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It is an advantageous way to quickly identify the toxicity of Bacillus anthracis (B. anthracis) by detecting the
transcription product of the atxA gene. Herein, a novel ultrasensitive ratiometric electrochemiluminescence
(ECL) biosensor with competitive mechanism and double amplified signal ways was proposed for detecting the
atxA mRNA. The K3S;0g was used as cathodic emitter and silver metal-organic gels (AgMOG) was used as ECL
enhancer. The AgMOG could accelerate the electro-catalytic reduction of $,03~ to SO4, which reacted with
dissolved oxygen, resulting in strong cathodic ECL. Meanwhile, luminol was encapsulated in liposome as anodic
amplified signal labels and the luminol anion radical also reacted with dissolved oxygen to create the anodic ECL
emission. We immobilized luminol-encapsulated liposomes on the surface of AgMOG through the hybridization
of DNA and mRNA. This would provide a competitive mechanism involving dissolved oxygen between K2S20g
and luminol. Benefiting from the competitive mechanism and amplified signal ways, this ratiometric biosensor
achieved a wide linear relationship range from 10 to 300 fM with a low limit of detection (8.13 fM). Considering
the accessible operation, favorable performance, and high universality of this strategy, this work may be used to

analyze other mRNAs of bacteria.

1. Introduction

Bacillus anthracis (B. anthracis), as a spore-forming and Gram-positive
bacterium, can cause the potentially fatal disease anthrax. It is very
important to quickly identify B. anthracis because it could be used as a
biological weapon by terrorists (Hartley and Baeumner, 2003). How-
ever, it is time-consuming to identify B. anthracis based on phenotypic
characteristics of the bacteria (Edwards and Baeumner, 2006¢). There-
fore, it is an advantage to develop a nucleotide-based system for quickly
detecting any strain of B. anthracis.

To achieve sensitive detection of nucleic acids, many works focus on
developing a variety of analytical techniques, including colorimetry
(Hosseinzadeh et al., 2018), fluorescence (Smith et al., 2018; Xia et al.,
2018), electrochemistry (Miao et al., 2018; Yu et al., 2018), electro-
chemiluminescence (ECL) (Li et al., 2019a; Liu et al., 2017; Zhou et al.,
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2018), etc. Among the proposed methodologies, ECL is an ideal tech-
nique to detect nucleic acid with low background, high sensitivity and
wide linear ranges (Li et al., 2019b). However, it is still a challenge to
achieve ultrasensitive detection of mRNA due to its low abundance in
cells and strong sequence homology with other irrelevant mRNAs (Wang
et al., 2020). Researchers focus on immobilizing more signal labels on
the electrode surface with nanomaterial as carrier to enhance the
sensitivity and lower the limit of detection, such as silica (Liang et al.,
2015), liposomes (Qi et al., 2013), quantum dots (Carrara et al., 2017),
noble metal clusters (Wang et al., 2018), and 3D metal-organic frame-
works (Xiong et al., 2017). Especially, liposomes are highly versatile
lipid bilayer structures with a hollow cavity. Nanoparticles or molecules
can be embedded in cavities or immobilized on the surface of liposomes
through covalent or non-covalent interactions, which leads to a variety
of applications such as drug delivery (Liu et al., 2020) and fluorescence
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assays (Ma et al., 2019). Moreover, liposomes have many advantages in
biosensor applications due to their biocompatibility and high carrying
capacity properties (Trapani et al., 2018). A signal enhancement of up to
several orders of magnitude can be obtained since a large number of
reporter molecules in liposomes (Edwards and Baeumner, 2006a).
Therefore, the combination of ECL and liposomes will provide great
advantages (Mayer et al., 2018).

Although many ECL biosensors have been proposed with signal
amplification to achieve satisfactory sensitivity, the biosensors con-
structed based on single-signal strategies will inevitably have false
positive or false negative errors due to the influence of the instrumental
or some environmental factors (Ying et al., 2017). The double
signal-based construction strategies will be a superior choice to solve the
above problems (Wang et al., 2020; Zhang et al., 2020). The ratiometric
biosensor will provide the final detecting outputs as the relative in-
tensity of two different luminescent signals due to their
dual-emission-center structure. Such a self-calibrating mechanism
greatly minimizes the influence of external conditions and exhibits
promising sensing capabilities with respect to analytes, such as high
accuracy and sensitivity, making ratiometric biosensors capable in more
realistic and complicated environments (Guo et al., 2020).

