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ABSTRACT: Cell-free DNA (cfDNA) has attracted significant
attention due to its high potential to diagnose diseases, such as
cancer. Still, its detection by amplification method has limitations
because of false-positive signals and difficulty in designing target-
specific primers. CRISPR-Cas-based fluorescent biosensors have
been developed but also need the amplification step for the
detection. In this study, for the first time CRISPR-Casl2a based
nucleic acid amplification-free fluorescent biosensor was developed
to detect cfDNA by a metal-enhanced fluorescence (MEF) using
DNA-functionalized Au nanoparticle (AuNP). Upon activating the
CRISPR-Cas12a complex by the target cfDNA and subsequent

Trans-cleavage Nﬁ 0

effect 7 nm

Metal-Enhanced
Fluorescence (MEF)

Fluorescence Quenching

single-strand DNA (ssDNA) degradation between AuNP and fluorophore, MEF occurred with color changes from purple to red-
purple. Using this system, breast cancer gene-1 (BRCA-1) can be detected with very high sensitivity in 30 min. This rapid and highly
selective sensor can be applied to measure other nucleic acid biomarkers such as viral DNA in field-deployable and point-of-care

testing (POCT) platform.
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lustered regularly interspaced short palindromic repeats

(CRISPR) systems provide adaptive immunity to bacteria
to degrade intruding nucleic acids. These systems have been
utilized as gene-editing tools due to their ability to recognize and
degrade target nucleic acid sequences after the Cas protein scans
and identifies the target nucleic acid sequence through the
direction of a guide RNA.'~* Because of these properties, the
CRISPR-Cas system is actively applied in diverse biomedical
fields such as gene delivery, cancer therapy, stem cell
engineering, pharmacology, and biosensors.>™'* Within the
CRISPR-Cas family, CRISPR-Cas12a is known to possess a
unique trans-cleavage effect (collateral effect), which allows for
indiscriminate cleavage of ambient single-stranded DNA
(ssDNA) when activated by a matching target DNA.">~"7
Recently, these properties have been widely applied to the
development of novel biosensing techniques to measure the
fluorescence intensity generated when the target DNA-binging
CRISPR-Cas12a complex is degraded to ssDNA (connected to a
fluorophore and quencher) randomly via the aforementioned
trans-cleavage effect.'®™>° In order to improve the sensitivity of
target DNA detection, nucleic acid amplification techniques,
such as loop-mediated isothermal amplification (LAMP) and
recombinase polymerase amplification (RPA), are implemented
to the CRISPR-Casl2a-based biosensor. For example, the
human papillomavirus (HPV) DNA was amplified via RPA for
rapid, simple, and sensitive detection of CRISPR-Casl2a
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assisted biosensor.'® However, nucleic acid amplification entails
some notable disadvantages. Particularly, this approach could
induce false-positive results and requires specialized exper-
imental equipment as well as many reagents such as nucleotide
mix, target DNA primers, and reverse transcriptase. Further-
more, the process is difficult to design target-specific primer,
time-consuming, costly, and requires skilled technicians to
perform the analysis.'” ™’

Cell-free DNA (cfDNA) is derived from apoptosis, necrosis,
and active release from cancer cells, and it is recognized at a high
level in advanced cancer or patients with early stage disease.””
Therefore, the measurement of cfDNA is a significant early
diagnostic strategy to ensure rapid treatment, thereby elevating
the chances for full recovery. In addition, cfDNA is an attractive
and minimally invasive biomarker and an alternative to tissue
biopsy for the diagnosis of diseases and mutations.”* Despite the
high potential, c¢fDNA is not yet widely implemented in the
clinic due to its low abundance in blood and other bodily fluids.
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Noble metal nanomaterials (NMNs) have inherent surface
plasmon resonance (SPR) property, which is defined as the
oscillating movement of electromagnetic waves that propagate
in parallel along with a noble metal/dielectric interface.”** This
property can be used in various ways to enhance the primary
signal intensity. For example, there are many cases where
biomaterials are detected by surface-enhanced Raman spectros-
copy (SERS) or metal-enhanced fluorescence (MEF) signals
with NMNs such as Au and Ag nanomaterials.”® "> In the case
of MEF, NMNs paradoxically also function as fluorescence
quenching agents when the distance between the fluorophore
and NMNSs is below approximately 2 nm.””**** Therefore, if
NMNs are paired with the CRISPR-Cas system, it is possible to
easily maximize the difference of the intensity between the
target-negative and target-positive and improve the sensitivity
without any nucleic acid amplification step. However, no
previous CRISPR-Cas based detection systems by MEF have
reported such an approach yet.

