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An ultrasensitive sensing platform for microRNA-155 based on H,0,

guenched hydroxide-dependent ECL emission of PFO Pdots

Di Liu, Xiaolong Zhang, Jinwen Zhao, Shihong Chd®uo Yuan
Key Laboratory of Luminescence and Real-Time Analytical Chemistry (Southwest
University), Ministry of Education, College of Chemistry and Chemical Engineering,
Southwest University, Chongging, 400715, P.R. China
Abstract

A strong hydroxide (OH-dependent ECL emission of carboxyl
functionalized-poly(9,9-di-octylfluorenyl-2,7-diyl) polymer dots (PFO Pdotaps
observed at +1.25 V, which is significantly strongiean the emission at +1.95 V
reported in previous work. Moreover, hydrogen pa&tex(HO,) can efficiently
guench OHdependent ECL emission of PFO Pdots. Based ordigisvery, a signal
“off-on” ECL biosensing platform for microRNA-1535n{RNA-155) was developed.
Firstly, PFO Pdots were modified onto the electrddecapture DNA duplex
track-locker. In the presence 0@ in the test solution, the ECL signal of PFO Pdots
was quenched to obtain a signal-off state. Subselyehe DNA walker produced
through the target miRNA-155-triggered catalytiarp@m assembly (CHA) walked
along the DNA duplex track-locker to output amounit$s-rich short chain, forming
a hemin/G-quadruplex. With the consumption Ok by hemin/G-quadruplex, the
ECL signal would be restored to a signal-on stdtas achieving an ultrasensitive
detection of miRNA-155. The detection limit was las 12.2 aM. Furthermore, our

proposed biosensor demonstrated a tremendous igg&yeeind admirable stability,
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and exhibited a satisfactory performance for deiating intracellular miRNA-155.
The integration of excellent ECL performance of PFdbts without any exogenous
species or dissolved,@s co-reactant and a highly efficient quenchirigotfof HO,
on such an ECL emission will provide an attrac@L platform for bioanalysis and
clinical diagnosis.
Keywords: Electrochemiluminescence; Biosensor; PFO Pdoi®;HMicroRNA-155
1. Introduction

As a conjugated polymer, poly(9,9-diectylfluorenyl-2,7-diyl) (PFO) exhibited
a high carrier mobility and luminous efficiency,daan excellent thermal stability
(Pecher and Mecking, 2010; Wu et al., 2008). Itdrasvn a wide attention, especially
in the field of electrochemiluminescence (ECL) segsoptoelectronic devices, and
other biotags (Zhang et al., 2017; Zhang et all820Bard’s group firstly proposed
the annihilation ECL emission of PFO in benzene-Mesblutions (Prieto et al.,
2001). Since the poor water-solubility of PFO lieditits application in bioanalysis,
various aqueous-soluble PFO nanocomplex materéals heen developed (Gao et al.,
2011; Li et al., 2013; Yoo et al., 2014). In oueyious works, aqueous-soluble PFO
dots were prepared for detecting melamine at +V.9%th C,0,> as co-reactant for
improving the ECL signal (Lu et al.,, 2015), and &CL system based on
Cso-PAMAM-PFO composite was constructed for detectthgline at +1.95 V with
H.O,as ECL co-reactant (Chen et al., 2016). Howevesdhreported ECL emission
of PFO at a high potential (+1.95 V) still suffergdm an inadequate ECL intensity

and insufficient stability even if introducing ertal co-reactants into test system. As
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we know, the application of external co-reactantsy mesult in an instability and
environmental toxicity of ECL system. Fortunatelye found that the -COOH
functionalized PFO polymer dots (PFO Pdots) hawranger ECL emission at a
lower potential (+1.25 V) without any exogenous csge or dissolved © as
co-reactant, which would well address the instgbiind environmental toxicity
problem of common ECL system with exogenous speocieglissolved @ as
co-reactant (Liu et al., 2017; Liu et al., 2007; Btal., 2019).

