                           Section 2: Cell Structure and Function
                                         Dr. Kate Brilakis   
    
              Check out the Section 2 pics/tutorials page on my 
   course webpage for accompanying pictures and helpful tutorials.      

Why are cells so small?         Why are they called cells?         Are all cells the same?  
  
Prokaryotic cells: cells with no membrane bound organelles (bacteria)

        a. peptidoglycan cell wall (penicillin’s target molecule)
        b. may have a capsule w/ slime layer 
        c. nucleoid area containing DNA (no membrane bound nucleus)
 
Eukaryotic cells: all other cells which exhibit phospholipid membrane bound       
                                 organelles and which may also have:

        a. nucleus 
        b. mitochondria
        c. ribosomes 
        d. endoplasmic reticulum 

        e. golgi apparatus 
        f. lysosomes  (apoptosis) 

        g. vacuoles

        h. flagella/cilia
                       
       Plant cells also exhibit
        a. cellulose (remember that polysaccharide?) cell wall
        b. chloroplasts with chlorophyll used for photosynthesis
        c. a large, central water vacuole for water storage and shape
       
       Fungal cells exhibit a cell wall composed of chitin but no chloroplasts.
          Fungi look like plants because they grow on a substrate and appear stationary but 
          they also have features similar to animals. Can you think of some of these animal
          like characteristics?

Cell “lifestyle”: 
       a. Autotropic: producers utilize chlorophyll to capture light energy and
           transform it into chemical energy via photosynthesis. 
       b. Heterotropic: consumers: herbivores, carnivores, parasites and
           saprobes (decomposers) rely on autotrophs and/or other heterotrophs            
           for their nutritional energy.

The engineering perfection of the cell membrane…                                              

     Cell membranes described by the Fluid Mosaic Model which

      includes two components:
      a. fluid: phospholipids arranged into a bilayer with non-polar, 
                    hydrophobic (fatty acid) tails facing in and polar, hydrophilic  
                   (phosphate) heads facing out.
      b. mosaic: membrane proteins imbedded in the bilayer
                       
These imbedded membrane proteins may be:
                           1. transport proteins
                               a. channel
                               b. carrier
                           2. receptor proteins 
                           3. recognition proteins   
                           4. adhesion proteins

Membrane permeability: the membrane bilayer is selectively permeable.
    1. passive transport: simple diffusion/ requires no cell energy
        ex.:channel proteins
    2. active transport: requires cell energy:

        ex.: carrier proteins
               endocytosis (come on in…)
               exocytosis (get out…)
               
   Diffusion: movement of molecules from an area of high concentration to                          
                      an area of low concentration until equilibrium is reached
                      Osmosis: the diffusion of water across a selectively permeable 
                                      membrane
                      Tonicity: the comparison of solute concentrations across a                  
                                       semi-permeable membrane.
                                       (a solute is that which is dissolved.
                                        a solvent is that which is doing the dissolving.
                                        a solution is a solute dissolved in a solvent.
                   solute= coffee granules  solvent= hot water  solution= mug of hot coffee)
   
  a. Hypertonic: the concentration of the solute in the environment is greater than the concentration of solute in the cell. Water moves across the semi-permeable membrane, via osmosis, out of the cell. The cell shrinks.
     b. Hypotonic: the concentration of solute in the cell is greater than the concentration of solute in the environment. The water moves into the cell via osmosis. The cell swells.
     c. Isotonic: the concentration of solute in the cell equals the concentration of solute in the environment. Equilibrium is already established.

    The Concentration Gradient is the measurement of the difference in                          
                        concentration across a selective membrane.
                             The higher the gradient (difference),
                              the faster diffusion/osmosis occurs.
                                     The lower the gradient,
                            the slower diffusion/osmosis occurs.

         Diffusion rates can also be influenced by temperature and pressure.      
                                            
                                     Cell Replication: Mitosis               
                  
               Growth                       Repair                       Replacement                                          


1.Prokaryotic Cell Division

DNA found in a long, single linear chromosome 1000x the size of the cell and arranged into a loop attached to the side of the cell.  Lack of nuclear membrane enclosed nucleus, finds chromosome in a nucleoid region. Binary Fission is method of reproduction for bacterial cells: Chromosome replicates. Two resulting chromosomes migrate to ends of the cell. A cell wall and membrane form to separate cells.

            ***E.coli (intestinal bacteria) undergo fission every 20 minutes…one cell     

                  becomes one million cells in just 7 hours!  

    How does penicillin work?



2. Eukaryotic Cell Division

DNA is divided into chromosomes. When cell is not dividing, chromosomes found in a dense mass called chromatin. When the cell divides, the chromatin reorganizes and arranges itself into linear chromosomes. Chromosomes in humans are found in pairs.
One half of each pair in YOUR cells you received from your father, the other half you received from your mother. YOU have 23 of these pairs = 46 total total chromosomes. Your mom’s egg carried the original 23 maternal chromosomes and your father’s sperm carried the original 23 paternal chromosomes. Every cell in your body is derived from the original cell (zygote) made when the sperm and egg fused. Egg and sperm (called gametes) only have one set of chromosomes. 
Cell division of somatic (not producing egg/sperm) tissue involves five main phases.

    
a. Interphase:

Chromosomes (DNA) replicates 
b. Prophase:

DNA becomes visible as chromosomes. Each chromosome is attached to its replicated copy by a centromere.  In this arrangement, they are called sister chromatids 

Nuclear membrane disintegrates. Centrioles and asters (spindle fibers) migrate.
c. Metaphase:

Sister chromatids migrate to the center of the cell

Asters attach to the centromere of each pair
d. Anaphase:

Sister chromatid pairs are separated by the action of the asters. Chromatids when not paired are now called chromosomes. Chromosomes migrate to the poles of the cell

e. Telophase:

Chromosomes condense. Nuclear membrane reforms. Cytokinesis completes cell division as the organelles migrate equally to poles of the cell. Cleavage furrow occurs in animal cells. Cell plate created in plant cells. 


What is cancer?
When cells escape the normal parameters of growth, cancer may occur.

The p53 gene codes for a protein called the p53 protein that initiates a repair mechanism and halts the cell cycle if a DNA mutation needs to be repaired during DNA replication. 
If mutation is too great, the p53 protein induces apotosis = cell death. Enzymes activated by the p53 protein chop up the cell. But sometimes tumors are able to grow unchecked  because not enough p53 protein can be made. 

Mitosis is initiated when growth factors, released into circulation, attach to cell receptors which then activates enzymes which initiate cell division. Tumors form when these enzymes are activated in the absence of this growth hormone. The p53 proteins prevent these “rogue” enzymes from operating. 

Mutations in the DNA can occur spontaneously or by the prompting of chemical or physical agents like radiation, organic chemicals including tobacco and pesticides, or even certain viruses.


Cancer cells exhibit characteristics absent in normal cells such as:

   a. They lack differentiation.  Even though they might grow in the liver…they do not    

       resemble liver cells but rather cells with no specialized structures.

   b. They have abnormal nuclei. The nuclei are oversized and contain mutated DNA.

   c. They form tumors. Normal cells exhibit “contact inhibition”…they won’t grow in a 

       neighbor’s “space”.  Tumor cells grow every which way and have no contact     

       inhibition.  These disorganized masses are called tumors.  Benign tumors are 

       encapsulated.  Malignant tumors spread to other tissues.

  d. They encourage angoigenesis. Blood vessels grow into tumor due to the high level 

      of growth factor produced by these cells.  This may lead to metastasis when   

      cancerous cells spread to other parts of the body

