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Abstract

Procalcitonin (PCT) as a disease marker is of gsegiificance in the early
diagnosis of septicemia and pyemia. Biosensor lgaeel prospects for analysis and
detection of disease markers, but developing higelysitive detection methods for
detecting PCT remains a daunting task. In this pape develop a ratiometric
electrochemical immunosensor with Au NPs modifie@,3-c-COOH complex as
matrix and UiO-66 loaded with Toluidine blue (TB$ a marker for quantitative
detection of procalcitonin (PCT). The Si@odified by APTES not only has a large
specific surface area but also contains abundanhoargroups, which can be
connected to the electrochemical probe of ferrocam®xylic acid (Fc-COOH).
UiO-66 has the advantages of large specific surdaea, high porosity and adjustable
structure, which can adsorb toluidine blue eled¢temaical probe through electrostatic
attraction. Measurement and analysis of the préepemenunosensor by Differential
Pulse Voltammetry (DPV) show that the oxidationkpearrents of Fc-COOH and TB
appear at potentials of 0.30 V and -0.30 V respelsti As the PCT concentration
increases, the oxidation peak current of TB in@eamd the oxidation peak current
of Fc-COOH decreases. Thatios (l=Al1g/4leccoon) between the double signals
could show a certain linear relationship with tlmaentration of the PCT within a
certain range. Under optimal conditions, the lin@arge of detection obtained by the
immunosensor was 1 pg/mL-100 ng/mL and the deteditiait was 0.3 pg/mL. In this
work, the developed ratiometric electrochemical ummsensor not only provides a

simple, reliable and sensitive strategy for quatitie detection of PCT but also
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provides a useful method for clinical detectiorotifer disease markers.
Keywords. UiO-66-TB, SiQ-Fc-COOH-Au, PCT, ratiometric electrochemical

immunoSsensor.

1. Introduction

Procalcitonin (PCT) is a polypeptide precursor alcitonin, consisting of 116
amino acids, which are an effective biomarker famryediagnosis of septicemia and
pyemia (Molinero-Fernandez et al. 2019; Shen ek@l5b). The level of PCT in
normal human serum is less than 0.1 ng/mL. Wherhtiman body is infected with
bacteria, it will cause a sharp increase in thelle? PCT (Assicot et al. 1993; Karzai
et al. 1997; Molinero-Fernandez et al. 20I®)erefore, some timely and effective
measures can be taken to prevent bacterial infetyomonitoring the concentration
of the PCT. At present, although some methods éealing PCT levels have been
developed, the analysis of high sensitivity aneéa@lity for PCT is still a challenge.
Therefore, it is of great significance to exploienge, rapid and sensitive PCT
detection technology in early disease surveillance.

In recent years, the detection of PCT has made googgess and many methods
of detecting PCT have been reportedr instance, electrochemiluminescence (Jia et
al. 2019; Xue et al. 2019), fluorescence immunoctatmgraphy (Wang et al. 2015a),
photoelectrochemical immunosensor (Bao et al. 20d¥miluminescence (Chen et
al. 2018; Yang et al. 2019), electrochemical immaemsor (Fang et al. 2018; Shen et

al. 2015a; Yang et al. 2017), surface plasma resmnanmunoassay (Vashist et al.
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2016). It is worth noting that the electrochemigamunosensor based on the
mechanism of specific binding of antigens and awliés is the product of the
development of the interdisciplinary discipline arfialytical chemistry and medical
biology, which has received close attention froseegchers(Li et al. 2015a; Miao et
al. 2019; Wang et al. 2015b). It’'s simple equipmeaypid analysis and high sensitivity
detection bring broad prospects for PCT detection.

