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Early-diagnosis and treatments of skin and soft tissue infections remain a huge challenge due to the difficulties in
the detection of trace amounts of bacteria. We develop here a novel method through CRISPR-Cas12a based
recycling signal amplification cascades and demonstrated its feasibility of Staphylococcus aureus detection in a
sensitive and accurate way. The highlights of the proposed method are calculated as: i) the designed allosteric

probe is responsible for accurate identification of SA through PBP2a-specific aptamer; ii) high sensitivity from
three processes, including DNA polymerase-based target SA release, Nb.BbvCI enzyme induced ssDNA generation
and attached CRISPR-Cas12a. As a result, the proposed method exhibited a detection range from 10° to 10% CFU/
ml. Eventually, we believe that the proposed method could be expanded for the construction of diverse sensing
platforms for detecting different trace bacteria.

1. Introduction

Skin and soft tissue infections (SSTIs) are a broad spectrum of dis-
eases involving microbial invasion to the layers of the skin and under-
lying soft tissues with variable presentation, cause, and severity
(Esposito et al., 2019; Tognetti et al., 2012). During the past few de-
cades, the significantly increased incidence of SSTIs have led to a dra-
matic increased economic burden for both hospital and community
healthcare (Esposito et al., 2017; Grammatikos and Falagas, 2014). A
variety of studies have reported that SSTIs occupied a substantial cause
of ambulatory and emergency department visits with mild-to-serious
life-threatening infections (Fritz et al., 2013; Zehtabchi et al., 2016).
Although, infected microbiology of SSTIs changes according to the
different severity and clinical features, Staphylococcus aureus still
compose the leading cause of both uncomplicated infections and
complicated infections (Bassetti et al., 2017; Nelson et al., 2017). In
recent years, treatments for MRSA (Methicillin-Resistant Staphylococcus
aureus) related SSTIs became challenging due to the recent emergence of
multidrug resistant pathogens. Moreover, early detection of causative
MRSA of SSTIs is crucial for prescribing an effective treatment before the
disease progresses (Park et al., 2019). Therefore, accurate and sensitive
analysis of Staphylococcus aureus will contribute to selecting an adequate
antimicrobial treatment, limiting broad-spectrum antibiotic therapy and
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reducing morbidity and mortality.

The most conventional method for bacteria detection both in clinical
and experimental laboratory is culture incubation (Zasedatelev et al.,
2010). Even though culture incubation is widely applied method for
bacteria identification and could provide accurate identification report,
it is also criticized for long incubation time (2-4 days), heavy labor re-
quirements. The later-developed PCR based molecular techniques could
greatly reduce the detection time and improve detection sensitivity in an
effective and specific way due to the attached signal amplification
(Wang et al., 2020; Chen et al., 2016; Dave et al., 2019; Wang et al.,
2016). However, the PCR based methods are faced with some inevitable
shortcomings, such as the requirements of long and laborious protocols
which can take several hours, trained personnel, thermal cycle and
specialized equipment (Guilini et al., 2015; Wang et al., 2017; Xu et al.,
2020). The above-mentioned drawbacks of the bacteria detection
methods have raised the concern for novel analytical systems capable of
accurate and rapid identification, sensitive quantification, and easy-to-
operate detection of bacteria. In recent years, diverse bacteria detec-
tion methods have been proposed and successfully employed to the
detection of bacteria based on Surface plasmon resonance (SPR),
florescence, colorimetrical, electrochemical. These methods have made
some progress to culture incubation and PCR-based methods and
partially settled the drawbacks. Among them, florescence-based bacteria
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detection methods have attracted abundant attention due to its easy-to-
operate characteristics, much improved sensitivity and specificity. For
example, Liqi Xu et al. developed a novel MRSA detection strategy
through integrating the rolling circle amplification and CRISPR-Cas
system after dual aptamer-based target bacteria recognition (Li et al.,
2020). In addition, Jestis Maldonado et al. also provided a rapid method
for the identification of nosocomial pathogens within the clinical re-
quirements of sensitivity for the diagnosis of infections using a nano-
photonic interferometric biosensor (Maldonado et al., 2020). Even
though all these methods have been employed to sensitively detection of
bacteria, a improve sensitivity sensing system is also in highly demand
for bacteria detection, especially for those SSTIs patients in early in-
fectious stage with negligible bacterial infection.