The luminol and K3S,0g show great advantages as double ECL signal
emitters due to the potential-resolved and maximum emission
wavelength-resolved property (Zhang et al., 2016). The maximum ECL
emission wavelengths of K»S;0g are at 525 and 620 nm (Xiao et al.,
2020; Yao et al., 2008) and that of luminol is about 430 nm (Huo et al.,
2018; Shao et al., 2016). The ratiometric ECL biosensor can be fabri-
cated based on the maximum emission wavelength-resolved property of
emitters (Fan et al., 2020; Zhu et al., 2019). Moreover, the ECL emission
potential of K»S50g and luminol are at the cathode and anode, respec-
tively (Huang et al., 2016; Mayer et al., 2018; Niu et al., 2011; Wang
et al., 2016). Therefore, the ratiometric ECL biosensor also can be
fabricated based on the potential-resolved property. However, it is still a
challenge to immobilize luminol on electrode interface. It is a good way
to immobilize luminol by encapsulating luminol in liposomes. And the
surface of liposomes can be modified by a variety of bio-recognition
elements, such as DNA. Then, it can be further connected to the elec-
trode surface. In addition, the ECL intensity of KS,0g is too weak which
limits its application. Recently, a novel silver metal-organic gel
(AgMOG) has been reported for the first time as the promising ECL
enhancer of K3S,03 because of their advantages of easy preparation and
strong ECL enhancement (Xiao et al., 2020).

The virulence of B. anthracis results from the production of the toxin
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consists of three proteins whose expression requires the transcription
products of atxA gene (Bongiorni et al., 2008). AtxA positively regulates
the expression of these three toxin genes (Corsi et al., 2021). The toxicity
of B. anthracis enhances with more transcription products of atxA gene
(Bertin et al., 2010). Therefore, the pathogenic bacteria can be quickly
identified by determining whether the atxA gene of B. anthracis is
transcribed. Herein, we proposed the dual-signal ratiometric ECL
biosensor for atxA mRNA detection, as illustrated in Scheme 1. The
AgMOG could accelerate the electro-catalytic reduction of SgOﬁ’ to SO4~
which reacted with dissolved oxygen, resulting in cathodic ECL. Mean-
while, the luminol anion radical also reacted with dissolved oxygen,
creating the anodic ECL emission. In the presence of more atxA mRNA,
more liposomes were immobilized on the electrode to provide greatly
amplified the anodic ECL emission. Then, the dissolved oxygen was
consumed and the cathodic ECL emission was weakened. Based on the
ratio of ECL intensities at two excitation potentials, the ratiometric ECL
biosensor could achieve the ultrasensitive determination of atxA mRNA.

2. Experimental
2.1. Preparation of the AgMOG

The preparation of AgMOG was synthesized by a simple one-step
mixing method, according to our previous study (Xiao et al., 2020).
0.5 mL of 0.032 M 2,6-Bis(2-benzimidazolyl)pyridine (BBPY) in CH30H
and 0.5 mL of 0.032 M AgNOs in deionized water were added into the
eppendorf (EP) tube. After intensive mixing, the mixture was placed for
30 min at room temperature to obtaine the AQMOG. Then, the AgMOG
was dried by freeze-drying treatment and the dried AgMOG was
dispersed in deionized water for further use.

2.2. Preparation of luminol-encapsulated liposomes

Luminol-encapsulated liposomes were prepared according to the
literature with slight modifications (Men et al.,, 2018). 19.8 mg
L-a-Phosphatidylcholine (PO), 7.6 mg 1,2-Dis-
tearoyl-sn-glycero-3-phosphoethanolamine-N-[methox-
y-(polyethyleneglycol)-2000] (DSPE-PEG) and 4.76 mg cholesterol were
added into 1 mL chloroform in a round-bottom flask. Then, the chlo-
roform was removed using a rotary evaporator at 40 °C under reduced
pressure for 30 min to obtain a thin lipid film and the flask was placed
under vacuum drying for 6 h to remove residual organic solvent traces.
Subsequently, 1 mL phosphate buffer saline (PBS) (0.1 M, pH 8.0)

N\ Capture DNA (cDNA)
AN Report DNA (rDNA)

ANNAN atxA mRNA

Scheme 1. Schematic representation of the AgMOG enhanced K,S,Og and luminol-encapsulated in liposomes competitive-mechanism-driven ECL biosensor for

ratiometric detection of Atxa mRNA.
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containing 20 mM luminol was added in the thin lipid film for 1 h with
vigorous shaking at 37 °C to form liposomes. Then, the liposome was
passed through the 0.4 pm polycarbonate film. The untapped luminol
was removed by a dialysis bag with 300 kDa molecular weight cut off
(MWCO) at 4 °C in PBS with stirring for 24 h. The obtained liposomes
were stored at 4 °C for further use. All operations after adding luminol to
the thin lipid film are completed in the absence of light.

