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A B S T R A C T   

CRISPR/Cas system have drawn increasing attention in accurate and sensitive nucleic acids detection. Herein, we 
reported a novel Cas12a-based electrochemiluminescence biosensor for target amplification-free human papil
loma virus subtype (HPV-16) DNA detection. During this detection process, Cas12a employed its two-part 
recognition mechanism to improve the specificity and trans-cleavage capability to achieve signal amplifica
tion, while L-Methionine stabilized gold nanoclusters (Met-AuNCs) were served as high-efficiency ECL emitters 
to achieve ECL signal transition. Given the unique combination of Cas12a with ECL technique, the detection limit 
was determined as 0.48 pM and the whole detection could be completed within 70 min. We also validated the 
practical application of the proposed biosensor by using undiluted human blood samples, which gives impetus to 
the design of new generations of CRISPR/Cas detection system beyond the traditional ones with ultimate ap
plications in sensing analysis and diagnostic technologies.   

1. Introduction 

Accurate and sensitive nucleic acids detection is always of great 
importance in disease assessment and plays a crucial role in early clin
ical diagnosis (Gerasimova and Kolpashchikov, 2014; Urdea et al., 2006; 
Wu and Qu, 2015). CRISPR/Cas systems, which are components of 
bacterial immune systems (Horvath and Barrangou, 2010), as emerging 
and powerful tools have engaged great awareness in genome editing 
(Wang et al., 2013), bioengineering (English et al., 2019), and di
agnostics (Gootenberg et al., 2017). On the base of their unique tunable 
nuclease activities, a series of highly sensitive CRISPR/Cas-based 
biosensor have been developed for nucleic acids detection such as 
Cas9 (Hajian et al., 2019; Liu et al., 2016; Zhou et al., 2018), SHERLOCK 
(Cas13a) (Gootenberg et al., 2017, 2018), DETECTR (Cas12a) (Chen 
et al., 2018a), CDetection (Cas12b) (Teng et al., 2019) and 
Cas14-DETECTR (Harrington et al., 2018). Especially, Cas12a and 
Cas13a have collateral promiscuous DNase or RNase activity upon target 
DNA/RNA recognition, showing enhanced sensitivity compared with 
the traditional methods (Kellner et al., 2019; Li et al., 2018a, 2018b; 
Peng et al., 2020), holding a great promise in developing 

next-generation diagnostic biosensors (Li et al., 2019a). The combina
tion of Cas12a and Cas13a with other detection methods has been 
rapidly developed from fluorescence to electrochemistry (Bruch et al., 
2019a; Dai et al., 2019; Zhang et al., 2020) and colorimetric methods (Li 
et al., 2019b; Yuan et al., 2020), where the CRISPR/Cas systems serving 
as a programmable and integrated biomolecular component can achieve 
accurate recognition and amplified signal transduction for biosensing 
(Dai et al., 2020). 

Electrochemiluminescence (ECL), the marriage of electrochemistry 
and chemiluminescence, has drawn arising attention in bioanalysis and 
clinical diagnostics (Guo et al., 2018; Maar et al., 2019; Peng et al., 
2019), due to the excellent properties such as simple device require
ment, low background noise, high sensitivity, and wide dynamic range 
(Liu et al., 2015; Peng et al., 2019; Richter, 2004; Yan et al., 2019). 
Given these fascinating potentials, ECL may be an appropriate alterna
tive technology to combine with CRISPR/Cas system for biosensing. 
However, to the best our knowledge, only one research paper has been 
reported on the CRISPR/Cas-based ECL biosensor (Zhou et al., 2020). 
Although a LOD of 1 × 10− 15 M for miR-17 was achieved in that work, it 
still suffers from the high background because the emitter [Ru 
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(phen)2dppz]2+ could be noncovalently attach to dsDNA even without 
the target molecular. Therefore, a mean to reduce the background of 
CRISPR-based ECL sensor is necessary. Moreover, as we all know, 
Ru-complexes are relatively expensive and have large steric hindrance, 
which limits the immobilization capacity to some extent and reduces the 
sensitivity (Yao et al., 2020). It is still necessary to find cost-effective 
ECL materials in CRISPR-based ECL biosensors. 

