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A B S T R A C T   

MicroRNAs, essential for gene expression and physiological regulation, are considered to be reliable biomarkers 
for the early diagnosis and treatment of cancers. Herein, a sensitive biosensor that uses a synergistically catalytic 
nanoprobe and improved toehold strand displacement reaction (TSDR) has been fabricated, and successfully 
applied to microRNA-155 (miR-155) detection. A nanoscale copper-based metal organic framework assembled 
by Pt nanoparticles and horseradish peroxidase (Cu-NMOF@PtNPs/HRP) served as a co-catalytic nanoprobe and 
was coupled with improved TSDR to achieve multiple amplifications. In the absence of miR-155, the tetrahedral 
DNA nanostructures (TDNs) immobilized on the gold electrode were independent of the TSDR system because of 
the binding of the shielding region of the locked probe (LP) with the template probe (TP). Instead, the target 
would initiate the TSDR system, leading to the conformational change of TDNs and hybridization of the 
nanoprobe. Cu-NMOF@PtNPs/HRP exhibited extraordinary catalytic property towards the hydroquinone- 
hydrogen peroxide system, demonstrating that the nanoprobe exerted a concerted effect on the electro
chemical performance of the biosensor. Under optimal conditions, the cathodic current exhibited a logarithmic 
relation over 0.50–1.0 � 105fM miR-155, with a detection limit of 0.13 fM, indicating that the constructed 
biosensor has considerable potential in the field of clinical disease diagnostics for miR-155.   

1. Introduction 

Emerging as reliable biomarkers for early cancer diagnosis, micro
RNAs (miRNAs), a group of noncoding single-strand RNAs, exist in 
eukaryotic cells and play vital roles in biological processes (Wang et al., 
2019). In its regulatory function in gene expression, the abnormal 
expression of miRNA may be associated with various cancers such as 
prostate cancer, cervical cancer, and, especially breast cancer (Zeng 
et al., 2014), afflicting communities worldwide. Furthermore, a recent 
study has shown that miRNA-155 (miR-155) is frequently 
over-expressed in breast cancer cases (Mattiske et al., 2012). Tracking 
the miR-155 concentration would provide references for breast cancer 
prognosis/diagnosis and for constructing a follow-up survey. Hence, it is 
imperative to establish an accurate and highly sensitive method for 
quantitative determination of the miR-155 levels. To date, several 
analytical methods have been reported for the quantification of miRNAs 

in multiple samples, of which spectrometry has been frequently used, 
fluorescent spectrometry (Hong et al., 2016), surface plasmon resonance 
(Li et al., 2016), surface-enhanced raman spectroscopy (Yang et al., 
2018) and ultraviolet spectrophotometry (Hakimian et al., 2018) 
included. The spectrometric methods exhibit considerable sensitivity to 
miRNAs but require expensive analytical apparatuses, expertly trained 
resources and a long runtime for obtaining stable results. Conversely, 
electrochemical analysis methods that exhibit advantages, including low 
cost, simple instrumentation, rapid feedback and satisfactory sensitivity, 
have been used to developed as versatile and powerful biosensors for 
miRNAs detection. It is worth noting that majority of the electro
chemical biosensors fail to perform miRNAs detection without any 
amplification (e.g. isothermal amplification technologies and nanop
robes) (Hu et al., 2018). Therefore, an appropriate amplification strat
egy should be integrated with the electrochemical biosensor to detect 
miRNAs with high sensitivity. 
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Considerable attention should be devoted to nucleic acid-assisted 
amplification such as rolling circle amplification (Han et al., 2015), 
hybridization chain reaction (Liu et al., 2015), loop-mediated 
isothermal amplification (Bartosik et al., 2018) and toehold strand 
displacement reaction (TSDR) (Li et al., 2019), to improve the electro
chemical performance of the biosensor. Clearly, enzyme-assisted 
amplification considerably enhances the sensitivity and reaction effi
ciency. However, most of these enzyme-methods require expensive re
agents, rigorous conditions, complicated primer design. Furthermore, 
these methods may yield false positive results (Li et al., 2019). TSDR has 
been developed as an alternative to detect small molecules (Li et al., 
2016) and nucleic acids (Ravan, 2016) by relying on the principle of 
toehold exchange to output a large numbers of single-strand DNA. In 
contrast to the remaining enzyme-assisted amplification techniques, 
TSDR endows the analytical assay with high sensitivity and convenient 
operation. Here, the rational design of the TSDR system was improved 
by elongating the DNA shielding region to circumvent the leakage of the 
DNA trigger (the locked probe) and to minimize the conformational 
change of the recognition probe by the fuel probe. Such changes can 
contribute to the development of a facile biosensor for miRNA detection 
with high sensitivity and low background. 

