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Abstract: We introduce a new class of chemical probes for activity-based sensing of proteases, termed cleavable, locked

initiator probes (CLIPs). CLIPs contain a protease-cleavable peptide linked between two programmable DNA strands—

an “initiator” DNA and a shorter “blocking” DNA. These DNA sequences are designed to hybridize, creating a “locked”

hairpin-like structure. Upon proteolytic cleavage, the initiator strand is released, triggering the activation of CRISPR-

Cas12a enzymes and producing an amplified fluorescence response. CLIPs generate more than 20-fold turn-on signals at

room temperature (25 °C), significantly outperforming commercial probes by yielding ∼40-fold lower limits of detection

(LOD) at 100-fold lower concentrations. Their versatility enables the detection of various disease-relevant proteases—

including the SARS-CoV-2 main protease, caspase-3, matrix metalloproteinase-7, and cathepsin B—simply by altering

the peptide sequence. Importantly, CLIPs detect cathepsin B in four different colorectal cancer cell lines, highlighting

their clinical potential. Taken together, the sensitivity (LOD: ∼88 pM), selectivity, and rapid assay time (down to 35 min),

combined with the ability to operate in complex biological media with minimal sample preparation, position CLIPs as

powerful chemical tools for activity-based sensing of functional enzymes.

Introduction

Fluorescent probes, such as molecular beacons (MBs), have

revolutionized biomolecule detection, enabling significant

advancements in diagnostic technologies.[1–3] MBs typically

function through a hairpin-shaped DNA structure that,

when hybridized with a complementary target nucleic acid,

separates a fluorophore-quencher pair, leading to a detectable

increase in fluorescence signal. This mechanism has made

molecular beacons an essential tool in nucleic acid detection,

finding applications in cancer diagnostics, infectious disease

monitoring, and personalized medicine.[4–7]

Seitz, Grossmann, and others have extended the utility of

this technology to protein detection through the development

of peptide beacons.[8–13] These modified probes comprise a

peptide in the loop region of the hairpin that changes confor-
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mation in response to protein binding, enabling the detection

of protein biomarkers rather than nucleic acids. This innova-

tion significantly broadens the scope of molecular beacons,

allowing for their application in protein-based diagnostics,

thereby opening new avenues in early disease detection.[8]

A key limitation of these beacon-type structures is the

lack of a handle for signal amplification. In most cases, the

interaction between the probe and the target is binding-

based and occurs in 1:1 ratio that makes detecting low

concentrations of targets challenging, thereby limiting the

sensitivity of the assay. Additionally, binding-based probes are

unable to distinguish between the active and inactive forms

of biomolecules, which is a critical drawback in applications

where only the active form is biologically relevant.

Activity-based sensing offers a powerful alternative to

traditional binding-based methods, significantly enhancing

diagnostic potential.[14–16] In this report, we present the

development of a new class of chemical probes—cleavable,

locked initiator probes (CLIPs). These probes consist of a

DNA–peptide–DNA triblock, conformationally locked into

a hairpin nanostructure that resembles MBs but enables

activity-based sensing and incorporates a handle for CRISPR-

amplified signal generation. CRISPR-based sensing is chosen

due to its ease of use and ability to detect targets at

sub-picomolar levels under isothermal conditions.[17–21]

We show the functionality of CLIPs for detecting active

proteases. We focus on proteases because of three primary

reasons. First, they are often expressed in inactive precursor

forms and are only activated under specific physiological con-

ditions. Therefore, probes that can selectively detect the active

form are required. Second, dysregulation of protease activity

has been shown to be linked to various conditions, such
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as cancers,[15,22,23] infectious diseases,[24] neurodegenerative

disorders,[25,26] inflammatory conditions,[27] and cardiovascu-

lar diseases.[28] Activity-based protease sensing has shown

great promise in improving diagnostic and prognostic tools

for these conditions.[15,16,22–24,29–35] Third, detecting active pro-

teases presents significant challenges. Traditional methods use

peptide substrates that are labeled with reporters and can be

cleaved by proteases of interest after which, the fragments are

monitored through spectroscopy or mass spectrometry.[36,37]

Although these methods can indicate protease activity, they

come with several limitations. They often require elevated

temperatures, suffer from limited sensitivity, involve extensive

sample processing, and depend on advanced instrumentation.

