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Abstract:

This work designed an artificial substrate peptide to synthesize
peptide-hemin/G-quadruplex (peptide-DNAzyme) conjugates. In addition to
enhancing catalytic activity of hemin/G-quadruplex, the peptide could also be induced
and cleaved by prostate specific antigen (PSA). It was the first report on
peptide-DNAzyme conjugates in application of the peptide biosensor. The
polyethyleneimine-reduced  graphene  oxide@hollow  platinum  nanotubes
(PEI-rGO@PtNTSs) nanocomposites were cast on the glassy carbon electrode in order
to form the interface of biocompatibility and huge surface area for bioprobes
immobilization. In absence of PSA, the peptide-DNAzyme conjugates retained intact
on the surface of the electrode to produce a strong response signal. But in presence of
PSA, the peptide-DNAzyme conjugates were destroyed to release electron mediators,
resulting in dramatical decrease of the electrochemicl signal. Therefore, the method
had high sensitivity and super selectivity with the limit of detection calculated as 2.0

fg/mL. Furthermore, the strategy would be promising to apply for other proteases
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by transforming the synthetic peptide module of target.
Keywords: Peptide-DNAzyme conjugates, Prostate specific antigen, Peptide

biosensor, Signal amplification

1. Introduction

G-quadruplex (GQ) is formed from the mutual interaction of the
deoxyguanosine-rich motifs within single-strand DNA via Hoogsteen H-bonding with
the aid of sodium-potassium (Wang et al., 1991; Wang et al., 2009). Hemin as an
interactive agent interacts with intramolecular GQ structure by direct stacking to or
intercalating with G-tetrads in formation of hemin/G-quadruplex (hGQ) (Zhang et al.,
2001; Han et al., 1999). It is well known that the hGQ owns the superiority of easy
labeling, less cost, and great structure stability against hydrolysis and heat treatment
(Limoges et al., 2008; Chen et al., 2018). To date, the hGQ has been proved to possess
horseradish peroxidase-mimicking (HRP-mimicking) activity (Travascio et al., 1999).
Hence, the hGQ serves as novel catalyst to be widely used for the development of
various biosensors (Li et al., 2017; Lu et al., 2017; Yuan et al., 2017). For instance,
Chen et al. developed an electrochemical method to detect thrombin based on hGQ
(also named DNAzyme) with octahedral Cu,O-Au nanocomposites for signal
amplification (Chen et al., 2018). Gao et al. designed the proximity-dependent
recombination of hGQ for label-free and signal-on electrochemical assay DNA (Gao
et al., 2017). Shi et al. integrated catalytic hairpin assembly (CHA) with terminal

deoxynucleotidyl transferase (TdT)-mediated in situ DNA polymerization in



formation of hGQ to highly sensitive and label-free measure thrombin in human
serum (Shi et al., 2017).

Despite there are the overwhelming majority of researches on hGQ utilized
extensively in DNAzyme sensors for signal amplification (Tang et al., 2016; Wang et
al., 2017; Tang et al., 2012; Zhou et al., 2017; Ravan et al., 2017), few essays about
hGQ with special peptide of target are applied to build peptide biosensors for
detection of various targets. Up till now, the hGQ’s relatively lower catalytic activity
than that of native horseradish peroxidase seriously restricts its further development
and application. In an effort to enhance the peroxidase-mimicking activity of the GQ
for improving the performance of the sensor (Feng et al., 2017; Guo et al., 2017),
Xiao et al. developed that cationic peptide covalently bound with the NH, terminal of
GQ to stabilize the secondary structure of GQ, to enhance the binding affinity of the
hemin and to further improve mimic peroxidase activity of DNAzyme (Xiao et al.,
2016). In this regard, our group previously proposed an effective electrochemical
aptamer by cationic peptide conjugate GQ (TBA aptamer) with enchanced the
peroxidase-like activity of DNAzyme to ultrasensitive assay the thrombin (Wu et al.,
2017), but some drawbacks of this method, such as a more-sophisticated label of the
second aptamer, longer-time fabrication and easily loss catalyzed activity of
peptide-hGQ conjugates, might result in the lower stability and reproducibility of the
biosensor and even limit its further wide application. To circumvent these limitations,
we herein designed an artificial substrate peptide to synthesize peptide-hGQ

conjugates in application of the peptide biosensor for the first time.



