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Abstract 

According to the WHO, halting the spread of the pandemic and averting the 
appearance of new symptoms depend on the timely detection and treatment of 
SARS-CoV-2 infection (Severe Acute Respiratory Syndrome Coronavirus 2). A rapid 
diagnosis and treatment of SARS-CoV-2 infection is needed as epidemic monitoring 
is intensified. Using a 3D DNA walker, it may be necessary to amplify double-
stranded DNA in order to activate the CRISPR-Cas12a system. SARS-RdRp CoV-2's 
gene might be detected in humans using electro chemiluminescent (ECL) 
biosensors thanks to this technique. CRISPR-cleavage Cas12a was triggered when 
double-stranded DNA was created, according to the researchers. A biosensor 
based on MXene, PEI-Ru@Ti3C2@AuNPs, and ECL materials of our own design 
and invention were used to identify this gene. When the CRISPR-Cas12a gene is 
active, DNA linked to the sensor surface that is single-stranded moves away from 
the electrode surface. Signals from sensors rise as a result. Analyzing the quantity 
of this gene in the blood using electrochemiluminescence may be possible in the 
future. Researchers that employed this approach to identify SARS-CoV-2 RdRp 
reported a detection limit of 12.8 aM. New composite materials and the use of 
CRISPR-Cas12a have made it possible to identify SARS-CoV-2 nucleic acids in 
clinical situations. To explore whether CRISPR-Cas12a-based biosensors can 
detect ECL, they are now being evaluated in clinical settings. 
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1. Introduction 

Genetic testing is the process of analyzing a person's DNA to determine whether or not they 
have particular DNA sequences. Genetic testing is most often used to discover genes that 
are associated with hereditary disease or mutations that may have happened 
spontaneously over a period of time. Although some companies now provide genetic 
testing to individuals, these tests take a variety of factors into consideration, including ear 
wax (wet or dry) and ancestry; these tests are becoming more popular. Some individuals 
prefer to have genetic testing done before starting a family in order to determine if they are 
a carrier for a heritable disorder such as cystic fibrosis, which may be fatal. A preliminary 
sample of the patient's blood or saliva is taken in order for the patient to be subjected to 
genetic testing. After the cells in the sample have been removed, it is possible to extract the 
DNA from it. DNA sequencing, chromosomal direct observation, or specialized tests known 
as "microarrays," which are intended to find common mutations seen in certain illnesses, 
such as breast cancer, may all be used in the following research, which may incorporate a 
variety of techniques. It is also possible to test gene function indirectly by looking at 
amounts of proteins or the function of proteins. After getting the results of genetic testing, a 
patient may consult with a genetic counselor or a physician to discuss treatment and 
preventative options for their condition. 

