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ABSTRACT 

Here we demonstrate a method to discriminate single CpG site methylation in DNA by the use of methylation-

sensitive restriction enzymes (MSREs) followed by Cas12a-assisted sensing, which can be used as biomarker for 

several diseases. We show preliminary results of integrating CRISPR sensing in microfluidic channels for 

multiplexed “barcode” sensing of methylation markers.     
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INTRODUCTION 

Diseases such as autoimmune diseases and cancer are linked to gene specific methylation [1]. Therefore, 

sensitive detection of specific methylated genes is of interest. Current methods include polymer chain reaction 

(PCR) in combination with bisulfite conversion and/or methylation specific restriction enzyme (MSRE) treatment 

[2]. While PCR, as a DNA detection technique, is superior in terms of DNA specificity, the technique is both time 

and cost intensive and unsuitable for point-of-care (POC) applications. A new approach could include Clustered 

Regularly Interspaced Short Palindromic Repeats (CRISPR)-associated nuclease (Cas)-based sensing, where Cas 

effector proteins are used as highly specific sequence recognition elements in POC applications [3]. The excellent 

specificity and selectivity of CRISPR/Cas is determined by the type of effector protein (in our case Cas12a, which 

targets double stranded DNA), the CRISPR RNA’s (crRNA’s) interchangeable spacer sequence, and the position 

and number of mismatches between target sequence and the crRNA sequence, but not by epigenetic changes. With 

MSRE-induced target DNA fragmentation, we expand the CRISPR-toolbox and show the possibility to sense 

epigenetic DNA modifications with Cas12a, which can easily be integrated on-chip.  

 

EXPERIMENTAL 

We have developed a method to discriminate single CpG site methylation based on Cas12a’s trans-cleavage 

activity. Cas12a poses two cleavage activities: cis-cleavage occurs after successful binding of target DNA, digesting 

part of the target and enabling non-targeted trans-cleavage of multiple single stranded DNAs (ssDNAs) by the same 

Cas effector protein. To experimentally quantify the secondary Cas12a trans-cleavage, an excess of ssDNA with a 

fluorophore-quencher pair is added as reporter DNA. Cleavage of these reporter DNAs can be followed as an 

increase in fluorescence. The trans-cleavage activity is defined as the derivative over the linear increase of the 

fluorescence over time plots. 

For the methylation specific Cas12a sensing, we follow the schematic overview of Figure 1. Non-methylated 

sequences (blue) are digested by MSREs, while methylated sequences (brown) remain intact. After digestion, 

Cas12a and reporter DNAs are added to the solution. The trans-cleavage activity is followed as the increase of 

fluorescence over time in well plates or as the absolute fluorescence intensity at a certain time point in multi-channel 

microfluidic polydimethylsiloxane (PDMS) devices.  

Figure 1, Schematic representation of MSRE-CRISPR sensing detection mechanism used in this study. 
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Figure 3, A) Increase in fluorescence over time for different fractions of methylated : non-methylated DNA after enzyme 

treatment. B) Trans-cleavage activity of different methylated : non methylated DNA fractions. Error bars represent the mean 

+/- s.d., where n=9 (three replicates for three independent targets). C) Integrated fluorescence intensity (y-axis) in microfluidic 

chip of Cas12a after 10 minutes of incubation with from right to left: no template control, 0% methylation, 50% methylation, 

100% methylation after enzyme treatment and as a positive control 100% methylation without enzyme treatment all at 1 nM.  

RESULTS AND DISCUSSION 

For single CpG site experiments, we designed a crRNA complementary to 

the MAL gene, which is known to show elevated methylation in the case of 

bladder cancer [4]. The crRNA targeting region includes a single CpG site 

targeted by the MSRE. If no methylation is present, the part of the gene that 

complements to CRISPR will be fragmented, while methylated sequences 

remain intact (Figure 2). Different ratios of methylated : non-methylated DNA 

were mixed before MSRE treatment, to mimic different methylation levels. After 

digestion these mixtures were added to Cas12a. Figure 3A shows the increase 

in fluorescence for the different ratios at a total DNA concentration of 10 nM. 

The average slope of the linear section of these curves between 40 and 60 

minutes is used to determine the average trans-cleavage activity. Figure 3B 

shows a linear fit with a R2 =0.999 when plotting this trans-cleavage activity 

against the fraction of methylated DNA.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 All the above-mentioned experiments were performed in a plate-reader, however for POC applications, 

performing this assay in a microfluidic platform is far more convenient. Therefore, we created a PDMS microfluidic 

device containing 5 parallel channels enabling bar-code based fluorescence intensity read-out by a simple 

fluorescence microscope (Figure 3C). As can be seen in figure 3A, selecting the proper incubation time allows for 

absolute fluorescence intensity as a read-out, rather than its first derivate. Depending on the input concentration, 

the incubation time needed varies between 5 and 60 minutes, which shows a fast readout, one of the main necessities 

for a POC system. 

 

CONCLUSION 

We showed that it is possible to quantify the methylation percentage of a single CpG site by the use of Cas12a-

MSRE assisted sensing in both a conventional 384 well plate and in microfluidic channels. We are currently working 

on the further development of such a point-of-care device for simultaneously measuring multiple biomarkers in 

clinical liquid biopsy samples.  
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Figure 2, Schematic represen-

tation of the Cas12a and its crRNA 

complementing to the target se-
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