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DNA methylation is an epigenetic modification 
that is crucial for normal gene regulation in 
mammals and aberrations in DNA methylation 
are characteristic of many cancers. With the 
development of next-generation sequencing  
technologies, the ability to survey whole- 
genome methylation profiles has been  
enabled. However; since only about 1% of the 
human genome is methylated, it is not cost 
effective to sequence the entire genome to 
interrogate methylation patterns. Thus, to  
gain a thorough understanding of th e 
functional role of this epigenetic mark,  
sensitive, accurate, and versatile tools for the 
enrichment of methylated sequences from  
genomic samples of DNA that allow for  
focused evaluation of methylation patterns are 
needed for genome-wide studies.  Using a  
new methyl-CpG binding protein-based  
system for methylated DNA enrichment, called 
the MethylMiner™ Methylated DNA  
Enrichment Kit, we demonstrate that SOLiD™ 
system-based high-throughput sequencing  
can return genome-wide deep coverage of  
human and Arabidopsis thaliana CpG- 
methylomes. The results presented show how 
MethylMiner™ Kit-based enrichment permits  
easy fractionation and elution of the  
methylated sequences based on CpG density 
with simple changes in NaCl concentration  
and how this DNA can be readily sequenced 
to permit exclusive  focus on subsets of the 
genome that are methylated to differing  
degrees.

Introduction

MBD proteins share a common fold but bind 
double-stranded methylated DNA with  
different affinities.  The structures of MBD1 
bound to methylated DNA (above) and MeCP2 
have been determined; however, published  
data suggest that MBD2 binds with the  
highest affinity of all. Since the binding  
involves broad contact between the protein 
and the major groove of the DNA, changes in 
pH or ionic strength modulate the binding  
interaction.  It has also been shown that 1 M 
NaCl can almost entirely disrupt the binding at 
pH 7.4.  The MBD used in the MethylMiner™ 
kit is a unique biotinylated recombinant  
version of the human MBD2 protein.  The  
combination of this protein with streptavidin 
Dynabeads® creates a very efficien t 
methylated DNA capture system.

Adapted from (Ohki et al. Cell, 105, 487–497, May 18, 2001)

Figure 1 – MBDs bind DNA
The capture efficiency of the MethylMiner™ system 
was compared to that of the MeDIP assay.  A   
series of synthetic 80 bp duplex DNAs carrying  
from 0 to 8 symmetrically methylated CpGs was 
used.  The MethylMiner™ kit (blue bars) could  
capture ~25% of duplexes that carried only two 
methylated CpG motifs.  The MeDIP assay required 
the presence of 4 such sites for comparable  
performance.

Figure 3 – The MethylMiner™ Kit 
outperforms α-5methyl-C Antibody

Amplifiable DNA from a methylated locus, in this 
case the PLAU promoter CpG island in MCF-7 cells, 
can be recovered from as little as 5 ng of input 
genomic DNA.  For small-scale capture reactions, 
the MethylMiner kit shows linear recovery (inset) 
from between 25 ng and 1 μg of input.  For 
sequencing, capture reactions can be scaled to at 
least 50 μg input.

Figure 4 – Sensitivity and Linearity

A) The CpG island at the promoter of the PLAU gene is illustrated by a green line indicating the number of CpGs within a 100 bp sliding window.  The  
increased density of CpGs occurs between positions  -200 and +500 (relative to the transcription start-site). Yellow and blue circles are the frequencies of 
methylation for every CpG from -375 to +250 as determined by bisulfite sequencing in the two cell-lines.  MCF-7 cells are hypermethylated at this locus 
whereas MDA-MB-231 cells are hypomethylated.  

