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Abstract

A method is described for the determination of microRNA. It is based on the use of organic electrochemical transistors (OECTs)
fabricated on a flexible poly(ethylene terephthalate) substrate. A gold electrode was modified with gold nanoparticles to immo-
bilize the capture DNA probe and then served as the gate of the device. The detection of microRNA21 was realized by monitoring
the change of the drain-source current after hybridization of capture DNA with microRNA21. Under optimal conditions, this
biosensor exhibits good sensitivity and specificity. It works in the 5 pM to 20 nM microRNA concentration range and has a 2 pM

detection limit.

Keywords Organic bioelectronics - Screen-printing - Flexible device - Nanomaterial surface modification - Self-assembling -

Electrochemical biosensor - HeLa cells

Introduction

MicroRNAs, being a large family of endogenous and small
noncoding RNAs, have attracted tremendous interests ranged
from biology to biomedicine. More and more evidences dem-
onstrate that microRNAs can be used as biomarkers in clinical
diagnosis or targets in drug discovery, providing good poten-
tials for cancer and other disease therapy [1]. To fully under-
stand the role of microRNAs and further expand their poten-
tial applications, it should be very important to determine the
microRNA expression level sensitively and accurately. The
northern blot and reverse transcription polymerase chain reac-
tion (RT-PCR) [2] are the most commonly used techniques
and the gold standard for microRNA determination. These
techniques present intrinsic advantages, for example, high
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sensitivity, specificity and precision; however, also have some
limitations. Generally, these techniques involve relatively
complicated processes and need various reagents or labels,
which may be time-consuming and cost expensive. Some oth-
er techniques based on fluorescence [3], chemiluminescence
[4], surface plasmon resonance (SPR) [5], surface-enhanced
roman spectroscopy (SERS) [6] and electrochemistry [7, 8]
have been developed for microRNA detection. Although
great progress has been achieved, new methods and de-
vices with high sensitivity for microRNA determination
are still highly desired.

Organic electrochemical transistors (OECTs), being one
kind of organic thin film transistors, have attracted great at-
tentions in biosensors, bioelectronics and nanomedicines [9].
In contrast to the inorganic semiconductor (such as silicon)-
based field effect transistors, the transistor device using organ-
ic semiconducting materials has shown several interesting
characteristics including low temperature processing, oxide-
free interfaces with aqueous electrolytes and “soft” mechani-
cal property [10]. OECTs combine the advantages of organic
semiconducting materials and the intrinsic feature of transis-
tors for signal amplification. In transistors, the current flowing
through source and drain electrodes can be modulated by a
small variation of current or voltage in gate electrode. This
signal amplification mechanism provides greater sensitivity in
electronic devices. Moreover, the OECT device can be oper-
ated in aqueous solution at low voltages (< 1 V), making the
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interface between the biomolecules and electronics straight-
forward. The OECT-based biosensors have been developed
for determination of glucose [11-13], dopamine [14], DNA
[15], antigen [16], mammalian cells [17, 18] and etc. [19].
These studies suggest that the biosensors based on OECTs
have excellent analytical performances.

Inspired by the above facts, we prepared a highly sensitive
microRNA biosensor based on the OECTs. The screen-
printed carbon electrodes on flexible poly(ethylene terephthal-
ate) (PET) substrate are used as the source and drain elec-
trodes; the DNA capture probe and gold nanoparticle (Au
NP) modified Au electrode is served as the gate electrode
(Fig. 1). Concerning the fabrication of OECT device, the Au
or Pt electrodes are usually prepared by photolithography and
used as the source and drain electrodes. Comparatively,
screen-printing is a kind of high-throughput techniques. The
screen-printed carbon electrodes have shown good potential
for electrochemical sensors [20]. Therefore, the use of screen-
printed carbon electrodes as the source and drain electrodes of
OECTs may be suitable for mass production of cost-effective
and disposable OECT devices. The detection of microRNAs
using the OECT device is based on the change of drain-source
current (/pg) consequent to the hybridization between the tar-
get microRNA and the complementary DNA capture probe.
The Au NPs are used because they have unique physical and
chemical properties including good conductivity, large specif-
ic surface area, excellent electrochemical performance and
good biocompatibility. Through the strong interaction of Au-
S bond, biomolecules can be immobilized onto the Au NP
surface with high efficiency. Taking these advantages, various
kinds of biosensors based on Au NPs have been developed
[21]. The modification of Au gate electrode with Au NPs may
enhance the immobilization of DNA capture probes.
Combined the signal amplification of OECTs with the effi-
cient immobilization of DNA capture probes, the microRNA
biosensor based on OECTs will have improved analyti-
cal performances. As a model case, microRNA21 is
used as the target, which plays important role in
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Fig. 1 Schemes demonstrating the principle of microRNA21 biosensor
based on OECTs
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development of heart disease [22]. The OECT-based
microRNA21 biosensor exhibits good analytical proper-
ties (high sensitivity, low detection limit and good se-
lectivity) for microRNA21 determination.

