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A B S T R A C T   

CRISPR is reshaping biosensing technology due to its programmability, sensitivity, and specificity. Most current 
CRISPR-based biosensors are developed based on Cas12 and Cas13, while the biosensing potentials of the newly 
discovered Cas14 have not been fully elucidated yet. Herein, a fluorometric biosensor named HARRY (highly 
sensitive aptamer-regulated Cas14 R-loop for bioanalysis) was developed. The diblock ssDNA is designed to 
contain the activator sequence of Cas14 and the aptamer sequence of specific targets. In the absence of targets, 
the ssDNA activates Cas14a, then the Cas14a trans-cleavages the fluorescent reporter, causing fluorescence 
enhancement. In the presence of the targets, ssDNA-target assembly is formed via aptamer interaction, resulting 
in the inhibition of Cas14a activation. HARRY can detect ATP, Cd2+, histamine, aflatoxin B1, and thrombin with 
detection limits at the low-nanomolar level, which shows improvement compared with Cas12a-based aptasensors 
in sensitivity and versatility. We reasoned that the improvement is derived from the ssDNA specificity of Cas14a 
and found that the detection limit of HARRY is correlated to the binding affinities of aptamers. This study unlocks 
the potential of Cas14a in versatile aptasensing, which may inspire the development of CRISPR-based biosensors 
from the Cas14a branch.   

1. Introduction 

CRISPR/Cas is a powerful tool for gene editing [1–4]. With the born 
of CRISPR-based diagnostics in 2017, the application field of CRISPR/
Cas technology has quickly extended to biosensing [5–8]. The Zhang 
group invented a Cas13a-enabled analytical platform for the sensitive 
detection of nucleic acids and named this platform SHERLOCK, short for 
Specific High Sensitivity Enzymatic Reporter UnLOCKing [9]. The 
Doudna group discovered that target binding could trigger the activa
tion of Cas12a and developed a method for rapid and sensitive DNA 
testing [10]. With the integration of functional nucleic acids and 
isothermal amplification, CRISPR-based biosensors have been applied in 
the detection of versatile analytes, including viral and bacterial nucleic 
acids [11], metal ions [12], small organic molecules [13], proteins [14, 
15], and microorganisms [16]. In particular, the CRISPR-based aptamer 

sensors have attracted substantial research interest, because it is 
recognized as the best way to extend the target scope of CRISPR-based 
sensing from nucleic acids to non-nucleic-acid analytes [17]. Since 
most of the meaningful analytes in clinical medicine, food safety, and 
environmental protection are in the form of non-nucleic-acid, exploring 
the strategy of CRISPR-aptasensing integration is essential for increasing 
the versatility of CRISPR-based biosensing. 

Most of the previous reports adopted an indirect strategy to realize 
the CRISPR-aptasensing integration. Shen and co-workers designed a 
pathway where the aptamer-target binding caused the conformational 
change of a DNA probe, exposing the recognition domain of RNA po
lymerase, and resulting in the release of RNA to trigger Cas13a activa
tion [16]. Similarly, our group transduced the DNA-protein binding into 
the release of DNA, which functioned as the activator of Cas12a [14]. 
Methods with indirect strategy typically contain a step of releasing 
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DNA/RNA activators, which typically involves signal amplifications, 
imparting them good sensitivity with detection limits down to the 
sub-nanomolar level [18]. However, due to the release of the DNA/RNA 
activator involving additional nucleases and treatments, indirect 
methods are typically multistep and cumbersome. Alternatively, there is 
a direct strategy where an ssDNA functions as both the activator and 
aptamer, thereby the target binding directly inhibits the hybridization 
between the ssDNA and the guide RNA in Cas enzymes. For example, a 
few reports have used this strategy for ATP sensing [13,19]. The direct 
strategy bypasses the main drawbacks of the indirect one, which is more 
applicable in point-of-care testing (POCT); however, they are less sen
sitive than the methods adopting the indirect strategy. One of the rea
sons is that they were developed based on Cas12a, which has low 
specificity and sensitivity towards ssDNA [10,20,21]. In this situation, 
the interferent nucleic acids in biological samples could cause the un
specific activation of Cas12a, resulting in high background and low 
specificity for aptasensing. Additionally, some aptamers exhibit low 
affinities towards the corresponding targets, which caused the insignif
icant conformational change that cannot be resolved by Cas12a, 
reducing the sensitivity in aptasensing. Therefore, there is a great need 
to discover new ways to improve the performances of CRISPR-based 
aptasensing. 

As the smallest reported Cas enzyme, Cas14 has attracted substantial 
research interest [22,23]. Cas14 is an RNA-guided programmable 
nuclease, while it is unique that the recognition between Cas14 and 
target DNA does not dependent on the protospacer adjacent motif 
(PAM), presenting Cas14 as the only PAM-independent DNA-targeted 
Cas that has been discovered. Under the guidance of a small guided RNA 
(sgRNA), Cas14 can recognize ssDNA that is complementary to the 
recognition arm of sgRNA, forming an R-loop structure that possesses 
indiscriminate ssDNA cleaving activity [24]. Different from Cas12a, the 
recognition of Cas14 towards ssDNA is highly specific and sensitive, 
which has been applied for detecting single-nucleotide polymorphism 
(SNP) genotyping and pathogen discriminations [23,25]. The Lv group 
has explored the application of Cas14 in the indirect sensing of 
non-nucleic acid targets, which enabled the sensitive detection of anti
biotics with low nanomolar sensitivity [26]. However, the use of metal 
isotopes and LC-MS decreased its simplicity. Wu et al. developed a 
CRISPR/Cas14-based aptasensor for the detection of microcystin-LR 
with nanomaterials-assisted fluorescence generation, achieving excel
lent sensitivity in environmental monitoring [27]; however, the use of 
complementary DNA to block the binding capacity of the aptamer could 
induce signal loss in the target recognition. Additionally, the versatility 
of CRISPR/Cas14 in aptasensing has never been explored. Therefore, it 
is worth attempting to develop a cost-effective, rapid, and direct 
Cas14-based biosensor for versatile aptasensing. 