Herein, we propose here a novel MRSA detection strategy that could
accurately identify and sensitive quantification of MRSA in both clinical
and experimental conditions. In the method, we have designed an
allosteric probe to specially identify surface protein of MRSA and thus
initiate the following allosterism. Afterwards, released section in the
allosteric probe hybridize with the designed hairpin probe and thus
unfold it. With the assistance of DNA polymerase and the hybridization
section as a primer, a double-strand DNA is generated and the bacteria
was relapsed from allosteric probe. In combination with nicking site
enzyme based nicking site generation and trans-cleavage activity of
CRISPR-Cas system, florescence signals are produced and are correlated
with the amounts of SA.

2. Result and discussion
2.1. Principle illustration of the proposed method

The working mechanism of the proposed method for MRSA detection
is illustrated in Scheme 1. In the method, we have firstly designed an
allosteric probe, which is composed of two active parts: PBP2a-specific
aptamer (blued) and initiator (red). Notably, penicillin-binding pro-
teins 2a (PBP2a) are a protein found on the surface of Methicillin-
Resistant Staphylococcus aureus (MRSA). In the original state, the
designed allosteric probe is in a harpin structure through the hybridi-
zation section between the two active parts. Furthermore, we have also
designed a hairpin structure probe with a nicking enzyme recognition
site in loop section (brown) and the probe could be unfold by the
initiator in allosteric probe. When target MRSA existed, PBP2a-specific
aptamer section in allosteric probe could specially recognize and bind
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with PBP2a protein on the surface of MRSA, and consequently lead to
the release of initiator section. Afterwards, the released initiator section
in the probe could then hybridize with the designed hairpin probe and
gradually unfolded it. With initiator in allosteric probe and its comple-
mentary section in hairpin probe as primer, a dsDNA sequence is
generated under the assistance of DNA polymerase and thus lead to the
release of MRSA. As a result, the released MRSA could then initiate a
next signal cycle. In the obtained dsDNA sequences, the nicking site
could be identified by Nb.BbvCl enzymes and the complementary
sequence would be cut by the enzyme. Afterwards, the generated nick-
ing site would be extended by DNA polymerase and thus continuously
produce single-strand DNA sequences. The produced ssDNA sequences
could then be recognized by CRISPR-Casl2a system and initiate the
trans-cleavage activity of it. As a result, the surrounding florescence
probes, whose two terminals are labeled with florescence moiety and
corresponding quenching moiety, would be cut and the obtained
florescence signals is positively correlated with the amounts of MRSA.

2.2. Investigation of the designed allosteric probe and hairpin probe

The designed allosteric probe is responsible for accurately identify
the MRSA and induce the following signal amplification process.
Therefore, we firstly investigate the recognized specificity of the
designed allosteric probe through a florescence assay. The florescence
experiments details are illustrated in Fig. 1a. As shown in Fig. 1b, the
obtained florescence intensity greatly increased when the target MRSA
existed, while no obvious florescence enhancements are observed when
MRSA absent. Meanwhile, we also monitored the florescence intensity of
the allosteric probe when mixed with Escherichia coli, which has no
PBP2a protein on its surface. The florescence intensity of allosteric probe
incubated with Escherichia coli showed no significant increasements
compared with the control group, indicating that the designed allosteric
probe could specially recognize the PBP2a protein on the surface of
MRSA and thus initiate its allosterism, while showed no activation with
other bacteria. Afterwards, we studied the hybridization between active
allosteric probe and hairpin probes through labeling a florescence
moiety and corresponding quenching moiety on the two terminals of
hairpin probes (Fig. 1c). From the result in Fig. 1d, we have observed a
significantly enhanced florescence intensity when MRSA existed while
no obvious increasements are observed when MRSA is absent, thus
demonstrating the successful unfold of hairpin probe by active allosteric
probes. We then studied the feasibility of the proposed method for MRSA
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Scheme 1. The working principle of the proposed CRISPR-Cas12a based recycling signal amplification cascades detection methods for MRSA detection.
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Fig. 1. Investigation of the designed allosteric probe and hairpin probe. (a) illustration of the allosterism process of allosteric probe to recognize MRSA. (b)
florescence spectrum of the allosteric probe for MRSA and E-coli recognition. (c) illustration of the process to investigate the feasibility of hairpin probe. (d)
florescence intensity of the hairpin probe. (e) florescence spectrum of the sensing system.
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Fig. 2. Experimental conditions optimization of the proposed method. (a) florescence intensity of the proposed method with DNA polymerase of different con-
centrations. (b) florescence intensity of the proposed method with Nb.BbvCI enzyme of different concentrations. (c) florescence intensity of the proposed method with
different incubation time.
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detection. It is obvious from the result in Fig. le, the florescence in-
tensity of the sensing system greatly increased, which is about 2.5 times
higher than that without CRISPR-Cas12a system, suggesting the signal
amplification ability of the method. In addition, we have observed no
significant florescence enhancements when the Nb.BbvCI enzyme or the
DNA polymerase enzymes absent.