To this end, in this study CRISPR-Casl2a-based cfDNA
biosensing system by Au nanoparticle (AuNP)-assisted MEF
was developed without the nucleic acid amplification process.
Currently, we have already studied MEF-based intracellular
caspase-3 biosensor for the sensitive detection of preapoptotic
cells by MEF using 60 nm sized AuNPs.”" In the present study,
two different-sized AuNPs (20 and 60 nm) pairs connected by a
7 nm long double-strand DNA (dsDNA) and a 2 nm long
ssDNA were introduced to induce MEF with target DNA and
fluorescence quenching without target DNA. Fluorescein
isothiocyanate (FITC) was bound to one of the ends of the
dsDNA that was not connected to the 60 nm sized AuNPs (60-
AuNPs) and remained in a quenching state due to its proximity
to the 60-AuNPs. However, if target cfDNA is present, the
ssDNA between the 20- and 60-AuNPs was cleaved by the
activated CRISPR-Casl2a complex, which resulted in the
dissociation of the 60-AuNPs from FITC with the 7 nm long
DNA functionalized 20-AuNPs, thereby inducing a fluorescence
signal that was proportional to the target cfDNA concentration
down to femtomolar concentration ranges without the need for
nucleic acid amplification. In addition, given that the wavelength
of the absorbance peaks varied depending on the size and
distance of each AuNP, the cfDNA concentration could also be
inferred through colorimetric analysis within a nanomolar scale
precision. In summary, the implementation of MEF greatly
improved the sensitivity of cfDNA detection, which resulted in
femtomolar detection of the BRCA-1 gene, a representative
cfDNA closely related to breast cancer.

B RESULTS AND DISCUSSION

Characterization of DNA-Functionalized AuNPs for
cfDNA Detection by CRISPR-Cas12a. During the CRISPR-
Cas12a-mediated trans-cleavage reaction, ambient ssDNA must
be degraded by the target-bound CRISPR-Casl2a complex
(activated CRISPR-Casl2a), whereas dsDNA cannot be
cleaved. On the basis of this particular phenomenon, a DNA-
functionalized AuNP nanosensor was designed for the induction
of quenching and MEF (Figure 1). Specifically, 20-AuNP was
functionalized to an approximately 7 nm long FITC-tagged
ssDNA. This DNA-functionalized 20-AuNP played a crucial role
as a fluorescence signal enhancer by contributing MEF.
Additionally, a 60-AuNP was also functionalized to the
ssDNA, which could bind to the ssDNA on the 20-AuNPs via
complementary binding. This 60-AuNP complex hampered the
fluorescence signal generation of FITC, effectively acting as a
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Figure 1. Schematic diagram illustrating our proposed cell-free DNA
(cfDNA) detection method using DNA-functionalized Au nano-
particles via colorimetric and metal enhanced fluorescence (MEF).
(a) A 20 nm sized Au nanoparticle (20-AuNP) and 60 nm sized Au
nanoparticle (60-AuNP) connected by a FITC-modified double-strand
DNA (dsDNA) and single-strand DNA (ssDNA); the color of this
complex was purple and fluorescent emission was quenched. (b)
CRISPR-Casl12a activation via complementary binding of crRNA and
target cfDNA (BRCA-1) degrades the ssDNA between 20- and 60-
AuNPs via the trans-cleavage effect, after which FITC emitted a strong
fluorescence signal at 520 nm.

