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Abstract

Developing reliable and sensitive detection methfedsadenosine triphosphate
(ATP) is vital for both clinical diagnosis and foaafety. In this work, by coupling
aptazyme- and catalytic hairpin assembly (CHA)-dasegnal amplification and
electrochemiluminescence (ECL), an ultrasensitivesdnsor for sensing ATP was
fabricated using Ru(bpy)’-doped silica nanoparticles (Ru$)Gs ECL probes and a
ferrocene-functionalized hairpin (hairpin-Fc) asenqcher. The aptazyme-triggered
cleavage of the DNA substrate and the CHA readtiuth led to the circular release of
trigger DNA, resulting in a significant dual sigrehplification, with unprecedented
enhancement up to 940-fold. Moreover, the biocaatjog of the DNA substrate with
Au@Fe0, facilitated the separation and purification of tekeased trigger DNA, and
effectively reduced the background signal. As altethe as-prepared ECL biosensor
exhibited a much lower detection limit of 0.054 @bt ATP, compared to those in
previous reports, and showed high reliability farPAdetection in both spiked serum
samples an@aphylococcus aureus. This work offers a new perspective for designing
nucleic acid-based signal amplification for detegtiATP in bacterial analysis and

clinical diagnosis.
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1. Introduction

As one of the most indispensable molecules in djviorganisms, adenosine
triphosphate (ATP) plays an important role in nubosr enzymatic activities and
biological processes, the level of which, has @&elelationship with some diseases
and food sanitation(Dennis et al. 2001; Gourinal €2005; Liu et al. 2019b). As such,
the concentrations of intercellular ATP have alsebden recognized as indicators of
many diseases such as hypoglycemia, Parkinsonsaghs ischemia and some
malignant tumors(Gourine et al. 2005; Park et abl5). Moreover, since
microbiological organisms like bacteria, yeast anold also contain ATP, making
detection of ATP widely explored in various foodwlarinking water(Kim et al. 2018;
Liu et al. 2019b; Vang et al. 2014). Thus, deveigpieliable and sensitive detection
methods for ATP is of significant importance fortlbalinical diagnosis and food
safety.

In the past few years, great efforts have beentddvio the development of various
detection methods for ATP including high performatiquid chromatography, mass
spectroscopy, fluorescence, chemiluminescence, alattrochemiluminescence
(ECL)(Feng et al. 2019; Greenstein and Wert 201tang et al. 2019; Zhou et al.
2012). Among them, ECL has drawn increasing attestiin the fields of
environmental monitoring (Hu et al. 2018; Li et 2019), food safety (Chen et al.
2018), clinical diagnosis (Sun et al. 2019b; Tangl€2013), and point-of-care testing
(POCT) (Nie et al. 2019), because it couples theathges of electrochemistry and

chemiluminescence with prominent merits such as baskground, high sensitivity
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and simple-to-use equipment (Gong et al. 2019; Waral. 2019b). To achieve high
sensitivity and wide dynamic range in practical agssthe integration of ECL
technique with other recognition elements and ditaly strategies are highly
desirable.

Recently, aptazymes have gained intense intelbes@use it not only inherit high
specific recognition capacity of aptamers but dlswe DNAzyme-catalyzed signal
amplification properties (Li et al. 2018; Liu andi 2004; Tang and Breaker 1997,
Yang et al. 2016; Yousefi et al. 2018). Meanwhds, an isothermal enzyme-free
signal amplification method, catalytic hairpin asdly (CHA) can achieve
exponential amplification of target DNA with neglitg background at high speed
(Dai et al. 2018; Jiang et al. 2013; Liu et al. 281 Although both the CHA- and
aptazyme-based amplification have been proven téeasible and public tools in
various biosensors (Wang et al. 2019a), the cogminCHA- and aptazyme-based
amplification and ECL strategy for the detectiol®P has been rarely reported.

Herein, an efficient dual signal amplified ECL keosor for ATP was designed
by coupling an aptazyme-mediated reaction with CHAe ATP-triggered aptazyme
cleavage and CHA reactions resulted in the recgcbh the aptazyme@ATP and
trigger DNA, inducing significant signal amplifigah. Moreover, the DNA substrate
was conjugated with Au@E®,4, which facilitated the separation and purificatioin
the released trigger DNA. In addition, the utilizatof RuSiQ instead of Ru(bpy§f"
as an ECL probe further promoted the signal anggliibn, enhancing the sensitivity

of the assay. The as-developed ECL biosensor egtili much lower detection limit

4



compared to those in previous reports, and wasapticable for ATP detection in
both spiked serum samples a@dphylococcus aureus (S. aureus). It would offer a
new perspective for the design of nucleic acid-dasignal amplification tools for

ATP biosensing.