2.3. Experimental conditions optimization of the proposed method

We then optimized the experimental conditions of the proposed
method, including the concentration of the DNA polymerase enzymes
and Nb.BbvCI enzyme, the incubation time of allosteric probes with
target MRSA. DNA polymerase plays an important role in the release of
MRSA and initiate the following cycles. Therefore, we investigated the
concentrations of DNA polymerase in the sensing system through
monitoring the florescence intensity with different concentrations of
DNA polymerase. From the result in Fig. 2a, the obtained florescence
intensity gradually increased with the increasements of DNA polymerase
concentration ranging from 0.1 U/L to 1 U/L and no more attached
increasements were observed when the concentration more than 1 U/L.
Therefore, the optimized DNA polymerase concentration was deter-
mined 1 U/L. Meanwhile, the concentration of Nb.BbvCI enzyme is also
studied through a florescence assay and determined as 0.5 U/L (Fig. 2b).
We then investigated the incubation time of allosteric probes with target
MRSA. As shown in Fig. 2c, the obtained florescence intensity gradually
increased with the incubation time ranging from 0-45 min and no more
increasements were observed when incubated for more than 45 min,
indicating that incubated for about 45 min could proved an optimized
detection performance.

2.4. Detection performance of the proposed method

Considering the robust signal amplification and output efficiency, we
have then applied the proposed method for MRSA detection under
optimized experimental conditions. From the result in Fig. 3a, we have
observed negligible florescence intensity increasements compared with
the control group when MRSA absent. The standard MRSA samples with
different concentrations were obtained through dilution of original
sample whose concentration was determined through culture incuba-
tion. Afterwards, the obtained MRSA samples were applied for the
investigation of the proposed method. When the concentrations of
MRSA increased from 102 CFU/ml to 10% CFU/ml, the fluorescence of
the sensing system was also gradually increased. In addition, we have
also measured linear correlation between the obtained fluorescence in-
tensity and concentrations of MRSA, and eventually obtained positive
correlation equation between florescence signals and the logarithm of
MRSA concentration (C) ranging from 10° to 10% CFU/ml (Fig. 3b),
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spanning over six orders of magnitude. The obtained equation was Y =
151.31g(C) + 58.99, with a correlation coefficient R? = 0.9965. From
our point of view, the favorable sensitivity of the method is mainly
ascribed to the three signal amplification processes, including DNA
polymerase induced recycle, Nb.BbvCI enzyme induced ssDNA genera-
tion and attached CRISPR-Casl2a. Besides the sensitivity, accurate
identification of MRSA from a variety of bacteria also raised a lot of
concerns. Thus, we have then studied the specificity of the method for
detection of different bacteria, including E. coli, P. aeruginosa, Kpn,
S. pneumoniae and their mixture. From the comparison florescence result
of result for different bacteria detection in Fig. 3c, only a weak signal
was observed when the E. coli, P. aeruginosa, Kpn and S. pneumoniae
existed compared with the florescence signals obtained from MRSA
detection. Furthermore, we have also employed the proposed method
for detection of bacteria mixture (E. coli, P. aeruginosa, Kpn,
S. pneumoniae and MRSA) and obtained a significantly enhanced
florescence signals compared with the bacteria alone.

3. Conclusion

Accurate and sensitive detection of MRSA play a pivotal role in the
early-diagnosis and SSTIs. Besides the traditional colony count method,
there have also reported two main methods that could successfully
applied for the bacteria detection: i) nucleic acids-based method through
integration with bacteria specific aptamer; ii) antibody-based method
for specific antigen identification. In details, the nucleic acids-based
methods have attracted substantial attention due to its capability to
initiate signal amplification processes.