strong fluorescent quencher when the distance between 60-
AuNP and FITC was approximately below 2 nm. The
complementarily bound DNA complex was composed of two
parts, one of which was the double-strand region, which
maintained the optimal distance between 20-AuNPs and FITC
to induce MEF; the other was a single-strand region, which
maintained the quenching distance and could be cleaved by the
activated CRISPR-Casl2a complex. Given that the activated
CRISPR-Cas12a complex could only cut the ssDNA and not the
dsDNA, the change of the fluorescence intensity signal was
expected to be drastic between the inactivated and activated
CRISPR-Casl2a complex. Moreover, changes in the distance
between 20- and 60-AuNPs led to the alteration of their optical
properties, as demonstrated by absorbance peak shifts and color
changes. During their nonreaction state (Figure 1a), the color of
the AuNP complex was purple, which was different from the
unfunctionalized 20-AuNP and 60-AuNPs (red-purple). When
the activated CRISPR-Casl2a complex degraded the short
ssDNA bridge, their color returned to the original red-purple
tone (Figure 1b). Therefore, we could easily verify the presence
of target DNA with the naked eye, as well as through a highly
sensitive assay based on fluorescence signal changes via the MEF
effect. Notably, this fluorescence signal enhancement strategy
enabled the elimination of nucleic acid amplification steps,
including RPA and LAMP, while still possessing a femtomolar
detection limit range. Therefore, this novel nanosensor could
overcome the many limitations of conventional amplification-
based approaches such as time-consuming reactions, high costs,
false-positive signals, complex primer design, and complex
optimization steps, all while maintaining high target specificity
and sensitivity. Transmission electron microscope (TEM)
analyses were conducted to verify ssDNA functionalization on
each AuNPs. Specifically, functionalization was confirmed by
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Figure 2. CRISPR-Casl2a-assisted cfDNA detection via color changes of AuNPs. (a) Schematics representing the several color changes of AuNPs
depending on assay conditions (20-AuNP, 60-AuNP, DNA-functionalized 20- and 60-AuNP, 20- and 60-AuNP with CRISPR-Cas12a activated by 1
nM BRCA-1, and 20- and 60-AuNP with CRISPR-Cas12a activated by 1 uM BRCA-1, respectively). (b) Peak intensities of the DNA-functionalized
20- and 60-AuNPs before and after the CRISPR-Cas12a activation reaction. Peak intensities were expressed as mean + SEM (n = 5). **p < 0.001, ***p
< 0.0001, Student’s unpaired ¢ test.

(a) (b)

_______ 5
/,_—E;,h?r_,gm Zone ~._ Short ssDNA &
T N (<2nm) E 3500
s ] *. Quenchin = Fk__EE
S, Quenching Zone . \‘ 9 & 3000 I
Ny . Optimal ssDNA & I
fod 7 nm) 2 2007 —
P MEF 2 2000 |
o g
o £ 1500 -
VN /Long ssDNA §
N v 1000 -
U8 (7, (>10nm) g
\\ S P % § N<_>rm_al g 500
N s p’ emission ©
e S - y S
. - P 0

T eeeo-- - BP-11 BP-16 BP-21 BP-26 BP-31

(c) (d

)V

3
L; 3500 o
< 3000 - c Sk
o
8
2500 -
<1< < g
* * 2 2000 -
(7]
3 1500 |
= o
20-AuNP & 20.ANP  20-AuNP- & "0
60-AuNP < FITC < -ssDNA{  dsDNAFFITC & gop |
(Before Rxn.) -FITC (After Rxn.) 7]
S o . . . :
Fluorescent emission intensity 2 Before FITC 20-AuNP- After
Rxn. ssDNA- Rxn.
FITC

Figure 3. MEF effect of the DNA-functionalized 20- and 60-AuNPs. (a) Schematic diagram of the MEF effect dependent on the DNA length of
dsDNA between 20-AuNPs and FITC. (b) Fluorescence intensities of the 20-AuNP with several lengths of dsDNAs; base-pair (bp) numbers ranged
from 11 to 31. Fluorescence intensities were expressed as mean + SEM (n = 10). **p < 0.001, Student’s unpaired t test. (c) Schematic of fluorescence
intensity comparisons, which depended on the quenching and MEF effect on the 20-AuNP. (d) Fluorescence intensities of DNA-functionalized 20-
and 60-AuNPs, FITC, ssDNA functionalized 20-AuNPs, and dsDNA-functionalized 20-AuNPs via activated CRISPR-Casl2a, respectively.
Fluorescence intensities were expressed as mean + SEM (n = 10). **p < 0.001, Student’s unpaired f test.

