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Graphical Abstract 

 

SYNOPSIS: An ultrasensitive sandwich electrochemical biosensor was used for detection of 

tumor-specific markers to evaluate tumor cells. 



Sensitive Measurement of Tumor Markers 

Somatostatin Receptors Using an Octreotide-Directed 

Pt Nano-Flakes Driven Electrochemical Sensor 

Cong Cong †,‡,#, Kexin Bian†,#, Xuwu Zhang†,‡, Liyao Luo†, Lei Li†, Hongyu He†, Chunhui Li†, 

Qianqian Zhao†, Shuai Wang†, Zining Hao†, Yaqian He†, Dawei Gao*,†,‡,§ 

†Applying Chemistry Key Lab of Hebei Province, Department of Bioengineer, Yanshan 

University, No.438 Hebei Street, Qinhuangdao, 066004, China. 

‡State Key Laboratory of Metastable Materials Science and Technology, Yanshan University, 

Qinhuangdao 066004, P. R. China. 

§Hebei Province Asparagus Industry Technology Research Institute, Qinhuangdao, P. R. 

China. 

 

*Corresponding author: Prof. Dawei Gao, Tel: (+86)13930338376. 

E-mail: dwgao@ysu.edu.cn 

#Cong Cong and Kexin Bian contributed equally to this work. 

 



ABSTRACT: Tumor markers play an important role in the early diagnosis and 

therapeutic effect monitoring of tumors. An electrochemical biosensor was 

developed based on multi-branched gold nanoshells (BGSs) and octreotide (OCT) 

functionalized Pt nano-flakes (PtNFs) modified electrodes, which was used for 

detection of tumor-specific markers to evaluate tumor cells. Sandwich-type 

nano-hybrid materials were prepared by layer-by-layer modification. First, 

reduced graphene oxide (RGO) and BGSs were modified as electronic materials 

onto glassy carbon electrodes (GCE). This modified electrode has strong electron 

transfer capability and large electrode surface area. The OCT was then anchored 

to the surface of BGSs to sensitively detect Somatostatin receptors (SSTRs) on the 

surface of HeLa cells. In addition, PtNFs were synthesized using a dual-template 

method, and OCT template on the surface of PtNFs, as an adsorption bioprobe, 

was used to reduce the H2O2 and amplify the electrochemical signal of biosensor. 

The proposed biosensor can be applied to the quantitative broad linear range of 

HeLa cells covering from 10 to 1×106 cells mL-1 (R2=0.9998) and the limit of 

detection (LOD) was 2 cells mL-1. The experimental results also show that the 

sensor has good stability, biocompatibility and high selectivity, which has great 

potential for clinical application. 
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Introduction 

Precise detection of biomarkers is vital for the early diagnosis and therapeutic 

effect monitoring of tumors.1-3 SSTRs are overexpressed on the surface of various 

tumor cells such as neuroendocrine tumors, breast cancer, prostate cancer, and 

cervical cancer.4-6 Therefore, the expression of SSTRs can be used as a 

broad-spectrum biomarker in evaluating the therapeutic effects and early 

prediction for many types of cancer. It is necessary to develop high selectivity, 

super sensitive methods for studying real-time biological markers for tumor 

detection. 

Ligand-based electrochemical biosensor, which requires no labeling and enable 

high receptor sensitivity, is an important cell-based method by detecting 

biomarkers.7 Ligand is a kind of specific and affinity molecule that can recognizes 

and interacts with anchor protein.8 OCT is one of the most widely studied 

somatostatin (SST) analogues, and its affinity for SSTRs is 70 times comparing 

with that of SST.9 Therefore, detection of tumor cells based on specific binding of 

OCT and SSTRs is a worthwhile strategy. However, it is necessary for the 

detection of biomarkers to require a high precision, which is a major obstacle to 

tumor cell detection at present. Therefore, to achieve the purpose of detection by 

amplifying the response signal, and committed to the development of some highly 

selective ultra-sensitive electrochemical biosensors has become crucial. 