2. Experimental Section
2.1 Preparation and modification of the RuSiO, nanoparticles

The Ru(bpy)**-doped silica nanoparticles (RuS)Qvere prepared according to
previous reports with some slight modifications (Btaal. 2018; Sha et al. 2019). First,
1.77 mL of Triton X-100, 7.5 mL of cyclohexane ahd® mL of 1-hexanol were
completely mixed by magnetic stirring. Then, 3400of 40 mM Ru(bpy)** aqueous
solution was slowly added and stirred for 30 mihef, 100uL of TEOS and 6QuL
of NH3- H,O were sequentially added into the mixture, and¢laetion was continued
for 24 h with magnetic stirring. Finally, 2 mL o€etone was used to destabilize the
emulsion, and the RuSj@anoparticles were collected by centrifugation @nded
with ethanol and water. To obtain amino group-fioralized RuSiQ (RuSiQ-NH,),
800uL of APTES ethanol solution was used to react idhmL of 4 mg/mL RuSi@
for 8 h with magnetic stirring. The obtained RuSIH, nanoparticles were
resuspended in ultrapure water after washing witarel and water.
2.2 Preparation of Au@FesO, nanoparticles and DNA-Au@Fe;O4
nanocomposites

Fe;04-NH, nanoparticles were obtained through functionalaratiof FeO,
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nanoparticles with APTES (see more details in Scppp Information). Au
nanoparticles were synthesized by the followingcpdure (Frens 1973). In brief, 50
mL of 0.01% HAuCJ aqueous solution was heated to 100 °C, followeadning 1
mL of 1% trisodium citrate. The above mixture wastnuously heated for another
15 min. Then, 5 mg E®,-NH; nanoparticles were added into 10 mL of the regyltin
Au nanoparticle solution with mechanical stirringemight. The obtained Au/E@,
nanohybrids (Au@FR©,) were collected by magnetic separation and redsepein 5
mL of 0.1 M Tris-HCI buffer (pH 7.4).

For the functionalization of Au@E®,with a thiol-modified DNA substrate, 250
uL of 4 uM DNA substrate was mixed with 75 of the Au@FegO, dispersion under
mechanical stirring for 10 h. Then, 4Q of 1 M NaCl was added to the solution, and
this reaction was continued for 12 h. Finally, DMW@FeO, was obtained by
magnetic separation and washing with 0.1 M Tris-Hy@ffer. The products were
redispersed in 500L of 0.1 M Tris-HCI buffer before use.

2.3 Construction of the ECL biosensor

Prior to use, the glassy carbon electrode (GCE) pashed with 0.3um
alumina powder, followed by ultrasonic cleaninghn@thanol and water three times,
and then dried at room temperature. Subsequentll, & chitosan/RuSi@ mixture
was dropped on the bare GCE, and the modified redetwas dried at room
temperature. Next, the modified GCE was treateth ®i6% GA for 1 h. Next, the
GCE was incubated with L@ of 2 uM capture DNA in PBS at 37 °C for 2 h. The

capture DNA-modified GCE was then blocked withi20of 10 uM DNA blocker for
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2 h to avoid nonspecific binding. Finally, the EBibsensor was obtained.
24 ECL sensing of ATP

A total of 100 uL of the DNA-Au@FegO, dispersion was mixed with 10 of 4
uM aptazyme, and the mixture was then heated taC8fdof 5 min and slowly cooled
down to room temperature. During this processattitazyme will specifically bind to
the DNA substrate in the DNA-Au@#¥@, to form aptazyme-DNA-Au@F0, based
on the principle of Watson-Crick base pairing. Sdpgently, the
aptazyme-DNA-Au@F£, nanocomposite was incubated with 1Q0 of ATP
solution at different concentrations for 90 min.tekf magnetic separation, the
precipitate was resuspended in @0of 20 mM HEPES buffer containing 100 mM
NaCl and 20 mM MgGl The activated aptazyme digestion was allowedrtaged
for 90 min, which generated significant amountstrigger DNA fragments. The
trigger DNA, separated by magnetic separation, wixed with an equal volume of 4
uM hairpin-Fc by gentle vortexing. The designed Bildsensor was incubated with
this mixture at 37 °C for 90 min. Finally, the E®KE the resulting electrodes was

measured in 0.1 M PBS buffer (pH 7.4) containingri@ TPA.