B) Recovery of DNA from the CpG island as assayed by qPCR after MethylMiner™ Kit capture and salt fractionation.  MethylMiner™ Kit capture clearly 
distinguishes between the two cell-lines.  For MCF-7 (yellow bars), 1M NaCl is required to elute greater than 85% of the heavily methylated DNA; in 
contrast, for MDA-MB-231 (blue bars), >95% of the hypo-methyated DNA fails to bind and remains in the supernatant. 
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SOLiD™ System-seq of MethylMiner™ Kit fractions shows good correspondence to the BS-seq map of CpG methylation from Lister et al.  In many cases throughout 
the genome, this approach enriches methylated sequences that an alternative antibody-based method, mCIP-chip, misses (red boxes). AnnoJ browser view, ©2008 
Julian Tonti-Filippini; http://www.annoj.org.  At the upper right, the chloroplast genome is not methylated in A. thaliana and shows no enrichment for CpGs in the 
sequencing reads from the fractions; in contrast, on the lower right, the nuclear genome does.  For nuclear genomic reads the average CpG density and degree of 
methylation increases from input to 500 mM to 1M and significant enrichment is obtained in the 1M fraction.

Figure 6 – SOLiD™ System-Seq shows that MethylMiner™ Kit fractions are enriched in 
methylated sequences missed by mCIP-chip

Figure 5 – Differential capture of PLAU promoter CpG island DNA from two cell-linesFigure 2 – The MethylMiner™ Kit 
workflow for high-throughput 
sequencing

The need for new tools
Until recently, DNA methylation was thought 
to mainly serve to as a repressive mark that 
was relatively static and that its most variable 
role was in the regulation of a subset of   
promoters that possess regions of unusually 
high CpG content (so-called CpG islands).  In 
this model, such promoters are either non- 
methylated and “open” or are heavily  
methylated and “repressed”. However, a  
growing number of studies in the field are  
beginning to call this established paradigm  
into question. Thus tools to study regions of 
partial or dynamically variable methylation are 
required.  MBD (methyl-CpG-binding) proteins 
offer the possibility to finely fractionate  
sample DNA based on its relative degree of 
methylation and can be easily used upstream 
of high-throughput sequencing.

For more information, please go to www.invitrogen.com/methylation then follow the links for “methylated DNA enrichment” and/or “kits & assays”

Figure 7 – MethylMiner™ Kit and SOLiD™ System sequencing of human MCF-7 cell-line DNA

A) In this example, human DNA from the breast cancer cell-line MCF-7 was mechanically fragmented to a size-range of 50-300 bp, then 

B) captured with the MethylMiner™ Kit and eluted into two distinct sub-populations, a low-salt fraction (500 mM NaCl) and high-salt fraction (1M NaCl).  Notably, 
very little DNA could be subsequently removed with very high salt, [NaCl]=3.5M.  

C) Sequencing libraries were generated and size-selected to represent fragments of an average length of 150 bp. 

D) SOLiD™ System (version 3.0) sequencing was conducted on the input, non-enriched DNA, and the 500mM and 1M isolated enriched fragments. 20 million 
uniquely mappable 50 bp sequence tags (representing 1 Giga-base of data each) were generated for each sample from equal-sized sequencing reactions and 
the number of CG dinucleotides that occurred within each sequenced library member was determined by counting from the observed sequencing start sites.  
As with the plant DNA (Fig 6), the average number of CpGs per fragment increases with increasing resistance to elution with salt. Importantly, very few 
sequences (< 1%) containing no CpG content “leak” through.

E) Comparison of enrichment across chr21. Without enrichment there is near uniform coverage at ~0.3X depth (blue read pile-up, first track); in contrast, for the 
same amount of sequencing, areas of enrichment emerge in the low-salt fraction and significant enrichment up to 15-fold are seen in the high-salt fraction 
(red read pile-up, second and third tracks).  The fourth track shows the enrichment obtained with direct elution of all bound sequences with buffer containing 
2M NaCl.  For reference the 1M high-salt fraction signal is shown for a tiling microarray platform in the fifth data track.

D

A

Sup      Wash    200mM  350mM   450mM   600mM  1000mM

100%

60%

20%

B

30%

20%

10%

0

30%

20%

10%

0

A B

C
D

E

©2010 Life Technologies Corporation.  All rights reserved.  The trademarks mentioned herein are the property of Life Technologies Corporation or their respective owners.