With the rapid development of nanotechnology, various nanomaterials have 

been widely applied in the development of electrochemical biosensors for the 



enhancement of sensor sensitivity and signal amplification.10 As an isolated 

two-dimensional carbon nanomaterial, RGO has attracted extensive attention in 

the field of electrochemical biosensors due to its high electron conductivity, large 

specific surface area, fast heterogeneous electron transfer rate at the edge of RGO 

sheet.11-13 RGO also is served as a strong support for nanoparticles to form hybrid 

materials with better properties.14, 15 RGO modified with gold nanomaterials can 

provide the current response of the modified electrode, have good conductivity, 

and afford abundant binding sites for subsequent biological molecules.16 In 

addition, the combination of biological molecules and nanomaterials has also 

shown great potentials for development in electrochemical biosensor interfaces. 

Various metals and metal oxide nanomaterials can be developed into sensitive 

electrochemical biosensors as electrocatalysts, such as Au, Pt and Pd.17 Among 

them, Pt nanoparticles, especially two-dimensional structures, have better 

electrocatalytic properties, excellent biocompatibility and large specific surface 

area,18-20 which can be used for preparing various biosensors. 

Inspired by these, this study designed a novel electrochemical sensor for 

ultrasensitive detection, which can be used to evaluate the number of tumor cells 

based on the specific detection of biomarkers SSTRs (Scheme 1). OCT, as a 

hydrosoluble polypeptide, containing amines amidogen, and a hydroxyl disulfide 

bond, which is liable to combine with ions. PtNFs were assembled with 

dual-template method, which was that activating chemical groups of the OCT 

template to direct the synthesis of Ag nanocubes as sacrificial metal, and then 



sacrificial template was used to guide the synthesis of the PtNFs. As electronic 

materials, RGO and BGSs were modified on GCE to improve the ability of 

electrons transfer to the electrode surface. On the other hand, it increased the 

surface area of the electrode and modified more biological molecules to amplify 

the signal. The OCT was then respectively anchored on the surface of BGSs to 

detect SSTRs on the surface of HeLa cells. In addition, the OCT on the surface of 

PtNFs forming an adsorption bioprobe, which can also be used to reduce H2O2 

and amplify the electrochemical signal of the biosensor.  

EXPERIMENTAL 

Materials. Octreotide (OCT, GL Biochem Ltd., Shanghai, China), AgNO3 (North 

Fine Chemicals Co., Ltd., Beijing, China), sodium borohydride (NaBH4, Tianjin 

Guangfu Fine Chemical Research Institute, Tianjin, China), ascorbic acid (AA, 

Beijing Biodee Biotechnology Co., Ltd., Beijing, China), potassium hydroxide 

(KOH, Sinopharm Chemical Reagent Co., Ltd., Shanghai, China), hydrogen 

chloride (HCl, Tianjin Fengchuan Chemical Reagent Technologies Co., Ltd., 

Tianjin, China), auric chloride (AuCl3, Xiya Chemical Co., Ltd., Chengdu, China), 

absolute ethyl alcohol (C2H5OH, Tianjin Jindongtianzheng Fine Chemical 

Reagent Co., Ltd., Tianjin, China), platinum chloride (PtCl4, Xiya Chemical Co., 

Ltd., Jinan, China) and commercial palladium on carbon (Pd/C, 20 wt %, 

Sigma-Aldrich, Inc.) catalyst were used in this work. All solvents and chemicals 

are analytical grade and are used without further purification and ultrapure water 

(18.2 MΩ/cm) was used throughout the experiment. 



Characterization methods. The morphologies and particle sizes of the samples 

were determined using model Transmission electron microscope (TEM) operated 

at 80 kV accelerating voltage. TEM samples were prepared by placing drops of 

the AgNCs/PtNFs suspension onto carbon-coated copper grids. The chemical 

compositions of the samples were analyzed by Energy dispersive spectroscopy 

(EDS), which was carried out on an X-ray spectrometer (Oxford Link-ISIS) 

instrument operated at 200 kV. X-Ray diffraction (XRD) was employed to 

examine the structure and crystallographic nature of the materials, which was 

freeze-dried into powder in advance. It was carried on JEM-2010 instrument 

operated at an accelerating voltage of 200 kV. Absorption spectra were observed 

by Ultraviolet–visible spectrophotometer (UV–vis, SHIMADZU UV2550, Japan) 