Materials and methods
Chemicals and instruments

The synthetic 5'-thiol group terminated DNA capture probe,
microRNA21, microRNA24, and microRNA29 were obtain-
ed from Invitrogen Corporation (www.thermofisher.com).
The base sequences of DNA capture probe and microRNAs
are as follows:

DNA probe: 5’-HS-T CAA CAT CAG TCT GAT AAG
CTA-3

microRNA21: 5’-UAG CUU AUC AGA CUG AUG
UUG A-3

microRNA24: 5°-UGG CUC AGU UCA GCA GGA
ACA G-3°

microRNA29: 5°-UAG CAC CAU CUG AAA UCG
GUU A-3°

The total RNA samples were extracted from cultured hu-
man cervical cancer (HeLa) cells by TRIZOL reagents
(Invitrogen Corporation, www.thermofisher.com) according
to the manufacturer’s recommended protocol. The quality of
total RNA was routinely assessed by gel electrophoresis (1%
gelose, 170 V, 20 min) and BioPhotometer plus (Eppendorf,
www.eppendorf.com). The 5S rRNA, 18S rRNA and 28S
rRNA bands are all clear in the electrophoresis picture (Fig.
S1, Electronic Supplementary Material) and the OD,¢/OD,gq
is larger than 1.8 (the results not shown), suggesting that high
quality and intact RNA is obtained from the cell samples. The
total concentration was measured by UV-vis spectrophotom-
etry. HeLa cells were purchased from Cancer Research
Institute of Xiangya Medical College. UltraPure diethyl
pyrocarbonate (DEPC)-treated water was purchased from
Invitrogen Corporation (www.thermofisher.com). The
DEPC-treated water was used for the microRNA21 determi-
nation and preparation of total RNA sample solution (1.
0 nug uL ™). Conductive carbon ink (Electrodag 581SS) was
obtained from Henkel Adhesive Technologies (www.henkel-
adhesives.com). Poly-(3,4-ethylenedioxythiophere):poly-
(styrene sulfonic acid) (PEDOT:PSS) aqueous solution
(Clevios™ PH 1000) was purchased from Heracus (www.
heraeus.com) and stored at 4 °C for future use. Dimethyl
sulfoxide (DMSO) was obtained from Sinopharm Chemical
Reagent Co. Ltd. (www.sinoreagent.com). Chloroauric acid
hydrate (analytical grade) was purchased from Shanghai
Chemical Reagent Co., Ltd. (www.srici-fc.com). 6-
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mercapto-1-hexanol (MCH) was purchased from J&K
Scientific Ltd. (www.jkchemical.com). Phosphate buftered
saline (PBS, 0.1 M, pH 7.38; containing 8.0 g L ! NaCl and
0.2 g L' KCI) was used in the experiments. Isopropyl
alcohol, acetone, ethanol and all other reagents were of
analytical grade or better. Milli-Q ultrapure water (>
18 M2 cm, Milli-pore Co., Ltd.) and freshly prepared solu-
tions were used throughout.

The CHI 1040B bipotentiostat (CH Instruments Co., www.
chinstruments.com) was used for OECT device
characterization and microRNA21 determination. The CHI
660C electrochemical workstation (CH Instruments Co.,
www.chinstruments.com) and a conventional three-electrode
system were used in the electrochemical experiments. The
DNA capture probe modified Au NP/Au electrodes (Au di-
ameter 3 mm) were served as the gate or working electrodes.
The reference electrode was KCl-saturated calomel electrode
(SCE) and the platinum wire electrode was used as the counter
electrode. For the electrochemical experiments, all potential
values given below were referred to the SCE. The experiments
were performed at room temperature and the measurements
were repeated at least three times. The means of measure-
ments were presented with the standard deviations (SD). The
screen-printer (AT-25PA, ATMA TUNG YUAN M/C Ind. Co.
, Ltd., www.atma-usa.com) was used to fabricated the carbon
source and drain electrodes of the OECT device. The vacuum
spin-coater (VTC 100, Shenyang Kejing Auto-instrument Co.
, Ltd., www.sykejing.com) was used to prepare the PEDOT:
PSS-based channel. The micromorphology of Au NPs was
characterized by scanning electron microscopy (SEM, JSM
5600 LV, operating at 20 kV; www.jeolusa.com).