Herein, we developed a Cas14-empowered fluorometric aptasensing 
platform entitled HARRY (highly sensitive aptamer-regulated Cas14 R- 
loop for bioanalysis) for the detection of non-nucleic-acid targets. The 
diblock ssDNA was designed to contain the aptamer sequence, and the 
corresponding sgRNA was synthesized and embedded into Cas14. By 
engineering the ssDNA and its corresponding sgRNA, HARRY can detect 
versatile analytes including ATP, Cd2+, histamine, aflatoxin B1 (AFB1), 
and thrombin. This study shows that the activity of Cas14a can be 
directly inhibited by versatile non-nucleic-acid molecules through 
sequence engineering, and the resulting sensing platform demonstrated 
that Cas14a possesses high potential in developing CRISPR-based 
aptasensors. 

2. Methods and materials 

2.1. Materials 

All the DNA and RNA were synthesized, HPLC-purified, and supplied 
by Sangon Biotech (Shanghai, China), and their sequences are listed in 
Table S1. Cas14a and its corresponding reaction buffer (HOLMES Buffer 

1) were obtained from Tolo Biotech (Shanghai, China). CdSO4, hista
mine, and ATP were purchased from Aladdin (Shanghai, China). Afla
toxin B1 (AFB1), Fumonisin B1 (FB1) and Ochratoxin A (OTA) are 
obtained from Yuanye Biotechnology Company (Shanghai, China). 
Biological molecules, including human IgG, trypsin, chymotrypsin, and 
thrombin were supplied by BBI (Shanghai, China). The ELISA kit for 
AFB1 detection and the colorimetric kit for ATP quantification were 
obtained from Sangon Biotech. The water used in this research was 
produced by Millipore’s Milli-Q system and treated by DEPC (Sangon 
Biotech) before use. 

2.2. The analysis of targets using HARRY 

According to the manufacturer’s instructions, Cas14a (50 nM, 20 μL) 
and corresponding sgRNA (50 nM) were mixed in the HOLMES Buffer 1 
at 25 ◦C for 10 min. Then, the FQ-reporter was added to the solution and 
mixed in an ice bath. In the final solution, the concentrations of Cas14a- 
sgRNA and FQ-reporter are 25 nM and 1 μM, respectively. This solution 
is named CRISPR reporting mix (CRM), and it can be stored at 4 ◦C for at 
least 3 days. 

For the detection of targets, 20 μL of HOLMES Buffer 1 was mixed 
with 5 μL of Aptavator (20 nM), followed by adding 5 μL of the target. 
After incubating at 37 ◦C for 10 min, 20 μL of CRM was added and mixed 
gently, and then incubated at 25 ◦C for 50 min in a dark place, followed 
by heat deactivation at 80 ◦C for 10 min. The fluorescence was measured 
by a Tecan M200 Pro (Switzerland) plate reader (λex = 480 nm, λem =

525 nm, 20 reads per well). The procedures for real sample analysis were 
similar, except that 5 μL of the testing sample was added instead of 5 μL 
of standard solutions of the target. 

2.3. The analysis of ATP using Cas12a 

The protocol was generally designed according to previous reports 
[13,19], and the concentrations of Cas and nucleic acids were reset ac
cording to Section 2.2. Cas12a (50 nM, 20 μL) and corresponding crRNA 
(50 nM) were mixed in the NEBuffer 2.1 at 25 ◦C for 10 min. Then, the 
FQ-reporter was added to the solution and mixed in an ice bath, and this 
solution is called CRM-Cas12a. For the detection of ATP, 20 μL of 
NEBuffer 2.1 was mixed with 5 μL of the Aptavator (20 nM), followed by 
adding 5 μL of the ATP solution. After incubating at 37 ◦C for 10 min, 20 
μL of CRM-Cas12a was added and mixed gently, and then incubated at 
25 ◦C for 50 min in a dark place, followed by heat deactivation at 80 ◦C 
for 10 min. The fluorescence was measured by a Tecan M200 Pro 
(Switzerland) plate reader (λex = 480 nm, λem = 525 nm, 20 reads per 
well). 

3. Results and discussion 

3.1. The principle of Cas14a-based aptasensor 

As shown in Scheme 1, a DNA strand (denoted in green color) 
functions as both the aptamer and the activator of Cas14a, so it was 
named an “Aptavator”. (1) In the absence of targets (the left pathway), 
the Aptavator was recognized by the Cas14a-sgRNA ribonucleoprotein, 
forming a stable R-loop structure to cleave nearby ssDNA [23]. To 
visualize the activation of Cas14a, the ssDNA probe (F-Q) modified by a 
FAM and BHQ1 at both ends respectively was used. When F-Q is intact, 
the fluorescence of the FAM is quenched; however, when the activated 
Cas14 cleaves and shreds the F-Q, the FAM and BHQ1 will be separated, 
resulting in fluorescence enhancement [23,28,29]. (2) In the presence of 
targets (the right pathway), the Aptavator is tightly bound to the targets 
because of its high affinity towards the targets. During this process, the 
Aptavator will be stabilized in a specific conformation, decreasing its 
affinity to complementary nucleic acids. In this situation, the bound 
Aptavator could hardly hybridize with the sgRNA complexed in Cas14a, 
interfering with the formation of the R-loop and inhibiting the activation 
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of Cas14a. As a consequence, F-Q is not cleaved maintaining the low 
fluorescence of the system. 