to further verify loading capacity and mechanism. Malvern Zetasizer ZS (Malvern 

Instruments, UK) was used to assess the sizes and surface zeta potentials of the 

prepared PtNFs to measure the stability and the charged condition. The 

characteristic spectrum was obtained by Fourier transform infrared spectroscopy 

to analyze its structural characteristics. All electrochemical measurements were 

performed in an electrochemical workstation (CHI-660E, Shanghai, China) with a 

conventional three component electrochemical cell, including a modified glassy 

carbon electrode (GCE) as the working electrode, a 

KCl-saturated calomel electrode as the reference electrode, and a platinum foil as 

the counter electrode. Electrochemical impedance spectroscopy (EIS), Cyclic 



voltammetry (CV) and differential pulse voltammetry (DPV) measurements for 

characterization of the interface properties of the modified electrode. 

Synthesis of Ag nanocubes. Ag nanocubes (AgNCs) were synthesized based on 

OCT as templated for bio-mineralization of silver.21 In short, 200 µL OCT 

solution (0.25 mM, pH 2.2) as placed at 80°C metal bath for 20 min. After cooled 

at room temperature, the solution was mixed with 63 µL AA (7 mg mL-1) and 327 

µL AgNO3 (3.5 mM) followed by incubation at room temperature for 24 h. 

Subsequently, 100 µL of a freshly prepared NaBH4 solution (15 mM) was injected 

into the above incubated solution. The reaction product was centrifuged (8000 

rpm, 15 min), and washed twice to obtain a dispersion of AgNCs.  

Synthesis of Pt nano-flakes. 2 mL PtCl4 solution (2 mM ) and synthesized Ag 

NCs were mixed uniformly vigorous magnetic stirring for 15 min. Subsequently, 

1 mL AA solution (40 mM ) was injected into the above solution incubating for 

10 min to promote the Pt crystal growth, then the reduction reaction was triggered 

by rapid injection of 30 µL of NaBH4 (50 mM). When the solution turned to dark 

blue, the PtNFs were successfully synthesized under gentle shaking. Finally, the 

obtained Pt nano-flakes (PtNFs) were collected through 3 cycles of 

centrifugation/resuspension in water. 

Synthesis of the branched gold nanoshells. BGSs were synthesized by 

dual-template cascade mothed previously described.22 The AgNCs and the gold 

precursor (AuCl3) were thoroughly mixed to trigger the displacement reaction, 

and then the AuCl3 solution and reductant were added to the mixture to promote 



the crystal growth. Finally, the formation of dendritic structures, which grew on 

the surface of BGSs, were driven by reduction of gold chloride to high energy 

crystal faces of gold species. 

Construction of electrochemical biosensors and detection. GCE was modified 

using the reported BGSs as an electronic conduction enhancement, and a series of 

electrochemical experiments were used to detect its excellent specific surface area 

and predict its application potentials. 

The GCE (diameter 3 mm) was polished to the mirror surface by polishing 

powder with particle sizes 1.0, 0.3 and 0.05 µm (Al2O3), followed by rinsing with 

deionized water and C2H5OH. To evaluate the electrical conductivity of BGSs and 

the electrocatalytic performance of PtNFs, 5 µL nanoparticle suspension droplets 

were placed on the surface of GCE after pretreatment and left to dry overnight. 

For the preparation of the electrode modified by RGO/BGSs/OCT, 5 µL 

oxidized RGO suspension and 5 µL BGSs solution were successively applied to 

dry GCE at room temperature for 3 h after polishing treatment, and then 5 µL 

OCT solution with concentration of 0.5 mM was applied to the electrode surface 

at room temperature for 1 h and then cleaned with deionized water to remove 

residual free polypeptide molecules. The electrochemical test conditions for the 

electrode modified by BGSs were KCl electrolyte with a concentration of 5 mM 

[Fe(CN)6]
-3/-4 and a concentration of 0.1 M, with a sweep rate of 50 mV/s. 

In order to construct a sandwich-type electrochemical biosensor, the modified 

electrode was incubated in HeLa cells of different concentrations for 1 h in 37°C 



environment. Electrode-to-cell capture is due to the ability of OCT to bind to 

SSTRs of tumors. The incubated electrode was carefully rinsed with PBS buffer 

to remove uncaptured HeLa cells, and then the cells were incubated with 10 µL of 

the PtNFs signal probes for another 1 h at 37°C, followed by careful washing with 

PBS to remove unbound signal probes. Finally, the electrochemical sensor was 

measured by DPV. The electrolyte was a 0.01 M PBS solution with a potential 

range from 0 to 0.5 V. All of the measurements were repeated three times at 37°

C and all electrolytes were bubbled with nitrogen for 30 min before use. 