3. Results and Discussion

3.1 Principle of the proposed biosensor
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Figure 1. Schematic illustration of the construction and hatsm of the ECL
biosensor for ATP detection. (a) Aptazyme-mediaigdal amplification process. (b)

Modification and detection procedure of the proplSEL biosensor.

The construction of the ECL biosensor was based dual signal amplification
strategy (Figure 1). As depicted in Figure 1, tddeal aptazyme hybridized with the
DNA-Au@FeO, nanocomposites, forming aptazyme-DNA-Au@®bg£ With the
coexistence of ATP and My the aptazyme is activated and catalytically csathe
DNA substrate, recycling the aptazyme@ATP hybribdicl leads to the release of an
amplified amount of trigger DNA. Finally, the triggDNA is facilely separated from
the cleaved DNA-modified Au@E®, and purified by magnetic separation and then

hybridized with the capture DNA on the electroddate, inducing the CHA reaction,
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l.e., the attachment of hairpin-ferrocene (Fc).aA®sult, the CHA reaction eventually
generates a “capture DNA-hairpin-Fc” duplex. It sldobe noted that the formation
of the “capture DNA-hairpin-Fc” duplex also resuitsthe release and recycling of
the trigger DNA, creating the secondary signal afmeption. Moreover, the
hybridization of the capture DNA and hairpin-Fcsgd the distance between the Fc
and the RuSi@on the electrode surface, inducing a significarergching of the ECL
emission of the RuSitnanoparticles. Thus, the quenching of the ECLaigauld be
used to quantitate the detected ATP since the inaiipis quantitatively captured via
the CHA reaction.

3.2 Preparation and characterization of the RuSiO, nanoparticles
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Figure 2. (a) TEM image of the RuSighanoparticles. (b) Photoluminescence spectra
of Ru(bpy)?* solution (black line) and RuSiManoparticle dispersion (red line). The
concentration of Ru(bpy}" in the Ru(bpyy* solution and RuSi© nanoparticle
dispersion were 5.uM and 3.2 uM (calculated according to the EDS results),
respectivelyie,=453 nm. (c) The CV curve (black line) and ECL-pui& curve (red
line) of the RuSiQ nanoparticles. The ECL measurements were takénli PBS

(pH 7.4) containing 25 mM TPA; PMT: 600 V, scarerdd.1 V/s.



The size and morphologies of the obtained RuySr@anoparticles were
characterized by transmission electron microscofiyM). According to the TEM
observations (Figure 2a), the as-prepared RuS@&Rhibited a uniform and
monodispersed spherical shape with an average tharme50 nm. In addition, the
elemental mapping results of Rugi€howed that O, Si, Ru elements were uniformly
distributed in the nanoparticles (Figure S1). Asveh in Figure 2b, the PL spectrum
of the RuSiQ nanoparticles was similar to that of Ru(kpywith a slight blue-shift,
which was possibly caused by the electrostaticracteon between Ru(bpy) and
negatively charged SiQgroups in silica oligomers, indicating that Ru(py has
been successfully doped into the Si@atrix(Dang et al. 2014; Mirenda et al. 2013;
Zhou et al. 2014).

The ECL performance and the electrochemical pragsertof RuSIQ
nanoparticles were investigated by cyclic voltantynéCV) in the potential range
from 0 to 1.3 V in the presence of TPA (Figure ZEd get insight in the ECL
mechanism, the CV of the individual TPA and Ru(Bpy)as also studied. As shown
in Figure S2, the CV curve of TPA displayed an olgi oxidation peak with an onset
potential at 0.78 V. Similarly, the RuSi@xhibited an oxidation peak with a more
positive onset potential at approximate 1.03 V. Mdaile, the CV curve of the
mixture of TPA and RuSi©displayed an enhanced oxidation current with alam
onset potential with that of TPA, which might bes tbverlapping of the individual
oxidation peak of TPA and RuSiOAt the same time, the ECL-potential curve of

RuSIG/TPA in Figure 2c displayed an onset potential@iraximate 1.04 V, which
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was consistent with that of the CV curve of RuSiIOFigure S2, suggesting that the
ECL signal could be observed after the oxidatioi®A and RuSi@ As a result, the
ECL-potential curve of RuSKDTPA in Figure 2c showed a more positive onset
potential, compared to the corresponding CV curuegtal. 2018; Miao et al. 2002).
Thus, all the results demonstrated that the RuSi@hoparticles was successfully

prepared and could be applied as an excellent BEGhepfor the construction of the

ECL sensor.

