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Chromatin  - silencing – epigenetics - imprinting

8.1 Nucleosomes
8.2 Covalent modification of histones
8.3 The histone code
8.4 Decoding proteins
8.5 DNA CpG methylation



Silenced genes 

In any cell type, a large part of the genes are 
kept inactive (not expressed) by gene silencing

H. sapiens genome: 
25,000 genes

Expressed genes
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Figure 1 | Heterochromatin in mammalian and yeast cells is distinct from 
nuclear pores. A | An electron micrograph of the mammalian liver nucleus (with 
an enlarged section shown in part B), showing dense-staining heterochromatin 
located around the nucleolus and against the nuclear envelope. Nuclear pores 
open onto lighterstaining open chromatin.
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genes

Always active 
or activable

“On-off”  type

Housekeepers, essential, CpG-rich nonTATA 
promoters, multiple TSS, unmethylated

Strictly dependent on corepressor-coactivator 
exachange, usually TATA-dep. promoters, 
one sharp TSS, cell-type specific  

euchromatic

Silenced

one sharp TSS, cell-type specific  

Cell-type specific, fully heterochromatic, 
condensed, hypermethylated

heterochromatic

Euchromatic-like Heterochromatic-like



First studies on chromatin structure by E.M. in middle ’70. The obtained images led to 
the hypotesis that the compacted form was typical of nonexpressed genes.





struttura del DNA nucleosomale

topologia (superavvolgimenti)

topoisomerasi









Non-nucleosomal histones: H1



The 30nm fiber: solenoide or zig-zag ?





Do nucleosomes display  any kind of 
specificity for nucleotide sequence?





Are condensed (heterochromatic) and noncodensed (euchromatic) 
chromatin fragments (loci) distinguishable by a simple biochemical 
assay?

Primordial: enzyme accessibility.



SDS DNase I

deproteinize

Digest with R.E.

The classical assay to detect the gross organization of chromatin at a specified 
locus:  the DNase I Hypersensitivity Assay 

Probe with an 
end-probe of 
your locus 

HS1

HS2



Keratin K14 gene, analysis of the 5’-flanking region

Tratto da: Sinha et al., (2000), Mol Cell Biol, 20: 2543-2555. 

Digested with BglII+SpeI                                   Digested with BglII+EcoRV



A  number of differentiation-related loci are quite stably 
heterochromatic, depending on cell types.

Other loci can switch transiently from one status to the other and 
back to the original, as a result of signal transduction from either back to the original, as a result of signal transduction from either 
perceptive or proprioceptive stimuli.

Of course, this means transcriptional activation or repression



Chromatin should be 
reconfigured to allow 
binding of transcription 
apparatus to promoters

Complesso di rimodellamento ATP-dipandenteComplesso di enzimi per la 
modificazione degli istoni

modified from Cooper “The 
Cell”, Sinauer Ed. 1997

Altri fattori di trascrizione possono legarsi

Il complesso del Mediatore, con la RNA Polimerasi 
II ed i fattori generali possono raggiungere il 
promotore



Chromatin should be re-organized to 
stop transcription (repression)

a co-repressor 
is recruited

A repressor binds

chromatin is re-organized



1.post-transcriptional modifications

Nucleosome dynamics

1.post-transcriptional modifications

2.histone isoform exchange

3.interacting proteins
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• the histone code

H2A

H2B



• the histone code

H3



• the histone code

H4



1.post-transcriptional modifications

2.histone isoform exchange

3.interacting proteins3.interacting proteins



isoform exchange



Sequence Alignment of Variants of 
Histones H3 and H2A with the Known 
Secondary Structures of H3 and H2A 
Depicted on Top.

Upper: 
The sequences of the conserved H3.3 and 
CENP-A variants. H3.3 differs by only a 
few residues. The arrows above the H3 N-
terminal tail indicate the sites that form  
strands upon binding to chromodomains.

Lower Lower 
The sequences of the conserved H2A.Z, 
macroH2A, H2AX, and H2ABbd variants of 
H2A. The sequence of H2ABbd is most 
divergent, while others are closely related 
with some changes in the turn regions 
connecting the  helices.



