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OUTLINE:

EPIGENETICS

ENVIRONMENT (NUTRITION) AND EPIGENETICS
EPIGENETICS AND NEURODEGENERATION

NUTRITION, EPIGENETICS AND NEURODEGENERATION

... AND THE GUT MICROBIOME
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ART (philosophically)

manifesting different “complex expressions” starting form the same raw material

Epigenetics (historically)

“.the branch of biology which studies the causal interactions

between genes and their products, which bring the phenotype

0 being.”




Epigenetics (biologically)
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de novo DNMT

b Histone modifications
HDAC1 and 2 can be

SETDB1 and Suv3%h
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Epigenetics (biologically) ...
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DIFFERENTIATION
Zygote

S5
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Cont d mitosis
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Blood, nerve, mmcle,endor.rine,epitheli*, etc. cells;
each with its own pattern of gene expression
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THE CENTRAL DOGMA

replication
(DNA -> DNA)
DNA Polymerase

DOV v

transcription
(DNA -> RNA)
RNA Polymerase

translation
(RNA -> Protein)
Ribosome
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Neurogenin

My%nin

Neu%enin

Myogenin

Neuron

replication
(DNA -> DNA)
DNA Polymerase
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transcription
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RNA Polymerase

translation
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Ribosome




Genetics vs. Epigenetics

Genetic mutation:

...ATAGCTACCGT.., =——p  _ATAGTTACCGT...

*Protein function loss or alteration
*Gene expression alteration } IRREVERSIBLE

Epigenetic modification

...ATAGCTACCGT..., =——p ATAGCTACCGT...

+Gene expression alteration } REVERSIBLE

Epigenetics and gene expression (1)

DNA methylation Histone acetylation
NIINI |
? Methyl group: Ch,- 0 ({)
Acetylic group: CH,-CO-

TranscriptionFactor(s) Activated (transcript) gene
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Epigenetics and gene expression (4)

Transcription Faclor(s)

Histone deacetylation
0 Chromatin compactation
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TranscriptionFactor(s) Activated (transcript) gene

Epigenetics and
gene expression

Histone deacetylation
Transcription Factor(s) 0 Chromatin compactation

Silenced (non-transcript) gene

DNA methylation and histone acethylation

Transient Repression Stable Repression

MeCP2 =
Ac Ac DNA methyl- Ac Ac Sin3 %’j
“é fﬁ' transferase ‘é r,Y Histone deacetylase
— e I or
A Ac Actve orpassie  TAc  Ac Histone V) /‘“-
demethylation acetylransferases /M
Accessible/active Condensed/inactive

Bestor T. H. 1998 Nature 393: 311-312




The "epigenetic landscape™ applied to Aging

Waddington CH, 1942

A CAUSAL CONNECTION

ENVIRONMENT.

<
EPIGENETICS.

“AGING

1) epigenetic modifications appear to be causative of, or at
least involved in, an increasing number of multifactorial,
aging-dependent human diseases

2) epigenetic mechanisms could be triggered by
environmental factors or, in a slightly different point of view,
epigenetics exerts the role of mediator of environmental
stimuli




Environment- and aging-dependent diseases

Environmental factors

Pesticides
Physical Exercise Lifestyle

*Aging is the greatest risk

Polluttants Nutrition Physical Stress
Metals  chemical species

Behavioral Stress

factor for neurodegenerative

diseases.

‘Age-related diseases

*Normal/diseased aging is
influenced by environmental -~ juston. il

stimuli. Dt i Satat— 1 l

+ 9 1 1 Agi
OGS mpuoton., Early | Adult  TAging
ROVOCOV * ¢ life life
. L

Post-developmental
(inherited) Epigenome

*Environmental stimuli are

mediated by epigenetics.

Age-related diseases

Fuso A., Aging and Disease: the Epigenetic Bridge

In: Epigenetics and Human Disease; Ed. Tollefsbol T., 2012, Elsevier

LEARN: Latent Early-life Associated Regulation

Environment
(diet)

Receive
‘ and -l Remember I‘I Reveal ]

record

Mathers, 2008

The 4 Rs of the nutritional epigenomics.
It is a conceptual model describing the key processes responsible for Receiving, Recording,
Remembering and Revealing of the epigenetic patterns alteration as a consequence of the

exposition to nutritional (or environmental) factors.
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DNA METHYLATION

NH
i + X chromosome inactivation
CH; + Genomic imprinting
* Mutagenesis and carcinogenesis
+ Cellular senescence
+ Viral latency

» Transcriptional Control
H

5-methylcitosine
(mainly in CpG moieties)

DNA methylation and gene silencing

Transcription Factor(s)