Recently, metal organic frameworks (MOFs) held great potential 
application in sensing (Hu et al., 2017; Sun et al., 2019). These frame
works possess unique physical and chemical properties such as tunable 
structures, large surface areas and good stability (Xiong et al., 2015; Liu 
et al., 2016). The MOF-based sensor is of significant value to develop 
reliable analytical methods for biomolecule determination (Cui et al., 
2015). Further, copper-based MOFs have been commonly used in the 
electrochemical field because of their interesting peroxidase-like activ
ity, good biocompatibility and biodegradability (Zhou et al., 2018; 
Rawool and Srivastava, 2019). The unique spherical structure of the 
copper based MOF synthesized in this study allows it to support nano
particles of metal and metal oxide catalysts. In addition, endowed with 
versatile nanozyme-like activity, Pt nanoparticles (PtNPs) are liable to 
agglomeration due to their high surface e energy, seriously affecting the 
stability and catalytic ability. Hence, the nanoscale copper-based metal 
organic framework (Cu-NMOF) may be an ideal candidate for stabilizing 
PtNPs. Herein, PtNPs were decorated on the surface of Cu-NMOF by 
in-situ reduction to form Cu-NMOF@PtNPs. Horseradish peroxidase 
(HRP) was attached to the composite material via a metal-protein 
interaction. The introduction of nanozyme PtNPs and natural HRP was 
expected to strengthen the catalysis towards hydrogen peroxide (H2O2) 
to achieve signal amplification (Bu et al., 2018). To the best of our 
knowledge, only few instances of signal amplification based on 
co-catalytic nanoprobe (Cu-NMOF@PtNPs/HRP) have been reported in 
the literature. Considering the unique properties of 
Cu-NMOF@PtNPs/HRP, our group combined the improved cascade 
strand displacement reaction with a co-catalytic signal probe (Cu-N
MOF@PtNPs/HRP, SP) to fabricate a sensitive biosensor for detecting 
miR-155 with a low detection limit. 

Herein, we proposed a facile, highly sensitive biosensor to detect 
miR-155 using a Cu-NMOF@PtNPs/HRP hybrid nanoprobe and the 
improved TSDR. Integration of the improved cascade strand displace
ment amplification with hybrid nanoprobe clearly enhanced the sensi
tivity of the biosensor. Moreover, the tetrahedral DNA nanostructures 
(TDNs) were immobilized on the gold electrode (GE) to obtain a stable 
interface and ensure hybridization efficiency. Because of the combined 
catalysis of Cu-NMOF, PtNPs and natural HRP, the Cu-NMOF@PtNPs/ 
HRP nanoprobe exhibited outstanding catalytic properties with 
respect to the hydroquinone-hydrogen peroxide system (HQ-H2O2). The 
facile, fast responding analytical assay showed high sensitivity and 
stability as well as low detection limits by leveraging the benefits of the 
synergistically catalytic nanoprobe and the improved TSDR strategy. 

2. Experiment section 

All experiment procedures are described in supporting information 
including chemicals, apparatus, cell culture, preparation of nanoprobe 
and fabrication of biosensor. 