Even though, there are still some drawbacks to be solved: i) many of
the former reported methods need a PBS buffer wash process, which lead
to complicated procedures and increase labor burdens; ii) a relatively
high cost of these methods limited their further amplification, especially
for undeveloped countries. Therefore, we proposed here a novel MRSA
detection method through combination of three signal amplification
processes, including DNA polymerase-based target MRSA release, Nb.
BbvCI enzyme induced ssDNA generation and attached CRISPR-Cas12a.
Consequently, the proposed method exhibited a detection range from
10° to 10% CFU/ml. we believe the proposed method would be versatile
for the detection of diverse bacteria, with an extraordinary specificity
and rapid amplification kinetics.

4. Experimental section
4.1. Chemicals and materials

Details of the oligonucleotides nucleic acid used in the experiment is
listed in Table S1. The oligonucleotides nucleic acid in this article was

_ 1200+ __ 1500~ 1000+
3 3 3 = E. coli
- - - * - A .
2 900+ z Y = 151.3*Ig(C) + 58.99 > 80 mm P. aeruginosa
§ 21000 R2=0.9965 g |
E 600 £ b= Em S. pneumoniae
8 8 3 Mixture
g 2 2 400~ i
2 g 5004 8 = SA
9 300 @ 8
e e ° £ 200+
o o 5
2 = 2
w o e
041 1 0 T T T 0
550 600 650 70 2 4 6

Wavelength (nm)

Concentration Ig(C)

Bacteria

Fig. 3. Feasibility of the proposed method for MRSA detection. (a) florescence spectrum of the proposed method for MRSA detection with different concentrations.
(b) equation correlation between the obtained florescence intensity concentrations of MRSA. (c) florescence intensity of the proposed method with different bac-
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brought and purified from Shanghai Sangon Biological Engineering
Technology & Services Co., Ltd. (Shanghai, China). The obtained oli-
gonucleotides nucleic acid was then diluted to 10 pM by HPLC water and
stored for the following experiments. The buffer related regents and
enzymes, such as bovine serum albumin (BSA), Tris(hydroxymethyl)
aminomethane hydrochloride (Tris-HCl), Thermas aquatics (Taq) DNA
polymerase and Nb.BbvCI enzyme were purchased from New England
BioLabs (MA, U.S.A.). EnGen ® Lba Casl2a enzymes were purchased
from BioLabs Tech Co., Ltd. (Beijing, China). E. coli (ATCC 25922),
MRSA (ATCC 17802), S. pneumoniae (ATCC 50761), P. aeruginosa (ATCC
19115) and Kpn (ATCC 13313) were obtained from the American Type
Culture Collection (ATCC).

4.2. Bacteria culture

We first incubate the target bacteria MRSA with 2.5% NaCl basic
protein in water at 37 °C for 18 h. We use Staphylococcus aureus to
cultivate the obtained strain in lysogenic broth (LB) medium: 37 °C (200
revolutions/min) for 12 h. Preparation of MRSA with different concen-
tration gradients: We first cultured the bacteria in a 3% NaCl alkaline
protein aqueous solution medium for 18 h, and then successively diluted
the cell suspension with each gradient of 50 pL. Finally, we put the
sample in a TCBS petri dish and incubate at 37 °C for 24 h. Then count
the colonies and record the average of the three parallel plates.

4.3. Investigation of the designed allosteric probe for target bacteria
recognition

We labeled the fluorescent probe and the corresponding quenching
group on both ends of the allosteric probe. The obtained purified and
diluted allosteric probe was then heat to 95 °C for 5 min and then slowly
cooled to room temperature. Then 5ul of the allosteric probe was mixed
with Staphylococcus aureus and other bacteria for 30 min. Eventually the
florescence signals were detected by Fluorescence spectrophotometer
Hitachi F-4700 (Beijing, China).

4.4. Working procedure of the method for target S. aureus detection

In order to explore the feasibility of the constructed method, we
diluted the cultured bacteria to a concentration of 4 x 10% 10 pl allo-
steric probe and 10 pl bacteria were mixed and incubated for 30 min,
and then 10 pl hairpin probe was added to react for 30 min. Then add 2
ul of DNA polymerase and 2 pl of the corresponding buffer to the system,
and react for 1 h. Then add nicking enzyme, 3 pl and corresponding
buffer 5 pl, react for 30 min. Finally, 5 pl of Casl2a enzyme, 3 pl of
sgRNA, 3 pl of fluorescent probe and 5 pl of corresponding buffer were
added, and the fluorescent signal was detected after 30 min of reaction.
The experiment to verify the sensitivity of the method used the above
steps, except that the bacteria were diluted with 1xPBS buffer to
different concentrations. Specificity studies use this procedure to detect
several different bacteria.

