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ABSTRACT

Biofuel cell (BFC)-based self-powered biosensors have attracted substantial attentions due to their
unique merits of no need for power sources (only two electrodes needed). More importantly, in
case it can also work in homogeneous system, more efficient and easy-to-use bioassays could
come true. Thus, herein, we proposed, a novel homogeneous self-powered biosensing strategy via
integration of BFC and homogeneous electrochemical method, which was further utilized for
ultrasensitive microRNA (miRNA) detection. To construct such an assay protocol, the cathodic
electron acceptor [Fe(CN)¢]> was entrapped in the pores of positively charged mesoporous silica
nanoparticles and capped by the bio-gate DNAs. Once the target miRNA existed, it would trigger
the controlled release of [F e(CN)6]3', leading to dramatical increase of the open circuit voltage.
Consequently, the “signal-on” homogeneous self-powered biosensor for ultrasensitive miRNA
assay was realized. Encouragingly, the limit of detection for miRNA-21 assay was down to 2.7 aM
(S/N=3), obviously superior to other analogous reported approaches. This work not only provides
an ingenious idea to construct the ultrasensitive and easy-to-use bioassays of miRNA, but also
exhibits a successful prototype of portable and on-site biomedical sensor.

KEYWORDS

Biofuel cell; Self-powered biosensing; Homogeneous electrochemical method; MicroRNA assay;

Cathodic electron acceptor

ACS Paragon Plus Environment

Page 2 of 19



Page 3 of 19

oNOYTULT D WN =

ACS Applied Materials & Interfaces

INTRODUCTION

Biofuel cells (BFCs) have recently undergone rapid development because of their ability to
provide sustainable energy from renewable fuel sources under mild conditions."” Among them,
BFC-based self-powered biosensors ®’ have become a research focus due to the unique
characteristics of no need for external power sources, simple fabrication process, miniature size,

good anti-interference ability, and low cost. And they have been widely applied in environmental

10-13 16-17 18-20

L 89 . . . 14-15 .
monitoring,” molecular diagnostics, immunoassay, cytosensing and drug release,

etc. To date, the design principles of self-powered sensing strategies are mainly based on substrate

effect, inhibition effect, blocking effect, enzyme activity, etc.,7’ 21-23

most of which rely on the
biorecognition of biofuel by enzymes in solid-phase or DNA probes immobilized on the anode or
cathode. However, the immobilization of biorecognition probes generally required particular
experiment conditions and complicated experimental process, and the inappropriate

. J . . . 24-25
immobilization would result in lower or even no signal response.

By contrast, homogeneous
electrochemical assays can directly detect target molecules in homogeneous solution without any
bioprobes immobilization, which could greatly benifit the construction of rapid, cost-effective, and
easy-to-use bioassays. Hence, it could be significantly meaningful to develop the novel sensing
strategy intergration of BFC and homogeneous electrochemical detection.

To demonstrate the proof-of-concept, we take microRNAs (miRNA-21) assay as the example.
As we know, the abnormal expression of miRNAs in malignant tissues can function either as
oncogenes or tumor suppressors during cancer initiation, progression, and metastasis.”® To date,
great efforts have been made for miRNA assays, including Northern blotting,” microarray
hybridizationzg, quantitative reverse transcription polymerase chain reaction (qRT—PCR),29

4

colorimetric,”® fluorescent,’’* surface enhanced Raman scattering (SERS),35 intracellular

36-37 39-41

imaging, magnetic relaxation switch (MRS)*® and electrochemical methods. However, the
shortcomings of complicated configuration, relatively low sensitivity, and high cost are
incompatible with the easy-to-use requirements. Recently, the self-powered heterogeneous
biosensing of miRNAs has been firstly reported,** which still required complex fabrications. As a
consequence, on the basis of the unique features of both BFC and the DNA-based homogeneous

electrochemistry, more efficient and easy-to-use BFC-based self-powered homogeneous