Additionally, they typically necessitate high concentrations of

both the substrate and the protease to generate a detectable

signal, which diminishes their effectiveness in detecting low-

abundance or weakly active proteases. This issue becomes

especially critical in biological contexts, where local protease

concentrations can be relatively high (up to ∼mM),[38] but

their levels in biofluids such as serum are much lower

(∼pM–nM),[39,40] making detection even more challenging.

Consequently, more sensitive methods are needed to address

these complexities in protease detection in clinical and

diagnostic settings.

We and others have previously shown that CRISPR-

based approaches can enhance the detection of active

proteases.[41–43] However, there are still key challenges that

remain. Some methods require complex and costly synthetic

biology, which necessitates specialized expertise.[43–45] Several

approaches need elevated temperatures (above room temper-

ature) for operation.[43–45] Recently-developed nanoparticle-

based approaches necessitate a separation step to differenti-

ate between intact and cleaved peptides, adding complexity

and increasing the risk of losing cleaved substrates.[41,42,46]

Furthermore, peptides presented on nanoparticle surfaces can

be sterically hindered, limiting their accessibility to proteases.

To overcome this, longer peptides (>10 amino acids) or

spacers are often required to ensure efficient cleavage,

complicating sensor design and reducing performance.[41,47]

The CLIP structure introduced herein overcomes these

limitations, enabling one-pot detection of proteases at room

temperature with commonly available instrumentation such

as plate readers.

Results and Discussion

Design and Structural Characterization of CLIPs

The CLIP structure comprises three key components

(Figure 1a–c): 1) a peptide domain that is specifically recog-

nized and cleaved by the target protease, 2) an “initiator”

DNA sequence that is capable of activating a CRISPR-

Cas12a ribonucleoprotein (RNP) complex,[17,20] and 3) a

short “blocking” DNA strand. This blocking strand hybridizes

with the initiator sequence to form a locked, hairpin-like

nanostructure with a melting temperature (Tm) significantly

above room temperature, ensuring that the probe remains

inactive until specific protease-mediated cleavage occurs.

We hypothesized that this locked state would sterically

hinder the CRISPR-Cas12a RNP complex from interacting

with the initiator strand, thereby preventing signal transduc-

tion in the absence of active proteases (Figures S1 and S2).

Upon cleavage of the peptide by the target protease, the

probe undergoes a conformational shift from an intramolec-

ular DNA duplex (locked state) to an intermolecular DNA

duplex (unlocked state). This structural change lowers the Tm

of the duplex, causing the blocking strand to spontaneously

dissociate from the initiator strand (Figure 1d). The freed

initiator DNA then activates the CRISPR-Cas12a RNP

complex, which, in combination with fluorophore-quencher

labeled DNaseAlert reporters, generates an amplified fluores-

cence signal (Figure 1e), significantly enhancing the detection

of active proteases.[17,20]

As a proof-of-concept, we created a CLIP for detecting

the 3-chymotrypsin-like main protease (3CL) of SARS-CoV-

2. 3CL was chosen as the model protease because it is relevant

for detecting active SARS-CoV-2 infections and has a well-

defined substrate.[48–50] The peptide sequence (Table S1),

CSAVLQ↓SGFK(N3), was modeled after a commercially

available 3CL substrate[51] and was modified with a C-

terminal azido-lysine. This modified peptide was chemically

linked to a 24-nt initiator sequence (Table S2) equipped with

dibenzocyclooctyne (DBCO) at the 5′ end, utilizing click

chemistry. The final DNA–peptide–DNA triblock structure

was synthesized by adapting a recently developed proximity-

based approach (Figure S3).[52] We note that alternative

synthetic strategies, such as bead-based approaches could also

be used to synthesize such triblock structures.[53]

The desirable length of the blocking DNA was deter-

mined computationally using the IDT OligoAnalyzer tool

(Figure S4; Tables S3–S6). Specifically, we modeled hairpins

composed entirely of DNA, with contour lengths similar to

those of the CLIPs, and then calculated their Tm. Additionally,

we computed the Tm of just the stem portions to simulate

the structure after proteolytic digestion of the CLIPs. Our

computational screening of 264 different conditions, including

varying DNA concentrations, ionic strengths, and different

stem and loop sizes, indicated that an 8-nt blocking DNA

is ideal. This length would allow the CLIP to form a stable

hairpin structure at 25 °C and to spontaneously separate into

single-stranded DNA after proteolytic cleavage, facilitating

detection.

