The peptide
solution was previously conditioned for 1 h with 5 mM of TCEP
to cleave the disulfide bonds and form sulfhydryl groups for cova-
lent binding to the gold surface. The electrodes were incubated at
room temperature in a high-humidity atmosphere for a certain
time. Finally, the integrated peptide aptamer-based sensor was
gently rinsed with deionized water and stored in PBS until use.

2.5. Electrochemical detection

A conventional three-electrode system was used, comprising a
polycrystalline gold disk electrode (2 mm in diameter) as a work-
ing electrode, Ag|AgCl as a reference electrode, and platinum wire
as a counter electrode. Polishing materials were purchased from
Chenhua Instrument Co., Ltd. (Shanghai, China). All of the electro-
chemical measurements were carried out using a CHI760E work-
station (CH Instruments, Shanghai) connected to a running
system. Throughout the electrode fabrication process, cyclic
voltammetry (CV) and EIS signals were recorded in 10 mM of
PBS with 0.1 M of KCl in which 10 mM [Fe(CN)g]®* /4~ (Fe3*:
Fe* = 1:1) was used as electrochemical reporter. CV was recorded
between —0.2 and —0.6 V, and the EIS spectra were recorded at
equilibrium potential (open circuit potential) at 0.245 mV without
bias voltage in the frequency range of 0.1 Hz-10 kHz with a 5 mV
amplitude.

2.6. Serum collection and determination of free amino acids

Porcine serum samples were collected in centrifuge tubes
with heparin sodium and stored for 1 h at 4 °C, then
centrifuged at 3000 rpm for 10 min. Then, the supernatant was
transferred to new centrifuge tubes and kept at —80 °C until
use. All porcine serum samples were collected from healthy
Duroc x Landrace x Yorkshire pigs weighing approximately
25 kg. The present study was carried out in accordance with the
Chinese guidelines for animal welfare and experimental protocols
and approved by the Animal Care and Use Committee of the Insti-
tute of Subtropical Agriculture, Chinese Academy of Sciences. The
amino acid contents of the pig serum were quantified by HPLC
(Agilent 1260) according to a previously reported method [48].

3. Results and discussion
3.1. Docking and binding capacity verification of peptides with 1-Arg

Docking has been extensively applied to simulate the binding
between proteins and ligands. This in silico method has flourished
as a fast and labor-free strategy in drug design. In this study, we
used docking to predict the potential interaction between L-Arg
and the eight-mer peptide aptamers extracted from the protein

sequences. In the process of simulation, potential peptide aptamers
that bind not specifically to L.-Arg were excluded to ensure speci-
ficity. Among the docking results, four peptides (P1-P4) were out-
standing in terms of binding energy, showing a probable tendency
to interact with L-Arg while not responding to other amino acids.
These peptides’ sequences and binding energies are listed in
Table 1, together with their isoelectric points, hydrophobicity,
and overall charge as predicted by an online tool accessible at
http://www.tulane.edu/~biochem/WW/PepDraw/.

Because docking is not necessarily accurate, and the yield ratio
highly depends on the docking accuracy [49], further verification of
the binding capacity was necessary. ITC and SPR are regarded as
the gold standard for molecular binding verification [35]. However,
due to the difficulty of immobilizing micro-molecules (<1000 Dal-
ton) for SPR binding, label-free microcalorimetry is favored [50].
Here, the peptide aptamers and L-Arg were dissolved directly in
binding buffer then titrated using ITC. The peptide aptamers P1-
P4 were synthesized with high purity (>95%) and then applied
for binding verification, in which the natural characteristics includ-
ing charge and conformation of the peptide aptamers and L-Arg
were retained by using PBS as binding buffer. The binding reaction
was carried out at a temperature of 37 °C, and the peptide aptamer
concentration was set at 1 mM, which was 10-fold higher than that
of 1-Arg. After titration, the first data point was discarded to
improve the fitting accuracy. The titration results showed that only
P2 could in fact interact with -Arg (Fig. 1), and the dissociation
constant was 6.734 x 10~* mol L. In contrast, P1, P3, and P4
showed no evidence of binding to L-Arg (Fig. S1). These ITC results
indicated the successful prediction of a binder for L-Arg, and P2
(FGHIHEGY) was chosen as the peptide to conduct further
research.

