
 
  

Done by: Abdelhadi Okasha 

4ht Sheet 

Controlling of gene expression 
CHAPTER (6) 



PAGE 1 

6.2 | Structure and Function of the Cell Nucleus 

Component of nucleus: 

1. Nuclear envelope (enclose the component of nucleus 

and contain nuclear pores) 

2. Nucleoplasm (the fluid where solutes are dissolved) 

3. Linear Chromosomes as extended fibers of chromatins 

 (Chromatin = DNA double helix + associated proteins)  

4. Nucleoli )for rRNA synthesis and assembly of   

ribosomes) (may be more than 1) 

5. nuclear matrix (which is the protein-containing fibrillar network.) 

- Note: the last 4 structures are found in typical nondividing nucleus 

 

→ Nuclear envelope: 

a)structure that divides the nucleus from its cytoplasm. 

b) consists of two membranes separated by a nuclear  

space about 10 to 50 nm. 

c) The two membranes together contains around 60  

distinct transmembrane proteins including a number  

of species that link the outer nuclear membrane with 

 elements of the cytoskeleton. 

d) The outer membrane is generally studded with  

ribosomes and continuous with the membrane of rough endoplasmic reticulum 

e) The two membranes are fuses at sites forming a nuclear pore. 

 

- There are two structures related to this structure:  

a) nuclear lamina: a thin filamentous meshwork composed of lamins proteins that 

lines the inner surface of the nuclear envelope 

- lamins are similar to proteins of the intermediate filaments of the cytoskeletons 

-functions: supports the nuclear envelope/ helps in DNA replication and 

transcription/site of attachment for chromatin fibers at the nuclear periphery. 

-Its integrity is regulated by: phosphorylation/dephosphorylation of intermediate 

filaments. (for mitosis) 

-Disease on lamina: Mutation in one of the lamina genes (LMNA), may cause: 

1) EDMD2: g a rare form of muscular dystrophy in which muscle cells contain 

exceptionally fragile nuclei. 
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2) Hutchinson‐Gilford progeria syndrome (HGPS): premature aging and death 

during teenage years from heart attack or stroke. 

 

 

 

 

 

 

 

 

 

 

 

 

b) Nuclear Pores(Considered as gateways in nuclear envelope for macromolecules)  

Functions :  

1- Allow large numbers of proteins synthesized in the cytoplasm to pass into the 

nucleus for DNA replication and transcription. 

2- Allow mRNAs, tRNAs, and ribosomal subunits that are manufactured in the 

nucleus pass to the cytoplasm. 

3- Allow snRNAs of the spliceosome to move in both directions. 

-Proteins and RNA are transported in and out of the nucleus by passing single-file 

through the center of the nuclear pores. 

- Nuclear pore complex (NPC):  huge, supramolecular complex (15 to 30 times the 

mass of a ribosome) that exhibits octagonal symmetry (doughnut shaped) , but 

contain only about 30 different proteins, called nucleoporins. 

- The NPC is not static, as many of its proteins are replaced over a period of 

seconds to minutes. 

-At the heart of the NPC there is a central channel, which is surrounded by a ring 

of nucleoporins whose rearrangements can change the diameter of the opening 

from about 20 to 40 nm, and contains FG (phenylalanine-glycine) domains that 

form a hydrophobic sieve to block diffusion of macromolecules greater than 40 

KDa 
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_______________________________________________________________________ 

→ nuclear localization proteins: proteins containing sequences of amino acids in it 

that enables it to pass through the nuclear pores and enter the nucleus by nuclear 

localization signal (NLS). 

- this transportation is accomplished by transport receptors called importins. 

→ RNAs move through NPCs as RNPs from nucleus to cytoplasm and carry NES 

(nuclear export signals) to pass. 

- this transportation is accomplished by transport receptors called exportins. 

 

Transporting of proteins from cytoplasm to nucleus: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 1: Protein containing NLS binds to heterodimeric receptor (importin α/ β). 

Step 2: The result complex associates with a cytoplasmic filament. 
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Step 3: the complex moves through the nuclear pore, by engaging in a series of 

successive interactions with the FG domains of the FG‐containing nucleoporins. 