ECL quenchers, such as ferrocene (Fc), dopamine),(D#bel metal
nanoparticles, b0, and some ECL emitter as resonance energy accepeowidely
used to achieve the signal conversion or chan@Cin detection (Li et al., 2016; Liu
et al., 2015; Lv et al., 2018; Richter, 2004; Skaml., 2009). For instance, Cao and
co-workers constructed a DNA biosensor based omjtieaching effect of Fc on the
ECL of Ru(bpy)** through the energy transfer and electron trar(§fao et al., 2006).
Zhang and co-workers proposed a detection of mig®R1 and microRNA-155
based on the quenching effect of DA on the ECL simis of Ru(bpyy* and
N-(4-aminobutyl)-N-ethylisoluminol (ABEI) (Zhang etl., 2018). Nevertheless, the
application of these quenchers commonly involvéaballing process, which may be
complex and inefficient. In the case ob®4 as ECL quencher, it can be directly
added into test system, or generated in situ byreatic reaction (Ding et al., 2019;
Feng et al., 2018; Liang et al., 2017; Lv et a)1&). For example, Lv and co-workers
proposed an 8-hydroxy-Bleoxyguanosine (8-OHdG) ECL biosensor based on the

qguenching effect of O, on the ECL emission of carbon nitride nanoshdstsf{ al.,
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2018). Feng and co-workers designed a DNA senssedb@an the quenching of
produced HO, in enzymatic reaction on the ECL of Ru(bg{iTPrA system (Feng
et al.,, 2018). In addition, #, has also been reported as a quencher for
Ir(ppy)s>*-TPrA, black phosphorus (BP)-TPrA and other ECLteys (Ding et al.,
2019; Liang et al., 2017). However, in these stiate with HO, as quencher, the
ECL emission usually involved the application obggnous species or dissolved O
as co-reactant. Therefore, it is of great signif@ato expand the quenching effect of
H.O, on the ECL systems excluding exogenous speciedissolved Q as
co-reactant.

MicroRNAs (miRNAs), a class of non-coding singleasided RNA molecules
encoded by endogenous genes, which was involvesgtveral aspects of the innate
immune responses, and could be applied to the tawtediagnosis, prognosis and
possible treatment of human cancers (Bartel, 200hnson et al., 2005; Tricoli and
Jacobson, 2007; Yu et al., 2018). However, thecatiete of miRNAs was a challenge
because of the ultra-low abundance, short sequandehigh sequence similarity of
mMiRNAs (Gu et al., 2017; Li et al., 2019; Qi et, &018). Hence, it is significant to
develop rapid, accurate, and sensitive mMIRNA detectstrategies for cancer
prevention (Bi et al., 2017; Chen et al., 2018jd<dt al., 2018; Yue et al., 2019). Due
to low background, high sensitivity and wide dynamange, the ECL strategy has
attracted more and more attention in the detecifamucleic acids (Huo et al., 2018;
Liao et al., 2018; Lu et al., 2018). For instaride,and co-workers applied a bi-pedal

DNA walker signal amplification strategy to constran ECL biosensor for detecting
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miRNA-21 (Liu et al., 2018). Zhang and co-workelsoaconstructed an ECL strategy
based on three-dimensional (3D) DNA nanomachineri®®NA detection (Zhang et
al., 2018). Undoubtedly, the introduction of nucleicid amplification strategies
based on DNA nanomachines would endow the ECL mgnsiith a better
performance and expand the application field of Efdtection. However, these
strategies generally involved exogenous co-reastantdissolved € which may
result in the toxic, instability and inefficiencygblem (Gao et al., 2011; Liu et al.,
2017; Liu et al., 2007). Therefore, it is very \ahle to develop a miRNA sensing
platform excluding exogenous co-reactants or diesb(.

