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ABSTRACT

Circulating tumor DNA (ctDNA) plays an importantleoin the early diagnosis and
prognosis of several cancers and is a credible diken for predicting the response to
therapy. Additionally, the fact that the strateged to detect ctDNA is non-invasive
also adds to the advantages of using ctDNA for iptied) disease diagnosis and
prognosis. However, low abundance in peripherabdbland the high background of
wild-type DNA impair the precise and specific measnent of ctDNA. In this study,
we developed a novel 3D GR/AuPtRwnoflower sensing platform based on
CRISPR/Cas9 cleavage-triggered entropy-driven dtdasplacement reaction (ESDR)
for the effective detection of ctDNA. Low levels cfDNA could be detected using
this method as the ESDR amplification does requoraplicated operation procedures
and stringent reaction conditions. By combining #tkvantages of the site-specific
cleavage by “gene magic scissors,” Cas9/sgRNA, witlose of the rapid
amplification kinetics of entropy-driven strand mplecement, our method resulted in
amplification efficiency as well as high specificit for discriminating
single-nucleotide mismatches. The 3D GR/AuPtPd fiawer-based electrochemical
biosensor displayed high specificity and worthyf@enance in assays with human
serum. Therefore, this pioneered method provides a nevadigm for efficient
ctDNA detection and shows great potential for useclinical and diagnostic

applications.
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1. Introduction

Non-invasive “liquid biopsy,” involving the deteoti of circulating tumor DNA
(ctDNA), plays an important role in the early diagis and prognosis of several
cancers (Chi 2016; Santarpia et al. 2018). Thegpias of ctDNA in peripheral blood
implies that the tumor is progressing toward maliggy (Lim et al. 2018). DNA
enzyme inhibitors in the blood of tumor patienta @zhibit the degradation of ctDNA
in the plasma and lead to the accumulation of ctiiNperipheral blood. As effective
tumor-related biomarkers, ctDNAs are double-strandieculating DNA fragments
that carry tumor-specific sequence mutations aedpagsent in the cell-free fraction
of the blood (Wan et al. 2017).

Blood contains low levels of ctDNA (only 1% of célee DNA)(Kaiser 2010);
thus, its clinical quantitative detection is maifigsed on polymerase chain reaction
(PCR) techniques such as reverse transcription tigaiive PCR (RT-gPCR),
asymmetric PCR, and droplet digital PCR (ddPCR}€Kinova et al. 2014; Plagnol et
al. 2018). However, the requirement for a thernyaler and cumbersome operational
steps makes this approach difficult to implemenareas with limited resources and
as a point-of-care test. To date, various enzyrsestasl signal amplification methods,
including rolling circle amplification (RCA) (Wangt al. 2014), helicase-dependent
amplification (HDA) (Barreda-Garcia et al. 2015ndaexponential amplification
reaction (EXPAR) (Li et al. 2016), have been emptbjo overcome the limitations of
standard PCR methods. The use of enzymes in thasegses significantly enhances
the detection sensitivity, however, it may lead nion-specific and false-positive
signals. Moreover, enzymes are expensive and dimgraeaction conditions to
ensure optimal enzymatic activity is challenging.

Entropy-driven strand displacement reaction (ESDRpromising enzyme-free
reaction, employs several single-stranded DNA (s&Phholecules that are driven
forward thermodynamically by the entropic gain ibelated molecules (Chen et al.

2016; Qian and Winfree 2011). ESDR has prominentiathges, which include its
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simple design, speed, stability, and low non-spebéckground signals compared to
other signal amplification strategies (He et aR@0 To date, ESDR has been used for
the detection of nucleic acids, and it has been usenolecular circuits (Peng et al.
2017) and DNA nanoswitches (Liu et al. 2018; Zhah@l. 2020). However, ESDR
must be triggered by an accurate primer chain, yaf&etor in this amplification
method, which may seriously affect the practicalleation of ESDR.

Recently, CRISPR/Cas9 (clustered regularly intezsgashort palindromic
repeats/CRISPR-associated nuclease 9) has emesgadnavel tool for accurate
nucleic acid detection owing to its high efficienapd speed (Chen et al. 20174a;
Nishimasu et al. 2018). Cas9 serves as a prograteamableic acid “nicking” tool for
site-specific cleavage of target ssDNA sequenced,hes the advantages of simple
composition and high cutting efficiency (Haapanieshial. 2018; Hu et al. 2018).
Under the guidance of sgRNA, the Cas9 protein &tatthe Protospacer Adjacent
Motif (PAM), and cleavage the DNA chain near theMPéite. Thusa long target DNA
sequence can be selectively cleaved by Cas9/sjuglie RNA (sgRNA) and provide
a precise primer target chain for ESDR, ensurireg#igity of signal amplification.

