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compact size DNA length compaction

nucleus (human) 2 x 23 = 46 chromosomes 92 DNA molecules 10 mm ball 12,000 Mbp 4 m DNA 400,000 x

mitotic chromosome 2 chromatids, 1 mm thick 2 DNA molecules 10 mm long X 2x 130 Mbp 2x 43 mm DNA 10,000 x

DNA domain anchored DNA loop 1 replicon ? 60 nm x 0.5 mm 60 kbp 20 mm DNA 35 x

Compaction by chromosome scaffold / nuclear matrix

chromatid
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DNA loops

+ 2M NaCl
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Chromatin structural organization has a key role in 
gene transcription regulation
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Histone-like proteins exist in bacteria





Histone-like
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H2B

H2A

H3

H4

helix

variable

conserved

Linker histone

Core histones
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H3-H4
tetramer H2A-H2B

dimer

Histone
octamer





Pearl necklace
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Bound H1

H1 seals the nucleosome



Pearl necklace vs 30nm fiber
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DNA/Histone interactions
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DNA/Histone interactions
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DNA/Histone interactions
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Rigid sequence

Flexible sequence

High affinity nucleosomal sequences can be predicted
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From2004 several nucleosome genomic maps have been
generated in several cellular systems

ChIP on chip
ChIP-Seq
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Tirosh and Barkai 2008
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Histone variants



Histone variants



Histone variants



Histone variants



Histone variants



Histone variants





Histone H3.3:

Only 4 aminoacids
modified in comparison 
with H3

Costitutive expression

Can be positioned in 
replication-independent 
mode

Substitution oh H3 with 
H3.3 can lead to 
transcription and H3 
methylation reprogramming

From:  Smith, MM    Mol Cell 9, 1158 (2002)

Histone variants
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Cell. 2005 Oct 21;123(2):219-31.
Genome-wide dynamics of Htz1, a histone H2A variant that poises repressed/basal

promoters for activation through histone loss.
Zhang H, Roberts DN, Cairns BR.



Doyon and Coté 2004
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Treatment 
with proteases
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Histone methylation is reversible !



Two major classes of HDMs in mammalians





Histone PTMs around TSS region in Human genome according to transcriptional activity (red > green > blue > purple). ChIP-Seq reads highlight the diverse 
distribution of different PTMs according to both distance from TSS and transcriptional activity: H3K4 methylation level of active genes peaks in the immediate 
surroundings of the TSS, fading out in a regular fashion (me3 than me2 and finally me1) in both directions; H3K79me3 is only present in correspondence to TSSs; 
H3K36me3 and H4K20me1 are specifically enriched in the first region of gene bodies of transcriptionally active genes; H3K27me3 anti-correlates with transcriptional 
activity and its distribution spans over the whole region (up- and downstream of the TSS). From Barski et al., 2007



A

Figure  The family of JARID1/KDM5 proteins in human and its orthologues in drosophila and yeast (left). PHD1 
recognises unmethylated Lysine 4 while the trymethylated form is recognised by PHD3 (right). From Klein et al., 
2014.

B



Figure  JARID1B/KDM5B cooperates with NuRD complex to remove activating marks (H3K4me3) and remodel 
chromatin to produce a completely repressed state at the level of promoters (adapted from Klein et al., 2014)



Figure  Dynamics of H3K4me3 domains during development: oocyte genome contains large regions marked with low levels of H3K4me3, that are 
progressively defined and shaped into focused peaks corresponding to the promoters of actively transcribed genes. This process is brought on in parallel with 
the deposition of methyl groups on H3K27 in complementary (inactive) regions. From Vaquerizas and Torres-Padilla, 2016



Figure  The model proposed by Li et al., 2014 (supplemental information): JARID1B/KDM5B is recruited to the site 
of damage through its parrylation by PARP1 and recognition by macro domain of macroH2A1.1. JARID1B 
demethylates H3K4me3 facilitating DDR proteins recruitment.



Vicky W. Zhou et al., 2011



mESC

NSPC

Neuronal cells

Activation genes

H3K27me3
H3K4me2/me3

Poised

Pluripotency genes

Methylated DNA
Not methylated H3K4

Non-neural lineages

Repressed

Neuronal Specific

H3K27me3
H3K4me2/me3

Active

Epigenetic control of neural stem/progenitor cell self- renewal and
differentiation
E. Cacci, R. Negri, S. Biagioni, G. Lupo
Current Topics in Medicinal Chemistry (CTMC) 2015 under revision

mESC = mouse Embrionic Stem Cell
NSPC =Neural Stem/Progenitor Cell

H3K27me3H3K4me2/me3

H3K4me2/me3

NSPC-Specific Alternative lineages

Bivalent promoters
poised for activation





Mohn et al. 2008 Mol Cell 30: 755-766

2400 genes
H3K27me3

mESC

NSPC

NC

1600

900

Loss

Loss

Gain

600 genes
H3K27me3

1200

Total

2200

2100

Mostly bivalent

H3K9me2/me3

90%
conserved

Lienert et al.2011

DNA
Methyl.