In this strategy, the formation of the R-loop structure of Cas14a- 
sgRNA-ssDNA and the activation of nuclease activity is regulated by 
non-nucleic-acid targets via an aptamer-functionalized ssDNA activator, 
therefore, this method is referred to as HARRY (Highly sensitive 
Aptamer-Regulated Cas14 R-loop for bioanalYsis”). 

3.2. The verification of HARRY in ATP sensing 

To confirm the feasibility of HARRY, control experiments were 
conducted and the results are shown in Fig. 1a. Comparing the red and 
blue curves, the CRISPR reporting mix (CRM, a solution consisting of 
Cas14a, buffer, sgRNA, and F-Q) showed low fluorescence; however, 
significant enhancement in the fluorescence was found as the Aptavator 
was introduced. This intensive response is derived from the Aptavator- 
induced activation of Cas14a, where the Aptavator hybridized with 
the Cas14a-sgRNA ribonucleoprotein forming an R-loop structure, 
which caused the collateral cleavage of the ssDNA in F-Q and separated 
the FAM and BHQ1. This Aptavator contains the aptamer sequence of 

ATP; hence ATP was introduced to test its influence on the fluorescent 
signal. By comparing the red and black curves, it was found that the 
addition of ATP caused a fluorescent decrease, which indicates that the 
ATP interfered with the Cas14a activation by binding to the Aptavator. 

To further confirm the principle of HARRY, the kinetics of fluores
cence changes were recorded. As shown in Fig. 1b, a rapid fluorescence 
enhancement in the FAM channel was found when the Aptavator was 
introduced into the CRM, and the enhancement lasted for nearly 1 h, 
causing hundreds of folds of increase. As a comparison, the sample 
added with ATP showed a slow enhancement (blue curve), which 
demonstrates that the addition of ATP hindered the association between 
the Aptavator and Cas14a-sgRNA ribonucleoprotein. In another sample, 
the ATP was introduced into the system after the Aptavator was mixed 
with CRM for 30 min (green curve), and it was found that the rapid 
enhancement in fluorescence immediately slowed down as the ATP was 
added. Notably, a concentrated ATP solution was added in this experi
ment, and it caused a less than 1/25 increase in the volume, thus the 
dilution-derived fluorescent decrease could not cause such significant 
changes in fluorescence. Based on the results, it was confirmed that the 
binding between ATP and the Aptavator decreased the association 

Scheme 1. Principle of the biosensor. The green strand is a combination of the aptamer of a specific analyte and the activator of Cas14a. The Aptavator triggered the 
activation of Cas14 (the left pathway), and the corresponding analyte inhibited this process (the right pathway). 

Fig. 1. The verification of HARRY in the detection of ATP. (a) The fluorescent spectra of the differently mixed samples. The blue curve: the CRISPR reporting mix 
(CRM); the red curve: the mixture of CRM and the Aptavator; the black curve: the Aptavator mixed with ATP, followed by CRM addition. (b) The fluorescence kinetics 
of samples adding CRM under different sample additions. The black curve: CRM; the red curve: the mixture of CRM and the Aptavator; the blue curve: Aptavator 
mixed with ATP, followed by CRM addition; the green curve: the mixture of CRM and the Aptavator, while the ATP was added at 30 min. Shades represent the errors 
during the three replicate measurements. The experiments were conducted as described in Section 2. (For interpretation of the references to color in this figure 
legend, the reader is referred to the Web version of this article.) 
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between the Aptavator and Cas14a-crRNA, thus verifying the principle 
of HARRY. 

3.3. The versatility of HARRY 

By changing the aptamer sequence, diverse targets can be recog
nized, thus the aptamer has been recognized as a versatile element in the 
detection of metal ions, small molecules, peptides, proteins, and mi
croorganisms [30–34]. HARRY is an aptasensor so we were curious 
whether it had high versatility for the analysis of a broad range of tar
gets. The Aptavator contacting each aptamer of Cd2+, histamine, afla
toxin B1 (AFB1), and thrombin was designed (see Table S1), and their 
feasibility in triggering HARRY was investigated. Notably, most of the 
aptamer sequences are longer than the length necessary for sgRNA-DNA 
complementary, to avoid the influence of different sgRNA-DNA affinity, 
we chose the domains with similar CG% as recognition domains and 
designed the sgRNA accordingly (detailed in Table S1). 

As shown in Fig. S1, all the Aptavators caused significant fluores
cence enhancement when they were introduced into the CRM, which 
confirmed that all these Aptavators were capable of activating Cas14a. It 
was also found that the final intensities varied, which could be ascribed 
to the sequence-derived differences in Aptavator-sgRNA affinities. The 
Cd2+, histamine, AFB1, and thrombin were added to the corresponding 
reaction system, and their fluorescence intensities were normalized ac
cording to the corresponding control group supplemented with buffer. 
As shown in Fig. 2a, all of the targets caused fluorescent decreases, 
which indicated the versatility potential of HARRY. 