Electrochemical immunosensors have higher requimésnéor sensitivity in
practical applications, which has prompted reseascto find better electrochemical
materials (Chen et al. 2020; Chen et al. 2019anG@heal. 2019c)rerrocene (Fc) and
its derivatives are often used as electrochemigalas probes in biosensing devices
owing to their good biocompatibility, strong anttérference ability, and enhanced
electronic transmission capability (Chen et al. 2f)IMa et al. 2016; Sun et al. 2014).
Therefore, Fc-COOH with good electrochemical resposignal are selected as
electrochemical signal probes in immunosensorsnallsamount of Fc-COOH is not
enough to achieve the desired electrochemical kiggnangth. Silica nanoparticles
(SiOy) with huge specific surface area can solve thiblem (Li et al. 2015b; Xing et
al. 2018; Yuan et al. 2010). The Si€urfaces have abundant —Ngroups modified
by (3-aminopropyl) triethoxysilane (APTES) that gaovide a universal platform for
surface modification via covalent bonds to link theeCOOH (Si@-Fc-COOH) to
further enhance the electrochemical signal (Ningle019; Trindade et al. 2019).
The specific synthesis reaction mechanism is pldoethe supporting formation.

However, the poor conductivity of SjQvill affect the transfer of electrons, resulting

4
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in a decrease in the current signal, which direetfiects the sensitivity of the
immunosensor. For this reason, the surface of, SMas modified with gold
nanoparticles (Au NPs) (SpPc-COOH-Au) to increase the overall conductivify o
SiO, and enhance the electrochemical response sigdahgrove sensitivity of the
immunosensor. The addition of Au NPs not only ameges electron transfer and
improves the conductivity of the material, but alsoa large number of active sites
can immobilize antibodies and improve electrochamgignals (Ma et al. 2019;
Wang et al. 2012). Finally, SiFFc-COOH-Au is successfully prepared as the matrix
of the immunosensor with the electrochemical sigoél Fc-COOH and the
conductivity of Au NPs.

At the same time, another electrochemical probjidime blue (TB), was
successfully loaded into UiO-66 to prepare a bisseriabel. Toluidine blue, a
member of the water-soluble azine-type redox dyrilfa has unique chemical and
electrochemical properties that lead to their esttenuse as electronic mediator in the
construction of enzymatic electrodes for biosensipglications (Ribeiro et al. 2018;
Wu et al. 2014; Zhang et al. 2018he following is the mechanism of TB redox

reaction (Palakollu and Karpoormath 2018).

H
t@[ﬁ@ N
® XN~  -2e,-2H" e\/@ j;j\ ~
HaN S N HaN S ffl'H

A small amount of toluidine blue is also difficuli achieve the desired intensity of

the electrochemical signdlherefore, the MOF material is selected as theeraro
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carry a large amount of toluidine blue to achielie purpose of improving the
electrochemical response signal. Metal-organic &aork materials are crystalline
porous materials with periodic network structurenfed by self-assembly of metal
center and organic ligand (Hu et al. 2015; Zou bind2019).The UiO-66 consists of

a cubic framework for cationic &D4(OH); nodes and 1,4-benzenedicarboxylate
(BDC) linkers (Huang et al. 2016; Qien et al. 204iD-66 has the characteristics of
large specific surface area, high porosity and lyamiljustable structure, which
provides a platform for the connection of toluidiniee. TB can be adsorbed on the
surface of UiO-66 by electrostatic attraction tolveothe problem of weak
electrochemical signal of the immunosensor (Wargy.2017a).

In this work, we used SKFc-COOH-Au as the substrate material and
UiO-66-TB as the marker of PCT to construct theloraetric electrochemical
immunosensor. Fc-COOH and TB showed consideraldetrechemical signals
through Differential Pulse Voltammetry (DPV) detieat Different from classic
electrochemical immunosensors which typically adbptabsolute value of the signal
as the output, ratiometric electrochemical sengossess dual electrochemical signals
and the quantitative measurement of target wasdbase¢he ratio of these two signals.
The ratiometric signal readout mode provided athaitorrection factor to eliminate
the contribution from non-specific interferencesafy et al. 2018). The ratiometric
electrochemical immunosensor not only had highigeitg and low detection limit,
but also had the characteristics of high accurawy strong analytical ability. The

immunosensor provided a reliable guarantee for @halysis of PCT in this
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127  experiment and provides a new strategy for theyaisabf other disease markers.