The synthesized CLIPs were characterized using MALDI-

MS (Tables S7 and S8), UV–vis spectroscopy (Figures S5

and S6), and gel electrophoresis (Figure S7). To confirm

that proteases can cleave CLIPs, we incubated 3CL-CLIP

with excess 3CL protease overnight and analyzed the sample

using MALDI-MS (Figure 2a). The intact 3CL-CLIP dis-

played a dominant peak near its expected mass (calculated

m/z: 12,569). After treatment with the protease, the probe

showed two new peaks, which correspond to the lower-mass

fragments produced by the cleavage of the CLIP (calculated

m/z: 4,273 and 8,313). The cleavage was further supported by

gel electrophoresis data (Figure S7).

The hairpin-like structure of the CLIP was confirmed by

experimentally determining its Tm (Figure 2b). The Tm of

1 µM of the CLIP was found to be ∼53 °C, similar to that
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Figure 1. a) Cartoon structure of a CLIP comprising an initiator DNA, peptide, and blocking DNA. b) Molecular model of 3CL-CLIP with an idealized

circular loop. c) 3CL-CLIP showing peptide and DNA sequences. d) Schematic showing the mechanism of activation of CLIPs. CLIPs form a locked

hairpin-like nanostructure in solution, consisting of an intramolecular DNA double strand. Treatment with a target protease results in the proteolytic

cleavage of the peptide substrate. This cleavage transforms the stable hairpin structure into an unstable intermolecular double strand, which has a

lower melting temperature. Consequently, the DNA melts, unlocking the initiator DNA for subsequent signal transduction and ampliûcation. e)

Scheme for detection of the initiator strand using a CRISPR-Cas12a based assay. Cas12a is complexed with a gRNA with complementarity to the

initiator strand to form an inactive RNP. Upon binding, the initiator strand activates the Cas enzyme that then shows indiscriminate endonuclease

activity toward single-stranded DNA. This enzymatic activity is monitored using commercial DNaseAlertTM reporters, which consist of

single-stranded DNA labeled with a üuorophore and quencher at either end.

of a DNA hairpin of comparable size (Tables S3–S6). This

similarity suggests that the CLIP retains its intended locked

structure in solution at room temperature. After treatment

with protease, however, the Tm of the CLIP dropped to

around ∼25 °C, which matches the Tm observed for a simple

1:1 mixture of the initiator and blocking strands at the

same concentration. This lower Tm indicates that the probe’s

stability decreases following protease-mediated cleavage.

CLIPs are Activated by Target Proteases

We next investigated the functionality of CLIPs in reporting

active proteases at room temperature (Figures S7–S13).

After incubating the CLIPs with 500 nM 3CL protease

for 30 min, we performed a CRISPR assay and detected

a rapid increase in fluorescence within 5 min, yielding

results within as quick as 35 min of total assay time. The

fluorescence generated was time-dependent and reached a

plateau by 3 h (Figure 2c). In contrast, the fluorescence of the

probes alone remained largely unchanged. Importantly, the

DNA–peptide–DNA triblock structure is essential for seeing

this locked behavior. For comparison, DNA-only hairpins

with similar loop sizes and stem lengths activate CRISPR

(Figures S14–16), suggesting that the initiator sequences in

these hairpins remain accessible to the RNP, potentially

through strand displacement (Figures S17–S19). This finding

underscores the structural uniqueness of CLIPs as conditional

CRISPR activators, highlighting their potential utility in a

variety of applications.

Next, we benchmarked 3CL-CLIP against a commercial

fluorogenic probe (3CL-CFP). 3CL-CFP is a rhodamine-

labeled peptide in which the fluorescence of the rhodamine

dye is quenched upon conjugation to the peptide. Cleavage

Angew. Chem. Int. Ed. 2025, e202500649 (3 of 8) © 2025 Wiley-VCH GmbH

 1
5

2
1

3
7

7
3

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

0
0

2
/an

ie.2
0

2
5

0
0

6
4

9
 b

y
 U

n
iv

ersity
 O

f T
ex

as L
ib

raries, W
iley

 O
n
lin

e L
ib

rary
 o

n
 [3

0
/0

4
/2

0
2
5
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v

ern
ed

 b
y

 th
e ap

p
licab

le C
reativ

e C
o
m

m
o
n

s L
icen

se



Research Article

Figure 2. a) MALDI-MS spectra of 3CL-CLIP before and after exposure to 3CL protease. After protease treatment, the peak at 12,569 m/z diminishes,