Tay-Sachs disease, breast cancer, Huntington's disease, Fragile X syndrome, and 
Huntington's disease are just a few of the conditions that may be investigated utilizing 
genetic testing. It is also possible to employ prenatal genetic testing to detect anomalies in 
the number of chromosomes in a child. Aneuploidy happens when there is a difference in 
the number of chromosomes in the human body, which occurs when there is a discrepancy 
in the number of chromosomes. Down's syndrome is one of the most common 
aneuploidies, and it is produced by an extra copy of chromosome 21, which is located on 
chromosome 21. Coronavirus SARS-CoV-2 has the characteristics of coronaviruses, 
including positive single-stranded RNA replication and cohabitation with zoonoses, among 
other characteristics. In accordance with World Health Organization guidelines, 
coronavirus disease has been categorized as such and is termed to as "Coronavirus Disease 
2019." (COVID-19). SARS has been linked to a new coronavirus, according to researchers 
who employed high-throughput sequencing to discover the potentially lethal virus (SARS-
CoV-2) [1]. SARS-CoV-2 infected people who are asymptomatic are the main source of 
Covid-19 infection in major cases. The most prevalent method of disease transmission is 
via direct physical contact through lung droplets. More research is required, in addition to 
airborne and gastrointestinal transmission. SARS-CoV-2 is characterized by signs such as 
high fever, a dry cough, and dyspnea. Other symptoms include diarrhea and 
gastrointestinal problems. The people who become a prey of the virus are more likely than 
not to get severe acute respiratory infections as a result of the symptoms they experience 
after being exposed to the virus [2]. It is possible for certain individuals to develop 
syndrome of acute respiratory distress, which is specified by various respiratory symptoms 
and issues that may, in severe cases, result in the patient's death if not treated promptly. 
Currently, there is no specific treatment for people who are infected with SARS-CoV-2. The 
prevention of new infections and the containment of epidemics are two essential 
objectives. Recognition and treatment of symptoms are prerequisites to the discovery of 
clues to the disease's cause [3]. So, the most important task at hand is to increase epidemic 
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monitoring while also concurrently screening and validating SARS-CoV-2 infection as early 
in the human infection cycle as is humanly possible. Diagnose SARS-CoV-2 is critical since it 
allows for the identification of the virus' nucleic acid, which may be accomplished via the 
use of reverse transcription-polymerase chain reaction (RT-PCR) (RT-PCR). Regarding the 
technique of detecting the disease, this is usually regarded as the most effective method 
currently available [4]. Experimental settings, equipment, and staff must be held to higher 
standards in order to achieve success. Also connected with this procedure are a large 
number of contributing components, a lot of operating phases, and a lengthy detection 
timeframe. Even when the specificity of nucleic acid detection is excellent, there remains a 
considerable proportion of false-negative discoveries in the field. This reduces the ability to 
distinguish between nucleic acids. As the epidemic spreads, it is becoming more evident 
that the COVID-19's quick and precise detection will be critical in keeping it under 
command. These proteins are involved in a variety of functions in biological systems, 
ranging from mechanical drive to intracellular transport to signal transduction. It may be 
found in all tissues and organs, and it can be found all throughout the body, including the 
brain [5]. In order to construct artificial molecular machines and motors that can be trained 
to do certain tasks by manipulating molecules at the molecular level, a significant amount 
of time and effort has been put forward. By using the Watson-Crick base coordination 
theory, it is feasible to design and fabricate mechanical devices that are comprised of DNA 
molecules [6, 7]. Consequently, a sequence of DNA Walkers based on CHA principles have 
been constructed in succession, each one being similar to the one that came before it in 
terms of design. In addition, Yin and his colleagues developed an appropriate 3D DNA 
walking sensor that is driven by entropy and might be utilized to detect cancer in the near 
future [8-11]. The entropy-driven DNA Walker, in contrast to the CHA-based DNA Walker, 
which depends on complicated pseudoknots, kiss rings, and significant background signals 
in DNA molecules, employs a proper sequence to achieve its results. Because of a 
fundamental DNA hybridization method, it does not need the usage of any enzymes to be 
activated. When it comes to the detection of proteins in biological materials, several 
different signal amplification approaches have been presented. The sensitivity of this 
biosensor is greater than that of earlier ones that employed an isothermal amplification 
technique [12,13], 3D-DNA has been speculated that if the Walker particle is propelled by 
entropy, its chain substitution process will be restricted to the surface of the Au particle, as 
some theories have proposed. It is possible to use the surfaces of nanoparticles to generate 
enough nucleic acid duplexes to allow for a more complete DNA walker-amplification 
process on the nanoparticle's surface, provided that the walking arm of one molecule 
travelling over it travels at an exceptionally rapid velocity. Scientists working in the 
biomedical sector often use amplification techniques such as polymerase chain reaction 
(PCR) in their investigations. Because it takes a long time to complete and requires precise 
temperature monitoring and control, this strategy falls short on all criteria, including 
efficiency. CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) is a nucleic 
acid detection technology that is still in its early stages. It has become feasible to do gene 
editing on animals because the CRISPR/Cas9 system has piqued the attention of many in 
the field of biotechnology. A number of CRISPR/Cas nucleases, notably CRISPR/Cas12b and 
CRISPR/Cas13b, have been shown to have side-cleavage (Trans) activity, which has been 
exploited to improve the effectiveness of numerous CRISPR/Cas nucleotide amplification 
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systems [14]. Aside from having an impact on the development of biosensors and next-
generation diagnostics, this technique is now regarded as an innovative strategy for next-
generation diagnostics in the medical field. It enables a quicker and more reliable means of 
identifying ultra-sensitive nucleic acids than was before possible [15]. It consists of the 
Cas12a protein and an RNA guide RNA, which together form the CRISPR system (gRNA). 
Cas is instructed by the gRNA to hunt for and cut RNA and DNA molecules that have certain 
sequences in order to complete the task [16,17]. The Cas12a protein is one of these 
proteins, and it cuts DNA outside of the target region while simultaneously cutting DNA 
inside the target region at the same time. If signal molecules have been added to DNA 
signals and signal molecules have been added to the DNA signals, cutting the DNA signals 
will cause the signal to alter. By combining this approach with isothermal amplification 
technology, as shown in Figure 1, it is feasible to identify nucleic acids with great specificity 
and sensitivity, as demonstrated in Figure 1. The use of electro chemiluminescence (ECL) 
technology to assess disease markers is becoming more popular. ECL has a number of 
benefits, including ultra-sensitive detection and a broad detection range, a large number of 
analytical instruments, and long-term signal stability, despite the fact that it is less sensitive 
than traditional electrochemical approaches [18-21]. In the present years, ECL has gained 
widespread acceptance as a reliable approach for the detection and quantification of 
biomolecules in a variety of environments, including clinical, environmental, and industrial 
settings, as well as in research and development. A high degree of sensitivity, as well as 
intelligence, and the capacity to satisfy clinical treatment application development 
objectives have been achieved by this device because of its compact size, cheap cost, and 
simplicity of operation. Electrochemiluminescence-based biosensors have a number of 
shortcomings, although there is potential for improvement in a number of key areas. The 
following are some of the disadvantages that are listed in this list: Because of the high 
electrode interface potential resistance, the enzyme binding efficiency is low in this 
situation. Interfaces with complex topographies are more prone than simple ones to exhibit 
non-selective adsorption of a target molecule. The poor luminosity stability of luminescent 
reagents in homogeneous solutions is, in the end, attributable to the ease with which 
luminous reagents disperse in the solution [22]. Consequently, further development of this 
approach is required as a result of these drawbacks. After the discovery of graphene 
researchers have discovered more sophisticated solid-phase materials for the development 
of luminous electrochemical biosensors, and new research opportunities are being 
investigated as a result of this finding [23]. 2D materials are becoming more popular 
because of their many benefits. These two-dimensional nanomaterials have improved 
electrical characteristics, making them suitable electron transport carriers for 
optoelectronic sensors in part because of electron confinement in a two-dimensional 
planar structure. The outstanding mechanical strength of two-dimensional nanomaterials, 
as well as their flexibility, transparency, and light transmission, may be attributed in part to 
the strong covalent bonds between their atomic layers and their thickness. ECL sensors 
may be built using Ti3C2Tx (MXene), a 2D lamellar material with a high intrinsic 
photoelectric conversion effect and many functional groups on its surface. There are 
several functional groups on the surface of Ti3C2Tx (MXene), which have a high inherent 
photoelectric conversion effect. MXene has a high degree of homogenous dispersion and 
enables for easy tweaking of the sensor's performance. To identify new coronaviruses, DNA 
walker was used in conjunction with CRISPR/Cas12a amplification. Accordingly, the 
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CRISPR/Cas 12a gene may become more active, which might result in it breaking single-
stranded DNA on the electrode surface, causing an ECL signal shift that could reveal the 
amount of RdRp gene present on the electrode surface under inquiry. This technique is 
capable of identifying genes at a concentration of 12.8 aM. The novel approach may be 
effective for clinical screening of the SARS-CoV-2 gene, which may prove valuable in the 
future. The technology is now being evaluated. 