The use of biosensors is promising for the earliecd®n and diagnosis of
nucleic acid. To improve the sensitivity of electinemical DNA biosensors,
nanomaterials such as mesoporous silica, metahomaterials (Lu et al. 2018; Zhao
et al. 2019), and graphene have been used in rgeard (Chen et al. 2017b;
Vermisoglou et al. 2020). The self-assembled tldieeensional structural of
graphene (3D GR) has been widely used in electrdenmices, supercapacitors, and is
a promising electrocatalyst has been exploredifisdmsors(Chen et al. 2018; Feng et
al. 2015). Owing to the low charge transfer resistaand abundant active sites of the
3D GR lamellar structure, its composite with nantenals made of noble metals,
such as gold (Au)(Zeng et al. 2018), silver (Ag){yaet al. 2018), palladium
(Pd)(Yan et al. 2019), or platinum (Pt)(SalamifaxdaLai 2014), shows better
performance when coupled with electrochemical Mieses. Trimetallic

nanomaterials consisting of different metal elersegenerally possess several
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characteristics that are better than those of singdtal and bimetallic constituents,
such as higher electrocatalytic activity and chaingtability (Dou et al. 2018; Yan et
al. 2018). Moreover, due to their highly branchedl dlower-like structures, they
exhibit an improved catalytic activity.

In this study, a CRISPR/Cas9 triggered ESDR systmased on the 3D
GR/AuPtPd nanoflower biosensor was successfullgttooted to detect the mutated
epidermal growth factor receptor (EGFR) ctDNA fdretfirst time. The guiding
principle of the technique has been elaboratedgnrg 1. The “nicking” tool of the
Cas9/sgRNA complex rapidly recognized and cleahedtarget in the original DNA
sequence. This novel approach provided the prguisger target chain required for
the subsequent ESDR step. Next, the target DNAdrigd the ESDR that created a
triplicate DNA substrate probe, formed by the T, Rnd S1 chains. The trigger
resulted in the release of the initial target segeewhich acted as a promoter for the
next cycle, thereby providing highly superimposeghal variations. Finally, the 3D
GR/AuPtPd hybridized nanoflowers were confirmed tme an excellent
electrochemical sensing platform, which signifiédgreénhanced the sensitivity for
CctDNA detection using the CRISPR/Cas9-triggered BSDhis innovative strategy
can serve as a versatile DNA detection method faaralysis and clinical

diagnostics.
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118  Figure 1. Schematic of the principle of the CRISPR/Cas9-ergd ESDR based on a
119 3D GR/AuPtPd nanoflower biosensor. (HDPC, hexagseidinium chloride
120 monohydrate; AA, L-ascorbic acid; CP, Capture prole&CE, glassy carbon

121 electrode).

122
123 2. Experimental section
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2.1. Apparatus and Materials

Morphological characterization of the nanomateneds performed using a Nova
400 scanning electron microscope (SEM) (FEI, Hdlsh ORE, USA) and JEM-2100
transmission electron microscope (TEM) (Hitachipalg. X-ray photoelectron
spectroscopy (XPS) was characterized using an E3BAI250 spectrometer
(Thermo Electron, U.K.). The specific surface aredsthe nanomaterials were
determined by a surface area analyzer (NOVA 200f&3n§achrome) using physical
adsorption/desorption of Mt the liquid-N temperature. PCR was performed using a
gradient PCR cycler (Eppendorf, Hamburg, Germaayd, electrophoresis gel images
were visualized using a UV transilluminator (BioeRa Hercules, USA).
Electrochemical measurements were performed usi@iHBO0OE workstation (CH
Instruments, Austin, TX, USA).