3.3 Synthesisand char acterization of the DNA-Au@Fe;O4 hanocomposite
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Figure 3. SEM characterization of (a) ¥&, and (b) Au@F¢0, nanopatrticles. (c)The
optical pictures of the @, Au@FeO, and Au NPs under natural light. (d) The

UV-Vis absorbance spectra of thesBg Au NPs, and Au@Fk©, nanoparticles and
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the DNA-Au@FgO4 nanocomposite.

The preparation of the E®@,; and the Au@F®, nanoparticles was first
confirmed by TEM analysis. The TEM image of the®£nanoparticles displayed a
size distribution in the range of 150-200 nm withaverage diameter of 175£29 nm
(Figure 3a). After treatment with APTES, the pnistiFgO, was functionalized with
amino-groups, which could be conjugated with Au NRs shown in Figure 3b, the
SEM image of the Au@F©,4nanoparticles showed that the Au NPs were uniformly
distributed on the surface of the 3;Bg allowing further functionalization of
thiol-terminated DNA via the formation of Au-S bandrhe successful assembly of
the FgO,4 with Au NPs also resulted in a change in the smhutolor from yellow to
reddish brown (Figure 3c)Accordingly, the UV-vis absorbance spectra of the
Au@FeO, nanoparticles presented a board surface plasnsonaace (SPR) peak of
the Au NPs at 569 nm (Figure 3d)(Chowdhury et &17). Compared to the
absorption peak of the Au NPs at 520 nm, this teff-sould be attributed to the
charge interference presented by thgUzenanoparticles(Jiang et al. 2016). After
further functionalization with DNA, a slight redithwas observed, indicating that
the DNA substrate was successfully attached toAin@ FeO, nanocomposite(Liu

and Lu 2006).

3.4 Feasibility of the designed amplification system
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Figure 4. Feasibility analysis of the designed amplificatisgstems by PAGE
electrophoresis. Lane 1: capture DNA, lane 2: laiRt, lane 3: capture DNA +
trigger DNA, lane 4: hairpin-Fc + trigger DNA, larke capture DNA + hairpin-Fc,
lane 6: capture DNA + hairpin-Fc + trigger DNA, é&id: capture DNA + hairpin-Fc +
digested product (produced through the designedzgpte-mediated amplification
systems incubating with 1 nM ATP). Equal volumegl@iM DNA were used in these

experiments.

Before construction of the ECL biosensor, the talisi of the designed
amplification systems was assessed by PAGE eldutrepis analysis. As shown in

Figure 4, a single band was observed in the larietheo capture DNA and the
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hairpin-Fc (Lane 1 and 2), indicating that the DM&gments are a single component
with high purity. The PAGE electrophoresis analysisthe hybridization reaction
products showed that there was no new band whecoaiiteire DNA was mixed with
hairpin-Fc, which confirmed that they cannot spealfy bind to each other in the
absence of the trigger DNA (lane 5). In contrastjeav band appeared upon the
addition of the trigger DNA in the presence of tapture DNA (lane 3) because the
trigger DNA can specifically bind with the expostxthold domain of the capture
DNA, initiating a branch migration that opens tharpin. Owing to the exposure of
the loop domain of the capture DNA with the seqésndhat are partly
complementary to the toehold domain of the haiffinthe hairpin-Fc can initiate
another branch migration that displaces the trig@¢A and finally forms a duplex of
“capture DNA-hairpin-Fc”. As expected, when comni@rtrigger DNA was added to
the mixture of the capture DNA and hairpin-Fc, avrieand was observed in lane 6
compared with those in lanes 3, 4 and 5. To confitenfeasibility and amplification
effect of the designed system, the trigger DNA sgysarated from the products of the
aptazyme-mediated enzymatic reaction initiated Ogliregy 100puL of 1 nM ATP
solution. As shown in lane 7, a visible band of tb&pture DNA-hairpin-Fc” duplex
was observed, which indicated that the trace ansoah®ATP successfully activated
the designed amplification systems and generaggufisiant amounts of the “capture
DNA-hairpin-Fc” duplex. Interestingly, as the resushow, approximately 0.94M
duplex (estimated bymagel software, see more discussion in Figure S3) was

eventually produced through the dual signal angaifon strategy in response to 1

14



nM ATP, which implied the amplification time appimately 940-fold. All the above
results suggest that efficient signal amplificatcam be achieved by taking advantage

of the designed amplification systems.