2. Experimental Section 

2.1. Materials and reagent 

Aladdin Biochemical Technology Co. Ltd. provided the gold chloride trihydrate 
(HAuCl43H2O), sodium citrate, and sodium borodeuteride (NaBH4) used in this 
experiment (Shanghai, China). Jiangsu XFNANO Materials Tech, Co. Ltd. provided the Ti3C2 
dispersion liquid used in this study (Nanjing, China). Suna Tech Inc. provided the tris (4,4′ -
dicarboxylic acid-2,2′ -bipyridyl) ruthenium (II) dicbloride (Ru(dcbpy)3Cl2) ruthenium (II) 
dicbloride (Ru(dcbpy)3Cl2 (Suzhou, China). Chemicals from Sigma-Aldrich included tris(2-
carboxyethyl) phosphine hydrochloride (TCEP) and 6-mercaptohexanol (MCH) (St Louis, 
MO, USA). Genscript Bio-technology Co. Ltd. generated the pure DNA sequences (Table S1) 
that were used in this study (Nanjing, China). 

2.2. Preparation of the PEI-Ru@Ti3C2@AuNPs-DNA7 

We were able to successfully fabricate the PEI-Ru@Ti3C2@AuNPs-DNA7 probe with 
minimal changes by referring to previous studies [16]. In a five milliliter (mL) volume of 
PBS (0.1 M, pH = 7.4), ten milligrams (mg) of Ru(dcbpy)3 2+ and two hundred and fifty 
milligrams (mg) of EDC/NHS (50 milligrams) were dissolved with continuous stirring for 
two hours. Prior to being added to the Ru (dcbpy)32+ solution in PBS (0.1 M, pH = 7.4) for 
1 hour, the Ti3C2 suspension and PEI (1 percent, w/v) were well mixed. In the next step, 
600 mL each of new HAuCl4 (0.01 M) and NaBH4 (0.01 M) were added to the solution and 
agitated for 1 hour before being further dilute. A total of three centrifugation and washing 
procedures were conducted on the PEI-Ru@Ti3C2@AuNPs that were synthesized before 
they were redispersed in one milliliter of PBS (0.1 M, pH = 7.4) to get the final 
concentration. A combination of 200 milliliters of DNA7 (10 mM) and one milliliter of 
Ru@Ti3C2@AuNPs was mixed together and maintained at 4°C overnight in a refrigerator 
to produce PEI-Ru@Ti3C2@AuNPs-DNA7 probes. At the end, 100 mL of MCH (100 mM) 
was added to the mixture in order to restrict non-specific adsorption of the chemical by the 
mixture. It was achieved in this way that PEI-Ru@Ti3C2@AuNPs-DNA7 probes for use in 
studies were effectively produced.  

2.3. Preparation of 3D DNA walker 

It was essential to generate gold nanoparticles (AuNPs) with a diameter of 13 nanometers 
(nm) using the following approaches before employing them in subsequent experiments: 
As soon as the boiling solution reached 100 degrees Celsius, one percent trisodium citrate 
was added to it, and the solution was agitated constantly with a rotor until it reached the 
necessary final temperature of 100 degrees Celsius, which took around 30 minutes (see 
figure). In order to achieve a deep red color, the reaction mixture was heated to 100 
degrees Celsius for one hour while being continually stirred. After that, it was cooled to 4 
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degrees Celsius, resulting in a deep red hue. The solutions of DNA1 (20 M), DNA2 (20 M), 
and DNA3 (20 M) were combined and heated to 95 °C for 10 minutes, after which the 
mixture was allowed to cool naturally to room temperature for about four hours, before 
being discarded. After that, the nucleic acid mixture was allowed to cool naturally for about 
four hours before being used. Twenty-million-fold-diluted nucleic acid mixtures (20 M 
DNA4 and twenty-million-fold-diluted DNA1/DNA2/DNA3 complex in a volume ratio of 
twenty-one to one) were incubated for 15 minutes before being combined with AuNPs to 
yield a final volume of six liters. The next step was to add these solutions to a total volume 
of 400 mL of deionized water (ddH2O), which was then incubated for 15 minutes at room 
temperature to get the desired outcomes. It was left in the incubator for another two hours 
after which it was treated with NaCl solution (2.0 M) ten drops at a time for another two 
hours before being withdrawn from the incubator and maintained at room temperature for 
another two hours before being discarded. The last stage was centrifuging 400 L of 1PBS 
containing 0.1 percent Tween-20 for 15 minutes at 4 °C to remove any leftover thiol-
modified ligonucleotides from the precipitated AuNPs, which took place at 4 °C. It was 
necessary to resuspend the precipitated AuNPs in 400 liters of 1PBS containing just 0.01 
percent Tween-20 in order for them to be examined. To bring the procedure to a close, 
AuNPs were re-dispersed in 400 liters of 1PBS containing 0.01 percent Tween-20. To seal 
the excess gold nanoparticle sites, 12 mL of MCH (100 M) was added to the DNA-
functionalized AuNP solution, and the combination was incubated for 1 hour at room 
temperature (Figure 2). At 4 degrees Celsius, the mixture was centrifuged three times at 12 
000 rpm for fifteen minutes each time, with one PBS containing 0.01 percent Tween-20 
added in between. For the DNA-functionalized AuNPs to come back to life, 400 mL of 1 PBS 
containing 0.01 percent Tween-20 was required to be added to the mixing bowl. 