3. Results and discussions 

3.1. Characterization of Cu-NMOF and Cu-NMOF@PtNPs 

The morphologies of Cu-NMOF and Cu-NMOF@PtNPs were char
acterized by scanning electron microscope (SEM) and transmission 
electron microscope (TEM). SEM images of Cu-NMOF and Cu- 
NMOF@PtNPs presented in Fig. 1A and Fig. 1B revealed that Cu- 
NMOF with a ~200 nm spherical structure was surrounded uniformly 
by PtNPs after in-situ reduction. The TEM results (Fig. 1C and D) further 
verified that plenty of nanoparticles (~5 nm) covered on the surface of 
Cu-NMOF, forming a core-satellite nanostructure. Moreover, the mor
phologies of Cu-NMOF and Cu-NMOF@PtNPs were examined using 
energy spectrum analysis, elemental mapping analysis, as is shown in 
Fig. S1 and Fig. S2. It is observed that the peak at 2.08 keV can be 
assigned to Pt element in the energy spectrum diagram of Cu- 
NMOF@PtNPs and Cu, C, Pt elements were distributed in Cu- 
NMOF@PtNPs uniformly. In addition, X-ray photoelectron analysis 
was performed to characterize Cu-NMOF@PtNPs (Fig. S3). The peak at 
314.7 eV and 932.1 eV corresponds to the Pt4d and Cu2p3 lines, 
assigned to the metallic Pt and Cu. The binding energy (BE) value of 
Pt4f-Cu3p center at 71 eV and 74 eV, indicating the interaction between 
Cu-NMOF and PtNPs. All these results above revealed that PtNPs were 
deposited on the surface of Cu-NMOF successfully. 

3.2. The principle of the biosensor 

The principle for sensitive detection of miR-155 based on improved 
cascade amplification and synergistically catalytic nanoprobe is illus
trated in Scheme. 1. Cu-NMOF, as a nanocarrier and catalytic material, 
was synthesized by solvothermal method, with copper nitrate trihydrate 
and 2-aminoterephthalic acid as precursors and organic ligands. Poly
vinylpyrrolidone (PVP) dissolved in a mixed solvent of ethanol and N,N- 
dimethylformamide was added into the reaction solution to improve the 
dispersibility of Cu-NMOF in water. After in-situ reduction by sodium 
borohydride (NaBH4), PtNPs were deposited on the surface of the Cu- 
NMOF. Afterwards, proper concentration of signal DNA and HRP were 
assembled onto the surface of Cu-NMOF@PtNPs with Pt–S bond and 
noble metal-protein interaction (Scheme 1A). This prepared signal probe 
would be applied to amplifying the signal via co-catalyzing electro
chemical behavior of the HQ-H2O2 system. 

The proposed biosensor consisted of TDN supporting substrates, 
improved TSDR system and co-catalytic nanoprobe (Cu-NMOF@PtNPs/ 
HRP). Firstly, to enhance molecular recognition and the stability of the 
biosensor, TDNs were immobilized on the interface of GE in order. After 
blocked by 6-mercapto-1-hexanol (MCH) and bovine serum albumin 
(BSA) to minimize the non-specificity, the modified electrode was 
incubated in the mixture (improved TSDR system) containing fuel probe 
(FP) and the template probe-lock probe-protection probe (TP-LP-PP) 
complex. In the improved TSDR system, the sequence hybridized with 
the toehold of the hairpin of TDNs was shielded by the TP. Besides, the 
TP, LP and PP were primarily denatured together to obtain the stable TP- 
LP-PP complex to prevent FP from triggering the toehold strand 
displacement amplification and the conformational change of the 
hairpin of TDNs in the absence of target (Yang et al., 2018; Zhu et al., 
2018). Upon introducing into the system, the target would hybridize 
with 50-terminal toehold region (8 nt) of TP to release LP and expose the 
initially obstructed toehold (4 nt) at the middle position of TP, inducing 
the second TSDR by fuel strand and the replacement of target, which 
activated another strand displacement reaction (Scheme 1B). 
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Fig. 1. SEM images of (A) Cu-NMOF and (B) Cu-NMOF@PtNPs, TEM images of (C) Cu-NMOF and (D) Cu-NMOF@PtNPs.  

