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 Nucleus consists of chromatin 

  dsDNA 

  histones 

  nonhistones = proteins of non-histonic character 

 Chromosomes contain linear dsDNA 

 Nucleus is divided by mitosis 

 Cell wall consists of cellulose (plants) or chitin 

(fungi), animal cells have no cell wall 

 They have organelles – mitochondria and plastids 

 Endoplasmic reticulum, Golgi system, and 

lysosomes 



 
Animal cells: nucleus and mitochondria 
 

Plant cells: nucleus, mitochondria and chloroplasts 

 

 chromosomal (AKA nuclear) DNA (nDNA) 
 

 mitochondrial DNA (mtDNA) 
 

 chloroplast DNA (ctDNA) 
 

 plasmids 



 Stainable material, which forms the nucleus of 
eukaryotic cells 

 dsDNA, histones, nonhistones 

According to the ability to be 

stained by basic dyes and 

degree of condensation we 

distinguish: 

 euchromatin – weakly 

stainable, decondensed, 

“transcriptionally active“ 

 heterochromatin – strongly 

stainable, condensed, 

“transcriptionally inactive“ 
https://www.studyblue.com/notes/note/n/3-
chromosomes/deck/4743713 



Constitutive 
- Constantly in heterochromatin stage 

- centromeres and telomeres 

- One of X chromosome in women 

Facultative 

- Switches between heterochromatin and 

euchromatin on the base of oncogenetic 

development of organism 



1) Basic structure = interphase = 

decondensed 10-nm chromatin 

fiber (beads-on-a-string)  

2) 30-nm chromatin fibre 

3) Chromatin in mitotic phase = 

mitotic chromosomes 



„naked“ dsDNA 

“beads-on-a-string“ form 

nucleosomes 

30 nm solenoid 

relaxed form of 

chromosome 

condensed region of 

chromosome 

mitotic chromosome 



1) Histones 

 Centre is globular, ends are flexible and 

filamentous 

 High content of arginine and histidine 

 5 species = H1, H2A, H2B, H3 and H4 

 

2) Nonhistones  

 RNA polymerase and other enzymes usable in 

transcription 

 HMG1 and HMG2 – bind to unusual DNA structures 

 HMG3 a HMG4 – bind to histone core especially in 

transcriptionally active regions 



 The basic unit of chromatin  

 octamer of histones (H2A, H2B, H3, H4)2 

 One molecule of histone H1 

 DNA segment 200 bp long, which is wound about 2 

times around the octamer of histones 



Nature 389: 251–260 (1997) 

H2A – yellow, H2B red, H3 blue, H4 green 



 10nm chromatin fibre 

 its individual items form nucleosome 

cores connected by long linear 

dsDNA 

 visible by microscope 

- H1 

+ H1 

30nm chromatin fibre 



 It is created by the condensation of nucleosome 

fibre caused by histone H1 

 It binds to protein scaffold (nonhistones, e.g. 

topoisomerase II) 

H1 



Stacking for packing.Possible modes of how a chromatin fiber folds into helical or columnar 

forms are shown.  

A Travers Science 2014;344:370-372 

Published by AAAS 



 loops of 30nm chromatin fibre attached to protein 

scaffold 

 there is one molecule of topoisomerase II in base 

of each loop = change of topology during 

replication and transcription 

 each domain has one ori locus 

TOPO II TOPO II TOPO II 

DNA protein scaffold connecting region 

ATATATAT 



 They originate by condensation of 30nm 

chromatin fibres 
 

 They are formed during mitosis or meiosis 
 

 Condensation of 30nm to 600-700nm 

chromatin fibres, which constitute the 

structure of chromosomes 
 

 In chromosomes, the chromatin is in the 

stage of the highest condensation and is 

transcriptionally inactive 



sister 

chromatids 

centromere 

telomeres 



 a single linear molecule of dsDNA 

 the number of bp of haploid cell is about 

1.34 x 107 – 1.5 x 1010 

 only 10% of mammal genome bears the 

genetic information 

 most structural genes are from 1 x 104 to 2 

x 106 bp long – considerable part is 

created by regularoty sequences 



 short tandem repeats – not in prokaryotes 

dispersed repeats – not in prokaryotes 

 25% - 50% structural genes as unique 

sequence 

 the rest as gene repeats = repetitions has 

function of a gene 



 Gene family = is a set of several similar genes, formed 

by duplication of a single original gene, and generally 

with similar biochemical functions. E.g. the genes for 

haemoglobin subunits. The term pseudogene. 

 Tandem gene repeats = directly adjacent, the term 

spacer (intergenic sequence, separates genes or a 

group of genes), genes transcribed to 5S-rRNA, genes 

for tRNA and genes for histones. The repeats provide 

sufficient amounts for the cell requirements. 