and two new fragments, correlating with the expected proteolytic fragments of CLIPs, appear. Relative abundance is calculated by setting the highest

m/z value to 100%. b) Melting curves of 3CL-CLIP before (blue) and after (red) treatment with 3CL protease, alongside control (gray) consisting of 1:1

mixture of initiator and blocking strands, all at 1 µM concentration. Tm of 3CL-CLIP, initially around ∼53 °C, decreases to ∼25 °C post-treatment,

matching the Tm of the mixture of strands, suggesting a signiûcant alteration in structure and stability due to protease-mediated cleavage. Corrected

normalized üuorescence was calculated by setting the maximum and minimum üuorescence values across the data set to 100 and 0, respectively,

with adjustments made for the inherent temperature-dependence of the dye’s üuorescence. c) CRISPR-mediated detection of 3CL using 3CL-CLIP.

Fluorescence signal increases dramatically after 3CL-CLIP is treated 500 nM 3CL protease for 30 min. Normalized üuorescence is calculated by

normalizing the highest üuorescence value in a data set to 100%. d) Comparison of 3CL-CLIPs with a commercial üuorogenic 3CL probe (3CL-CFP).

Fluorescence enhancement is deûned as ratio of the üuorescence values of a sample to the üuorescence of the RNP complex or buffer. * and ***

denote statistical signiûcance at the 95% and 99.9% conûdence levels, respectively, whereas <ns= indicates no statistical signiûcance (at the 95%

conûdence level), assessed using a one-tailed Student’s t-test.

by 3CL protease restores fluorescence, resulting in a turn-

on signal. Compared to 3CL-CFP, 3CL-CLIP generated over

1.5-fold greater signal at 100 times lower concentration

(Figure 2d). This significant enhancement is attributed to the

integration of DNA into the probe’s design (Figures S20–S24).

We confirmed this by constructing a 3CL-CLIP with a

beacon-like structure, where the probe is labeled with a

fluorophore at one end and a quencher at the other. Protease-

mediated peptide cleavage separates these two elements,

triggering a fluorescence signal (Figures S22 and S23). Our

findings demonstrate that CRISPR-based signal amplification

allows for protease detection at probe concentrations 100

times lower than those required for direct detection using a

traditional beacon-like structure (Figure S24).

To assess the versatility of CLIPs, additional probes

were synthesized for the proteases cathepsin B (CTSB),

matrix-metalloprotease 7 (MMP7), and caspase-3 (CASP3)

(Figure 3a). These proteases were chosen due to their

significance to cancer biology. Specifically, CTSB and MMP7

are known for their involvement in tumor growth and

metastasis[54–58] and CASP3 is essential in the process of

apoptosis.[59] Detecting these proteases is vital for enhancing

our understanding of cancer mechanisms and for the devel-

opment of diagnostic platforms. When incubated with their

respective proteases, a pronounced increase in fluorescence

signal was observed, indicating the successful detection of the

target proteases. (Figure 3b).

CLIPs are Sensitive and Selective Protease Sensors

We next evaluated the potential of CLIPs for detecting

diagnostically relevant proteases, particularly focusing on

CTSB due to its overexpression in various cancers.[54,57,58,60]
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Figure 3. a) Scheme showing design of CLIPs for detecting cancer-relevant proteases, CASP3 (PDB ID:6CKZ), MMP7 (PDB ID:7WXX), and CTSB

(PDB ID:1PBH). Amino acid sequences recognized and cleaved by the proteases are highlighted. b) CRISPR-based detection of CASP3, MMP7, and

CTSB using CASP3-CLIP, MMP7-CLIP, and CTSB-CLIP, respectively. Due to differences in the intrinsic activities of the proteases, protease

concentrations used were 500 nM for CASP3, 250 nM for MMP7, and 20 nM for CTSB, to achieve comparable üuorescence. Normalized üuorescence

is calculated by normalizing the highest üuorescence value in a data set to 100%.

