DNA Methylation



Introduction

DNA methylation is a type of chemical modification of DNA

It refers to involves the addition of a methyl group to the number 5 carbon of
the cytosine, to convert cytosine to 5-methylcytosine

This conversion of the bases is catalyzed by the enzyme DNA
methyltransferases.

The methyl groups are added into the major groove of DNA and inhibit
transcription
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CpG islands

In humans, DNA methylation takes place in cytosines that precede
guanines (dinucleotide CpGs)

The CpG notation is used to distinguish a cytosine followed by guanine
from a cytosine base paired to a guanine.

The modified cytosine residues usually lies next to a guanine base (CpG
methylation)

The two methylated cytosines positioned diagonally to each other on
opposite strand of DNA.
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Process

» It is an epigenetic mechanism used by cells to control gene
expression

» Methylation is found in mammals in the CpG sequences across
the entire genome

» Methylation in these sequences results in the silencing of the
genes such as tumor suppression genes
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Importance of DNA methylation

» Vital to the growth and development
» Enables suppression of the expression of retroviral genes

» Helps in the formation of the chromatin structure which enables a single
cell to grow into a complex multicellular organism

» In humans, DNA is methylated by three enzymes, DNA methyltransferase
1, 3a, and 3b (DNMT1, DNMT3a, DNMT3Db).

»  DNA methylation is vital for various cellular process such as embryonic
development, X-chromosome inactivation, genome imprinting, gene
suppression, carcinogenesis and chromosome stability




Abnormalities

» Abnormal DNA methylation is linked to many human diseases such as
lupus, cancer, muscular dystrophy and various congenital defects

» Abnormal methylation of the X-chromosome and gene imprinting develops
during embryonic development
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Hypermethylation

» Hypermethylation — increase Unmethylated CpG Island
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Factors affecting DNA methylation

» Aging
» Nutrient intake

» Genetic

» Metal exposure

» Tobacco Smoking
» Alcohol Drinking
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Recovery from methylation

DNA demethylation is the removal of a methyl group from DNA. This
mechanism is equally as important and coupled with DNA methylation.

The demethylation process is necessary for epigenetic reprogramming of
genes and is also directly involved in many important disease mechanisms
such as tumor progression.

Demethylation is catalyzed by enzymes called DNA demethylases.




Demethylation

The ten-eleven translocation (TET) family of 5-mC hydroxylases includes TET1,
TET2 and TETS3.

These proteins may promote DNA demethylation by binding to CpG rich regions to
prevent unwanted DNA methyltransferase activity,

TET proteins convert 5-mC to 5-hmC, 5-hmC to 5-fC (5-formylcytosine), and 5-fC
to 5-caC (5-carboxylcytosine) through hydroxylase activity.

These proteins function in transcriptional activation and repression (TET1), tumor
suppression (TET2), and DNA methylation reprogramming processes (TET3).




Types of demethylation

Demethylation of DNA can either be passive or active, or a combination of both.

Passive DNA demethylation-- takes place on newly synthesized DNA strands via
DNMT1 during replication rounds.

Active DNA demethylation-- occurs by the removal of 5-methylcytosine via the
sequential modification of cytosine bases
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