2.4. 3D-DNA walker and CRISPR-Cas12a assay 

For 60 minutes, the DNA2/DNA6 duplex (which includes the Prototype Spacer Adjacent 
Mass (PAM) Sequence 5′ -TTTA-3') and the DNA1/DNA2/DNA3 complex (which contains 
the Prototype Spacer Adjacent Mass (PAM) Sequence 5′ -TTTA-3') were created. In order to 
eliminate any extra free DNA from the mixture owing to over-mixing, 50 mL of the 
aforesaid reaction solution was incubated for 30 minutes with a total of 20 mL of the 
cleavage buffer (20 mM tris HCl, 100 mM KCl, 5 mM MgCl2, 5 percent glycerol, and 1 mM 
DTT). DNA7 modified PEI-Ru@Ti3 C2 @AuNPs biosensor had to be submerged in the 
aforementioned mixture for 20 minutes before the ECL experiment could begin. The State 
Key Laboratory of Analytical Chemistry for Life Sciences at Nanjing University donated an 
ECL-6B for use in capturing the ECL signal. The ECL signal had a 0 to 1.25 V scanning range. 
Using an ECL-6B, which was a gift from the State Key Laboratory of Analytical Chemistry 
for Life Sciences, the ECL signal was obtained. An ECL-6B was used to capture the ECL 
signal, which was obtained across a voltage range of 0 to 1.25 V and recorded using that 
device. In order to carry out the testing procedure, an experimental setup that included a 
modified 3 mm GCE, an Ag/AgCl counter electrode, and another Ag/AgCl reference 
electrode was employed. 
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Fig 1. Feasibility study (part I) This system was tested with (a) DNA7/PEI-Ru@Ti3C2@AuNPs 
modified electrode, (b) 1000 aM target DNA, (c) DNA7/PEI-Ru@Ti3C2@AuNPs modified electrode, 
(d) 1000 aM target DNA and 50 nM CRISPR-Cas12a gRNA, and (e) 1000 aM target DNA and 100 pM 

DNA modified AuNP (without CRISPR-Cas12a/gRNA). Composites made from PEI and 
Ru@Ti3C2@AuNPs as shown in SEM (II). Spectra of PEI-Ru@Ti3C2@AuNPs composites, C, N, Au, O, 

Ru, and Ti are shown in (B–G). 

 

3. Results and discussion 

3.1. The working principle 

Two components of our system displayed in this design, which are both represented in this 
picture, are an ECL sensor and a 3D nano-machine that employs CRISPR/Cas12a 
technology. Both of these components are shown in this figure: the ECL sensor and the 
CRISPR/Cas12a technology-based 3D nano-machine. We may be able to include walking 
legs and fuel cells into our nano-machine, which will be addressed in further depth in the 
next section of this article (DNA6). In order for a DNA-AuNP conjugation reaction to take 
place, it must be carried out in the presence of three-stranded DNA substrate complexes 
(DNA1, DNA2, and DNA3) as well as an affinity ligand (DNA4). All of these components 
must be present at the same time for the reaction to take place (DNA-AuNP). We shall go 
into further detail about what occurred after the nano-machine on the next page. The 
findings of the previous section showed that the surface of AuNP changed following the 
addition of a thiol to the 5′ end of DNA1 and cohybridization with DNA3. This was 
confirmed by the results of the next section. A toehold is therefore generated at the 5′ 
terminus of the molecule as a result of DNA2 assuming a sandwich shape, which is induced 
by DNA2 becoming a sandwich shape. The effectiveness of the recognition sequences in the 
RdRp gene has been increased as a result of the inclusion of DNA 4 and DNA 5 recognition 
sequences in the RdRp gene, respectively. A unique DNA 4 and DNA 5 recognition sequence 
is discovered in each of the RdRp genes, and these sequences are not found in any other 
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gene. This suggests that the RdRp gene may include recognition sequences for the DNA 4 or 
DNA 5 strands of DNA, which would account for the gene's presence in the genome. It is 
possible that the target DNA and its 5th strand will come into direct touch with one another 
during the reaction as a result of the fact that DNA4 is connected to the target DNA and 
DNA5 is exposed on the AuNP surface throughout the reaction. As a consequence of this 
finding, DNA5 may be used to accomplish intramolecular hybridization on the surface of 
AuNPs with high efficiency, which marks a significant advancement over previous methods. 
The following subjects should be considered if you wish to have a better understanding of 
the entropy-driven catalytic process. It has been established that a new toehold on the 
same DNA2 is needed in order to dislodge DNA3 by strand displacement, which is mediated 
by the toehold on the same DNA2 as previously proven in order to dislodge DNA3. A branch 
migration response is induced in the resultant cells as a consequence of the dissolution of 
the DNA1/DNA2/DNA3 complex following hybridization with DNA2/DNA6 (which 
includes the PAM sequence 5′-TTTA-3′). When a DNA1/DNA2/DNA3 complex is 
disassembled on the cell's surface, it is possible to form new DNA2/DNA6 duplexes by 
linking DNA4 with its next neighbor DNA5, which is located on the cell's surface. In nature, 
this circumstance may be compared to a chain reaction, in which a large number of events 
occur at the same time. It is becoming more difficult to generate and dissolve DNA2/DNA6 
duplexes at the AuNP interface, and this difficulty is becoming greater with time. In 
addition, since they are both required for the proper working of the system's second half, 
which is heavily reliant on electricity, they cannot be separated. The ECG sensor and the 
Cas12a gene editing tool are thus incompatible. According to our findings, Cas12a may be 
triggered in duplexes if certain DNA2/DNA6 sequences are present, which is in keeping 
with previous study findings. Later, after the DNA walking reaction is complete and the 
solution has been collected, the solution is subjected for an hour to the shearing effect of 
CRISPR/Cas12a before being discarded. Following centrifugation of the gold 
nanoparticle/DNA complexes, an incubation period of one hour is required, followed by a 
further centrifugation period of one hour. After centrifugation to remove any leftover gold 
nanoparticle/DNA complexes from the fluid used in step one, step two of the DNA walker 
reaction may be continued as normal. This can happen when the ECL signal on the 
electrode surface is low just before it causes the electrode to split from its supporting 
electrode, which is the result of the electrode splitting from its supporting electrode. 
Cleavage can also occur when the ECL signal on the electrode surface is low just before it 
causes the electrode to split from its supporting electrode. Cleavage may also occur when 
the ECL signal on the electrode surface is low immediately before the electrode separates 
from its supporting electrode, which is a condition known as cleavage. This is not an 
unusual occurrence in the world of business. A decrease in the ECL signal at the electrode 
surface occurs when Fc is added to DNA that has been changed on the electrode surface, 
according to the findings. This gives some insight into why it has been relegated to such a 
low rank. As a result of the operation of the CRISPR/Cas12a pathway on the cell, the ECL 
signal grows stronger. It is possible that, as a result of the enzyme's tendency to digest 
single-stranded DNA, ferrocene will displace itself from the electrode surface as a result of 
the degradation process. It is possible for an experimenter to ascertain the amount of RdRp 
that is present in a system by changing the size of the ECL signal generated by the system 
under investigation. 
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3.2. Feasibility assay 