Over decades, a variety of efficient emitters were successively 
developed such as metal nanoclusters (Wang et al., 2016; Yang et al., 
2019), carbon nitride nanosheets (Chen et al., 2018b) and emerging 
perovskite nanocrystals (Cai et al., 2018; Tan et al., 2017). Among these 
emitters, gold nanoclusters (AuNCs) as emerging green nanomaterials 
are arising from increasing attention in the ECL field owing to their 
excellent biocompatibility, distinctive optical, and electrochemical 
properties (Xie et al., 2009; Yao et al., 2015, 2017), which have been 
extensively employed for ECL-based assays (Zhou et al., 2019; Jia et al., 
2020). 

Taking as-mentioned into consideration, herein, a Cas12a-based ECL 
biosensor was constructed for target amplification-free DNA detection, 
where Cas12a employed its two-part recognition mechanism to improve 
the specificity, and trans-cleavage capability to achieve signal amplifi
cation, while L-Methionine stabilized gold nanoclusters (Met-AuNCs) 
were served as high-efficiency ECL emitters to achieve ECL signal 
transition. In this detection procedure, human papilloma virus subtype 
(HPV-16), which is critical to carcinogenesis (Mirabello et al., 2017; Dai 
et al., 2019), was recruited as the target model. Initially, Met-AuNCs 
were modified on the surface of electrode to obtain an original signal. 
Ferrocene-tagged thiolated single-strand DNA (SH-ssDNA-Fc) as 
non-specific ssDNA was subsequently tethered on the surface of 
Met-AuNCs to quench their emission. When target HPV-16 DNA was 
presented, with the assistance of two-part recognition system, Cas12a 
was activated and possessed trans-cleavage ability on non-specific 
ssDNA, leading to the indiscriminate cleavage of SH-ssDNA-Fc into 
short fragments. Through recording the recovered ECL signal under 
different concentrations of target HPV-16 DNA, the quantitative detec
tion could be achieved with a detection limit of 0.48 pM, which is su
perior to most nucleic acid amplification-free CRISPR-based works. 
Furthermore, this biosensor exhibited desirable performance in detect
ing HPV-16 DNA in undiluted human blood samples. Moreover, due to 
the programmability of the sequence of crRNA, the biosensor can detect 
any other DNA biomarker as an all-purpose detection strategy. It is no 
exaggeration to say that the Cas12a-based ECL biosensor lays a solid 
foundation for further development of CRISPR/Cas-based ECL 
biosensors. 

2. Experimental section 

2.1. Materials and reagents 

Cas12a endonuclease separated from Lachnospiraceae bacterium 
ND2006 was purchased from New England Biolabs (MA, USA). CRISPR 
RNA (crRNA) was brought from Gene Pharma (Shanghai, China). L- 
Methionine (Met) and hydrogen tetrachloroaurate (III) trihydrate 
(HAuCl4⋅3H2O) were bought from Aladdin Chemistry Co Ltd. (Shanghai, 
China). Triethylamine (TEA) was purchased from Sinopharm Chemical 
Reagent Co., Ltd. (Shanghai, China). 6-Mercapto-1-hexanol (MCH) and 
tris(2-carboxyethy) phosphine hydrochloride (TCEP) were obtained 
from Sigma-Aldrich (St Louis, USA). All DNA oligonucleotides were 
synthesized and purified from Sangon Biotech Co., Ltd. (Shanghai, 
China) and sequences of them were listed in Table S1. RNase-free water 
was employed as the solvent throughout the experiment. Tris-HCl buffer 
(pH = 7.9, 10 mM Tris-HCl, 50 mM NaCl, 20 mM MgCl2 and 100 μg/mL 
BSA) was served as the solution medium of oligonucleotides and 
CRISPR/Cas12a duplex. Phosphate buffer saline (PBS, 0.1 M) 
(K2HPO4–KH2PO4–KCl) containing 0.2 M TEA was used as the ECL 
working solution with the final pH of 11. All chemical reagents were of 

analytical grade. 

2.2. Apparatus 

Transmission electron microscope (TEM) image was obtained from a 
JEM-2100 (JEOL, Japan) with the accelerating voltage setting at 100 kV. 
UV–visible spectrum was obtained from UV-2400 (Shimadzu, Japan). A 
homemade ECL detection device, containing a model CHI 660E work
station and an RFL-1 ultraweak chemiluminescence detector (Remax, 
China), was utilized to record the corresponding ECL signal. Electro
chemical impedance spectroscopy (EIS) was measured in 5 mM [Fe 
(CN)6]3− /4− solution containing 0.1 M KCl by using a CHI 660E work
station (Shanghai, China) with a classical three-electrode arrangement 
as follows: a modified gold electrode (GE, Φ = 3 mm) as working elec
trode, a platinum wire as counter electrode and an Ag/AgCl as reference 
electrode, respectively. The equipment needed to run the Cas12a-ECL 
protocol can be seen in Fig. S1. 