observing the corona layers surrounding the 20- and 60-AuNPs AuNPs were found to be combined, and their color changed
(SI Figure 1). from red-purple to purple due to the surface plasmon effect of
Colorimetric Analysis of cfDNA by the Activated AuNPs (Figure 2a). If the distance was too short, AuNPs
CRISPR-Cas12a Complex. DNA-functionalized 20- and 60- exhibited plasmonic effects similar to those of aggregates or
C https://dx.doi.org/10.1021/acs.nanolett.0c04303
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Figure 4. Quantitative and selective cfDNA measurements in buffer solution and human serum. (a) Schematic diagram of CRISPR-Cas12a-mediated
sensitive target cflDNA measurement via MEF without nucleic acid amplification. A BRCA-1 sequence activated the CRISPR-Cas12a complex and
degraded the ssDNA between the 20- and 60-AuNPs via the trans-cleavage (collateral effect) effect. dsSDNA-functionalized 20-AuNP separated from
60-AuNP showed enhanced fluorescence intensity. (b) Fluorescence intensities of Au nanosensor with activated CRISPR-Cas12a for the quantitative
measurement of cfDNA ranging from 1 fM to 100 pM concentrations in 20 mM HEPES buffer. Data were expressed as mean + SEM (n = 10). (c)
Fluorescence intensity of the Au nanosensor with activated CRISPR-Cas12a for the quantitative measurement of cfDNA ranging from 1 fM to 100 pM
concentrations in 5% human serum. Data intensities were expressed as mean + SEM (n = 10). (d) Comparison of the fluorescence intensities with
different nucleic acids (single-mismatched (SM), double-mismatched (DM), miR-21, miR-141, and BRCA-1 target DNA) for the verification of
selective detection. Data are expressed as mean = SEM (n = 5). ***p < 0.0001, Student’s unpaired ¢ test. (e) Schematic diagram of the measurement of
cfDNA from cell culture media. HEK293 is BRCA-1-positive cell line, which could induce the MEF effect on Au nanosensor, and MCF-7 is BRCA-1-
negative cell line. (f) Fluorescence intensity of Au nanosensor with activated CRISPR-Cas12a in HEK293 and MCF-7 culture media from different cell
number for the comparative measurement of cfDNA. Fluorescence intensities were expressed as mean + SEM (n = ).

larger-sized AuNPs, which present a red-shifted absorbance peak
with color changes from red to purple. As expected, the 20-and
60-AuNP binding complex, whose molar ratio is about 20 to 1
before binding reaction, exhibited a characteristic purple color,
whereas separate 20- and 60-AuNPs exhibited a red-purple
color. On the basis of these observations, the color could be

reverted by the dissociation of AuNP, which could be induced by
ssDNA degradation between the AuNPs. Applying an activated
CRISPR-Casl2a complex (target DNA binding CRISPR-
Casl2a complex) to the 20- and 60-AuNP binding complex, a
color change was clearly observed. Moreover, in Figure 2a the
target DNA concentration (between 1 nM and 1 4M) could be
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differentiated by color changes. This phenomenon could be
verified through the change of UV/vis absorbance peaks more
precisely (Figure 2b and SI Figure 2). The 20- and 60-AuNPs
exhibited absorbance peaks at 523 and 531 nm, respectively.
After combining the nanoparticle complex via DNA comple-
mentary binding, the absorbance peak of 60-AuNP was shifted
to a longer wavelength (approximately 540 nm), whereas the
specific absorbance peak of 20-AuNPs remained unchanged due
to the remaining unreacted 20-AuNPs to 60-AuNPs. After
treating the CRISPR-Cas12a complex with 1 M of target DNA
for 30 min, the absorbance peaks shifted to levels similar to those
before the complementary reaction. This result indicated that
color and absorbance peak changes depended on the trans-
cleavage reaction of the CRISPR-Casl2a by the target DNA.
The combined and dissociated AuNPs pairs are also
characterized via TEM (SI Figure 3). In SI Figure 3a, some
20-AuNPs were found to wrap around the 60-AuNPs. After
CRISPR-Cas12a was treated with 1 nM target DNA, the number
of 20-AuNPs pairs wrapped around 60-AuNPs was substantially
reduced (SI Figure 3b). This result also supports that
conformational changes of AuNPs could be induced by the
CRISPR-Cas12a-based trans-cleavage reaction, which could be
confirmed by both the change of absorbance peak and naked eye
through the color change of the AuNPs pairs.