3.5 Construction and characterization of the ECL biosensor

To confirm the stepwise fabrication of the ECL lkosor, CV and EIS
characterization were performed. As shown in Figsa, the CV curve of the bare
GCE exhibited a pair of well-defined reversible argeaks. After coating the bare
GCE with RuSiQ nanoparticles, the redox peak current decreaseplying poor
conductivity of the RuSi@ A visible decrease of current responses and eneased
peak potential difference were observed after iatiobh with capture DNA, which
could be caused by the increased electron resestamt electronic repulsion between
the negatively charged DNA and [Fe(GN), demonstrating that capture DNA had
been successfully immobilized onto the modifieccttae. Similarly, the redox peak
current further decreased upon the addition ofiIN& blocker. The addition of the
mixture of the trigger DNA and hairpin-Fc furtherduced a current reduction and
enhanced peak potential difference, indicative lé formation of the capture
DNA-hairpin-Fc duplex, which increased the steifiitdnance and electronegativity on
the electrode surface. In addition, the EIS resals® confirmed the CV findings
(shown in Figure S5b and Table S2). A small chargesfer resistanc&f) was found
from the bare GCE, and the:fcreased when the weakly conductive RuSias

coated to the electrode. After the modificatiorcapture DNA and DNA blocker, the
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R.: values further increased, indicative of the susitésssembly of capture DNA and
DNA blocker on the electrode. Finally, the formatiof the capture DNA-hairpin-Fc
duplex on the electrode further resulted in an eobdR; value. Therefore, both the
CV and EIS results demonstrated that the proposeseisor was successfully
fabricated.

Furthermore, the ECL behavior of the stepwise nmedlielectrodes was also
investigated in 0.1 M PBS (pH 7.4) containing 25 niMA. As shown in Figure S6,
an extremely weak ECL emission signal was obsefwethe bare GCE (curve a). As
a result of the excellent luminous efficiency of S, the ECL intensity was
remarkably enhanced after RuSias coated onto the surface of the GCE (curve b).
In contrast, after the modification of the capt®D®A, the ECL intensity was
decreased (curve c), owing to the capture DNA hiedieharge transfer between the
ECL probe and the coreactant. Similarly, the EQensity of the modified electrode
was slightly decreased after the modification wtiith DNA blocker (curve d). Notably,
the ECL intensity was sharply reduced when thephaiFc hybridized with the
capture DNA was placed on the electrode becaugeeajuenching effect of the Fc on
the ECL emission of RuSiQindicating that the designed biosensor could dsldor

the ultrasensitive quantitative detection of ATP.

3.6 Quantitative detection of ATP
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Figureb5. (a) The ECL intensities of this biosensor for difiet concentrations of ATP
from 0.1 pM to 1000 pM. (b) Corresponding calibpaticurve of therECL intensity
and the concentrations of ATP. (c) The specifiafythe proposed biosensor toward
ATP analogues. Concentrations of the ATP analognesATP were 100 pM. (d) The
ECL signal stability of the proposed biosensor uramsecutive scans for 20 cycles.
The ECL measurements were performed in 0.1 M PBS7@) containing 25 mM

TPA, PMT: 800 V, scan rate: 0.1 V/s.

To assess the analytical performance of the dedigh€L biosensor, the
detection of various concentrations of ATP was tjiad under optimized conditions
(see more discussion in Figure S4). Figure 5a lgiedmows that the ECL intensity
gradually increased with increasing ATP concerdratThe corresponding calibration

curve (Figure 5b) exhibited a perfectly linear tiglaship between the decrease in the
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ECL intensity ¢ECL) and the logarithm of ATP concentration in thage from 0.1
pM to 1000 pM. The linear regression equation caexpressed as=CL=1343.69 Ig

c + 2331.64, with a correlation coefficient of 0.990ECL and c represent the
decrease of the ECL intensity and the concentradnATP, respectively).
Accordingly, the limit of detection (LOD) was calated to be 0.054 pM. It should be
noted that the conjugation of DNA substrate with@¥eeO, facilitated the separation
and purification of the released trigger DNA duritige detection, and reduced the
background signal (see more discussion in Figune Bitthermore, the comparison
of analytical performance for the proposed biosemswl those reported previously
was shown in Table 1, revealing the advantagebeoptoposed ECL biosensor with
improved sensitivity and wide linear range. Therefothe proposed dual signal

amplified ECL biosensor is promising for the ulgasitive detection of ATP.

