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ZRIATHZ L THEICAAI AF UL L~LlE R AF ULV ERIETE 5 2 L AVUR
iz,

7 7 I DNA D A F AL L)L Z fE ) @I EE IS E T 5 72 DI TET O SOS 2 FIH L7z,
TET BZAF N by LT DIBFET, a7 M AHVRIZaNTBRICEB S ND, DFED,
777 2 DNA IZ TET 26 S8, ZOMINERE THE CTma I BE&IL7 7 A DNA O X F kL
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DNA7ZIT T72 <, ATF/MEDNAIZHHEET D, £ T, TOHAT/HECPpGITFrRMICHE ST HEH
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PIR OB ATREIC 72 5 L IR S D,
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Measurement systems of cytosine modification levels in genomic DNA

In vertebrate, DNA methylation is occurred at C5 position of cytosine (5-methylcytosine; 5mC) on
CpG. In cancer cells, global hypomethylation is observed; thus, the methylation level can be utilized
as a biomarker for the cancer diagnosis. Moreover, the hemi-methylated CpG, only one strand
methylated CpG, exists in larger amounts in NBL2 (a tandem repeat in acrocentric chromosomes)
and Sat2 (satellite 2 in a juxtacentromeric heterochromatin) of ovarian carcinomas and Wilms’
tumors compared with normal cells. The 5hmC (5-hydroxymethylcytosine) is generated by the
oxidation of 5mC by TET (Ten eleven translocation) family of dioxygenase. Several studies have
reported that global hydroxymethylation levels decreases in cancer and central nervous system
disorder. Hence, not only global methylation but also global hemi-methylation and
hydroxymethylation may conductive as a biomarker for the detection of the cancers and central
nervous system disorder. Accordingly, the aim of this study is to develop the quantification system
of cytosine modification levels in genomic DNA.

Hemi-methylation level sensing system was developed based on BRET (Bioluminescence
Resonance Energy Transfer) using SRA (SET and RING associated) domain of UHRF1 (Ubiquitin
like with PHD and Ring finger domains 1) fused firefly luciferase (UHRF1 SRA-Fluc). UHRF1 SRA-
Fluc binds hemi-methylated CpG, then DNA intercalating dye is excited by the luminescence of
luciferase (BRET signal). The BRET signal depends on the hemi-methylated CpG on target DNA.
Consequently, the BRET signal increased in accordance with the hemi-methylation levels.

Similarly, sensing system of hydroxymethylation level was developed based on BRET. To measure
the hydroxymethylation level, SRA domain of UHRF2 was utilized and fused firefly luciferase
(UHRF2 SRA-Fluc). UHRF2 SRA-Fluc recognizes hydroxymethylated as well as methylated CpG.
To block the methylated CpG on genomic DNA, the addition of MBD (Methyl-CpG binding domain)
was applied to BRET assay using UHRF2 SRA-Fluc. The result showed that hydroxymethylation
level on genomic DNA can be measured using UHRF2 SRA-Fluc and MBD.

Finally, TET was utilized to develop global methylation level sensing system. TET produces
succinate via the 5mC oxidation, suggesting that global DNA methylation would be determined by
measuring the produced succinate. In particular, global DNA methylation level was quantified by
measuring the amount of succinate produced by TET-catalyzed 5mC oxidation.

In conclusion, this study demonstrated that global DNA methylation, hemi-methylation, and
hydroxymethylation can be more readily measured compared to conventional methods for the
detection of cytosine modification levels. These sensing systems would be utilized for the simple
diagnosis to assess the risk of cancer and central nervous system disorder.