Verification of MEF Effect on DNA-Functionalized
AuNPs for Sensitive c¢fDNA Detection. To improve the
sensitivity of the CRISPR-Cas12a based fluorescent biosensor,
the MEF effect was applied to enhance the signal derived from
cfDNA measurement via the CRISPR-Cas12a reaction. Notably,
the distance between NMNs (i.e,, AuNP) and the fluorophore
(i.e, FITC) is one of the most critical factors to maximize
fluorescence. As mentioned before, if the distance were below 2
nm, the fluorophore would be quenched by the strong effect of
the AuNP; however, fluorescence intensity could be maximized
at a distance of approximately 7—8 nm. The distance for the
induction of MEF could be optimized by adjusting the length of
the dsDNA on the 20-AuNPs (Figure 3a). Various dsDNA
lengths between the 20-AuNP and FITC were tested, and their
fluorescence intensities were measured at 520 nm, which is the
emission wavelength of FITC, as well as the absorbance peak of
20-AuNPs. This overlaid specific wavelength at approximately
520 nm is crucial for the induction of the MEF effect, which is
closely related to the surface plasmon resonance effect on
NMNs. In Figure 3b, 21-base-pair (bp) dsDNA showed the
strongest fluorescence enhancing effect, which corresponded
with the estimated optimal distance to maximize MEF
(approximately 7.14 nm, that is, 0.34 nm per bp). Using this
optimal DNA length, changes in fluorescence intensities were
observed before and after the target cfDNA binding reaction for
the induction of the CRISPR-Casl2a complex trans-cleavage
effect (Figure 3c and d). Upon comparing the FITC
fluorescence intensities, the 20-AuNP-ssDNA-FITC complex
exhibited stronger fluorescence intensity due to the MEF effect.
After forming a 20-AuNP and 60-AuNP complex by
complementary binding, fluorescence intensity was significantly
reduced by the strong quenching effect on 60-AuNPs. Activated
CRISPR-Cas12a by the target cfDNA was expected to randomly
cleave the ssDNA, thereby regenerating the MEF effect of the
20-AuNP-dsDNA-FITC complex. Interestingly, the CRISPR-
Casl2a-assisted reaction provided more enhancing effects than
those of 20-AuNP-ssDNA-FITC complexation itself. We
anticipated that the dsDNA between the 20-AuNPs and FITC
after the CRISPR-Casl2a reaction could help maintain an

optimal distance than that of ssDNA. This more than two-fold
difference of fluorescence intensities between dsDNA and
ssDNA of 20-AuNP and FITC complex could improve the
sensitivity of the MEF-based biosensing system. For the
comparison of sensitivity in the AuNP-assisted biosensing
system using normal fluorescence and MEF effect, cfDNA was
measured by using CRISPR-Casl2a-assisted Au nanosensor
without MEF effect (SI Figure 4). This non-MEF Au
nanosensor, consisting of 20 nm AuNP with thiolated FITC-
ssDNA, could show the quenching—dequenching effect.
However, using this sensing system exhibited no difference in
fluorescence signals to a negative control, ranging from
femtomolar to picomolar level of cfDNA.

For the confirmation of ssDNA cleavage by the activated
CRISPR-Cas12a complex, we conducted an electrophoresis
study (SI Figure S). ssDNAs, including target DNA and random
ssDNA, degraded into small fragments and therefore did not
appear as clear lines in the gel. On the other hand, random
dsDNA could not be degraded by the activated CRISPR-
Casl2a. These observations confirmed that the developed
biosensing system exhibited a strong fluorescence signal if the
ssDNA between 20-AuNP and 60-AuNP was degraded by the
trans-cleavage reaction. This was because the ssDNAs that
induced quenching were cleaved, whereas dsDNAs that led to
the MEF effect were not degraded. The trans-cleavage reaction
by activated CRISPR-Casl2a could also be confirmed by
observing the color of the supernatant after the centrifugation at
8000 rpm for 10 min (SI Figure 6). Before the CRISPR-Cas12a
reaction on 20—60 AuNPs pairs, they were spun down by
centrifugation. However, after the CRISPR-Casl2a reaction,
dissociated 20 nm AuNPs from 60 nm AuNPs did not sink down
at 8000 rpm and showed red-color in the supernatant. This
could also be confirmed by the absorbance peak of the
supernatant.