In this work, the artificial substrate peptide was modified hGQ through Michael
addition to construct the peptide biosensor. The artificial substrate peptide composed
two domains: a positively charged, histidine-rich domain conjugated with GQ in
formation of peptide-GQ conjugates for signal amplification and the special peptide
of prostate specific antigen (PSA) (HSSKLQ). PSA enabled to induce and cleave
HSSKLQ for label-free and ultrasensitive electrochemical detection of PSA.
Additionally, the polyethyleneimine-reduced graphene oxide@hollow platinum
nanotubes (PEI-rGO@PtNTSs) nano-composites were deposited on the surface of the
electrode not only to offer sensors with large electroactive surface area and enhanced
electronic properties, but also to boost the efficiency of probe-target complexation and
the rate of electrochemical reactions (Wu et al., 2013). Furthermore, hemin was used
as signal tag avoiding the addition of extra electron mediators for the matrix
contamination. Scheme 1 indicated the schematic diagram of biosensor for PSA assay.
First, with the help of the excellent film-forming property of Nafion, the
PEI-rGO@PtNTs were modified on the surface of the glassy carbon electrode (GCE)
to availably improve electrical conductivity and enhance the active-area of the
electrode. Then the peptide-hGQ conjugations were immobilized on the
PEI-rGO@PtNTs/GCE by covalent interaction. Next, the blocking reactant
hexanethiol (HT) was dropped on the surface of the modified electrode to reduce a
higher incidence of non-specific binding to target. In absence of the target, the
biosensor was measured to conclude a sensitive electrochemical signal, which was

from the redox of hemin. After incubating with target, PSA specially cut peptide-hGQ



conjugates into two fragments (peptidel and peptide-hGQ conjugates2). The peptidel
remained on but peptide-hGQ conjugates2 were released from the surface of the
modified electrode. So the electrochemical signal reduced sharply. Therefore, the
developed biosensor had a large detection range for PSA from 5 fg/mL to 20 ng/mL
with the detection limit of 2.0 fg/mL. The designed peptide biosensor also enabled to
assay PSA in human serum. The synthetic peptide module could be easily replaced by
the substrate peptide of other protein proteases. Therefore, this method had the
potential to be a versatile platform for protein protease assay.
2. Experiment section
2.1. Materials and experiment measurements

Prostate specific antigen (PSA), hexanethiol (HT), chloroplatinic acid hexahydrate
(H2PtClg-6H,0), gold(I1) chloride hydrate (HAUCIy), and
sulfosuccinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate (sulfo-SMCC)
were acquired from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). Graphene
oxide (GO) was purchased from Nanjing XianFeng Nano Co. (Nanjing, China).
Polyethyleneimine (PEI), tellurium dioxide (TeO,, 99.9%), hydrazine monohydrate,
hexadecyltrimethylammonium bromide (CTAB, 99%), sodium dodecyl sulfate (SDS,
99%) and Glutaraldehyde (GA) were obtained from Aladdin Co. Ltd. (Shanghali,
China). G-quadruplex (GQ) with the sequence of
5'-GTGGGTAGGGCGGGTTGGAAAAAA-NH,-3" was synthesized by Sangon,
Biotech Co.; Ltd. (Shanghai, China). The peptide (CAAAHHHHHHHSSKLQ) was

synthesized by Shanghai Science Peptide Biological Technology Co.; Ltd (Shanghali,



