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Main observation and conclusion

An enzyme-free amperometric sensor based on a heptadecapeptide possessing an electroactive ferrocene (Fc) linker as ferro-
cene-Gly-Gly-Gly-Gly-Phe-Gly-His-lle-His-Glu-Gly-Tyr-Gly-Gly-Gly-Gly-Lys-(CH,)s-dithiocyclopentane self-assembled on gold substrate
was designed and fabricated for specific determination of L-arginine (L-Arg). The detection mechanism is based on conformational
change of surface-immobilized peptide induced by the target L-Arg, which was confirmed via SEM, TEM, AFM, XPS, and SPR studies.
The binding affinity and the recognition feasibility of immobilized specific and non-specific peptides were also assessed using elec-
trochemical impedance spectroscopy (EIS), cyclic voltammetry (CV), and differential pulse voltammetry (DPV). The proposed method
can serve as “signal-on” sensor for detection of L-Arg down to 31 pM with broad linear range (0.0001 to 10 uM). Furthermore, the
Fc-conjugated specific peptide sensor was successfully applied to the determination of L-Arg in pig serums with a recovery rate of
97.5~106.9%, and its test results are in good agreement with that of chromatographic instrument, evidencing that the oligopep-
tide-based sensor can be served as a simple and enzyme-free biosensing platform towards L-Arg for future application.
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Report

Background and Originality Content

As elementary units of protein, amino acids are of great
essential in  maintaining specific physiological processes,
participating in neuromodulation, and affecting organ function 2.
Being the most alkaline one, L-arginine (L-Arg) plays an important
role in many biological functions, such as cell division, immune
response, and wound healing 3°. Moreover, low levels of L-Arg
F ve been found being related to tumors, which was a new
organism formed by local tissue cell proliferation under the action
~“ various tumorigenic factors. As one knows, the concentration of
L-Arg in normal human plasma is about 90-150 uM, while
ropresentative plasma concentrations of arginine for patients with

fferent types of cancer are: 76 £ 5 uM for pancreatic cancer, 80 +
3 uM for breast cancer, and 42 + 13 uM for esophageal cancer,
hich are all significantly lower than those of normal levels ®. In
addition, the content of L-Arg also affects the growth rate,
atritional status, and reproductive performance of animals like
pig, fish, and sheep 7. Therefore, it is crucial to develop a highly
sensitive and selective assay for L-Arg in the fields of bioscience
1d health assessment.

Conventional techniques for the assay of L-Arg included high
- arformance liquid chromatography (HPLC) 8, mass spectrometry
(MS) °, ion exchange paper chromatography ° thin-layer
chromatography !, and high temperature paper chromatography
12 etc. However, these methods generally involve rigorous sample
treatment, long analysis time, high cost, low sensitivity, and skilled
operators. Recently, some alternative sensors for monitoring of
" Arg have been well established. For example, utilization of a
functionalized UiO-67 metal-organic frameworks as a fluorescent

2nsor allowed for detection of arginine amino acid with the limit
of detection of 17 nM 3. Cao et al. designed a cationic dansyl
d »rivative-based fluorescence probe and combined it with anionic
arfactant assemblies and Cu?* as a detector for the detection of
arginine . Via the electrostatic interaction between anionic

irfactants and positively charged L-Arg target, a detection limit of
170 nM has been achieved. The level of arginine in real urine
_2mples has been identified by inhibiting the growth of gold
nanoparticles/carbon quantum dots composite using a
~.ww.2nsional optical sensing combined with colorimetric and
fluorometric 1°. Based on the unique guanidino group of arginine
ir duced citrate-capped gold nanoparticles (AuNPs) aggregation at
JH < pl, it has been conducted for visual detection of arginine 1°.
Despite their numerous advantages, above methods involve either
< phisticated synthesis steps, labeling, complicated modification
of the nanoparticles, or strict test conditions. Therefore, it is still
an important and challenging task to develop a simple, rapid, and
= curate method for efficient and cost-effective detection of L-Arg.

