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Accurate detection of SARS-CoV-2 spike (SARS-CoV-2-S) protein is of clinical significance for early diagnosis and
timely treatment of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Herein, a surface molecu-
larly imprinted miniature biosensor was fabricated. Au nanoparticles (AuNPs), reduced graphene oxide (rGO),
poly(methylene blue)/poly(ionic liquids) and poly(ionic liquids) were successively electrodeposited onto the
pinpoint of an acupuncture needle (AN). The molecularly imprinted miniature biosensor was obtained after the

template of SARS-CoV-2-S protein was removed, which could be used for sensitive detection of SARS-CoV-2-S
protein. The linear range and limit of detection (LOD) were 0.1 ~ 1000 ng mL™* and 38 pg mL™}, respec-
tively, which were superior to other molecularly imprinted biosensors previously reported. The developed
miniature biosensor also exhibited high specificity and stability. The reliability of the biosensor was evaluated by
the detection of SARS-CoV-2-S protein in clinical serum samples.

1. Introduction

The worldwide spread of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) has posed a serious threat to global public
health in the past two years [1,2], and thus early diagnosis of SARS-CoV-
2 is of significant importance for human health and global economy.
Reverse transcription-polymerase chain reaction (RT-PCR) [3] and the
detection of IgG/IgM in whole blood or serum [4] are the two main
methods used for the diagnosis of SARS-CoV-2. However, RT-PCR has
inevitable limitations such as high cost, time-consumption and trained
personnel requirement [5], while the detection of IgG/IgM has little
significance for clinical diagnosis due to the positive specific antibodies
in vaccinated individuals [6]. Recently, the detection of SARS-CoV-2
specific antigens such as nucleoprotein [7,8] and spike protein [9,10]
has provided the possibility of early diagnosis of SARS-CoV-2. Espe-
cially, SARS-CoV-2 spike (SARS-CoV-2-S) protein plays a crucial role in
the cell entry of coronaviruses [11], and thus SARS-CoV-2-S protein is

* Corresponding authors.

considered as one of the most important specific antigens for the
detection of SARS-CoV-2.

Electrochemical methods have attracted considerable attention in
medical applications due to their low cost, high sensitivity and ease of
operation [12,13]. Compared with conventional glassy carbon elec-
trodes (GCE) and Au/Pt disk electrodes, stainless steel acupuncture
needle (AN) has small size with a superfine pinpoint and good conduc-
tivity, which is a competent candidate to be used as the electrode sub-
strate for the construction of miniature electrochemical sensing
platforms for in vivo analysis [14-16].

Molecular imprinting technology can be used for the detection of
specific targets based on the imprinted sites formed within the molec-
ularly imprinted polymers (MIPs) [17,18], and it displays enhanced
stability and affinity over conventional aptasensors [19]. Among the
developed molecular imprinting strategies, surface imprinting is
particularly suitable for protein imprinting due to its high binding ca-
pacity and easy removal of protein templates [20].
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Schematic 1. Schematic illustration showing the fabrication of the miniature electrochemical biosensor and the principle of SARS-CoV-2-S protein detection.
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Fig. 1. Cyclic voltammograms during the simultaneous electropolymerization
of MB and [Bvim]Br on the surface of rGO/AuNPs/AN for 15 cycles in 0.1 M
PBS containing 2.0 mM MB, 1.0 mM [Bvim]Br and 0.1 M Na,SO4 (pH = 8.2).
Scan rate, 50 mV s7L

Room temperature ionic liquids (RTILs) are usually molten salts
comprised of anions and cations [21]. Due to their high thermal stability
and exceptional chemical properties, RTILs have been widely used for
various biochemical applications related to proteins, enzymes and
amino acids [22-24]. More importantly, RTILs containing vinyl or
pyrrolidinyl groups can be polymerized, and the resultant poly(ionic
liquids) (PILs) can be used as the potential MIPs in the process of surface
imprinting [25].