China). 0.1 M phosphate buffered solution (PBS, pH 7.0 if not otherwise stated) as the
supporting electrolyte was prepared by mixing the stock solution of 0.1 M Na;HPO,
0.1 M KH3;PQ,4, and 0.1 M KCI. Buffer A (conjugation buffer): 500 mM NaCl, 100
mM Na,HPO,4-NaH,PO,, pH 7.3. Buffer B (enzyme reaction buffer): 200 mM NacCl,
50 mM HEPES, 0.03% Triton X-100, 20 mM KCI, pH 7.0. Other reagents were of
analytical grade and used as received. Ultrapure water with electrical resistance 18.2
MQecm was obtained from Thermo Scientific Barnstead GenPure water purification
system (Thermo Fisher Scientific Co.; Ltd, Shanghai, China), and used throughout
experiments. Besides specified, otherwise, the solutions for ‘experiments were
ultrapure water. Additionally, the human serum was used for real sample analysis and
was obtained from the First Affiliated Hospital of Zhengzhou University (Henan,
China).

Electrochemical measurements were performed at room temperature using one CHI
650 A electrochemical workstation (Shanghai Chenhua Instrument, China) in a
standard three-electrode cell containing 4 mm-diameter glassy carbon working
electrode, a platinum counter electrode and a Ag/AgCl (3 M KCI) reference electrode
(CHI). Experimental datas were collected using differential pulse voltammetry (DPV)
in 2 mL PBS (0.1 M, pH 7.0) containing 9.8 mM H,0, from -0.5 V - 0.1 V in
increments of 0.1 V vs. Ag/AgCl with an amplitude of 50 mV, pulse width of 0.05 s
and sample width of 0.0167 s and Cyclic voltammetry (CVs) were conducted in the
PBS (pH 7.0) as supporting electrolyte. The surface morphology characterization of

nanomaterials was performed by using transmission electron microscope (TEM)



micrographs (USA FEI, M3000) and scanning electron microscopy (SEM, JEOL,
JSM-7500F). The absorption spectra were recorded on Lambda 35 Ultraviolet—visible
(UV-Vis) spectrophotometer using a quartz glass cuvette with 1 c¢cm path length
(Pgeneral General Instrument, Beijing, China). The pH measurements were taken
with a PHS-3C precision pH meter (Shanghai, China). CD spectra were often used to
measure the 10 uM GQ or peptide-GQ conjugates (40 pL 100 puM of GQ or
peptide-GQ conjugates were put into in buffer B to acquire 400 puL 10 uM GQ or
peptide-GQ conjugates) at 25 °C on a Chirascan Plus spectropolarimeter over the range
of 220-320 nm using a 1 cm path length quartz cuvette. In CD or absorbance melting
temperature (T,) experiments, the samples were heated from 20 to 95 °C at a rate of 2
°C/min, and CD signals were recorded at each °C. PAGE gel (20% denatured by 8M
urea) analysis was achieved by about 5 pL 15 uM GQ/peptide-GQ conjugates under
250 V. Finally, the obtained gel was stained by Stains-All from Sigma-Aldrich Co.
Ltd.
2.2. Synthesis of PEI-rGO@PtNTs
Synthesis of PEI-rGO

To synthesize the PEI-rGO (Cao et al., 2010), firstly, 1ImL 3% PEI was added into
10 mL 1.0 mg/mL graphene oxide dispersion under magnetic stirring. Then the
intermixture was reacted at 135 °C for 3 h. The black produce should be centrifuged
and washed for several times. The obtained product was noted as PEI-rGO, which
was of good solubility.