biosensing strategy is considerable but underexplored.
3

ACS Paragon Plus Environment



oNOYTULT D WN =

ACS Applied Materials & Interfaces

Inspired by our previous work based on homogeneous electrochemical strategy for miRNA
detection,”™ herein, we proposed a novel BFC-based self-powered homogeneous biosensing
strategy for ultrasensitive miRNA bioassay. In details, the one-compartment biosensor was
composed of the cathode based on DNA functionalized positively charged mesoporous silica
nanoparticles (PMSN) and the anode based on glucose oxidase/carbon nanotube/gold
nanoparticles (GOx/CNT/AuNPs). Intially, the electron acceptor, i.e. [Fe(CN)s]* was entrapped in
the pores of positively charged PMSN and capped by the bio-gate DNA (denoted as csDNA)
completely complementary to the target miRNA. In the absence of miRNA, [Fe(CN)s]*" was
encapsulated in the pores of PMSN, a low open circuit voltage (EO CV) was observed (Scheme 1A).
Once the target miRNA existed, it could hybridize with the capped csDNA to form the rigid
DNA-RNA hetero-duplex structure, which would further separate from the PMSN surface due to
the significantly decreased adhesion, and then the bio-gate on the csDNA-capped PMSN was
efficiently opened,* resulting in the controlled release of the entrapped [Fe(CN)¢]*. As such, due
to the high catalytic ability of the anode on glucose oxidation, the electrons produced by the anode
were transferred to the cathode, leading to the reduction of [Fe(CN)]>, and the corresponding
E°Y dramatically increased (Scheme 1B). Overall, the ultrasensitive detection of miRNA was
realized based on the as-proposed proof-of-concept and target-triggered strategy. This effective
biosensing strategy could integrate the ingenious merits of self-powered BFC sensors and
homogeneous electrochemistry, which demonstrates great potential as a versatile tool in bioassay

and early diagnosis of cancers.
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Scheme 1. Schematic illustration of the principle of the homogeneous self-powered biosensor in
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the absence (A) and presence (B) of miRNA.

EXPERIMENTAL SECTION

Materials and Reagents. HPLC-purified miRNA and HPLC-purified DNA oligonucleotides were
obtained from Shanghai Sangon Biotechnology Co., Ltd. (Shanghai, China). Glucose oxidase
(GOx) from Aspergillus niger (EC 1.1.3.4, 158.9 units mg™), 1-ethyl-3-(3-dimethyl-aminopropyl)
carbodiimide hydrochloride (EDC), N-hydroxysuccinimide (NHS), tetracthoxysilane (TEOS),
cetyltrimethylammonium bromide (CTAB), and poly(diallyldimethylammonium chloride) (PDDA,
20%, w/w in water, My = 200 000-350 000), were all purchased from Sigma-Aldrich (St. Louis,
MO, USA). Chloroauric acid (HAuCly-4H,0) and tris(hydroxymethyl)aminomethane (Tris) were
obtained from Shanghai Chemical Reagent Co. Ltd. (Shanghai, China). Before use, the miRNA
and csDNAs were diluted with 100 mM Tris-HC1 (pH 7.4) to give the stock solutions. The
carboxyl-functionalized AuNPs were prepared according to the literature by adding a sodium
citrate solution to a boiling HAuCl, solution.*’ Ultrapure water (resistivity > 18.2 MQ cm at 25°C)
was obtained from a Milli-Q water purification system (Millipore Corp., Bedford, MA, USA).
Diethyl pyrocarbonate (DEPC)-treated ultrapure water was used in all experiments. All reagents
were of analytical grade and used without further purification. The sequences of the
oligonucleotides are listed in Table S1 (in Supporting Information).

Apparatus. Electrochemical impedance spectroscopy (EIS) was carried on an Autolab PGSTAT
302N electrochemical analyzer (Metrohm Autolab, The Netherlands) within a frequency range of
0.1 to 100 kHz in 2.5 mM [Fe(CN)]’/[Fe(CN)s]* probe solution. Cyclic voltammetric (CV),
linear sweep voltammetric (LSV), and the open circuit voltage £°¥ of BFC measurements were
performed on a CHI 660E electrochemical workstation (Shanghai CH Instrument Co., China)
using a three-electrode system: the fabricated anode or cathode as the working electrode, a Pt wire
as the counter electrode, and an Ag/AgCl as the reference electrode. The open circuit voltage E°°V
of BFC was measured by connecting the anode and the cathode placed in the electrolytic cell. All
experiments were carried out at room temperature (25 + 1°C).

