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A novel signal-off photoelectrochemical (PEC) immunosensor was proposed for procalcitonin (PCT) sensitive
detection based on the Au nanoparticles/BiOI nanosheets/Black TiO, nanoparticles (Au NPs/BiOI NSs/B-TiO,
NPs) as photoactive matrix and PbS quantum dots/Co304 polyhedron (PbS/Co304) as a quenching signal label
for signal amplification. Concretely, BiOI NSs was fabricated by successive ionic layer absorption and reaction
(SILAR) and formed the interlaced flake-like structure. Then Au NPs dropped on the BiOI NSs/B-TiO, NPs
electrode forming Au NPs/BiOI NSs/B-TiO, NPs sensitization structure, which increased the utilization of visible
light and accelerated electron transfer rate, resulting in a desirable PEC signal. PbS/Co30,, an effective dual
suppression signal quencher, was proposed for signal-off PEC immunosensor to weaken the photocurrent re-
sponse because of the steric impedance, competitive absorption of light and competing consumption of electron
donor. In this proposal, PCT was chosen to measure the performance of the suggested PEC immunosensor.
Consequently, the fabricated PEC immunosensor showed a widely detection ranged from 0.1 pg/mL to 50 ng/mL
and a low detection limit of 0.02 pg/mL (S/N = 3). What is more, the proposed PEC immunosensor possessed

satisfactory selectivity, stability and reproducibility.

1. Introduction

Procalcitonin (PCT) recently has considered as the most prospective
inflammatory marker for bacterial infections on account of high sensi-
tivity to the severity of sepsis [1]. The level of PCT elevated when
suffering from sepsis, multiple organ failure or serious infection of
bacteria, fungi, or parasites [2]. PCT is effective indicator of early di-
agnosis for the bacterial inflammatory diseases. Currently, radioactive
immunoassay, enzyme-linked fluorescent assay and so forth for PCT
detection face some challenges in sensitivity, cost and operational
convenience [3]. Therefore, it is of great significance to study an ef-
fectively sensitive PCT detection method.

Photoelectrochemical (PEC) immunosensor as an analytical tech-
nique shows a booming tendency due to operation handily, low cost,
easy miniaturization [4-7]. Remarkably, the difference between ex-
citation and detection forms that respectively belong to light source and
electric signal provides contribution for low background and admirable
sensitivity [8]. Accordingly, PEC immunosensor has attracted extensive
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interest in tremendous potential for detecting all kinds of targets [9,10].
As one of PEC immunosensor classic models, signal-off PEC im-
munosensor makes an impact for decreasing initial signal utilizing in-
sulated immune complex and signal labels [11]. It is acknowledged that
the signal-off PEC immunosensor has numerous advantages that simple
structure, easy operation, and good stability [12]. Regrettably, the
signal-off PEC immunosensor possesses low sensitivity compared with
signal-on PEC immunosensor [13,14]. For meeting the demand of
sensitivity, various signal-off amplification strategies emerge in end-
lessly and based on the following three modes: enzymatic reaction,
steric-hindrance effect and p-n type effect [15-17]. Therein, most of
reports are based on a signal change model but actually depending on
two or more variational signal model is beneficial for improving the
sensitivity of immunosensor [18]. Given in the enzymatic reaction
needing the harsh environment and high cost, a dual suppression mode
combining impedance and competition is applied to achieve signal
amplification in this work.