 Dispersed gene repeats = their copies are dispersed at 

different positions of haploid genome, genes 

transcribed to tRNA, snRNA and others. 



 is a dysfunctional relative of known genes 

that lost their protein-coding ability or are 

otherwise no longer expressed in the cell 

usually has no introns 



 Localisation of chromosomes is not accidental 

 Crowding of region with similar function or 

activity 

DOI: 10.1038/nsmb.2474 



 E.  Lieberman-Aiden et al.,  Science  326, 
289-293 (2009)     

https://unlockinglifescode.org/the-genome-ball 





  replication of mitochondrial and chloroplat DNA 

  replication of nuclear chromosomes 

  semiconservative and semidiscontinuous 

  initiation, elongation, and termination 

  only in S phase of the cellular cycle 

M 

G1 G2 

S 

transcription, 

translation, 

metabolism 



In contrast to prokaryotic cells 

the eukaryotic replication 

proceeds on several places in 

time 

Chromosome is a couple of 

replicons, it has more ori 

sequences (mammals 30.000-

50.000) 

Euchromatin replicates earlier 

to heterochromatin 



Eukaryotic DNA-polymerase: α, β, γ, δ and ε 

synthesis of leading 

strand 

ssDNA 
5´ 

3´ 5´ 

3´ 

beginning of bidirectional 

replication 

dsDNA 

old 

nukleosomes newly 

synthesises 

nucleosomes 

synthesis of lagging 

strand 



• DNA polymerase α – in the complex of primase 

synthetises Okazaki fragments, it does not 

possess 3´-5´exonuclease activity (proof 

reading) 

• DNA polymerase β – synthesis of short 

fragments during DNA reparation 

• DNA polymerase γ – synthesis of mitochondrial 

DNA 

• DNA polymerase δ – synthesis of leading strand 

and completing of lagging strand 

• DNA polymerase ε – probably synthesis of 

leading strand  



http://yxsj.baiduyy.com/ 
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http://www.ppu.mrc.ac.uk/researc

h/?pid=1012&sub1=research 



 A.  Groth et al.,  Science  318, 1928 -1931 (2007)     



 D.  Ray-Gallet et al.,  Science  328, 56-
57 (2010)     

New nucleosomes result from de 

novo assembly using newly 

synthesized H3 and H4 histones in 

the form of two H3-H4 dimers; after 

association with two H2A-H2B 

dimers, the result is a nucleosome 

containing only new H3-H4 dimers. 

Mixed particles will form using a 

newly synthesized H3-H4 dimer and 

an H3-H4 dimer recycled from a 

disrupted parental nucleosome. Old 

nucleosomes will form either by self-

reassociation of two H3-H4 dimers 

recycled from a transiently disrupted 

parental nucleosome, or according 

to the generally accepted view, by 

inheritance of a stable H3-H4 

tetramer from a parental 

nucleosome. 



Nucleosome assembling is 

associated with hydrolysis of 

ATP 

 E. Luk et al., Cell 143, 725–736, November 24, 2010     



template DNA 

3´ 
3´ 

3´ 
3´ 

5´ 

5´ 
5´ 

5´ 

leading strand 

the end replication problem 

Okazaki 

fragments 
replication of 

spacers 
incompletely 

replicated DNA, 

missing nucleotides 

RNA primer 

removing 

Telomerase = ribonukleoprotein - RNA acts as a 

template, protein has catalytic function 



• Telomerase elongates the 3´-end 

• Formation of hairpin and RNA primer 

• Replication of complementary strand and removing of 

hairpin 

http://masteringyourwaytomedschool.blogspot.cz/p/bio-1000-dna-shortening.html 

https://www.ndsu.edu/pubweb/~mcclean/plsc431/eukar

ychrom/eukaryo3.htm 



http://reasonandscience.heavenforum.org/t2263-the-telomerase-enzyme 



 T.  de Lange  Science  326, 948-952 (2009)     



 T.  de Lange  Science  326, 948-952 (2009)     

Fig. 1: The end-protection problem 



 T.  de Lange  Science  326, 948-952 (2009)     

Fig. 2 Mammalian telomeres 



 T.  de Lange  Science  326, 948-952 (2009)     

Fig. 3 Different components of shelterin are 
dedicated to different aspects of the end-

protection problem 



Fig. 4 Different solutions to the end-
protection problem 

 T.  de Lange  Science  326, 948-952 (2009)     



Other factors involve in termination 

of replication were described in 

2014 – topoisomerase II 

participates on it and the proces is 

regulated by ubiquitination. 

(A) Precatenane resolution: Top2 mediates fork 

progression at the TER zone by resolving 

precatenanes behind the forks. 

(B) Fork fusion: the right fork stalls at a pausing 

site (pausing element, red symbol) and 

emerges with an asymmetric conformation. The 

leading polymerase (black oval) and the lagging 

apparatus (yellow oval) are shown. 

(C) Catenation: Top2 then resolves the last 

catenation at TERs before DNA segregation, 

allowing chromosome resolution. 
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http://dx.doi.org/10.1016/j.molcel.2010.07.024


Disassembly required. Once two converging replisomes complete DNA replication, they are 

targeted sequentially by SCFDia2 and Cdc48, resulting in CMG disassembly.  

S P Bell Science 2014;346:418-419 