Loading of [Fe(CN)¢]* into csDNA-Capped PMSN. Firstly, positively charged mesoporous
silica nanoparticles (PMSN) was prepared and characterized by transmission electron microscopy
and N, adsorption—desorption isotherm, described in our previous report in details.”® Next, 10.0

mg of the above prepared PMSN was suspended into 1.0 mL of 1.0 M [F e(CN)s]> solution, and
5
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then the mixture was gently shaken at room temperature overnight. During this process,
[F e(CN)6]3' entered the pores of the PMSN via diffusion. Subsequently, 10 uL of 1 nM csDNA
was incubated with PMSN at room temperature for 4 h under gentle stirring. As a result, the
csDNA was attached onto the PMSN via electrostatic interaction and formed the bio-gates. The
mixture was then centrifuged (3,000 rpm, 2 min) and washed at least three times to remove any
unloaded [Fe(CN)6]3'. Finally, the obtained csDNA-capped PMSN loaded with [Fe(CN)6]3' was
resuspended into 1.0 mL Tris-HCI buffer (pH 7.4, containing 0.1 M NaCl). As a control, random
DNA sequence (rDNA)-Capped PMSN were prepared in a similar process except that rDNA was
used as the bio-gate instead of csDNA.

Homogeneous Electrochemical Measurement on BFC Cathode. Indium tin oxide (ITO)
electrodes were used as the substrate electrodes, and [Fe(CN)]’ acted as the electron acceptor of
the BFC cathode. For the control experiment, 50 uL. of csDNA-capped PMSN was added to 5 mL
of Tris-HCI buffer (pH 7.4, 100 mM), and the electrochemical signals of [Fe(CN)6]3' were
detected by CV and LSV experiments with the potential ranging from —0.2 to 0.6 V (vs Ag/AgCl).
Whereas, in the case of the target being present, 5 pL of miRNA-21 with different concentrations
was first incubated with 50 puL of csDNA-capped PMSN at 37 °C for 2 h. The resulting mixture
was then added to 5 mL of Tris-HCI buffer (pH 7.4, 100 mM) and mixed well. Finally, the
electrochemical response of [Fe(CN)]* was obtained through the CV and LSV measurements.
Preparation of GOx/CNT/AuNPs/ITO Anode. 8.0 mg of CNT was dispersed in 1% PDDA (4.0
mL) and then sonicated for 30 min to form a homogeneous suspension of positively charged
CNT/PDDA. Residual PDDA polymer was removed by centrifugation (15000 rpm, 10 min), and
the obtained precipitate was washed with ultrapure water at least three times, following which, the
purified CNT/PDDA was mixed with 3.0 mL of AuNPs (10 nM) and then the mixture was gently
shaken at room temperature overnight. Then excessive AuNPs were removed by centrifugation
(8000 rpm, 10 min) and the CNT/AuNPs hybrid precipitate was resuspended in ultrapure water to
bring the concentration to 1 mg mL". The GOx/CNT/AuNPs/ITO anode was prepared by first
casting 50uL of the as-prepared CNT/AuNPs suspension on the surface of the ITO substrate
electrode. Then, the CNT/AuNPs electrode was dried at 37°C for 2 h and immersed in a solution
containing 1 mg mL" EDC and 1 mg mL" NHS for 30 min. After rinsing with ultrapure water to

remove excess EDC and NHS, the activated electrodes were incubated in 500 pL of GOx (10 mg
6
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mL™) solution at 4°C for 12 h. The electrodes were rinsed repeatedly with water and soaked in
PBS (pH 7.4) under stirring to remove any loose materials. The electrodes were stored at 4°C
when not in use.

Homogeneous Self-Powered Biosensing for miRNA. A membrane-less glucose/[Fe(CN)s]>” BFC
was constructed by using the modified anode and ITO cathode and operated at room temperature.
The supporting electrolyte was 5 mL of 100 mM Tris-HCI (pH 7.4) containing 5 mM of glucose.
In the absence of the target miRNA, 50 uL of csDNA-capped PMSN was added to the supporting
electrolyte, and the open circuit voltage of the BFC was measured, which was denoted as E,,OCV.
In the presence of the target miRNA, 5 uL miRNA-21 with different concentrations or the serum

samples were incubated with 50 pL of csDNA-capped PMSN at 37 °C for 2 h, then the mixture

was added to the supporting electrolyte, and the E° Y of the BFC was measured again.
RESULTS AND DISCUSSION