2.3. Synthesis of Met-AuNCs 

Met-AuNCs were prepared according to the reported method with 
little modification (Peng et al., 2019). In brief, 4 mL Met (0.1 M), 0.6 mL 
NaOH (0.5 M) and 0.4 mL HAuCl4 solution (20 mg/mL) were mixed 
thoroughly. Thereafter, the mixture was allowed to react at 37 ◦C for 6 h 
until a faint yellow solution was observed. Subsequently, 0.5 mL H2SO4 
(1 M) was utilized to refine and precipitate the as-prepared Met-AuNCs. 
After a centrifugation process with 6000 rpm for 2 min, the precipitated 
Met-AuNCs were gathered and washed by 5 mL H2SO4 (0.1 M) for three 
times. Ultimately, the Met-AuNCs were rinsed and dispersed in 5 mL 
RNase-free water. The resultant Met-AuNCs solution was diluted for 10 
times using RNase-free water and stored in the dark at 4 ◦C for later use. 
The prepared Met-AuNCs was characterized in Supplementary Infor
mation (Fig. S2). 

2.4. Modification of the ECL biosensing electrode 

Prior to use, the bare GE was burnished by 0.3 and 0.05 μm alumina 
powder to form a mirror-like smoothness. Then, the GE was ultra
sonicated with ethanol and RNase-free water respectively, and further 
treated with an electrochemically cleaned method by scanning in 0.5 M 
H2SO4 until a stable voltammetric peak was observed. Thereafter, 10 μL 
as-prepared Met-AuNCs was cast onto the electrode to form Met-AuNCs/ 
GE and dried under a nitrogen flow. Afterwards, 10 μL SH-ssDNA-Fc (4 
μM), which was pretreated with 10 mM TCEP to reduce disulfide bonds, 
was introduced on the as-modified GE and incubated at a humid envi
ronment overnight. After washing with RNase-free water and the 
modified GE was immediately immersed into 1 mM MCH to passivate 
the electrode and replace loosely tethered SH-ssDNA-Fc to form a 
highly-aligned surface. Finally, the as-modified GE was thoroughly 
rinsed by RNase-free water and stored at 4 ◦C for further experiment. 

2.5. Target detection protocol 

Cas12a-crRNA duplex was prepared in a buffer prepared by RNase- 
free water containing 10 mM Tris-HCl, 50 mM NaCl, 20 mM MgCl2 
and 100 μg/mL BSA with a pH of 7.9 (Dai et al., 2019). Cas12a-crRNA 
duplex (50 nM, final concentration) was initially assembled and incu
bated at ambient temperature for 10 min. Afterwards, 5 μL different 
concentration of target HPV-16 DNA (1 pM, 5 pM, 10 pM, 50 pM, 100 
pM, 500 pM, 1 nM, 10 nM) was introduced into 20 μL Cas12a-crRNA 
duplex solution and incubated for another 10 min. Subsequently, 15 
μL resulted solution was introduced on the surface of the as-modified GE 
(MCH/SH-ssDNA-Fc/Met-AuNCs/GE) and incubated for 60 min. Finally, 
after washing with RNase-free water, the electrode was measured in ECL 
testing solution with the potential ranging from 0 to +1.0 V, scan rate of 
100 mV/s and photomultiplier tube (PMT) of 800 V, respectively. 
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3. Results and discussion 

3.1. Principle of the Cas12a-based ECL biosensor 

The principle of the Cas12a-based ECL biosensor was illustrated in 
Scheme 1. Initially, Met-AuNCs were served as the substrate emitters 
and were dropped on the GE surface to obtain an original ECL signal. 
Thereafter, SH-ssDNA-Fc, which was pretreated with TCEP to cut off 
disulfide bonds, was introduced on the electrode to quench the emission 
of Met-AuNCs. In the presence of target DNA, Cas12a-crRNA duplex 
identified target DNA through two-part recognition mechanism, and the 
trans-cleavage ability of Cas12a was activated and indiscriminately 
cleaved the non-specific SH-ssDNA-Fc, leading to the recovery of Met- 
AuNCs emission. Through recording the ECL signal change under 
different concentrations of target DNA, the quantificational detection 
was achieved. 