Figure 4. a) Calibration curve showing üuorescence enhancement

(deûned as üuorescence of CTSB-CLIP treated with CTSB relative to that

of RNP alone) observed at the 120 min timepoint in the CRISPR assay

versus the concentration of CTSB. LOD was calculated using the 3σ /m

method to be ∼88 pM at this time point. b) Speciûcity assay for

CTSB-CLIP when incubated with 20 nM nonspeciûc proteases and

proteins. Substantial üuorescence enhancement is observed

preferentially in the presence of CTSB protease. *** denotes statistical

signiûcance at the 99.9% conûdence levels, whereas <ns= indicates no

statistical signiûcance (at the 95% conûdence level), assessed using a

one-tailed Student’s t-test.

A calibration curve was constructed by incubating CTSB-

CLIP with increasing concentrations of CTSB protease for

30 min and then monitoring the CRISPR assay signal for an

additional 2 h (Figure 4a). The limit of detection (LOD) was

determined using the 3σ /m method. The LOD was found to

be ∼88 pM. In contrast, the LOD obtained using 100-times

higher concentration of a CFP for CTSB was 3.4 nM, which

is ∼40-fold higher (Figure S25). The mechanism of action

for CTSB-CFP is similar to that of 3CL-CFP, except that

it uses 7-amino-4-methylcoumarin as the dye. Notably, the

LOD of CTSB-CLIP is slightly higher compared to the lower

end of the detection range of commonly used ELISA assays

for CTSB (1.6–82 pM).[61–65] However, ELISA assays are

unable to distinguish between active and inactive forms of the

protein, require multiple steps, elevated temperatures (37 °C),

and a total assay time of up to 5 h. Moreover, the LOD of

CTSB-CLIP is well below the reported CTSB concentrations

in the serum of colorectal cancer patients, which can reach up

to 297 pM.[39]

To assess the selectivity of CTSB-CLIP, we tested its

response to various proteases at 20 nM, including CTSB, 3CL,

MMP7, thrombin (THR), CASP3, and trypsin (TRP). Bovine

serum albumin (BSA) was used as an additional control to

ensure nonspecific protein binding does not disrupt the locked

hairpin-like structure of CLIPs. The results (Figures 4b and

S7) confirmed that CTSB-CLIP is highly selective for CTSB

compared to the other tested proteases and BSA.

CLIPs Detect Proteases in Complex Biological Matrices

We next explored the application of CLIPs in biologically

relevant settings. We first assessed the stability of CLIPs

in the presence of nucleases (Figure S26) and cell lysates

(Figure S27). DNase I, which degrades both single- and

double-stranded DNA was applied to 3CL-CLIP at varying

concentrations. Our results (Figure S26) show that after

30 min of treatment, while the CLIP structure is degraded
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Figure 5. a) Detection of 1 µM 3CL protease spiked into NCI-H508 cell lysates using 3CL-CLIP. b) Activation of CTSB-CLIPs when treated with 15 µL of

lysates from RKO cell line. 3CL-CLIP is used as a control. Fluorescence enhancement is deûned as ratio of the üuorescence values of a sample to the

üuorescence of the RNP complex. c) Signal generated when 100 nM CTSB-CFP is treated with 6 µL of RKO cell lysates in the presence and absence of

a CTSB inhibitor. d) Signal generated when 1 nM CTSB-CLIP is treated with 6 µL of RKO cell lysates in the presence and absence of a CTSB inhibitor.

*, **, and *** denote statistical signiûcance at the 95%, 99%, and 99.9% conûdence levels, respectively, whereas <ns= indicates no statistical

signiûcance (at the 95% conûdence level), assessed using a one-tailed Student’s t-test.

at high DNase I concentrations, it remains stable at DNase

activity of 25 U L−1 or lower. This is more than double

the activity of DNAse I in human serum (∼10 U L−1),

demonstrating the robustness of the CLIP structure under

relevant scenarios.[66] Similarly, CLIPs were found to show

minimal degradation in cell lysates for up to 6 h (Figure S27).

We next investigated the functionality of CLIPs in com-

plex biological media by testing them with cell lysates and

10% human serum. Specifically, we introduced 3CL protease

into lysates from the NCI-H508 cell line, a type of colorectal

cancer cell line that does not naturally produce 3CL protease.

