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Aging

Agin = the time-dependent functional decline that affects most living organisms
ging

Aging is the biggest risk factor for
the majority of chronic diseases

that increase morbidity or mortality

|

Interventions that extend

Alzheimer’s Diabetes

lifespan may delay or prevent

many chronic diseases

Cancer Heart failure

Kennedy, B. K.; Berger, S. L.; Brunet, A.; Campisi, J.; Sierra, F. et al. Cell2014, 159, 709



Hallmarks of Aging

There are nine hallmarks that contribute to the aging process and determine the aging phenotype
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Deregulated nutrient sensing Stem cell exhaustion Altered intercellular comm.
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Genomic instability Epigenetic alteration Cellular senescence
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Mitochondrial dysfunction Telomere attrition Loss of proteostatis

Lépez-Otin, C.; Blasco, M. A.; Partridge, L.; Serrano, M.; Kroemer, G. Cell 2013, 153, 1194
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DNA

The Central Dogma

RNA

What determines which genes are expressed?

Allis, D. C. et al. Epigenetics 2nd ed., CSHL Press, 2015
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region of DNA double helix

“peads on a string” chromatin

condensed chromatin

entire mitotic chromosome

Chromatin

Chromatin consists of
DNA bound to proteins

including histones

' histone
’ nucleosome

Chromosomes are
composed of a very long
DNA molecule and proteins
that carries part of the
hereditary information of an

organism

Alberts, B.; Johnson, A.; Lewis J. et al. Molecular Biology of the Cell 4th ed., Garland Science; 2002



Euchromatin vs. Heterochromatin

Chromatin is one of two subtypes euchromatin or heterochromatin

¥

euchromatin heterochromatin

loose genes likely compacted genes likely not
structure transcribed structure transcribed

“ ”
genes on “genes off”

Wallrath, L. L. Curr. Opin. Genet. Dev. 1998, 5, 147
Grewal, S. I. S.; Moazed, D. Science, 2003, 301, 798



Epigenetics

Epigenetics = transmittable changes in gene “on-off” states through modulation of chromatin which is

not brought about by changes in the DNA sequence

Epigenetic change - chromatin modification
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Allis, D. C. et al. Epigenetics 2nd ed., CSHL Press, 2015



Nucleosome Remodeling

proteins (two each of H2A, H2B, H3 and H4) ATP hydrolysis to change chromatin and

nucleosome composition non-covalently

Histone variants are proteins that substitute

'Y’

These complexes help chromatin accessibility

for the core histones (denoted as H3.#)

for transcription factors and regulators

Allis, D. C. et al. Epigenetics 2nd ed., CSHL Press, 2015



Histone Post-Translational Marks

Histone post-translation mark:
covalent modification of a histone amino

acid

e.g. H3K4me3 = trimethylation of lysine

4 on histone 3

Proteins which have a specific affinity for a tail modification are called readers. Covalent modifications

are effected by histone-modifying enzymes called writers, and removed by erasers

Writer Eraser
Reader

Allis, D. C. et al. Epigenetics 2nd ed., CSHL Press, 2015



Example Modifications

Covalent modifications alter chromatin structure or recruit histone modifiers leading to changes

iIn gene expression

Lysine acetylation Lysine methylation
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acetyltransferase deacetylase methyltransferase demethylase
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Allis, D. C. et al. Epigenetics 2nd ed., CSHL Press, 2015



DNA Methylation

DNA methylation = addition of a methyl group

DNMT
L Os_ _N NH, Os_ N NH
to cytosine in the DNA template Y X - Y AN
HN _~ e S HN_ _~
H Me
Mainly occurs at CpG dinucleotides TET

cytosine At gene bodies, DNA methylation tends to

promote expression of the gene
guanine
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Within gene promoters (at CpG islands), DNA
methylation tends to repress transcription
CpG dinucleotide = cytosine followed by guanine

Field, A. E.; Robertson, N. A.; Wang, T.; Havas, A.; Ideker, T.; Adams, P. D. Mol. Cell. 2018, 71, 882



Non-Coding RNA

ncRNA = Functional RNA molecule that is transcribed from DNA but not translated into proteins
NCcRNAs regulate gene expression at the
transcriptional and post-translational levels
MRNA e > Y ncRNA
Epigenetic related ncRNAS include:
miRNA, siRNA, piRNA
protein a
These all carry out RNA interference (RNAI)
o - & 20
L W or or
RNAI base pairs Cleavage of Translational Heterochromatin
to target RNA target RNA repression formation