A feasibility analysis was carried out before to moving ahead with this innovation in order 
to determine whether or not it was viable to bring it to completion (Fig. 1I). When the 
nucleic acid under research was not present in the system, a very low ECL signal (curve a) 
was seen, indicating that the system was unable to activate the cleavage activity of CRISPR-
Cas 12b owing to a lack of DNA2/DNA6 duplexes generated during the amplification phase. 
The cleavage activity of the CRISPR-Cas 12a system is triggered by the amplification of the 
DNA walkers on the gold electrode surface, which causes the system to begin cleaving the 
target DNA. This results in an increase in the ECLSignal as a result of an increase in the 
ECLSignal, which in turn causes the ECLSignal to increase as a result of the increased 
ECLSignal (curve b). It was possible to get an ECL signal using this approach even in the 
absence of the gold nanoparticle-modified DNA walker. It was not possible to initiate the 
DNA walker reaction, as a consequence of which no raw DNA2/DNA6 duplex was 
generated to drive the cleavage activity of CRISPR-Cas 12A was seen (curve c). When 
CRISPR-Cas 12a was not added into the system, the ECL signal was very weak, despite the 
fact that the nucleic acid under examination was capable of beginning a DNA walking 
reaction and generating the DNA2/DNA6 duplex in the presence of other nucleic acids. This 
suggests that the system is unable to initiate or complete the formation of the DNA2/DNA6 
duplex (curve d). All of these facts, in our view, establish confidence in the experiment's 
mechanism and indicate the feasibility of the system we created to assist it in achieving its 
objectives, which is critical. 

3.3. SEM characterization of PEI-Ru@Ti3C2@AuNPs 

Figure 1 depicts the results of an EDX mapping study of the PEI-Ru@Ti3C2@AuNPs 
composites to identify their composition, which may be used for reference (II). Figure 
1(II)A shows SEM images of the composites, and it can be seen that the primary elements, C 
(Fig. 1(A), N (Fig. 1(A), Au (Fig. 1(Au), O (Fig. 1(Au), Ru (Fig. 1(Au), and Ti (Fig. 1(IIi)) are 
evenly distributed throughout the composites... Figure 1(II)B shows SEM images of the 
composites, and it can be seen that the primary SEM pictures of the composites are shown 
in Figure 1(II)B, and it can be observed that the predominant component is PEI with 
Ru@Ti3C2 and AuNPs. Our success in the laboratory, as shown by the creation of PEI-
Ru@Ti3C2@AuNPs composites, proves that we were successful in the laboratory. 

3.4. The mechanism of the ECL biosensor 

Ru (bpy)32+, PEI, and Ti3C2 are three factors that contribute to the improvement of the 
ECL of the ternary system. The Ti3C2/Ru(bpy)32+* is created when the co-reactants are 
changed with PEI modified on MXene, and this is the product of the reaction. In response to 
the application of a voltage, the PEI is immediately oxidized to PEI+ and then immediately 
deprotonated to PEI• radicals (PEI•). At the end of the process, the Ti3C2/Ru(bpy)32+* is 
transformed to Ru (bpy)32+, which results in the production of the ECL light signal.  

 

 



Journal of Current Researches on Health Sector, 2022, 12 (2), 111-130.  120 

 

 

PEI − e− → PEI+ 

PEI⋅+ − H+ →PEI 

PEI⋅ + Ti3C2 / Ru(bpy)32+ →Ti3C2 / Ru(bpy)3+ + product 

PEI⋅+ + Ti3C2 / Ru(bpy)3+ →Ti3C2 / Ru(bpy)32+* + product 

Ti3C2 / Ru(bpy)32+* → Ti3C2 / Ru(bpy)32+ + hν 

 

Fig. 2. Optimization of the conditions: (A) The biosensor's EIS at various phases of development: 
PEI-Ru@Ti3C2@AuNPs film modified GCE (a) naked GCE (b). the DNA7 and PEI-

Ru@Ti3C2@AuNPs films affected GCE in a positive way Films containing customized versions of 
GCE were created using MCH, DNA7, and PEI-Ru@Ti3C2. A DNA2/DNA6 duplex triggered CRISPR 

Cas12a/gRNA complex-treated DNA7 and PEI-Ru@Ti3C2@AuNPs film-modified GCE. (B) 
Experiments to optimize the length of DNA5. Experiments to improve the quantity of DNA5 in the 

body In (D) CRISPR-Cas12a/gRNA complexes cleavage time optimization tests are conducted. 
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3.5. Characterization of electrode modification process 