It is noteworthy that signal labels play a hard-core role in a dual
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suppression model [19]. As well known, PbS quantum dots (PbS QDs)
as a p-type narrow bandgap semiconductor is an excellent quenching
candidate for the absorption ranging from 400 nm to 1300 nm [20,21].
PbS QDs produce photointroduced electron-hole pairs (e ~/h™) under
the light irradiation. Furthermore, the desirable photogenerated elec-
trons combine with the dissolved oxygen in the electrolyte, resulting in
superoxide anion radicals %y reacting with ascorbic acid (AA) [22].
As a result, PbS QDs form the competitive situation with photoactive
matrix for the light absorption and AA, which results in the reduction of
signal. In addition, carrying capacity of signal label is also a key factor
affecting signal amplification [23]. In this present work, small PbS QDs
possess the poor load capacity. Hence, looking for a good carrier is
necessary for enhancing the signal amplification. Co304 derived from
ZIF-67 with a polyhedral frame structure possesses biggish surface area,
which is an all-right carrier. On the hand, Co304, a p-type semi-
conductor, not only as a support material to load PbS QDs and antibody
but also as a hole collector to react with AA [24]. On the other hand, the
steric impedance of Co30,4 polyhedron blocks the transfer of charge and
AA [25]. Therefore, PbS/Co30,4 possesses the effect of steric impedance
and competition enhancing the signal reduction from photoactive ma-
trix, which is beneficial for improving the sensitivity of signal-off PEC
immunosensor.

Equally important, the photoactive materials with desired signal
play a pivotal role in the fabrication of PEC immunosensor [26,27].
Titanium dioxide (TiO,) was used widely in PEC immunosensor due to
its cheap, non-toxic and brilliant photocatalytic efficiency [28,29].
However, TiO, with wide band-gap of 3.2eV only absorb ultraviolet
region light limiting its application. Recently, Black TiO, was widely
applied in the fields of lithium-ion rechargeable battery, fuel cell and
supercapacitor because it makes up the defect of TiO, [30,31]. In this
work, this emerging Black TiO, nanoparticles (B-TiO, NPs) was utilized
for improving the utilization of light [32,33]. Moreover, the B-TiO, NPs
increase the roughness of indium tin oxide (ITO), which is convenient
for the attachment of BiOI NSs by a successive ionic layer adsorption
and reaction (SILAR). The nanoarray flake structure of BiOI NSs with
large specific surface area is gainful for light capture, electron transfer
and providing a large number of binding sites to immobilize other
substance. Simultaneously, matched band gap between BiOI NSs and B-
TiO, NPs inhabited the recombination of photogenerated (e~ /h™).
Significantly, Au nanoparticles (Au NPs) are focused due to the loca-
lized surface plasmon resonance (LSPR), the excellent electronic and
optical characteristics [34]. The Au NPs with biocompatibility and ex-
cellent stability coating on the BiOI NSs are conducive to increase the
formation rate of e-/h™ and promote the separation of photogenerated
charge carriers [35]. So the addition of BiOI NSs and Au NPs greatly
increases the photocurrent response of photoactive matrix.

Here, Au nanoparticles/BiOI nanosheets/Black TiO, nanoparticles
(Au NPs/BiOI NSs/B-TiO, NPs) sensitization structure enhanced pho-
tocurrent under the light irradiation by increasing conductivity, cap-
turing more light and improving photoelectric conversion efficiency for
PEC immunosensor. Last but not least, PbS/Co30,4 was utilized as a
signal label firstly through the collective effect between steric im-
pedance and competition for light and electron donor achieving the
signal amplification for the signal-off PEC immunosensor. And the
proposed PEC immunosensor was measured for PCT detection in the
electrolyte containing amount of AA.

2. Experimental section

2.1. Materials, reagents and apparatus

Materials, reagents and apparatus could be found in Supporting
materials (SM).

Sensors & Actuators: B. Chemical 300 (2019) 127001

2.2. Preparation of the B-TiO, NPs, Au NPs, TGA-PbS QDs

The synthesis of the B-TiO, NPs, Au NPs, TGA-PbS QDs were based
on the previous literature with a little modified [36-38]. The prepared
details were narrated in SM.

2.3. Preparation of PbS/Co304-Ab,

The form of Co304 was according to the previous work with lightly
modified [39]. In a typical run, first of all, ZIF-67 as a precursor was
fabricated by mixing cobalt salts and 2-methylimidazole. Specifically,
2.910 g of Co(NO3),6H,0 and 13.284 g of 2-methylimidazole was re-
spectively dissolved in 250 mL of methanol. Then, the 2-methylimida-
zole solution was added into the Co(NO3), solution under stirring. The
above mixture was aged for 24 h at the room temperature. Followed by
washed with the methanol and dried in a vacuum oven, the ZIF-67 was
gained. Co304 was prepared by the calcination of ZIF-67under air at-
mosphere. The ZIF-67 was maintained at 350 °C for 2 h and the heating
rate was 1 °C/min. The Co30,4 powder was acquired.