Cas9 protein, T7 RNA polymerase, and reaction buffere purchased from
Genscript  (Piscataway, NJ. USA). Pluronic F127 (Mw 12,600),
hexadecylpyridinium chloride monohydrate (HDPC, 98%Yraphene oxide powder,
HAuCI4(99%), Tris-HCI, 6-mercapto-1-hexanol (MCH), JRaCl, (98%), L-ascorbic
acid (AA), and kPtCL (99%) were purchased from Sigma-Aldrich (St. LolK),
USA). The detection sequence selected the 15dedtetiin Exon 19 of EGFR. All
oligonucleotides were synthesized and purified $jmdke BioTech (Tsingke, China),
and the sequences are listed in Table S1. All otbagents were purchased from

Chengdu Kelong Chemical (Chendu, China).

2.2 Synthesis and purification of SgRNA

Fill-in PCR was performed according to the follogrinprotocol: initial
denaturation at 95 °C for 2 min; 35 cycles of 95f6€15 s, 65 °C for 30 s, and 72 °C
for 1 min; and a final extension at 72 °C for 2 miime two PCR products were used

as templates for T7 RNA polymerase-mediated traosmn. SgRNAs were
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transcribed using the HiScribe T7 Quick High YiddNA Synthesis Kit (Tiangen
Biotech, Sichuan, China). The transcribed sgRNAsevperrified using the RNAclean
Kit (Sangon Biotech, Shanghai, China). sgRNAs wstozed at —80 °C for further

use.

2.3 In vitro Cas9/ sgRNA cleavage assay

First, Cas9 nuclease (ij) and sgRNA (200 ng) were added to a reactionurext
(20 uL) containing reaction buffer (10X, RNase-fregd), and preincubated at 25 °C
for 5 min. Second, different concentrations of ¢argsDNA substrate were added into
the mixed solution and incubated at 37 °C for 6@.niihird, the final reaction was
terminated after heating at 70 °C for 10 min, agdrase gel electrophoresis was

performed to visualize the cleavage products.

2.4 ESDR

T1 (3 uM) and R1 (3uM) were first incubated with the S1 chain &) in a
hybridization solution at 90 °C for 10 min, andeaftooling to 25 °C, the substrate
probe was obtained. Next, the trigger (1) was added to the reaction solution.
Subsequently, the target obtained from Cas9 cleayagducts was added and
incubated to facilitate the strand displacementlecyeaction for attaining signal

amplification.

2.5 Synthesis of 3D GR/AuPtPd nanoflowers

The 3D GR/AuPtPd nanoflowers were synthesized usingodified one-step
wet-chemical method(Huang et al. 2013). First, étir F127 (4.3 mg) and HDPC
(0.35 mg) were dissolved in an aqueous soluth mL). Second, HAUGI(10 mM,
30 uL), KoPtCly (10 mM, 120uL), and NaPdCl, (10 mM, 120uL) were sequentially

8
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added to the aqueous solution and gently stirrethab they combined effectively.
Then, 3D GR (40QL, 2 mg mLY) was added and sonicated for 30 min. Next, AA (30
mM, 350uL) was added with continuous stirring for 1 h. Tesulting solution was
centrifuged and cleaned with double-distilled water obtain the 3D GR/AuPtPd

nanoflowers.

2.6 Biosensor fabrication and electrochemical debec

First, the surface of the glassy carbon electré@€K) was cleaned and coated
with 5 pL of 3D GR/AuPtP@ mg mL™Y), followed by the addition of 5 pL of the
capture probe (CP) (0.01 uM) and incubated for 30 at 30 °C to immobilize
5'-thiolated CP. Cyclic voltammetry (CV) was perfouneith cycling at a potential
ranging from -0.2 to +0.6 V at a scan rate of 10& m'. Square wave
voltammograms (SWVs) were recorded with 0.9 V soarement and 3 V amplitude.
Electrochemical impedance spectral (EIS) invesbgatwas performed over a
frequency range of I6to 10 Hz in [Fe(CN)]*7* (3 mM) containing KCI (0.1 M).
Next, 10uL of the Cas9-ESDR solution was dropped onto thé3DFGR/AuPtPd
/IGCE for 60 min at 25 °C and terminated with a ¢hseep washing step with buffer.
Lastly, differential pulse voltammetry (DPV) wasrfeemed at -0.4 to +0.2 V at a

sweeping rate of 100 mV$o test the electrochemical response.