128 2. Experimental section

129 2.1 Materialsand reagents

130 Tetraethoxysilane  (TEOS), (3-Aminopropyl) triethekgne (APTES)
131 2-NH,-terephthalic acid (H2ATA) were obtained from MaokBiochemical Co., Ltd.
132  (Shanghai, China). Ammonium hydroxide (NH.O), HAuCl-4H0 (2%), and
133  zircomiun tetrachloride (ZrG) were obtained from aladin (Shanghai, China). N,
134  N-Dimethylformamide (DMF), Fc-COOH, HCI (36%-38%)nd aceticacid
135  (CH3COOH) were purchased from the National Medicinegp@G@tion Ltd. of China.
136 PCT and its capture antibody (Ap detection antibody (A and bovine serum
137  albumin (BSA, 96-99%) were purchased from Shanglva-Bio Science Co., Ltd.
138  (Shanghai, China). Toluidine blue were purchasedhfiShanghai Wokai Chemical
139 Reagent Co., Ltd. (Shanghai, China). 1-ethyl-3i(Bethylaminopropyl)
140 carbodiimide hydrochloride (EDC) and N-hydroxysuniciide (NHS) were obtained
141 from Aladdin Reagent Database Inc. (Shanghai, GhiRhosphate buffer solution
142  (PBS) was prepared by adjusting the proportion/@6 Inol/L of NaHPO, and 1/15
143  mol/L KH,PQO,solution. All other chemicals in the experiment v@nalytical grade
144  and were used as received without further purifcat

145 The electrochemistry measurements were performedh WCHI760D
146  electrochemistry workstation (Chenhua Instrumentarfghai Co., Ltd., China).
147  Fourier Transform Infrared Spectrometer (FT-IR) wasorded by VERTEX70

148  Spectrometer (Bruker, Germany). X-ray diffractiokRD) patterns were obtained
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using D8 focus diffractometer (Bruker AXS, Germanyyansmission electron
microscopic (TEM) image was obtained from a JEOIQL40icroscope (Japan).
Scanning electron microscope (SEM) images wereimddaby a field-emission
scanning electron microscope (SEM, Zeiss, Germaxghnventional three-electrode
system was employed: the glassy carbon electro@&(@ mm diameter) as working
electrode, the saturated calomel electrode (SCEheseference electrode, and the
platinum wire electrode as the auxiliary electrode.
2.2 Synthesis of SiIO,-Fc-COOH-Au

The SiQ nanosphere were synthesized according to thetlirerdZhang et al.
2009). In a beaker, added 9 mL of 28% ammonia wa&25 mL of ethanol, and
24.75 mL of ultrapure water. After mixing well, idly added 44.5 mL of ethanol
containing 4.5 mL of TEOS and reacted at 400 rpn2fb at room temperature. Then
centrifuged and washed three times with ethanobs8guently, the sample was
placed in a vacuum oven at 60 °C to dry. Next, eeied out surface amination of
silica to prepare Si&NH, (Wang et al. 2018). Then, 100 mg of giWere dispersed
in 10 mL ultrapure water. After ultrasonic treatrnéar 1.5 h, 0.5 mL of APTES was
added to the mixture and refluxed at 70 °C for 1.5Then, amino-functionalized
silica (NH,-Si0,) was obtained and washed several times with wliteapvater and
dried under vacuum at 60 °C. Adding Fc-COOH sohutf@ mg/mL, 2 mL) to the
silica solution (2 mg/mL, 2 mL), then adding ED®@ (tiM, 2 mL) and NHS (2 mM,
2 mL) and stirring for 24 h (Feng et al. 201Bj)e mixture was washed several times

with pure water and dried in a vacuum oven at 60 T&ke a certain amount of

8
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SiOx-Fc-COOH in a beaker, and 25 mL of Au NPs was adaetimixed uniformly.
After stirring for 24 hours, centrifuged severahéis and dried in a vacuum oven at
60 °C.The details of the synthesis of Au NPs were disgdayn the supporting
formation.
2.3 Synthesis of UiO-66

UiO-66(NH,) was synthesized by a solvothermal method basedtietiterature
present (Guan et al. 2017). First of place, 4rCl(0.056 @),
2-NH,-benzenedicarboxylate (0.130 g), HCI (0.38 mL) glhacetic acid (4 mL) and
N, N-dimethylformamide (5 mL) are uniformly mixedna transferred to the
Teflon-lined autoclave reacting 3 h at 1°l0 After the reaction, the final sample was
cooled to room temperature, separated by centtitugaand washed several times
with pure water and ethanol. Finally, the sampléried in a vacuum oven at 60.
2.4 Synthesis of UiO-66-TB-Ab,