3.2. Biosensor fabrication and electrochemical characterization

With this chosen peptide aptamer, we reasonably hypothesized
that it may be used to construct a peptide-based electrochemical
biosensor, in which the binding between the peptide and its target
would measurably alter the properties of the peptide-modified
electrode. Recently, specific peptides that can recognize targets of
interest have aroused attention because of their potential to substi-
tute enzymes and nucleic acid aptamers in target recognition. Pep-
tides can be easily immobilized to a gold electrode by mercaptan
modification, which creates an Au—S bond. In this study, we
appended thioctic acid and spacer units to the N-terminal of the
identified peptide to design our biosensor, and the finally sequence
was thioctic acid-GGGG-FGHIHEGY (P5).

Traditional three-electrode systems have proven stable and
convenient as sensors, and offer versatility through the measure-
ment of both CV and EIS signals. In this study, electrochemical
detection was performed using the three-electrode system
described in Section 2.5. After being physically polished and chem-
ically roughed by sulfuric acid (1 M), the pre-treated gold electrode
was dried. Then, 7 puL of 0.5 uM P5 (in PBS), which had been pre-
conditioned by 5 mM of TCEP for 1 h, was dropped onto the elec-
trode. The electrode was then kept in a high-humidity
atmosphere for a certain time to immobilize the peptide by the for-
mation of Au—S bonds. The high-humidity environment ensured
that solution evaporation was avoided despite the lengthy process
(several hours). After being washed by deionized water to remove
excess P5, the electrodes were immersed in PBS until use. EIS and
CV measurements were recorded throughout the experiment to
monitor the fabrication process (Fig. 2). PBS (10 mM) was used
as the background electrolyte and ferri-ferrocyanide (10 mM)
was used as the redox reporter. The EIS peak of the bare gold elec-
trode was extremely small. After incubation with the peptide, the
redox peak decreased evidently and the Rct increased considerably
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Table 1
Predicted properties and binding energies of peptides.

Code Sequence (N'-C") Isoelectric point Hydrophobicity (kcal mol™") Charge Binding energy (kcal mol™')
P1 IDRYASEN 4.01 16.96 -1 -3.95
P2 FGHIHEGY 6.05 14.95 -1 —3.82
P3 GQAKVCTY 8.70 12.18 1 —3.80
P4 TQTGSSSS 5.30 12.16 0 -3.76
t/s
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Fig. 1. ITC analysis of binding between P2 and 1-Arg. P2 and 1-Arg were separately dissolved in 10 mM of PBS, and 100 pL of P2 solution (1 mM) was titrated into a cell filled
with 360 pL of t-Arg (0.1 mM), the volume of every drop being 4 pL. The first data point was discarded.
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Fig. 2. Monitoring of biosensor fabrication. Cyclic voltammograms (a) and Nyquist plots (b) of bare Au electrode (black), the same electrode modified with 0.5 uM of peptide
(Red), then conditioned in 10 mM of PBS (Blue), and after interacting with 1-Arg (Green) were measured to confirm the successful self-assembly. The CV and EIS
measurements were conducted in 10 mM of PBS in which 10 mM [Fe(CN)6]> /4~ (1:1) was used as electrochemical reporter with 0.1 M of KCI.

due to the covalently bonded peptides hindering electron transfer.
This confirmed the successful self-assembly of the biosensor. The
Rct further increased after the sensor was conditioned in PBS for
30 min, which can be attributed to the peptide folding to its native
conformation. To eliminate this interference caused by the PBS sol-
vent, in subsequent experiments the response was measured after
interacting with PBS so that the folded peptide served as the base-
line. The interaction of L-Arg with the peptide immobilized on the
gold surface led to an increase in EIS intensity, which can be attrib-
uted to a binding-induced conformational change resulting in
decreased electron transfer efficiency [51].

3.3. Time optimization

The performance of a sensor highly depends on the incubation
time, as this has an important effect on both the sensitivity and
efficiency [28]. In this study, we optimized the response time in
two aspects, the duration for which the peptide was immobilized
on the electrode and the interaction time between L-Arg and the
modified electrode. To optimize the peptide immobilization time,
equal volumes of peptide (7 pL, 0.5 uM) were dropped onto the
pre-treated electrode surfaces and the electrodes were left for 1,
2, 4, and 6 h, respectively, at room temperature, maintaining a
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high-humidity atmosphere to avoid liquid evaporation. As soon as
the scheduled time was reached, the peptide-modified electrodes
were washed gently with deionized water and conditioned in
PBS for 30 min to allow the peptides to fold to their native confor-
mation. Then, the EIS spectra were recorded. The results showed
that the Rct values continually increased until 4 h, then reached
a plateau and remained constant from 4 h to 6 h (Fig. 3a). This indi-
cates that 4 h is sufficient time for the modified electrode to reach
an equilibrium state, with EIS registering an Rct peak value of
approximately 5000 Q. Thus, 4 h was used in subsequent
experiments.