At first, 0.1 g of Co304 was dispersed in 10 mL ethanol solution
containing 0.15mL of 3-aminopropyltriethoxysilane. The suspension
was heated at 90 °C for 24 h. After cooled to the room temperature, the
above solution was washed with ethanol. Ultimately, the desired
Co304-NH, was obtained by dried in a vacuum oven.

The details of prepared PbS/Co30,4 were as follows: 10 mg of ami-
nated Co30,4 polyhedron was dispersed in 15 mL of TGA-PbS QDs so-
lution containing 0.38 g of EDC and 0.055 g of NHS. Then, the mixture
was stirred at room temperature for 2h. The target product was ob-
tained after washed with ultrapure water for several times and dried in
a vacuum oven.

In order to synthesize the PbS/C0O304-Ab,, the detailed steps were
narrated: Firstly, 10 uL. of 5mg/mL EDC and 10 pL of 1 mg/mL NHS
were injected into 2 mL of 10 pg/mL PCT-Ab, solution and vibrated at
4°C for 30 min. Secondly, 5mg of PbS/CO30, was added into the
mentioned solution and incubated at 4 °C for 12 h. Then, 100 pL of 1%
wt BSA solution was added into the mixed system oscillating at 4 °C for
6 h. Eventually, the aimed product was redistributed in 2 mL of PBS
after removing redundant substance through centrifugation and stored
at 4 °C refrigerator for using in the future.

2.4. Construction of the sandwich-type PEC immunosensor

A sandwich-type PEC immunosensor was constructed as shown in
Scheme 1. Prior to fabrication, the bare ITO glass pieces
(2.0cm x 0.8 cm) were cleaned with acetone, ethanol and ultrapure
water thoroughly under the condition of ultrasonication. The details of
fabrication were as follows: Generally, 10 pL of 5mg/mL B-TiO, NPs
uniform suspension was coated onto the ITO pieces. On account of the
B-TiO, NPs/ITO electrode, the BiOI NSs were modified on the men-
tioned electrode by a successive ionic layer adsorption and reaction
(SILAR). Specifically, the BiOI NSs/B-TiO, NPs/ITO electrode was
prepared by immersing the B-TiO, NPs/ITO electrode into 5mM Bi
(NO3); and 5mM KI solutions for 10 s respectively and the electrode
was washed with ultrapure water after each dipping step. The proce-
dure was repeated several times. Then the BiOI NSs/B-TiO, NPs/ITO
electrode was calcinated at 200 °C for 2 h in a muffle furnace. Next, 6 UL
of Au NPs solution was spread onto the resulting BiOI NSs/B-TiO, NPs/
ITO electrode. 6 pL of 5 pg/mL Ab; dropped onto the Au NPs/BiOI NSs/
B-TiO, NPs/ITO electrode followed by rinsed with ultrapure water.
After washed with 0.1 M PBS (pH 7.4) to remove the unbound Abq, 3 pL
of 1% wt BSA solution was modified on the above electrode. Then 6 pL
of different concentrations of PCT were incubated onto the resulting
electrode. Rinsed with 0.1 M PBS (pH 7.4), 6 pL of 5 mg/mL PbS/Co304-
Ab, was immobilized onto the above electrode through immunoreac-
tion and washed with 0.1 M PBS (pH 7.4). The reaction time and re-
action conditions of Ab;, PCT and PbS/Co304-Ab, both were 1 h in the
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ITO B-TiO, NPs BiOINSs AuNPs Ab, BSA PCT PbS/CO;0,-Ab,

Scheme 1. (A) The preparation of PbS/Co304-Ab, and (B) fabrication process of the signal-off PEC immunosensor for PCT.

condition of 4 °C. Finally the PEC immunosensor was fabricated suc-
cessfully.

