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Chromatin 
 
For Chroma (ancient Greek): color 

Chromosome 
 
1889, from German Chromosom, coined 1888 by German anatomist Wilhelm 
von Waldeyer-Hartz (1836-1921), from Latinized form of Greek khroma 
"color" (see chroma) + soma "body" (see somato-). So called because the 
structures contain a substance that stains readily with basic dyes (Hoechst).  
Online Etymology Dictionary 

http://www.etymonline.com/index.php?term=chroma&allowed_in_frame=0
http://www.etymonline.com/index.php?term=somato-&allowed_in_frame=0
http://www.etymonline.com/index.php?term=somato-&allowed_in_frame=0


Chromatin (modern definition): 
 
The combination of DNA and proteins that make up the contents of the nucleus of a cell  

- Compacts DNA so that it fits in the nucleus (10-15 µM in diameter) 
(human DNA is 2 meter-long!) 

- Allows for the segregation of chromosomes during mitosis 

- Protects DNA from damage 

- Controls gene expression 

- Controls DNA replication during S phase 
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“In 1928 the German botanist Emil 
Heitz visualised in moss nuclei 
chromosomal regions that do not 
undergo postmitotic decondensation 
[Heitz E (1928) Das Heterochromatin 
der Moose. Jahrb Wiss Botanik 69: 
762–818.]. 
 
He termed these parts of the 
chromosomes heterochromatin, 
whereas fractions of the chromosome 
that decondense and spread out 
diffusely in the interphase nucleus are 
referred to as euchromatin 
 
Heitz proposed that heterochromatin 
reflects a functionally inactive state of 
the genome, and we now know that 
DNA in heterochromatic regions is less 
accessible to nucleases and less 
susceptible to recombination events.” 
 
quote from Straub T (2003) PLoS Biol 
1(1): e14. 
  



Two types of heterochromatin 

Constitutive 
heterochromatin 

Facultative 
heterochromatin 

Sequences associated 
with heterochromatin in 

all cell types 

Often repetitive 
sequences 

Sequences associated with 
heterochromatin in some but 

not all cell types 
(dynamic heterochromatin) 

Contains genes involved 
in differentiation and 

development 



The basic unit of chromatin 



H3 

H4 

H2A 

H2B 

The Nucleosome - 2 copies of each core histone 
- 146pb of DNA wrapped around 1.67 turns 
   (left-handed superhelical) 
- N-terminal tails of histones protruding out 
- DNA bent at several places  

Dyad 
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Linker histone Core histones 

Histones are highly conserved, small, basic proteins  



Chromatin assembly 



Replication-dependent chromatin assembly requires 
several histone chaperones 

Mol Cell (2011) 41(5):502-14 



Several histone chaperones are also required to 
reassemble chromatin after DNA repair 

Mol Cell (2011) 41(5):502-14 



Transcription-dependent and –independent pathways 
mediate nucleosome assembly outside of S phase 

Mol Cell (2011) 41(5):502-14 
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Histone expression 
Chromatin assembly 

Transcription 
Chromatin assembly!? 

STOP 

1) Block cells in G1 with alpha factor 

2) Switch to galactose medium 

A system to measure histone exchange in vivo 

A) Is Flag-H3 incorporated in chromatin during G1? 
B) Where? 

ChIP Myc 
ChIP Flag Hyb on Whole genome tiling array 

Histone H3 3x Myc 

Histone H3 3x Flag 

Endogenous 

H3pr 

GAL1pr 

External 



Nucleosomes in promoter regions are highly dynamic 

From Molecular Cell (2007) 7(3)393–405 



Nucleosome positionning 





MNase-Seq, a method to map nucleosomes in vivo 

Isolate chromatin or nuclei 

Digest chromatin with 
micrococcal nuclease (MNase) 

MNase preferentially digests 
the linker DNA 

Isolate MNase-resistent DNA 

Deep sequencing  

Map reads on the genome 
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From Zhang et al. (2011) Science 332(6032):977-80 



Post-translational modifications of histones 



Histones, especially their N-terminal tails, are subject to 
massive post-translational modifications 



ChIP-chip 

Science, 290, 2306-9 



ChIP-seq 

Deep sequencing 
+ read mapping 

Deep sequencing 
+ read mapping 



Outputs from ChIP-chip and ChIP-Seq experiments 



Patterns of histone modifications can predict functional 
elements and states 



Lieb and Clarke, Cell 2005 K4-trimethylated nucleosomes 

Chromatin domains along a transcription unit 



Crosstalks between the different histone marks 



What are the functional 
consequences of histone 

modifications?  