2-3%
increase

Gain

Mostly bivalent



PRC: polycomb repressive complex
EZH1/2 HMT

H3K27me3
Deposition

KMT2A H3K4me2/3

KDM6B

KDM5A-D

Hwang et al., 2014
Park et al., 2014

E
Z

H
2 expression

Hirabayashi et al., 2009





Chromatin signatures of cancer Marc A. Morgan and Ali Shilatifard, 2015 



H3 LYSINE 
METHYLATION IN 

S.CEREVISIAE
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H3K4 TRIMETHYLATION
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HISTONE LYSINE 
DEMETHYLATION��
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Phosphorylation

La fosforilazione sembra essere un processo importa nte per la capacità di 
creare un “concentramento di cariche”. 
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Trans-Tail
Pathway





Regulative cross-talks among histone modification
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Interacts with the N-terminal D1 region of SWI219 SNF11 

27 ANC1 / TFG3 

38 SNF6 

Actin-related protein53 ARP9 

Actin-related protein54 ARP7 

64 SNF12 / SWP73 

~82 SWp82p 

93 SWI3 

Assembly and catalytic functions of the complex103 SNF5 

AT-rich interaction domain (ARID) for non-specific binding, Zn-finger protein148 SWI1 

DNA dependent ATPase194 SWI2 / SNF2

FunctionSize (kDa)Subunit

SNF2
SWI1

SNF5

SWI3
SWp82

SNF12/SWP73

ARP7

ARP9

SNF6

ANC1/
TGF3

SNF11

The SWI/SNF complex

• 11 subunits
• ~1 MDa
• Snf2 is an ATPase

SWI (switch)
SNF (sucrose non fermenting)

Nucleosome remodeling



101Rsc30

65Rsc9

72Rsc4

102Rsc3

102Rsc2

107Rsc1

Arp9

Arp7

Rsc6

Sfh1

Rsc8

Sth1

Subunit

Actin-related protein53 ARP9 

Actin-related protein54 ARP7 

54 SWP73 

Assembly and catalytic functions of the complex49SNF5 

Subunit assembly, binds through C-terminal coiled coil domain63SWI3 

DNA dependent ATPase157 SWI2 / SNF2

FunctionSize (kDa)SWI/SNF homolog

The RSC (remodels the s tructure 
of c hromatin) complex

• 12+ subunits
• ~1 MDa
• Sth1 (Snf two homolog) is an ATPase

Sth1

Rsc1

Rsc30

Rsc3

Rsc2

Rsc4

Rsc9
Rsc8 Rsc6

Sfh1
ARP7

ARP9

Subunits with no known homolog in Swi/Snf

Nucleosome remodeling



Multiple types of ISWI complexes exitsNucleosome remodeling



How does a chromatin remodeler function?

Nucleosome remodeling



Sliding Transfer Remodeling



SNF

ISWI

Alexandra Lusser and James T. Kadonaga 2003 Wiley Periodicals,

Nucleosome remodeling



A cascade of events
leading to chromatin
opening



��	���� �� ��������	 ��������
$

0���
����

�
���
��	


�����	

�����������	�



��������	
��	����

�������	�


����������

�������


��
�

���	
�����	��

��
��	�
�����������	


��
	���	�
�
�
	����	�
�
��
���
����	�
�
 !�"#�	���	�
�
$#�
����	�
�
�
��%���%��!
����	�
�
�%&���
����	�
�
'�
	�����	�
�
��
���
����
�
��(�	�
�



W. Højfeldt et al., 2014



DNA methylation
Present in Mammalian and other vertebrates (prevalentemently at CpG) and 
Plants CpG, CpHpG e siti CpHpH (H = A, C or T) 
limited in insects and absent in the yeast S.cerevisiae



Mus musculus 7,5%
Arabidopsis 14% (non solo CpG ma anche CpH e CpHpH)
Fungi 0,1-0,5%
(assente in Saccharomyces e Scizosaccharomyces ma 5% in Neurospora)
Drosophila 0,04%
Presente nelle api nelle sequenze codificanti (effe tto sullo slicing)

Metilazione delle citosine

































Modificazioni della metilazione del DNA nei mammiferi adulti in risposta a stress chimici

• Sodiumbisulfite mapping













Epigenetics are stable heritable traits (or "phenotypes") that cannot be 
explained by changes in DNA sequence. The Greek prefix epi- (��� -
"over, outside of, around") in epigenetics implies features that are "on 
top of" or "in addition to" the traditional genetic basis for inheritance.



















PCNA à il bookmark degli strand in attiva replicazione



Michael Meaney
McGill University

Moshe Szyf
McGill University
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