3.2. Feasibility analysis of the Cas12a-based ECL biosensor 

To validate the recognition and trans-cleavage ability of CRISPR/ 
Cas12a system, polyacrylamide gel electrophoresis (PAGE) was firstly 
carried out. To make the result of clearer, a 40 nt ssDNA was employed 
as the non-specific ssDNA. As depicted in Fig. 1A, only the coexistence of 
Cas12a and crRNA could specifically recognize target DNA, subse
quently triggering the cleavage of non-specific ssDNA (lane 4). Once 
component of the Cas12a-crRNA duplex was absent, no recognition and 
cleavage occurred and there is no impact on target DNA and ssDNA (lane 
1 and lane 2). Similarly, when both Cas12a and crRNA were inexistent, 
there was also no significant impact on target DNA and ssDNA (lane 3). 
Furthermore, in the absence of target DNA, Cas12a-crRNA duplex was 
inactive and could not possess the trans-cleavage ability on non-specific 
ssDNA (lane 5). The PAGE result could serve as a forceful evidence for 
recognition and trans-cleavage ability of Cas12a system. 

ECL measurement was implemented to access the trans-cleavage 
ability of Cas12a. The as-modified electrode (MCH/SH-ssDNA-Fc/Met- 
AuNCs/GE) was treated with a series of mixtures respectively (crRNA- 
target, Cas12a-target, target, and Cas12a-crRNA-target) and incubated 
at 37 ◦C for 1 h. After rinsing with RNase-free water, the electrode was 
measured in ECL testing solution. As depicted in Fig. 1B, only the 
mixture containing Cas12a, crRNA and target could form Cas12a- 

crRNA-target triplex and activate the trans-cleavage ability of Cas12a, 
leading to the cleavage of the SH-ssDNA-Fc and corresponding recovery 
of Met-AuNCs emission, while all of other mixtures showed negligible 
impacts on the SH-ssDNA-Fc owing to the incapable trans-cleavage 
ability of Cas12a. Both the results of PAGE and ECL measurement 
corroborated the activation conditions for the trans-cleavage ability of 
Cas12a, indicating the feasibility of the Cas12a-based ECL biosensor. 

3.3. Characterization of the Cas12a-based ECL biosensor 

The stepwise modification of the Cas12a-based ECL biosensor was 
firstly investigated by ECL measurement. As shown in Fig. 2A, a negli
gible ECL signal was observed from bare GE (curve a). Afterwards, the 
Met-AuNCs were modified on the electrode surface, leading to a 
considerable ECL signal (curve b). When a mass of SH-ssDNA-Fc were 
introduced on the GE surface, a sharp decrease of the ECL signal could be 
seen due to a quenching effect on the ECL emission of Met-AuNCs (curve 
c). Finally, upon the addition of activated Cas12a, the SH-ssDNA-Fc was 
cleaved into fragments and the Fc tagging at the 3’ terminus was 
released, resulting in the recovery of the ECL emission of Met-AuNCs 
(curve d), which demonstrates the successfully stepwise modification 
of the Cas12a-based ECL biosensor. 

Electrochemical impedance spectroscopy (EIS), as a conventional 
common method utilized to access the modification process of the 
electrode interface (Yang et al., 2017), was further employed to inves
tigate the modification process of the Cas12a-based ECL biosensor. And 
the semicircle diameter is directly related to electron transfer resistance 
(Ret) (Peng et al., 2016; Zhang et al., 2018). As displayed in Fig. 2B, a 
teeny semicircle diameter was observed in bare GE (curve a). Then, only 
a small increase of semicircle diameter could be seen when the 
Met-AuNCs was immobilized on GE surface (curve b). Later, with the 
addition of SH-ssDNA-Fc and MCH, the value of semicircle diameter 
further increased owing to a trade-off between the negative charged 
DNA, nonconductive MCH and excellent electronic conductivity of Fc 
(curve c) (Xu et al., 2019). Ultimately, when the modified GE was 
treated with activated Cas12a, a remarkable increase of semicircle 
diameter was revealed due to the cleavage of SH-ssDNA-Fc and the 
releasing of conductive Fc (curve d). Both the results of ECL and EIS 
validated the desirable fabrication of Cas12a-based ECL biosensor. 