Synthesis of hollow PtNTs



According to the previous method to prepare PtNTs, Te nanowires (TeNWs)
serving as reducing agents and sacrificial templates were first synthesized (Cai et al.,
2013). 5 mL hydrazine hydrate was added into a small beaker containing 32 mg TeO,.
The additive process was drop by drop and then the mixture was stirred constantly for
1 h. The obtained solution was added into 45 mL 10 mM SDS solution with a proper
stirring speed for 3 mins. The productions were centrifuged and rinsed several times
with ultrapure water to gain the TeNWSs. Next, the TeNWs were dispersed in 25 mL 1
mM CTAB solution. The mixture was stirred for 15 mins, followed by quickly
addition of an amount of H,PtClg solution (pH 7.0, NaOH solution was utilized to
adjust the pH for H,PtClg solution) with constant stirring for 50 mins. The productions
could be collected by the centrifugation and washing several times, and then were
redispersed into 500 pL ultrapure water to stand for 3 h. Finally, the gained solution
was centrifuged and washed to obtained PtNTS.

An amount of PtNTs was added into 2 mg.mL* PEI-rGO mixed liquor
(isopropanol : water : Nafion (5%) = 1:1:0.005) with constant stirring overnight to get
the PEI-rGO@PtNTs (Choi et al., 2010; Sun et al., 2017).

2.3. Synthesis of peptide-hGQ conjugates

The peptide conjugate GQ was prepared according to the previous report (Xiao et
al., 2016). 2 mg sulfo-SMCC was dispersed into buffer A containing 200 uL 100 uM
GQ (PS2.M), with the mixture on roller for 2 h at room temperature. The production
was filtered and rinsed six times with buffer A through an Amicon-3K ultrafilter (3

kDa cutoff) to remove excessive sulfo-SMCC. The GQ activated by sulfo-SMCC was



synthesized. 2 mg peptide was added into 200 pL 100 uM the activated GQ. The
mixture reacted for 48 h. The peptide covalently bound with activated GQ to form the
peptide-GQ conjugates. The obtained substance was centrifuged and washed six times
by buffer A.

0.5 mg hemin was added into 100 pL 100 uM the peptide-GQ conjugates and
reacted for 30 mins to prapare the peptide-hGQ hydrids, which were stored under
-20 °C to use.

2.4. Fabrication of PSA biosensor

It was essential that the GCE was activated. First, the electrode was polished by
0.03 um-diameter alumina slurries, and followed by sonication in ultrapure water and
alcohol. After that, 2 puL the PEI-rGO@PtNTs were dropped on the surface of the
GCE and were dried by N,. Then 10 uL 10 uM peptide-hGQ conjugates were covered
on the surface of PEI-rGO@PtNTs/GCE and incubated overnight at room temperature.
Finally, 20 pL HT was dropped on the modified electrode to block the remaining
active site for 50 mins in humidity, and then rinsed by ultrapure water to get the
designed biosensor. When not used, the prepared biosensor was stored under 4 °C.

3. Result and discussion
3.1. Characterization of PEI-rGO@PtNTs

In this study, the PEI-rGO@PtNTs were prepared to be used as superb platform for
biomaterials loading. From IR image (Fig. 1A), the absorption peak of C=0 for the
PEI-rGO dramatically decreased at 1730 cm™ versus that of the GO, which suggested

the chemical bind of PEI to the GO (Cai et al., 2012). To further verify the reduction



of GO to PEI-rGO, the ultraviolet experiments were done. In Fig. 1B, GO showed a
strong adsorption peak at 230 nm due to the = to =* transition of aromatic C—C bond.
But the characteristic UV-visible absorption peaks of GO at 230 nm and 300 nm
shifted to 268 nm (Zhang et al., 2011), because the conversion of the GO to the
PEI-rGO did not destroy the aromatic structure within the GO nanosheets. Thus, we
could draw a conclusion that when PEI was regarded as reductant, the reduction of
GO was achieved. In addition, the TEM of PEI-rGO illustrated PEI-rGO with
excellent dispersity in ultrawater (the inset of Fig. 1B). Fig. 1D was the TEM image
of PtNTSs, indicating that the diameter and the longth of PtNTs were about 20 nm,
around 260 nm respectively and they were hollow nanotubes structure. And TeNWs
served as a sacrificial templates for the synthesis of PtNTs (the TEM image was in Fig.
1C). All results demonstrated that PEI-rGO@PtNTs were elegantly made.