With such advantages as convenient operation, good
salectivity, high sensitivity, low cost, and environmental
..endliness, electrochemical sensors have gained increased

interests for detection of nitrogen-containing small molecules 78,
Currently, electrochemical techniques for the assay of L-Arg were
typically based on enzymatic biosensors 122, conducting polymers
23, molecularly imprinted polymers 2%, and nanomaterials 2°. For
example, double enzyme (arginase | and urease) and electroactive
polyaniline (PANi) modified platinum electrode, was applied to the
detection of L-Arg in wine and juice samples, and the detection
limit of L-Arg was 38 uM 2. The recombinant yeast cells that
overproduce human liver arginase | were used for electroanalysis
of L-Arg, exhibiting their good electrocatalytic activity towards
L-Arg, and the detection limit of L-Arg was 85 uM *°. In addition,
the urease immobilized biosensor with an ion-selective field effect
transistor (ISFET) as a transducer was constructed for sensitive
determination of L-Arg with a linear range of 0.1~2.0 mM and a
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detection limit of 0.05 mM 25, However, these enzyme-based
sensors were expensive and chemically unstable, which limited
their application. Therefore, it is necessary to establish highly
sensitive, stable and specific enzyme-free electrochemical sensors
to measure the content of L-Arg in bioscience fields.

Very recently, a chiral sensor with a Pr3*: CaTiO:@Ag@
L-cysteine ternary material has been realized for rapid sensing of
L-arginine and D -arginine enantiomers in an electrochemical cell,
but the detection limit of about 0.1 mM was still insufficient for
real-sample measurement since arginine was expressed at
micromolar or even lower levels in plasma 2°. Singh et al.
fabricated a nanocomposite (PANI/MWCNTs/Fe30,) film modified
glassy carbon electrode for L-arginine in leukemic blood with the
detection limit of 20 uM, and the response time was 20 s 2. Roy et
al. has reported an imprinted polymeric sensor for selective
determination of zinc and arginine using the synthesized
zinc—arginine imprinted polymer mixed with multi-walled carbon
nanotubes modified platinum electrode, and the detection limit of
18 and 15 pg mL™ can be achieved, respectively ?*. Despite of
those advantages, electrochemical sensors by assembling
electrode surfaces with electrocatalytically active materials,
conducting polymers, or molecularly imprinted polymers were still
lack of sufficient selectivity and often interfered by the ingredient
of complex samples.

Interestingly, the oligopeptide is small in size and easy to
synthesize in a cost-efficient manner, and its moiety recognizes its
target analyte in a specific way to mimic hormone-receptor
interactions compared to other biomolecules ?7:28, Recently, some
peptide-based sensors were reported to be used in the
determination of biological species such as proteins 2°, enzymes 3,
bacterial 27, and metal ions 3!, etc. However, as to small molecule
amino acid, there were still really few reports on oligopeptide
molecules used for specific recognition of L-Arg so far. In this work,
we designed a ferrocene (Fc)-conjugated heptadecapeptide
containing a sequence of FGHIHEGY as a specific recognizer for
L-arginine, which was modified with dithiocyclopentane at the
N-terminus and a Fc label at the C-terminus (Scheme 1). Via the
specific interaction of L-Arg target and the electrode surface-
modified Fc-conjugated oligopeptide, an ultralow detection limit
of L-arginine can reach 31 pM. The presented novel enzyme-free
amperometric sensor has been successfully applied to
determination of L-Arg in pig serums which is comparable to that
of an instrumental method, HPLC, indicating its potential
application prospect in life science and animal nutrition fields.
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Scheme 1  Structure of designed Fc-conjugated specific peptide (a) and
Fc-conjugated nonspecific peptide (b).

Results and Discussion

© 2018 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Design of Fc-peptide assembled sensor. Heptadecapeptides
with various sequences were designed by our research group as
shown in Scheme 1, in which the sequence of Fc-conjugated
specific peptide for L-arginine is ferrocene-Gly-Gly-Gly-Gly-Phe