Herein, a molecularly imprinted miniature electrochemical
biosensor was developed for the detection of SARS-CoV-2-S protein. Au
nanoparticles (AuNPs), reduced graphene oxide (rGO), poly(methylene
blue)/PILs and PILs were successively electrodeposited onto the tip of
the AN. The use of AuNPs and rGO can increase the electroactive surface
area of AN and provide n-n interactions with poly(methylene blue)
(PMB)/PILs, respectively. The template of SARS-CoV-2-S protein can be

60
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Fig. 2. Cyclic voltammograms during of a second electropolymerization of
[Bvim]Br on the surface of PMB/P[Bvim]Br/rGO/AuNPs/AN for 5 cycles in
0.01 M PBS containing 20 mM [Bvim]Br (pH = 7.4). Scan rate, 80 mV sL.

immobilized onto the electrode surface through electrostatic in-
teractions [26], which can be further removed with phosphate buffer
saline (PBS) containing 5 % (v/v) methanol. The obtained molecularly
imprinted miniature biosensor was used for sensitive and selective
detection of the SARS-CoV-2-S protein. In addition, the developed
miniature biosensor could be successfully used in the detection of SARS-
CoV-2-S protein in the clinical serum samples by standard addition
method.

2. Experimental section
2.1. Materials and reagents
Acupuncture needle (AN, 0.25 x 40 mm) was obtained from Suzhou

Medical Supplies Co., ltd. (Suzhou, China). Tetrachloroauric(III) acid
trihydrate (HAuCly-3H20) and r-phenylalanine (1-Phe) were received
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Fig. 3. SEM images of AN (A) and AuNPs/AN (B). (C) EDS of AuNPs/AN. Inset of (B) is the size distribution of AuNPs.

from Sinopharm Chemical Reagent Co., ltd. (Shanghai, China). Methy-
lene blue (MB), 1-vinyl-3-butylimidazolium bromide ([Bvim]Br) were
obtained from Yien Chemical Technology Co., ltd. (Shanghai, China).
SARS-CoV-2-S protein dissolved in 0.02 M PBS containing 150 mM NaCl
(pH = 7.4) was received from Yibaixin Biotechnology Co., ltd. (Hang-
zhou, China). Bovine serum albumin (BSA), glutathione (GSH) and -
tryptophan (1-Trp) were purchased from Aladdin Chemical Reagent Co.,
1td. (Shanghai, China). Graphene oxide (GO) and immunoglobulins (IgG
and IgM) were purchased from Xianfeng Nanomaterial Technology Co.,
1td. (Nanjing, China) and Solarbio Technology Co., ltd. (Beijing, China),
respectively. Human serum samples were obtained from Changzhou
No.3 People’s Hospital, and the experiments involving them were car-
ried out in line with the institutional guidelines of Changzhou/Jiaxing
University and consent was obtained for their use from Changzhou No.3
People’s Hospital. Other reagents not mentioned were of analytical
grade. All aqueous solutions were prepared with ultrapure water (18.2
MQ-cm) produced by a Milli-Q purification system (Merck, Germany).
Scanning electron microscopy (SEM) characterizations of different
samples were conducted on a Sigma 500 scanning electron microscope
(Zeiss, Germany). All electrochemical measurements were carried out
with a CHI 660E electrochemical workstation (Shanghai Chenhua In-
struments Co., 1td., China).

2.2. Fabrication of PMB/PILs/rGO/AuNPs/AN

First, AN was pretreated by the method previously reported [27]. In a
typical procedure, AN was cleaned successively in water and ethanol by
ultrasonication and dried in ambient air, and then the needle body was
covered by a layer of isolated epoxy resin with 5 mm space from the
pinpoint left for modification.

Electrodeposition of AuNPs on the AN pinpoint was carried out in a
2.5 mM HAuCly solution at a constant potential of 0.8 V for 100 s. The
AuNPs modified AN (AuNPs/AN) was used as the substrate for the
deposition of rGO, which was conducted in a 1.0 mg mL~! GO solution

at a negative potential of —1.4 V for 600 s, and the obtained electrode
was denoted as rGO/AuNPs/AN. After that, the deposition of PMB and
PILs on the rGO/AuNPs/AN surface was achieved via simultaneous
electropolymerization of MB and [Bvim]Br by cyclic voltammetry (po-
tential range: 0.8 ~ 1.2 V) for 15 cycles (scan rate: 50 mV s71), and the
electrolyte used was 0.1 M PBS containing 2.0 mM MB, 1.0 mM [Bvim]
Brand 0.1 M NaySO4 (pH = 8.2). The obtained electrode was rinsed with
0.1 M PBS (pH = 8.2) to remove the free [Bvim]Br and MB, which was
denoted as PMB/P[Bvim]Br/rGO/AuNPs/AN.