3. Results and discussion

3.1 Feasibility analysis of the CRISPR/Cas9 system

Sodium dodecyl sulfate-polyacrylamide gakectrophoresis (SDS-PAGE) was
employed to validate the expression of Cas9 prot&grshown in Figure 2A, the
visible 160.5 kDa protein band of purified Cas9n@.i5) was consistent with the

expected molecular weight. The synthesized sgRN# wisualized on a 2% agarose

9
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gel (Fig. 2B), which met the requirements of subsed cleavage experiments.
Subsequently, the dsDNA substrate was incubatdu tivé Cas9/sgRNA mixture and
the cleavage products were detected (Fig. 2C).pbiséion of the probe revealed that
the large fragment was approximately 200 bp in sizé the smaller fragment was
150 bp in size. The obtained bands in the electrggibgram were consistent with the
predicted length, indicating that the designed Gag®NA precisely performed the

intended cleavage vitro.

A

Cas9/sgRNA

y_ }’

577 -
sgRNA :
TCGCTATCAAGACATCTCCGGUUUUAGAGCUAGAAAU
AGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUG
AAAAAGUGGCACCGAGUCGGUGCU

B M C M

sgRNA  Cleaved fragments ~ ct DNA

Figure 2. (A) SDS-PAGE analysis of Cas9 proteins. M: protemarker, Gel
electrophoresis of the (B) synthesized sgRNA and [@NA samples after
Cas9/sgRNA cleavage.

3.2 Characterization of the 3D GR/AuPtPd nanoflaver

The morphology of 3D GR/AuPtPd was studied usingSéhd TEM. 3D GR
looked like a hydrangea with several thin lamedimuctures (Fig. 3A), indicating the
presence of a three-dimensional structure with rgelapecific surface area. The
micellar templates of Pluronic F127 and HDPC mayeheontributed to the formation
of branched hybridized trimetallic nanoflowers. grthis process, a part of the Au
precursor is first reduced as the initial seedhen3D GR substrate owing to the more

positive standard reduction potential of Au iorfgert, the Au, Pt, and Pd sources

10
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rapidly nucleate, resulting in numerous aggregatachetallic nanostructures
uniformly distributed on the surface of the 3D GBnasheets. Compared with the
original 3D GR nanosheets (inset in Fig. 3B), thePA#d are well separated and
uniformly dispersed on the 3D GR surface (Fig. 3BEM characterization further
confirmed the details of the 3D GR/AuPt€amplexes. As shown in Fig. 3C-E, the
size of the AuPtPd trimetallic nanohybrids, whiddha highly branched nanoflower
structure, was approximately 20-40 nm. Thealsorption-desorption isotherms are
given in Figure S1. The specific surface area & #uPtPd, 3D GR and 3D
GR/AuUPtPd calculated using the multipoint Bruna&snmett—Teller (BET) method
is 148.6 M ¢g*, 2185 M ¢g* and 397.8 m g*, respectively. This indicates the
fabrication of AuPtPd onto the 3D GR nanosheetsdcimerease their specific surface
area and facilitate electron transfer due to thendbant trimetallic branches. Energy
dispersive spectroscopy (EDS) profile (Fig. 3F) aheimental mapping image (Fig.
3G) confirmed that the nanoflowers were mainly cosgal of C, Au, Pt, and Pd, as
expected. XPS was taken to analyze the chemicapasition and surface atomic
state of the 3D GR/AuUPtPd further. The peaks asegasd to the binding energies of
Pt4f, Au4f, Cls, Pd3d, and O1ls, respectively (B8). All results confirmed that
AuPtPd were successfully anchored on the 3D GRsiaads.

11
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Figure 3. (A) SEM images of the 3D GR nanosheets and (B) RdRtanoflower

structures. (C, D) TEM and (E) high-resolution ThHNages of the 3D GR/AuPtPd.
(F) SEM-EDS profile and (G) EDS elemental mappm@gge of 3D GR/AuPtPd.