Chin. J. Chem. 2018, XX, 1—X
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-Gly-His-lle-His-Glu-Gly-Tyr-Gly-Gly-Gly-Gly-Lys-(CH;)4-dithiocyclop
entane (Fc-GGGGFGHIHEGYGGGGK-C4-DTCP). As control, other
Fc-conjugated nonspecific peptide has a sequence of ferrocene-
Gly-Gly-Gly-Gly-Ala-Glu-Ala-Glu-Ala-Lys-Ala-Lys-Gly-Gly-Gly-Gly-Lys
(CH)s-dithiocyclopentane (Fc-GGGGAEAEAKAKGGGGK-C4-DTCP).
The Fc-conjugated peptide sequence as shown in Scheme 1
was designed to develop an functional peptide assembled
amperometric biosensor for L-Arg detection based on the
selectivity towards L-Arg, which was resulted from the eight
amino acids with a sequence of FGHIHEGY as their corresponding
b nding sites. It is worth noting that the recognition sequence of
~GHIHEGY for L-Arg has been successfully selected through scale
simulate screening and further verified by isothermal titration
calorimetry (ITC) 3% 33, Ferrocene (Fc) was employed for ending
group modification onto the peptide due to its good
 actrochemical properties and biocompatibility 3*. The presence
of a dithiocyclopentanyl group in the Fc-conjugated specific
~:ptide is conducive to provide a stable adhesion of peptide
molecules onto the gold electrode via the Au-S bonding, avoiding
th e use of any other linking agents, and a spacer of -GGGGK- is
used for keeping molecular flexibility on the gold surface. As a
neutral thiol compound with a high affinity towards the Au
~irface, 6-mercapto-1-hexanol (MCH), is wused to block
macromolecular non-directional adsorption, as well as the use of
~gregation inducers 3°. The specific recognition sequence at the
middle part of the probe is responsible for the formation of
arginine-peptide complex. The molecular recognition mechanism
is based on conformational change of surface-immobilized
peptide induced by the target L-Arg. As shown in Scheme 2, with
introduction of L-Arg, the structure of the immobilized peptide
n-obe is folded and assembled due to the formation of
arginine-peptide complex, leading to a closer electron-transfer
“stance of Fc probe. Without the introduction of the target, the
peptide is shown to partially foothold, thereby restricting electron
tiansfer between the tethered Fc label and the electrode surface.
iterestingly, the change in the electron- transfer distance of Fc
probe is dependent on the target amino acid concentration, thus
“' e sensor serves as a “signal-on” biosensing platform for specific
detection of L-Arg.

With L-Arg

Without L-Arg

\ogw“oﬁoggg

s
« o
DTCP spacer  recognition  linker Fc

0000F 1 cunjugated peptide £ MCH L-Arg

heme 2 Schematic diagram of the peptide-based amperometric bio-
sensor binding with the target L-Arg. In the absence of L-Arg, the
Fc-conjugated peptide is foothold and Fc current is low. Binding of L-Arg to
t" e Fc-conjugated peptide induces a change in confromation leading to an
increase in Fc current.

Characterization of sensing interface. Five important surface
analysis techniques of scanning electron microscope (SEM),
transmission electron microscope (TEM), atomic force microscopy
(AFM), X-ray photoelectron spectroscopy (XPS), and surface
plasmon resonance (SPR) were employed to confirm the surface
immobilization and target recognition with the designed
Fc-peptide on the gold substrate.

The micro-morphology of the Fc-conjugated specific peptide
assembled on gold-coated silicon wafer was evaluated by SEM as

Chin. J. Chem. 2021, 39, XXX—XXX
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Figure 1 Characterization of Fc-conjugated specific peptide assembled
film by using scanning electron microscopy. (A) Bare Au, (B) Fc-conjugated
specific peptide/Au, (C) MCH/Fc-conjugated specific peptide/Au, (D)
L-Arg/MCH/Fc-conjugated specific peptide/Au. Scale bar = 200 nm.

00 03 10 1.5 20 25 00 04 08 12 16
X (um) X (um)
Figure 2 AFM topography (top) and cross-setion (bottom) of bare Au
(A), Fc-conjugated specific peptide/Au (B), MCH/Fc-conjugated specific
peptide/Au (C), and L-Arg/MCH/Fc-conjugated specific peptide/Au (D).
Scale bar = 500 nm.
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presented in Figure 1. There are no external substances adsorbed
on the flat surface of the bare gold (Figure 1A), but some large
agglomerates having diameter of 30~160 nm are formed on it
after the assembly of Fc-conjugated specific peptide (Figure 1B).
Interestingly, after incubation of the MCH onto the sensor
interface, the large agglomerates are dispersed to form small
cocoon-like particles in diameter of about 10~20 nm (Figure 1C)
possibly due to the competitive displacement of the
surface-modified peptide by imposed MCH. The addition of L-Arg
significantly changes the morphology of the agglomerates on the
o ld surface (Figure 1D). The larger agglomerates might also be
ascribed to the interaction between L-Arg and surface-
immobilized peptide. These cocoon-like particles are regathered
into larger aggregates of about 80~150 nm in diameter while
¢ombining with L-Arg.