Cross-reaction analyses were conducted to investigate whether the 
fluorescence decrease was the result of the specific interaction of targets 
and corresponding aptamers. As shown in Fig. 2b, a significant fluo
rescence decrease was observed when there was a match between the 
target and the Aptavator. These results indicate that the fluorescence 
decrease was target-specific, thus confirming the versatility of HARRY in 
the sensing of different targets. 

3.4. The performances of HARRY in biosensing 

As shown in Fig. 3a, the fluorescent intensities in the FAM channel 
gradually decreased as the amount of ATP increased, and there was a 
good linear relationship between the ATP concentrations and fluores
cent intensities (Fig. 3b). The linear range of HARRY in ATP sensing is 
100–2000 nM, and a low limit of detection (LOD) of 80 nM was ob
tained. Compared with other CRISPR-based aptasensors targeting ATP 
[13,19], HARRY showed outstanding sensitivity, which was derived 
from both the high sensitivity of Cas14a in ssDNA detection and the 

stable binding between the target and the Aptavator. 
Notably, compared to the CRISPR/Cas12-based aptasensor targeting 

ATP [19], HARRY demonstrated a large improvement in sensitivity (80 
nM vs. 400 nM). To avoid the errors derived from reagents, instruments, 
and operators, we tested the responses of Cas14a and Cas12a in the 
addition of various concentrations of ATP. The crRNA for Cas12a and 
the sgRNA for Cas14a were designed such that they could recognize the 
same aptamer-containing ssDNA, and additionally, the Cas12a and 
Cas14a reaction mixes were prepared with the same concentrations of 
Cas enzymes, RNA, and F-Q. As depicted in Fig. 3c, the ssDNA caused 
fluorescence enhancement in both systems, while the group of Cas14a 
exhibited higher enhancement, which is in accordance with previous 
reports that Cas14a is more sensitive in ssDNA sensing [25]. In the next 
step, ATP was introduced into both systems, and the fluorescence after 
the ATP addition was normalized according to the corresponding in
tensities in Fig. 3c. As shown in Fig. 3d, the Cas12a group was insensitive 
in the low concentrations of ATP, and a significant change in fluores
cence was recorded as the amount of ATP was raised to 500 nM. In 
comparison, the Cas14a group was much more sensitive to the ATP, 
where 50 nM of ATP caused a fluorescent decrease with a statistical 
significance. The above tests were conducted in different buffers ac
cording to manufacturers’ instructions (Cas12a in NEBuffer 2.1 and 
Cas14a in HOLMES Buffer 1), to reveal the influence of buffers, the 
activities of two Cas enzymes in different buffers were investigated. We 
found that the activity of Cas12a decreased in HOLMES Buffer 1, and 
similarly, the activity of Cas14a decreased in NEBuffer 2.1 (Fig. S2). In 
HOLMES Buffer 1, the LOD for Cas12a in ATP detection was 900 nM 
(Fig. S3). Therefore, compared with HARRY, Cas12a shows less sensi
tivity for ATP detection in both HOLMES Buffer 1 and NEBuffer 2.1, 
indicating that Cas14a shows higher performances for ATP aptasensing. 

Cas14a can discriminate ssDNA with single nucleotide variations 
which have been applied in the detection of single nucleotide poly
morphism [22–24]. Therefore, the activation of Cas14a depends on the 
highly specific hybridization between ssDNA and the sgRNA, like a set of 
matched keys and locks, while Cas12a has neither a high resolution nor 
high sensitivity in ssDNA detection. The conformation of the aptamer 
was changed on interaction with the analyte, which reduced the affinity 
between the RNA complexed in Cas enzymes and DNA [12,26,29]. Ac
cording to our results and former reports, this reduction in affinity af
fects both the Cas14a and Cas12a systems, but its impact on Cas14a is 
higher than that of Cas12a. We believe that the improvement in sensi
tivity is rooted in the high specificity of Cas14a-sgRNA ribonucleopro
tein to ssDNA, which is an important advantage of Cas14a in ssDNA 
biosensing. 

Since HARRY has high versatility in biosensing, its performance in 

Fig. 2. The versatility of HARRY. (a) The fluorescence of samples mixed with matched Aptavators and CRM (red columns), and the responses after introducing 1 nM 
of corresponding targets (blue columns). (b) The test of cross-reactions by adding 1 nM of Cd2+, histamine, AFB1, and thrombin, respectively. Error bars indicate the 
standard deviation of three replicate detections. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of 
this article.) 
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the detection of Cd2+, histamine, AFB1, and thrombin was tested. As 
shown in Fig. 4, as an increased amount of these targets were added into 
HARRY, the fluorescence decreased. We found that there were satis
factory linear relationships between the concentrations of the targets 
and the signal responses, resulting in dynamic ranges of 5–1500 nM in 
Cd2+ detection, 40–1500 nM in histamine detection, 20–3000 nM in 
AFB1 detection, and 40–2000 nM in thrombin detection. We found that 
HARRY can be applied in the sensitive detection of Cd2+, histamine, 
AFB1, and thrombin with LODs of 4 nM, 30 nM, 16 nM, and 36 nM, 
respectively. These low nanomolar level LODs are satisfactory in the 
field of direct CRISPR sensing, but they are higher than a few works 
involving multiple amplifications, which possess LODs down to the sub- 
nanomolar level [35,36]. The reason can be ascribed to the “direct 
strategy” adopted in our work, where the association between the ana
lyte and aptavator directly inhibits the activation of Cas14 without so
phisticated signal transductions. Despite this, it should be noticed that 
the sensitivity of HARRY is higher than that of most Cas12a-based 
aptasensors [19,37], which is derived from the application of Cas14a 
as an effector. 