Scheme 1. (A) Preparation process of nanoprobe, (B) Cascade strand displacement system to generate plenty of LP, (C) Schematic illustration of the estab
lished platform. 
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Meanwhile, large numbers of LP released would bind to the hairpin of 
TDNs immobilized on the electrode and trigger the conformation change 
of the hairpins. Finally, the signal probe was introduced to form a 
sandwich structure for amplifying the signal synergistically in the 
HQ-H2O2 based on Cu-NMOF, PtNPs and HRP (Scheme 1C). 

3.3. Agarose gel electrophoresis analysis of TDNs and the improved TSDR 
system 

The application of TDNs ensures the orienting ordered arrangement 
of capture probe on the surface of the electrode to improve the stability 
of the proposed biosensor. What’ more, the independence between TDNs 
anchored on the electrode and the improved TSDR system is conductive 
to reducing non-specificity under the coexistence. The formation of 
TDNs and the improved TSDR system were investigated by agarose gel 
electrophoresis analysis. As shown in Fig. 2, TDNs in Lane 5 migrated 
more slowly than other structures assembled by less than four single 
oligonucleotides (Lane 1–4), demonstrating the successful assembly of 
TDNs. In the meanwhile, appropriate concentration of TDNs and the 
improved TSDR system were mixed for 90 min to explore the feasibility 
of the proposed strategy. Compared with positive reaction (Lane 8), the 
band of TDN-LP complex could not be observed, revealing that TDNs can 
coexist with the improved TSDR system without miR-155 (Lane 7). 
Instead, the DNA machine would generate large numbers of LP to hy
bridize with TDNs. The separated DNA (Lane 9) was in line with positive 
reaction, manifesting the practicability of this strategy. 

3.4. Electrochemical characterization of the constructed biosensor 

In order to characterize the stepwise assembly process on the surface 
of the established platform, electrochemical impedance spectroscopy 
(EIS) was adopted in PBS containing 5 mM Fe(CN)6

3� /4- and 0.5 M KCl. In 
the Nyquist plot, the semicircle diameter in the high frequency region 
mirrored the electron-transfer resistance (Ret). As seen in Fig. 3A, when 
the TDNs were self-assembled on the electrode via Au–S bond, the Ret 
increased to 750 Ω owing to the repulsion between negatively charged 
phosphate backbones of DNA (curve a). After blocking by MCH and BSA, 

the Ret further increased to 1300 Ω and 1850 Ω respectively (curve b, c). 
Subsequently, with TSDR system incubation, obvious increase could be 
observed (curve d) because large numbers of LP hybridized with TDNs 
on the surface and the formation of the DNA complex with more strongly 
negative change further impeded electron transfer. Finally, the prepared 
signal probe bind with the released stem of TDNs, which resulted in the 
diameter of semicircle further increased to 3750 Ω (curve e), evidencing 
that the proposed platform for miR-155 was successfully constructed. 

Additionally, Fig. 3B showed that SWVs of different process in the 
PBS solution (100 mM, pH 7.0) with 3 mM HQ and 2 mM H2O2 bubbled 
with nitrogen. A weak cathodic peak, corresponding to the electro
chemical reduction of benzoquinone (BQ) which was generated from the 
oxidation of HQ by catalyzing H2O2, could be observed in the absence of 
target (curve a). When the FPs were removed from the amplification 
strategy and the platform was performed with pristine Cu- 
NMOF@PtNPs/HRP, the peak current of the biosensor was 5.8 μA 
(curve b), revealing the considerable catalytic-property of the nanop
robe. Moreover, the currents based on the improved TSDR and co- 
catalytic signal probe doubled those without the FPs at the same con
centrations of target (curve c), because the FPs were essential for 
cascade amplification by liberating the target hybridized with TP, which 
would activate another strand displacement reaction. Therefore, the 
established biosensor may be a proper electrochemical platform for 
detection of miR-155. 