To characterize the electrochemical activity of the PEI-rGO@PtNTs, the
electrochemical experiments were carried out through cyclic voltammetry (CV)
method in 5 M [Fe(CN)s]*™* solution. As shown in Fig. 2A, both the
reductive/oxidation peak currents of the PEI-rGO@PtNTs/GCE efficiently increased
versus the bare GCE, which ascribed to the distinct superiority of PEI-rGO@PtNTSs,
such as large specific surface area, fine electroconductibility, nice biocompatibility
and so on.

3.2. Characterization of peptide-hGQ conjugates

According to the precious reports about GQ, Circular dichroism (CD) spectra were

often used to analyze the secondary structure of the GQ. Thus, circular dichroism (CD)
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experiments were done in HEPES solution containing K* for demonstrating the
conformation of GQ and peptide-GQ conjugates. As shown in Fig. S2 (A), three
characteristic peaks of GQ were 295 (+) nm, 260 (+) nm, 245 (-) nm respectively. The
peak intensities of peptide-GQ conjugates increased greatly at 245 (-) nm and 260 (+)
nm, but another decreased sharply and even disappeared completely (Yang et al., 2011)
compared with those of the GQ. According to the previously reports, the two peaks at
260 (+) nm, 245 (-) nm were the typical characteristic of parallel GQ (Burge et al.,
2006), the appearance of positive peak at 296 nm shown in form of antiparallel GQ
structure (Xu et al., 2015). And the parallel GQ had higher DNAzyme activity than
that of the antiparallel GQ (Xiao et al., 2016). The above results indicated that the
conformation of GQ was successfully formed (Cheng et al., 2009) and peptide-GQ
conjugates were synthesized prettily. We could prove that the peptide covalent
modified GQ almost entirely produced parallel GQ structures with enhanced
electrocatalysis activity. The peptide-GQ conjugates were also verified using PEAG
(Polyacrylamide gel electrophoresis) (Lu et al., 1993). As shown in Fig. S2 (B), bright
bands were observed on the lanes where activated GQ and peptide-GQ conjugates
were line 2 and line 3 respectively. The peptide-GQ conjugates obviously had lower
electrophoretic mobility than GQ alone (Lane 3 vs. Lane 2) owing to the lower
molecular weight of GQ versus peptide-GQ conjugates, proving the formation of
peptide-GQ conjugates.
3.3. Characterization of the biosensor interfaces

The electrochemical methods were utilized to characterize the step-by-step of
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biosensor using the PBS (pH 7.0) as electrolyte solution. As shown in Fig. 2B, the
curve a (the bare GCE) had no redox peak. And then the PEI-rGO@PtNTs were cast
on the electrode surface, there was still no redox peak observed but we could observe
that the ESA was increased (the curve b). When peptide-hGQ conjugates (bioprobes)
were immobilized on the surface of the modified electrode, the obvious peak current
could be produced (curve c) suggesting signal tag (hemin) attached to the surface of
the modified electrode successfully. To further add the the blocking reagent (HT), the
current dramatically decreased (curve d) and the corresponding potential difference
increased, indicating sluggish electron-transfer Kkinetics through non-conductng
micromolecules on the surface of the modified electrode. After the targets were
incubated for a period, the electrical signal continued to decrease (curve e), showing
that the peptide-hGQ conjugates were induced and cleaved by PSA resulting in the
decrease of their peak current. All experiment datas indicated that the PSA peptide
biosensor was established greatly.
3.4. Strategy of this biosensor for signal amplification