The sensitivity of HARRY towards different targets varied, and we 
speculated that this diversity could be ascribed to the differences in 
binding affinities and molecular weights: 1) higher target-aptamer 
binding caused more potent inhibition of ssDNA-derived Cas14a acti
vation; 2) larger molecular weights caused higher steric hindrance to 
prevent the approaching between crRNA and ssDNA. Fig. 4e indicated 
the relationship between the sensitivity and the reported binding af
finity (KD) [38–42], and Fig. 4f showed the relationship between the 

sensitivity and the molecular weights of targets. It was observed that the 
LOD exhibited a decreasing trend as the binding affinities increased, 
while the correlation between molecular weights and LOD was low. 
Therefore, HARRY is more sensitive in the detection of a target with a 
stronger aptamer binding affinity, while the role of binding affinity in 
the sensitivity still needs to be elucidated. 

The selectivity of HARRY was tested, and the results were presented 
in Fig. S4. The potential interferents, including GTP, UTP, CTP, ADP, 
and AMP were selected based on chemical similarities, and the con
centrations of the interferents were 5 times higher than that of the tar
gets. As shown in Fig. S4, the samples added with interferents exhibited 
high fluorescence similar to the blank one, while only ATP caused a 
significant fluorescence decrease. Similar results were obtained in the 
analysis of Cd2+ (Fig. S5a), histamine (Fig. S5b), AFB1 (Fig. S5c), and 
thrombin (Fig. S5d), indicating that by changing the Aptavator se
quences and the corresponding sgRNA, HARRY possessed good speci
ficity to the designed targets. 

3.5. HARRY in real sample analysis 

The feasibility of HARRY in real sample applications was tested by 
analyzing Cd2+ in the lake water, AFB1 in peanuts, and ATP in human 
serum. The samples were pretreated and diluted (detailed in Supple
mentary Material), followed by being subjected to HARRY analyses. As 
shown in Fig. S6, the fluorescence of water and human serum samples 
without spiking was not decreased significantly compared with that of 
samples with buffer only, indicating that HARRY was not significantly 

Fig. 3. The analytical performance of HARRY in ATP analysis. (a) The fluorescent spectra of the HARRY system after the introduction of different concentrations of 
ATP. (b) The relationship between the fluorescence intensities in the FAM channel and the ATP concentrations. (c) The fluorescent responses of Cas12a and Cas14a in 
the detection of the same amount of Aptavator. Red columns represent the signal without Aptavator addition, and blue columns represent the signal with Aptavator 
addition. (d) The fluorescence of sensing systems is based on Cas12a (red columns) and Cas14a (blue columns) in the sensing of ATP. Error bars indicate the standard 
deviation of three replicate detections. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 
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affected by interfering substances in the real matrix. The fluorescence of 
the peanut sample decreased when compared with the buffer group 
(Fig. S6), which may be derived from the presence of AFB1, or the in
fluence of interfering substances, depending on the results of recovery. 
The recoveries after spiking of standard solutions and the RSD were 
presented in Table 1, and it can be found that the recoveries of Cd2+

analyses distributed from 102.5% to 105.3%, that of AFB1 analyses 
ranged from 96.0% to 102.8%, and that of ATP analyses distributed from 
96.4% to 103.3%. The highest RSD derived from six paralleled de
terminations was 2.5%, which demonstrated the stability of HARRY. 
Notably, the recovery of AFB1 in peanut samples ranged in a satisfactory 
range, the decrease in the blank sample without spiking is attributed to 
the effect of the original AFB1 in the peanut sample. To further validate 

the accuracy of HARRY in real sample analysis, these samples were 
further analyzed using independent methods (Cd2+ by ICP-MS, AFB1 by 
ELISA, and ATP by colorimetric kit, detailed in Supplementary mate
rial). As shown in Fig. S7, the concentrations analyzed by HARRY were 
in accordance with commercialized kits, which further demonstrate the 
accuracy of Cas14a in the aptasensing of versatile analytes. 

4. Conclusion 

In this work, an aptamer-assisted CRISPR biosensor named HARRY 
was developed based on the Cas14 effector. When there is an interaction 
between the Aptavator and the target, the Aptavator will be folded, 
which renders the Aptavator losing its ability for Cas14a activation. Our 