2.3. Preparation of the rDNA-liposomes hybrid probe

In short, 200 pL of liposomes and 200 pL of report DNA probe (rDNA)
modified with cholesterol in 0.01 M PBS (pH 7.4) were added into 1.5
mL EP with vigorous shaking at 37 °C for 2 h. Then, the unbound rDNA
probe was removed and washed with 0.01 M PBS. The obtained rDNA-
liposomes hybrid probe was stored at 4 °C for further use.

2.4. Native polyacrylamide gel electrophoresis (PAGE)

The target DNA (tDNA) was added into the mixtures of 5 uM capture
DNA (cDNA) and rDNA, and incubated in reaction buffer for 2 h. The
different samples were carefully added to the lanes of gel electrophoresis
(the preparation process was described in Supporting Information) after
mixing with the loading buffer, respectively. After electrophoresis which
was run at 110 V for about 60 min, the gel was stained in ethidium
bromide (EB) solution for 15 min. Finally, the electrophoresis photo
after staining was obtained by photographing under UV light.

2.5. Construction of the biosensor and analysis procedure
The glassy carbon electrode (GCE) was polished with alumina
powder and washed to obtain the mirror-like surface. Then, 5 pL of

AgMOG and 5 pL of Au NPs solutions were dropped onto the pretreated
electrodes surface and dried naturally in air, respectively. Next, 5 pL of 2
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pM thiolated cDNA was dripped onto the modified electrode and incu-
bated overnight. Then 6-mercapto-1-hexanol (MCH) was used to block
non-specific sites for 2 h. Subsequently, 5 pL of tDNA was added to the
electrode and incubated for 2 h. Then, 5 pL of the rDNA-liposomes
hybrid probe was dropped to the prepared electrodes and incubated
for 1 h. The electrode was rinsed with buffer solution after each step. At
last, the constructed biosensor was detected in PBS (0.1 M, pH 7.4)
containing 10 mM K5S,0g from —2 to 0.4 V.

3. Results and discussion
3.1. Characterization of the AGMOG and luminol-encapsulated liposomes

The microscopic morphology of this facile one-step synthetic
AgMOG was observed by scanning electron microscopy (SEM). The fiber
structure with a diameter of about 50 nm and a length of several mi-
crometers was observed (Fig. 1A). Next, the viscoelastic property of this
gel was characterized by rheology investigation (Fig. 1B). The typical
storage modulus (G') and loss modulus (G”) vs. frequency curves of
AgMOG showed that G’ and G” are almost independent frequencies and
G’ was greater than G” at any given point, indicating that a real gel
material was formed which was consistent with the visually observable
inverted phenomenon (Fig. 1B, insert). These results indicated the suc-
cessful synthesis of AQMOG material.

To investigate the successful preparation of luminol-encapsulated
liposomes, the transmission electron microscopy (TEM) and ultraviolet
visible (UV-vis) absorption were measured. As shown in Fig. 1C, the
TEM image showed that the as-fabricated liposomes appeared as quasi-
spherical vesicles. The UV-vis absorption spectra of liposomes showed
the typical luminol absorption peak at 300 nm and 350 nm (Fig. 1D).
Furthermore, the atomic force microscopy (AFM) image (Fig. S1)
showed that the as-fabricated liposomes appeared as a height of 20 + 1
nm and a lateral dimension of ~200 nm corresponding to the adsorbed,
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Fig. 1. Characterization of AgMOG and luminol-encapsulated liposomes. (A) SEM image of AgMOG. (B) Plot of storage modulus (G') and loss modulus (G”) of
AgMOG. The insert picture is the photograph of AgMOG. (C) TEM image of luminol-encapsulated liposomes. (D) The UV-vis absorption spectra of luminol-

encapsulated liposomes.
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flattened vesicles, similarly to what was previously reported (Angayar-
kanni et al., 2019; Ye et al., 2020). In the light of these facts, the
luminol-encapsulated liposomes were synthesized successfully.

3.2. Feasibility of DNA hybridization assay

The sequences of the nucleic acids were listed in Table S1. In addition
to the natural atxA mRNA, a synthetic target sequence was designed
which facilitated the development of the biosensor. The first 20 bases
and final 21 bases are complementary to the rDNA and cDNA, respec-
tively. The red “TC” was selected to link the two sequences because it
created a DNA sequence with minimal hypothetical secondary structure
(Hartley and Baeumner, 2003).