2.3. Fabrication of molecularly imprinted miniature biosensor

The PMB/P[Bvim]Br/rGO/AuNPs/AN was incubated in the solution
of SARS-CoV-2-S protein (50 pg mL 1) for 2 h to introduce SARS-CoV-2-
S protein as the template, and then the [Bvim]Br was electro-
polymerized again on the electrode surface by cyclic voltammetry (po-
tential range: -0.5 ~ 1.2 V) for 5 cycles at a scan rate of 80 mV s~!
(electrolyte: 0.01 M PBS + 20 mM [Bvim]Br). P[Bvim]Br deposited on
the surface of PMB/P[Bvim]Br/rGO/AuNPs/AN could function as the
MIPs, and the free [Bvim]Br was removed by 0.1 M PBS of pH 7.4. After
that, the SARS-CoV-2-S protein template was eluted with 0.1 M PBS (pH
= 5.0) containing 5 % (v/v) methanol for 40 min, and the molecularly
imprinted miniature biosensor (MI/PMB/P[Bvim]Br/rGO/AuNPs/AN)
was obtained. For control experiments, non-imprinted miniature
biosensor (NI/PMB/P[Bvim]Br/rGO/AuNPs/AN) was also fabricated by
the same procedures without the addition of the SARS-CoV-2-S protein
template.

2.4. Detection of SARS-CoV-2-S protein with the miniature biosensor

The as-fabricated miniature biosensor was incubated in the solution
of 0.02 M PBS (pH = 7.4) containing 150 mM NacCl and different con-
centrations of SARS-CoV-2-S protein at 4 °C for 30 min for the rebinding
of the SARS-CoV-2-S protein, and the unbound SARS-CoV-2-S protein
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Fig. 4. Cyclic voltammograms (A) and EIS (B) of AN (a), AuNPs/AN (b) and rGO/AuNPs/AN (c) in 0.1 M KCl containing 5.0 mM [Fe(CN)6]3’/ - © Square wave
voltammograms of PMB/P[Bvim]Br/rGO/AuNPs/AN (a), P[Bvim]Br/PMB/P[Bvim]Br/rGO/AuNPs/AN (b), MI/PMB/P[Bvim]Br/rGO/AuNPs/AN (c) and MI/PMB/P
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Fig. 5. Square wave voltammograms of PMB/P[Bvim]Br/rGO/AuNPs/AN (a),
NI/PMB/P[Bvim]Br/rGO/AuNPs/AN before (b) and after (c) the removal of the
template in 0.1 M PBS of pH 7.4.

was rinsed with 0.02 M PBS containing 150 mM NaCl. After that, the
rebound SARS-CoV-2-S protein was detected by square wave voltam-
metry in 0.1 M PBS of pH 7.4 at room temperature, and the concen-
tration of the SARS-CoV-2-S protein was obtained according to the
decrease in the peak currents of PMB. The fabrication of the miniature
electrochemical biosensor and the principle of SARS-CoV-2-S protein

detection are illustrated in Schematic 1.
3. Results and discussion
3.1. Simultaneous electropolymerization of MB and [Bvim]Br

First, AuNPs are anchored to the AN pinpoint through electrodepo-
sition according to the following reactions: (1) HAuCly - H' 4 AuCly,
(2) AuCly + 3e” — Au + 4Cl™ [28], and the deposited AuNPs can in-
crease the electroactive surface area of AN. After that, electrochemical
reduction of GO with a lamellar structure (Fig. S1) is carried out at -1.4
V [29] for the electrodeposition of rGO on the surface of AuNPs/AN,
which can provide n-r interactions with PMB/PILs. The cyclic voltam-
mograms (CVs) during the simultaneous electropolymerization of MB
and [Bvim]Br on the surface of rGO/AuNPs/AN are shown in Fig. 1.
There are three pairs of redox peaks on the CVs. Among them, O1/R;
(-0.12/-0.23 V) and O5/R5 (0.87/0.53 V) are related to the redox of MB,
while O3/R3 (1.04/0.39 V) is due to the redox of [Bvim]Br. The peak
currents decrease gradually when the electropolymerization is carried
out from the 1st to the 15th cycle. The product of P[Bvim]Br can be used
for the immobilization of the SARS-CoV-2-S protein template through
electrostatic attraction, since the SARS-CoV-2-S protein (isoelectric
point: 6.78) is negatively charged in PBS of pH 7.4 while the [Bvim] is
positively charged. Another product of PMB can function as the signal
probe for the following detection of the SARS-CoV-2-S protein.
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3.2. Electropolymerization of [Bvim]Br on the surface of PMB/P[Bvim]