Preparation of the OECT devices and MCH/probe/Au
NP/Au electrodes

The OECT device architecture is shown in Fig. 1. The OECTs
based on the PEDOT:PSS active layer and the screen-printed
carbon electrodes were fabricated according to procedures
[23] described in the Electronic Supplementary Material.
Before Au NP modification and DNA capture probe im-
mobilization, the Au electrode was pretreated according to a
well-established procedure (see Electronic Supplementary
Material). For the preparation MCH/probe/Au NP/Au elec-
trode, the Au NPs were first electrodeposited on the pretreated
Au electrode in 0.5 M H,SO,4 aqueous solution containing
3.0 mM HAuCly. The electrodeposition potential and time
are —0.2 V (vs. SCE) and 500 s. After rinsed with copious
ultrapure water, 10 uL of DNA probe (1.0 uM) PBS solution
were drop-coated onto the surface of Au NP/Au electrode,
followed by self-assembling for 12 h under heliophobe con-
dition. The probe/Au NP/Au electrode was carefully rinsed
with PBS solution. To decrease the nonspecific adsorption of
DNA probes and block the active surface of the Au NP/Au

electrode [24], the electrode was then immersed into 100 puL
of MCH aqueous solution (5 mM) for 2 h. After carefully
rinsed with PBS, the MCH/probe/Au NP/Au electrode was
used for the following measurements. For comparisons, the
probe/Au and MCH/probe/Au electrodes were also prepared
by the same processes as described above.

OECT characterization and electrochemical
measurements

The OECT devices were characterized by using a controlled
bipotentiostat (CHI 1040B, CH Instruments Co., www.
chinstruments.com) in a small beaker filled with PBS (0.
1 M, pH 7.38). Various electrodes including the bare Au and
Au NP/Au electrodes were used as the gate electrodes. The
output characteristic of the OECT device was investigated at a
fixed gate-source voltage (Vgs, 0, 0.2, 0.4, 0.6, 0.8, and 1.0 V)
and a continuous scanning of drain-source voltage (Vps, 0 to
—0.4 V, scan rate, 10 mV s '). The transfer property of the
OECT device was measured at a fixed Vpg (—0.2 V) and a
continuous scanning of Vgg from 0 to 1.0 V (scan rate,
10 mV s "). The working principle of microRNA21 determi-
nation by PEDOT:PSS-based OECTs is schemed in Fig. 1.
The OECT device was tested at a fixed Vpg =—0.2 Vand a
constant (optimized at 0.6 V) gate voltage, and the Ipg vs. time
plot was recorded. The specific interaction of target
microRNA21 with the DNA capture probe that immobilized
on the Au NP/Au gate electrode generates potential variation
at the interface of gate electrode/electrolyte solution, leading
to the change of Ipg. The detection of microRNA21 in total
RNA sample is based on the same principle.

The electrochemical impedance spectroscopy (EIS) was
used to characterize the interface properties of various elec-
trodes including the bare Au, probe/Au, MCH/probe/Au, and
probe/Au NP/Au electrodes. The EIS measurements were
conducted in PBS (0.1 M, pH 7.38) containing
2.0 mM [Fe(CN)s]*"* redox probe. The impedance da-
ta was recorded at the open circuit potential in the ac
frequency range from 100 kHz to 0.01 Hz with an ex-
citation signal of 5 mV. The impedance, Z, is expressed
in term of its real (Z) and imaginary -2 components.
The data from the electrochemical impedance measure-
ments were analyzed by the software of CHI 660C elec-
trochemical workstation.