Alberts, B.; Johnson, A.; Lewis J. et al. Molecular Biology of the Cell. 4th ed., Garland Science; 2002
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Epigenetics and Aging

Young epigenome Old epigenome

With aging there are Increased genomic instability _
o May contribute to
distinct changes to the ) Changes in gene expression ) _
o hallmarks of aging
epigenome by e.g loss of silencing

Kane, A. E.; Sinclair, D. A. Crit. Rev. Biochem. Mol. Biol. 2019, 54, 61



Epigenetics and Aging

Young epigenome Old epigenome

Nucleosome loss

Kane, A. E.; Sinclair, D. A. Crit. Rev. Biochem. Mol. Biol. 2019, 54, 61
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Nucleosome Occupancy Loss in Yeast

M H2A protein
M H3 protein
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H3 and H2A protein decrease during aging

old very old

Feser, J.; Truong, D.; Das, C.; Carson, J. J.; Kieft, J.; Harkness, T.; Tyler, J. K. Mol. Cell. 2010, 39, 724



Relative mRNA / ug DNA Equivalent

Nucleosome Occupancy Loss in Yeast

M H2A protein
M H3 protein
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Mutant yeast bred which lacked ASF1, a
gene encoding for a histone chaperone

(these were shorter lived)
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Feser, J.; Truong, D.; Das, C.; Carson, J.

H3 and H2A protein decrease during aging

histone

chaperone

A significant increase in histone transcripts
was found in the aging population of WT

yeast but not mutants

J.; Kieft, J.; Harkness, T.; Tyler, J. K. Mol. Cell. 2010, 39, 724



Nucleosome Occupancy Loss in Yeast

Hypothesized that the the reduced histone To determine which core histones impart

expression in the short-lived mutants is a anti-aging properties, added extra copies of

cause of their shortened life span genes encoding H3/H4 or H2A/H2B

pvalue=

0.0071
- WT '\\
] ~WT int pGal HA/H4
- WT int pGal H2A/H2B

1% Galactose

@O

Proportion of mothers dividing
> o
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Age (cell divisions)

A plasmid encoding all four core

histones extended the median life span

Overexpression of genes encoding H3/H4

extended WT life span by 30%
of asf1 mutants by 65%

Feser, J.; Truong, D.; Das, C.; Carson, J. J.; Kieft, J.; Harkness, T.; Tyler, J. K. Mol. Cell. 2010, 39, 724



Epigenetics and Aging

Young epigenome Old epigenome

Increase in histone

variants

Kane, A. E.; Sinclair, D. A. Crit. Rev. Biochem. Mol. Biol. 2019, 54, 61



Histone Variants e.g H3.3

Proximal (cs2) Distal (cs1)
I

Histone variants H3.3 and its cleaved products

(H3.3cs#) are found in an increased amount

during senescence

Chr-Free Chromatin
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Overexpression of these variants induced

senescence, indicating that these histone

changes may drive aging

% EdU-positive cells

% SAHF-positive cells
)

Duarte, L. F.; Young, A. R. J.; Wang, Z.; Wu, H.-A.; Panda, T.; Kou, Y.; Kapoor, A.; Hasson, D.; Mills, N. R.; Bernstein, E. Nat. Comm. 2014, 5, 5210



Epigenetics and Aging

Young epigenome Old epigenome

Changes in histone post-
translational modifications

Kane, A. E.; Sinclair, D. A. Crit. Rev. Biochem. Mol. Biol. 2019, 54, 61



Histone Post-Translational Marks and Aging

Global increase in active histone Specific pattern of histone
marks and decrease in repressive ) modifications differs between
histone marks organisms, tissues of same

individuals, and cells of same tissue

Randomly selected pairs
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In human peripheral blood mononuclear cells there is increased heterogeneity in histone
modifications between both cells and individuals with age

Benayoun B.; Pollina, E.A.; Brunet, A. Nat. Rev. Mol. Cell Biol. 2015, 16, 593
Cheung, P.; Vallania, F.; Warsinske, H. C.; Donato, M.; Schaffert, S.; Chang, S. E.; Dvorak, M.; Dekker, C. L.; Kuo, A. J. et al. Cell 2018, 173, 1385