Based on the in-depth exploration of the ECL proggerof PFO Pdots at +1.25
V, an “off-on” sensing strategy was exploited forRNA detection. Firstly, PFO
Pdots were modified onto the electrode surfacddading the oligonucleotide. J9,
was added into the detection system to quenchttbegsinitial signal of PFO Pdots,
giving a signal-off state. Then, the DNA Walker, ieth was liberated from the
catalytic hairpin assembly (CHA) reaction triggelgdtarget miRNA-155, walked on
the electrode surface over and over in the presefie&". After N cycles, a mount of
short G-rich strands was obtained. Short G-ricarsts captured hemin to form a
hemin/G-quadruplex, which consumed quenchg,Ho obtain a signal-on state, thus
achieving the ultrasensitive detection of miRNA-15&e detection of miRNA-155 in
cell lysates was investigated. Our proposed ECatesgiy not only well overcame the
defect of exogenous species or dissolve@®co-reactant, but also explored the ECL

guenching effect of D, on the hydroxide-dependent ECL emission, thus recipg
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the application of PFO Pdots in ECL field and pdivg a promising and attractive
bioanalysis platform for miRNAs.
2. Experimental
2.1. Apparatus, reagents and materials

Detailed information on the apparatus, reagentsaaigrials used in this work is
presented in th8upplementary Material. The sequences and modifications of RNA
and DNA oligonucleotides are listed in Table Sth@Supplementary Material.
2.2. Preparation of PFO Pdots

PFO Pdots were prepared according to the literatwth minor modifications
(Chen et al., 2017; Sun et al., 2012). Typically &L of solution A (5.0 mg of PFO
in tetrahydrofuran (THF)) and 1.0 mL of solution HK1.0 mg of
poly(styreneeco-maleicanhydride) (PSMA) in THF) were prepared tagls solutions,
respectively. Then, the solution A and solution EBrev mixed together in the
ultrasound system (5:1/v). After 2 h, the mixed solution was quickly addedl10
mL of deionized water with ultrasound. Finally,\waht THF was removed with argon
stripping. After filtration through a 400 nm filtethe PFO Pdots dispersion was
obtained. Scanning electron microscope (SEM), Wible spectrum, fluorescence
spectrum and Fourier transform infrared (FT-IR) ctpescopy were used to
characterize the synthesis of PFO Pdots, and tkeltseare described in the
Supplementary Material and corresponding figures are depicted as Fig. S1.
2.3 Assembly of the biosensor

The construction process of the miRNA-155 biosenmsq@resented in Scheme 1.
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After processed according to the literatures (Léhal., 2018; Lu et al., 2018), the
bare glassy carbon electrode (GCE, 4 mm in diainetas modified with 1QuL of
PFO Pdots dispersion (0.10 mg/mL). Subsequentlyl50f EDC solution was
incubated on the PFO Pdots/GCE about 15 min teatetithe carboxyl group on the
surface of PFO Pdots. And then dl0of DNA duplex track-locker (T-L, 2.@M) and

5 uL of NHS were cast onto the modified electrode,iagrat cross-linking the DNA
duplex track-locker onto the surface of PFO Pdd¥GAfter rinsed with PBS to
remove excess EDC/NHS and nonspecifically adsofbBid, the electrode was
further incubated with bovine serum albumin (BSBR6 %) for 30 min to block the
remaining active sites of the electrode and themsed by PBS to obtain
BSA/T-L/PFO Pdots/GCE. Later, the target with diffiet concentrations was mixed
with the prepared hairpin H1 and H2 in Tris-HCl feuf(pH 7.4, containing 8.0M
PK’"). The resultant mixture (15L) was dropped onto the surface of the
BSA/T-L/PFO Pdots/GCE and incubated under:8¥or 160 min. After washing off
the excess DNA strand on the electrode surface R8I, the electrode was incubated
with 5 pL of hemin aqueous solution (0BM, containing K) for 40 min to form
hemin/G-quadruplex. The preparation of DNA duplélgirpin H1 and H2 used
during the assembly of biosensor is presentedarStipplementary Material. The
native PAGE was also employed to characterize ¢tated reaction of DNA walker
and the corresponding results are describedSupplementary Material and
corresponding figures are depicted as Fig. S2. d¥sembly of the biosensor was

characterized by cyclic voltammetry (CV), electrestical impedance spectroscopy
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(EIS) and ECL. The corresponding results are desdriin the Supplementary

Material and corresponding figures are shown as Fig. S3.
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Scheme 1. (A) Schematic illustration of materials preparati(i) the concept of the DNA walker,
and (C) the fabrication of mMiIRNA-155 biosensor.