Furthermore, PtNPs/HRP widely used in electrochemical biosensor 
as signal probe, was synthesized by previous report (Sun et al., 2018) 
and served as a comparison to evaluate the catalytic activity of 
Cu-NMOF@PtNPs and Cu-NMOF@PtNPs/HRP. The catalytic property 
of different signal probes including PtNPs/HRP, Cu-NMOF@PtNPs/HRP 
and enzyme-free Cu-NMOF@PtNPs was investigated by SWVs using 
different signal probe in the PBS solution (100 mM, pH 7.0) with 3 mM 
HQ and 2 mM H2O2 (Fig. 3C). After incubation of the improved TSDR 
and PtNPs/HRP, a weak cathodic peak appeared in the potential range 
of 0.1~-0.6 V. Nevertheless, the reduction peak increased dramatically 
when Cu-NMOF@PtNPs and Cu-NMOF@PtNPs/HRP was employed on 
the biosensor. The peak current with PtNPs/HRP, Cu-NMOF@PtNPs and 
Cu-NMOF@PtNPs/HRP towards miR-155 were 1.3 μA, 3.7 μA and 
6.4 μA, respectively. Probably the enhance signal were attributed to the 
synergistically catalytic effect of Cu-NMOF, PtNPs and natural HRP. 
Cu-NMOF with mimicking peroxidase activity provided more spatial 
position to immobilize PtNPs, which further strengthen the catalytic 
effect towards H2O2. Moreover, the attachment of HRP on the surface of 
Cu-NMOF@PtNPs via metal-protein interaction, resulting in catalysis of 
H2O2 with higher efficiency. Besides, UV–vis spectra of different signal 
probe (Fig. S4) were introduced as an assisted characterization to 
investigate the catalytic ability of H2O2. As suggested in Fig. S4, 
Cu-NMOF@PtNPs/HRP possessed the more prominent catalytic effect 
towards H2O2, which are in accord with the results of SWVs. 

3.5. Optimization of the experiment conditions 

The combination of the improved toehold mediated strand 
displacement reaction and co-catalysis nanoprobe tremendously 
improve the sensitivity of the biosensor. However, because of the 
cascade amplification of TSDR, the leakage of LP without target would 
be amplified by synergistically catalytic nanoprobe, resulting in the 
higher background current. Therefore, it is of important significance for 
inhibition of nonspecific reaction in TSDR. To obtain the optimal con
ditions to ameliorate electrochemical performance, the number of 
shielding base in TSDR was investigated by SWV in PBS solution con
taining 3 mM HQ and 2 mM H2O2. As can be seen in Fig. 4A, with 
increasing the number of shielding base, the cathodic current increased 
notably in 1 pM target (blue line) while the current decreased without 
target (red line) for the reason of the enhancement of independence 
between the TP-LP-PP complex and the hairpin of TDNs. The sequence of 
hybridization region between TP and LP overlapped with the stem of the 

Fig. 2. Agarose gel electrophoretic analysis of the formation of TDNs and TSDR 
system. Lane 1: A; Lane 2: B þ C; Lane 3: B þ C þ D; Lane 4: A þ D; Lane 5: A þ
B þ C þ D; Lane 6: TP-LP-PP; Lane 7: TDNs þ TP-LP-PP þ FP; Lane 8: TDNs þ
LP; Lane 9: TDNs þ TP-LP-PP þ FP þ miR-155; Lane 10: TDNs þ signal probe; 
Lane 11: TDNs þ LP þ signal probe. With the exception for LP in positive 
control (2.0 μM), target (0.02 μM), DNA final concentration of L1-L6 and L7- 
L11 were 1.0 μM and 0.5 μM respectively. 
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hairpin of TDNs and the leakage of LP would greatly improve. When the 
shielding number of base was over 14 mers, the target may bind with the 
hairpin of TDNs directly instead of involving in TSDR, resulting in the 
rise in cathodic current. Likewise, the current with fuel strand surged 
dramatically (black line) because a large concentration of fuel probes 
with partially repetitive sequence may open the hairpin immobilized on 
the biosensor falsely, which coincided with the reported (Gao et al., 
2016). Taking account of all of these, 14 shielding base was selected as 
the optimal condition for this improved TSDR system. 