A technique known as electrochemical impedance spectroscopy (EIS) was used in order to 
get a better understanding of the interfacial changes that occur during the manufacturing 
of DNA walker and Cas12a-based biosensors, as demonstrated in Fig 2A. The interfacial 
variations that occurred during the manufacture of DNA walker and Cas12a-based 
biosensors were investigated in this work using electrochemical in situ spectroscopy (EIS), 
a powerful tool for identifying electrode surface modifications. Electrode surface 
modifications may be detected using the EIS approach, which is quite useful. For the 
purpose of examining the interfacial changes that occurred throughout the manufacturing 
process of a sample, an electrochemical impedance spectroscopy (EIS) technique was used. 
When working with a bare gold electrode, it is important to plot the electrode's impedance 
versus time in order to calculate the conductivity and low impedance values. Figure 1 
shows how to do this. A low level of resistance on the electrode indicates a low amount of 
resistance in this scenario. Based on this plot, it is feasible to assume that the electrode has 
a low impedance if the conductivity and low impedance of the electrode are calculated; 
however, this conclusion is not supported by the data. As a result of the thick PEI-
Ru@Ti3C2@AuNPs layer, electron transport is inhibited, resulting in a large increase in the 
sensor's impedance (curve b), which is a main contributor to the electrode impedance 
rising dramatically as a result of the thick layer (curve a). As a result of the Au–S bonding 
that linked DNA7 to the electrode surface, a considerable rise in impedance was seen in the 
biosensor, indicating that it was performing its intended purpose (curve c). It is believed 
that the existence of DNA7, which serves as a more severe barrier to electron transport, is 
responsible for at least a part of the occurrence. In this case, the MCH was efficient in 
sealing the electrode's surface to the substrate, as shown by Curve d. When the MCH was 
adjusted on the AuNP surface, it can be concluded that the MCH was effective in sealing the 
electrode's surface to the substrate, as demonstrated by Curve e. The steepness of the slope 
of curve e indicates that when the biosensor was exposed for an extended period of time to 
a DNA2/DNA6 duplex-driven CRISPR Cas12a/gRNA complex, the biosensor impedance 
decreased dramatically, as evidenced by the steepness of the slope of the curve (figure 8). 
In this case, the letter E signifies a curve, to be more specific about it. As previously 
reported, this research reveals that the CRISPR Cas12a/gRNA complex, by the cleavage of 
DNA 7 during the process of genome editing, boosted the rate of electron transport in the 
cell. It is conceivable to conclude that the goal sensor has been successfully developed 
based on the information that has been gathered so far. 

3.6. Optimization of analytical conditions 

Findings were obtained by varying the length and concentration of the DNA5 that was used 
in the experiment, which was done in order to get the desired outcomes. DNA5 was 
extended and focused in order to get the desired results, after which it was adjusted as 
necessary. One such reaction system is seen in Figure 2B, which was planned and 
constructed according to the concepts outlined in the following paragraphs: It was first 
decided to add the DNA5a-DNA5e strands to the reaction system in order to increase the 
amount of DNA5 in the final product; however, the quantity of DNA5 was subsequently 
increased in order to increase the amount of DNA5 in the end product. It was discovered in 
three samples that had been tested for DNA-AuNP (DNA1/DNA2/DNA3 complexes and 
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DNA4), DNA5, DNA6, and SARS-COV-2 RdRp, as well as DNA5, DNA6, and SARS-COV-2 
RdRp. It was discovered in three samples that had been tested for DNA-AuNP 
(DNA1/DNA2/DNA3 complexes and DNA4), DNA5, DNA6, and SARS-COV-2 RdRp, as well It 
was detected in three samples that had been examined for DNA-AuNP (DNA1/DNA2/DNA3 
complexes and DNA4), DNA5, DNA6, and SARS-COV-2 RdRp, as well as in a fourth sample 
that had been tested for DNA-AuNP (DNA1/DNA2/DNA3 complexes and DNA4). It was 
found in three samples that had been tested for DNA-AuNP (DNA1/DNA2/DNA3 complexes 
and DNA4), DNA5, DNA6, and SARS-COV-2 RdRp, as well as a fourth sample that had been 
tested for DNA-AuNP (DNA1/DNA2/DNA3 complexes and DNA4). It was also found in a 
sample that had been tested for DNA-AuNP (DNA1/DNA2/DNA3 complexes and DNA4). 
There were three different concentrations of this gene from SARS-COV-2 that were 
discovered: 100 micrograms per milliliter (pm), 5 nanograms per milliliter (nM), and 320 
nanograms per milliliter (ng/mL) are the concentrations in milliliters (nM). After 
conducting this experiment, it was discovered that when comparing results obtained from 
the previous experiment with those obtained from this experiment, the levels of ECL signal 
in cells after 60 minutes at room temperature and after 20 minutes of treatment with the 
CRISPR system at 37 degrees Celsius were statistically significantly higher. In light of the 
high signal value obtained when DNA5 is employed in DNA walker reactions (as shown in 
Fig. 2B), DNA5 was chosen as the best candidate for further testing and was utilized in the 
next studies. Continuous monitoring of ECL signals is required in order to evaluate the 
effect of different DNA5 concentrations on the behavior of the cell. These experiments are 
carried out in order to assess the effect of varied DNA5 concentrations on the behavior of 
the cell (Fig. 2C). On the right side of Figure 2C, the output of the ECL is shown as a function 
of the concentration of DNA5 in the solution. On the right-hand side of the photo, you can 
see the result of the ECL program, which stands for Extreme Conditionality. Acceptable nM 
levels are in the range of 0 to 100, and the following are examples of acceptable values: 
Here is a list of the concentrations that were used: (1, 2, 5, 10, and 20 nM) are the 
concentrations used. It was discovered that the DNA-AuNP, DNA6, and SARS-COV-2 RdRp 
genes had DNA1/DNA2/DNA3 complex and DNA4 levels of 100 microM, 320 nanoM, and 
one micromol, respectively, in their DNA. A 100 microM, 320 nanoM, and one micromol 
level of the DNA1/DNA2/DNA3 complex, as well as DNA4 levels in the DNA-AuNP, DNA6, 
and SARS-COV-2 RdRp genes were discovered in the DNA-AuNP, DNA6, and SARS-COV-2 
RdRp genes, respectively. The DNA1/DNA2/DNA3 complex and DNA4 were detected at 
100 microM levels in the DNA-AuNP and DNA6 samples, while the SARS-COV-2 RdRp gene 
was detected at 100 microM levels in the DNA-AuNP and DNA6 samples. DNA5 was needed 
at a concentration of 5 nM in order to maximize the amount of the complex generated 
during the reaction seen in Fig. 2C between DNA4 and the target DNA, which was 
accomplished by increasing the concentration of DNA4 in the reaction. This might explain 
why the ECL signal value at this concentration reaches its maximum only after the 
incubation period at this concentration at this concentration has been completed at this 
concentration at this concentration at this concentration at this concentration at this 
concentration If the concentration of DNA5 is greater than 5 nM, it is possible that the 
growth of free target DNA/DNA5 duplexes will have an effect on the formation of 
DNA4/target DNA/DNA5 complexes and, as a result, on the amplification of 3D-DNA 
walker-based PCR. If the concentration of DNA5 is greater than 5 nM, it is possible that the 
growth of free target DNA/DNA5 duplexes will have an effect on the formation of If the 
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concentration of DNA5 is larger than 5 nM, it is probable that the production of free target 
DNA/DNA5 duplexes will have an influence on the development of free target DNA/DNA5 
duplexes. As a result, if the concentration of DNA5 is more than 5 nM, it is likely that the 
formation of free target DNA/DNA5 duplexes will have an effect on the synthesis of free 
target DNA/DNA5 duplexes. In our experiments, we were able to precisely control the 
cleavage period of single-stranded nucleic acids on the electrode surface by using active 
CRISPR-Cas12a technology, allowing us to get even better results. The use of altered DNA7 
on the electrode resulted in the development of a DNA2/DNA6 duplex, which in turn 
activated the CRISPR Cas12a/gRNA complex, which in turn was triggered by the same 
altered DNA7 on the electrode, and so on (Fig. 2D). It was able to keep a record of the levels 
of ECL signal in the environment for an extended length of time by continually obtaining 
measurements from the atmosphere. Our results were confirmed by prior findings when 
we used the CRISPR-Cas12a system with DNA2/DNA6 duplex activation. The ECL sensor's 
signal intensity reached its maximum strength 20 minutes after treatment, which was 
observed using the CRISPR-Cas12a system with DNA2/DNA6 duplex activation. In 
accordance with prior studies, the signal intensity reaches its maximum level after 20 
minutes of continuous operation. A maximum signal intensity is reached 20 minutes after 
the therapy has begun after the completion of the treatment session. Depending on when 
the DNA7 on the electrode surface has been completely cleaved at that specific moment in 
the reaction cycle, a change in color of the electrode surface may signal that the reaction 
has come to a successful conclusion. Using the CRISPR-Cas12a method, the electrode 
treatment is expected to be completed in 20 minutes, which is consistent with prior 
predictions. The results of this experiment are shown in Diagram 1. 