3. Resultsand discussion
3.1. Effect of the scanning potential on the EClission of PFO Pdots

Generally, PFO based ECL system was performed @k detection with a
scanning potential range of 0 — 2.0 V, and in tase, the emission potential was
clearly detected at +1.95 V (Chen et al., 2016t al., 2015). Now, we found that
the scanning potential would significantly affebetECL emission of PFO Pdots,
which was confirmed by the following four aspects.

Firstly, under the scanning potential range of 020 V, the ECL

Intensity-Potential curves of PFO Pdots modified EEQPFO Pdots/GCE) were
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carefully recorded with the change of scanning eycland the results are
demonstrated in Fig. 1A. When the first scanningleywas performed in PBS (pH
7.4), two ECL emissions were clearly detected, Whiere ECL-1 with a peak value
at +1.25 V and ECL-2 with a peak value at +1.95F§( 1A, red curve). Moreover,
ECL-1 at +1.25 V was much stronger than ECL-2 a©9%1V. When the second
scanning cycle was performed, ECL-1 completely gheared, namely the emission
at +1.25 V disappeared, and only ECL-2 (+1.95 Vs wabserved (Fig. 1A, black
curve). In fact, the results with more scanningleyovere similar to that with the
second scanning cycle (data not shown), namely, oné ECL emission (+1.95 V)
can be detected when the scanning cycles exceedtandly, when ECL detection
was performed at PFO Pdots/GCE with a scanningnpateange of 0 — 1.25 V in
PBS (pH 7.4), a strong ECL emission could be alwdgtected at +1.25 V no matter
how the scanning cycle changed (data not showdigating that the ECL emission at
+1.25 V is almost unaffected by scanning cyclethacase of the scanning potential
range of 0 — 1.25 V. Thirdly, once the PFO Pdot¥#Gfas performed a scanning
cycle during 0 — 2.0 V, the ECL emission at +1.2%annot be detected even if the
potential was reset to 0 — 1.25 V. Fourthly, inesrdo thoroughly investigate the
effect of scanning potential on the ECL emissidhs,low potential was always set to
0 V, and the high potential was changed from +0.8&\*2.0 V to record the ECL
Intensity-Potential curves at PFO Pdots/GCE in B@$ 7.4). Here, considering the
possible difference in ECL curves between the fisdnning cycle and the second

scanning cycle, under the different scanning pakrange, the ECL curves with the
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second scanning cycle were always selected forustson and the results are
exhibited in Fig. 1B. As seen, with the changeaafrsing potential range, an obvious
difference in ECL response signal was noticed. Wiinenscanning potential range
was setas 0-0.8V,0-09Vor0-1.0V, miinit ECL emission was detected.
And a strong ECL emissions can be detected whehigfepotentials ranged between
+1.1 V and +1.5 V. When the high potential exceeddd6 V, a significantly
weakened ECL signal was detected. It's worth natag) the ECL intensity with the
scanning potential of 0— 2.0 V was higher than¢hogh 0-1.6 V,0-1.7V,0-1.8
V, and 0 — 1.9 V, which was consistent with ourvpzas works (Chen et al., 2016;
Zhang et al., 2017). Moreover, ECL signal with sitanning potential of 0 — 1.2 V or
0 — 1.3 V was much stronger than that with a secanpotential range of 0 — 2.0 V.

A possible explanation for the above experiment@nmmena is that the ECL
emission of PFO Pdots with a scanning potentid ef 1.25 V is different from the
ECL emission with the scanning potential of 0 —¥.0To confirm this speculation,
the cyclic voltammetry (CV) response was detectedO Pdots/GCE in MeCN
containing 0.10 M TBAP§ as an electrolyte. Fig. S4 demonstrates the cyclic
voltammograms (CVs). An obvious oxidation wave whesarly detected at +1.52 V
when the first CV scanning was performed. Howetlex,oxidation wave at +1.52 V
completely disappeared when the second CV scanmagyperformed, which was
consistent with previous ECL results (Fig. 1A). fidfere, it was speculated that the
strong ECL emission of PFO Pdots at +1.25 V wasgasd to the excited-state
composite of the PFO Pdots, while the emission B95 V was arisen from

