Girard 2007
Anatomy, Physiology, & Pathophysiology
Chapter 3

I. Cell Theory

A. The cell is the basic structural and functional unit of life (All living things are composed of cells)

B. All cells come from pre-existing cells

C. Principle of Complementarity – function depends on structure

II. Composite (Generalized) Cell
A. Plasma membrane

1. Fluid mosaic model - Phospholipid bi-layer

2. Hydrophilic polar head & Hydrophobic non-polar tails

3. Other membrane structures

a. Glycolipids - polar end attracts extra-cellular substances e.g. sperm to an ovum

b. Glycoproteins – cell signaling and cell to cell adhesive

c. Cholesterol – Stabilizes cell membrane (reduces plasticity) 

d. Integral proteins – Proteins found in the plasma membrane

1. Transmembrane protein (carriers or channels)

2. External proteins (face only extra-cellular fluid) are receptors for chemical messengers e.g. hormones, neurotransmitters in a process called signal transduction (send a message to the intracellular organelles)

4. Peripheral proteins – Attach to integral proteins and are frequently enzymes

5. Glycocalyx – (sugar coating of plasma membrane) includes glycolipids and glycoproteins are responsible for cell to cell recognition… each glycocalyx is unique to a cell type (Cancer cell glycocalyx changes continuously so immune cells can’t recognize it)

6. Microvilli – increase surface area and are abundant in cells with absorption functions e.g. nephrons, intestinal cells

7. Tight junctions – keep cells tightly connected to prevent the flow of molecules in the extra-cellular space between cells e.g. intestinal cells

8.  Desmosomes – “rivets” between cells to prevent tearing; found in tissues with high stress e.g. skin, cardiac, neck of the uterus

9. Gap junctions – allow chemical substances (ions) to pass to adjacent cells; found in electrically stimulated contractile tissues e.g. cardiac, skeletal muscle
10. Membrane transport

a. Interstitial fluid – extra-cellular fluid is rich in amino acids, sugars, hormones, neurotransmitters, salts, & waste products (PLASMA MEMBRANE IS SELECTIVELY PERMEABLE)

b. Passive transport – does not require the use of adenosine triphosphate (ATP) to move a substance across the plasma membrane

c. Diffusion – the movement of a substance from a high concentration to a low concentration without the use of ATP (The hydrophobic region of the plasma membrane is a physical barrier and prevents free diffusion; 

      only lipid soluble, protein carrier assisted, and small molecules will      

      cross by simple diffusion e.g. Vitamins ADEK, oxygen, carbon dioxide, & 

      alcohol)

d. Facilitated Diffusion – Protein carriers bring large polar molecules (e.g. glucose) into the cell along its concentration gradient;  DIFFUSION RATE IS LIMITED TO THE NUMBER OF PROTEIN CARRIERS ON THE PLASMA MEMBRANE

e. Osmosis – Diffusion of water (dependent of the osmolarity – the total concentration of solute particles in a solution)

-Isotonic solutions cause no change in the shape of the cells

-Hypertonic solutions cause cells to crenate

-Hypotonic solutions cause cells to swell until they lyse

                           f.   Active transport – the movement of solutes AGAINST the        

                                 concentration gradient which requires the use of ATP e.g. Sodium- 

                                 potassium pump

1. K+ is found in high concentration inside the cell & Na+ is found in high concentration outside the  cell

2. Three sodium ions and two potassium ions are exchanged

3. Three sodium ions fill the binding sites on the carrier protein, then ATP stimulates phosphorylation (addition of a phosphate group) which changes the shape of the protein. The sodium is ejected to the interstitial fluid and two potassium ions bind to the open binding sites, which causes the phosphate to be ejected and changes the shape of the carrier protein. The potassium ions are ejected into the intracellular fluid which exposes the sodium binding sites again.

4. Symport transport systems– two different molecules move across a carrier protein together in the same direction e.g. sodium-glucose symport

5. Antiport transport systems– two different molecules move across a carrier protein together in opposite directions e.g. sodium-potassium pump

g.  Exocytosis – the formation of a vesicle from the plasma membrane to secrete  substances outside of the cell

h.   Endocytosis – the formation of a vesicle from the plasma membrane to bring substances into the cell

i.    Phagocytosis – Pseudopodia envelop foreign substances (e.g. bacteria) and form a vesicle which is brought into the cell and fuses with a lysosome

j. Pinocytosis – the formation of a vesicle from the plasma membrane which contains interstitial fluid)

k. Receptor Mediated Endocytosis – Substances (Hormones e.g. insulin, enzymes, and LDL bind to receptor sites called clathrins, to be brought into the cell)    Familial Hypercholesterolemia results in a lack of a clathrin coat on the plasma membrane and LDL can’t get into the cell, so it circulates in the blood stream resulting in atherosclerosis.
B. Cytoplasm