Table 1. Comparison of different methods for SARS-COV-2. 
Method Target LOD Reference 
RT-qPCR RdRp gene 

 
E gene 

1.26 
aM 

1.73 
aM 

[24] 

RT-qPCR ORF1b/N 4.15 
aM 

[25] 

Colorimetric N gene 43 nM [26] 
Real-time optomagnetic RdRp gene  0.4 fM [27] 

Dual-functional plasmonic RdRp gene  0.22  
pM 

[28] 

Electrochemical ORF1ab gene 0.33  
aM 

[29] 

Reverse-transcription 
recombinase-aided 
amplification assay 

N gene 3.32  
aM 

[30] 

ECL  RdRp gene  2.67  
fM 

[3] 

ECL RdRP gene 12.8  
aM 

This work 
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3.7. Detection of SARS-COV-2 RdRp gene with the 3D DNA walker and CRISPR-Cas12 
biosensor 

With the use of the ECL biosensor device, which was built by ECL itself, our team was able 
to effectively identify the SARS-COV-2 RdRp gene under perfect conditions. An increase in 
the intensity of the ECL signal may be noticed when the quantity of SARS-COV-2 RdRp in 
the sample is raised from 10 micrograms per milliliter to 500 micrograms per milliliter 
(aM) (aM). Figure 3A is an illustration of what I am talking about. A DNA2/DNA6 duplex 
will most likely develop on the gold electrode surface when the RdRp gene is active on the 
surface, as a result of the 3D walker reaction, which is thought to be at the root of the 
problem in this experiment. It has been revealed that the presence of CRISPR-cleavage 
Cas12 promotes the development of this duplex, which results in a large increase in the 
potency of Cas12a activity. In the previous experiment, we found an increase in CRISPR-
Cas12a activity on the electrode surface, which is triggered when DNA7 is cleaved on the 
electrode surface. It is speculated that this enhanced CRISPR-Cas12a activity is responsible 
for the amplification of the ECL signal on the electrode surface seen in this experiment. 
According to the equation ECL = 3.84163 C(RdRp)+314.72, which has a coefficient of R2 of 
0.9952 and predicts that the intensity of the ECL signal varies linearly with the 
concentration of the RdRP gene, as shown in Figure 3B. The inset of Figure 3B indicates 
what I am talking about. The following picture highlights the fact that there is a strong 
linear link between the two variables. Similarly to what is revealed in the inset of Figure 
3A, the inset of Figure 3B demonstrates that, as with the inset of Figure 3A, the strength of 
the ECL signal is proportional to the amount of the RdRP gene present in the sample. (See 
Figure 3B inset for extra details.) Following the outcomes of this experiment, it was 
established that the detection limit was 12.8 aM, which is a relatively low quantity for this 
sort of inquiry. Several comparisons were carried out, including one between the 
information on the gene under consideration for testing and the information on the 
previously found SARS-COV-2 gene, which revealed more information on the gene under 
consideration for testing (Table 1). (Table 1). In contrast to the linear range and detection 
limit of conventional sensors, our detecting technology provides a broader linear range and 
a lower detection limit than the industry standard, making it a superior solution for a wider 
variety of applications than the industry standard. 