Br/rGO/AuNPs/AN as MIPs

A second electropolymerization of [Bvim]Br is carried out to form
the MIPs on the surface of PMB/P[Bvim]Br/rGO/AuNPs/AN, and the
CVs are presented in Fig. 2. The O;1/R; redox peaks on the first circle
(-0.22/-0.41 V) correspond to the redox of PMB, which disappear
gradually from the 2nd to the 5th cycle owing to formation of P[Bvim]Br
on the electrode surface. Another pair of redox peaks (O2/Ry) at 1.04/
0.39 V is related to the redox of [Bvim]Br, agreeing well with that shown
in Fig. 1. The layer of P[Bvim]Br deposited on the surface of PMB/P
[Bvim]Br/rGO/AuNPs/AN functions as the MIPs in the process of surface

imprinting.

3.3. Morphology characterization and elemental analysis

The SEM images of AN and AuNPs/AN are presented in Fig. 3A and

B, respectively. The AN exhibits a highly polished surface, while well-
distributed AuNPs with an average size of ~60 nm can be observed on
the surface of AuNPs/AN. Fig. 3C is the energy dispersive X-ray spec-
troscopy (EDS) of AuNPs/AN, revealing the existence of Cr, Mn, Ni, Fe
(from AN itself) and Au elements. Especially, the appearance of Au
element further confirms the deposition of AuNPs on the surface of AN,
which can provide a layer with large surface area and high electric
conductivity for the subsequent modification [30]. The results of
elemental mapping also demonstrate the successful introduction of

AuNPs to the surface of AN (Fig. S2).
Fig. S3A shows the SEM image of rGO/AuNPs/AN, and wrinkled and
stacked rGO sheets appear on the surface of AuNPs/AN. After the
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Fig. 7. (A) Square wave voltammograms of the miniature biosensor after incubation in the solution of 0.02 M PBS (pH = 7.4) containing 150 mM NaCl and different
concentrations of SARS-CoV-2-S protein (0, 0.1, 0.5, 1.0, 5.0, 10, 50, 100, 500 and 1000 ng mL™Y) at 4 °C for 30 min. (B) Linear relationship between the value of (I, -

I3)/1, and the logarithm value of the concentration of SARS-CoV-2-S protein.

Table 1
Comparison of the developed miniature biosensor with other biosensors previ-
ously reported for the detection of SARS-CoV-2-S protein.

Biosensor Linear range LOD Reference

MIP/DTSSP"/4-ATP"/Au- 2.0~145pgmL™!  1.12pg [91
TFME® mL~!

AuNPs/carbon cloth 0~1000ngmL~*  110pgmL~'  [19]¢

AuNPs/carbon cloth 0 ~ 1000 ng mL ™! 37.8ng [191¢

mL~!
MIP/MP-Au-SPE’ 2.0 ~40.0pgmL™! 0.7pgmL™!  [32]
AN biosensor 0.1 ~ 1000 ng 38 pgmL ! This work
mL~!

@ DTSSP: 3,3'-dithiobis (sulfosuccinimidyl propionate).

> 4.ATP: 4-aminothiophenol.

¢ Au-TFME: Au thin-film metal electrode.

4 by differential pulse voltammetry.

¢ by chronopotentiometry

f MP-Au-SPE: macroporous gold screen-printed electrode.

simultaneous electropolymerization of MB and [Bvim]Br, a layer of PMB
embedded with the P[Bvim]Br nanospheres can be clearly observed
(Fig. S3B). The SEM images of P[Bvim]Br/PMB/P[Bvim]Br/rGO/AuNPs/
AN and MI/PMB/P[Bvim]Br/rGO/AuNPs/AN are shown in Fig. S3C and
D, respectively. As can be seen, the removal of the SARS-CoV-2-S protein
template roughens the surface of MI/PMB/P[Bvim]Br/rGO/AuNPs/AN,
which might be ascribed to the formation of imprinted cavities within
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the miniature biosensor.