2.5. PEC detection

I-t curves of PEC detection were carried out in the 0.1 mol/L
phosphate-buffered solution (PBS) containing amount of AA with tra-
ditional three electrode system including the ITO slice as working
electrode, Hg/Hg,Cl, as reference electrode and the platinum wire
electrode as counter electrode.

3. Results and discussion
3.1. Characterization of prepared materials

The X-ray diffraction (XRD) was used to characterize the crystalline
phase of prepared materials as shown in Fig. 1A. The curve a (B-TiO»
NPs) shows some peaks at 25.35, 37.78, 48.08, 55.11, 62.73, 75.09,
corresponding to (101), (004), (200), (211), (204) and (215) of TiO,
(JCPDS 04-0477). A number of conspicuous peaks (curve b) at 29.65,
31.65, 45.38, 51.35 and 55.15 were owing to the (102), (110), (200),
(144) and (212) of BiOI NSs (JCPDS 04-0477), which suggested the
desired hybrid was prepared successfully. In addition, the scanning
electron microscope (SEM) images illustrated the morphology of B-TiO,
NPs and BiOI NSs. It could be seen that B-TiO, NPs were aggregated
nanoparticals ("20 nm in diameter) increasing the roughness of the ITO
surface from Fig. 1B, which was conducive to the deposition of BiOI
NSs. Fig. 1C displayed the BiOI NSs coating on the B-TiO, NPs were
interlaced nanosheet structure with the high surface area. Further, the
Au NPs loading on the BiOI NSs evenly was shown in Fig. 1D. Speci-
fically, Au NPs are characterized by TEM and HRTEM images. Au NPs
were uniform particle size from Fig. S4A and the size was about 15 nm
as shown in Fig. S4B. Energy dispersive spectrometry (EDS) was utilized
studying the elemental composition of the prepared materials. The

results were shown in Fig. S1A that Ti, O, Bi, I, Au elements existed in
the composite structure.

The morphology of signal labels was characterized by transmission
electron microscopy (TEM) and SEM images. Fig. 1E displayed the
fabricated PbS QDgs were evenly dispersed. As shown in Fig. 1F, the SEM
image revealed that Co304 possessed uniform polyhedron structure
with average size about 500 nm. It obviously noted in Fig. 1G that the
surface of polyhedron changed rougher and was decorated with small
particle substance, which illustrated that the PbS QDg stuck to the
Co304 polyhedron. In order to prove the successful synthesis of PbS/
CO304, the element composition of the complex was measured with
EDS (Fig. 1H) and the Pb, S, Co, O elements were clearly observed.
Further notice, the XRD peaks (curve b) in Fig. S1B of PbS/C0O30,4 had
both characteristic peaks of Co30,4 polyhedron (curve a) and PbS QDs
(curve b), which implied that the PbS/Co30, was prepared successfully
to some extent.

The X-ray photoelectron spectroscopy (XPS) was utilized for the
elemental analysis to confirm the truth about the success fabrication of
PbS/CO30,. In the full-survey XPS spectra (Fig. 2A), the existence of
elements Co, O, Pb, and S can be confirmed. The high-resolution
spectrum of Co 2p was shown in Fig. 2B. Two prominent peaks were
shown at about 796 and 781 eV, which were assigned respectively to
the Co 2p;,2and Co 2ps,, peaks. Co 2ps,2, Co°™ (779.8 eV) and Co?™*
(782.1eV) were observed at the binding energy of around 781 eV,
while Co 2p; /5, Co®* (794.7 eV) and Co?* (796.9 eV) was observed at
the binding energy of about 796 eV as a shoulder peak [40,41]. O 1s
peaks at 529.40 eV and 530.89 eV were shown in Fig. 2C owning to the
lattice oxygen species and the O—H bonds of the surface adsorbed water
[42,43]. The binding characteristic orbital energies of Pb 4f,,, and Pb
4fs,5 were observed with peaks located at 138.3 and 143.2 eV in Fig. 2D
[44], respectively. The S 2p peaks were shown in Fig. 2E at 161.8 and
167.63 eV belong to the S 2p;,, and S 2p3,, peaks [45]. C 1s peak was
shown attributing to the hydrocarbon from the instrument in Fig. 2F.
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Fig. 1. (A) XRD spectrum of (a) B-TiO, NPs, (b) BiOI NSs/B-TiO, NPs; SEM images of (B) B-TiO5 NPs, (C) BiOI NSs/B-TiO, NPs, and (D) Au NPs/BiOI NSs/B-TiO, NPs,
respectively; (E) TEM image of PbS QDs; SEM images of (F) Co304 polyhedron and (G) PbS/Co30,4; (H) EDS spectrum of PbS/Co030,.