The open circuit potential of the MCH/probe/Au NP/
Au electrode was measured in the stirred PBS (0.1 M,
pH 7.38) using a two-electrode cell system. The MCH/
probe/Au NP/Au electrode was used as the working
electrode and a SCE electrode was served as the refer-
ence electrode. The change in open circuit potential
(AE) before and after the addition of microRNA2I
was recorded as a function of time.
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Results and discussion

Characterization of the OECT device
and MCH/probe/Au electrode

The typical output characteristic of the OECT device
using the bare Au gate electrode is shown in Fig. S2
(Electronic Supplementary Material). The OECT device
exhibits satisfied /pg modulation in the studied Vpg and
Vgs range. For example, at Vgg =1.0 V, the device
achieves saturation regime at about Vpg =—0.2 V. The
MCH/probe/Au electrode was characterized by cyclic
voltammetry (CV) and EIS. The results (Fig. S3,
Electronic Supplementary Material) demonstrate the suc-
cessfully preparation of the microRNA21 sensing inter-
face at the Au gate electrode.

Optimization of method

The following parameters were optimized: (a) probe concen-
tration; (b) probe assembling time; (c) MCH concentration;
(d) MCK blocking time. Respective data and Figures are giv-
en in the Electronic Supplementary Material (Fig. S4). The
following experimental conditions were found to give best
results: (a) best probe concentration: 1.0 uM; (b) optimal as-
sembling time: 12 h; (c) best MCH concentration: 5 mM; (d)
best MCH blocking time: 2 h.

Improved probe immobilization and OECT responses
by Au NP modification

Figure 2a shows the SEM image of the Au NP/Au electrode.
The electrodeposited Au NPs are almost monodispersive on
the Au electrode surface. The size of Au NPs is ~ 50 nm. The
effects of Au NP modification on the DNA capture probe
immobilization and OECT responses were investigated. In
contrast to bare Au gate electrode (Fig. 2b, black line), the
transfer plot of the OECT device using the Au NP/Au gate
electrode (Fig. 2b, red line) shifts horizontally to lower gate
voltage for about 48 mV. The Au NP modification renders the
Au NP/Au gate electrode larger specific surface area, leading
to more sensitive /pg modulation in OECTs. More important-
ly, the electron transfer resistance (R of probe/Au NP/Au
electrode (Fig. 2c, red line) is greatly larger than that of the
probe/Au electrode (Fig. 2¢c, black line), suggesting the Au NP
modification can improve the DNA capture probe immobili-
zation. Consequently, the OECT device using the Au NP
modified gate electrode will have more sensitive response to
microRNA21. Figure 2d shows the typical responses of the
OECT devices to addition of microRNA21. To compare the
responses of different OECTS, the Ipg/Ips o or normalized cur-
rent response (NCR) is used. The NCR is calculated according

Ips—Ipso
Ipso

is the channel current before and after an addition of
microRNA21 at concentration of interest. The interaction

the following equation: NCR = , where Ipg o and Ipg
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bare Au
——= AuNP/Au

0.2 0.4 0.6 0.8 1.0

Ves I V
c O probe/Au d
A probe/Au NP/Au —— MCH/probe/Au electrode
160 —— MCHIprobe/Au NP/Au electrode
1.0
] o
¥ 120 LaBd B a4, K]
= e 4a ~ 0.9 [microrNA21
r\.‘ 80r 2% 53
A
AA
40 m 0.8
0 07
0 50 100 150 200 250 0 1000 2000 3000
Z | kQ Time /' s

Fig. 2 a SEM image of the Au NP/Au electrode. b The transfer charac-
teristics of OECT devices using the bare Au (black line) or Au NP/Au
(red line) gate; PBS (pH 7.38) as the electrolyte; Vpg =—0.2 Vand Vg
scan rate is 0.01 V s~'. ¢ The Nyquist plots of the probe/Au (black line)
and probe/Au NP/Au (red line) electrodes in PBS (pH 7.38) solution
containing 2.0 mM [Fe(CN)¢]**". d The normalized responses of
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OECT devices to addition of microRNA21; the MCH/probe/Au (black
line) or MCH/probe/Au NP/Au (red line) electrode as the gate; PBS
(pH 7.38) as the electrolyte; Vps =—0.2 Vand Vg =0.6 V. The electro-
deposition time of Au NPs is 500 s; the microRNA21 concentrations are
80 nM (for MCH/probe/Au gate electrode) and 20 nM (for MCH/probe/
Au NP/Au gate electrode)
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between the added microRNA21 and immobilized capture
probes leads to the decrease of Ipg (Fig. 2d). The Ipg becomes
stable after about 50 min, suggesting that the interaction
reaches a dynamic balance. The Ipg change of the OECT
device using the MCH/probe/Au NP/Au gate electrode (Fig.
2d, red line) is larger than that using the MCH/probe/Au gate
electrode (Fig. 2d, black line), even when the microRNA21
concentration is 4 times as large as that in the case of using
MCH/probe/Au NP/Au gate. This demonstrates that the im-
proved current modulation and probe immobilization by Au
NP modification can greatly enhance the sensitivity of the
OECT-based microRNA21 biosensor.