3.4. Electrochemical behaviors of different electrodes

Step-by-step modification of AN can be further confirmed by the CVs
and the electrochemical impedance spectroscopy (EIS). Fig. 4A shows
the CVs of AN, AuNPs/AN and rGO/AuNPs/AN in 0.1 M KCI containing
5.0 mM [Fe(CN)ﬁ]B’/ 4= The AN displays rather low peak currents
(curve a) owing to the seriously inhibited heterogeneous electron
transfer process of the Fe(CN)6]3’/ 4~ redox probe by the steel material.
The peak currents increase significantly at the AuNPs/AN (curve b),
which is most likely due to the enhanced heterogeneous electron
transfer after the electrodeposition of AuNPs. However, the peak cur-
rents decrease a little at the rGO/AuNPs/AN (curve c), which might be
ascribed to the fact that only a fraction of GO which has low conductivity
is transformed to rGO by electrochemical reduction. The results of EIS
(Fig. 4B) agree well with those of the CVs. The charge transfer resistance

Table 2

Detection of SARS-CoV-2-S protein in three clinical serum samples.
Determined Added Found (ng mL™") RSD Recovery
(ng mL™Y) (ng mL™h) (n=3)
0 10 9.44 £+ 0.04 0.41 94.4 %
0 30 30.60 + 0.20 0.66 102.0 %
0 50 50.65 + 0.51 1.00 101.3 %

8

[®)

15

7 10
t/d

Fig. 8. Evaluation of specificity (A) and stability (B) of the developed miniature biosensor.
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(Rcp) denoted by the diameter of the suppressed semicircle at high fre-
quency of AuNPs/AN (22 Q) is significantly smaller than those of rGO/
AuNPs/AN (95 Q) and AN (1.8 x 107 Q). Fig. 4C shows the square wave
voltammograms (SWVs) of different electrodes in 0.1 M PBS (pH = 7.4).
Due to the oxidation of PMB, there is a huge oxidation peak on the SWVs
of PMB/P[Bvim]Br/rGO/AuNPs/AN (curve a). After the immobilization
of the SARS-CoV-2-S protein template and the subsequent deposition of
P[Bvim]Br, the peak currents decrease remarkably at the P[Bvim]Br/
PMB/P[Bvim]Br/rGO/AuNPs/AN due to the poor conductivity of SARS-
CoV-2-S protein and P[Bvim]Br (curve b). The peak currents increase
after the SARS-CoV-2-S protein template is eluted (curve c), which might
be attributed to the facilitated charge transfer caused by the imprinted
cavities, and the peak currents decrease again after the SARS-CoV-2-S
protein in the solution is captured by the imprinted cavities (curve d).
The R values of these electrodes are arranged in such an order: PMB/P
[Bvim]Br/rGO/AuNPs/AN (258 Q) < MI/PMB/P[Bvim]Br/rGO/AuNPs/
AN (382 Q) < MI/PMB/P[Bvim]Br/rGO/AuNPs/AN + SARS-CoV-2-S
protein (1334 Q) < P[Bvim]Br/PMB/P[Bvim]Br/rGO/AuNPs/AN (2248
Q) (Fig. 4D), agreeing well with the results shown in Fig. 4C. For NI/
PMB/P[Bvim]Br/rGO/AuNPs/AN, the peak currents of PMB vary little
before and after the removal of the template (Fig. 5), which is due to the
absence of the imprinted cavities within the NI/PMB/P[Bvim]Br/rGO/
AuNPs/AN.

3.5. Optimization of parameters

To achieve the sensitive detection of SARS-CoV-2-S protein, several
important parameters are optimized. For comparison, the peak currents
of PMB/P[Bvim]Br/rGO/AuNPs/AN, MI/PMB/P[Bvim]Br/rGO/AuNPs/
AN and MI/PMB/P[Bvim]Br/rGO/AuNPs/AN with rebound SARS-CoV-
2-S protein on the SWVs are defined as I;, I, and I3, respectively.
Fig. 6A shows the relationship between I; and the cycling number for the
simultaneous electropolymerization of MB and [Bvim]Br. The highest I;
is achieved when the polymerization is carried out for 15 cycles, which
is most likely due to the blocked electron transfer by the excess PMB
thickness after 15 cycles [31]. Since the sensitivity is closely related to
the peak currents of PMB, the optimized cycling number is chosen as 15
for the highest sensitivity. The incubation time of PMB/P[Bvim]Br/rGO/
AuNPs/AN in the solution of SARS-CoV-2-S protein is also optimized,
and the results are shown in Fig. 6B. The value of I, reaches the
maximum at the incubation time of 2 h, which might be ascribed to the
saturated imprinted cavities within the MI/PMB/P[Bvim]Br/rGO/
AuNPs/AN. That is to say, the immobilization of the SARS-CoV-2-S
protein template via electrostatic interactions can reach saturation
after the incubation for 2 h. The relationship between I, and the cycling
number for the electropolymerization of [Bvim]Br is presented in
Fig. 6C. As can be seen, the value of I, decreases remarkably when the
polymerization exceeds 5 cycles, which is due to the fact that the elution
of the template becomes difficult with excess P[Bvim]Br thickness.
Therefore, the electropolymerization of [Bvim]Br as the MIPs is carried
out for 5 cycles. Fig. 6D shows the influence of elution time on the value
of Io. The value of I, increases with increasing elution time and varies
little after 30 min, indicating that 30 min is enough for the removal of
the SARS-CoV-2-S protein template. Fig. 6E shows the relationship be-
tween I3 and the rebinding time of the SARS-CoV-2-S protein. No
decrease in I3 is observed at the rebinding time of 30 min, suggesting
that the imprinted cavities are almost completely occupied by the SARS-
CoV-2-S protein after 30 min.