10
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intra-polymer emission of PFO Pdots. The ECL eroissof the excited-state
composite of PFO Pdots was much stronger than dhamtra-polymer emission,
which was consistent with the reported excimer siorsof polymer materials (Prieto
et al., 2001). The ECL emission of PFO Pdots a5 M required less energy, and
high potential scanning may destroy the excitetestmposite. Once a scanning
with the potential exceeding +1.52 V was performed, irreversible damage has
occurred at the excited complex. Thus, once tls¢ $itanning cycle was performed in
the potential range of 0 — 2.0 V, the emissione®RPdots at +1.25 V (ECL-1) would

completely disappear. Namely, the scan potentialdcmot exceed +1.5 V if the

emission at +1.25 V is to be always detected.
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Fig. 1. (A) ECL behaviors of PFO Pdots/GCE with scanniotgptial from 0 to +2.0 V; (B) ECL
signals of PFO Pdots/GCE with different scanningeptial range: (@ — 0.8 \/ (b)0 — 0.9 \V,
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PFO Pdots/GCE under different conditions; (D) E@kponse of PFO Pdots/GCE in PBS with
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different pH (scanning potential: 0 — 1.25 V; sdagrrate: 0.30 V/sthe voltage of photomultiplier
tube: 800 V).

3.2. Exploration of the ECL mechanism of PFO Pdots

For the strong ECL emission of PFO Pdots at +1.26 ¥BS (pH 7.4) without
any exogenous co-reactant, ECL mechanism was studiger the scanning potential
range of 0 — 1.25 V. Firstly, we explored the effetdissolved @ since it usually
served as a co-reactant to enhance ECL signalsefLal.,, 2017). As seen from Fig.
1C, no obvious difference in the ECL signals of PFdts was observed between air
saturation (dissolved £atmosphere) and Nitmosphere, indicating that the dissolved
O, didn't serve as a co-reactant in this ECL syst&econdly, the effect of active
oxygen species (O and OH) produced during potential scanning was investigiat
Superoxide dismutase (SOD) and L-cysteine (L-cysyewused to remove active
oxygen species in test solution (Deng et al., 20listri et al., 2015). As exhibited in
Fig. 1C, compared with the ECL signal in the cakdissolved Q atmosphere or N
atmosphere, the ECL emission of PFO Pdots didriibéixan obvious change with
SOD as the purifier of © or with L-cys as the scavenger of"Gand OH, thus the
action of active oxygen species in the ECL reactibRFO Pdots was excluded.

Next, the ECL signals of PFO Pdots/GCE were exathind’BS at different pH
to further explore the effect of hydroxide (Qtén the ECL emission of PFO Pdots.
As exhibited in Fig. 1D, the ECL responses of PEDOtE/GCE increased significantly
with increasing pH from 1 to 12. This may be asaxdito the fact that traces of OiH
PBS were involved in ECL route, and acted as aernmediate to react with PFO
Pdots. The possible ECL mechanism of PFO Pdotsdepited in Fig. 2E. Firstly,

12



253 PFO Pdots were oxidized on the surface of GCE ve @ polymer radical cation
254 [PFO Pdots]. Then, in the presence of QHhe protons of [PFO Pdots]radical
255 were eliminated to produce a reductive intermedraigical [PFO Pdot§] which
256 reacted with [PFO Pdof$]to generate an excited-state species [PFO Pd§isjO
257 Pdots] further reacted with PFO Pdots to yield exciteatescomposite species [PFO
258  Pdots-PFO Pdots]and finally creating ECL emissions. Similar entiag effect of
259 OH on the ECL emission has been observed at
260  poly[(9,9-dioctylfluorenyl-2,7-diyl)eo-(1,4-benzo-{2,1'-3}-thiadiazole)] (PFBT) and
261  poly[9,9-bis(3’-(N,N-dimethylamino)propyl)-2,7-fluene]-alt-2,7-(9,9-dioctylfluoren
262 e)] (PFN) (Luo et al., 2019; Ma et al., 2019). Asaiell known, the concentration of
263 OH in a buffer system (PBS) is easily controlled t@latively constant value, which
264 endows the OHdependent ECL emission of PFO Pdots (at +1.25 Kiph stability
265 and repeatability.