Construction of csDNA-Capped PMSN. According to the aforementioned design principle, it
can be deduced that the assembly of the csDNA-capped PMSN and the liberation of csDNA are
the decisive protocol. As illustrated in Figure 1A, PMSN was obtained via the functionalization of
MSN with positively charged polymer PDDA, and then [Fe(CN)e]* could diffuse into the pores of
PMSN. Subsequently, the negatively charged csDNA, which acted as a gatekeeper, was attached
onto PMSN surface via electrostatic interaction. In this case, [Fe(CN)6]3' was entrapped in the
pores of PMSN. To confirm this feasibility, first, the morphology and pore diameter of MSN was
characterized by TEM and BET measurement. From Figure 1B and 1C, MSN exhibited the
uniform structures with an everage diameter of 100~120 nm. Meanwhile, it also showed excellent
BET surface area of 423 m” g ' and well-defined pore size are of 2.5 nm, which guaranteed the
efficient load of [Fe(CN)e]”. Furthermore, the TEM images strongly identified the assembly and
liberation of the bio-gate. As shown in Figure 1D and 1E, csDNA-capped PMSN showed much
rougher surface and more blurred pores than those of MSN, indicating that csDNA has been
successfully adhered onto the PMSN. After incubated with the target miRNA, the pore outline of
MSN became relatively clear due to the liberation of the rigid DNA—RNA hetero-duplex structure.
In addition, the zeta potential analysis was also carried out to confirm this protocol. The

zeta-potential value of MSN was switched from -5.23 mV to +41.6 mV after the PDDA treatment,

7
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benefited from the adsorption of the positively charged PDDA. Just as expected, the zeta-potential

value drastically decreased to -50.3 mV, implying the adsorption of negatively charged csDNA on

PMSN, and it could recover to a certain extent due to the detachment of DNA—RNA hetero-duplex.

All the above results verified the successful fabrication of the csDNA-capped PMSN and the

ability of target-induced csDNA liberation.
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Figure 1. (A) Schematic illustration of the construction of csDNA-capped PMSN and the
target-induced csDNA detachment; TEM images of MSN (B), csDNA-capped PMSN (D), and
csDNA-capped PMSN incubated with miRNA (E); (C) Pore size distribution and N,
adsorption-desorption isotherm of MSN; (F) Zeta potential of MSN(a), PMSN(b), csDNA-capped

PMSN(c), and csDNA-capped PMSN incubated with miRNA (d).

To judge whether the target miRNA could trigger the controlled release of [Fe(CN)s]”, CV
and LSV measurements were performed to investigate the variation of the cathodic signal with
different miRNA concentrations. As illustrated in Figure 2A, in the absence of miRNA-21, a pair

of smaller redox peaks for [Fe(CN)6]3'/4'

were observed. And then the peak current gradually
increased with the miRNA-21 concentration from 0.01 to 1000 fM, which can be attributed to

that miRNA with higher concentration would hybridize with more csDNA, thus leading to a larger
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amount of bio-gates opened, as well as more entrapped [Fe(CN)q]” released. Similarly, the LSV
results (Figure 2B) also confirmed the release process controlled by the target miRNA because the
cathodic peak current obviously increased when the DNA-RNA rigid double helix structure
formed (curve b). In addition, to demonstrate the signal indeed originated from the specific
Watson-Crick interaction between bases, not the leak of [Fe(CN)e]*, the control experiments
based on random DNA sequence (rDNA) capped PMSN were measured. As shown in Figure S1,
the CV signals almost unchanged even the concentration of miRNA-21 was up to 1000 fM. All the
above results confirmed the release process of the entrapped [Fe(CN)q]> which further illustrated

the feasibility for assembling the BFC-based homogeneous self-powered biosensor.
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Figure 2. (A) CVs responses of [Fe(CN)e]’™ at the cathode in the presence of miRNA-21 with
different concentrations (from a to g: 0, 0.1 , 0.5, 1.0, 10 , 100, and 1000 fM ); (B) LSV of
[Fe(CN)g]™ at the cathode before (a) and after (b) the treatment with 10 fM miRNA-21. All CVs

and LSV signals were measured in 0.1 M Tris-HCI (pH 7.4) at a scanning rate of 50 mV/s.