Biocompatibility of the electrochemical devices. Biosafety of biosensor should 

be considered first in medicine applications, therefore, the biological compatibility 

of was evaluated using live/dead cell staining experiments with fluorescein 

diacetate (FDA). Cell activity was detected through the standard 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. 



RESULTS AND DISCUSSION 

Material characterizations of PtNFs. The synthesis of PtNFs was based on an 

electrochemical displacement reaction between Pt and Ag, AgNCs acting as a 

sacrificial template. To prepare PtNPs, the AgNCs, PtCl4 (precursor solution) and 

AA (mild reducing agent) were uniformly mixed, followed by injection of freshly 

prepared sodium borohydride (strong reducing agent). In our study, uniform 

nucleation was produced by a rapid injection of strong reducing agent NaBH4 into 

the precursors solution of metal ions to reduce the Pt ion precursor and produce 

explosive nucleation. Furtherly, remaining Pt ion precursor was reduced gradually 

by injecting AA solution, simultaneously, the Pt atoms generated were 

preferentially grown on the high-energy crystal surface that was not selectively 

bound by polypeptide and AgCl.18 

The TEM images show the structural morphologies of the prepared AgNCs and 

PtNFs samples, and the visual morphology of the AgNCs were revealed in the 

SEM images. It's worth noting that peptides could be used to direct the growth of 

nanoparticles with well-controlled and distinctive shapes under similar synthetic 

conditions. Fig. S1a shows the cubic shell structure of AgNCs with an average 

particle size of about 80 nm, which was equipped with uniform morphology and 

favorable dispersibility, in line with the SEM results (Fig. S1b). In comparison, 

after Pt replace Ag, the structure of PtNFS nanoparticles was a thin layer of 

two-dimensional structure with a size of about 80 nm (Fig. 1a), thereby intuitively 

providing that PtNCs was successfully prepared. 



As revealed by EDS map (Fig. 1b) that in the preparation of the PtNFs materials 

containing C, O, Cu, Ag and Pt elements, wherein O and part C were derived 

from OCT template, and a large amount of Cu was derived from copper grid. Ag 

and Pt elements were derived from the two-dimensional structure of the 

nanoflakes, and the trace amount of Ag may be due to the reduction of silver ions 

in solution or the deposition of silver chloride on the surface of Pt crystals. From 

Fig. 1c, it's extremely strong characteristic peak at 46.1° indicated that (111) 

crystal plane of Pt crystal low-energy crystal, namely a polypeptide specific 

binding or selective deposition of silver chloride crystal.23 

FTIR analysis of PtNFs was further carried out to study the effect of OCT 

binding on Pt surface to control morphology. It is reported that the infrared 

absorption of different amide I band has a corresponding secondary structure. It 

can be seen from Fig. 1d that the characteristic vibration peaks of OCT still exist 

after the preparation of dendritic structure, the most significant difference in the 

characteristic peaks between PtNFs and OCT was the changes in the peak 

positions of O-H bonds and amide bonds, confirmed that Pt crystals and OCT are 

bonded by amide bonds and hydroxyl groups.24 

Synthetic mechanism of PtNFs. The process of PtNFs synthesis and the role of 

polypeptides are described in detail. In order to elaborate the preparation process 

of the PtNFs, the sample of the solution which was not added at the initial stage of 

the reaction was examined for TEM. As shown in the Fig. S2, only the 

substitution reaction between Ag-Pt was carried out at the beginning of the 



reaction, and the Pt nanoparticles were nucleated on the surface of the AgNCs 

without the process of alloying due to the lack of solid-solid diffusion between the 

Pt and the Ag. And at this point, the Pt nano-crystal nucleus does not form a 

definable morphology, indicating that the Pt crystal nucleus is not affected by the 

polypeptide located inside the AgNCs at this time. As the displacement reaction 

proceeds, the AgNCs is gradually disintegrated into the dispersed small-size 

nano-particles by the 3D structure, and the inner OCT is exposed to be combined 

with the Pt crystal nucleus so as to contribute to the formation of the cubic Pt 

crystal nucleus and the growth of the nano-flakes (Fig. 2). This further confirms 

the theory of the formation of the polypeptide-mediated PtNFs. 