After sonicating NH-UIO-66 (3.5 mg/mL 1 mL) for 10 min, EDC (10 mmoJ/L
1 mL)/NHS (2 mmol/L,1 mL) and Abof PCT were added to incubate for 12 h &4
After centrifugation, the TB (1 mg/mL, 1 mL) soloti and EDC (10 mmol/L, 1
mL)/NHS (2 mmol/L,1 mL) were added and incubatediagt 4°C for 12 h. After
centrifugation, store at .
2.5 Measurement procedure

Prepared electrodes were detected by Differenteputdtammetry (DPV). The
DPV scan was performed from -0.6 V to 0.6 V witHgguamplitude of 0.05 V, pulse

width of 0.04 s and pulse period of 0.1 s in 10@hPBS (0.1 M, pH=7.4).

9



193 2.6 Fabrication of theimmunosensor

194 Fig. 1. shows the flow chart of the preparation tbk electrochemical
195 immunosensor. First of the place, the surface ofEGA&as polished by alumina
196  powder and cleaned with ultrapure water. After that SiQ-Fc-COOH-Au (6 pL, 2
197  mg/mL) was modified on the electrode and driedoatr temperature. Then, the Ab
198 (6 pL, 1 pg/mL) of the PCT was modified on the &lade. After drying and washing,
199 3 pL of 1 wt% bovine serum albumin (BSA) was maatifion the electrode for
200 eliminating non-specific binding sites. Later waghiand drying, PCT (6 puL) was
201 incubated onto the electrode. Afterwards, washinglarly, UiO-66/Ab-TB (6 uL,
202 3.5 mg/mL) was gradually added to the electrodéasar Finally, the electrode was

203 washed and stored af@.

Q@
? > 4 Qo
A K7 FeCOOH ke
€ g 5 @
&%, EDC/NHS P
Y ~z§‘ ”«g AuNPS :0,-Fe-COOH-Au
B S O < N\ Ab <
Ui0-66 TB  yiowse.Tg EDC/NHS UiO-66-TB-Ab,

-
=}

Current (pA)
;
(g

Potential (V) .

UiO-66-TB-Ab,
204

205 Fig. 1. immunosensor preparation mechanism diagram
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3. Resultsand discussion
3.1 The morphology of materials

As shown in Fig. 2A and Fig. 2B, the morphology ®iO, was initially
characterized by TEM and SEM. The gi®ere uniformly dispersed with a regular
spherical shape, which had an average size of aB@ditnm. Subsequently, we
characterized the morphology of the composite;HOCOOH-Au. As shown in Fig.
2D and Fig. 2E,Au NPs were successfully attached to the surfacesilida
nanospheresin addition, the synthesis of SiBc-COOH-Au composites was
analyzed by infrared spectroscopy. As shown in E@, the FTIR spectrum of S}O
(a), the adsorption peaks at 3436 ¢nand 1633 cit corresponds to the O-H
stretching and H-O-H bending vibration of -OH greand the adsorbed water (Feng
et al. 2016). The peak at 236@ ' was attributed to the O=C=0 asymmetric
stretching (Xing et al. 2018). The adsorption paal402 cri was caused by C-H
bending vibration in the methylene group from APTESu et al. 2014)The strong
and wide absorption band at 1101 tmvas the antisymmetric stretching vibration
peak of Si-O-Si (Wang et al. 2015c). The peak & &@i* and 472 cif is a Si-O
bond symmetric stretching vibration peak (Bodentegiand Low 1973). The peak at
948 cm' belonged to the bending vibration absorption pe&i-OH (Chen et al.
2010). It could be clearly seen from the FTIR of $iBEc-COOH (b) that the
stretching vibration of C=0 bond of amide group kasignificant absorption peak at
1653 cn. The stretching vibration of the C-N bond at 1410%awas also a sign of

the amideThe successful combination of Si@nd Fc-COOH (Si@Fc-COOH) was
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confirmed by FTIR indicating that the materials weeded were successfully
prepared.