266  3.3. The effect of kD, on the ECL emission

267 The effect of HO, on the ECL emission of PFO Pdots was also explaneker
268 the different scanning potentials. The low potdnitas always set to 0 V, and the
269 high potential was changed from +0.8 V to +2.0 Veoord the ECL response of PFO
270 Pdots/GCE in PBS (pH 7.4) without and with@Q4. The blue columns and pink
271 columns in Fig. 2A corresponded to the ECL sigr®sected in PBS without and
272 with 10 mM HO,, respectively. It can be clearly seen thaDflhas a different effect
273 on the ECL response of PFO Pdots/GCE under therdiff scanning potentials.

274  When the high potential was lower than +1.0 V ghler than +1.6 V, bD, served as
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a co-reactant to enhance the ECL signal. In faet,enhancing effect of 4, on the
ECL signal at +1.95 V has been reported in our iptesswork (Chen et al., 2016;
Chen et al., 2017). However, when the high potectianged between +1.1 V and
+1.5 V, the function of kKD, wasn’t to enhance the ECL signal, but to queneh th
ECL signal. Impressively, quenching efficiency giQ4 was significantly higher than
its enhancement efficiency on the ECL emissionfe®HPdots.

To investigate the quenching mechanism @D}l the ECL and corresponding
CV response curves of PFO Pdots/GCE were detectB®% (pH 7.4) without (Fig.
2B) and with (Fig. 2C) 10 mM ¥D, under the scanning potential of 0 — 1.25 V. As
recorded in Fig. 2C, while the,B, quenched the ECL response at +1.25 V (ECL
curves), the CV current increased significantly (Cwves). In addition, to further
explore the effect of D, on the ECL of PFO Pdots, the holes)(bf PFO Pdots
were detected using the Electron Paramagnetic RasenEPR) and Fig. 2D exhibits
corresponding EPR spectra. As seen, in the dathk,the system PFO Pdots (curve 2)
and the system PFO Pdots 34 (curve 4) presented a strong TEMPO radical triplet
signal, indicating that hardly any photogeneratéavhs produced at PFO Pdots and
H.O, also had no effect in the absence of irradiatiémder the irradiation, the signal
from TEMPO radical triplet of PFO Pdots almost gigeared (curve 1), indicating a
produce of photogenerated &t PFO Pdots. When B, was added in PFO Pdots
system, the EPR spectra demonstrated a significargase in TEMPO radical triplet
signal (curve 3). The reason may be as follows. ddritie irradiation, kD, was
oxidized by the photogeneratedl (Du et al., 2019), and leading to a decreaseén th
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297 amount of h. Thus the ECL emission of PFO Pdots was blockeztoAling the
298 results of CV and EPR and previous reports (Liahgle 2017; Lv et al., 2018), it
299 was speculated that the quenching effect gdtbn the ECL of PFO Pdots may be
300 owing to the synergistic effect of the electromsgf@r and the reaction between the
301 excited state species ang®4. The possible quenching mechanism @DKon the
302 ECL was depicted in Fig. 2E.

303 Since the ECL emission of PFO Pdots at +1.25 V masonly OH-dependent
304 ECL, but also could be efficiently quenched byOpxl Our proposed method is making

305 use of this ECL feature to construct a biosensodétecting miRNA-155.
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Fig. 2. (A) Effect of O, on ECL response of PFO Pdots/GCE; ECL and CV sunfePFO
Pdots/GCE without (B) and with (C) 10 mM®, (scanning potential: 0 — 1.25 V; scanning rate:
0.30 V/s; be voltage of photomultiplier tube: 800;D) EPR spectra of radical adducts trapped by
TEMPO (K) in PFO Pdots (1, light; 2, dark) and PFO Pdotsl,®, (3, light; 4, dark); (E)
Possible ECL mechanism of PFO Pdots and quenchautpamism of KO,

3.4. ECL Spectra of PFO Pdots

Fig. 3A and Fig. 3B present the spooled ECL spemtichthe heat map image of
PFO Pdots/GCE in PBS containing 20 mM triethylam({REA) under the scanning
potential of 0 — 1.25 V, respectively. The maxim&@L emission was detected at
520 nm and it showed a red shift when comparebedltiorescence emission spectra
(439.6 nm, 467.8 nm, and 499.2 nm), which may hwilzed to the fact that the
formation of excited-state excimer species resuited decreasing energy (Prieto et

al., 2001).

