
WEEK 11

NEUROEPIGENETICS



Levels of investigation in neurodegenerative disorders

POPULATION INDIVIDUAL TISSUE/CELL NUCLEAR/
EPIGENETIC

Sanchez-Mut and Gräff, 2015, Front Behav Neurosci

§ Cognitive decline
§ Genetics

§ Abnormal activity
• fMRI
• PET scans

§ Abnormalities
• proteinopathies
• neuronal death

§ Dysregulation in 
• transcription
• epigenetics



Neuroepigenetics

1) The chromatin – Epigenetic basics (Lecture 1)

• Chromatin condensation
• Regulation of chromatin structure
• Environmental influences on epigenetics
• Epigenetic inheritance

2) Epigenetic dysregulation (Lecture 2)

• in AD



Learning objectives 
At the end of this week you will be able to

• Know about the core components of chromatin
• Define core epigenetic mechanisms of gene expression
• Know examples of how epigenetics can be influenced by 

the environment
• Differentiate between genetic and epigenetic modes of 

inheritance
• Explain how early life stress can alter adult behavior via 

epigenetic modifications





Chromatin structure

Some definitions:

• Chromatin = DNA + histones and nonhistone chromatin binding proteins 

• Epi-genetic = “On” or “above” the genes

• “The structural adaptation of chromosomal regions so as to register, signal or perpetuate 
altered activity states” Adrian Bird

• 3 main types of structural adaptations:
• Posttranslational modifications of histone proteins

• DNA methylation

• Non-coding RNAs



Chromatin condensation:
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Chromatin condensation:

Ø2nm: double helix

Ø11nm: beads on a string (“collier 
en perles”)

Ø30nm: fibre of condensed 
nucleosomes

Chromatin structure
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Chromatin condensation:

(A): 30nm fibre (B): 11nm beads on a string

Chromatin structure
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Chromatin condensation:

Ø2nm: double helix

Ø11nm: beads on a string (“collier 
en perles”)

Ø30nm: fibre of condensed 
nucleosomes

Ø300nm: chromatin loops

Chromatin structure

Net result: 10’000x condensation in length



The nucleosome

• Contains about 200bp of DNA

• Nucleosome core particle:
• 147bp DNA

• 8 core histone proteins (histone octamer)
• H2A (2)

• H2B (2)

• H3 (2)

• H4 (2)

• Linker DNA and linker histone
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The nucleosome

• Contains about 200bp of DNA

• Nucleosome core particle:
• 147bp DNA

• 8 core histone proteins (histone octamer)
• H2A (2)

• H2B (2)

• H3 (2)

• H4 (2)

• Linker DNA and linker histone

Chromatin structure – The nucleosome

© Garland Science 2008



Dynamic nature of the nucleosome

Chromatin structure – The nucleosome

© Garland Science 2008



The core histones

• Histone fold: Important for dimerization

• N-terminal domain: Important for posttranslational modifications

Chromatin structure – The histones

© Garland Science 2008



Evolutionary conservation of the core histones

Chromatin structure – The histones

© www.rsc.org

H2A H2B

H3 H4



Neuroepigenetics

1) The chromatin – Epigenetic basics (Lecture 1)

• Chromatin condensation
• Regulation of chromatin structure
• Epigenetic inheritance
• Environmental influence on epigenetics

2) Epigenetic dysregulation (Lecture 2)

• in AD



Regulation of chromatin structure:

1) Posttranslational histone modifications

2) Histone variants

3) DNA Methylation

Chromatin structure – Regulation



What is contained within a nucleosome? 

A. 4 core histones + ∼200bp 
DNA

B. 8 core histones + ∼200bp 
DNA

C. 8 core histones + 147bp DNA
D. 4 core histones + 147bp DNA
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Regulation of chromatin structure:

1) Posttranslational histone modifications

2) Histone variants

3) DNA Methylation

Chromatin structure – Regulation



© Behavioral Brain Research 2008

2) Posttranslational modifications (PTMs) of histones

Chromatin structure – RegulationChromatin structure – Regulation – Histone PTMs



• Histone PTMs predominantly occur on the N-terminal tail

Chromatin structure – Regulation – Histone PTMs

© Garland Science 2008



• Amino acids in histones that can be modified:

© Nature Reviews Structural and Molecular Biology 2007

Chromatin structure – Regulation – Histone PTMs



© CSHL Press 2007

• 2 groups of histone PTMs
• Group 1: Small chemical groups 

• Group 2: Large chemical groups

Chromatin structure – Regulation – Histone PTMs



• How to experimentally measure histone PTMs: 