To optimize the binding time between L-Arg and the peptide-
modified electrode, the fabricated sensor was allowed to interact
with equal volumes of 1-Arg (1 uM, 7 plL) for different time periods
(10, 20, 30, 40 and 50, min). Afterwards, the sensor was gently
washed with deionized water to remove unbonded 1-Arg, and CV
and EIS were conducted. As shown in Fig. 3b, the output signal
increased sharply at 10-30 min, which indicated that large
amounts of 1-Arg were entrapped by this sensor as revealed by
the rise in Rct. At 40-50 min, Rct continued to rise but more slowly,
increasing by only ~10%. As time efficiency is important in the
determination of the target, and the signal showed only a minor
increase after 30 min, this was identified as the optimal incubation
time for rapid detection and was selected for subsequent
experiments.

3.4. Detection performance of the aptasensor

A sensor for performance testing was then fabricated under the
optimized conditions, that is, 5 mM of TCEP was used to condition
the 0.5 UM peptide (7 pL) and the time for peptide immobilization
was 4 h. Then, different concentrations of L.-Arg were analyzed with
the sensor for 30 min, in which EIS was recorded as the response
signal. The results showed that with increasing L-Arg concentra-
tion, Rct continually increased, which can be attributed to the
interaction between the peptide aptamer and L-Arg altering the
conformation of the immobilized peptide on the electrode surface.
This conformational change amplified the steric hindrance of the
peptide and blocked some of the potential binding sites, both of
which suppressed electron transfer [52]. The electrochemical
biosensor achieved a good response to L-Arg at concentrations
ranging from 0.1 pM to 0.1 mM, which completely covered the L-
Arg concentrations found in tissues (Fig. 4). The values of ARct
(=Rarg — Rpps) were used to fit a linear curve. The resulting curve

6000
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1000
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confirmed a good correlation between ARct and the logarithm of
L-Arg concentration, where the linear equation was

y = 704.5log(c) + 11329.0,R* = 0.9925, @)

in which ¢ was the concentration of L-Arg. The limit of detection
(LOD) was calculated to be 1.1 x 10~ '°> mol L~! using the equation
LOD = 3 x o/S, where & is the standard deviation and S is the slope
of the linear equation. This indicates that the designed sensor based
on a peptide is sufficiently sensitive for L.-Arg detection. Compared
with previous L-Arg sensors, the fabricated electrochemical biosen-
sor is more sensitive, with a wider range of detection and lower LOD
(Table 2). It is interesting that, a discrepancy was found between the
Kq values measured by ITC and EIS. This can be ascribed to two
causes: first, when performing ITC verification, the temperature
was maintained at 37 °C for consistency with the docking simula-
tions, while electrochemical detection was performed at room tem-
perature (25 °C); second, the concentration of ligand used in ITC
may also have partly influenced Ky [53], although this may only
have played a minor role.

3.5. Anti-interference detection

To verify whether this peptide-based biosensor has the specific
ability to recognize L-Arg without interference by similar mole-
cules, we tested the output signal of L-Arg in the presence of inter-
ferents. Equal concentrations of .-Arg and amino acid interferents
(1 pM) including t-Tyr, t-Trp, L-Thr, 1-Pro, 1-Lys, 1-His, L-Asp, L-Ser,
L-Asn, L-GIn, L-Glu, L-Phe, L-Met, 1-Cys, L-Ala, 1-Ile, L-Leu, L-Gly, and
-Val were analyzed separately with the biosensor, and the
responses of the modified biosensor were recorded. To clearly visu-
alize the signal changes caused by the interferents, the data were
normalized. As illustrated in Fig. 5, relative signal changes of 10%
to 18% were caused by L-Ala, 1-Cys, 1-Glu, L-GIn, 1-Asn, and L-Ser,
while the other amino acids had negligible influences. These
results indicate that this peptide aptamer-based biosensor pos-
sesses good selectivity, although the presence of some interference
calls for further optimization.

