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Linker DNA Octamer of histones core:

H2A, H2B, H3, H4 (each one x2)

Histone H1

:

Involved in binding
between
nucleosomes to
further compact the
chromatin.
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Histone structure and nucleosome assembly
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SCOP Classification: Histone core proteins
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Histone fold




Histone alighment
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Histone tails

H3 N-terminal tail H4 N-terminal tail

H2B N-terminal tail

H2A N-terminal tail

Internucleosomal
binding.

Modulation of the
nucleosome
position.

- Modulate nucleosome recognition and influence the condensed state of the

chromatin fiber.

Internucleosomal
binding.

H2A C-terminal tail

Binding to the
linker DNA.




HISTONE INTERACTIONS



Dimer H3-H4

Hydrophobic interaction




Dimer H3-H4

Hydrogen bond

Arg 45

Thr 118



Dimer H3-H4

Hydrogen bond



Dimer H2A-H2B
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Dimer H2A-H2B Hydrogen bond
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Dimer H2A-H2B Hydrophobic interaction




Tetramer H3-H4

» Hydrogen bond

~Ud

Asp-123

~ 1.991A




Tetramer H3-H4
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OCTAMER

H3 - H4 4 histone fold
H2A - H2B dimers

H3 - H4 > 4 helix bundle - tetramer
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Octamer interactions




Octamer interactions
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Octamer interactions

I = R Aromatic interaction




Octamer interactions




Octamer interactions

__
%J

(1.9

(

4

.

/2
AR X 4
J

K
N

C



Octamer interactions
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Contact sites for the DNA

Paired a1 region Paired a1 region




Salt bridge

Most common mechanism.
Electrostatic attraction between the
charged molecular entities of the
guanidinium nitrogens to the
phosphate group oxygens.




Hydrogen bond

Made from main-chain amide nitrogen
atoms of amino acid.




Non-polar interactions

Results when electrons are equally
shared between atoms.

This contacts are made with
deoxyribose groups.

LM A

(Leu-65) - (5-methyl group of
thymidine)




POST-TRANSLATIONAL MODIFICATIONS

Acetylation

Addition of acetyl groups to
lysine residues on the
N-terminal tails.

Addition of methyl groups to
specific Lys, His or Arg
residues on histone proteins.

Phosphorylation

Addition of phosphate groups to
serine, threonine, or tyrosine

residues of histone proteins.

Citrullination

Conversion of arginine residues

to citrulline.




Acetylation

Lys acetylation Stabilization of
neutralizes positive —p histone-DNA and
charge inter-nucleosomal

electrostatic interactions

Charge retained

COO
NH

COO

NH.

Charge lost

Figure: Tessarz P, Kouzarides T. Histone core modifications regulating nucleosome structure and
dynamics. Nature Reviews Molecular Cell Biology. 2014;15(11):703-708. https:/doi.ora/10.1038/nrm3890
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https://doi.org/10.1038/nrm3890

Acetylation

e Attract transcription factors and chaperones to promote transcription.

e N-terminal H4 acetylations (H4K5, H4K8, H4K12, H4K16): transcriptional
activators.

e Influence in histone crosstalk.
e Acetylation patterns can contribute to the establishment and
maintenance of epigenetic memory.

Hyperacetylation - active genes

Hypoacetylation - silent regions

H4 N-terminal
hyperacetylation




Acetylation

H3K56 acetylation

Keep nucleosome-free chromatin regions accessible
Reduces the interaction with DNA

Lowers H3-H4 binding affinity to DNA .Y,
.. .. /)
Enhance transcription factor binding /
H2A-H2B r =7 /
. l-,.-ﬂ‘ 173
(\“ ‘g
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Figure: Tessarz P, Kouzarides T. Histone core modifications N 4
regulating nucleosome structure and dynamics. Nature A |

Reviews Molecular Cell Biology. 2014;15(11):703-708.
https://doi.org/10.1038/nrm3890

DNA replication, repair and
transcription activation


https://doi.org/10.1038/nrm3890

Methylation

Occurs on all basic residues: arginine, lysines and histidines.
Maintain positive charge = electrostatic interaction with DNA.
Promotes the compaction of the chromatin (heterochromatin-like).

Charge retained -

CO0O
éAM

Charge lost

Figure: Tessarz P, Kouzarides T. Histone core modifications regulating nucleosome structure and Figure: created with bio render
dynamics. Nature Reviews Molecular Cell Biology. 2014;15(11):703-708. https:/doi.ora/10.1038/nrm3890



https://doi.org/10.1038/nrm3890

Methylation

Effects of histone methylation can be context-dependent and vary based
on the specific residue modified and the degree of methylation.

H3K4 trimethylation: NP HO, Ny O
t it i H /K(k CH /\/E
ranscription activation 2
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H3K9 methylation:
transcription repressor



Phosphorylation

e Introduction of negative charges (affect DNA interactions)
e Nucleosome more accessible:
transcriptional activation ATP

e Response to DNA damage (OH g

protein protein

H3S10 phosphorylation:
involved in transcription
and cell division, and
promotes chromosome
condensation




Citrullination

e Catalysed by the Ca2+-dependent peptidylarginine deiminase
(PADI) enzymes
Reduction in hydrogen-bonding ability

Loss of positive charge: loss chromatin structure

HoN HoN
H1R54 citrullination in the
NH NH

PADI nucleosomal DNA binding

+H,O — + NHj3 region: extensive chromatin
decondensation = loss of
N N structure
T e O ~
H @) H O

Arginine Citrulline



LINKER HISTONE: H1

e Regulate specific gene transcription.
e Stabilize DNA wrapping around nucleosome.
e Suppress transcription of repetitive transposable DNA elements.