The morphology of UiO-66 and UiO-66-TB was obserbgdSEM. As shown in
Fig. S1A and Fig. S1B, UiO-66 and UiO-66-TB hadegular octahedral structure.
The average size of UiO-66 was 820 m and the ¢iZdi©@-66-TB was 800 nm.
Compared with UiO-66, the surface of UiO-66-TB b®es rough and easy to adsorb,
which confirms that TB was adsorbed on the surf#ddiO-66.In addition, UiO-66
was further characterized by XRD. It could be sdem Fig. 2F, curve a was the
XRD of the standard UiO-66 obtained from the caltioh of the Cambridge crystal
database structure diagram (The Cambridge Crygtalitic Data Centre, access
structures 1405751All peaks in curve b were highly matched to staddamulated
XRD peaks indirectly proved the successful prepamatof UiO-66 material

(Chakarova et al. 2019; Lemaire et al. 2017; Waraj.&017).
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Fig. 2. TEM image of SiQ (A) and SEM image of Sig(B); (C) FTIR spectrum of SigXa),

SiO,-Fc-COOH (b); TEM image of SigFc-COOH-Au (D) and SEM image of
SiO,-Fc-COOH-Au (E); (F) XRD pattern of simulated Ui®-6) and UiO-66 (b).
3.2 Performancetesting of materials
The properties of the materials played a decisole in the construction of
proportional electrochemical immunosengororder to verify that the material had a
good electrochemical response signal. The comparagist experiment of different
materials (GCE (a), SigFc-COOH (b), Si@Fc-COOH-Au (c), UiO-66 (d) and
UiO-66-TB (e)) was carried out under the same doomB, and the intensity of
current signal was obtained through DPV. As shawfig. 3A, the bare electrode had
no peak current response sign&hen modifying a layer of SigFc-COOH (6uL,
2.5 mg/mL) on the electrode, the peak current cedngignificantly at 0.3 V,

revealing that Fc-COOH had good redox propertiéeen modifying the electrode
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275

with a layer of Si@Fc-COOH-Au (6 uL, 2.5 mg/mL), the peak current value
increased further. The reason for the increaseeak gurrent was that the addition of
Au NPs made the conductivity of SiBc-COOH-Au material better and accelerated
the electron transfer efficiencyhen, the electrodes modified with UiO-66u(6, 3.5
mg/mL) were examined, and the electrode had almospeak currentHowever,
when we measured the electrode modified with UIGFB6(6 uL, 3.5 mg/mL), we
found that the peak current signal was signifigaotianged, indicating that TB had
good redox properties.
3.3 Characterization of theimmunosensor

The impedance changed of electrode surface duayey by layer modification
could be observed by electrochemical impedancetgiseopy (EIS) (Li et al. 2017).
The Nyquist plots of EIS were recorded from 0.01@Hz at 0.151 V in 0.1 M KCI
and 2.5 mM [Fe(CN)*/[Fe(CNX]* (Li et al. 2018). The impedance spectrum
consisted of a high frequency semi-circular portaod a low-frequency linear portion,
the former being related to electron transfer drellatter being related affected by
diffusion. As show in Fig. 3B, the curve (a) was tBIS response of bare GCE, the
GCE was almost a straight line. The impedance ofEG®odified with
SiOx-Fc-COOH-Au (curve b) was not obvious comparechss &CE due to the good
electron transport properties of Au NPs. When tleeteode was modified with Ab
the impedance was considerably increased, indgatwat the protein membrane
might hinder the electron transfer between thetswmiland the electrode surfad#ith

the layer by layer modification of BSA, PCT and,Athe impedance value increased,

14
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which proved that each layer of material was swsfodlg modified on the electrode.

Current (pA)

S~ b

a
h

0.6 -03 0.0 0.3 0.6

Potential (V)

Lt 1 E Y

0 100020003000400050006000
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Fig. 3. (A) the peak current response of DPV: GCE (a) ,FHEOCOOH (b) Si@-Fc-COOH-Au (c)

Ui0-66 (d) UiO-66-TB (e); (B) Nyquist plots of tHelS for different modified electrodes (a) GCE,

(b) SiO,-Fc-COOH-AU/GCE, () AlSiO,-Fc-COOH-AU/GCE, (d)

BSA/AD,/SiO,-Fc-COOH-AU/GCE, (e) PCT/BSA/AISIO-FCCOOH-AU/GCE, (f)

UiO-66-TB-Ab,/PCT/BSA/AL/SiO,-Fc-COOH-AU/GCE.