Surprisingly, the TEM images further confirm that the changes
in the morphology and structure of the Fc-conjugated specific
~:ptide before and after the reaction with L-Arg in solution
(Figure S1 in the Supporting Information). As shown in Figure S1,
the  Fc-conjugated  specific  peptide exhibits irregular
macromolecular polypeptide (Figure S1A and corresponding
enlarged Figure S1E). Upon the addition of L-Arg, an amount of
“-rget L-Arg are adsorbed on the surface of irregular
macromolecular polypeptide via physical adsorption and specific
h'nding (Figure S1B and corresponding enlarged Figure S1F).
witerestingly, after the Fc-conjugated specific peptide probe mixed
with MCH, the irregular macromolecular polypeptide is stretched
to form a silk shape peptide oligomer by imposed MCH (Figure
S1C and corresponding enlarged Figure S1G). Subsequently, after
the incorporation of L-Arg into the resultant solution containing
~2ptide and MCH, the peptide is folded and regathered into larger
spherical agglomerates (Figure S1D and corresponding enlarged
~ gure S1H). Thus, the change in the morphology of the Fc-peptide
before and after the addition of L-Arg is ascribed to the interaction
b=tween the Fc-conjugated specific peptide and L-Arg.

Subsequently, the stereo configurations of the particles were
explored by AFM (Figure 2) which was used to picture the
- ectrode surfaces and to compare the bare gold electrode surface
to those with the different materials. Nanoscope Analysis 1.5 was
'sed, as above-described, for generating images of the modified
electrodes’ surfaces. The cross section tool was used to measure
2ight change along the line labeled in the images. The bare

gold coated silicon wafer has a roughness factor of 0.14 nm,
rc flecting the average height of the surface layer (Figure 2A).
Vhen the Fc-conjugated specific peptide was immobilized on the
gold substrate, some particles could be observed (Figure 2B),
s fficiently illustrating the successful immobilization and
.gglomeration of Fc-conjugated specific peptide on the gold
surface. It can be seen that the height of the spherical peptide
2 semblies is about 2.7~4.9 nm, and the width falls in 60~120 nm,
which is consistent with that in SEM studies demonstrated in
Figure 1B. At the same time, it is further known that the polymer
a spherical structure recessed in the middle, with increased
specific surface area. As shown in Figure 2C, when the gold
surface with agglomerates was immersed in MCH solution for a
siiort period of time, the general sizes of aggregation of the
particles became smaller, whereas the height and width of the
particles are reduced to 0.9~3.9 nm and 40~70 nm, respectively. It
shows that MCH mainly affects the width rather than the height of
the assembled aggregates without configuration changes by
keeping highly linear orientation. Such configuration with well
directional arrangement promotes the interaction or intercontact
between the Fc-conjugated specific peptide agglomerates and the
target, providing much wider binding region. After addition of
L-Arg, it was directed to contact the interface of
MCH/Fc-conjugated specific peptide, resulting further grown
particles about 60~160 nm wide and 4~15 nm high as appeared in

www.cjc.wiley-vch.de
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Figure 3  XPS spectra of bare Au (a), Fc-conjugated specific peptide/Au

(b), MCH/Fc-conjugated specific peptide/Au (c), and
L-Arg/MCH/Fc-conjugated specific peptide/Au (d). Figures S2(A~D) show
the corresponding individual enlarged XPS spectra for (a), (b), (c), and (d).
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Figure 4 Averaged XPS elemental analysis from 10 scans of Fe2p for bare
Au (a), Fc-conjugated specific peptide/Au (b), MCH/Fc-conjugated specific
peptide /Au (c), and L-Arg/MCH/Fc-conjugated specific peptide /Au (d).