Table 1. Comparison of previously reported analytical mdghfor detecting ATP

Method Linear range  Detection limit Reference
(pM) (pM)
Colorimetric assay 1x10 6x10 1000 (Gao et al. 2017)
Fluorescence 1x%0 1x10 80 (Ji et al. 2019)
Fluorescence 3x$0 4x1d 1.23x16 (Fan et al. 2018)
Electrochemistry 1x10 1x1¢ 500 (Zhang et al. 2018)
Electrochemistry 1x10 2x10 600 (Li et al. 2018)
Photoelectrochemistry 5x10° - 3x1¢ 2100 (Sun et al. 2019a)

Photoelectrochemistry 0.5 -5000 0.18 (Fan et @620
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ECL 50 - 1x10 20 (Yao et al. 2009)

ECL 0.1-1000 0.054 This work

3.7 Specificity and stability of the designed ECL biosensor

The specificity and stability of the proposed brs® were also assessed by
selecting some ATP analogues, including UTP, GT® @nP, as interfering agents.
As shown in Figure 5c, the addition of UTP, GTP &iP did not cause a significant
ECL intensity change, which was similar with thdt the blank sample. In the
presence of ATP or a mixture of ATP and the int@mfp analogues, the ECL
intensity increased remarkably, implying high selety of the designed biosensor.
Furthermore, the proposed biosensor also exhil@tazkllent stability of the ECL
signals with a relative standard deviation (RSD).&9% under consecutive scanning
for 20 cycles (Figure 5d). Additionally, to furthessess the stability, the biosensor
treated with 100 pM ATP was stored at 4 °C in thekdand 99.3%, 97.3%, 91.4%
and 81% of the initial signal was preserved afterage for 1, 3, 7 and 14 days

(Figure S8), respectively, indicating a satisfagtstability of the designed biosensor.

3.8 Preliminary application of real sample analysis

To evaluate the feasibility and reliability of throposed biosensor for real
sample analysis, quantitative detection of ATPilatdd human serums ar&laureus
(ATCC 6538) were performed respectively. For theowery experiment, ATP with

different concentrations was spiked into 10% hursamum and then detected by the
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proposed ECL biosensor. As shown in Table S3, ¢ékseveries were in the range of
95.68%-103.4%, demonstrating good reliability ofstibiosensor for real sample
analysis. More importantly, ATP naturally existimyS. aureus was detected by this
biosensor. The results in Figure S9 reveal thatrttemsity ofAECL intensity linearly

increased with the number &f aureus in the range from Tcfu/mL to 16 cfu/mL.

In addition, the ATP concentration obtained frone ttalibration curve shown in
Figure 5 is consistent with the value reported jonesly(Hattori et al. 2003; Okanojo
et al. 2017), indicating satisfactory accuracy lu$ thiosensor for detecting ATP in

natural samples.

4. Conclusions

In summary, we developed an efficient, sensitivd aelective ECL biosensor
for the detection of ATP by coupling aptazyme andAcbased signal amplification
technologies. The biological investigation showeat & 940-fold signal amplification
could be obtained by the proposed nucleic acidébasgnal amplification strategy.
Moreover, the utilization of RuSiOnanoparticles instead of Ru(bg?) as ECL
probes further promoted the signal amplificationhancing the sensitivity of the
assay. In addition, the bioconjugation of DNA sudt&t with Au@FegO, facilitated
the separation and purification of the releaseghgi DNA, and effectively reduced
background signal. The proposed ECL biosensor érdibpromising sensing
performance for both spiked serum samples&radreus. This work might provide a

new ECL-based signal amplification strategy for Ad€tection in both food safety
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and clinical diagnostics.
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Highlights:

Aptazyme- and CHA-based signal amplification was coupled with ECL for
biosensing of ATP.

The aptazyme- and CHA-based signal amplification resulted in an enhancement
up to 940-fold.

The detection was based on the electron transfer between RuSiO, probes and Fc
guenchers.

Anchoring DNA on Au@FesO, facilitated separation and purification of the
released trigger DNA.

The biosensor showed high reliability for both spiked serum samples and

Staphylococcus aureus.
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