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2.4: Epigenetic Mechanisms

4b Learning Objectives

o 1: Identify the main epigenetic mechanisms related to control of gene expression.

4.1

Introduction

Epigenetics is defined as potentially heritable and reversible changes in gene expression
DNA methylation mediated by methylation of DNA, modifications of histone proteins or by non-coding
RNAs that are not due to any alteration in the DNA sequence. These processes
singularly or jointly affect transcript stability, DNA folding, nucleosome positioning,
chromatin compaction, and ultimately nuclear organization. They determine whether a
gene is silenced or activated and when and where this occurs.

Epigenetic change is a regular and natural occurrence, essential for normal cell
development, but can also be influenced by several factors including age, the
environment/lifestyle, and disease state.

4.2

DNA Methylation
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DNA methylation is a covalent modification of DNA, in which a methyl group is transferred from S-adenosylmethionine (SAM),
that is converted to S-adenosylhomocisteine (SAH), to the 5 position of cytosine by a family of enzymes known as DNA
methyltransferases (DNMT).

Figure 2.4.1: Disaccharide structure
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DNA methylation occurs predominantly in cytosines located in proximity of guanines, known as CpG dinucleotides (CpGs) or
CpG island. These CpG island are found in promoter region of genes. The methyl group inhibits the binding of transcription factors
to their recognition site, resulting in inhibition of gene transcription. Furthermore, the methyl group may attract other proteins
know as transcriptional repressors that contributes for inhibition of gene transcription.

Figure 2.4.2: DNA methylation in the promoter region — Credit Aline de Conti
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Histones Post-Translational Modifications

The nucleosome is composed of five histone proteins (H1, H2A, B, H3, and H4). The N-terminus of these histone proteins are
subject to covalent modifications such as methylation, phosphorylation, acetylation, ubiquitination or sumoylation by a group of
histone-modifying enzymes . Alterations in these proteins contribute to the accessibility and compactness of the chromatin, and
result in activation or suppression of particular genes.

EXAMPLES OF TYPES AND ROLES OF HISTONE MODIFICATIONS
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Figure 2.4.3: Histone sites of post-translational modifications.

Activation of gene Transcription:

Acelylation in the lysine 9(K9) of histone 3(H3) - H3K9ac

Acetylation in the lysine 27(K27) of histone 3(H3) - H3K27ac

Trimethylation in the lysine 4(K4) of histone 3(H3) - H3K4me3
Repression of gene transcription:
Trimethylation in the lysine 4(K3) of histone 3(H3) - H3K9me3
Trimethylation in the lysine 27(K27) of histone 3(H3) - H3K27me3
Trimethylation in the lysine 20(K20) of histone 3(H3) - H3K20me3

DNA methylation and histone post-translational modifications play important role in the establishment of chromatin structure and
in consequence in the gene expression modulation. These epigenetic mechanisms can be independent or can happen together to
control the gene expression. They also may influence each other, for example the histone methylation can help to direct DNA
methylation patterns, and DNA methylation might serve as a template for some histone modifications after DNA replication.

Figure 2.4.4: Histone acetylation and methylation in gene regulation.

4.4

microRNAS

miRNAs have an important role in gene regulation and they can influence biological functions including cell differentiation and
proliferation during normal development and pathological responses. They are small non-coding RNA molecules (containing about
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22 nucleotides), derived from regions of RNA transcripts that fold back on themselves to form short hairpins. They regulate gene
expression at the post-transcriptional level. A number of miRNAs may bind to specific regions of the messenger RNA (mRNA)
and block its translation to proteins. Alteration of the expression of miRNAs is believed to contribute to the progression of
tumorigenesis and other diseases.
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miRNA genes are usually transcribed by
RNA polymerase Il. miRNAs are initially
transcribed as miRNA precursor termed a
primary miRNA (pri-miRNA)

After processing the
mature miRNA binds to
mRNA target through
base pairing

Gene silencing may occur
either via mRNA degradation
or preventing mRNA from
being translated

Figure 2.4.5: Schematic representation of gene silencing by microRNA. Credit: Aline de Conti
Topic 4: Key Points
In this section, we explored the following main points:
¢ 1: Epigenetic mechanisms may influence gene expression without alteration in the DNA sequence.

e 2: Main epigenetic mechanisms are DNA methylation, histones post-translational modification and alteration in the expression
of microRNAs.

o 3: Epigenetic change is a regular and natural occurrence but can also be influenced by several factors including age, the
environment/lifestyle, and disease state.

o 4: Different from genetic alterations, epigenetic alterations are considered reversible.
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1. Epigenetic mechanisms are considered:
Reversible

Irreversible

Answer
Reversible
2. DNA methylation and histone post-translational modifications play important role in the establishment of chromatin
structure and in consequence in the gene expression modulation. True or False?
False

True

Answer

True

3. DNA methylation may inhibit the binding of transcription factors to their recognition site, at promoter regions resulting in:
Inhibition of gene transcription

Activation of gene transcription

Answer

Inhibition of gene transcription
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