3.2. Characterization and possible mechanism of the PEC immunosensor

Electrochemical impedance spectroscopy (EIS) has been a familiar
way to analyze the interfacial properties of constructed electrode [46].
The acquired experiment results at different steps of the PEC im-
munosensor fabrication process were displayed in the Nyquist plots in
Fig. 3A. The equivalent circuit of the system (the inset of Fig. 3A)
contained the solution resistance (Rg), the electron transfer resistance
(Rep), the Warburg impedance (Z,,) and the double-layer capacitance
(CqD), which value were revealed in Table S1. Therein, the semicircle
diameter of EIS was representative to the Re;. Specifically, the bare ITO
electrode exhibited a smallest value (curve a). The increased R, value
was due to the poor conductivity of semiconductor after modifying of B-
TiO5 NPs and BiOI NSs (curve b and ¢). When Au NPs were loaded on
the above electrode, the R.; value was decreased because of the ex-
cellent conductivity of Au NPs (curve d). With the immobilization of
Ab; (curve e), the block of BSA (curve f), the incubation of PCT (curve

g) and PbS/Co304-Ab, (curve h) in order, the R, value enhanced gra-
dually owing to the insulation of protein and the steric hindrance of
material. In summary, the variation of Re; value was an advantageous
proof for the successful construction of PEC immunosensor.
Additionally, a photocurrent comparison is an efficacious way to
prove the construction process of proposed PEC immunosensor. The
measurement results were illustrated in Fig. 3B. The photocurrent of
bare ITO electrode (curve a) was close to zero. The photocurrent was
relatively low after dropping the B-TiO, NPs onto the ITO electrode
(curve b) because its large band gap reversely. The modification of BiOI
NSs (curve c) caused the intensely enhancement of photocurrent signal,
which was attributed to the narrow band gap of BiOI NSs and the
cascade band-edge levels between B-TiO, NPs and BiOI NSs increasing
the photocurrent conversion efficiency. The photocurrent was further
increased after the loading of Au NPs (curve d) due to the excellent
conductivity and LSPR effect making the rapidly transfer of photo-
generated charge. After the incubation of Ab; (curve e), BSA (curve f)
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Fig. 3. (A) Nyquist plots of EIS and (B) photocurrent responses in the different stages of the electrode modification: (a) ITO, (b) ITO/B-TiO5 NPs, (c) ITO/B-TiO, NPs/
BiOI NS, (d) ITO/B-TiO, NPs/BiOI NSs/Au NPs, (e) ITO/B-TiO, NPs/BiOI NSs/Au NPs/Ab;, (f) ITO/B-TiO, NPs/BiOI NSs/Au NPs/Ab;/BSA, (g) ITO/B-TiO, NPs/
BiOI NSs/Au NPs/Ab,;/BSA/PCT, (h) ITO/B-TiO, NPs/BiOI NSs/Au NPs/Ab;/BSA/PCT/(PbS/Co0304-Ab,); (C) The possible electron-transfer mechanism of the

fabricated PEC immunosensor.

and PCT (curve g) onto the ITO/B-TiO, NPs/BiOI NSs/Au NPs electrode
orderly, the photocurrent was reduced due to the insulation of protein
for electron transport. Finally, the photocurrent response continued to
decrease mightily because the hindrance effect and the competitive
effect of PbS/Co304-Ab, (curve h). A serious of obvious photocurrent
change represented the fabricated process of the proposed PEC im-
munosensor triumphantly.