Data availability

All data associated with this study are available in the paper or the
Supplementary Materials.

Declaration of Competing Interest

All authors declare that they have no competing interests.

Journal of Microbiological Methods 183 (2021) 106167
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.mimet.2021.106167.

References

Bassetti, M., Carnelutti, A., Righi, E., 2017. The role of methicillin-resistant
Staphylococcus aureus in skin and soft tissue infections. Curr. Opin. Infect. Dis. 30, 1.

Chen, J., Dick, R., Lin, J.G., Gu, J.-D., 2016. Current advances in molecular methods for
detection of nitrite-dependent anaerobic methane oxidizing bacteria in natural
environments. Appl. Microbiol. Biotechnol. 100, 9845-9860.

Dave, V., Tak, K., Sohgaura, A., Gupta, A., Sadhu, V., Reddy, K.R., 2019. Lipid-polymer
hybrid nanoparticles: synthesis strategies and biomedical applications. J. Microbiol.
Methods 160, 130-142.

Esposito, S., Bassetti, M., Concia, E., De Simone, G., De Rosa, F.G., Grossi, P., Novelli, A.,
Menichetti, F., Petrosillo, N., Tinelli, M., Tumbarello, M., Sanguinetti, M., Viale, P.,
Venditti, M., Viscoli, C., Italian Society of, I., Tropical, D, 2017. Diagnosis and
management of skin and soft-tissue infections (SSTI). A literature review and
consensus statement: an update. J. Chemother. 29, 197-214.

Esposito, S., De Simone, G., Pan, A., Brambilla, P., Gattuso, G., Mastroianni, C.,
Kertusha, B., Contini, C., Massoli, L., Francisci, D., Priante, G., Libanore, M.,
Bicocchi, R., Borgia, G., Maraolo, A.E., Brugnaro, P., Panese, S., Calabresi, A.,
Amendola, G., Savalli, F., Geraci, C., Tedesco, A., Fossati, S., Carretta, A.,
Santantonio, T., Cenderello, G., Crisalli, M.P., Schiaroli, E., Rovere, P., Masini, G.,
Ferretto, R., Cascio, A., Colomba, C., Gioe, C., Tumbarello, M., Losito, A.R., Foti, G.,
Prestileo, T., Buscemi, C., Chiara, ., Iacobello, C., Sonia, S., Starnini, G., lalungo, A.,
Sapienza, M., Italian Society of, L., Tropical, D, 2019. Epidemiology and
microbiology of skin and soft tissue infections: preliminary results of a National
Registry. J. Chemother. 31, 9-14.

Fritz, S.A., Hogan, P.G., Camins, B.C., Ainsworth, A.J., Burnham, C.A.D., 2013.
Chemotherapy. In: Staphylococcus aureus Mupirocin and Chlorhexidine Resistance in
Patients with Community-Onset Skin and Soft Tissue Infections, p. 57.

Grammatikos, A.P., Falagas, M.E., 2014. Linezolid for the treatment of skin and soft-
tissue infections. Expert. Rev. Dermatol. 3, 539-548.

Guilini, C., Baehr, C., Schaeffer, E., Gizzi, P., 2015. New Fluorescein Precursors for Live
Bacteria Detection. J. Anal. Chem. 87, 8858-8866.

Li, Y., Li, X., Yang, F., Yuan, R., Xiang, Y., 2020. Target-induced activation of polymerase
activity for recycling signal amplification cascades for sensitive aptamer-based
detection of biomarkers. Analyst. https://doi.org/10.1039/DOAN02288H.

Maldonado, J., Gonzalez-Guerrero, A.B., Lechuga, L.M., Fernandez-Gavela, A., 2020.
Label-free detection of nosocomial bacteria using a nanophotonic interferometric
biosensor. J. Anal. 145.

Nelson, C.E., Chen, A., Mcandrew, L., Tay, K.Y., Balamuth, F.J.C.P., 2017. Management
of skin and soft-tissue infections before and after clinical pathway implementation.
Clin. Pediatr. https://doi.org/10.1177,/0009922817738329.