The prepared samples of different hybridization assay were carried
out by a PAGE experiment to assess the feasibility of the hybridization
reaction. By comparing lane 2 (cDNA + tDNA) with lane 5 (cDNA) and
lane 6 (tDNA) in the gel electrophoresis photo (Fig. 2), there was a bright
band on the upper part of lane 2 and the band of cDNA was undiscovered
on the lane 2, indicating that the cDNA and tDNA could hybridize with
each other. By comparing lane 3 (rDNA + tDNA) with lane 6 (tDNA) and
lane 7 (rDNA), a bright band appeared at the top of lane 3, indicating
that the rDNA and tDNA could hybridize with each other. By comparing
lane 4 (cDNA + rDNA) with lane 5 (cDNA) and lane 7 (rDNA), no
obvious band appeared at the top of lane 4, indicating that the cDNA and
rDNA could not hybridize with each other. Moreover, the lane 1 (cDNA
+ tDNA + rDNA) showed three bright bands and the band at the top
indicated that cDNA, tDNA and rDNA could form a larger DNA structure.
Overall, the PAGE experiment indicated the DNA hybridization was
successful.

3.3. Characterization of the biosensor

The particle size distribution (Fig. 3A) and zeta potential (Fig. 3A,
insert) of the liposomes and liposomes modified with rDNA were
measured to prove the successful attachment of DNA to the liposomes.
The hydrodynamic diameters of liposomes with rDNA and liposomes
without any modification were about 121 nm and 116 nm, respectively.
The hydrodynamic diameter of liposomes modified with rDNA was
slightly larger than that of unmodified liposomes (Fang et al., 2020). In
addition, after the modification with rDNA, the zeta potential of lipo-
somes was changed from —3.77 mV to —5.54 mV due to negative charge
of the DNA (Wang et al., 2019). The changes of size and zeta potential
implied that cDNA was connected to the liposomes successfully.

The assembly process of the ECL biosensor was characterized via
electrochemical impedance spectroscopy (EIS), cyclic voltammetry (CV)
and ECL. As shown in Fig. 3B, the impedance value of the AgMOG
modified electrode was decreased obviously (curve b) compared with
the bare GCE electrode (curve a) because of the good conductivity of
AgMOG (Xiao et al., 2020). When Au NPs was connected to the surface
of the AgMOG, the electron transfer resistance further decreased (curve

¢DNA + tDNA + rDNA-——
rDNA + tDNA--—
¢DNA + tDNA-——

Fig. 2. PAGE (12%) analysis of the DNA hybridization reaction. lane 1, cDNA
(5 pM) + tDNA (5 pM) + rDNA (5 pM); lane 2, cDNA (5 pM) + tDNA (5 pM);
lane 3, tDNA (5 pM) + rDNA (5 pM); lane 4, cDNA (5 pM) + rDNA (5 pM); lane
5, cDNA (5 pM); lane 6, tDNA (5 pM); lane 7, rDNA (5 pM).
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c) because Au NPs could accelerate electron transfer. After reacting with
c¢DNA and MCH, the electron transfer resistance increased significantly
(curve d), since MCH could suppress electron transfer on the electrode.
However, when the rDNA-liposomes were connected to the surface of
the electrode surface by bonding with the target sequence DNA and
cDNA, the charge transfer resistance reduced (curve e). This was
ascribed to the hydrophilicity and rigidity of the DNA duplex that caused
DNA to reside further from the electrode surface and facilitate the
approach of negatively charged redox moieties to the interface (Han
et al., 2019).

To further confirm the fabrication process of the modified electrode,
the CVs were also performed in Fe(CN)g’/ 4= solution. As shown in
Fig. S2, a pair of clear redox peaks could be observed at bare GCE (curve
a). After modifying AgMOG on the electrode surface, the redox peak
current increased relatively (curve b) because of the good conductivity
of AgMOG. The peak current increased continuatively after Au NPs were
assembled on the electrode surface (curve c¢). This was because Au NPs
could accelerate the electron transfer between the Fe(CN)g’/ 3~ and the
electrode. After modifying cDNA and MCH were successively modified
onto the electrode (curves d), the redox peak currents obviously
decreased due to the insulation of MCH. However, when tDNA and
rDNA-liposomes were connected on the electrode surface (curve e), the
redox peak current was increased significantly. This could be attributed
to the rigidity of the DNA duplex, resulting in the easy approach of Fe
(CN)é’/ 3~ to the interface (Pan and Rothberg, 2005).

