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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 nm 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
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Histone-like proteins exist in bacteria

a Exponential phase of growth b Stationary phase of growth

o RMA polymerase

Transcription ,
) () Fis
factories

;

at RNA promoters
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Protein or group DNA

of proteins wrapping
Eukaryotes

Core histones, Yes

HZA H28,H3

and H4

Linker histones,  ND
H1and HS

Smc ND
Hmg ND
Euryarchaeota
Archaeal histones Yes
HMEA and HMfB
Lrp Yes
Alba ND
MC1 ND
HU ND
SMC ND
Crenarchaeota
Lrp Yes
Cren/ 0[]
Sul7d ND
Alba ND
SMC ND
CC1 ND
Gram-negative bacteria
HU Yes
Lrp Yes
MukB ND
Fis Yes
{helically
phased
sites)
H-N5 ND
IHF ND
Dps ND
StpA ND
ChpA ND
ChpB ND
EbFC ND
Mval ND
Gram-positive bacteria
MukB ND
Lrp Yes
HU ND
L2 ND
Hip ND
MrahA ND

Alba, acetylation lowers binding affinity; CbpA, curved-DNA-binding protein A; CbpB, curved DNA-binding protein B {also known as Rob); CbpM, chaperone
modulatory protein; Dps, DNA protection from starvation; dsDNA, double-stranded DNA: Fis, factar for inversion stimulation; Hlp, histane-like pratein: Hmg,

DNA
bridging

ND

Yes
Yes

ND

ND

Yes

ND
ND
Yes
Yes
ND

ND
Yes

Yes
ND

ND

Yes

Yes

ND
ND
Yes

ND

ND
Suggested
Yes

Yes.
Yes
ND
Yes

ND

ND

DNA
bending

ND

ND
ND

Yes

ND

ND
ND

Yes
ND

ND
Yes
Yes
ND

ND
ND

Yes

ND

ND
Yes

NE

Yes

ND
ND

ND

ND
ND
ND

ND
ND
Yes
ND
ND
ND

Binding motif

A~10bp periadic ascillation of AATTITA
elernents in-phase with each otherand
out-of-phase with =10 bp periodic GCs

AT-rich DNA

Al-rich DNA able to form secondary

structures
Al-tract sites

(A/T),NN(G/C),NN

ND
ND

AT-rich DNA
ND

ND.

ND
ND
ND
ND

ND
ND

A DNA, structural motif in dsDNA joined
to either dsDNA or ssDNA, with a mild
preference for AT-rich or curved DNA

(TVOAGIAT/CIMAMATTIAMTIATIC)
CTA/G)

ND
A, tracts and AT tracts

Al-rich DNA and TCGATAAATT

(A/TIATCAANNNNTT(A/G)
ND
AT rich DNA

Curved DNA

Curved DNA
GTNAC
AT-rich DNA

Preference for ssDINA
ND

ND

AT-rich DNA

ND

ND

Molecular Native protomer

11-14kDa

~21kDa
~140kDa

11-38 kDa

~7.5kDa

15-22 kDa
~10 kDa
=10kDa
~10 kDa
~135kDa

~18 kDa
~7 kDa
~7 kDa
~10 kDa

~100kDa
~6kDa

~9kDa

~18 kDa

~175kDa
~11kDa

~15kDa

~11kDa
=19 kDa
~15kDa

-33kDa

~33kDa
~11 kDa

~130kDa
=17 kDa
~10kDa
~12 kDa
-_Zl kDa
=17 kDa

Homodimer

Homodimer

Heterodimer (for example,
SMC1-5MC3)

Homaodimer ar heterodimer
{for example, HMG1-HMG2)

Homaodimer or heterodimer

Homodimer
Homatetramer
Homodimer
Homadimer
Homadimer

Homadimer
Monomer
Menomer

Homodimer or
homotetramer

Homadimer
Monomer

Heterodimer {for example,

HUa-HUB)
Homodimer

Homadimer

Homaodimer

Homadimer or heterodimer
(H-N5-StpA)