3.6. Practical application

To test the feasibility of this sensor in real samples, pig serum
samples were collected and then centrifuged at 3000 rpm for
10 min and stored at —80 °C until use. Before the experiment,
the defrosted pig serum was diluted 100-fold with PBS, then -
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Fig. 3. Time optimization of the biosensor based on the peptide. (a) Incubation time of the peptide and gold electrode, using 7 pL of 0.5 uM peptide. (b) Incubation time of -
Arg and the modified electrode, using 1 uM L-Arg to interact with the modified electrode. Rct was determined as the response signal of EIS, which was measured in 10 mM of
PBS using 10 mM [Fe(CN)6]>~/4~ (1:1) as the electrical reporter. The error bars represent that the measurements were conducted with three different electrodes.
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Fig. 4. Response of the aptasensor to different concentrations of 1-Arg. EIS spectra was measured in 10 mM [Fe(CN)6]>~/4~ (1:1) with 0.1 M of KCI, and the incubation between
1-Arg and modified electrodes lasted for 30 min; the error bars in (a) represent that the measurements were obtained with three different electrodes, Nyquist plots (b)
obtained for different concentration of L-Arg in PBS. The regression equation was y = 704.5log(c) + 11329.0, R? = 0.9925, c was the concentration of L-Arg.

Table 2
Comparison of current L-Arg sensors.

Signal Recognition element LOD Linear range Reference

Amperometric Arginine deiminase 0.001 mM 0.003-0.2 mM [54]

Fluorescent Aptamer 1.8 x10°M 25%x10%-4x107M [40]

Phosphorescent Arginine deiminase / 1.0-104 M [55]

Amperometric Arginase 0.085 mM 0.15-0.6 M [56]

Fluorescent Arginine deiminase 0.25 uM 0.35 uM-24 uM [57]

Fluorescent Urease/arginase 0.082 mM 0.1-1.0 mM [18]

EIS Peptide aptamer 0.01 pM 0.1 pM-0.1 mM Current work
& H= Arg in high concentration (10 mM) was spiked into the diluted pig
<& [ serum to prevent significant volume change. The successfully fab-
NE= = ricated biosensors were used to detect 1-Arg according to the
8 :l,‘H method described above, that is, 7 pL of diluted serum spiked with
:{:«. . 0.2 uM of L-Arg was dropped onto the PBS-conditioned electrode
R and incubated for 30 min; then, after washing with deionized
b 4
o [ m— water, the EIS spectra were recorded to calculate the correspond-
e — ing L-Arg concentration through Eq. (a). As shown in Table 3, satis-
& o factory detection results were obtained by the modified electrode
P — ractory y ,
& [ in which the calculated recovery rates were between 96.9% and
& B 104.4%, and the RSD was less than 4.0%. This indicated that the
o -] peptide-based biosensor gave a reliable result compared with
R B | . . .
‘i;c - HPLC. Compared with HPLC, one advantage of this peptide
& aptamer-based biosensor is that it avoids amino acid derivatiza-
& [ tion. Additionally, it may be possible to integrate the biosensor into
Vi [ a portable electrochemical workstation to allow fast detection in
\id : real-life scenarios where experimental equipment is limited.

0 20 40 60 80 100 120

Normalized response/%

Fig. 5. Anti-interference capacity of the peptide-based biosensor. 1-Arg and
interferent amino acids were tested in equal concentrations, and the ARct values
were normalized (Normalized response = ARctaa/ARCtag x 100%). The error bars
represent the data were measured by three different electrodes.

Table 3
Detection of real L-Arg samples by modified electrode.

4. Conclusion

In this study, we demonstrated that docking was an effective
tool to screen peptide aptamers for amino acid-binding capacity,

Serum no. HPLC (uM) Spiked (M) Found (uM) RSD (%) Recovery rate (%)
Serum 1 0.2170 0.2000 0.4257 + 0.0150 4.01 104.4
Serum 2 0.2121 0.2000 0.4058 + 0.0245 -3.00 96.9
Serum 3 0.2457 0.2000 0.4494 + 0.0163 1.50 101.7
Serum 4 0.3601 0.2000 0.5583 + 0.0055 —-0.01 99.1
Serum 5 0.2999 0.2000 0.4959 + 0.0070 -1.33 98.0

Note: RSD was calculated by RSD = (Found — Spiked — HPLC)/HPLC x 100%, recovery rate was calculated by recovery rate = (Found — HPLC)/Spiked x 100%, Found is

represented as Mean + SD (n = 3).
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the veracity of which was experimentally confirmed by ITC. The
chosen peptide was modified and then used as the recognition ele-
ment for biosensor fabrication, as the target amino acid (L-Arg)
induced a conformational change in the peptide. On this basis,
we designed an EIS-based biosensor for L-Arg detection. This novel
sensor showed an acceptable performance in that the linear range
was 0.1 pM-0.1 mM and the LOD was 0.01 pM. Anti-interference
experiments and analysis of real pig serum samples further vali-
dated the feasibility of this sensor. However, more efforts are
needed to improve the specificity and accuracy in real samples.
In conclusion, this study provides a new strategy to conduct pep-
tide screening and biosensor fabrication for biological molecules.
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