Figure 2D. These results are consistent with that of SEM in Figure
1D, further illustrating the formation process and morphological
changes of the oligopeptide composite  assembled
sensing-recognition interface.

Table 1 Binding energy of C, O, N, S, and Fe for different composites

Electrode Binding Energy (eV)

Cls O1ls N1s S2ps,  S2pyip Fe2p
Bare Au 2844 5318 — — — —
Fc-peptide/Au 2845 531.6 3999 1619 163.2 708.0
MCH/Fc-peptide/Au 284.3 531.9 399.6 160.9 161.8  708.0
L-Arg/MCH/Fc-peptid 284.4 5315 399.5 160.9 161.8 707.5

e/Au

2021 SIOC, CAS, Shanghai, & WILEY-VCH GmbH

Elemental analysis of the sensing interface can further prove
that it is the Fc-conjugated specific peptide as the polymer that
bound to the surface of the gold electrode instead of any other
substance else. The changes were characterized by XPS for the
elemental composition of different modified electrodes including
bare Au (a), Fc-conjugated specific peptide/Au (b), MCH/Fc-
conjugated specific peptide/Au (c), and L-Arg/MCH/Fc-conjugated
specific peptide/Au (d) as shown in Figure 3. The presence of C, O,

Chin. J. Chem. 2021, 39, XXX— XXX
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N, S, and Fe peaks initially reveal that the modified surface
contained the elementary composition of Fc-conjugated specific
peptide, their corresponding binding energy data are listed in
Table 1. Comparing with the bare Au (curve a), the distinct peaks
of S2p at around 161.8 eV and N1s at around 399.6 eV for
Fc-conjugated specific peptide/Au (b), MCH/Fc-conjugated specific
peptide/Au (c), and L-Arg/MCH/Fc-conjugated specific peptide/Au
(d) can be clearly seen from the corresponding individual enlarged
XPS spectra as shown in Figures S2A~D in the Supporting
Information, which is related to the formation of S-Au bond and
tl e assembly of peptide 3¢, and a relatively strong peak of Fe2p at
+06.7 eV for the modified electrode with respect to the bare Au is
nhserved. Obviously, the averaged elemental analysis of XPS for
re with 10 scans shows a more clearly peak at 706.7 eV only on
the surface after Fc-conjugated specific peptide assembly (curves
Y ¢, and d) as shown in Figure 4, indicating that the Fc-conjugated
specific peptide containing Fe (Il) is successfully immobilized on
““e surface and the peak of Fe2p is not brought about by any
other substances.

On the other hand, when the Fc-conjugated specific peptide
was incubated on the gold surface, the intensities of peaks of
Au4f, Au5s, Audd, and Audp are significantly decreased (curve b)
with respect to the bare Au (curve a) as seen from Figure 3. It is
due to successful binding of the Fc-conjugated specific peptide to
t' e gold substrate and also preventing the electrons of Au atom to
cscape outside becoming free electrons. When the MCH was
bound to the Fc-conjugated specific peptide/Au interface, the
intensities of the Au peaks are significantly increased on the
contrary (curve c), indicating that the surface competitions
between MCH and Fc-conjugated specific peptide lead to a certain
~mount of replacement of Fc-conjugated specific peptide by small
IVICH molecules, while the remaining Fc-conjugated specific

2ptide in less quantity still standing on the Au surface with well
orientation with firmly sticking ability. These outcome from XPS
siudy can also be proven by the above discussed AFM and SEM
_sults.

Interestingly, the binding energy of oxygen for electrodes
- odified with different composites have been explored as 531.8,
531.6, 531.9, and 531.5 eV, respectively (Table 1). Obviously, the
“inding energy of O1ls for the sensing interface of
M.CH/Fc-conjugated specific peptide/Au decreased 0.4 eV (from

eV to 531.5 eV) after contacting the target molecule of
L-Arg, that is due to the electron cloud density of the oxygen
ircreased leading to their increased electronegativity. This
~ronounces the interaction between binding sites on the specific
sequence of oligopeptide chains and the target L-arginine,
li ‘ewise via the weak hydrogen bonds of O—H::-:O and O—H---N.
unambiguous evidences for the L-Arg recognition process via SPR
examination are revealed as shown in Figure S3, besides the
2 )ove-mentioned SEM and AFM study.