Fig. 4. The analytical performances of HARRY in the sensing of other targets. (a), (b), (c), and (d) represent the relationships between the fluorescence intensities of 
HARRY and concentrations of Cd2+, histamine, AFB1, and thrombin, respectively. (e) The relationship between the LOD and the reported binding affinities of 
aptamers towards their corresponding targets. (f) The relationship between the LOD and the molecular weights of the corresponding targets. Error bars indicate the 
standard deviation of three replicate detections. 
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study revealed that HARRY was sensitive in sensing aptamer- 
recognizable analytes, with wide molecular weight distribution 
ranging from metal ions to proteins. By altering the Aptavator sequences 
and the corresponding sgRNA, HARRY successfully detected ATP, Cd2+, 
histamine, AFB1, and thrombin. The low nanomolar sensitivities pre
sented a significant improvement as compared to the Cas12a-based 
aptasensors, and the superiority of Cas14a could be attributed to its 
high resolution and sensitivity when compared with Cas12a. Moreover, 
HARRY exhibited good robustness and specificity that could be applied 
in real sample analysis, challenged by lake water, peanut extracts, and 
human serum. Interestingly, our results revealed that certain correla
tions exist between the LOD of HARRY and the affinity of aptamers, 
while the clear correlation and underlying mechanisms remain to be 
discovered. Comparing the cost between HARRY and Cas12a-based 
methods, the difference mainly lies in the crRNA, in which Cas14a 
needs longer ones; however, we believe that the cost can be significantly 
reduced by using commercialized T7 transcription kits to produce 
crRNA. In summary, this work revealed the possibility of using Cas14a 
for aptasensing, and we envision that the analytical applications of 
Cas14a will be further studied. 
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M. Zaremba, E. Manakova, M. Tutkus, Oriented soft DNA curtains for single- 
molecule imaging, Langmuir 37 (2021) 3428–3437. 

[8] M. Sohail, S. Xie, X. Zhang, B. Li, Methodologies in visualizing the activation of 
CRISPR/Cas: the last mile in developing CRISPR-Based diagnostics and biosensing 
– a review, Anal. Chim. Acta 1205 (2022), 339541-339541. 

[9] J.S. Gootenberg, O.O. Abudayyeh, J.W. Lee, P. Essletzbichler, A.J. Dy, J. Joung, 
V. Verdine, N. Donghia, N.M. Daringer, C.A. Freije, C. Myhrvold, R. 
P. Bhattacharyya, J. Livny, A. Regev, E.V. Koonin, D.T. Hung, P.C. Sabeti, J. 
J. Collins, F. Zhang, Nucleic acid detection with CRISPR-Cas13a/C2c2, Science 356 
(2017) 438–442. 

[10] J.S. Chen, E. Ma, L.B. Harrington, M. Da Costa, X. Tian, J.M. Palefsky, J.A. Doudna, 
CRISPR-Cas12a target binding unleashes indiscriminate single-stranded DNase 
activity, Science 360 (2018) 436–439. 

[11] Y. Cao, J. Wu, B. Pang, H. Zhang, X.C. Le, CRISPR/Cas12a-mediated gold 
nanoparticle aggregation for colorimetric detection of SARS-CoV-2, Chem. 
Commun. (2021). 

[12] Y. Xiong, J. Zhang, Z. Yang, Q. Mou, Y. Ma, Y. Xiong, Y. Lu, Functional DNA 
regulated CRISPR-cas12a sensors for point-of-care diagnostics of non-nucleic-acid 
targets, J. Am. Chem. Soc. 142 (2019) 207–213. 

[13] C. Niu, C. Wang, F. Li, X. Zheng, X. Xing, C. Zhang, Aptamer assisted CRISPR- 
Cas12a strategy for small molecule diagnostics, Biosens. Bioelectron. 183 (2021), 
113196. 

[14] B. Li, Z. Shao, Y. Chen, An exonuclease protection and CRISPR/Cas12a integrated 
biosensor for the turn-on detection of transcription factors in cancer cells, Anal. 
Chim. Acta 1165 (2021), 338478. 

[15] Z. Ji, Z. Shang, M. Sohail, P. Wang, B. Li, X. Zhang, G. Chen, A CRISPR-enabled 
fluorometric biosensor for the sensitive detection of heparin antidote protamine 
based on programmable nuclease Cas12a, Sensor, Actuator. B Chem. 374 (2023), 
132709. 

[16] J. Shen, X. Zhou, Y. Shan, H. Yue, R. Huang, J. Hu, D. Xing, Sensitive detection of a 
bacterial pathogen using allosteric probe-initiated catalysis and CRISPR-Cas13a 
amplification reaction, Nat. Commun. 11 (2020) 267. 

[17] S. Xie, Z. Ji, T. Suo, B. Li, X. Zhang, Advancing sensing technology with CRISPR: 
from the detection of nucleic acids to a broad range of analytes – a review, Anal. 
Chim. Acta 1185 (2021), 338848. 

[18] M. Liang, Z. Li, W. Wang, J. Liu, L. Liu, G. Zhu, L. Karthik, M. Wang, K. Wang, 
Z. Wang, J. Yu, Y. Shuai, J. Yu, L. Zhang, Z. Yang, C. Li, Q. Zhang, T. Shi, L. Zhou, 
F. Xie, H. Dai, X. Liu, J. Zhang, G. Liu, Y. Zhuo, B. Zhang, C. Liu, S. Li, X. Xia, 
Y. Tong, Y. Liu, G. Alterovitz, G. Tan, L. Zhang, A CRISPR-Cas12a-derived 
biosensing platform for the highly sensitive detection of diverse small molecules, 
Nat. Commun. 10 (2019). 

Table 1 
The performances of HARRY in real sample analyses.  

Analytes Samplesa Content (nM) Spiked (nM) Detected (nM) Recovery (%)c RSD (n = 6, %) 

Cd2+ Water, Yangcheng Lake n.d.b 100 103.6 103.6 2.3 
200 204.9 102.5 1.8 
400 421.3 105.3 2.1 

AFB1 Peanut 40.6 20 59.8 96.0 2.4 
40 79.2 96.5 2.2 
60 102.3 102.8 2.5 

ATP Human serum n.d. 100 96.4 96.4 1.9 
200 206.5 103.3 1.7 
400 387.8 97.0 2.0  

a Samples were pretreated as described in Supplementary Material, and the dilution factors for water, peanut, and human serum were 3, 5, and 5, respectively. 
b n.d.: not detected. 
c Recovery: values are calculated by ([Detected] - [Content])/[Spiked] × 100%. 