3.8. Specificity and stability of the strategy  

To create a method for detecting RdRp, it is necessary to first understand the selectivity 
and long-term stability of gene-detection approaches such as CRISPR/Cas12a and three-
dimensional DNA walker-based biosensors, both of which are currently being investigated 
as gene-detection techniques. It was determined that our newly developed biosensing 
technology, which was developed wholly in-house, had high selectivity and long-term 
stability by testing it with nucleic acids generated from a variety of different sources (Fig. 
4A). Our experiments were carried out in the absence of any specific target DNA, which was 
crucial, and a variety of controls were used to ensure that this was the case. One may list 
the SARS-COV RdRp gene, the ORF1ab COVID gene (or its derivatives), DNA1 with 
randomly modified sites, and DNA2 with randomly changed sites, just to name a few of the 
things they tested (no target DNA). It can be seen in Figure 4A that no statistically 
significant variation in the electrochemiluminescence signal was observed when the SARS-
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COV RdRp gene was used as a control gene, along with DNA1 with randomly changed sites 
and DNA2 with randomly changed sites, all of which were used as control genes. The 
electrochemiluminescence signals acquired after the two treatments were carried out did 
not show any statistically significant differences, suggesting that the two treatments were 
equal. In accordance with the results of a previous inquiry, the conclusions of this 
investigation were reached. Using an electrochemiluminescence signal generated by the 
SARS-CoV-2 RdRp gene (one microgram) as a comparison to other genes, the researchers 
found the SARS-CoV-2 RdRp gene (one microgram) exhibited a higher degree of variability. 
This was revealed via the use of a CRISPR-Cas 12a-based test procedure that was 
developed. It is improbable, based on past studies, that the shearing activity of the CRISPR-
Cas12 gene editing system would be activated in this experiment. Among other reasons, 
this is due to the fact that DNA carrying an altered gene mutation site is incapable of 
creating a three-dimensional DNA walker response when exposed to light on gold 
nanoparticle surfaces, as has been shown earlier. According to our findings, when 
compared to the outcomes of earlier studies, our SARS-COV-2 RdRp CRISPR-12a-based and 
3D DNA walker exhibits incredible selectivity for the RdRp gene. Thus, in CRISPR Cas12a 
and 3D DNA walker-based biosensors, the stability of the system is critical to their 
efficiency; as a result, the fact that both technologies are stable is very vital to their utility. 
Our first concern was the signal's overall stability, which we used to determine whether or 
not a signal was reversible during the time of our examination. As can be seen in Figure 4B, 
the findings of the inquiry are presented in graphical form. As seen in the figure, after 
subjecting this biosensor to three cycles of twenty scans, it was revealed that the 
electrochemiluminescence signal created by it remained very stable (RSD = 4.21 percent) 
after being subjected to three cycles of twenty scans. It is anticipated that the CRISPR-
Cas12a gene editing system and 3D DNA walker-based biosensor that were developed as a 
result of the investigation will be utilized to identify the SARS-COV2 RdRp gene, which will 
be used to achieve this aim as a result of the investigation. 

Fig. 4. (A) The specificity of ECL biosensor for different DNA; (B) The stability of ECL biosensor. 

 

3.9. Real sample analysis in pharyngeal swabs  

In order to determine whether or whether biosensors have potential therapeutic 
applications, it is essential to examine their detection capabilities in real-world samples. 
One of the objectives of this research is to evaluate the potential applications of 
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electrochemical biosensors in clinical care. We used the standard addition approach as well 
as recovery tests to examine the signal response of various doses of RdRp gene 
administered to pharyngeal swabs in order to determine the signal response of various 
doses of RdRp gene administered to pharyngeal swabs in order to determine the signal 
response of various doses of RdRp gene. Recovery rates were between 98.97 and 102.5 
percent, according to the results of the study, while recovery rate standard deviations 
(RSD) ranged between 3.2 and 4.57 percent, according to the findings of the research. As a 
consequence of their observations, the researchers determined that the novel ECL 
biosensor had a positive signal response for RdRp and that it could be utilized to detect the 
RdRp gene in natural materials. 

4. Conclusions  

DNA nanomachines that are one-dimensional or two-dimensional are typically based on 
one-dimensional or two-dimensional DNA tracks. Our three-dimensional (3D) walker uses 
a three-dimensional DNA AuNP track instead. A single AuNP may hold all of the DNA 
components, which makes DNA walking a breeze. Entropy-based driving mechanism is 
accelerated by this increase in DNA probes' effective local concentration, allowing the 3D 
DNA walker to achieve its goal of fast release of double-stranded DNA, which was 
previously unachievable (the activated nucleic acid sequence of CRISPR-12a). Many 
functional nucleic acids may be packed onto a single nanoparticle, which can then release 
sequences that are activated by CRISPR 12a, making it possible for researchers to more 
quickly scale up the usefulness of CRISPR-12a-based detection methods and isothermal 
amplification. A nanosensor for new coronavirus target nucleic acids that is very sensitive 
and rapid will be developed as a consequence of this study. It is also possible to distinguish 
between the RdRp genes of the SARS-CoV and SARS-CoV-2 viruses using the 3D DNA 
walker technique, as shown by the study's findings. Using this biosensor in the SARS-CoV-2 
outbreak might offer a simple and accurate diagnostic platform that will increase clinical 
testing accuracy while decreasing the load on standard PCR assays, which may be difficult 
to execute in the field. It is possible that the creation of new biosensing ideas and 
techniques based on our three-dimensional DNA walker and CRISPR-12a assay system 
might lead to the development of innovative DNA nanodevices, nucleic acid diagnostics and 
biosensors in the future (among other things). 
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