3.6. Detection of SARS-CoV-2-S protein

Under the optimized conditions, the miniature electrochemical
biosensor is used for the detection of SARS-CoV-2-S protein. Fig. 7A
shows the SWVs of the miniature biosensor after incubation in the so-
lution containing different concentrations of SARS-CoV-2-S protein. As
can be seen, the peak currents of PMB decrease gradually with
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increasing concentration of SARS-CoV-2-S protein. The decreased cur-
rents of PMB can be due to the fact that with increasing concentration of
SARS-CoV-2-S protein, the imprinted cavities within the miniature
biosensor are gradually occupied by the SARS-CoV-2-S protein in the
solution, leading to blocked electron transfer during the oxidation of
PMB. There is a good linear relationship between the value of (I3 - 13)/I5
and the logarithm value of the concentration of SARS-CoV-2-S protein
(Fig. 7B), and the linear range and limit of detection (LOD) are 0.1 ~
1000 ng mL~! and 38 pg mL~! (S/N = 3), respectively. The linear
regression equation can be expressed as following: (I3 — I3)/I> = 0.0516
1gC + 0.0648 (R2 = 0.9940). The performances of the developed mini-
ature biosensor are compared with other biosensors used for the
detection of SARS-CoV-2-S protein, and the results are listed in Table 1.
Compared with the biosensors previously reported [9,19,32], our
biosensor displays a higher LOD but a significantly wider linear range,
indicating its great potential for the detection of SARS-CoV-2-S protein.

3.7. Specificity and stability of the miniature biosensor

The specificity of the biosensor is investigated by using several
possible co-existing substances including BSA, IgG, IgM, GSH, 1-Trp and
1-Phe (1 pg mL~?) as the interferences for the detection of SARS-CoV-2-S
protein of the same concentration, and the results are presented in
Fig. 8A. As can be seen, these inferences yield remarkably lower values
of (I — I3)/I, than that of SARS-CoV-2-S protein, suggesting excellent
specificity of the biosensor. The stability of the miniature biosensor is
also studied, and the results are shown in Fig. 8B. It shows that the value
of I remains almost unchanged in the first 7 days, and it can still retain
76 % of the initial value after 15 days. This result indicates that the
developed biosensor has high stability.

3.8. Detection of SARS-CoV-2-S protein in clinical serum samples

Finally, the developed miniature biosensor is used for the detection
of SARS-CoV-2-S protein in three clinical serum samples by standard
addition method, and the results are presented in Table 2. As can be
seen, the recoveries are in the range from 94.4 % to 102.0 % and the
values of relative standard deviation (RSD) are no more than 1.00 %,
demonstrating high reliability of the developed miniature biosensor for
clinical diagnosis.

4. Conclusions

A novel surface molecularly imprinted miniature biosensor is
developed for the detection of SARS-CoV-2-S protein. AuNPs, rGO,
PMB/PILs and PILs are successively electrodeposited onto the pinpoint
of the AN. The template of SARS-CoV-2-S protein can be immobilized on
the electrode surface through electrostatic interactions, and the minia-
ture biosensor is obtained after the template is eluted. Compared with
the SARS-CoV-2-S protein biosensors previously reported, the developed
miniature biosensor displays a higher LOD but a significantly wider
linear range, indicating its great potential for the detection of SARS-CoV-
2-S protein. Also in this work, the reliability of the molecularly
imprinted miniature biosensor for the early diagnosis of SARS-CoV-2
protein is demonstrated by successful detection of SARS-CoV-2-S pro-
tein in clinical serum samples. The developed miniature biosensor might
be a potential candidate for in vivo analysis of SARS-CoV-2-S protein.
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