Meanwhile, the ECL responses of three different modified GCE were
measured and shown in Fig. S3. There was only a strong cathode ECL
peak of AgMOG/GCE (curve a) from K2S;0g. After the modification of
¢DNA and MCH on GCE, the cathode ECL emission decreased (curve b)
because the MCH decreased the electron transfer rate. Then, the
luminol-encapsulated liposomes were linked to GCE via tDNA and there
were a strong anodic ECL peak from luminol and a weaker cathode ECL
peak from KyS20g (curve c), suggesting the feasibility of this dual-
emission ECL ratiometric biosensor for nucleic acid assay. Therefore,
all of the above results demonstrated that the ECL biosensor was con-
structed successfully.

3.4. ECL mechanism of the biosensor

When the potential was scanned in the negative direction to —2.0 V,
the K3S20g was electrochemically reduced to SO3~ and the AgMOG
could accelerate the reduction of S;03~ to generate more SO~ (Lei
et al., 2018; Xiao et al., 2020). At the same time, the dissolved oxygen
was reduced to HOO®. Then the strong oxidant SO3~ could react with the
HOO" to produce 1(0y),* as light-emitting species, producing a strong
ECL signal. When the potential was scanned to 0.4 V, the large amounts
of luminol could deprotonate to form intermediate oxidation state of
luminol (L*7) and the L*~ could react with dissolved oxygen to produced
05 radicals. Then the L*~ radicals reacted with the O3~ radicals to
generate the excited state of 3-aminophthalate (Ap?~*) for ECL emission
(Gu et al., 2020). The possible mechanism of reaction was outlined as
follows:

Under cathode potential:

_AgMOG

8,0 + ¢ E5'S0Y + SOy o)
02 + H,0 + €” - HOO+ HO™ (2)
SO4 + HOO — HSO4 + '(0,),* 3)
(0p)* = 2°0, + hy “4

Under anodic potential:
HL -e¢ - L' +H' Q)

L*" +0,—>L+ 03" (6)
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Fig. 3. Characterization of the
biosensor. (A) The size distribution of

luminol-encapsulated liposomes (blue
line), and liposomes modified with DNA

A d (red line). The insert: the zeta potential
P of liposomes and liposomes modified
v’ with DNA. (B) The EIS at the (a) bare

GCE; (b) AgMOG/GCE; (c) AuNPs/
AgMOG/GCE; (d) MCH/DNA/AuNPs/
AgMOG/GCE; (e) Liposomes/MCH/
DNA/AuNPs/AgMOG/GCE in 5.0 mM
[Fe(CN)6]3’/ 4 (For interpretation of
the references to color in this figure
legend, the reader is referred to the Web
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Based on the above, dissolved oxygen was used as the co-reactant of
both K3S20g and luminol. The influence of dissolved oxygen was
confirmed with the experiment of removing dissolved oxygen from the
solution prepared by boiling water (Fig. S4). The ECL intensity of K2S20g
and luminol was decreased after removing dissolved oxygen indicating
that oxygen was involved in the process of cathodic and anodic ECL
generation.

The intensity of ECL increases with the number of illuminant. When
the amount of tDNA increased, more luminol-encapsulated liposomes
will be immobilized on the electrode, resulting in the increased anodic
ECL intensity. On the one hand, the luminescence of luminol would
consume a large amount of dissolved oxygen, resulting in the reducing of
dissolved oxygen which further weakened the ECL of K2S50g. On the
other hand, liposomes could hinder the contact of K2S20g and AgMOG,
and reduce the catalytic effect of AgMOG, resulting in weakening ECL of
K2S20g. Therefore, when the amount of target nucleic acid was more,
the ECL emission of luminol was stronger and the ECL emission of
K5S,0g was weaker.