1. Cytosol – watery gel with dissolved proteins, salts,  and sugars

2. Contain cytoplasmic organelles (little organs)

C. Mitochondria

1. supply cell with ATP energy

2. Number of mitochondria reflect organ activity (muscle and liver have most)

3. Site of aerobic respiration (Glucose is broken down to CO2 and H2O and energy is used to add a phosphate group onto a molecule of ADP which results in the formation of a molecule of ATP)

4. Contain their own DNA and RNA which is similar to the DNA of bacteria

5. Can increase their number by fission

D. Ribosomes

1. Made of two protein subunits which resemble an acorn and cap

2. Site of protein synthesis

3. Found freely in the cytosol (make soluble proteins to be used in the cytosol) and attached to Rough Endoplasmic Reticulum (make proteins for cell membrane or for export)

E. Rough Endoplasmic reticulum

1. Comprised of interconnected tubes and membranes studded with ribosomes

2. Make all proteins exported from the cell and phospholipids for plasma membranes

3. Abundant in the liver (export numerous blood proteins)

F. Smooth Endoplasmic reticulum

1. Responsible for lipid metabolism and synthesis of cholesterol (in liver)

2. Formation of steroid hormones (testosterone, estrogen)

3. Absorption, synthesis, and transport of fats (Intestinal cells)

4. Detoxification of drugs, pesticides, and carcinogens (liver & kidneys)

5. Breakdown of glycogen to glucose (liver)

6. Calcium ion storage (Skeletal & cardiac muscle needs ionic Ca++ for contraction)

G. Golgi apparatus

1. flattened membranous sacs used to package (add or remove sugars) and transport proteins from the cis (receiving) face to the trans (shipping) face

2. Three types of vesicles made on trans face

a. Secretory vesicles – used to export proteins by Exocytosis

b. Lysosome vesicle – contain digestive  (hydrolytic) enzymes

H. Lysosomes

1. Contain digestive enzymes which can digest all biological molecules in an acidic environment (pH ~ 5)

2. Digest bacteria, viruses, and toxins

3. Digest worn out cell organelles

4. Breaks down glycogen to glucose

5. Digests uterine lining during menstruation

6. Breaks down bone to release ionic calcium into the blood stream

7. Responsible for autolysis (cell death e.g. rheumatoid arthritis)

I. Peroxisomes

1. Use oxygen to detoxify alcohol and formaldehyde  (liver and kidney cells)

2. Replicating occurs by fission

J. Microtubules

1. Largest diameter hollow tubes used to provide a framework (Cytoskeleton shape) for the cell 

K. Microfilaments

1. responsible for cell motility and changes in cell shape

2. thinnest elements of the cytoskeleton

L. Centrioles

1. Anchor cytoskeleton near the nucleus

2. Form mitotic spindle during mitosis

M. Cilia

1. Whip-like or hair-like cell extensions that move substances across a cell surface e.g. cilia in respiratory tract push mucus away from the lungs

N. Flagella

1. Microtubule extension used for locomotion of the cell (e.g. sperm tail)

O. Nucleus

1. Control center of the cell

2. Multinucleate cells have above average cytoplasmic organelles (skeletal muscle and liver)

3. Anucleate cells lack a nucleus and cannot produce proteins (Red Blood Cells)

4. Contain nuclear envelope – double membrane barrier with pores (RNA leaves the nucleus through the nuclear pores

P. Nucleolus

1. ribosome production

Q. Chromatin

1. fine threadlike uncoiled DNA found within the nucleus

2. Condense and coil to form chromosomes
III. Cell Growth & Reproduction

A. Mitosis

1. Interphase – divided into G1 , S, G2 

     a. G1 (gap between mitosis & DNA synthesis) - Normal cellular function, metabolism,   

         and protein synthesis; centrioles formed and start to migrate to poles

      b. S (DNA Synthesis) DNA replication

      c. G2 (gap between DNA synthesis & Mitosis) Enzymes required for cell division are 

          synthesized

2. Prophase – active mitosis

         a. Chromosomes condense and become visible with a light microscope 

             1. Chromatids

             2. Centromere

         b. Mitotic spindle forms pushing centrioles toward the poles

         c. Nuclear membrane is fragmented and spindle microtubules attach to the 

             chromosome at the kinetichore (mid-lateral centromere)

3. Metaphase

         a. Chromosomes line up on the metaphase plate located at the cellular equator

4. Anaphase

    a. Centromeres split and each chromosome is pulled toward the closest pole 

        (chromosomes resemble the letter “V” in this phase)

5. Telophase

     a. Chromosomes uncoil into chromatin

     b. A new nuclear membrane forms (from rough E.R.)

     c. Mitotic spindle breaks down

   6. Cytokinesis

        a. Cleavage furrow divides cell into two cells

        b. Cytoplasm is divided equally between daughter cells