It should be taken seriously that the concentration of precursor and reaction time 

are crucial factors to influence the morphology of nanoparticles, which was 

demonstrated in regulating nanocrystal shapes. A series of reactions were 

performed with changing concentrations of PtCl4 solution that can induce a shape 

transformation from octahedron to cubes (Fig. 2a-c). As shown in Fig. 2a, the 

nanocrystals, which were near-spherical truncated octahedron with nucleating 

rapidly under the concentration of 0.5 M PtCl4 (10 min), and preferential 

adsorption of Pt (100) during growth of nuclei with cuboctahedron shape, 

accompanied by the different growth rates between the (111) and (100) faces, 

plays key role to the formation of Pt cube. With the extending the concentration of 

PtCl4, the nanocrystals emerged prominently a growth tendency. Under the 

concentration of 1M PtCl4, the surface of the (100) crystal of the generated 



nanocrystals continuously increased, while the surface of the (111) crystal was 

relatively reduced, forming a nearly cubic truncated octahedral structure (Fig. 2b). 

Subsequently, the concentration of PtCl4 was enriched to 2 mM, the representative 

cubic structure of PtNFs is successfully formed (Fig. 2c). Since no obvious size 

addition was observed during the shape evolution process, It can be believed that 

tetrahedral formation may be attributed to the atomic rearrangement on the surface 

of nanocrystals induced by the interaction between binding peptides and surface 

atoms, resulting in the formation of cube nanocrystals eventually.24, 25 

Interestingly, after an hour of reaction, the shape of the nanocrystals had 

transformed from equably cubes to flake, and a plate-like layer of aggregated 

particulates was formed (Fig. 2d), illustrating that the cubic crystal without cutting 

angles beneficial to the anisotropic growth of amorphous nanocrystals.26 Better 

yet, the morphology of resulting nano-flakes still was affected on account of 

enriched PtCl4 concentrations but it made little difference in terms of thickness. 

Fig. 2d-f present that the larger the size and more aggregation of PtNFs obtained 

with the incremental the concentration of PtCl4. This nanostructures of 

nano-flakes show advantages such as high specific surface, strong energy storage, 

excellent electrochemical activity.27 In brief, these results further confirmed the 

interaction between OCT and Pt crystal to modulate surface energies of 

nanocrystals and guided the shape formation and transformation processes, which 

are likely to play a key role in the electrode performance. 



Characterization and electrochemical property of the BGSs. As revealed by 

the TEM (Fig. 3a) and SEM (Fig. 3b), the synthesized BGSs exhibited a distinct 

branched structure with a solid core and plenty of edges and tips. The interaction 

of the core and tip plasma of the nanoparticles amplified cross-section to excite 

surface plasmon resonance and results in local electric field enhancement, which 

was stronger than a single tip or smooth structure.28 

The electrochemical properties of BGSs were investigated by CVs experiments. 

As shown in Fig. 3c, the maximum currents of the oxidation peaks (78.77 mA) 

and reduction peaks (-126.6 mA) of BGSs were much larger than those of Pd/C 

catalysts, symbolizing that BGSs had significantly higher current density and 

mass activity. Further, Fig. 3d displays the catalytic performances of BGSs and 

Pd/C used for the oxidation reaction of ethanol, the electrolyte was a 1.0 M KOH 

solution containing 1.0 M C2H5OH solution. During the pre-sweep process, the 

current density of the BGSs was 5.5 mA cm-2, which was 5.5 times that of the 

Pd/C catalyst (1.0 mA cm-2). The good electrocatalytic activity of BGSs was 

attributed to its shell structure and dendritic surface, with more catalytic active 

sites and better electron conduction efficiency, signifying its potential as a signal 

enhancement material.29 

In order to further study the durability of BGSs, 500 cyclic potential scans were 

performed in 1.0 M KOH solution and 1.0 M KOH 1.0 M C2H5OH solution in the 

potential range of-0.4 and 0.6V, respectively. As shown in Fig. S3a, b, BGSs 



shows good stability throughout the test phase. As shown in Fig. S3b, the peak 

current density of the BGSs modified electrode remained 81% after 500 cycles. 