Using SPR biosensors, the combination of Fc-conjugated

snecific peptide and L-Arg was investigated upon injection of

fferent concentration of L-Arg on the Au sensor chips
pre-immobilized with Fc-conjugated specific peptide and MCH
(Figure S3). It can be clearly seen that the equilibrium analyses
were in good agreement with the calibration curve. The
MCH/Fc-conjugated specific peptide/Au responses to the injected
L-Arg at a volume of 100 pL and flow rate of 40 uL/min. The
changes in an SPR signal at equilibrium (Req) for the
MCH/Fc-conjugated specific peptide/Au at L-Arg concentrations of
0.5, 1.0, and 10 uM were 1.29, 2.07, and 3.09 mDeg, respectively.
From these results, the kinetic parameters kg of (6.1 + 0.1) x 10*
s7!, k, of (8.1 £ 0.3) x10® Mts™, and Kp of (75.4 £ 0.5) nM are
obtained, and such a nanomolar Kp values indicates that the
peptide aptamer has the strong binding capability to L-Arg.
Therefore, the peptide aptamer-based sensor developed in this
study is really specific for L-Arg.

Chin. J. Chem. 2021, 39, XXX—XXX
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Figure 5 DPV curves of the bare Au electrode in 10 mM PBS buffer of pH
7.4 (a) and the buffer containing L-Arg (b). DPV curves of the
MCH/Fc-conjugated specific peptide/Au in 10 mM PBS buffer of pH 7.4 (c)
and the buffer containing L-Arg (d). DPV curves of the MCH/Fc-conjugated
control peptide/Au in 10 mM PBS buffer of pH 7.4 (e) and the buffer con-

taining L-Arg (f). The concentration of L-Arg is 1.0 pM.

Electrochemical characterization. The stepwise assembly of
the gold electrode was characterized by using electrochemical
impedance spectroscopy (EIS) and cyclic voltammetry (CV). As
shown in Figure S4A in the Supporting Information, a pair of
obviously reversible redox peaks at the bare gold surface is
observed, suggesting a fast electron transfer (curve a). After
assembling of the electrode with Fc-conjugated specific peptide,
the corresponding peak currents become inconspicuous, which
can be due to the nonconductive Fc-conjugated specific peptide
bound to the modified electrode as an insulating film to inhibit
electron transfer and hamper the redox probe of [Fe(CN)g]37*
close to the gold surface (curve b). When the Fc-conjugated
specific peptide modified electrode was further incubated with
MCH (curve c), leading to a slight decreased in the peak currents
which might be ascribed to the competitive displacement of the
unspecific attachment of peptide probe by MCH. The results were
further confirmed by EIS (Figure S4B). In comparison with the bare
Au (Ret=0.32 kQ, curve a), and that of the peptide after adsorption
to the surface of the gold electrode exceeded Re:t to 55 kQ.
Subsequently, blocking of the resultant electrode with MCH yields
Ret of 46 kQ. The EIS data are consistent with the CV results,
indicating that the peptide was successfully immobilized on the
gold surface through S-Au bonds, providing further evidence for
the formation of an insulating peptide layer atop the gold surface.

The differential pulse voltammetry (DPV) behaviors of the
bare Au and the MCH/Fc-conjugated specific peptide/Au
electrodes in 10 mM PBS solution without or with 1.0 uM L-Arg
were examined in detail (Figure 5). Seen from Figure 5, the bare
Au electrode has no obvious redox peaks in either PBS (curve a) or
L-Arg (curve b) solutions. Interestingly, there is a tiny reduction
peak current at a potential of 0.28 V for the MCH/Fc-conjugated
specific peptide/Au electrode in 10 mM PBS buffer of pH 7.4
without L-Arg (curve c), corresponding to the reduction of
ferrocene of Fc-conjugated specific peptide. Upon the
introduction of L-Arg (curve d), a much large reduction peak
current was obtained at a potential of 0.18 V with 0.1 V
decreased, indicating successful combination of L-Arg on the
surface of Fc-conjugated specific peptide modified electrode. The
increased current of curve d is ascribed to the formation of
complex between L-Arg and 8-aa residues on the Fc-conjugated
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specific peptide, which induces the folding of the peptide resulting
in closer electron-transfer distance. As compared to the
MCH/Fc-conjugated specific peptide/Au electrode, a similar
reduction peak current in the case of PBS buffer (curve e) was
obtained at the MCH/Fc-conjugated nonspecific peptide/Au
electrode.  After incorporation of L-Arg onto the
MCH/Fc-conjugated nonspecific peptide/Au electrode, the
reduction peak current in curve f was the same as that in curve e,
suggesting that non-specific adsorption of L-Arg is negligible.
Therefore, the Fc-conjugated specific peptide-based sensor can be
s rved as an efficient way for specific recognition of the target
_-Arg.