Heterodimer {IHFa- IHF@)
Monomer or dodecamer
Homaodimer or heterodimer
(StpA-H-NS)

Homodimer or heterodimer
(ChpA-ChpM)

Monomer

Homadimer

Homadimer

Homodimer

Homodimer

Homadimer

Homodimer

Maonomer

Monomer or dodecamer

Refs

115

116
117

118

119

120

20
121
122
123

124
125
126
127

128
129

42,
130

69

57
77.79

19

4445
94
2y

92

102
93
26

131
72
37
24
33

132

high mebility group; H-N5, histone-like nucleoid-structuring: IHF, integration host factor; Lep. leucine-respansive regulatory protein; MrgA, metalloregulation
DNA-binding stress protein: ND, not determined; Smc, structural maintenance of chromosome; ssONA, single-stranded DNA,



Histone-like

Binding site for
protein antagonist

DNA bridging s DNA coating

.

DNA wrapping DNA bending

H-NS displaced

H-NS displaced
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Lag phase—log phase  Log phase—stationary
transition phase transition

Dps

Log cell number
Protein concentration
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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. Muclear pores open onto lighter-staining open chromatin. € | In budding yveast, heterochromatin binds the
nuclear envelope through Escl (enhancer of silent chromatin 1; labelled green), which forms distinct foci alternating with nuclear pores (visualized in red

through labelling of Nup42 (nucleoporin 49)1). D | An electron micrograph showing Escl at non-pore sites alang the yveast inner nuclear envelope. An arrow

indicates the nuclear pore, and black dots represent the labelling of Myc-epitope-tagged Escl using fluoronanogold Alexa*®® anti-mouse antibodyi2, The image
im mark - e rareadiicad with rarmiecian Framm EMEO Tacenal Daf 12 & 02004 Maemillzan Dohlichaee 1RA



Cytoplasm

Nucleus

b Metazoan ) MPC Cytoplasm
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In sukaryotic cells, the nuclear compartment is separated from the cytoplasm by the inner and outer nuclear membranes. This membrane bilayer is perforated
by nuclear pores, which are constituted by a large multiprotein complex (the nuclear pore complex (NPC)) that is composed of about 30 proteins (reviewed in
Ref. 24). This nuclear membrane, together with the pores, is commaonly referred as the 'nuclear envelope' (NE). a | In yeast nuclei, envelope-associated
proteins such as Escl (enhancer of silent chromatin 1) are present in foci at the periphery; however, they do not coincide with the pores. Escl binds Sird (silent
information regulator 4), which is an integral component of repressed heterochromatin in yeastt2:25:22 b | In metazoan nuclei, the nuclear envelope is
underlaid by a continuous meshwork of lamins and lamin-associated proteins (LAPs), which preferentially associate with inactive chromatin regions3Z-38,
Increasing evidence implicates interactions of chromatin with various nuclear-envelope components in gene repression as well as gene activation. BAF, barrier

to autointegration factor; GCL1, germ-cell-less homologue; RB, retinoblastoma 1.
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It is becoming increasingly clear that @ number of transcription-coupled processes converge at nuclear pores, and by this virtue nuclear-pore complexes (MPCs)
are likely to contribute, directly or indirectly, to transcriptional regulation. Althouah naot all transcriptional activity in the nucleus will be subject to this mode of
regulation, the budding veast NPC seems to work together with transcriptional activation mechanisms to fine-tune gene activity, as proposed in this model, The
SAGA chromatin-remodelling complex in veast has been shown to contain Susl; this protein is also present in the mRMNA-export complex TREX, which interacts
with the nucleoporin Mupl (Refs 59, 60). Furthermore, Nup2 has been shown to interact with the promoters of active genes2®, and the NPC-associated protein