Chromatin Immunoprecipitation (ChIP)

© Sigma-Aldrich



• Epigenetic mechanisms and their effect on transcription

• Mechanisms regulating the compaction of the chromatin

• Regulate gene transcription by regulating chromatin compaction

• Types

• DNA methylation

• Histone modifications

• Phosphorylation

• Methylation

• Acetylation

from Qiu, 2006from Gräff and Mansuy, BehavBrainRes, 2008
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Chromatin structure – Regulation – Histone PTMs



© CellPress 2007

• Effect on transcription

• Transcription ì
• Acetylation

• Phosphorylation

• H2B ubiquitination

• Transcription î
• H2A ubiquitination

• Sumoylation

Chromatin structure – Regulation – Histone PTMs

Histone PTMs can occur in a gene’s promoter region or in the coding region!



• Effect on transcription – acetylation and phosphorylation

Chromatin structure – Regulation – Histone PTMs

© www.mit.edu

Repulsion

© Garland Science 2008



• Effect on transcription – acetylation and methylation

Chromatin structure – Regulation – Histone PTMs

© Garland Science 2008



• Co-occurrence of histone PTMs can influence the rate of gene 
transcription

Chromatin structure – Regulation – Histone PTMs

© Garland Science 2008



• Enzymes regulating histone PTMs:

• Acetylation
• Histone acetyl transferases (HATs)

• Histone deacetylases (HDACs)

• Methylation
• Histone methyl transferases (HMTs)

• Histone demethylases (HDMs)

• Phosphorylation
• Protein kinases (PKs)

• Protein phosphatases (PPs)

Chromatin structure – Regulation – Histone PTMs

© Behavioral Brain Research 2008



• New histone PTMs keep being discovered

Chromatin structure – Regulation – Histone PTMs



Chromatin structure – Regulation – Histone PTMs

Metabolism Histone 
PTMs

© Nat Rev Genet 2020



Regulation of chromatin structure:

1) Posttranslational histone modifications

2) Histone variants

3) DNA Methylation

Chromatin structure – Regulation



Histone variants:

• Structural variants of the core histones

• Specialized function

• Inserted by histone-exchange process

Chromatin structure – Histone variants



• Histone variants – structure and function

Chromatin structure – Histone variants

© Garland Science 2008



• Histone variants – structure and function

• H2AX (aka gH2AX), a marker of DNA damage and repair 

Chromatin structure – Histone variants

ETP, etoposide, induces DNA 
double strand breaks

A mouse 
model of AD 

(amyloid)

A mouse 
model of AD 

(tau)

© Nature Neuroscience 2013

↖ Lecture 
Aging



• A histone code regulating the accessibility of the chromatin for 
transcription:

© Behavioral Brain Research 2008

Chromatin structure – Histone PTMs and variants

ØTogether with DNA methylation, this forms an epigenetic code 
regulating the accessibility of the chromatin for transcription



Regulation of chromatin structure:

1) Posttranslational histone modifications

2) Histone variants

3) DNA Methylation

Chromatin structure – Regulation



DNA methylation

• On cytosines

• … followed by guanine
• “CG island”

• “CpG island”

© Garland Science 2008

Chromatin structure – Regulation – DNA methylation



• 2 types of DNA methylation-inducing enzymes
• De novo DNA methyltransferases

• Maintenance DNA methyltransferases 

© CSHL Press 2007

Chromatin structure – Regulation – DNA methylation



© CSHL Press 2007

• 2 types of DNA methylation-inducing enzymes

Chromatin structure – Regulation – DNA methylation



• Methylated portions of the DNA attract Methyl-Binding-Domain 
containing Proteins (MBD), which act as co-activators or co-repressors

© CSHL Press 2007

Methylated DNA binding domain

Chromatin structure – Regulation – DNA methylation



• Function of DNA methylation: Repression (in general)

Chromatin structure – Regulation – DNA methylation



© Nature Reviews Genetics 2008

• Function of DNA methylation: Repression or Activation

• Depends on the genetic context

Chromatin structure – Regulation – DNA methylation



© Nature Genetics 2007

• Function of DNA methylation: Repression or Activation

• Depends on the CpG content

H=High CpG Promoter
I=Intermediate CpG promoter
L=Low CpG promoter

Chromatin structure – Regulation – DNA methylation



What is the effect of histone 
phosphorylation on gene 

transcription?
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The transcriptional effect of DNA 
methylation depends on which factors?
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Neuroepigenetics