B. Zhou et al.                                                                                                                                                                                                                                    

https://doi.org/10.1016/j.talanta.2022.124120
https://doi.org/10.1016/j.talanta.2022.124120
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref1
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref1
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref1
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref1
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref2
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref2
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref2
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref3
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref3
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref3
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref3
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref3
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref4
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref4
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref4
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref5
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref5
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref6
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref6
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref7
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref7
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref7
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref8
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref8
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref8
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref9
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref9
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref9
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref9
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref9
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref10
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref10
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref10
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref11
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref11
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref11
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref12
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref12
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref12
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref13
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref13
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref13
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref14
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref14
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref14
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref15
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref15
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref15
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref15
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref16
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref16
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref16
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref17
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref17
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref17
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref18
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref18
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref18
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref18
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref18
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref18


Talanta 254 (2023) 124120

8

[19] L. Peng, J. Zhou, G. Liu, L. Yin, S. Ren, S. Man, L. Ma, CRISPR-Cas12a based 
aptasensor for sensitive and selective ATP detection, Sensor. Actuator. B Chem. 320 
(2020), 128164. 

[20] S. Li, Q. Cheng, J. Liu, X. Nie, G. Zhao, J. Wang, CRISPR-Cas12a has both cis- and 
trans-cleavage activities on single-stranded DNA 28 (2018) 491–493. 

[21] S. Li, Q. Cheng, J. Wang, X. Li, Z. Zhang, S. Gao, R. Cao, G. Zhao, J. Wang, CRISPR- 
Cas12a-assisted nucleic acid detection, Cell Discov 4 (2018). 

[22] D.F. Savage, Cas14: big advances from small CRISPR proteins, Biochemistry 58 
(2019) 1024–1025. 

[23] L.B. Harrington, D. Burstein, J.S. Chen, D. Paez-Espino, E. Ma, I.P. Witte, J. 
C. Cofsky, N.C. Kyrpides, J.F. Banfield, J.A. Doudna, Programmed DNA destruction 
by miniature CRISPR-Cas14 enzymes, Science 362 (2018) 839–842. 

[24] G. Aquino-Jarquin, CRISPR-Cas14 is now part of the artillery for gene editing and 
molecular diagnostic, Nanomedicine 18 (2019) 428–431. 

[25] X. Ge, T. Meng, X. Tan, Y. Wei, Z. Tao, Z. Yang, F. Song, P. Wang, Y. Wan, Cas14a1- 
mediated nucleic acid detectifon platform for pathogens, Biosens. Bioelectron. 189 
(2021), 113350. 

[26] J. Hu, J. Zhou, R. Liu, Y. Lv, Element probe based CRISPR/Cas14 bioassay for non- 
nucleic-acid targets, Chem. Commun. 57 (2021) 10423–10426. 

[27] P. Wu, X. Ye, D. Wang, F. Gong, X. Wei, S. Xiang, J. Zhang, T. Kai, P. Ding, A novel 
CRISPR/Cas14a system integrated with 2D porphyrin metal-organic framework for 
microcystin-LR determination through a homogeneous competitive reaction, 
J. Hazard Mater. 424 (2022), 127690. 

[28] T.Y. Liu, G.J. Knott, D.C.J. Smock, J.J. Desmarais, S. Son, A. Bhuiya, S. Jakhanwal, 
N. Prywes, S. Agrawal, M. Díaz De León Derby, N.A. Switz, M. Armstrong, A. 
R. Harris, E.J. Charles, B.W. Thornton, P. Fozouni, J. Shu, S.I. Stephens, G. 
R. Kumar, C. Zhao, A. Mok, A.T. Iavarone, A.M. Escajeda, R. McIntosh, S. Kim, E. 
J. Dugan, J.R. Hamilton, E. Lin-Shiao, E.C. Stahl, C.A. Tsuchida, E.A. Moehle, 
P. Giannikopoulos, M. McElroy, S. McDevitt, A. Zur, I. Sylvain, A. Ciling, M. Zhu, 
C. Williams, A. Baldwin, K.S. Pollard, M.X. Tan, M. Ott, D.A. Fletcher, L.F. Lareau, 
P.D. Hsu, D.F. Savage, J.A. Doudna, Accelerated RNA detection using tandem 
CRISPR nucleases, Nat. Chem. Biol. (2021). 

[29] B. Li, A. Xia, S. Zhang, T. Suo, Y. Ma, H. Huang, X. Zhang, Y. Chen, X. Zhou, 
A CRISPR-derived biosensor for the sensitive detection of transcription factors 
based on the target-induced inhibition of Cas12a activation, Biosens. Bioelectron. 
173 (2021), 112619. 

[30] Y. Chen, X. Yan, W. Yang, J. Wang, Q. Lu, B. Li, W. Zhu, X. Zhou, A signal 
transduction approach for multiplexed detection of transcription factors by 

integrating DNA nanotechnology, multi-channeled isothermal amplification, and 
chromatography, J. Chromatogr. A 1624 (2020), 461148. 