Optimization of Experimental Conditions for BFC Cathode. To ensure high sensitivity of the
as-proposed biosensing strategy and the encapsulation efficiency of csDNA gatekeeper, a serial of
experimental conditions were optimized for CV measurements including the bio-gate csDNA
concentration, the hybridization reaction time between the target miRNA and the csDNA-capped
PMSN, and [Fe(CN)s]> concentration incubated with PMSN. As shown in Figure S2A, the
cathodic current increased with the increase of csDNA concentration, until it leveled off when the
concentration was up to 1.0 nM. It implied that the adsorption between PMSN and csDNA had

reached the saturation point, and it could be washed off even if more csDNA added. Thus, 1.0 nM

9
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was chosen as the optimal value. Meanwhile, the time of [F e(CN)g]* release also directly affected
the cathodic current signal. In our strategy, because the DNA hybridization reaction and the
release of [Fe(CN)6]3' from the pores were implemented simultaneously, the DNA hybridization
reaction also could represent the released circumstances. As shown in Figure S2B, the maximum
current appeared at 2 h, which barely changed with prolonging the hybridization time. Hence, 2 h
was chosen as the optimum hybridization time . In addition, the effect of the amount of the
entrapped [F e(CN)G]z’ on the current response was investigated, since the electrochemical signal
mainly originated from the electron acceptors. As shown in Figure S2C, the current positively
increased initially with the [Fe(CN)6]3’ concentration, and then it reached a plateau when the
concentration was up to 100 mM. Thus, 100 mM was chosen as the optimal [F e(CN)e]*
concentration.

Fabrication and Characterization of BFC Anode. As the electron generator, the anode was
another essential component to ensure the best performance of BFCs. To realize the efficient
contact between the enzyme and the indium tin oxide (ITO) substrate, CNT/AuNPs were used as
the excellent immobilization matrixes because of their good biocompatibility, high electrical
conductivity and chemical stability. Furthermore, the carboxyl-functionalized AuNPs could bond
the GOx enzyme molecules through a condensation reaction between the amino groups in enzyme
structure and the carboxyl groups on the Au NPs.” TEM image of the CNT/AuNPs showed that
uniform AuNPs were evenly decorated onto the surface of CNT (Figure 3A), which is in favour of
enzymes load. The assembly process of the anode was further confirmed by electrochemical
impedance spectroscopy (EIS) measurements. As shown in Figure 3B, compared to the
electron-transfer resistance (R.) of the bare ITO (50 Q, curve a), a smaller R, value (12 Q, curve
b) was obtained for the CNT/AuNPs/ITO electrode, which indicated that CNT/AuNPs enhanced
the electron transfer rate. When the electrode was further functionalized with GOx, the resultant
GOx/CNT/AuNPs/ITO electrode showed an elevated R (111 Q, curve c) due to the fact that the
steric hindrance of the enzyme could prevent the redox probes from approaching the electrode
surface. Moreover, CVs of the anode without or with 5 mM glucose were carried out to verify the
effective oxidation of glucose. In the presence of glucose, both the CV and LSV curves shifted
upward compared to their initial values (Figure 3C and 3D), which demonstrated that the anode

was sensitive to glucose, in accordance with the mechanism of the O,-mediated GOx for glucose
10
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49-52

oxidation. Therefore, excellent catalytic activity of the anode was realized, ensuring the

successful construction of the anode used in the self-powered biosensor.
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Figure 3. (A) TEM image of the CNT/AuNPs; (B) EIS curves of the bare ITO electrode (a), the
CNT/AuNPs/ITO electrode (b), the GOx/CNT/AuNPs/ITO anode (c); (C) CVs of the
GOx/CNT/AuNPs/ITO anode in Tris-HCI1 (pH=7.4) without (a) or with (b) 5 mM glucose, v = 50
mV/s. (D) LSV of the GOx/CNT/AuNPs/ITO anode in Tris-HCI (pH=7.4) without (a) or with (b)
5 mM glucose, v =5 mV/s.

Homogeneous BFC-Based Self-Powered Biosensing of miRNA. Under the optimal conditions,
the performance of the as-proposed biosensor for miRNA assay was investigated. As depicted in
Figure 4A, in the absence of miRNA-21, the E°" of the BFC sensor was only 0.42 V (curve a),
ascribing to the fact that most of the electron acceptor [Fe(CN)6]3' was sealed in the porous PMSN
and could not gain the electrons generated by the anode. Whereas, in the presence of miRNA-21,
the csDNAs were liberated from the surface of PMSN, and then the bio-gate was opened, thus a

relatively larger E°

was observed (curves b to i), which strongly confirmed the feasibility of
miRNA-21 induced strategy, and thus homogeneous electrochemical response at the cathode was
indeed realized. Moreover, just as expected, the E°" gradually increased with the elevated

miRNA-21 concentration ranging from 0.01 to 1000 fM (Figure 4B). The calibration curve
11
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9" and the miRNA-21 concentration (c), with a linear

displayed a linear relationship between E
equation of £2“"=0.511+0.027logc and the coefficient of determination (R’) of 0.9946. The limit
of detection (LOD) for miRNA-21 assay was down to 2.7 aM (S/N=3) due to the ingenious design
of “signal-on” homogeneous biosensors, which is much lower than those of reported methods
(Table S2). Therefore, our homogeneous self-powered biosensor not only provides an integrative

and effective strategy to construct easy-to-use bioassays, but also exhibits the features of wider

dynamic concentration response range and higher sensitivity for miRNA detection.