3.4 Optimization of experimental conditions

In order to give full play to the analytical penfioance of the immunosensor, a

series of optimizations were carried out for thpesknental conditions.

The appropriate pH of PBS was related to the salwate of antigens and

antibodies, which had a crucial influence on thesgere detection of immunosensor.

The peak current at different pH was shown in Bi§. From the result, too much

acidity or alkalinity would have a certain effect the electrochemical signal and the

optimum pH=7.38 was chosen in the experiment.

What's more, the concentration of $#©¢c-COOH-Au played an important role
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in the experiment. As shown in Fig. 4B, the peakrent increased with the
concentration of Si@Fc-COOH-Au from 1.0 to 2.5 mg/mL and decreased mine
concentration was higher than 2.5 mg/mMWhen the concentration of
SiO-Fc-COOH-Au exceeded the electrode's surface waitlsstapacity, the electrode
surface would gradually become thicker, hindering transmission of electrons and
reducing the electrochemical signal. It demonstréib@t the optimal concentration of
SiOx-Fc-COOH-Au was 2.5 mg/mL.

In addition, the concentration of UiO-66-TB was gfeat significance for
sensitive detection of immunosensofss shown in Fig. 5C, the peak current
increased with the concentration of UiO-66-TB fr@rf to 3.5 mg/mL and decreased
with the concentration from 3.5 to 4.0 mg/nilhe amount of antigen on the electrode
surface was limited. Excessive UiO-66 not only eaus/aste but also hindered the
propagation of electrons and reduced the electroata response signal. Therefore,
the concentration of UiO-66-TB was 3.5 mg/mL forettbest experimental
concentration.

Besides, the influence of proportion of Au NPs solu on the performance of
SiO-Fc-COOH-Au was explored.According to the synthesis method of
SiOx-Fc-COOH-Au, a series of SiFc-COOH-Au were synthesized by changing the
proportion of Au NPs. The synthesized &i#x-COOH-Au was detected and studied
by cyclic voltammetry. As shown in Fig.S2, with thecrease of Au NPs, the
conductivity of the material gradually increasesaahing the maximum value at 25

mL. The main reason for this phenomenon was thegsstve Au NPs was difficult to
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effectively load onto the SiFc-COOH surfacelhe corresponding data was placed

in the supportingormation.

>
b

-]

@}

=
'S
~
~

—
=
-
)

>
»

Current (pA)
=

Current (pA)

Current (pA)
= =

=
'S

<

—
~

9
5 6 718 9 10 15 2.0 25 3.0 3.5 4.0 20 25 30 35 40
pH Csi0rFeAu (ME/mL) cuio-66-T8 (mg/mL)

Fig. 4. The optimization of experimental conditions witH pA) Error bar = SD (n = 5);

concentration of Si@Fc-COOH-Au (B) Error bar = SD (n = 3); concentoatiof UiO-66-TB (C).
Error bar = SD (n = 3)

3.5Analytical performances

Under the optimal experimental conditions, Ska-COOH-Au was used as the
substrate, and UiO-66-TB was used as a marker &pape a ratiometric
electrochemical immunosensor for detection PCT eptrations in PBS. The
relationship between electrochemical response sigmad PCT concentrations was
investigated by DPV. As shown in Fig. 5#ith the increase of PCT concentration,
the oxidation peak current of TB increased, and de&lation peak current of
Fc-COOH decreased. According to the change of tlubld signal A1=41+g /4l as
the response signal for the quantitative deternunaif PCT concentration. As shown
in Fig. 5B, the peak current ratio from 1 pg/mL100 ng/mL gradually increased
with the increase of PCT concentration. The lireguration between the current ratio
and PCT concentration wafl =1.85+0.198[PCT] (ng/mL) and the correlation

coefficient was 0.997 and the limit of detectiorO@) was 0.3 pg/mL (S/N). It was
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333  worth noticing the high sensitivity of the proposesmunosensor after comparison
334  with other previous works, which were listed in lEeB1. Favourable sensitivity and
335 accuracy of the prepared ratio-type electrochemigahunosensor benefit from
336 ratiometric strategyl'he specific reason was that $iEc-COOH-Au and UiO-66-TB
337 underwent redox reactions at different potentiald the generated electrochemical
338 response signals didn't interfere with each otherddition, SiQ and UiO-66 with
339 excellent adsorption properties were used to cdnsefficient Fc-COOH and TB
340 signal probes, respectively. At the same time,itili@duction of Au NPs not only
341  provides a large number of binding sites for thenpry antibody, but also improved
342 the electron transfer rateence, the developed immunosensor could achiestisen

343 and stable detection of PCT samples.