A

=

103
£
:

we | Apsunul
ECL Intensity / a.u.

0.0
200 300 400 500 600 700 800 900

Wavelength / nm

Fig. 3. Spooled ECL spectra (A) and the heat map imageofBPFO Pdots/GCE in PBS
containing 20 mM TEA under the scanning potentiahf 0 to 1.25 V.

3.5. The detection of miRNA-155
The concentration of quenchep® was optimized to obtain a low background
signal. And the concentrations of hemin and*Pas well as the incubation time of

DNA Walker were optimized to achieve optimal penfiance of miRNA-155
16
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350

biosensor. The corresponding results are describélde Supplementary Material
and corresponding figures are depicted as Fig. B optimal experimental
conditions were as follows: (a) optimal concentnatof HO, was 14.0 mM; (b)
optimal concentration of hemin was Qu8I; (c) optimal concentration of Pbwas 8.0
uM; (d) optimal incubation time of DNA Walker was@énin.

The ECL response of the proposed biosensor to miBB\was explored in 3.0
mL of 0.10 M PBS (pH 7.4) containing 14.0 mM®4 under optimized conditions.
As shown in Fig. 4A, as the target concentratiamaased from 50 aM to 1.0 nM, the
ECL intensity was gradually increased as we expedhe reason for the increase in
ECL signal was that hemin/G-quadruplex formed am shrface of GCE consumed
H.O, and generated OHn accordance with the following equations (Dericak,
2013; Lv et al., 2018; Zhou et al., 2013):

hemin/G-quadruplex (P8 + € — hemin/G-quadruplex (E§ (1)

hemin/G-quadruplex (F¢ + 1/2 HO, —hemin/G-quadruplex (8 + OH (2)

The ECL signals showed an excellent linear relatigm with the logarithm of
the miRNA-155 concentration. The correspondingbeation curve is shown in Fig.
4B, and the regression equation was expressdd(asi.) = 6307.25 + 946.10 log
(c/pM), and the correlation coefficient valuR) (was 0.99801(as the ECL intensity
and ¢ as the concentration of miRNA-155). In additiohg tdetection limit of
mMiRNA-155 was 12.2 aM, which was calculated aceaydio the formula LOD =
3S/m (m is the slope of the corresponding calibration euiSs is the standard
deviation of the blank). Moreover, compared witk firevious works, our prepared
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biosensor in this work exhibited an excessive pakfor ultrasensitive detection of

MiRNA-155 (Table 1).
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Fig. 4. (A) ECL intensity-potential curves for various camtration of miRNA-155: (a) 50 aM, (b)
500 aM, (c) 5 fM, (d) 50 fM, (e) 500 fM, (f) 5 pMg) 50 pM, (h) 500 pM, and (i) 1 nM in 0.10 M
PBS (pH 7.4, containing 14.0 mM,8,). (B) calibration curve between ECL intensity and
logarithm of target miRNA-155 concentration (scargnpotential: 0 — 1.25 V; scanning rate: 0.30
V/s; the voltage of photomultiplier tube: 800.V

Table 1 The comparison of different methods for miRNA-Igection.