Ultrasensitive Detection of ¢fDNA by the CRISPR-
Cas12a-Assisted MEF Effect on DNA-Functionalized
AuNPs. Once the fluorescent signal intensity of 20-AuNP-
dsDNA-FITC complex was maximized by an optimal distance
(approximately 7 nm), fluorescence intensities were measured
with different target concentrations ranging from 1 fM to 100
pM to identify BRCA-1, a representative c¢fDNA biomarker
closely related to breast cancer (Figure 4a). Fluorescence
intensity was highly proportional to the BRCA-1 concentration
with a high R, value of 0.99 (Figure 4b and SI Figure 7). Notably,
few-femtomolar concentrations of target DNA could be
measured by the CRISPR-Casl2a-assisted AuNP nanosensor
system without the need for any target amplification methods.
Some published studies using CRISPR-Cas12a as an effector of
enzymatic cleavage showed that nucleic acid amplification
processes should be integrated into their sensing system to
improve sensitivity, thereby reaching a limit of detection (LOD)
within the attomolar level. In addition, target recognition of
Cas9 and Casl3 proteins to target DNA needs the
corresponding protospacer adjacent motif (PAM) sequence.
In contrast, using Cas12a as an endonuclease enzyme, activated
CRISPR-Cas12a complex exhibited the trans-cleavage effect
without the PAM sequence for the ssDNA detection. Therefore,
our proposed CRISPR-Cas12a-based sensing system exhibited a
femtomolar level LOD without the need for amplification and
PAM sequence. The endonuclease property of the CRISPR-
Cas12a without PAM showed similar enzymatic activity. For the
sensitive detection of cfDNA, we hypothesized that function-
alized nanoparticles could enhance the sensing signal and
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improve sensitivity because of their inherent properties,
including high surface-to-volume ratio, high reactivity, and
providing a highly concentrated substrate (ssDNA) on the
AuNPs surface for enzymatic reactions. Moreover, NMNs have
superior properties that enhance the fluorescent signals from
their inherent SPR effect, thereby simultaneously facilitating the
induction of fluorescence quenching and MEF given the
appropriate conditions. As a result, ultrasensitive detection of
BRCA-1 was successfully achieved through a simple and
straightforward method within 30 min, ranging from 1 fM to
100 pM (LOD was obtained as 0.34 fM through the 3.3 X
standard deviation of intercept/slope). In the case of a higher
level of cfDNA, ranging from 1 to 100 nM, fluorescence signal
intensities were saturated (SI Figure 8). As a result, this higher
level of cfDNA could not be measured by MEF-based detection,
whereas colorimetric methods could cover the nanomolar level
of the target cfDNA (SI Figure 2). This simple nanosensor could
be applied in simulated physiological conditions using 5%
human serum instead of buffer solution, demonstrating a similar
target DNA measurement performance (Figure 4c). Regarding
specificity, six different ssDNAs, including BRCA-1, were tested.
Thr BRCA-1 exhibited significant fluorescence intensity,
whereas nontarget DNAs exhibited similar intensities to the
negative signal (Figure 4d). The CRISPR-Casl2a complex
could only be activated when a specific target DNA was bound
to the complementary crRNA. Therefore, the MEF effect could
only occur when the CRISPR-Cas12a complex was activated by
the target DNA followed by ssDNA cleavage between the 20-
and 60-AuNPs.

Because the cfDNA was typically exocytosis from cells,
releasing the level of cfDNA could be different according to the
origin and status of the cells. In this point of view, BRCA-1 was
measured in two other cell culture media from each different
cancer cells, which were MCF-7 derived from breast cancer and
HEK293 derived from the embryonic kidney (Figure 4e).
BRCA-1 has been generally known to express in breast cancers
as a mutated form while expressed in other cells. In Figure 4f,
BRCA-1 was successfully measured from the HEK293-cultured
media in diverse cell numbers. On the other hand, the
fluorescence signal was very low in the MCEF-7-cultured
media, similar to the negative control. This in vitro detection
using cell culture media showed the possibility of the
nondestructive and noninvasive measurement of cfDNA for
the diagnosis of diverse cancers and genetic diseases.

H CONCLUSION

In conclusion, cfDNA was sensitively (as low as 0.34 fM) and
rapidly (<30 min) detected by using the developed CRISPR-
Casl2a-assisted AuNP nanosensor without any amplification
method. Compared to other CRISPR-Cas-based detection
systems, our developed method overcame the inherent
limitations of amplification-based approaches such as being
time-consuming, costly, and producing false-positive signals. In
our developed system, target amplification was successfully
replaced with a signal enhancement strategy via DNA-
functionalized AuNP-based MEF. Not only did our proposed
method show excellent fluorescence enhancement mediated by
the activated CRISPR-Casl2a complex coupled with target
DNA, but it also provided the ability to intuitively assess target
DNA concentrations via visual inspection of color change. This
color change effect could sense target DNA concentration
differences down to the nanomolar range, and MEF enabled the
measurement of low-level target concentrations ranging from 1

fM to 100 pM. This dual detection system could provide a vast
complementary detection range. Moving forward, it is important
to explore the potential applications of our developed CRISPR-
Casl2a nanosensor for the detection of various DNA targets
such as other cfDNAs, genomic DNA, and viral DNA, thereby
taking advantage of the inherent specificity of the CRISPR-Cas
system. Broadly, our nanosensor may pave new roads for the
detection of several diseases in a field-deployable and point-of-
care testing platform.
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