A B 2.4

o
52 O

W) jua4an>)

e R U
e TS lgc (ng/mL)

344 Fig. 5. The immunosensor response to DPV signals for tegedifferent concentrations of
345 PCT:(a) 1 pg/mL; (b) 10 pg/mL; (c) 50 pg/mL; (d) 100/pd; (e) 1 ng/mL; (f) 10 ng/mL; ()
346 100 ng/mL. Error bar = SD (n =5).

347 3.6 Selectivity, stability and reproducibility

348 It was important to study the selectivity, stapiliand reproducibility of
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electrochemical immunosensor for practical applecatin this work, uric acid
ascorbic acid BSA and PSA were selected as potentgxfering substances to study
the selectivity of ratiometric immunosensofs. shown in Fig. S3, the presence or
absence of the PCT made a significant differendbecelectrochemical signal of the
immunosensorTheir response of detecting PCT was less than 5&b mierfering
substances, indicating that the selectivity of theveloped immunosensor was
acceptable.

To evaluate the reproducibility of the immunosensbe same five electrodes
were prepared for measuring the electrochemicalassggenerated by 1 ng/mL PCT.
As shown in Fig. S4, the standard deviation ofedleetrochemical signals produced
by the electrode was 2.5% and less than 5%, indgdhat the sensor had good
reproducibility.

To test the stability of the sensor, a series ettebdes were prepared and stored
at 4°C when not in useéAs shown in Fig. S5, after 15 days, electrochemsggals
from SiQ-Fc-COOH-Au and UiO-66-TB of the immunosensor dasesl by 13%
and 15%, respectively. The results shown that ttabildy of the designed
immunosensor was acceptable.

3.7 Real sample analyses

To evaluate the accuracy and feasibility of th@ormaétric immunosensor in
actual sample analysidifferent concentrations of PCT were added to husgmim
samples for analysis in the constructed immunossen$be results obtained were

shown in the Table.1. The concentration of the tgmluadded to the serum was 0.5
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ng/mL, 1.0 ng/mL 1.5 ng/mL. The RSD range was 1.9894% and the recovery
ranges from 94.80%-103.20%howing that the immunosensor had certain potential
in the actual detection of PCTnh addition, a comparison experiment with the
commercialized available enzyme-linked immunosori@say (ELISA) method for
the detection of PCT in human serum sample wa®peed. As Table S7 shown, the
relative error between the two methods is in thegeafrom —-2.5% to 4.6%, which

further demonstrates the ratiometric immunosens® f@asible for analysis in serum

samples.
Table. 1 the result of PCT measurement in serum samples
Sample Added contents Detection content RSD Recovery
concentration (ng/mL) (ng/mL) (%, n=5) (%)
(ng/mL)
0.5 0.98, 0.94, 0.97, 0.96, 1.02 3.04 94.80
0.5 1.0 1.47,1.46, 1.52, 1.44, 1.48, 2.01 97.40
15 2.06, 2.05, 1.98, 2.08, 2.07 1.93 103.20

4 Conclusions

In this work, a ratiometric electrochemical immuesor was successfully
constructed. The electrochemical signals generditgdSiO-Fc-COOH-Au and
UiO-66-TB at different potentials were important fatiometric immunosensors. In a
certain linear range, the ratio immunosensor ssfalg implements the combination

of SiO-Fc-COOH-Au and UiO-66-TB electrochemical signahis immunosensor
20
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394

not only provided a highly sensitive detection noettior PCT, but also provided an
effective solution for the analysis of other diseasarkers.
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* A ratiometric electrochemical immunosensor wasitabed.

 The electrochemical immunosensor utilized DPV.

* SiO,-Fc-COOH-Au and UiO-66-TB were used as electrocleahsignal probes.
« The designed immunosensor exhibited low detediinit of 0.3 pg mL* for PCT.
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