Park, S.G., Lee, H.S., Park, J.Y., Lee, H., 2019. Molecular epidemiology of Staphylococcus
aureus in skin and soft tissue infections and bone and joint infections in Korean
children. J. Korean Med. Sci. 34, e315.

Tognetti, L., Martinelli, C., Berti, S., Hercogova, J., Lotti, T., Leoncini, F., Moretti, S.,
2012. Bacterial skin and soft tissue infections: review of the epidemiology,
microbiology, aetiopathogenesis and treatment: a collaboration between
dermatologists and infectivologists. J. Eur. Acad. Dermatol. Venereol. 26, 931-941.

Wang, X., Li, X., Liu, S., Ren, H., Yang, M., Ke, Y., Huang, L., Liu, C., Liu, B., Chen, Z.J.S.
R., 2016. Ultrasensitive detection of bacteria by targeting abundant transcripts. Sci.
Rep. 6, 20393.

Wang, P., Pang, S., Pearson, B., Chujo, Y., Mclandsborough, L., Fan, M., He, L.J.A.,
Chemistry, B., 2017. Rapid concentration detection and differentiation of bacteria in
skimmed milk using surface enhanced Raman scattering mapping on 4-mercapto-
phenylboronic acid functionalized silver dendrites. Anal. Bioanal. Chem. 409,
2229-2238.

Wang, C., Cui, Y., Qu, X., 2020. Optimization of electrotransformation (ETF) conditions
in lactic acid bacteria (LAB). J. Microbiol. Methods 174, 105944.

Xu, L., Dai, Q., Shi, Z., Liu, X., Li, Z., 2020. Accurate MRSA identification through dual-
functional aptamer and CRISPR-Cas12a assisted rolling circle amplification.

J. Microbiol. Methods 173, 105917.

Zasedatelev, A.S., Sobolev, A.Y., Gryadunov, D.A., Lapa, S.A., Mikhailovich, V.M.,
Mirzabekov, A.D., Mirzabekova, N.V., 2010. Method for Simultaneous Detection of
Mycobacterium tuberculosis Complex and Identification of Mutations in Mycobacterial
DNA Resulting in the Resistance of Microorganisms to Rifampicin and Isoniazid on
Biological Microarrays, Set of Primers, Biochip, and Set of Oligonucleotide Probes
Used in the Method, US.

Zehtabchi, Shahriar, Subramaniam, Sathyaseelan, Bober, Jacqueline, Chao, Jennifer,
2016. Point-of-care ultrasound for diagnosis of abscess in skin and soft tissue
infections. Acad. Emerg. Med. 23, 1298-1306.


https://doi.org/10.1016/j.mimet.2021.106167
https://doi.org/10.1016/j.mimet.2021.106167
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0005
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0005
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0010
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0010
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0010
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0015
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0015
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0015
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0020
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0020
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0020
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0020
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0020
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0025
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0025
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0025
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0025
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0025
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0025
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0025
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0025
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0025
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0025
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0030
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0030
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0030
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0035
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0035
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0040
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0040
https://doi.org/10.1039/D0AN02288H
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0050
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0050
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0050
https://doi.org/10.1177/0009922817738329
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0060
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0060
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0060
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0065
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0065
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0065
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0065
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0070
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0070
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0070
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0075
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0075
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0075
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0075
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0075
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0080
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0080
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0085
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0085
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0085
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0090
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0090
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0090
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0090
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0090
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0090
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0095
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0095
http://refhub.elsevier.com/S0167-7012(21)00035-X/rf0095

	Accurate and sensitive analysis of Staphylococcus aureus through CRISPR-Cas12a based recycling signal amplification cascade ...
	1 Introduction
	2 Result and discussion
	2.1 Principle illustration of the proposed method
	2.2 Investigation of the designed allosteric probe and hairpin probe
	2.3 Experimental conditions optimization of the proposed method
	2.4 Detection performance of the proposed method

	3 Conclusion
	4 Experimental section
	4.1 Chemicals and materials
	4.2 Bacteria culture
	4.3 Investigation of the designed allosteric probe for target bacteria recognition
	4.4 Working procedure of the method for target S. aureus detection

	Data availability
	Declaration of Competing Interest
	Appendix A Supplementary data
	References