Nucleosome
NG

Core histones

N

DNA

LINKER HISTONE

Figure from: http:/www.info-farmacia.com/bioquimica/nucleosomas Figure: created with bio render



http://www.info-farmacia.com/bioquimica/nucleosomas

LINKER HISTONE H1 - STRUCTURE

1. Globular domain: ~ 75 residues

2. N-terminal tail: 20-35 residues

3. Basic C-terminal domain: ~100
residues

N-terminal N-terminal

helix Il
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LINKER HISTONE H1 - STRUCTURE

1. Conserved Globular domain: ~ 75 residues

Helix-turn-Helix (HTH) —»  Winged-helix fold

B-hairpin B-strand
=< helix II] ‘ A B vy

A X N
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LINKER HISTONE H1 - STRUCTURE

2. N-terminal tail: 20-35 residues

a. Distal part: hydrophobic

N-terminal

. N-terminal
residues

b. Proximal part: basic region

Non-essential for the
formation of higher-order K

chromatin structures /_/;‘ .




LINKER HISTONE H1 - STRUCTURE

3. Basic C-terminal domain: ~100 residues stabilize chromatin
_> i
L— 30-50 net positive charges {e]le]igle

- a-helix (24%)

-  B-structure (25%)
- open loops (17%)
- turns (33%)

C-terminal

C-terminal



SCOP CLASSIFICATION: H1

All alpha proteins
Fold DNA/RNA-binding 3-helical
bundle
Superfamily Winged helix D!\IA—blndlng
domain
Famil Linker histone H1/H5
y globular domain-like

PDBid: 5nl0



LINKER HISTONE H1 - DNA INTERACTIONS

—p Mminor groove

His-25 Lys-73

Arg-47 Arg-74
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LINKER HISTONE H1 - DNA INTERACTIONS

PDBid: 5nl0
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EVOLUTION

Protein sequences
(H3, H4, H2A and H2B)

Sequence alignment Visualization with
CLUSTALW Chimera
[ BLAST
STAMP structural Visualization of

superimposition superimposition
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EVOLUTION
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EVOLUTION
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CONCLUSIONS

- Histone tails - important role in genetic regulation and in mediating intra and
inter nucleosomal interactions.

- Stable interactions among histones but interactions with DNA are dynamic and
subject to fluctuation.

- Post-translational modifications - modify histone affinity for chromatin and the
binding of transcriptional cofactors.

- Histone 1 - indispensable role in the organization of chromatin.

- Histones have an extremely high degree of conservation between species.
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PEM QUESTIONS

1. Which statement describes the role of H1?

a.

® 200

H1 plays a significant role in connecting the
nucleosome to the DNA linker.

H1 has only one binding site.

Both A and B are correct.

H1is a core histone protein.

All of the above statements are correct.

2. Related to the histone’s evolution:

a.
b.

H1is really conserved through evolution.

Histone core proteins are really conserved through

evolution.

Histone 2A doesn’t have any variants between
different species.

Only H4 and H3, that form the tetramer, are
conserved through evolution.

None of the above are correct.

3. What interactions make the histones’ H3-H4 tetramer?

a.
b.

Interactions between the H2B and H4 chains.
Interactions between the H4 and H4’ chains,
creating a 4 helix bundle.

Interactions between the H3 and H3’ chains,
creating a 4 helix bundle.

Interactions between the H4 and H4’ chains,
creating two different 4 helix bundles.
Interactions between the H3 and H3’ chains,
creating two different 4 helix bundle.

4,  The octamer is comprised by:

a.
o}
c.

The H3-H4 tetramer and the H2A-H2B tetramer.
The H3-H4 tetramer and two H2A-H2B dimers.
The H3-H4 tetramer and two H2A-H2B dimers and
H1.

One H3-H4 dimer and the H2A-H2B tetramer.
None of the above are correct.



5.

6.

.

Which

® Q0o

Which

® Q00T

of the following Histones present a N-terminal tail?
Histone H3

Histone H4

Histone H2A

Histone H2B

All of the above.

of the following statements is incorrect?
Histones basic structure is composed of 3 alpha
helices and two loops.

H2A has both a N-terminal and C-terminal tails.
The loops are made of alpha proteins.

H2A-H2B dimers can’t tetramerize.

The core histones’ alignment presents many
differences in the amino-acid residues.

About the histone core DNA-binding interactions:

a.

Qo

The interactions only happen within the B bridges
and the DNA.

Interactions happen in the B bridges and the paired
al region of the histones.

There are only salt-bridges and hydrogen bonds.
The minor groove of the DNA backbone is not
responsible for the interactions.

The DNA backbone can create interactions because
of it’s electropositivity.

8.  Which of the following statements is correct about the
post-translational modifications?

a.

® 00T

Phosphorylation decreases the chromatin
accessibility

Methylation occurs in acid residues

Both A and B are correct

The effect of methylation is context dependent
All of the above statements are correct

9. Related to the post-translational modifications:

a.

b.

Acetylation neutralizes the positive charge of
lysine residues

Citrullination consists on the conversion of
histidine to citrulline

Phosphorylation is not involved in DNA damage
repair

Methylations neutralized the positive charge of the
basic residues

Phosphorylation takes place in all aromatic
residues

10.  Which of the following statements is incorrect about the
histone H1?

® Qo op

The histone H1 has a winged-helix fold

The N-terminal tail is a non-essential domain
The “wings” or loops are small beta-sheets

It contains a beta-hairpin

It is categorized in the all alpha class, it does not
have any beta structure
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