The change of /pg upon addition of microRNA21 should
be attributed to the change of the electrolyte solution potential
(Vso1), Which results from the formation of DNA capture
probe-microRNA21 hybrids. Vi, is the potential acting on
the OECT channel, and ultimately determines the OECT cur-
rent modulation [25]. The MCH/probe/Au NP/Au electrode
was used as the working electrode, and the open circuit po-
tential (also referred as the equilibrium potential) of the MCH/
probe/Au NP/Au electrode after addition of microRNA21 was
monitored (Fig. S5, Electronic Supplementary Material).
Although the open circuit potential is measured at which there
is no current (no applied voltage), it can be used to character-
ize the potential change due to the capture probe-
microRNA21 interaction at the gate/electrolyte interface. As
shown in Fig. S5 (Electronic Supplementary Material), the
open circuit potential decreases with the addition of
microRNA21, and the AE is about 30 mV. Therefore, it is
considered that the probe-microRNA21 interaction leads to
decrease of potential at gate/electrolyte interface, which

means the increase of V, and as a result, the /pg decreases
with the addition of microRNA21.

The electrodeposition time of Au NPs and applied Vg
were optimized. Respective data and Figures are given in the
Electronic Supplementary Material (Figs. S6-S7). The follow-
ing experimental conditions were found to give best results:
(a) best electrodeposition time of Au NPs: 500 s; (b) optimal
applied Vgs: 0.6 V.

Analytical performances for microRNA21
determination

The microRNA24 and microRNA29 were used as control to
test the selectivity of the OECT-based biosensor. Figure 3a
shows the NCR of OECT devices using the MCH/probe/Au
NP/Au gate electrodes to different microRNAs. The NCR
from the hybridization with microRNA24 or microRNA29
is very little in contrast to that from microRNA21, suggesting
that the assay has good selectivity. Theoretically, the capture
probe DNA would not hybridize with a non-complementary
sequence. However, the nonspecific adsorption of
microRNA24 or microRNA29 cannot be completely eliminat-
ed, which results in the little change of Ipg.

The reproducibility of the OECT-based biosensor for
microRNA21 determination was also evaluated. Samples
(50 nM) were detected by five OECT-based biosensors pre-
pared under the same conditions, giving a relative standard
deviation (RSD) of 11.7%. This reveals that the
microRNA21 biosensor has satisfied reproducibility. The rel-
ative large RSD may be mainly due to the difference of the
prepared OECT devices.

Fig. 3 a The NCR of OECT- 0.20
based biosensor to microRNA21,
microRNA24, and microRNA29; 0.16 microRNA21
the concentrations of microRNAs T
are all 10 nM. b The normalized @ 0.12 1
responses of OECT biosensors to [3)
different concentrations of < 0.08 }
microRNA21; the MCH/probe/
Au NP/Au electrodes as the gate; 0.04 microRNA29
PBS (pH 7.38) as the electrolyte; E
Vps=—0.2 Vand Vs =0.6 V. ¢ microRNA24
The calibration plots of OECT- 0.00 I 1] 11
based microRNA21 biosensor 1AE 0.30F
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line) and MCH/probe/Au NP/Au ——10nM  —— 0.05nM 0.25 g " '
gate (red line). Insert plot of Fig. 1.0 —— SnoM —— 0.005nM = oo
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Table 1 Summary of detection limit and linear range of microRNA biosensors reported in literatures
Amplification strategy Detection method Target microRNAs Detection Limit Linear range References
Hairpin probes and Au NPs Colorimetry microRNA21 6.8 pM 20pM-10nM  [26]
Metal dielectric nanostructured materials SERS microRNA222 485 pM 0.5-50 nM [6]
DNA*RNA antibody SPR microRNA122 2 pM 10-100 pM [5]
Electropolymerized polypyrrole-modified electrode EIS microRNA21 170 pM No data [27]
Enzyme amplified biosensing Voltammetry microRNA21 1 uM No data [28]
DNA-Au NP hybrids Colorimetry microRNA215 60 pM No data [29]
DNA generated electrochemical current coupled with HCR  Voltammetry microRNA21 0.5 M 1fM-1nM [32]
Target-triggered hybridization chain reaction Voltammetry microRNA21 33 aM 0.1fM-0.1 nM [33]
Pd nanoparticles as enhancer and linker Amperometry microRNA155 1.87 pM 5.6 pM - 560 nM [30]
MWCNTs/GC electrode Voltammetry microRNA24 1 pM 1 pM - 10 nM [31]
MCH/probe/Au NP/Au electrode OECTs microRNA21 2 pM 5pM -20 nM This work