Scheme 1. The schematic diagram of the Cas12a-based ECL biosensor for target HPV-16 DNA detection.  
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3.4. Optimization of the conditions 

To obtain the best performance of the Cas12a-based ECL biosensor, 
some significant factors were successively optimized including the 
concentrations of Met-AuNCs, coreactant (TEA), SH-ssDNA-Fc and 
Cas12a-crRNA duplex, as well as the trans-cleavage time of Cas12a on 
SH-ssDNA-Fc. First, the concentration of ECL emitter Met-AuNCs was 
optimized, and 10-fold diluted Met-AuNCs was selected (Fig. S3). The 
concentration of coreactant (TEA), which is closely associated with the 
ECL properties of Met-AuNCs, was next investigated. As seen in Fig. 3A, 
the ECL intensity of Met-AuNCs increased remarkably with the contin
uous addition of TEA concentration from 0.05 to 0.2 M and reached the 
peak at 0.2 M. Thusly, the optimized concentration of TEA was selected 
as 0.2 M to achieve an optimal ECL property of Met-AuNCs. In addition, 
the concentration of SH-ssDNA-Fc, which is correlated with the 
quenching effect to Met-AuNCs, was also evaluated. The ECL intensity 
gradually decreased when the concentration of Fc-labeled ssDNA 
increased from 0 to 4 μM and tended to a platform (Fig. 3B). Hence, 4 μM 
Fc-labeled ssDNA was chosen as the appropriate experimental condition. 
In addition, the quenching effect of 4 μM Fc-labeled ssDNA on Met- 
AuNCs at different concentrations was also studied. The results 
showed that the best quench was obtained for 10-fold diluted Met- 
AuNCs, which was quenched about 89% (Fig. S3). To obtain the best 
trans-cleavage ability of Cas12a, the concentration of Cas12a-crRNA 
duplex as another interrelated factor was examined and the result 

ranging from 10 nM to 60 nM was exhibited in Fig. 3C. The ECL intensity 
increased continuously until an exceeded concentration was clearly 
observed at 50 nM, which was appointed as the applicable concentration 
of Cas12a-crRNA duplex. Furthermore, trans-cleavage time of Cas12a on 
SH-ssDNA-Fc was highly related to the performance of the Cas12a-based 
ECL biosensor, which was strictly studied from 20 min to 100 min. As 
displayed in Fig. 3D, the ECL intensity increased sharply before 60 min, 
following by a slight increase. To make sure the timeliness of the Cas12a- 
based ECL biosensor, the trans-cleavage time of Cas12a on SH-ssDNA-Fc 
was applied as 60 min for a suitable condition. Otherwise, pH of the 
testing solution was optimized at 11 (Fig. S4). 

3.5. Detection of HPV-16 DNA with the Cas12a-based ECL biosensor 

Under the optimal experimental conditions, the Cas12a-based ECL 
biosensor was utilized for target HPV-16 DNA assay. A series of different 
concentrations of HPV-16 DNA was introduced into Cas12a-crRNA 
duplex solution, respectively. Then, the solution was incubated at 
ambient temperature for 10 min to activate the trans-cleavage ability of 
Cas12a. Afterwards, the well-modified GE was treated with above so
lution, incubated for 60 min and measured in ECL testing solution. The 
Cas12a-ECL assay can be run in approximately 70 min. As depicted in 
Fig. 4A, a continuous increase of ECL intensity of Met-AuNCs was 
observed with the gradually addition of HPV-16 DNA ranging from 1 pM 
to 10 nM. And a good linear relationship between ECL intensity and 

Fig. 1. (A) PAGE analysis of different samples. Lane 1: crRNA + target + ssDNA, Lane 2: Cas12a + target + ssDNA, Lane 3: target + ssDNA, Lane 4: Cas12a + crRNA 
+ target + ssDNA, Lane 5: Cas12a + crRNA + ssDNA. (B) ECL analysis of different samples. (a) crRNA + target, (b) Cas12a + target, (c) only target, and (d) Cas12a +
crRNA + target. Concentration of every component used in PAGE and ECL analysis, Cas12a: 50 nM, crRNA: 50 nM, target: 100 nM, ssDNA: 4 μM. 

