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Technical Summary 
 
DNA methylation, specifically the methylation of cytosine bases, is an important biomarker, as 
abnormal DNA methylation patterns are found in many different types of cancer. Currently, a 
small number of cancer hospitals evaluate the methylation status of the MGMT gene promoter 
to determine the best course of treatment for patients with glioblastoma. However, improved 
methylation detection techniques are required in order to expand the availability of such 
testing to more patients.  

Methyl-CpG-binding domain (MBD) proteins bind specifically to methylated DNA sequences, 
and many assays have been developed that use these proteins in methylation profiling of DNA. 
The wild-type proteins in the MBD family bind specifically to symmetrically methylated CpG 
dinucleotides. Here, I have engineered a new MBD variant that binds to hemi-methylated DNA 
but not unmethylated DNA, allowing for the detection of a methylated target sequence 
hybridized to a simple, unmethylated DNA probe. With four amino acid substitutions, a protein 
that did not show any binding to hemi-methylated DNA at concentrations up to 100 nM was 
altered to bind hemi-methylated DNA with high affinity. Based on equilibrium binding 
titrations, this engineered variant binds a DNA sequence with a single hemi-methylated CpG 
dinucleotide with a dissociation constant of 5.6 ± 1.4 nM.  

After engineering a protein to bind hemi-methylated CpG dinucleotides, I developed a simple, 
hybridization-based assay to determine the methylation status of the MGMT promoter using 
this protein variant and magnetic microparticles. The target DNA molecules are captured on the 
surface of magnetic microparticles and an MBD-GFP fusion protein is added to bind if the 
captured target is methylated. Therefore, MBD binding can be detected directly based on 
fluorescence of the microparticles after the binding step without requiring any chemical 
conversion or additional labeling steps. In addition to simplifying the assay and eliminating the 
need for methylated capture probes, I was able to improve the sensitivity of the assay to 5 pM 
target DNA.  Finally, I also studied the DNA capture and MBD binding events to identify the key 
parameters and guide future efforts to develop clinically relevant diagnostics.  
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