Fig. 3C displayed the possible photogenerated charge transfer me-
chanism of the proposed immunosensor and Fig. S2 shown the photo-
current response due to the effect of difference substance. In the PEC
immunosensor, B-TiO, NPs and BiOI NSs as photoactive matrix produce
the photocurrent. Therein, B-TiO, NPs possessing the wider bandgap
brought about a low photocurrent (curve a of Fig. S2). Coating on the
BiOI NSs, the photocurrent was increased (curve b of Fig. S2) owing to
two reasons: (a) the BiOI NSs as a flake-like narrow bandgap structure
harvest more light and (b) the BiOI NSs and B-TiO, NPs formed the p-n
heterojunction and the matched band gap accelerating charge transfer
and inhibiting the recombination of photogernerated e~ /h* [47].
Specifically, B-TiO, NPs and BiOI NSs both produced e~ /h™ under the
light irradiation, photogenerated electron in the conduction band of
BiOI NSs transfered to the conduction band of B-TiO, NPs, and AA as
electron donor removed photogenerated holes in the valence band,
increasing the photocurrent response. After dropping on the Au NPs,
the photocurrent was continuously enhanced because of the effect of
localized Surface Plasmon Resonance (LSPR) [48].

In addition, the signal label played an important role in the

variation of photocurrent for a signal-off PEC immunosensor. The PbS/
Co304 as bioconjugate owned the double inhabitation effect and the
decreasing photocurrent of PbS/Co30,4 (curve g in Fig. S2) changed
more obvious than Co304 polyhedron (curve e in Fig. S2) and PbS QDs
(curve f in Fig. S2). The reasons were summarized as follows: (1) the
PbS QDs that absorb full wavelength light competed with matrix for
absorption of irradiation; (2) the steric resistance of Co30,4 obstructed
the charge transfer and produced inhabitation for the contact between
matrix and AA; (3) the PbS/Co30, formed the competition situation
with matrix for AA as electron donor. Additionally, the Co304 and PbS
QDs brought about the photogenerated e”/h*, the photogenerated
electron in the conduction band of Co;0,4 transfered to the conduction
band of PbS QDs. Then the electron was reacted with the dissolved
oxygen of electrolyte forming the superoxide anion radicals (0%7)",
which contended AA with matrix [49]. Based on the above factors, a
double suppressive signal-off PEC platform was conducted.

3.3. Optimization of experimental conditions

Some experimental conditions were studied for improving perfor-
mance of proposed PEC immunosensor, for example, the concentration
of B-TiO, NPs, the SILAR cycles of BiOI NSs, the concentration of AA
and the pH in the detection solution. B-TiO, NPs has an effect on the
properties of the immunosensor and the optimization result was as
shown in Fig. S3A. The photocurrent response was enhancive with the
increasing concentration of B-TiO, NPs. And the value of photocurrent
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was a plateau at 5 mg/mL B-TiO5 NPs. The decreasing photocurrent was
resulted from excess B-TiO, NPs blocking the charge transport. The
SILAR cycles had an influence on the amount of BiOI NSs as a kind of
main photoactive substance. It could be seen that the photocurrent
enhanced as the increasing times of coating cycles in Fig. S3B.
However, the downward tendency was occurred when the coating cy-
cles were exceeded 30 due to the barrier effect [50]. The detection
solution including the content of AA and pH was a critical factor for the
properties of PEC immunosensor. On the hand, AA as an electron donor
sweeping the holes inhabited the recombination of e “/h* resulting in
the enhancement of photocurrent response. At 0.1 mol/L AA the value
of photocurrent reached the peak according to the Fig. S3C. On the
other hand, pH affected deeply the photocurrent response. Too acidic or
alkaline environment had an adverse impact on the activity of the
protein [51]. Fig. S3D demonstrated that the PBS (pH 7.4) was suitable
surroundings.