*

OR

Methylated promoter \ Weakly expressed gene W > Erfia‘

Transcription Factor(s)

/1 35
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DNA mRNA Protein
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Effects of DNA methylation on different gene regions

a Unmethylated CpG island
b Unmethylated CpG island shore
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Methylated CpG island

Qe

*MeCvED
I

P 24

E3

Methylated CpG island shore

tro vy, B

Methylated gene body

Cc
» »
&a\hgm 1y

d Methylated repetitive sequence

Transposition

/ ET—E2

Unmethylated gene body

rTe2e2

Unmethylated repetitive sequence

b S
Recombination 3% / ey

Genome instability
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DNA METHYLATION: DEVELOPMENT AND AGING

Genome

ROV,

NNV,
NNV

i

Development
(establishment of methylation pattern)

/]
SRTY: ~NIUIUIO

Stably activated gene
Stably silenced gene

(housekeeping, tissue-specific and
methylation-indipendent genes)
(tissue-specific and developmental genes)

Ageing: ion of ion pattern

\
gaoion.

“Methylation-regulated” gene
(inducible genes)

NOVNITVI0,

“Aberrant” (re)activation of genes

12



One-carbon metabolism

5-MTHF

«THF

! @)

!

I
\ decarboxylated
Remethylation SAM
SAHJ

cvs.\

Transsulfuration

CYSTEINE

!

GSH

([w

Substrates
(DNA, proteins,
lipids...)

Methylated
substrates

Met, Methionine

SAM, S-adenosylmethionine
SAH, S-adenosylhomocysteine
HCY, Homocysteine

CYS, Cystathionine

GSH, Glutathione

THF, Tetrahydrofolate

MTHF, methyltetrahydrofolate
B12, Vitamin B12

B6, Vitamin B6

1,Methionine adenosyltransferase (MAT)

2, Methyltransferase(s)

3, SAH hydrolase

4, Cystathionine-B-synthase (CBS)

S, Methionine synthase

6, Methylenetetrahydrofolate reductase
(MTHFR)

~guohou. —

Methylation mechanisms

YUV i, oo,

—
DNA replication

DNMT1

Maintenance methylatlon

et s o £ T

DNMT3a, 3b °
VIOV —>

De novo methylation

MBD2, 5-MCDG

—

DOV,

Active demethylation

DNA replication

Maintenan%ethylation
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Methylation analysis by Sodium Bisulfite assay

a  (5')--GAGICGC—---—0G-—"C G-—-—-—~-GCTI TTA—
b (3")—CTCAGCG GC--—GC CGAARAT—
—  Denaturation
T NHy —  Bisulphite reaction
M2 - Hydrolytic deamination [STEP2 |
@ N —  Desulphonation STEP 3
| g o
OJ\ o cfl\ 'S0g
N
N W !
Cytosine  Sulphonation ClY‘::;'ﬁe a  (5')--GAGIUGU: UG-—"C G- GUTT TTA—
sulpl
b (3') —UTUAGUG-—----GU--—G'C-— —--—-UGAARAT—
Wy [EmEE] P
Hydrolytic
NH,* Deamination I—  PCR amplification of each
DNA strand
o o
HN OH HN \
J\ | T a (5')--GAGITGT—--——TG-—-CG-—-————-GITTTTA-~
o\ o 'SO3 a (3")--CTCAACA: AC-—-GC: AARAAT-~
H STEP3 H
" N Uracil
Uradl  Desulphonation g0 onate b (3")--TTIAGIG GT-—-GC: TGAAAAT-~
b (5’)--ARATCAC CA-——CG: ACTTTTA-—
Directly sequence PCR product Clone and sequence
for strand average for individual molecules

Bisulfite assay and sequencing (controls)

Untreated
CCGTCCAAG ACAAC CCC C G ccc CCT GCCC GT C ¢
100 130 140

GG GG GG

L ANt
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Bisulfite assay and sequencing (experimental)

Hypermethylated

i /

CTGCTGAGCAGGAAAGAGAAGGTTAAGTG GATTTTCAAGACCTCTTCCCGTC
\ 90 180 © 110 120 € 130

Hypomethylated
LGTAGGAAAGAGAAGGTTAAGTGGATTTTTAAGATTTTTTTTTIGTTTGT TTAAG
90 100 110 & o120 T T 130 ¢ <140

The histone “code”
(a) s (b)
nhirin. 1@
$errRr S M@

X X IS
L. -

Key:
/A\Phosphorylation [l Acetylation (M) Methylation

TRENDS in Pharmacological Sciences

Histone modifi

are studied by immunochemistry: western blotting, ELISA, IP....
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