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Consolidation of long-term memory and pathological 

neuroplasticity (pain, drug addiction, paralysis) 

depend on de novo protein synthesis

Epigenetics

Protein based?

DNA based?

Dogma in Neuroscience

Mechanisms?



heritable alterations in gene expression that do 

NOT arise from altered DNA sequence

changes in DNA methylation, histone 

modification and nucleosome positioning

Epigenetics refers to:





Cell differentiation

Imprinting

Aging

Gene expression

Cytosine methylation
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CpG methylation highly correlates 

with age 

The epigenetic clock is the best 

biological age predictor 

R = 0.90 for full age range

The epigenetics of ageing
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Chronological age

A biomarker of aging, DNAm PhenoAge predicts all-cause mortality, cancers, 

healthspan, physical functioning and Alzheimer's disease

1 year increase in DNA age (independently on chronological age) –

4.5% increase in the risk of cause mortality 

2.6-fold difference between 5% fastest and 5% 

slowest agers P = 8.E-47

Aging-related morbidity P = 2.E-20



DNAm PhenoAge

adversely accelerated by a high body mass index

reduced by high levels of education or physical activity, 

a low body mass index

consumption of fish, poultry, fruits and vegetables

is associated with activation of pro-inflammatory and interferon 

pathways, decreased activation of transcriptional/translational 

machinery, DNA damage response and mitochondria

Many “aging” CpGs are located close to poised promoters of bivalent 

genes (marked by H3K4me3 and H3K27me3)

ageing may correlate with reduced gene plasticity



Ученые впервые омолодили 

людей на уровне ДНК при помощи 

лекарств

Участники медицинского эксперимента

"помолодели" в результате приема 

прописанных им препаратов - снизили 

свой биологический возраст, 

определяемый маркерами ДНК
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Ten nominally healthy adult men from 51–65 years of age were

Growth hormone (GH) has thymotrophic and immune¨reconstituting

effects in animals and human HIV patients 

GH‐induced hyperinsulinemia might affect thymic regeneration and 

immunological reconstitution

GH was combined with

dehydroepiandrosterone which has many effects oppose 

deleterious effects of aging 

metformin is a powerful calorie restriction mimetic in aging 

mice and a candidate for slowing aging in humans 



A gain of approximately 2.1 years at 12 months 

The rate of aging regression appeared to accelerate with increasing 

treatment time of −1.56 / year in the first 9 months to −6.48 years / 

year in the last 3 months of treatment

A single epigenetic marker captures risks for diverse outcomes 

across multiple tissues and cells, and provide insight into important 

pathways in aging



heritable alterations in gene expression that do 

NOT arise from altered DNA sequence

DNA methylation, histone modification 

and nucleosome positioning

prion-like proteins-based epigenetics

Epigenetics refers to:

Part II



Many epigenetic traits are linked to self-perpetuating 

changes in the activity of proteins – prions 

they may adopt conformation that self-

templates over long biological timescales

self-templating can produce multiple activity 

states



CPEB, the cytoplasmic

polyadenylation element-binding protein: 

upon serotonin signaling, CPEB

oligomerizes with RNA in a self-templating

complex, leading to long-term memory 

facilitation

Model

persistence of long-term memory results 

from CPEB assembly into aggregates

these aggregates serve as functional prions and 

regulate protein synthesis necessary for the 

maintenance of long-term memory





Structure of G-quadruplexes formed in DNA or RNA sequences











Heterochromatin components

Pericentric heterochromatin: its distinctive feature is the presence of 

megabase sized repetitive DNA domains coated in a specific histone 

H3K9 trimethylation mark

Polycomb proteins

Polycomb (PcG) and Trithorax maintain the memory of spatial patterns 

of gene expression throughout development

have key roles in the maintenance of developmentally or 

environmentally programmed expression states

PcG proteins are responsible for deposition of the H3K27me3 and 

H2AK119Ub marks 

can be recruited to specific regions of the genome by DNA-binding 

proteins or noncoding RNAs3. 

Noncoding RNAs

DNA methylation

The mechanisms that allow DNA methylation to be copied during DNA 

replication DNA methylation is maintained by the DNA 

methyltransferase DNMT1

Major carriers of epigenetic information







Structure & Epigenetics of

Euchromatin versus 

Heterochromatin 





RNA methylation is a reversible post-translational modification to 

RNA including tRNA, rRNA, mRNA, tmRNA, snRNA, snoRNA, 

miRNA, and viral RNA

N6-methyladenosine (m6A) is the most common and abundant 

methylation modification 

is thought to be important for mRNA regulation due to enrichment 

of m6A at 3’UTRs

5-methylcytosine (5-mC)

m6A and 5-mC RNA methylation affects the regulation of various 

biological processes such as RNA stability and mRNA translation, 

loss of 5-mC in vault RNAs causes aberrant processing into 

Argonaute-associated small RNA fragments that can function as 

microRNAs

https://www.epigentek.com/catalog/rna-methylation-c-75_115.html
https://www.epigentek.com/catalog/epiquik-m6a-rna-methylation-quantification-kit-colorimetric-p-3646.html














Methylation of Cytosine in 

DNA