Similarly, the incubation time of the improved TSDR significantly 
affected the cathodic current by influencing the output of LP (Shi et al., 
2015). Hence, an optimization procedure on the incubation time of 
TSDR was executed (Fig. 4B). The influence of TSDR incubation time at 
the concentration of 1 pM target was evaluated by recording SWVs. As 
anticipated, the peak currents become higher with the increase in in
cubation time and the current reach the maximum when the incubation 
time was 90 min. The current tends to be stable when the time exceeds 
90 min, indicating that the release of LP may achieve equilibrium of 
cascade displacement amplification. As a consequence, the improve 
toehold strand amplification was incubated on the GE for 90 min in the 
subsequent experiments. 

Finally, the hybridization time of the nanoprobe was investigated 
thoroughly by SWVs (Fig. 4C). Fig. 4C present the SWV responses of 
different hybridization time (40, 50, 60, 70, 80 and 90 min) of signal 

probe after 90 min improved TSDR incubation. The peak current at this 
biosensor was enhanced by signal probe with a rise in hybridization time 
and reached to the stability after 70 min. An appropriate hybridization 
time of the nanoprobe would help prevent physical adsorption of 
nanomaterial. Thus, the optimal signal-probe incubation time was 
70 min in this platform. 

3.6. Analytical performance of the miRNA detection 

Under optimal experiment conditions, the electrochemical analysis 
of miR-155 with different concentrations were evaluated by SWVs and 
recorded in Fig. 5A. Fig. 5A revealed variations of miR-155 concentra
tion ranging from 0.5 to 105 pM and the cathodic currents of miR-155 at 
the potentials of 0.1~-0.6 V. Change of the logarithm of miR-155 con
centration, led to the linear variation of cathodic current (Fig. 5B). The 
regression equation was I (μA) ¼ 1.730 Lg c (mol⋅L� 1) þ30.93 with a 
regression coefficient (R) of 0.9974. The detection limit for miR-155 was 
calculated to be 0.13 fM with 3σ. Compared with other strategies to
wards microRNA summarized in Table S2, the biosensor in this work 
offers a wider linear range and a lower detection limit, which is superior 
to some reported methods. The performances of the biosensor are 
attributed to the following points. Firstly, TDNs immobilized on the GE 
in order enhances the stability of the biosensor and the binding effi
ciency of the improved TSDR products. Besides, the rational designed of 

Fig. 3. (A) Nyquist plots of the developed biosensor. (a) TDN/GE, (b) MCH/TDN/GE, (c) BSA/MCH/TDN/GE, (d) TSDR/BSA/MCH/TDN/GE, (e) SP/TSDR/BSA/ 
MCH/TDN/GE. (B) SWV responses of the (a) SP/TSDR/MCH/TDN/GE without target, (b) SP/MCH/TDN/GE with 1 pM target, (c) SP/TSDR/MCH/TDN/GE with 1 
pM target in the PBS solution (100 mM, pH 7.0) with 3 mM HQ and 2 mM H2O2. (C) SWV responses of different probe with 1 pM target in the PBS solution (100 mM, 
pH 7.0) with 3 mM HQ and 2 mM H2O2. Inset of a: SWVS of cathodic currents versus different signal probes. 
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the improved TSDR system minimize non-specific reaction and proved a 
lower background currents. The last but not the least, because of the 
combined catalysis of Cu-NMOF, PtNPs and natural HRP, the hybrid 
nanoprobe exhibits extraordinary catalysis with respect to the HQ-H2O2 
system, which will contribute to the multiple amplification. All of the 
above factors endows the proposed biosensor with high sensitivity and 
stability. 