In order to prove that RGO/BGSs can really improve signal amplification, we 

have conducted two kinds of experiments to study its amplification characteristics 

(a. HeLa cells/OCT/BGSs/RGO modified GCE + signal probe, b. HeLa cells/ 

OCT modified GCE + signal probe). The DPV curve in both cases is shown in Fig. 

S4. It can be seen from curve b that the change of electrochemical signal is much 

larger than that of curve a, which may be due to the increase of the specific 

surface area of BGSs/OCT layer and the increase of conductivity. 

Analysis of biocompatibility. Biosafety of biosensor should be considered first in 

medicine applications, therefore, the biological compatibility of PtNFs was 

evaluated using live/dead cell staining experiments with fluorescein diacetate 

(FDA). First, PtNFs modified ostensibly by OCT, which was improved the 

biocompatibility effectively compared with pure metal nanoparticles, was used for 

cell staining and no obvious toxicity was detected in the range of 0-100 µg mL-1 

under the incubating for 24 h, verifying the safety of the biosensor (Fig. 4a-c). 

Meanwhile, the incubation time of the nanoparticles (50 µg mL-1, 100 µg mL-1) 

was further extended to 48 h, the fluorescence intensity of the HeLa cells made 

little difference significantly, indicating that the OCT modified PtNFs still 

possessed low toxicity (Fig. 4d-f). Subsequently, cell activity was detected 

through the standard MTT assay, the cell viability of HeLa cells incubated with 

(Fig. 4g) PtNFs or (Fig. 4h) BGSs demonstrated good biocompatibility of 



electrode materials. In addition, the biosafety of BGSs has been confirmed in 

previous reports.22 These results revealed that remarkable biocompatibility and 

low toxicity support the PtNFs as an excellent candidate for biological sensing 

applications.  

Characterization of the modified electrodes. GCE was modified by 

layer-by-layer assembly technique, in which RGO was used as a substrate 

material to amplify the specific surface area of GCE to improve the conductivity 

of the electrode, while enhancing the transfer ability of electrons to the electrode 

surface and for depositing dendritic gold nanoparticles. Similarly, BGSs were 

used to enhance electron conduction and amplify signal transmission and OCT 

was used to accurately identify of SSTRs and capture HeLa cells. 

Fig. 5a shows the CV curves for various modified electrodes such as bare GCE, 

GCE/RGO/BGSs and GCE/RGO/BGSs/Lan-HeLa in N2 saturated PBS at a scan 

rate of 50 mV/s. The bare GCE, GCE/RGO were shown minuscule redox 

behavior with oxidation peak potential (EPA) of about 0.208 V, 0.204 V, 

respectively. Meanwhile, the CV curve of GCE/RGO/BGSs shows a pair of 

well-defined redox peaks appeared under the action of [Fe(CN)6]
-3/-4 redox 

coupling, which arose due to the ultra-high specific surface area of RGO/BGSs for 

excellent electrical conductivity and the formation of synergistic effect of bimetals 

with RGO.30, 31 As expected, the current intensity decreased after the OCT 

modified electrode, expressing that the OCT molecules had been successfully 

immobilized on the electrode surface, and the current intensity was further 



decreased after the electrode was incubated with HeLa cells, signifying that OCT 

can successfully capture tumor cells and hinder the transfer of electrons between 

the electrodes. The decrease in current intensity was consistent with the fact that 

the protein hydrophobic layer insulates the conductive carrier. In summary, the 

modification of cyclic voltammetric peak current of GCE modified by different 

materials confirms that it was feasible to modify GCE by layer assembly 

technique.32 

The semi-circular diameter of the Nyquist chart corresponds to the charge 

transfer resistance (Rct), and the change in Rct (Fig. S5) was attributed to the 

different modifications of the electrodes. As is shown in Fig. 5b, the bare GCE 

produced an EIS, which initially indicated a large curvature radius dimension with 

relatively large resistance. when the GCE/RGO and GCE/RGO/BGSs were tested, 

the EIS initially produced a strongly curved profile, which then effectively 

straightened out, because the BGS is good electron conductor.33 However, after 

the surface of the electrode is modified by OCT, ESI curve presents a definite, 

significant curvature followed by essentially a linear plot, suggesting that the 

electron transfer was hindered by the negative charge of the polypeptide molecule, 

which caused the intensification of arc radius and resistance.34 The resistance was 

further intensified after incubation of the RGO/BGSs/OCT modified electrode and 

cells, producing an essentially large radius of EIS plot with initial curvature, the 

plot effectively signified that successful modification of GCE had been achieved 

by layer-by-layer assembly, and HeLa cells can be successfully captured.35 It's 



worth mentioning that the results were consistent with those from the CV works 

described above, which similarly proved that it can be used in the construction of 

electrochemical biosensors to detect tumor cells. 