Mlp1l (myosin-like protein 1) accumulates at the 3' end of active genes, where it contributes to an RMA surveillance mechanis

m22 8095 gridies involving

individual loci have shown that optimal activation (resulting in a twofold transcriptional effect) can require both localization of the induced gene at the NPC as
well as at the 3' UTR2E:22. 35, Gur model suggests that gene looping, which results from the coincident MPC-tethering of an initiation complex and mRMA-

processing complexes that are associated with the 3' UTR, will help to fine-tune the expression of certain genes22:83. 82,63 NPT factors can facilitate efficient
transcription elongation and/or efficient mREMNA-processing events, or the coordination of the two. If aberrantly processed mRENAs are near the site of
transcriptional initiation, their retention or rapid degradation can provide an immediate signal for the production of additional transcripts. Such a mechanism

might be important for genes that require immediate high-level induction, such as heat-shock- or galactose-inducible genes. Finally, the pore protein NupZ was

found to tether genes through a histone variant H2A.Z (Htzl) in yveast22. This could reflect a heritable localization that contributes to forms of epigenetic contral.

This might be critical during dosage compensation of ¥-linked genes in male flies, where a twofold upregulation is crucial. Mex67; mRMNA export factor 67; Pol 11,
RM& polymerase I1.
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Dosage compensation of the male X chromosome requires approximately twofold transcriptional activation of X-linked genes in comparison with the female X
chromosome, a process that is mediated by the male-specific lethal (MSL) complex (reviewed in Refs 71-73). The ¥ chromosome is immunostained red with an
antibody against MOF (Males on absent first), MPC is immunostained green with an antibody against the nucleoporin Mup153, and DMNA is stained blue with
Hoechst322. A | The nuclei of Schneider (SL-2) cells, when immunostained with antibodies against members of the MSL complex (in this case MOF (Males absent

on first)), show a distinct ¥-chromosaomal territory within the nucleus. Using confocal microscopy, parts of this X-chromosomal territory appear juxtaposed at or



H1

Linker histone

H2A

H2B

Core histones

H3

H4

N

helix

variable

conserved

Histone Type Molecular Weight

Number of Amino Acids Approx. Content of Basic Amino Acids

H1 17,000-28,000
H2A 13,900
H2B 13,800
H3 15,300
H4 11,300

200-265

129-155

121-148
135
102

27% lysine, 2% arginine
11% lysine, 9% arginine
16% lysine, 6% arginine
10% lysine, 15% arginine
11% lysine, 4% arginine
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H1 seals the nucleosome




Pearl necklace vs 30nm fiber
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DNA/HIstone interactions
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DNA/HIstone interactions

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

b . Genome-wide
;:t.’ E T

Micrococeal

nuclease P . :
(MMNase) E:'ﬁ’ ot P L N \
% @ C:)

Mononucleosome High-throughput
technology

ChlIP on chip
ChlIP-Seq





































Tirosh et al., 2007
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Tirosh and Barkai 2008
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Tirosh et al.2009















Histone variants
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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
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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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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). ChlP-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 mel) in both directions; H3K79me3 is only present in correspondence to TSSs;
H3K36me3 and H4K20mel 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



Figure The family of JARID1/KDMS5 proteins in humand its orthologues in drosophila and yeast (IeRHD1
recognises unmethylated Lysine 4 while the trymatéglform is recognised by PHD3 (right). From Kleinag,
2014.



Figure JARID1B/KDM5B cooperates with NURD complexdgmove activating marks (H3K4me3) and remodel
chromatin to produce a completely repressed stathealevel of promoters (adapted from Klein ef 2014)



Figure Dynamics of H3K4me3 domains during develmmoocyte genome contains large regions marketh Vaw levels of H3K4me3, that are
progressively defined and shaped into focused peakesponding to the promoters of actively traitsed genes. This process is brought on in paraliéh
the deposition of methyl groups on H3K27 in complaiary (inactive) regions. From Vaquerizas and Te+Radilla, 2016



Figure The model proposed by Li et al., 2014 ($aipental information): JARID1B/KDMS5B is recruitedl the site
of damage through its parrylation by PARP1 and retdtign by macro domain of macroH2Al1l.1. JARID1B
demethylates H3K4me3 facilitating DDR proteins réonegnt.