To verify the aforementioned signal enhancement was attributed to intrinsic
peroxidase-like activity of peptide-hGQ conjugates, we designed the different
modified electrodes, which were immersed in PBS (pH 7.0) with or without H,0,
through DPV method to evaluate the feasibility of the biosensor for signal application
under same experimental conditions. In the following control experiments, we
expected to observe the excellent electrocatalysis of peptide-hGQ conjugates. As
shown in Fig. 2C, the curve a had no peak current at the PEI-rGO@PtNTs/GCE, but
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the curve b (Fig. 2C) at the HT/peptide-hGQ conjugates/PEI-rGO@PtNTs/GCE had
an excellent reductive peak current in PBS (pH 7.0) without H,O,. As expected, the |
value was more lower than the value of reductive peak current obtained at the
HT/peptide-hGQ conjugates/PEI-rGO@PtNTs/GCE in PBS (pH 7.0) with H,O; (the
curve b in Fig. 2C vs. the curve c in Fig. 2D). And the difference between the curve b
and the curve ¢ was around 9 MA. It clearly demonstrated that the proposed
peptide-hnGQ conjugates were able to efficiently enhance the sensitivity. This also
gave the key evidence that the peptide-hGQ conjugates led to a dramatic signal
amplification. The enhanced effect might be due to that cationic peptide modification
not only to stabilize anionic GQ structure, but also to improve the hemin binding
affinity to GQ (Chang et al., 2016; Qi et al., 2014a; Xiao et al., 2016). Herein, the
biosensor for signal application was feasible.
3.5. Quantification of PSA

The developed biosensor was incubated with different concentration of PSA. The
acquired experiment datas were in Fig. 3. The DPV currents decreased gradually as
the concentration of the PSA ranged from 5 fg/mL to 20 ng/mL. The regression
equation could be expressed as follows:

1 =1.9901g C psa -12.14, R =99.20 %
R? was linear correlation coefficient. The limit of detection (LOD) was estimated to
be 2.0 fg/mL (S/N=3). Hence, we proved that the fabricated biosensor could be used
to quantification of PSA. We then compared with the previously reported biosensors
(Tang et al., 2017; Strzeminska et al., 2016; Hun et al., 2015; Xie et al., 2015; Qi et al.,
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2014b; Zhou et al., 2018; Zhao et al., 2018; Li et al., 2015) (Table 1), showing
peptide-hGQ conjugates-based peptide biosensor with better sensitivity, which might
ascribe to cationic peptide modified hGQ with enhanced mimicking-peroxidase
activity for efficiently improving the analytical performance of the peptide biosensor.
And compared with other peptide-based PSA biosensors, the approach had a larger
detection range, ascribing to the enhanced peroxidase-like activity of peptide-hGQ
conjugates and no addition of extra electron mediators.
3.6. The selectivity, reproducibility of the biosensor

The five biosensors were assayed the concentration of the interferences (thrombin
(TB), carcinoembryonic antigen (CEA), Bovine serum albumin (BSA)), PSA and the
mix. As showed in Fig. S4, the electrochemical signals for the interferences (100
ng/mL) were almost equal, but the electric currents of PSA (10 ng/mL) and the mix
sharply decreased, demonstrating excellent selectivity of the developed method. Then
we also investigated the reproducibility of proposed biosensor by using four
electrodes under the same condition. The relative standard deviation (RSD) was
8.86% under the same condition, proving a good reproducibility of the proposed
electrochemical biosensor.
3.7. Quantification of PSA in human serum sample

In order to verify the reliability and applicability of this proposed strategy for
clinical analysis, the electrochemical experiments were carried out through standard
addition method in human serum sample (obtained from the First Affiliated Hospital
of Zhengzhou University, China). The human serum sample was firstly diluted 100
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time and then 0.07 ng, 0.5 ng, 2 ng, 5 ng, 20 ng were spiked into 1 mL diluted human
sample respectively to prepare several samples. The results were all in Table S1. The
analytical recoveries obtained in real serum samples were from 94.85% to 108.2%
and the RSD values were from 1.26% to 8.15%, indicating that the developed
biosensor could be applied to assay PSA in real sample successfully.
4. Conclusions

