CELL BIOLOGY & GENETICS (Chapter 3)
CELL THEORY

· A cell is the basic structural and functional unit of living organisms.

· The activity of an organism depends on both the individual and collective activities of its cells.

· According to the principle of complementarity, the biochemical activities of cells are dictated by the specific structures of cells.

· Continuity of life has cellular basis.

· Cells are composed chiefly of carbon, hydrogen, nitrogen, oxygen, and trace other elements.

Cellular Form and Functions:

I. Cell shapes:

a. Squamous: Thin, flat angular contour viewed from above.
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b. Polygonal:  Have irregularly angular shapes with 4, 5, or more sides.
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c. Stellate:  Have multiple extensions that give them a star like shape.


d. Cuboidal:  Are squarish and approx. as tall as they are wide.
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e. Columnar:  Taller than wide.
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f. Spheroid:  Round.



g. Ovoid: oval



h. Discoid: Disc shaped.


i. Fusiform: Thick in middle and tapered toward the ends. (spindle shaped)



j. Fibrous:  They are long and slender.



II. 
Cell size:

· Micrometers: size of cell.


Human cells range from 10 – 15 um in diameter.
· Nanometers: smaller structures with in a cell.
III. Perspective on cells:

· Cytoplasm: Means all the material between nucleus and cell surface.
· Cytosol: Clear gelatinous component of the cytoplasm.
· Protoplasm: All cellular material including its surface membrane cytosol, nucleus, and other contents.

· Intracellular fluid: means cytosol.

· Extracellular fluid: fluid outside the cell.

· Organelles: minute structures with in a cell.

IV. The Cell Surface:

A. Plasma Membrane: Cell and organelles with in it are bordered by unit membrane called P.M. It defines boundaries of cell, governs its interaction with other cells, and controls what passes in and out of the cell.

B. Membrane Lipids: Plasma Membrane consists of 90%-99% of lipids. 

a. 75% of the lipids are phospholipids. Phospholipids are amphiphilic.

They arrange themselves with hydrophilic phosphate heads facing the water & hydrophobic fatty acid tails facing the membrane.
b. Cholesterol molecules consists 20% of membrane lipids. They interact with phospholipids and make membrane stiffer. (make it less fluid)  

c. Last 5% are glycolipids. Phospholipids with short carbohydrate chains covalently bound to them. They contribute to glycocalyx.
C. Membrane Proteins: Contribute only 1%-10% of molecules of P.M. (But are ½ membrane weight)
a. Integral (Transmembrane) proteins: Pass through the membrane.
      Most are glycoproteins (conjugated with oligosaccharides on   

      extracellular side of membrane.)-------hydrophilic regions are in contact with cytoplasm & extracellular fluid.  Hydrophobic regions pass back & forth thru the lipid membrane.
b. Peripheral proteins: They do not protrude into the phospholipid layer but adhere to intracellular face of membrane.
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FUNCTIONS OF MEMBRANE PROTEINS:

· Receptors: Cell communicates by chemical signals (hormones and neurotransmitters.)

· Enzymes: This stops the cell from excessively stimulating.

· Channel Proteins: Are integral proteins with pores that allow passage of H2O and hydrophilic solutes through membrane.
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Mechanically gated ion channel
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· Carriers: Integral proteins that bonds to glucose, electrolytes, and other solutes and transfer them to other side of membrane.
· Cell identity markers: Contribute to glycocalyx. Act like “identification tag”

Enables our bodies to tell which cell belongs to us & which is foreign.
· Cell Adhesion molecules: Membrane proteins that allow the cell to adhere to another cell and to extra cellular material.    Ex: sperm + egg 



     immune cell + cancer cell
D.  Glycocalyx: 

· It is external to P.M.

· All animal cells have this

· It consists of carbohydrate: glycolipids and glycoproteins.