Fig. 2. ECL (A) and EIS (B) characterizations of the stepwise procedure of electrode: (a) bare GE, (b) Met-AuNCs/GE, (c) MCH/SH-ssDNA-Fc/Met-AuNCs/GE, and (d) 
MCH/SH-ssDNA-Fc/Met-AuNCs/GE treated with Cas12a-crRNA-target triplex. For EIS analysis, 5 mM [Fe(CN)6]3− /4− solution containing 0.1 M KCl was used. The 
corresponding parameters were set as follows: initial potential of 0.20 V, amplitude of 0.005 V, frequency ranging from 10− 1–104 Hz, respectively. 
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logarithmic of target DNA concentration could be seen in Fig. 4B. The 
corresponding regression equation was I = 3679 logC + 47587 (R2 =

0.9897) with the determined limit of detection (LOD) as 0.48 pM (LOD 
= k SB/m, the detailed calculation information can be seen in Supple
mentary Information and Fig. S5), which shows excellent performance 
on nucleic acids detection compared with published work (Table 1). 

3.6. Specificity, reproducibility and availability of the Cas12a-based ECL 
biosensor 

The specificity of the Cas12a-based ECL biosensor was evaluated by 
using HPV-18 DNA as interference agents. And the related results in 
Fig. 5A demonstrated the excellent specificity toward target HPV-16 
DNA, which gave the credit to the brilliant recognize capability of 
Cas12a system. In addition, the reproducibility was also investigated by 

Fig. 3. Optimization of significant experimental conditions including concentration of coreactant TEA (A), SH-ssDNA-Fc (B), Cas12a/crRNA duplex (C), and cleavage 
time of Cas12a on SH-ssDNA-Fc (D). Error bar represents SD (n = 3). 

Fig. 4. (A). ECL-potential curve responding to 0, 1 pM, 5 pM, 10 pM, 50 pM, 100 pM, 500 pM, 1 nM, 10 nM target HPV-16 DNA. (B). Calibration curve between I and 
logarithmic concentration of target DNA. Error bar represents SD (n = 3). 

Table 1 
The comparison for amplification-free recent CRISPR-powered methods for 
nucleic acids detection.  

Effector Detecting technology Detection 
ranges (M) 

LOD 
(pM) 

Reference 

LbCas12a Electrochemistry 10− 11 to 
10− 7 

50 Dai et al. 
(2019) 

LwaCas13a Electrochemical 
Microfluidic 

10− 13 to 
10− 8 

10 Bruch et al. 
(2019a) 

LbCas12a Electrochemistry 5 × 10− 13 to 
10− 7 

10 Zhang et al. 
(2020) 

LbuCas13a Colorimetric 5 × 10− 13 to 
10− 8 

0.5 Yuan et al. 
(2020) 

LbCas12a Electrochemiluminescence 10− 12 to 
10− 8 

0.48 This work  
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fabricating five parallel measurements toward different concentrations 
of target DNA under the same experimental conditions (Fig. 5B), and a 
low relative standard deviation (RSD) of 1.4% and 0.7% was observed, 
indicating a superior reproducibility of the Cas12a-based ECL biosensor. 

In order to validate the feasibility of the proposed ECL sensor, re
covery tests based on the standard addition method were implemented 
in undiluted human blood samples. The recoveries ranged from 
95.4–101.3%. Fig. 5C displayed the corresponding ECL intensity of 
different concentrations of target HPV-16 DNA in PBS and undiluted 
human blood samples under the same experimental conditions. The ECL 
intensity exhibited negligible difference. All these results suggested the 
proposed ECL sensor possessed promising potential in clinical diagnosis. 

4. Conclusion 

In summary, a novel Cas12a-based ECL biosensor was proposed for 
amplification-free HPV-16 DNA detection. Benefited from trans- 
cleavage capability of Cas12a system and high-efficiency ECL emission 
of Met-AuNCs, this biosensor showed high sensitivity for target HPV-16 
detection with a LOD of 0.48 pM, which outperforms most nucleic acid 
amplification-free CRISPR-based works. More significantly, this Cas12a- 
based ECL biosensor provided high selectivity, the undiluted human 
blood samples detection was realized with satisfactory recoveries, which 
was thereby providing a potential application for point-of-care testing. 

From the present study we provide a new combination of CRISPR/ 
Cas system with ECL biosensor, and demonstrate its excellent perfor
mance for HPV-16 detection. However, as the researchers pointed out: 
one of the main disadvantages of CRISPR/Cas biosensing technology is 
the lack of multiplexing (Bruch et al., 2019b; Li et al., 2019a). Therefore, 
analyzing multiple analytes from a single sample will be the main 
problem need to be solved in the further work of CRISPR/Cas-ECL 
biosensors. 
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