1) The chromatin – Epigenetic basics (Lecture 1)

• Chromatin condensation
• Regulation of chromatin structure
• Epigenetic inheritance
• Environmental influence on epigenetics

2) Epigenetic dysregulation (Lecture 2)

• in AD



Epigenetic modifications can be...
• inherited through mitosis

• development/differentiation

• inherited through meiosis 

• transgenerational epigenetic inheritance

ØIn both cases, they can be influenced/installed by the 
environment



1) Epigenetic inheritance during development

• The developmental epigenetic landscape sensu Waddington (1905-1975)

Epigenetic Inheritance



Waddington’s epigenetic landscape (1957): 
The trajectory paths (the valleys) a cell can take 

are defined by epigenetic boarders (the hills)

Stem cell

Hepatocyte Epithelial cell

1) Epigenetic inheritance during development
DNA methylation      X%
H-Phosphorylation    Y%
H-Acetylation         Z%
H-Methylation         …



1) Epigenetic inheritance during development

• Epigenetic vs genetic inheritance

Epigenetic Inheritance

© Garland Science 2008



Epigenetic Inheritance

On a locus-specific level

• Both histone modifications and DNA methylation changes can be 
inherited

© Garland Science 2008



• Differentiation of neurons during development
NSC=Neural stem cell; NRSE=Neuron restrictive silencer element; REST=Repressor; BDNF=brain derived 
neurotrophic factor

REST is a neuron-specific repressor

On a locus-specific level

© Physiological Reviews (2011)

Epigenetic Inheritance



On a “regional” level:

• Distinction between hetero- and euchromatin is inherited through 
development

© Garland Science 2008

Epigenetic Inheritance

transcriptionally silent transcriptionally active



Which of the following is correct?

A. Epigenetic modifications can 
be inherited through mitosis, 
but not meiosis

B. Only DNA methylation, but not 
post-translational histone 
modifications can be inherited 
through mitosis

C. Euchromatin and 
heterochromatin regions 
cannot be changed during 
development

D. All A-C are correct
E. None of the above is correct

ttpoll.eu ->bio480jg



Neuroepigenetics

1) The chromatin – Epigenetic basics (Lecture 1)

• Chromatin condensation
• Regulation of chromatin structure
• Epigenetic inheritance
• Environmental influence on epigenetics

2) Epigenetic dysregulation (Lecture 2)

• in AD



Epigenetic Inheritance

1) Epigenetic inheritance during development

• Influence of the environment I/II – the case of monozygotic twins

© Garland Science 2008/ Proceedings of the National Academy of Sciences 2005



Benayoun et al., 2015, 
Nat Rev Mol Cell Biol

Accelerated 
epigenetic clock

Decelerated clock

Chronological age (y)

Ph
en

ot
yp

ic
 a

pp
ea

ra
nc

e

Epigenetic Inheritance

1) Epigenetic inheritance during development

• Influence on epigenetic clocks

↖ Lecture 
Aging



1) Epigenetic dysregulation following stress

• Influence of the environment II/II – The case of early-life stress

Epigenetic Inheritance



2) Epigenetic inheritance during development can be 
influenced by the environment

• Maternal care

“Good mothers”

“Bad mothers”

stress resistant
low levels of anxiety
normal behavior

stress susceptible
high levels of anxiety
depressive-like behavior

© Nature Neuroscience 2004

Epigénétique et transmission héréditaire



2) Epigenetic inheritance during development can be 
influenced by the environment

• Maternal care

“Good mothers”

“Bad mothers”

Reduced DNA methylation
Nr3c1 (coding for GR) can be expressed

Normal stress response

Increased DNA methylation
Nr3c1 is not expressed

Elevated stress response

Epigénétique et transmission héréditaire

© Nature Neuroscience 2004



© Frontiers in Behavioral Neuroscience 2009

Glucocorticoids, glucocorticoid receptors and the stress response 

Normal stress response Heightened stress response



© Physiological Reviews 2011

Epigenetic Inheritance

Nr3c1, the gene coding for glucocorticoid receptor 1 (GR);
NGF1-A, a transcription factor



Which of the following is correct?

Offspring with reduced maternal care are...

A. more susceptible to stress
B. less susceptible to stress
C. genetically different than 

offspring with enhanced 
maternal care

D. epigenetically identical to 
offspring with enhanced 
maternal care
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