· It is I.D. tag

· It includes the cell-adhesion molecule

· It is hydrophilic  
E.  Microvilli, Cilia, Flagella: These are surface extensions. Aid in absorption,    

     movement, and sensory processes.
· Microvilli: Serves primarily to increase a cells surface area. They have stiff filaments of protein called actins.
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· Cilia: hair like processes. (There are 50 to 200 cilia on surface of are cell) They are motile. Serve primarily to move mucus through respiratory tract and egg cells through the uterine tubes.
· Notes: Some organs, cilia lost their motility and assumed sensory roles: (ex: Cilia in nasal cavity bind to odor molecules and initiate smell.


· Flagella: long whip like structure with an identical to cilia. (ex: tail of a sperm cell)-only functional flagella in humans. Nonfunctional Flagella (vestigial) found on epithelial cells of uterus, testis, kidneys, pancreas, & pituitary gland. 


V.    The Cytoplasm:    Structures in the cytoplasm are classified into 3 groups, all embedded in the 

                                         cytosol.  

1. Organelles

2. Cytoskeleton

3. Inclusions

1.  Organelles------------------internal structures that carry out specialized tasks.  There are two types: 
· Membranous Organelles: nucleus, mitochondria, lysosomes, peroxisomes, smooth & rough endoplasmic reticulum, golgi complex.
· Nonmembranous Organelles: ribosomes, centrosome, centrioles, basil bodies.
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A.  Nucleus:

· Largest organelle
· Has 2 unit membranes----------called Nuclear Envelope
· Houses DNA


B. Endoplasmic Reticulum:

· It is a system of interconnected channels called Cisternae
· There are two types: Rough & Smooth E.R.
Rough E.R.




Smooth E.R.

-covered with ribosomes

          -no ribosomes
-abundant in cells that synthesize         -abundant in cells that

 large amount of proteins

          deal with detoxification





           -synthesizes lipids
Ex: antibody producing cells
       Ex: liver cells

      cells of digestive glands
              kidney cells
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C. Ribosome: 

· Small granules of protein and RNA found in the cytosol, outer surface of Rough E.R., and the nuclear envelope. 
· They assemble amino acids into proteins.
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D. Golgi Complex:  

· Small system of cisternae that synthesize carbohydrates and put the finishing touches on proteins synthesis.  
· It receives newly synthesized proteins from the Rough E.R. -------------It then sorts them, cuts and splices them and packages them into Golgi Vesicles.
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.
(Several things can happen to these vesicles)


1. Lysosomes


2. Migrate to plasma membrane & become protein & phospholipids


3.  Secretory vesicles----------store cell products for later release
E. Lysosomes:

· Is a package of enzymes contained in a single unit membrane.
· They hydrolyze proteins, nucleic acids, complex carbohydrates, phospholipids.
Ex.---------> *In the liver, lysosomes breakdown stored glycogen to 
      
       release glucose into the bloodstream.

       *WBC called neutrophils engulf bacteria & use their 

        lysosomes to digest them.


       *Autophagy: process were lysosomes also digest & 
   
       dispose of worn out mitochondria & other organelles.
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F. Peroxisomes:

· Resemble lysosomes but contain different enzymes and are not produced by the golgi complex.

· Abundant in the liver & kidney cells.  Here they neutralize free radicals and detoxify alcohol and drugs.  

· Breakdown fatty acids into 2-carbon acetyl groups-------------which the mitochondria use to make ATP.
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G. Mitochondria:

· Specialize in the synthesis of ATP
· It is called the “Powerhouse”.
· It is surrounded by a unit membrane----------------------this membrane has folds called cristae.
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H. Centrioles:  

· Short cylindrical assembly of microtubles that lay in an area called the centrosome.

· Play a role in cell division. 



2.  The Cytoskeleton:------------------a collection of protein filaments & cylinders that determine the shape of the cell,  

                                                              give it structure, organize it, move substances through the cell. 
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· It is composed of microfilaments, intermediate filaments, and microtubules.  

a. Microfilaments: They are made of proteins called actin (support phospholipids in the P.M.) & myosin 
                                 (responsible for muscle contraction). 

b. Intermediate Filaments: Thicker and stiffer than microfilaments.  They participate in junctions that hold  

                                              cells together. 

c. Microtubules: Made of strands called protofilaments, which are made of a protein called tubulin.

