


Packing ratio

For example, the smallest human chromosome:

mitotic chromosome =    2 m
DNA    4,6x 107 bp =  1,4 cm
packing ratio =   7000

Length of the DNA divided by the 
length of the unit that contains it.



DNA concentration in different organisms

• Fage T4 = 500 mg/ml

• Bacteria = 10 mg/ml

• Eukaryotic Nuclei = 100 mg/ml



Capsid assembly

• The protein shell can be assembled 
around the nucleic acid, thereby  
condensing the DNA or RNA by 
proteinnucleic acid interactions during
the process of assembly.

• The capsid can be constructed from 
its component(s) in the form of an 
empty shell, into which the nucleic  
acid must be inserted, being 
condensed as it enters.

Viral genome is into a preassembled 
protein shell named capsid



The coat protein self-assembles into the 
rod like helical structure (16.3 proteins 
per helix turn) around the RNA which 
forms a hairpin loop structure 





Translocation

Condensation

IHF => Integration Host factor

Cos sites



The nucleoid (meaning nucleus-like) is an 
irregularly-shaped region within the cell of 
prokaryotes which has nuclear material 
without a nuclear membrane and where the 
genetic material is localized. 
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E.coli has many DNA binding proteins…

… and positively charged molecules (poliammines).





Nuclear DNA organization 
in  eukaryotes





Nuclear eukaryotic DNA 
associates with proteins to 

form chromatin.

Chromatin is the complex 
that makes up 
chromosomes. 

The most abundant proteins 
of chromatin are HISTONES



Euchromatin is a lightly packed form of 
chromatin (DNA, RNA and protein) that 
is rich in gene concentration, and is 
often (but not always) under active 
transcription. 

Heterochromatin is a tightly packed form 
of DNA, which comes in two varieties: 
constitutive and facultative. 

Low ionic strength lysis of nuclei



Micrococcal nuclease digestion



Histones are very basic proteins

Basic amino acids Acidic
ratio

Molecular
Histones Lys Arg

Basic / acidic
weight

H1 
H2A 
H2B 
H3 
H4

29 % 
11 % 
16 % 
10 % 
11 %

1 % 
9 % 
6 % 

13 % 
14 %

5 % 
15 % 
13 % 
13 % 
10 %

5.4 
1.4 
1.7 
1.8 
2.5

23.000 
13.960 
13.774 
15.342 
11.282

data concerning mammalian histones (similar data for other organism)

Amino acids









Nucleases used for chromatin studies

• Micrococcal Nuclease  cuts the double strand

• DNAse I and II  cuts the single strand
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DNA structure changes on the surface of 
the nucleosome

• If DNA in solution is digested by DNAse I and II 

it is cutted randomly.

• If DNA is part of nucleosomes it is cutted only in 

those regions that are accessible with regular 

gaps. (separated by about 10-11 bp).

• The DNA has more bp/turn than its solution

value in the middle, but has fewer bp/turn

at the ends.



Do Nucleosomes Lie at Specific Positions?
• Nucleosomes may form at specific positions as the 

result of either the local structure of DNA or proteins 

that interact with specific sequences.

• Nucleosomes are deposited specifically at particular 

DNA sequences, or are excluded by specific sequences. 

(INTRINSEC mechanism).

• In other cases the first nucleosome in a region is 

preferentially assembled at a particular site due to 

action of other protein(s). (EXTRINSIC mechanism).







Low ionic strength

High ionic strength



Chromatin Assembly Factor 1
recruited by PCNA 

During 
replication



Nucleosomes are present
with the same frequency

into transcribed and
non-transcribed gene sequences





T7 polymerase



FACT -
Facilitates 
Chromatin 
Transcription



Hypersensitive sites

DNA sequences without 
nucleosome structures 

hypersensitive to digestion with 
nucleases and chemical agents.





LCR-Locus Control Region



Hypersensitive sites are 
generated by the binding of 
factors (regulatory proteins) 
that exclude histone octamers.



Chromosomal domain

• Independent structural entity, where the 
supercoiling in each domain is not affected by 
events in the other domains

• A region of altered structure including at least
one active transcription unit, and sometimes 
extending farther with enhanced sensibility to 
DNAse I digestion. (Note that use of the term 
domain does not imply any necessary connection 
with the structural domains identified by the 
loops of chromatin or chromosomes.)





Chromatin capable of being transcribed has a
generally increased sensitivity to DNase I,
reflecting a change in structure over an extensive
region that can be defined as a domain containing
active or potentially active genes.
Hypersensitive sites in DNA occur at discrete 
locations, and are identified by greatly increased 
sensitivity to DNase I.
Nucleosome positioning may be important in 
controlling access of regulatory proteins to DNA.