Conditions optimization. The proposed cell sensor depends on the OCT 

immobilized on the surface of the electrode. So the concentration of OCT (0.2-0.7 

mM) was optimized by DPV experiment (Fig. S6a). When the concentration of 

OCT reaches 0.5 mM, the maximum current intensity is achieved. Therefore, the 

optimum concentration of OCT is 0.5 mM. 

The concentration of Signal probe is also a very important condition for the 

practicability of the sensor. The current response increases sharply with the 

increase of the concentration of signal probe, and reaches a platform at the 

concentration of 10mM (Fig. S6b). Then, when the concentration exceeds the 

current intensity of 10 mM, the current intensity does not change much. These 

results indicate that the maximum peak current can be obtained when the 

concentration of signal probe is 10 mM. 

Electrochemical sensing of HeLa on GCE/RGO/BGSs. Ultimately, the signal 

amplification strategy of the constructed biosensor was further proved by DPV 

experiments and the tumor cells were quantitatively detected.36 Based on the 

constructed electrochemical biosensor, we applied the GCE/RGO/BGSs/OCT to 

the sensing of HeLa by varying concentrations from 10 to 1×106 cells mL-1 in 0.01 

M PBS (pH 7.4) and human whole blood samples. Cancer cells were captured by 

electrostatic adsorbed OCT through specific binding. Then the prepared Pt signal 



probe was introduced into DPV detection, which also bound to somatostatin 

receptor on the surface of HeLa cells to form sandwich structure on the electrode. 

A large number of Pt signal probe adsorbed on the cell surface catalyzed the 

reduction of H2O2, thus increasing the reduction peak current of the electrode. The 

probe based on appropriate concentration can make the cell concentration and 

current intensity show a certain linear relationship. Fig. 5c shows that H2O2 

reduction had a good concentration dependence on HeLa cells. As the 

concentration of HeLa cells increased, the current responsiveness also increased. 

In the range from 10 to 1×106 cells mL-1 HeLa cells, the current response had a 

good linear relationship with the logarithm of HeLa cell concentration (Fig. 5d). 

The linear regression equation is Y=25.25Log[C]+4.2, and the linear relationship 

coefficient is 0.9998 (n=6), where Y is the peak current of the electrochemical cell 

sensing and C is the concentration of HeLa cells. Under the condition of 

signal-to-noise ratio of 3, the LOD of HeLa cells can be calculated from the 

calibration curve to be 2 cells mL-1. Compared with the previous methods (Table 

S1), the constructed sensor showed a lower LOD and a wider linear range, 

indicating that the signal amplification based on composite probe of PtNFs/OCT 

and electrode modification of RGO/BGS/OCT by the layered assembly can 

achieve the tracking and monitoring of HeLa cells, which very promising for 

clinical applications. 

Cell selectivity of GCE/RGO/BGSs/OCT. It is necessary to use different cell 

lines to evaluate the specificity of the developed immunosensors. Under the same 



experimental conditions, three different kinds of cells were added to human serum. 

The control group was treated with the same concentration of tumor cells (1 × 106 

cells mL-1) in PBS buffer. The DPV analysis of different types of tumor cells 

showed that the response from 293T cells could be negligible as shown in the Fig. 

S7. The detection of HeLa, A549 cells has a high current response, indicating that 

the developed immunosensor has high specificity for the recognition and detection 

of tumor cells. The current intensity of A549 is slightly higher because of the 

higher expression of SSTRs. The DPV current of clinical samples with different 

cells was slightly lower than that of PBS samples containing the same number of 

cells, which may be due to the nonspecific adsorption of proteins in blood samples, 

but there was no significant difference. The results show that the method has 

excellent cancer cell selectivity in complex actual samples. 