Methods Detection limit Dynamic range Ref.
Fluorescence 1.0 fM 1.0 fM - 100 nM (Zhang et al., 2007
Electrochemistry 10 fM 5.0fM -5.0 pM (Koo et al., 201p
ECL 0.3fM 1.0 fM - 100 pM (Zhang et al., 2015
ECL 3.3aM 10 aM - 5.0 pM (Luo et al., 2019
ECL 12.2 aM 50 aM - 1.0 nM This work

3.6. The stability, selectivity, reproducibilityna practical application of biosensor

The stability of the biosensor was investigatedibiecting the ECL signal of the
biosensor with miRNA-155 (50 fM) under continuoyglec scan in 3.0 mL PBS (pH
7.4). As seen in Fig. 5A, no obvious change wasemoiesl after nine cycles of
scanning and the RSD of 1.39 % was obtained, itidigdhat the biosensor has an
excellent stability.

To explore the selectivity of the prepared biosensoRNA-141, miRNA-126,
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390

and miRNA-21 were selected as possible interferefitee ECL signals were
measured under the blank, miRNA-141, miRNA-126, NAR21, and mixture
(miRNA-155, miRNA-141, miRNA-126, and miRNA-21) sgm, respectively. As
shown in Fig. 5B, even if the concentration of thierferents was 100-times higher
than that of target miRNA, no significant interfece was observed at the interferents.
Only in the presence of the target, a strong ECépoase could be observed,
indicating a satisfactory selectivity.

The inter-assays and intar-assays of the miRNA-®BSensors were further
investigated using four biosensors prepared inouarbatches and in the same batch,
respectively. As seen from Fig. 5C, the RSD ofriatesays and intar-assays was all
below 5 %, indicating that the biosensor has aifsogmt reproducibility.

The expression of mMiIRNA-155 in different biologicall lysates was examined
to further validate the practicality of the biosensincluding cervical cancer cells
(Hela) and human breast cancer cells (MCF-7) Igsdtastly, the cell samples were
processed by a commercial miRNA extraction kit raitell counting (a detailed
preparation process is described in Supplementary Material). As shown in Fig.
5D, the ECL response gradually increased as thagelbers increased, exhibiting a
significant expression level of target miRNA-155rfr MCF-7. However, in HelLa
cells, the obviously lower ECL responses were oleskr(b-f), demonstrating a
relatively low expression level compared to MCF-he above results were
consistent with the previous research (Luo et28119; Yue et al., 2019; Zhang et al.,
2018), further indicating that the proposed quadifon of miRNA-155 in cancer
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Fig. 5. (A) ECL intensity-time curve of the biosensor undeanning 9 cycles in PBS (0.10 M, pH
7.4) containing 14.0 mM }D, with miRNA-155 concentration of 0.5 pM; (B) Thdestivity and
(C) reproducibility of the biosensor; (D) ECL resige of the prepared biosensor for miRNA-155
extracted from MCF-7 and Hela cells with differentmbers (blank, 10, £01¢*, 10!, and 18
cells), (scanning potential: 0 — 1.25 V; scanniatgr0.30 V/s;He voltage of photomultiplier tube:
800 V).

4. Conclusion

PFO polymer dots (PFO Pdots) were found to exhilsirong ECL emission at a
lower potential (+1.25 V) without any exogenousreactants. Based on the thorough
investigation on the ECL mechanism, an @ldpendent ECL emission characteristic
was confirmed. Furthermore, such an ECL emissiaidcbe efficiently quenched by
H.O,. The controllability of OHconcentration in PBS and the non-toxicity of OH
endowed OHdependent ECL emission a superior performance otleer ECL
emissions with exogenous species or dissolved oxy@®) as co-reactant. The
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constructed biosensor with PFO Pdots as luminophate HO, as ECL quencher
achieved the sensitive detection of miRNA-155 vathetection limit as low as 12.2
aM. The integration of PFO Pdots angQd4 significantly extends the application of

PFO, and provides an attractive ECL platform faapialysis.
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Research Highlights
€ A high-intensity OH-dependent ECL emission of PFO Pdots without any
exogenous species or dissolved O, as co-reactant was detected.
€ The controllability of OH™ concentration in buffer system (PBS) endowed the
OH -dependent ECL emission of PFO Pdots a high stability and repeatability.
€ H,O,wasfound to be highly efficient quencher for the ECL of PFO Pdots.
€ The proposed ECL biosensor showed an excellent stability, a satisfactory

selectivity and alow detection limit for miRNA-155 detection
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