DNA 

Nucleosome 

Histone acetylation favors more “relaxed” chromatin conformations 



Specific protein domains recognize different epigenetic marks 
 (The histone code hypothesis)  



Several protein domains can recognize different histone 
modifications 

From NSMB (2012)19(12):1218-27  



From NSMB (2012)19(12):1218-27  



The ability to read a mark allows for the recruitment of 
transcription co-activators 

SWI/SNF and TFIID 
contain bromodomains that 
allow them to recognize 
acetylated histones 



The ability to read and write a mark allows for the 
spreading of that mark 



The ability to read and write 
a mark allows for its 
inheritance through DNA 
replication 



Linker histones 



Chromatin 
fibers 

+ charged N termini 
(bind DNA and neighboring 
nucleosomes) 

highly acetylated 
core histones 

(especially H3 and H4) 

30 nm 
chromatin fiber 

11 nm 
(beads) 

•  High level of histone H1 •  Reduced level of histone H1 

•  No gene transcription •  Gene transcription possible 





H2B 

H1 

Histone H1 has a very long C-terminal tail 

From Cell Res. (2010) 20(5):519-28 



Histone variants 



H2A variants 
H2A.Z  Gene expression, DNA repair 
H2A.X  DNA  repair 
macroH2A Silencing 
H2A.Bbd unknown  
 
H3 variants 
H3.3  Replaces H3 outside of S phase 
cenH3  Centromeric H3 

Histone variants 



Human H2A.Z localizes to promoters occupied by RNAPII 

Hardy et al PLoS Genetics 5(10):e1000687  



H2A.Z dynamically associates with its target genes 

Hardy et al PLoS Genetics 5(10):e1000687  



H2A.Z helps in the recruitment of RNAPII 

Hardy et al PLoS Genetics 5(10):e1000687  



Higher order structure 
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Nucloelus 

Heterochromatin 

Euchromatin 



Chromosomal Territories 

Chromosomes painting by FISH 

-Chromosomes generally occupy well defined territories and rarely mix with each other. 
-Active genes generally localize to the surface of those territories. 



Chromatin Domains 



3C(Chromatin Conformation Capture)-Based Methods to 
study high order chromatin structures 



How is chromatin dynamics achieved? 



ATP-dependent chromatin remodeling 









G&D 13:2339(1999) 



Histone acetyltransferases (HAT) 
or 

Lysine acetyltransferases (KAT) 





Recruitment of NuA4 in transcription activation 



Cooperativity between Histone Acetylation and 
Chromatin Remodeling 
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HO gene Swi5 
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Swi/Snf 
URS 2 URS 1 URS 2 URS 1 

HO gene 
SAGA 

Swi/Snf 
URS 2 URS 1 URS 2 URS 1 

HO gene 
SAGA 

SAGA 

Swi4 
Swi6 

Swi4 
Swi6 

SBF 

Transcription of HO 

Swi/Snf (ATP-dependent remodeler) and SAGA (HAT) 
cooperate to the activation of the HO gene in yeast 







NuA4-dependent chromatin acetylation influences H2AZ 
deposition on chromatin 



Histone deacetylases (HDAC) 

or 

Lysine deacetylases (KDAC) 



HDACs remove acetyl groups from acetylated histones 





Histone methyltransferase (HMT) 
or 

Lysine methyltransferase (KMT) 
 







Repression by polycomb group proteins is a classical 
example of histone methylation-mediated repression 



Histone demethylases 



Lysine and arginine demethylation can proceed via 
different mechanisms 

From Cell. Mol. Life Sci. 66 (2009) 407 – 422 

Hydroxylation 

Oxidation 

Citrulination 

Hydroxylation 



Two families of lysine demethylases 

From Bioorganic & Medicinal Chemistry (2011)19(12), 3625–3636 



Summary 

• Chromatin is highly dynamic. 

• It can me modified by: 

• Incorporation of H1, histone variants or non-histone proteins. 

• The action of ATP-dependent remodelers. 

• Various PTMs. 

• Assembly of chromatin occurs at various extend all through the cell 
cycle and is assisted by various histone chaperones. 

• Nucleosome positioning is regulated by cellular factors. 

• Chromatin is an integrative aspect of all cellular processes involving 
DNA (transcription, DNA repair, DNA replication, etc.). 

• Regulation of chromatin structure during these processes usually 
involve cooperation between several aspects of chromatin dynamics. 

 



Other aspects not covered in this class 

Non-coding RNAs are emerging as important players in chromatin structure 
and dynamics. 

The structure and function of centromeric proteins during cell division. 

Inheritance of chromatin states during DNA replication and cell division. 

The role of chromatin in diseases. 

Etc. 
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