Any detection of signal in the absence of the spiked 3CL

protease can be considered background noise. We observed

that mixing the cell lysates with 3CL-CLIP resulted in some

signal generation, which is likely from nonspecific cleavage

of the probe or disruption of the locked structure due

to the complex nature of the sample. However, when we

added a spike of 1 µM 3CL protease to the lysates, the

signal increased substantially, confirming that CLIPs are still

effective in detecting target active proteases within a complex

cell lysate solution (Figure 5a). Similar results were observed

in 10% human serum (Figure S28). Although the addition

of 3CL-CLIP to 10% serum produced a higher background

signal compared to buffer, the signal increased significantly

upon adding 1 µM 3CL protease, demonstrating that the

probe remains effective in this medium. These findings align

with control experiments using 3CL-CFP, a probe with a

similar peptide sequence to 3CL-CLIP, which also exhibited

background signal in 10% human serum (Figure S28).

We further explored whether CLIPs could detect endoge-

nous proteases in biological samples, choosing CTSB as the

target protease due to its known dysregulation in colorectal

cancer.[60,67–69] To ensure the probe’s applicability across

different cell types, we investigated four different colon

cancer cell lines—HT29, NCI-H508, RKO, and SW-620

(Figures S29–S31). The lysates were incubated with CTSB-

CLIP and assayed using CRISPR (Figures 5b–d and S29).

To assess background signal, 3CL-CLIPs were used. CTSB-

CLIPs treated with cell lysates showed up to a 21-fold increase

in fluorescence relative to the fluorescence of the RNP alone

within 30 min (Figures 5b and S29). Although some back-

ground fluorescence was observed with the 3CL-CLIP, the sig-

nal from CTSB-CLIP was substantially higher. Using the most

responsive cell line, SW-620, the probe successfully detected

active CTSB from as few as 6,000 cells (Figure S30). For con-

text, this number is on the lower end of cell quantities typically

extracted during fine needle biopsies in cancer diagnostics.[70]

We validated the presence of CTSB in the cell lysates using a

CTSB-specific CFP (Figures 5c and Figure S31). Additionally,

we introduced a commercial CTSB inhibitor to the RKO

lysates, which led to a reduction in fluorescence signals from

both the CTSB-CFP and CTSB-CLIP (Figure 5c,d). These

experiments confirm the specificity of our detection method

for active CTSB in complex biological samples.

Conclusion

In conclusion, CLIPs represent a powerful new class of

activity-based sensors, offering a simple, rapid, room tem-

perature method to detect proteases. They outperform

commercial probes even at 100 times lower concentrations

due to the incorporation of DNA, which serves as a

handle for signal amplification. The DNA handle not only

enhances detection capabilities beyond those of previous

peptide beacons[71,72] but also simplifies the detection process

relative to nanoparticle-based approaches. Unlike earlier

nucleic acid-based strategies, CLIPs do not require com-

plex synthetic biology or separation of “free” DNA from

intact probes, making the detection one-pot and rapid, with

overall assay times as fast as 35 min (30 min protease

incubation followed by 5 min CRISPR assay). CLIPs also

eliminate the need for sophisticated equipment by utilizing

commonly available plate readers for readouts. Moreover,
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adjustments to the initiator and blocking strands could

optimize CLIP performance in various conditions, such as

at elevated temperatures or different ionic strengths. The

modular nature of the probe allows for detecting a variety

of proteases in complex matrices simply by changing the

peptide sequence. Importantly, the unique structure of CLIPs

ensures that they only activate CRISPR in the presence

of a target, providing a solid foundation for detecting not

only proteases but also potentially other disease-relevant

enzymes with cleavable substrates. As the detection is based

on irreversible peptide cleavage, each probe is single-use.

Although CRISPR-mediated signaling is currently employed

to detect the activated initiator strand, integration of other

DNA detection techniques could further boost sensitivity,

potentially achieving detection at the single-cell level. Taken

together, the flexibility, sensitivity, and specificity of CLIPs

establish them as a versatile and promising approach for

activity-based sensing, making them a valuable addition to the

MB toolbox.
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DNA and peptide sequences used in this study; details

of materials and methods, synthesis, characterization, and
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Conformationally Locked Peptide–DNA
Nanostructures for CRISPR-Ampliûed
Activity-Based Sensing

We report a new class of chemical
probes, termed cleavable, locked initiator
probes (CLIPs). CLIPs are peptide–DNA
nanostructures resembling molecular
beacons but enable activity-based
CRISPR-ampliûedmolecular sensing.
CLIPs detect various disease-relevant
proteases, yield superior sensitivity
compared to commercial probes, and
enable the monitoring of active proteases
in colorectal cancer cell lysates.
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