3.4. PEC detection for PCT

Different concentrations of PCT were detected under the optimized
experimental condition using the proposed PEC immunosensor. Fig. 4A
displayed the photocurrent variation of the PEC immunosensor with the
change of PCT concentration. Obviously, the photocurrent was de-
creased as the PCT concentration increase, illustrating the photocurrent
signal was interrelated highly with the concentration of PCT. And then,
the specific relationship between photocurrent and PCT concentration
was investigated. It could be seen that the logarithmic value of PCT
concentration and photocurrent was favourable linear relationship
when the PCT concentration was ranged from 0.1 pg/mL to 50 ng/mL in
Fig. 4B. And the linear relation was I = 85.76-8.661g ¢ with a corre-
lation coefficient of 0.9921. Complementally, the detection limit for
PCT was 0.02 pg/mL (S/N = 3). Making a comparison with reported
works for detecting PCT, as summarized in Table S2, the performance of
prepared PEC immunosensor was superior.

100 150 200 250
Time (s)

3.5. Selectivity, stability and reproducibility

Some interfering substances including carcino-embryonic antigen
(CEA), prostate-specific antigen (PSA), amino-terminal pro-B-type na-
triuretic peptide (NT-pro BNP) and B-Amyloid oligomers (Af}) were
chosen as interfering substance to evaluate the selectivity of the pre-
pared PEC immunosensor. The selectivity experiment carried out under
the condition of 0.5ng/mL PCT containing 50 ng/mL interfering sub-
stance respectively. The photocurrent results were shown in Fig. 4C and
the added interfering substance caused tiny photocurrent changes de-
monstrating the excellent selectivity of proposed PEC immunosensor.

To assess the stability of the fabricated immunosensor, the photo-
current was recorded with the light irradiation on/off cycles with an
interval of 10s for 12 times as illustrated in Fig. 4D. The un-con-
spicuous photocurrent variation proved the immunosensor possessing
the satisfactory stability.

Reproducibility played an important role in investigating the per-
formance of PEC immunosensor. Thence, five consistent electrodes
modified with 0.5ng/mL PCT were measured in the same situation.
Relative standard deviation (RSD) of the immunosensor was 1.47%
indicating the good reproducibility of prepared PEC immunosensor.

3.6. Real sample analysis

The proposed PEC immunosensor was constructed for PCT detection
though adding the different concentration solution to the human serum
sample for evaluating the accuracy and feasibility. The measurement
results were as illustrated in Table 1. The obtained recovery ranged
from 96.8% to 101.3% and the RSD was in the range of 3.69-4.94%,
which indicated the PEC immunosensor possessing the practicality and
stupendous application potential for clinical diagnosis early.

4. Conclusion

In summary, an innovative signal-off PEC immunosensor was pro-
posed for the detection biomolecules through the cooperation effect of
Au NPs/BiOI NSs/B-TiO, NPs sensitization structure and the signal
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Table 1
PCT determination in human serum sample by proposed PEC immunosensor.

Sensors & Actuators: B. Chemical 300 (2019) 127001

Sample concentration (ng/mL) Added contents (ng/mL)

Detection content (ng/mL)

RSD (%, n = 5) Recovery (%)

0.56 0.25
0.50

2.00

0.83,0.85,0.78,0.75,0.80 4.94 96.8
1.04,1.10,1.03,1.07,1.01 3.37 98.0
2.65,2.48,2.58,2.71,2.51 3.69 101.3

amplification strategy based on PbS/Co304 quencher. Therein, Au NPs
and BiOI NSs sensitized B-TiO, NPs enhancing the photocurrent re-
sponse through increase the utilization of light source, accelerating the
transfer of charge and preventing the photogenerated e /h* re-
combination. Furthermore, the PbS/Co304 as an excellent signal-off
label weakened the photocurrent signal by the competition for light
absorption and consuming AA with photoactive matrix and the steric
impendence blocking the transfer of electron and AA. Taking advantage
of the Au NPs/BiOI NSs/B-TiO, NPs sensitization structure as photo-
active matrix and PbS/Co30,4 as signal label, the proposed signal-off
PEC for detecting PCT with satisfactory selectivity, stability and re-
producibility possessed the wide detection range and low detection
limit. Hence, the signal-off PEC immunosensor opened up horizon for
the biomolecules detection.
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