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Development of global DNA methylation level measurement system based on biolumi
nescence resonance energy transfer assay

DNA methylation is associated with the silencing of gene expression. In cancer cells, global
DNA methylation levels decreased compared with normal cells. Therefore, global DNA
methylation levels have been considered as biomarkers for cancer diagnostics. This study
aimed to develop a simple global DNA methylation level measurement system based on
bioluminescence resonance energy transfer (BRET) assay.

A BRET assay for the measurement of methyl CpG content on genomic DNA was developed
using methyl-CpG-binding domain (MBD) fused firefly luciferase (Fluc) (MBD-Fluc) and BOBO-
3 of DNA intercalating dye. In the BRET assay, the MBD-Fluc binds to the methyl CpG on
genomic DNA, whereby BRET between the MBD-Fluc and BOBO-3 is detected. The results
showed that the BRET signal depended on the DNA methylation level of human genomic DNA.
Moreover, screening system for DNA methyltransferase inhibitor was developed using the
BRET assay.

To quantify global DNA methylation level by the BRET assay using MBD-Fluc, a calibration
curve is required, because the MBD-Fluc-based BRET assay does not detect unmethyl-CpG
content. Therefore, a BRET assay for the measurement of unmethyl CpG content on genomic
DNA was developed using unmethylated CpG-binding protein (CXXC) fused Fluc (CXXC-Fluc)
and BOBO-3. The results showed the BRET signal depended on the unmethyl CpG content
on genomic DNA. Moreover, the ratio of the BRET signal in the MBD-Fluc-based assay to the
total BRET signal in the MBD-Fluc- and CXXC-Fluc-based BRET assays depended on the
global DNA methylation level determined by bisulfite method. These results demonstrated that
global DNA methylation levels can be quantified by calculating the BRET signal ratio without
any calibration curve.

The MBD-Fluc- and CXXC-Fluc-based BRET assays must be performed separately to quantify
global DNA methylation level, because the same luciferase fuses to both MBD and CXXC.
Therefore, a multicolor BRET assay for the quantification of global DNA methylation level was
developed using CXXC-fused Oplophorus luciferase (CXXC-Oluc), MBD-Fluc, BOBO-1 and
BOBO-3. The results showed the CXXC-Oluc recognized unmethyl CpG on genomic DNA to
excite BOBO-1; whereas, MBD-Fluc recognized methyl CpG on genomic DNA to excite BOBO-
3. The emission intensities of BOBO-1 and BOBO-3 were simultaneously detected and
depended on the unmethyl and methyl CpG contents on genomic DNA, respectively. There
was a significant negative correlation between the emission intensities of BOBO-1 and BOBO-
3; therefore, the global DNA methylation level can be quantified with this multicolor BRET assay.
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