[31] T. Suo, M. Sohail, Y. Ma, B. Li, Y. Chen, X. Zhang, X. Zhou, A versatile turn-on 
fluorometric biosensing profile based on split aptamers-involved assembly of 
nanocluster beacon sandwich, Sensor. Actuator. B Chem. 324 (2020), 128586. 

[32] T. Suo, M. Sohail, S. Xie, B. Li, Y. Chen, L. Zhang, X. Zhang, DNA nanotechnology: a 
recent advancement in the monitoring of microcystin-LR, J. Hazard Mater. 403 
(2021), 123418. 

[33] Y. Zhao, X. Zuo, Q. Li, F. Chen, Y. Chen, J. Deng, D. Han, C. Hao, F. Huang, 
Y. Huang, G. Ke, H. Kuang, F. Li, J. Li, M. Li, N. Li, Z. Lin, D. Liu, J. Liu, L. Liu, 
X. Liu, C. Lu, F. Luo, X. Mao, J. Sun, B. Tang, F. Wang, J. Wang, L. Wang, S. Wang, 
L. Wu, Z. Wu, F. Xia, C. Xu, Y. Yang, B. Yuan, Q. Yuan, C. Zhang, Z. Zhu, C. Yang, 
X. Zhang, H. Yang, W. Tan, C. Fan, Nucleic Acids Analysis, Sci. China: Chem 64 
(2021) 171–203. 

[34] M. Lv, W. Zhou, H. Tavakoli, C. Bautista, J. Xia, Z. Wang, X. Li, Aptamer- 
functionalized metal-organic frameworks (MOFs) for biosensing, Biosens. 
Bioelectron. 176 (2021), 112947. 

[35] Z. Wu, D. Sun, H. Pu, Q. Wei, A novel fluorescence biosensor based on CRISPR/ 
Cas12a integrated MXenes for detecting Aflatoxin B1, Talanta 252 (2023), 123773. 

[36] Y. Wang, D. Zhang, Y. Zeng, Y. Sun, P. Qi, Simultaneous ultrasensitive ADP and 
ATP quantification based on CRISPR/Cas12a integrated ZIF-90@Ag3AuS2@Fe3O4 
nanocomposites, Biosens. Bioelectron. 218 (2022), 114784. 

[37] H. Kim, S. Lee, J. Yoon, J. Song, H.G. Park, CRISPR/Cas12a collateral cleavage 
activity for simple and rapid detection of protein/small molecule interaction, 
Biosens. Bioelectron. 194 (2021), 113587. 

[38] X. Ma, W. Wang, X. Chen, Y. Xia, S. Wu, N. Duan, Z. Wang, Selection, 
identification, and application of Aflatoxin B1 aptamer, Eur. Food Res. Technol. 
238 (2014) 919–925. 

[39] L.S. John Ho, R. Fogel, J.L. Limson, Generation and screening of histamine-specific 
aptamers for application in a novel impedimetric aptamer-based sensor, Talanta 
208 (2020), 120474. 

[40] Y. Zhu, Y. Wang, B. Zhou, J. Yu, L. Peng, Y. Huang, X. Li, S. Chen, X. Tang, 
X. Wang, A multifunctional fluorescent aptamer probe for highly sensitive and 
selective detection of cadmium(II), Anal. Bioanal. Chem. 409 (2017) 4951–4958. 

[41] D.E. Huizenga, J.W. Szostak, A DNA aptamer that binds adenosine and ATP, 
Biochemistry 34 (2002) 656–665. 

[42] L.C. Bock, L.C. Griffin, J.A. Latham, E.H. Vermaas, J.J. Toole, Selection of single- 
stranded DNA molecules that bind and inhibit human thrombin, Nature 355 (1992) 
564–566. 

B. Zhou et al.                                                                                                                                                                                                                                    

http://refhub.elsevier.com/S0039-9140(22)00916-X/sref19
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref19
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref19
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref20
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref20
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref21
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref21
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref22
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref22
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref23
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref23
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref23
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref24
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref24
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref25
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref25
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref25
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref26
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref26
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref27
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref27
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref27
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref27
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref28
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref28
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref28
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref28
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref28
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref28
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref28
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref28
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref28
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref29
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref29
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref29
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref29
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref30
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref30
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref30
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref30
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref31
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref31
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref31
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref32
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref32
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref32
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref33
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref33
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref33
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref33
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref33
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref33
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref34
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref34
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref34
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref35
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref35
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref36
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref36
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref36
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref37
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref37
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref37
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref38
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref38
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref38
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref39
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref39
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref39
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref40
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref40
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref40
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref41
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref41
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref42
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref42
http://refhub.elsevier.com/S0039-9140(22)00916-X/sref42

	CRISPR/Cas14 provides a promising platform in facile and versatile aptasensing with improved sensitivity
	1 Introduction
	2 Methods and materials
	2.1 Materials
	2.2 The analysis of targets using HARRY
	2.3 The analysis of ATP using Cas12a

	3 Results and discussion
	3.1 The principle of Cas14a-based aptasensor
	3.2 The verification of HARRY in ATP sensing
	3.3 The versatility of HARRY
	3.4 The performances of HARRY in biosensing
	3.5 HARRY in real sample analysis

	4 Conclusion
	Credit author statement
	Declaration of competing interest
	Data availability
	Acknowledgments
	Appendix A Supplementary data
	References