3.5. Ratiometric detection of atxA mRNA

To obtain favorable detection results, several interrelated factors
including the concentration of AgMOG, K2S20s, and the incubation time
of the report DNA-liposomes hybrid probe on the electrodes were opti-
mized. The suitable concentration of AgMOG was 1.5 mg/mL (Fig. S5).
The best concentration of K3S20g was 10 mM (Fig. S6). The excellent
incubation time of the report DNA-liposomes hybrid probe on the
electrodes was 60 min (Fig. S7).
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Under the optimal conditions, with the increasing concentration of
atxA mRNA, the ECL, (the anodic ECL) intensity of luminol exhibited a
gradual enhancement and the ECL. (the cathode ECL) intensity of
K3S20g exhibited a gradual decrease simultaneously (Fig. 4A), which
indicated the good capability of the biosensor in response to the target.
The relationship between the ECL,/ECL. intensity and the concentration
of atxA mRNA was described as the linear regression equation of ECL,/
ECL; = 0.0241c - 0.194, where c symbolized for the atxA mRNA con-
centration from 10 to 300 fM, R? = 0.990 (Fig. 4B). The limit of
detection (LOD) was calculated as 8.13 fM by the ratio of 3¢ to K, where
o was the standard deviation of the blank measurements (n = 10) and K
was the slope of the corresponding linear regression equation. Obvi-
ously, this dual signal mode exhibits high sensitivity and a good linear
correlation, demonstrating great superiority of the ratiometric ECL
biosensor.

Compared to previously reported atxA mRNA detection systems, our
ratiometric ECL biosensor displayed comparable or even better sensi-
tivity (Table S2). Moreover, as far as we know, this is the first time that
ECL platform was used to detect atxA mRNA. Although some previous
biosensors were based on liposomes as signal-amplified labels
(Baeumner et al., 2004; Edwards and Baeumner, 2006b; Edwards et al.,
2008; Hartley and Baeumner, 2003), there is no doubt that ECL-based
biosensors are more sensitive.

The stability and reproducibility are important to the obtained ECL
biosensor. The stability of the biosensor was investigated under
consecutive scanning for six cycles with 200 fM atxA mRNA (Fig. S8).
Those responses almost kept constant with RSDs of the cathode ECL and
the anodic ECL as low as 4.59% and 1.55%, respectively. Moreover, we
independently prepared five modified electrodes with 100 fM atxA
mRNA under the same conditions to investigate the reproducibility
(Fig. S9). The obtained ECL signals showed no significant change and the
RSDs of the cathode ECL and the anodic ECL were 6.33% and 3.22%

Fig. 4. Ratiometric detection of atxA
mRNA. (A) ECL-time curves of the

modified electrode at different concen-
trations of atxA mRNA (a-g: 10, 20, 50,
70, 100, 200 and 300 fM) recorded in
PH 7.4 PBS solution containing 10 mM
K3S20g. Inset A: relationships of ECL,
(red line) and ECL. (black line) with
different concentrations of atxA mRNA.
(B) The calibration plots between ECL,/
A ECL. and the concentrations of atxA
mRNA. (For interpretation of the refer-
ences to color in this figure legend, the
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respectively, meaning an acceptable reproducibility.

The selectivity of the ratiometric ECL biosensor for atxA mRNA was
investigated in the presence of glucose (Glu), sodium of ascorbic acid
(AA), glutathione (GSH), bovine serum albumin (BSA), and the experi-
mental results showed that atxA mRNA could induce the most changes
in the ECL intensity (Fig. S10). Therefore, atxA mRNA could be selec-
tively detected by the ratiometric ECL biosensor. Moreover, we used
Escherichia coli (E. coli) as the model bacterium to detect the actual
sample by standard addition method. The E. coli was cultured in liquid
medium to obtain bacteria in logarithmic growth phase. Then, the RNA
of E. coli was extracted by using the Bacteria Total RNA Isolation Kit for
detecting the actual sample. As shown in Table S3, the biosensor showed
a good recovery rate. Therefore, it had potential applications in analysis
of real samples.

4. Conclusions

In summary, a ratiometric ECL biosensor was designed for the
detection of atxA mRNA using luminol-encapsulated liposome as effec-
tively amplified signal labels. On the one hand, as an effective ECL
enhancer, the AgMOG could enhance the ECL emission of K»S,0g as the
cathode ECL. On the other hand, the luminol-encapsulated liposome
could provide a superior anodic ECL signal. This ratiometric ECL
biosensor possessed a competitive mechanism involving the dissolved
oxygen between K3S,0g and luminol. There is no doubt that this can
greatly improve the sensitivity of the ratiometric ECL biosensor.
Different from the traditional biosensors constructed based on single-
signal strategies, this novel ratiometric biosensor offered both high
sensitivity and credibility. The results of this work manifested that the
proposed ratiometric ECL biosensor held promising potential capabil-
ities to identify B. anthracis. Furthermore, this typical competitive ECL
mechanism involving dissolved oxygen would provide new prospects for
further advance of highly sensitive ECL detection systems.
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