Lecture -3-                        The Cell                           Theoretical biology                                                   

* Structures of the cell      
* Cell membrane (plasma membrane):

        The cell membrane is the outer border of the cell, the basic structure of plasma membrane is bilayer lipid (mainly phospholipids) interspersed with protein. It is regulate the entry and exit of molecules and ions.

*Cell wall - rigid layer surrounding a cell, located external to the cell membrane, which provides the cell with structural support, protection, and acts as a filtering mechanism. 
*Cytoskeleton - The cytoskeleton of the eukaryotic cell is the network of microfilaments and microtubules that give the cell its shape, the capacity to arrange its organelles, and its ability to move. Some animal cells also contain intermediate filaments as elements of the cytoskeleton.
*Centrosome – A centrosome, or cell center, lies close to the nucleus of animal cells and is the main microtubule-organizing center of the cell usually coincides with cell axis. It consists of tow centerioles.
*Centriole - A barrel shaped microtubule structure found in most eukaryotic cells. 

*Spindle fiber - The structure that separates the chromosomes into the daughter cells during cell division. 

*Cytoplasm - a gelatinous, semi-transparent fluid that fills most cells.

*Chromosome - organized structures of DNA and proteins that are found in cells. 

*Cell nucleus - a membrane-enclosed organelle found in most eukaryotic cells. It contains most of the cell's genetic material, organized as multiple long linear DNA molecules in complex with a large variety of proteins, such as histones, to form chromosomes. 

*Mitochondrion - a membrane-enclosed organelle found in most eukaryotic cells. Often called "cellular power unit", mitochondria generate most of cells' supply of adenosine triphosphate (ATP), the body's main source of energy. 

*Chloroplast - organelles found in plant cells and eukaryotic algae that conduct photosynthesis. 

*Lysosome - organelles that contain digestive enzymes. They digest excess organelles, food particles, and engulfed viruses or bacteria. 

*Vesicle - a relatively small intracellular, membrane-enclosed sac that stores or                                  transports substances. 
*Golgi apparatus – also called  Golgi body, Golgi complex, or dictyosome  is an organelle found in most eukaryotic cells.

     The main function of the Golgi apparatus is to be responsible for handling the macromolecules that are required for proper cell functioning. It processes and packages these macromolecules for use within the cell or for secretion. Primarily, the Golgi apparatus modifies proteins that it receives from the rough endoplasmic reticulum, however, it also transports lipids to vital parts of the cell and creates lysosomes. 


*Endoplasmic reticulum - an organelle composed of an interconnected network of                                                                                          tubules, vesicles and cisternae. 

A- Smooth endoplasmic reticulum - sections of endoplasmic reticulum which are not studded with ribosome which is connected to the nuclear envelope. It is has functions in several metabolic processes, including synthesis of lipids, metabolism of carbohydrates and calcium concentration.
B- Rough endoplasmic reticulum - sections of the endoplasmic reticulum which are studded with protein-manufacturing ribosome giving it a "rough" appearance, its primary function is the synthesis of enzymes and other proteins. 

*Peroxisome - organelles in eukaryotes that participate in the metabolism of fatty acids and other metabolites. Peroxisomes have enzymes that remove the toxic peroxides from the cell. 

*Vacuole - membrane-bound compartments within some eukaryotic cells that can serve a variety of secretory, excretory, and storage functions. 

*Nucleolus - a roughly spherical sub-organelle of the cell nucleus. Its main function is to produce and collecting ribosome components ( RNA and proteins). 

*Ribosome - complexes of RNA and protein that are found in all cells. 
* Structures outside the cell wall
A- Capsule
It is present only in some bacteria outside the cell wall. It is gelatinous in nature. The capsule may be polysaccharide as in meningococci or polypeptide as bacillus anthracis or hyaluronic acid as in streptococci. The capsule has antiphagocytic function so it determines the virulence of many bacteria. It also plays a role in attachment of the organism to mucous membranes.

B- Flagella
Flagella are the organ of mobility. They arise from cytoplasm and extrude through the cell wall. They are long and thick thread like appendages, protein in nature, formed of flagellin protein.
C- Fimbriae (pili)
They are short and thin hair like filaments, formed of protein called pilin. Fimbriae are responsible for attachment of bacteria to specific receptors of human cell (adherence). 

D- Cilium

   Cilia are hair like structures projecting from the surfaces of some animal cells. They are similar to eukaryotic flagella except that they are shorter. 

* Cellular processes:
*Osmosis - the diffusion of water through a cell wall or membrane or any partially-permeable barrier from a solution of low solute concentration to a solution with high solute concentration. 

*Passive transport - Movement of molecules into and out of cells without the input of cellular energy. 

*Active transport - Movement of molecules into and out of cells with the input of cellular energy. 

*Adhesion - Holding together cells and tissues. 

* Exocytosis

    Exocytosis is the process by which eukaryotes excrete most molecules from their                                                                         cells.
* Endocytosis

    Localized regions of the plasma membrane can surround material (macromolecules, particles, liquid, etc.) in the environment and bring it into the interior of the cell as a membrane-bounded vesicle. This process is called endocytosis. Pinocytosis and phagocytosis are types of endocytosis.
*Pinocytosis: the process a cell uses when engulfing liquid substances into the cell membrane to form an internal phagosome, or "food vacuole." 

*Phagocytosis : the process a cell uses when engulfing solid particles into the cell membrane to form an internal phagosome, or "food vacuole."
*Cellular reproduction 
 * There are three reasons lead to Cellular reproduction:
1- Growth.

2- Repair.

3- Replacement.

· Cell cycle - The series of events that take place in a eukaryotic cell leading to its replication.
* The mitosis:
           Mitosis is the process by which a eukaryotic cell separates the chromosomes in its cell nucleus into two identical sets in two nuclei. It is generally followed immediately by cytokinesis, which divides the nuclei, cytoplasm, organelles and cell membrane into two cells containing roughly equal shares of these cellular components.

* Stages of Mitosis:
It has four stages: Prophase, Metaphase, Anaphase & Telophase. 

1- Prophase
         Replicated DNA condense into dark and dense bodies called chromosomes. Each chromosome is actually a pair of chromatids held together by a centromere. Then the centrioles separate from each other and move towards the poles of the cell. They then spin mitotic spindles as they move. These spindles will provide support for the attachment and movement of the chromatids during the later stages of mitosis. At the end of prophase, the nuclear membrane and nucleolus have disappeared.
2- Metaphase
      This is short stage wherein the chromosomes cluster together and align at the middle of the mitotic spindle so that a straight line of chromosomes can be seen.

3- Anaphase
        During this stage, the centromeres that have held together the pair of chromatids detach and separate from each other. The chromatids, now called chromosomes again, move apart from each other and towards the end of each pole. When the chromosomes reach the poles of the cell, anaphase is over.
4- Telophase
       At this stage, the chromosomes have reached the poles completely and begin to uncoil to become chromatid threads again. The nuclear membrane begins to reform and surround each of the new nucleus. The spindle breaks down and the rest of the cell splits in two via cytokinesis which forms two identical daughter cells.

* Cytokinesis: occurs after mitosis.

- Cell membrane moves inward to create two daughter cells – each with its have                                                                                    nucleus with identical chromosomes.
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