In summary, the interesting configuration of the
rc-conjugated specific peptide with middle-recessed spherical
particles promotes the binding of the Fc-conjugated specific
 »ptide to the target L-Arg, leading to highly selective detection of
L-Arg from such Fc-conjugated specific peptide-based biosensor.

Effect on scan rates. The peak currents and potentials of
N'CH/ Fc-conjugated specific peptide/Au varied with different
scan rates were examined by using cyclic voltammetry in 10 mM
PBS (pH=7.4) containing 1.0 uM L-Arg (Figures S5A, B, and C). It
~n be seen that the reduction peak current is positively
correlated with the scan rate and the linear regression equation
oin be fitted as /,a = -0.02353v + 3.439 (R = 0.9988) (Figure S5B),
which indicated an adsorption control process that the reduction
peak of ferrocene on the surface of the restored modified
electrode. As shown in Figure S5C, the reduction peak potential of
ferrocene increases linearly with increasing logarithm of the scan
rate, and the regression equation can be expressed as Eps =
004815 Igv + 0.3465 (R = 0.9972), theoretically corresponding to
the Laviron equation 37 as follow:

2.303RT, RTKk" 2.303RT
lg + lgv

— g _
anF anF (1)

Epa anF
where, Epq, E%, @, n, T, R, F, k% v represent the oxidation peak
~Htential, formula potential, electron transfer coefficient, electron
transfer number, temperature, gas molar constant, Faraday
onstant, standard out-of-phase electron transfer rate constant,
and scan rate, respectively. A value of a-n = 0.52 was obtained
comparing with the above regression equation. Since the
value of « is equal to 0.4~0.6 for irreversible electrode reactions,
n -1 can be calculated accordingly. Therefore, it can be concluded
nat the number of electrons transferred during the reduction of
ferrocene is about 1, and the number of transferred protons is
asol.

Analytical performance of the proposed biosensor for L-Arg.
L 1der the optimal condition, the analytical performance of the
Jroposed biosensor was evaluated by determining different
concentrations of L-Arg samples with DPV (Figure 6). It can be

'en that DPV peak current signals increased with the increasing
concentration of L-Arg. The inset shows that this biosensor
exhibited a wide linear range from 0.0001 to 10 puM with an
uitra-low detection limit of 31 pM (S/N=3). The corresponding
regression equation can be expressed as Alp, = 0.2253 IgC + 3.014
(R = 0.9943). It is worth noting that the change of reduction peak
current at each concentration was obtained by subtracting the
background response, as depicted by curves f of Figure 5. Thus,
quantitative determination of L-Arg levels in pig serum could be
achieved with high specificity and selectivity.

Comparing the MCH/Fc-conjugated specific peptide/Au
prepared herein with other analytical methods reported using
different materials 16 19-26: 38,39 35 shown in Table S1, it can be seen
that the Fc-conjugated specific peptide biosensor in this work
pronounces more excellent properties with lower detection limit,
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Figure 6 DPV response curves of MCH/Fc-conjugated specific pep-

tide/Au in 10 mM PBS (pH=7.4) containing different concentrations of
L-Arg. The inset shows a linear corresponding relationship between the
background-subtracted reduction peak currents (A/,;) and the concentra-
tions of L-Arg. a->f: 0.0001, 0.001, 0.01, 0.1, 1.0, 10 pM.

especially than not only the spectrophotometry & 22 and
fluorometry 22 38 3% put also the enzyme-based methods 1°-23 26,