Reproducibility and stability of the GCE/RGO/BGSs. To evaluate the 

reproducibility and potential application value of this biosensor in complex real 

samples, different concentrations of HeLa cells are added to the blood sample to 

calculate the recovery rate of the sensor. Results as shown in Table S2, the RSD 

values of the biosensors with different cell concentrations were calculated as 

2.76%, 4.23% and 2.95%, respectively, indicating that the biosensors had good 

reproducibility. In addition, the value of the recovery rate indicates that the 

method has a good applicability to the analysis of cancer cells. To estimate the 

stability of the GCE/RGO/OCT-BGSs, as shown in Fig. S8, the sensor (fresh or 

which was stored in a refrigerator at 4°C for two weeks) whose initial current 



response was 92% active compared to the newly prepared electrode, symbolizing 

that the constructed electrochemical biosensor had good stability , which was 

attributable the good stability of electrochemical devices in each part. 

  



CONCLUSIONS 

In this study, an ultrasensitive sandwich electrochemical biosensor based on 

BGSs/OCT and PtNFs/OCT nanocomposites was designed, which was used for 

detection of tumor-specific markers to evaluate tumor cells. Unique highly BGS 

and two-dimensional thin films were prepared under mild conditions. PtNFs are 

used to enhance the specific surface area of GCE to improve the conductivity of 

the electrode. OCT not only serves as a bio-template for metal synthesis, but also 

specifically recognizes tumor surface markers, so as to rapidly and sensitively 

determine HeLa cells quantitatively. This experiment demonstrates that 

PtNFs/OCT is an ideal biocompatible nanomaterial with good electron transfer 

capability and significantly amplifies the current signal when used as a signal 

probe. Based on the above advantages, the electrochemical biosensor prepared 

this time has higher sensitivity and wider detection range than other methods, and 

achieves signal enhancement effect, reducing the LOD to 2 cells mL-1 for cancer. 

The high specificity and sensitivity of the biosensor will be beneficial for early 

diagnosis of tumor and evaluation of therapeutic effect. Moreover, this strategy 

can easily be extended to varieties types of tumors. 
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Scheme 1. Schematic illustration of sandwich-like electrochemical geometry for 

the cytosensing of HeLa cells. 

  



 

Fig. 1. (a) TEM image of PtNFs; (b) EDS image, (c) XRD patterns and (d) FT-IR 

spectra of PtNFs.  

 
  



 

Fig. 2. TEM images of nanocrystals obtained at different concentrations of PtCl4 

((a) 0.5 mM, (b) 1 mM, (c) 2 mM) and at different reaction times ((a-c) 10 min, 

(d-f) 1 h). 

  



 

Fig. 3 (a) TEM images and (b) SEM image of GCEs; CV curves of commercial 

Pd/C and BGSs modified electrodes in the (c) 1.0 M KOH solution and (d) 1.0 M 

KOH + 1.0 M C2H5OH solution. 



 

Fig. 4 Fluorescent images of HeLa cells incubated with PtNFs at (a) 0, (b) 25, (c) 

50, (d) 100 µg mL-1 of PtNFs for 24 h or incubated with PtNFs at (e) 50, (f) 100 

µg mL-1 for 48 h. Cell viability of HeLa cells incubated with (g) Pt NFs or (h) 

BGSs at 0, 25, 50, 100 µg mL-1 of metal. 

  



 

Fig. 5 (a) CVs and (b) Nyquist plots obtained from different electrodes in PBS 

solution containing 5 mM [Fe(CN)6]
- 3/-4 and 0.1 M KCl; (c) DPV responses of the 

electrochemical biosensor incubated with HeLa cells of different concentrations in 

0.01 M PBS. (d) Calibration curve of the electrochemical biosensor for HeLa 

cells. 



Highlights 

1. For the first time, octreotide was used to target somatostatin receptors 

to achieve effective detection of tumor cells. 

2. Platinum nano-flakes were prepared by green and simple methods for 

the construction of electrochemical biosensors. 

3. The electrochemical signal of the biosensor is significantly amplified 

based on the unique morphology of the platinum nanosheet. 

4. Realize low detection limit signal monitoring by rationally utilizing 

the characteristics of various materials. 


