
Nuclear 

lamina

Nuclear 

pore

Nuclear 

membranes

Chromosome

Chromatin structure

Nuclear envelope





Nuclear 

lamina

Nuclear 

pore

Nuclear 

membranes

Chromosome

Nuclear envelope





Histones
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1st level: the nucleosome

DNA
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Core: histone fold + 

additional helices in H3 and 

H2B

N-terminal tail 20-40 residues
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Tetrasome: (H3-H4)2 tetramer + ~60 bp 

Dyad axis
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1.7 turns of left-handed 

superhelix

Nucleosome: (H3-H4)2 tetramer + 2 

H2A-H2B dimers + ~145 bp 
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Arg Lys

Histone-DNA interactions are electrostatic

Positively 

charged 

residues



G

DNA

Histones

Intermediate 

acceptor



ΔG ~ 2 kT

Nucleosome dynamics: spontaneous unwrapping
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Histone post-translational modifications

Lys, Arg methylation:

Lys-NH3 Lys-NH2-CH3

+ +HMT

Arg-NH-C +
HMTNH2

NH2

Arg-NH-C +
NH-CH3

NH2

Ser phosphorylation: Ser-OH Ser-O-PO3

2–HK

Lys acetylation:
Lys-NH3 Lys-NH-C-CH3

O

+ HAT

HD



S10 K14

P Ac

H3

Transcriptionally active state

Repression

Histone code: the patterns of histone modifications

play a role in transcription regulation
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Me

S10 K14K9K4

Me



Different functional states are associated 

with different modification patterns



Bromodomain

PHD-finger

Ac-Lys

H3Lys4

The modifications are recognized by special 

structural modules in effector proteins

Bromodomain: affinity to acetylated Lys

Chromodomain: affinity to methylated Lys

PHD-finger: affinity to methylated Lys
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Nucleosome

Linker

Nucleosome repeat



Nucleosome positioning

The free energy of nucleosome formation

ΔG = ΔGint + ΔGdeform

ΔGint < 0, independent on sequence

ΔGdeform > 0, depends on sequence

Sequence with lower ΔGdeform is favored



Nucleosome positioning is important for the accessibility of 

regulatory sequences 



Chromatin fiber

Zig-zag conformation 

which may be compacted 

due to positively charged 

histone tails in conditions 

of physiological ionic 

strength (~150 mM Na+, 

~2 mM Mg2+)
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GH1

Nucleosome

Linker
С-terminal tail
GH1

H1-nucleosome interaction



+ H1

H1 promotes fiber compaction
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10 mM NaCl 40 mM NaCl 100 mM NaCl 

40 mM NaCl 

10 mM NaCl 

0 mM NaCl 

H1 stabilizes the compact state



H1 interacts with the fiber transiently



The 30-nm fiber structure

Tetranucleosome unit





10-nm fibers

10-nm fibers within 

open compartment

Electron spectroscopic image of 

a region of cell nucleus



Polynucleosome fibers

High 

concentration

Low 

concentration

30-nm fibers

Polymer melt





Polymer melt, 

compact (closed) 

region

Open region

Possible 

30-nm fiber

Nuclear envelope



Hi-C technique (chromosome conformation capture)



Individual segments are 

extended and intermixed; there 

are many knots

Continuous regions are 

compactly folded without knots



Fractal globule: the unknotted 

conformation allows easy opening 

and closing of chromosomal regions 

Equilibrium globule



 There are two types of 

compartments: more and less 

compact (hetero- and euchromatin) 

such that greater interaction occurs 

within each compartment rather 

than across compartments

Topological (loop) domains 

(~500 kb)

~5 Mb





Cohesin

5’-CCACNAGGTGGCAG-3’

3’-GGTGNTCCACCGTC-5’

CCCTC-binding factor 

(CTCF)



Loop extrusion



TADs



Attachments to the 

nuclear envelope

Chromosome 

territory



Radial organization of chromosome territories within the nucleus regulates 

opportunities for chromatin crosstalk. The relative positions of chromosomes in an interphase 

nucleus depend on the proportion of genes and the A+T content. The opportunities for chromatin 

crosstalk between gene-rich and gene-poor regions are thus generally restricted by this organization. 

Hypothetical areas of chromatin communication are indicated by the patterns of overlapping CTs. 

Reorganization of CTs could provide new patterns of chromosomal interactions. The presence of the 

nucleolus may provide additional opportunities for the formation of chromatin loops and bridges.