Vicky W. Zhou et al., 2011



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
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Mohn et al. 2008 Mol Cell 30: 755-766 Lienert et al.2011
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Hwang et al., 2014
Park et al., 2014

Hirabayashi et al., 2009
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Chromatin signatures of cancer Marc A. Morgan and Ali Shilatifard, 2015
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Phosphorylation

La fosforilazione sembra essere un processo importa nte per la capacita di
creare un “concentramento di cariche”.
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Regulative cross-talks among histone modification
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Nucleosome remodelin The SWI/SNF complex

SWI (switch)
SNF (sucrose non fermenting)

e 11 subunits
» ~1 MDa
* Snf2 is an ATPase

/Suhmi\ Size (kDa) Function
( SWI2 / SNF2 ) 194 DNA dependent ATPase
Swi1 148 AT-rich interaction domain (ARID) for non-specifiinding, Zn-finger protein
@ 103 Assembly and catalytic functions of the complex
SWI3 93
SWp82p ~82
SNF12 / SWP73 64
ARP7 54 Actin-related protein
ARP9 53 Actin-related protein
SNF6 38
ANC1/TFG3 27

SNF11 19 Interacts with the N-terminal D1 region of SWI2




Nucleosome remodelin

The RSC (remodels the s_tructure
of ¢ hromatin) complex

e 12+ subunits
* ~1 MDa
» Sth1 (Snf two homolog) is an ATPase

] Subunits with no known homolog in Swi/Snf

/&munj,\ SWI/SNF homolog Size (kDa) Function

( Sthl ) SWI2 / SNF2 157 DNA dependent ATPase
Rscl 107
Rsc2 102
Rsc3 102
Rsc30 101
Rsc4 72
Rsc8 SWI3 63 Subunit assembly, binds through C-terminal coiledi@omain
Rsc9 65

@ SNF5 49 Assembly and catalytic functions of the complex
Rsc6 SWP73 54
Arp7 ARP7 54 Actin-related protein
Arp9 ARP9 53 Actin-related protein




Nucleosome remOde“n{J Multiple types of ISWI complexes exits




Nucleosome remodelin{;

How does a chromatin remodeler function?



Transfer




Nucleosome remodelin{; SNE

ISWI

Alexandra Lusser and James T. Kadonaga 2003 Wiley Periodicals,



A cascade of events
leading to chromatin
opening



/\






W. Hgijfeldt etal., 2014



DNA methylation

Present in Mammalian and other vertebrates (prevalentemently at CpG) and
Plants CpG, CpHpG e siti CopHpH (H=A,CorT)

limited in insects and absent in the yeast S.cerevisiae

NH NH
2 CH3 2

~N methyltransferase ~N

] | /J§
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DNA Methylation

Methylating the cytosine of a CpG
motif silences genes

NH, NH,
”ﬁ DNMT . "ﬁ@
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H H

Cytosine 5' Methyl-cytosine



Metilazione delle citosine

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)
















































e Sodiumbisulfite mapping


















Epigenetics are stable heritable traits (or "phepedy) that cannot be
explained by changes in DNA sequence. The Gredikmpi- (-

"over, outside of, around") in epigenetics implieatlures that are "on
top of" or "in addition to" the traditional genetbwasis for inheritance.









DNA genetic
l information

Chromatin _@_@_@_ epigenetic
information

RNA?



















PCNA a il bookmark degli strand in attiva replicazon



Michael Meaney
McGill University

Moshe Szyf
McGill University
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