CENP-A is an H3-like histone and is found only at centromeres over a 
stretch of 300-500 Kbp

CENP-A, unlike all other histones, is not replaced by protamines in 
sperm: chromatin status inheritance.

H3.3 is a variant of H3 showing only 4 aminoacids variation.

H3.3 is deposited in chromatin also outside S-phaseH3.3 is deposited in chromatin also outside S-phase

H3.3 replaces H3 carrying H3K9me in re-activated genes

H2A.Z in S. cerevisiae is incorporated near silenced regions and 
inhibits the spread of heterochromatin.



histone-modifying enzymes:

3. interacting proteins

Two cathegories: modifying enzymes and binding proteins

HAT- histone acetyltransferases
HDAC – histone deacetylases
HMT – histone methyltransferases
histone demethylases
histone kinases
histone ribosyltrabsferases
ubiquitin-transferases
ATP-dependent remodelling enzymes



Histone-modifying 
enzymes

Suppressor of variegation





3. interacting proteins





REVIEW 

Methods and technologies used to study chromatin status at the 

genome-wide level are reviewed here
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hyperacetylated

hypoacetykated

Anti-acetyl-lysine-H4

test cells

Hyperacetylated chromatin is immunoprecipitated

Identification of hyperacetylated nucleosomes by genome-wide chromatin immunoprecipitation

A
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DNA is purified and fluorochrome-labelled

genomic DNA array, e.g. a 
PAC array, or tiled array
or to deep-sequencing

hybridize same amount 
of labeled DNA to a chip









Heterochromatic

more packed

silenced 

rich in HP1α

Euchromatic

less packed

active or poised

poor in HP1αrich in HP1α

Histones hypoacetylated

H3K9me
H3K27me
other H metylations

CpG islands methylatedCpG islands methylated

poor in HP1α

Histones hyperacetylated

H3K4me

CpG islands CpG islands unun--methylatedmethylated



Analysis of heterochromatic regions and of silenced gene promoters has 
shown that a modification of 5’-CpG-3’ sequences with methylation of the 
C-5 of cytosine  is very frequent

CpG methylation and DNA replication, DNMT1

deamination 

leads to uracyl

(corrected)

deamination leads to 

tymine



a. Methylation of CpG is observed at regulatory regions of silenced genes

b. Hypermethylation is observed through the inactive X chromosome

c. Methylated DNA can not usually be expressed as a transgene

CpG methylation is the only epigenetic modification concerning the DNA

Among experimental evidences obtained:

d. Housekeeping genes (constitutively expressed) show unmethylated CpG 
islands

e. CpG methylation is observed at imprinted genes

f. CpG methylation profiles can be reproduced with fidelity during DNA 
replication and cell division

Important: CpG methylation is common in Mammals and Plants, 
but is not used in the same way in S. cerevisiae and C. elegans



gene in cell A (heterochromatic)

gene in cell B (euchromatic)

unmethylated CpG

methylated CpG



Most common methods to detect CpC methylation are based on bisulfite, that 

converts C (but not methyl-C) to Uridine. Uridine in DNA is then replaced by T in 

the following PCR.

Conservation of C (in the case of methyl-C) or change in T are subsequently 

detected (simplest) by restriction site analysis, as in the example following:



Therefore, to determine the methylation profile:

1) extract DNA from cells

2) bisulfite treatment � 3)  deep sequencing

CpG methylation of a given DNA fragment is different in each cell 

2) bisulfite treatment � 3)  deep sequencing

or

3) PCR the fragment

4) clone individual fragment in a vector

5) sequence a representative number of clones
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From: Cardamone et al., 2009, PNAS 106(18):7420-5



Is it possible to study DNA CpG methylation genome-wide ?

Yes:

Approach I -
1) DNA immunoprecipitation using an Ab agaist 5’-methyl-cytosine
2) DNA precipitation using tagged-MBD

followed by hybridization to microarrays or deep-sequencing

Approach II –
Bisulfite conversion of the whole genomic DNA, followed by deep-

sequencing

Very difficult! bisulfite changes the sequence so that a very high 
“sequencing depth” is required to allow mapping of the reads.
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