Step 4: the complex interacts with Ran-GTP and disassociate  

Step 5: The importin β subunit, in association with Ran‐GTP, is transported back 

to the cytoplasm, where the Ran‐GTP is hydrolyzed and gives Ran-GDP with 

phosphate group. 

Ran‐GDP is subsequently transported back to the nucleus, where it is converted to 

Ran‐GTP again. Conversely, importin α is transported back to the cytoplasm. 

RNA Transport 

-mRNAs, rRNAs, miRNAs, and tRNAs are synthesized in the nucleus and function 

in the cytoplasm or are modified in the cytoplasm and return to function in the 

nucleus. 

- These RNAs move through the NPC as ribonucleoproteins (RNPs). 

 Only mature, fully processed mRNAs are capable of nuclear export, as an mRNA 

with an unspliced intron is retained in the nucleus. 

6.3 | Chromosomes and Chromatin 

-An average human cell contains about 6.4 billion 

 base pairs of DNA divided among 46 chromosomes. 

-The largest human chromosome would extend 10 cm 

 long, on the other hand; the diameter of the nucleus is 

 about 10 µm. 

-How is it possible to fit all 46 chromosomes in the 

 nucleus in a state that is accessible to enzymes and 

 regulatory proteins? 

 The answers lie in the remarkable organization in  

which a DNA molecule is packaged in eukaryotic cells. 

- Remember: Chromatin = DNA + associated proteins.  

 

 

 

 

 

ORGANIZATION SUMMARY OF THE CHROMATIN 

 Nucleosomes → 30‐nm fiber → looped domains → Metaphase chromosome 
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Nucleosomes: The Lowest Level of Chromosome Organization 

- Chromatin contains associated proteins, one of the most important is called 

histones 

- Histones: remarkable group of small proteins that possess an unusually high 

content of the basic amino acids . 

- There are 5 types of histones named H1, H2A, H2B, H3, and H4.  

- H1 functions as a linker. 

- Nucleosomes: A supercoiled DNA collied around 8 histone particles and 

associated with an H1 particle from outside.  

- The 8 Histone particles are: Two H2A, Two H2B, Two H3, Two H4. (octamer)  

 

 

 

 

 

 

 

 

 

 

- Existence of nucleosome will increase the packaging of DNA (The ratio related to 

free DNA is about 7:1)  

- What are the bonds that held DNA and histones together?  

Answer: Ionic bonds (Non-covalent bonds)between negatively charged phosphates 

of the DNA backbone and positively charged residues of the histones.  

- What are the functions of histones?  

1) Alert the characters of nucleosomes when modificated. 

2) Mediate the transcription, replication, recombination, and repairing of DNA 

(not the only mediator, as there is also regulatory proteins and enzymes) 

Higher Levels of Chromatin Structure 

- Nucleosomes line up end-to-end into two stacks of nucleosomes that form a 

double helical structure. 

- 30-nm fiber: double helical structure formed from nucleosomes.  

-  Assembly of the 30-nm fiber increases the DNA- packing ratio an additional 6 

folds. (Remember: nucleosomes increase the packaging (x7) then (6 x 7 = 42), so 

   



PAGE 6 

forming of 30-nm fibers will cause the 

 DNA packaging ratio to be about 40:1 ) 

 

- Stability of the 30-nm fiber depends  

on interactions between histone molecules 

 of neighboring nucleosomes.  

 

 

- Chromatin loops: Supercoiled large domains  

that are formed when the 30-nm chromatin fiber  

is gathered and compacted into thicker  

(80–100 nm) fibers. 

- These loops are held by a protein called cohesion.  

- cohesion: best known protein for holding  

replicated DNA molecules together during mitosis. 

 

 

 

SUMMARY:  

-A nucleus 10 mm in diameter can pack 200,000 times this length of DNA within 

its boundaries.  

-Packing ratio of the DNA in nucleosomes is approximately 7:1. Assembly of the 

30-nm fiber increases the DNA-packing ratio to 40:1.  

-Mitotic chromosomes represent the ultimate in chromatin compactness with a 

ratio of 10,000:1. 

 

 

 

  

 

 

ذا أ حبم هللا عبًدا اصطنعه لنفسه واجتباه حملبمته، واس تخلصه لعبادته، فشغل مهمه به   : ))ا  قال ابن القّيم

 ولسانه بذكره وجوارحه خبدمته(( 
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