Reproducibility, repeatability and stability. To evaluate the
reproducibility of the proposed MCH/ Fc-conjugated peptide/Au,
six different modified electrodes prepared under the same
procedure condition were employed for parallel testing. The value
of relative standard deviation (RSD) is 2.7% for 1.0 uM L-Arg by
using the six electrodes, indicating that the Fc-peptide biosensor
possesses good reproducibility. To evaluate the repeatability, six
parallel experiments were performed in the presence of 1.0 uM
L-Arg. The results show that the RSD value of the reduction peak
currents is 2.3%, showing good repeatability. Moreover, the
electrodes were freshly prepared and used for long-term
monitoring in 1.0 uM L-Arg solution. The current responses of
these electrodes for L-Arg remained 87% after one week,
indicating that the stability of the electrode is good and
acceptable.

Interference  studies. To examine the  sensor’s
anti-interference from coexisting substance with similar structure,
other amino acids such as L-isoleucine (L-lle), L-lysine (L-Lys),
L-glycine (L-Gly), L-glutamic acid (L-Glu), L-histidine (L-His),
L-phenylalanine (L-Phe), L-alanine (L-Ala), L-proline (L-Pro),
L-threonine (L-Thr), L-glutamic Acid (L-GIn), L-valine (L-Val),
L-tryptophan (L-Trp), L-tyrcsine (L-Tyr), L-aspartic acid (L-Asp),
L-leucine (L-Leu), and L-methionine (L-Met) were test (Figure S6).
It is apparent that the interferences caused by those 50-fold
concentration amino acids are tiny or neglectable for L-Arg
detection, while methionine serves as an S-containing amino acid
that can be deposited on the gold electrode surface results in the
current value decreased by 18%. In order to further eliminate the
interference of the sensing system, the use of the MCH/
Fc-conjugated nonspecific peptide/Au electrode in case of L-Arg
and 50-fold concentration of other amino acids mixture results in
a negligible peak current, suggesting the coexisting substance
does not interfere with L-Arg assay.

Analytical application with real sample detection. To verify
the practical applicability of MCH/Fc-peptide/Au, the fabricated
electrodes were used to detect L-Arg in real samples of pig serums
and compared with commercial instruments such as the Agilent
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1260 HPLC. As shown in Table 2, the results from the oligopeptide
modified electrodes are consistent with those obtained by the
HPLC method. Moreover, the recovery rates were found to be in
the range from 97.5% to 106.9%, and the corresponding RSD is
less than 4.6% (n = 5), demonstrating its applicable reliability.
Therefore, this method can be well used for the quantitative
determination of L-Arg in real serum samples.

Table 2 Determination of L-Arg in pig serums with corresponding recov-
ery rate.

Chin. J. Chem.

Measurement of pig serum samples. All pig serums were
obtained from Institute of Subtropical Agriculture, Chinese
Academy of Sciences (Changsha, China), and approved by the
Animal Care and Use Committee of Changsha University of
Science and Technology. The collection and use of pig serums
follows the procedures previously reported by our group 7. The
content of L-Arg in pig serums were determined using the
modified electrode and a commercially available HPLC instrument.
The procedure for HPLC analysis of L-Arg in pig serums were in
accordance with the previously reported 7.

Supporting Information

No. HPLC This RE Spiked Found Re- RSD
(uM) method (%) (uM) (uM) cover (%)
(um) y
(%)
1 0.6278 0.6377 +1.6 0.2000 0.8285 100.3 3.4
2 0.9891 1.077 +8.9 0.2000 1.524 1069 2.3
3 1.166 1.226 +5.2 0.2000 3.684 100.7 4.6
4 1.520 1.498 -1.4 0.2000 2.513 99.3 2.5
5 2.234 2.205 -1.2 0.2000 4.184 97.5 3.7

The supporting information for this article is available on the
WWW under https://doi.org/10.1002/cjoc.202 1XXXXX.
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An enzyme-free amperometric sensor based on a Fc-conjugated specific peptide self-assembling on gold surface is proposed for highly selective detec-
tion of L-arginine. The sensing mechanism is based on the specific interaction between L-arginine and surface-immobilized peptide, which induces the
change in conformation of peptide probe resulting in the electrochemical signal generation. The novel sensing protocol serves as a simple and en-
zyme-free biosensing platform for specific detection of L-Arg in future applications.
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