3.7. Stability, reproducibility and selectivity of the constructed biosensor 

To validate the stability of the electrode fabricated, the biosensors 
modified by TDNs were immersed in PBS and stored at 4 �C for half a 
month, the cathodic currents of 1 pM miR-155 were still as high as 
92.4% and the relative standard deviations (RSDs) were 4.7%. Thus, the 
proposed platform was highly stable. Additionally, five different elec
trodes assembled independently contrived to determine 1 pM miR-155 
with RSD of 3.1%, demonstrating the established electrode has a satis
factory reproducibility. 

Moreover, the effect of a variety of miRNAs coexisted in real sample 
obsess us to detect miR-155, leading to false-positive result. Hence, the 
electrochemical performances of interfering substances such as miR-21, 
single-base mismatch miR-155 (SM miR-155), three-base mismatch 
miR-155 (TM miR-155) and their mixture, were performed to investi
gate the selectivity of the constructed biosensor (Fig. 5C). It turns out 
that, 100 fold miR-21, SM miR-155, TM miR-155 as well as the mixture 
containing 100 fold SM miR-155, TM miR-155, 1 fold miR-21 failed to 
influence the detection of 1 pM miR-155, confirming the high selectivity 

of the proposed biosensor used for miR-155 determination. 

3.8. Real sample analysis 

To prove the practicability of the established biosensor for detection 
of miR-155, the platform was applied to the determination of miR-155 in 
serum (Table S3) and cell lysates (Fig. S5). Each sample of miR-155 was 
determined in triplicate. Various concentration of miR-155 spiked into 
the human blood serum (100-fold diluted) were involved in TSDR sys
tem and activated the DNA molecular machine. The recoveries of miR- 
155 in serum ranged from 93.1% to 109.0% and the RSD were lower 
than 5.0%, indicating that the platform is competent for the detection of 
miR-155 in serum. 

Moreover, we examined the expression of miR-155 in the different 
biological lysates (Fig. S5). MCF-7 and MDA-MB-231 were extracted by 
SanPrep Column microRNA Extraction Kit after cell counting. As ex
pected, the current signal were relevant to the number of cancer cells 
used for miR-155 extraction. With the number of cells in rise, the 
reduction current increased in different degrees, which are consistent 
with previous literatures (Mohammadi and Salim, 2018; Zhang et al., 
2018; Zhou et al., 2016; Lu et al., 2009). Therefore, the novel sensors 
constructed was reliable and applicable to detection of miR-155 in 
biological samples. 

4. Conclusion 

Based on improved cascade strand displacement amplification and 

Fig. 4. (A) Effects of shielding number of TSDR system on SWV response. (B) Effects of TSDR incubation time on SWV response at 1 pM miR-155. (C) Effects of signal 
probe hybridization time on SWV response at 1 pM miR-155. 
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synergistically catalytic nanoprobe, a novel and facile electrochemical 
biosensor was fabricated to detect miR-155, with a low detection limit. 
Compared with pristine PtNPs/HRP and Cu-NMOF@PtNPs, the nanop
robe showed superb co-catalytic property with respect to the HQ-H2O2 
system, which indirectly amplify the cathodic signal of BQ. Under 
optimal conditions, the cathodic current was logarithmically related 
with 0.50–1.0 � 105 fM miR-155 with a detection limit of 0.13 fM. 
Above all, owing to the extraordinary catalytic activity along with high 
sensitivity and stability, the established platform was available for 
determination of miR-155 in serum and biological samples, opening up 
possibilities for early diagnosis and treatment of breast cancer in the 
future. Despite significant development in miR-155 detection, the 
established platform may not be an ideal method for clinical detection 
yet. With the miRNA detection consummating further, future electro
chemical biosensor of miRNA detection would march towards rapidness, 
integration and microminiaturization. 
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