3.3 Electrochemical characterization of the biosens

When 3D GR were modified on the surface of the GGEve b), the CV peak
current was substantially higher than that for Ba€E (curve a), indicating that 3D
GR served as an ideal electrically conductive nedtdor the acceleration of the
electron transfer rate of [Fe(Ci{j/* (Fig. 4A). The 3D GR/AuPtPaanoflowers
were assembled on the GCE, and the peak currergased significantly (curve c)
owing to the synergistic enhancement of the catabgtivity driven by the trimetal
hybrid nanoflowers and 3D GR nanosheets complekks. CV current decreased
(curve d) once the SH-modified captured probes waraobilized on the surface of

the 3D GR/AuPtPd nanoflowers. The redox peaks désweased after the MCH was

12



267  immobilized, because it prevented further electransfer (curve e). The peak current
268 further decreased (curve f) after the addition led Cas9/ESDR products due to a

269  negative charge enhancement triggered by the hyhtidn reaction.
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271 Figure4. (A) CV response of different modified electrodes. E$ characteristics of
272  different modified electrodes in Fe (GRJ* (1 mM) containing KCI (0.1 M) solution.
273  (C) Feasibility analysis of the CRISPR/Cas9-trigger&DR method. (D) Specificity
274 of the biosensor.

275 EIS is an effective tool to verify the electronnséer resistance (Ret) in biosensor
276  dynamic modification processes. As depicted in BB}, subsequent to the formation
277  of highly branched nanoflower-like structures, asiderably lower Ret was observed
278  for 3D GR/AUPtPd (curve c) compared with that f& GR (curve b), implying that
279 trimetal nanoflowers facilitate a faster interfdcieharge transfer and play an
280 important role in accelerating the transfer of etmts. The Ret increased after the
281 immobilization of Cp (curve d), suggesting that 8iddified probes were

282  successfully deposited on the surface of 3D GR/RdRtanoflowers. An increase in
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Ret was observed after addition of MCH (curve ehiclw was attributed to the
inhibitory effect of MCH on electron permeation.té&f hybridization, an increase in
Ret was further observed (curve f), implying thlaé thucleic acid molecule had
hybridized and added a negative charge. Thesetsesuifirmed that each step in the

biosensor fabrication had been performed succdgsful

3.4 Feasibility and specificity of the novel biosen

To investigate the feasibility of this biosensdre tSWV responses of different
electrodes were determined (Fig. 4C). No obviouange in peak current was
observed when only the CP/3D GR/AuPtPd/GCE comptexve a) or the trigger
strand (curve b) were incubated with the substpaddes, indicating that ESDR did
not occur in the absence of the target. Howeves, ¢hrrent signal decreased
significantly (curve c) after the addition of thardet cleaved by the Cas9/sgRNA
system. Overall, the cascade of strand displacemepdification reaction and the
consequent nucleic acid hybridization with the @P/&R/AuPtPd nanoflowers
resulted in the modification of the electrode scefalhe specificity of these changes
suggests that ESDR must be initiated by a preeisget chain. This approach could
even discriminate single-nucleotide mismatches,rethe effectively avoiding
non-specific amplification. This was possible as téwget chains were only generated
after precise cutting by the Cas9/sgRNA bound tecsic DNA sequences. These
results clearly indicated the feasibility of usi@gs9/sgRNA coupled with ESDR in
this 3D GR/AuPtPd nanoflower sensing system.

To explore the specificity of the method, equal canirations of the target,
mutant target (MT), and the non-complementary secgigrandom) were detected
(Fig. 4D). The current of complementary target wigmificantly greater than those of
the single-base mismatched (1MT) and three-basmatched mutant target (3MT).
The current of random strand showed an even snwlteent, nearly the same as that

of the blank control. The proposed amplificationtinoel was found to be highly
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selective for the intended target; therefore, bitsensor may be employed to detect

dsDNA.

3.5 Sensitivity of the biosensor

We investigated the sensitivity of this new methbg analyzing different
concentrations of the target ssDNA using DPV measents (Fig. 5A). The current
responses were observed to increase with increéamigegt concentrations (from 0 pM
to 3 nM). Figure 5B illustrates the dependencehef ¢urrent response on the target
DNA concentrations (ranging from 0.01 to 500 pMheTcurrent response showed a
linear dependency on the target concentratiorhenrange from 0.01 pM to 500 pM,
with a correlation coefficient of 0.921 (inset ingF5B). The linear regression
equation wag\l (LA) = 16.35 + 8.312 log C (M), and the limit détection (LOD) at

a signal/noise ratio of 3 was calculated to be @3
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Figure5. Analytical performance of the DNA biosensor. BV of the system with
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an increasing concentration of target DNA (fronmart 0, 0.01, 0.05, 0.2, 1, 2, 5, 20,
100, 500, 1000, 2000, and 3000 pM). (B) Lineartrefship between the current
response suppression and target concentration: dadibration curve of the DPV

current decrement versus the logarithm of the targecentration. (C)
Reproducibility of the electrochemical biosensodifferent target concentrations. (D)
DPV peak current intensity for detectie@FR (500 pM) in PBS and human serum.