A B
(A) 0,65 ®) 0 E
060 - _ 0.56 |-
> 055 |- i S I
- ~ 052}
> 0.50 | g R
& 045 F a| B 04ELF
040 0.44
035 L4t o1 11, 0.40_|.|.|.|.|.|
100 200 300 400 500 0 200 400 600 800 1000
t cmiRNA/tM
(C) 0.60
0.55
>
> 0.50
Q
3
Sa

0.40
0.01 0.1 1 10 100 1000

c / ™M

miRNA

Figure 4. (A) E° of the proposed biosensor in the presence of miRNA-21 with different
concentrations (from a to i: 0, 0.01, 0.05, 0.1, 0.5, 1, 10, 100, 1000 fM); (B) The curve of E°

O and the

values versus miRNA-21 concentration; (C) The linear relationship between E
logarithm of miRNA-21 concentration from 0.01 to 1000 fM; (D) Comparison of AE?" for the
biosensing platform in the presence of miRNA-21 and four interfering miRNAs and the base
mismatched strands, respectively, with the same concentration of 1.0 pM; AECS" = OV EOOCV,

ocy

in which £, was the blank signal of BFC in the absence of miRNAs. Error bars represent the

standard deviation of an average value from independent measurements of three biosensors.
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Selectivity and Reproducibility. To evaluate the selectivity of the proposed BFC sensor, four
other miRNAs, ie. miRNA-141, miRNA-143, miRNA-155 and miRNA-199a, and the base
mismatched strands, with the same concentration as that of miRNA-21, were selected as the
interfering miRNAs. Figure 4D shows that in the presence of whether the interfering miRNAs or
the mismatched strands, the AE’“” values were much lower than that of the target miRNAs due to
the high specificity of base pairing reaction, which demonstrated that the proposed biosensor had
good selectivity for discriminating the target miRNA. Moreover, the reproducibility of the
biosensor is also a key issue, which was investigated by repeating the measurements 12 times
within a week. The relative standard deviation (RSD) was determined to be less than 8.0% for the
determination of 1.0 pM miRNA in a week using biosensors that were freshly fabricated,

indicating an acceptable reproducibility of the as-proposed strategy.

miRNA Detection in Serum Samples. To validate the application potential of the proposed
self-powered biosensing platform, the human serum samples extracted from cancer patients, in
which miRNA-21 is overexpressed, were measured. As the results (Table S3) demonstrated, our
method would be competent for directly determining the miRNA-21 in serum samples, needing no
separation or enrichment. Furthermore, standard addition method was further used to evaluate the
reliability of the as-prepared biosensor. The satisfactory RSD (3.37%~4.70%) and recovery results
(95.5%~110%) suggested that the as-proposed self-powered biosensor has great promise to be
applied for miRNA bioassay in clinical diagnosis. To further extend the practical application of the
as-proposed biosensing system, there is still room to improve its analytical performance, including
better stability of the BFC, more excellent performance of anode for higher sensitivity, more
robust anti-interference property for better specificity and more miniature devices for portable

and/or on-site bioassay.

CONCLUSION

In summary, we have developed, for the first time, an efficient and easy-to-use biosensors for
ultrasensitive miRNA bioassay via the integration of homogeneous strategy and BFC-based
self-powered biosensing. Encouragingly, the as-proposed biosensor possesses the merits of wider

dynamic concentration response range and higher sensitivity for miRNA detection, which can be
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ascribed to the ingenious design of the target-induced [Fe(CN)4]* release to enable the “signal-on”
homogeneous electrochemical assay of miRNA. Therefore, this versatile homogeneous
self-powered biosensing strategy may become an alternative method to realize simple, rapid,
reliable and ultrasensitive bioassays and it has great potential to be applied in miRNA-related

clinical diagnostics and biochemical research.
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