Figure 3b shows the normalized responses (/ps/Ips,) of
OECT devices using the MCH/probe/Au NP/Au gate to dif-
ferent concentrations of microRNA21. The relationship be-
tween NCR and microRNA21 concentration (Cpicrorna21) 1S
presented in Fig. 3c. For the OECT devices using the MCH/
probe/Au NP/Au gate (Fig. 3c, red line; insert plot of Fig. 3c),
the NCR ~ Chicrornaz21 plot exhibits two linear ranges with
different slopes in the studied concentration range (5 pM to
20 nM). A flat value is observed when 50 nM of the target is
used. The regression equations in the ranges of 5 pM - 1 nM
and 1-20 nM can be obtained and expressed as NCR =
0.021+0.022Cnicrornaz21 and NCR =0.038 +
0.0079C microrna21- The two linear plots have the slopes of
0.022 nM " and 0.0079 nM~' (the sensitivity of the
microRNA21 biosensor) and the correlation coefficients are
0.986 and 0.987. Similar result is obtained for the OECT
devices using the MCH/probe/Au gate (Fig. 3c, black line),
and the NCR exhibits linear range from 5 nM to 80 nM. The
regression equation in the linear range can be obtained and
expressed as NCR =—0.0078 + 0.0017Cyicrornaz1- The slope
of the linear plot is 0.0017 nM " and the correlation coeffi-
cient is 0.997. The OECT device using the MCH/probe/Au
NP/Au gate has greatly larger slope than that using the MCH/
probe/Au gate, demonstrating the enhanced sensitivity for
microRNA21 detection by the Au NP modification. A detec-
tion limit of 2 pM for the target microRNA21 can be estimated
using 30 (where o is the standard deviation of the blank so-
lution). This is lower than those using various sensing plat-
forms including hairpin probes and Au NPs [26], metal-
dielectric nanostructures [6], electropolymerized
polypyrrole-modified electrode [27], labeled alkaline phos-
phatase [28], DNA-Au NP hybrids [29], and is comparable
with those using other signal amplification [5, 30, 31], but is
poor in contrast to those using the strategy of hybridization
chain reaction [32, 33]. The detection limit and linear range of
several kinds of biosensors for different microRNA
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determination are listed in Table 1. The analytical applicability
of the OECT-based microRNA21 biosensor was evaluated by
determination microRNA21 in the total RNA sample. The
concentration of microRNA21 in the total RNA sample (ex-
tracted from HeLa cells) is found to be 9.2 nM (n =3, RSD =
14.5%), which is comparable with that (9.65 nM, n=3,
RSD =2.6%) obtained from the quantitative PCR detection.
The results suggest that the OECT-based biosensor has good
potential for complex microRNA sample detection.

Although the OECT device shows good analytical charac-
teristics for microRNA21 determination, the MCH/probe/Au
NP/Au gate is separated from organic active layer on the PET
substrate, which is inconvenient for the device integration and
miniaturization. In addition, the manual pre-treatment of Au
electrode may be a factor that influences the reproducibility.
Further studies on screen-printing of Au electrode on
PET and enhancing of automation degree are needed
to prepare all-printed OECTs. It would facilitate the in-
tegration of OECTs with other sensing system and im-
prove reproducibility of the devices.

Conclusions

In summary, we have fabricated an OECT-based biosensor for
microRNA21 detection using the Au NP and capture probe
modified gate. By engagement of the intrinsic signal amplifi-
cation of OECTs and greatly improved probe immobilization
of Au NPs, this biosensor achieved microRNA21 deter-
mination with good sensitivity, selectivity and accept-
able applicability in total RNA sample, which may find
potential application in the routine microRNA
bioanalysis. More research on all-printed OECTs with
promoted automation degree will be carried out in the
future. We also expect that the all-printed OECTs could
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be used as disposable microRNA sensing device for
clinical diagnostics and point of care service.
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