The comparison between our biosensor and previotegghprted methods is
shown in Table S2. Overall, this novel strategy $&geral advantages over currently
available methods. First, owing to Cas9, it carvesess a powerful nucleic acid

“nicking” tool for site-specific cleavage of DNA geences, avoiding primer-induced

non-specific triggering. Moreover, Cas9—-ESDR datespecific long stretches of

DNA with high specificity, discriminates single-aotide mismatches with high

amplification efficiency compared with the standdt®&DR. Second, the use of

nonenzymatic ESDR, with high superimposed signahtians, is an important new
step in the field of biosensors and provides a detection tool that does not require
complicated operation procedures and stringentraatig reaction conditions. Third,
3D GR/AuPtPd nanoflowers were confirmed to be &ffit sensitive, and rapid
electrochemical sensing platforms owing to theire¢hdimensional flower-like

structure, which provides a large specific areatagt electrochemical activity.

3.6 Reproducibility, stability, and for clinicalaility

The reproducibility of the biosensor was evaludtgdesting the reaction product
with varying concentrations (0.01, 1, and 100 pM)he target (Fig. 5C). Each target
concentration was tested six times. The relativenddrd deviations for six
independent measurements were 7.9%, 6.2%, and 4d9%),01, 1, and 100 pM
targets, respectively. The stability of the assagswinvestigated using three
independent experiments. After adding a drop of RB& 3D GR/AuPtPd /GCE was

stored in air at 4 °C and it retained approximag3yl% of its initial current response
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357  after a storage period of two weeks. These resutsate that the biosensor possesses
358 desired stability and reproducibility.

359

360 Tablel. Determination of ctDNA-EGFR in human serum samphes 4) using the

361 proposed strategy

Samples ctDNA-EGFR Biosensing strategy ~ Recovery (%) Relative standard

added (pM) * detected (pM) * deviation (%)
1 2.0 2.23 111.5 6.33
2 20.0 18.35 91.75 4.17
3 50.0 49.16 98.32 3.65
4 100.0 106.28 106.28 9.26

362 *Each value is the mean of five replicate experitaen

363

364 The clinical viability of the proposed ctDNA biosam was investigated in human
365 serum samples containing mutation ctDNA-EGFR. Aswshin Fig. 5D, the DPV
366  signals of ctDNA in human serum showed a mild aecin contrast to that of PBS,
367 which might be attributed to interference by complaedia constituents. Under
368 optimal experimental conditions, samples spikedhwdifferent concentrations of
369 CctDNA (2 pM, 20pM, 50 pM and 100 pM) were included (Table 1). Eaample was
370 examined in three parallel tests. Satisfactoryveppvalues ranging from 91.75% to
371  111.5% with an RSD of 3.65%-9.26% were achieveg)yimg that this new strategy
372 holds potential to monitor ctDNAs in complex bigical samples.

373

374 4. Conclusions

375

376 In summary, we developed a CRISPR/Cas9 triggerddRES/stem based on the
377 3D GR/AuPtPd nanoflower platform to detect circuigttumor DNAs. By combining
378 the advantages of site-specific cleavage of CaBMN#gand rapid amplification
379  kinetics of ESDR, Cas9-ESDR showed remarkable pagnce, high specificity, and
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signal enrichment. 3D GR/AuPtPd nanoflowers havega specific surface area and
serve an efficient sensing platform to analyze cADNBenefiting from the high

specificity and sensitivity due to the “Cas9-ESDRIU “3D GR/AuPtPd” effects, this
powerful method has great potential for applicatiorclinical molecular diagnosis,

and provides a novel approach for “liquid biopsy. ”
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Highlights

An CRISPR/Cas9 triggered ESDR system is firstly wofactured for specific
cleavage and has high amplification efficiency.

3D GR/AuPtPd nanoflower was confirmed to be ancefit, ultrasensitive, and
rapid electrochemical sensing platform.

The high specificity of Cas9—ESDR could discrimethia single-base mismatched
sequence from the perfectly complementary one.

This newly-developed three-dimensional biosensors veaiccessfully used for
detecting EGFR in human serum.
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