In summary, a new peptide electrochemical biosensor for label-free and sensitive
detection of PSA was developed based on cationic peptide modified hGQ. The
artificial peptide covalent binding with GQ not only efficiently enhanced
peroxidase-mimicking activity of GQ, but also constructed bioprobe induced and
cleaved by PSA to avoid the fussy label process of peptide. And PEI-rGO@PtNTSs
nanocomposites offered load platform with large electroactive surface area and
enhanced electronic properties. This method was simple and did not need complex
operation to achieve label-free and sensitive detection of PSA. And with the aid of
H,O, the method enabled to obtain analytical signals inside the dynamic range of 5
fg/mL-20 ng/mL, but could not be applied to direct measure PSA in human serum.
The proposed strategy would be promising to apply for other proteases assay by
transforming the synthetic peptide module of target.
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Research highlights
> An artificial peptide modified hGQ was first applied in electrochemical peptide
biosensor to detect prostate specific antigen (PSA).
> An artificial peptide contained one cationic peptide enhancing peroxidase activity
of hGQ and the special peptide induced and cleaved by PSA.
> The novel peptide biosensor exhibited a wide linear range, low detection limit,

excellent selectivity and high sensitivity.



Figure Captions

The schematic diagram of biosensor for PSA assay.

Fig. 1 The IR (A) and UV-visible (B) characterization of PEI-rGO and GO. The inset
in Fig. 1B was the TEM image of PEI-rGO. The TEMs of TeNWs (C); hollow
PtNTs (D).

Fig. 2 (A) The CV curves of 5 mM [Fe(CN)s J*™ solution at the
PEI-rGO@PtNTs/GCE (a) and GCE (b).

(B) The electrochemical characterization of the different modified electrodes in
01 M PBS (pH 7.0). GCE-a; PEI-rGO@PtNTs/GCE-b; peptide-hGQ
conjugates/PEI-rGO@PtNTs/GCE-c; HT/peptide-hGQ
conjugates/PEI-rGO@PtNTs/GCE-d; the biosensor after incubating PSA-e.

(C) The DPV of the PEI-rGO@PtNTs/GCE (a) and HT/peptide-hGQ
conjugates/PEI-rGO@PtNTs/GCE after incubating PSAin 0.1 M PBS (pH 7.0)
without 9.8 mM H,0, (b).

(D) The DPV of the PEI-rGO@PtNTs/GCE (a) and HT/peptide-hGQ
conjugates/PEI-rGO@PtNTs/GCE after incubating PSAin 0.1 M PBS (pH 7.0)
with 9.8 mM H,0; (c).

Fig. 3 (A) Differential pulse voltammetry (DPVs) of the developed biosensor for
quantifying PSA in 0.1 M PBS (pH 7.0) containing 50 pL 9.8 mM H;0,. (B)
Calibration curve of DPV peak response on the logarithm of different PSA
concentration.

Table 1 Comparison of different biosensors for PSA assay.
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Table 1 Comparison of different biosensors for PSA detection

] Detection Range Detection
Biosensor Method o References
(ng/mL) Limit (pg/mL)
Aptasensor Photoelectrochemistry 1x1073-100 0.31 Zhou et al. 2018
Aptasensor Electrochemistry 1x1075-100 0.0023 Zhao et al. 2018
Immunosensor Electrochemiluminescence | 5x1073-5 3 Li et al. 2015
Strzeminska et
Peptide biosensor Electrochemistry 33-33 x10° -
2016
Peptide biosensor Electrochemistry 8x102-7 30 Hun et al. 2015
Peptide biosensor Electrochemistry 1x10°%-30 0.78 Xie et al. 2015
Peptide biosensor Electrochemiluminescence | 5x1073-5 0.8 Qi etal. 2014b
Peptide biosensor Electrochemistry 5% 1075-20 0.002 This work