· Functions-------> - hold organelles in place

           - maintain cell shape and rigidity 

           - guide organelles to specific destinations in the cell

           * They are not permanent structures (they come and go).
3.  Inclusions:----------------------------2 kinds


a. Stored cellular product-------------------------such as: glycogen granules, pigments, fat droplets


b. Foreign bodies-----------------------------------such as: dust, viruses, bacteria
Membrane Transport
*The plasma membrane is selectively permeable.
Movement of Substances (3 ways):

1.  Passive-------------------> No energy required
ex. Simple Diffusion, Osmosis, Facilitated Diffusion, Filtration





2.  Active--------------------> Requires energy 
ex. Active Transport, Bulk Transport



3.  Carrier-Mediated--------> Need membrane protein to transport substances

ex. Facilitated Diffusion, Active Transport, Cotransport

I.  Filtration:

· The separation of materials by particle size.(smaller particles go thru &large ones do not)
· Done by the force exerted on the membrane by water (hydrostatic pressure). 
II.  Simple Diffusion:

· The constant scattering or spreading out of materials from an area of high concentration to an area of low concentration until equilibrium is reached.  
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* Diffusion Rates-----------(factors that affect):

a.  Temperature: 

b. Molecular Weight:

c. Steepness of Concentration Gradient:

d. Membrane Surface Area:

e. Membrane Permeability

III.  Osmosis:

· The net diffusion of water between two compartments (regions) separated by a semipermeable membrane.  The water diffuses from an area of high concentration to an area of low concentration.  



· Hypertonic Solution-------->Solution has higher concentration 
                                     of solutes than intracellular fluid.
· Hypotonic Solution---------> Solution has lower concentration 
                                      of solutes than intracellular fluid.
· Isotonic Solution-------------> Solution has same concentration 
                                       of solutes as in the intracellular fluid.
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IV.  Carrier-Mediated Transport: 

· The carrier protein that is needed to transport the solute in the cell has a site on it that is specific for that solute to bind to.                    Ex. -------------> A glucose carrier cannot transport fructose.

· Carriers also exhibit Saturation.
A lot of solutes present – transport keeps increasing to a point – when all carriers are occupied or saturated ---- they cannot handle any more solutes-------------------(Tm

· When the rate of transport levels off, that is called---------------Transport Maximum (Tm)
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V.  Facilitated Diffusion:  (carrier-mediated but passive transport)
· The movement of materials from an area of high concentration to an area of low concentration.  This process requires the use of a protein carrier molecule.  
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VI.  Active Transport:

· Is the movement of materials from an area of low concentration to an area of high concentration gradient.  
· This process requires the use of a protein carrier and energy (ATP).
· Four  steps involved:         1.  Carrier binds to solute.
              2.  ATP donates a phosphate group to the carrier.

              3.  Carrier changes its shape to transport the solute.

              4.  Carrier releases the solute to the other side of the membrane, & also   

                   releases the phosphate group and goes back to its original shape.

· Example:  Sodium/Potassium Pump
3 Na+from Cytoplasm binds to carrier protien
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Carrier takes a Phosphate group from ATP
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This allows the carrier to change shape and releases Na+ into extracellular fluid

[image: image35.png]



2K+ from extracellular fluid binds to carrier & carrier now releases phosphate
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Carrier returns back to original shape and releases K+ into Cytoplasm
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The ATP dependent Na+ - K+ Pump. Passive Na+ and K+ fluxes into and out of a cell at rest are balanced by active transport in the opposite directions by the ATP-dependent Na+ - K+ Pump.
Na+ / K+ Pump 4 Functions:

1.  Regulation of cell volume: 

· Each cycle of the Na+ / K+ Pump removes one ion more than it brings in.  




(3Na+ out, 2K+ in) Regulates cell swelling

2.  Secondary active transport: 

· Since the Na+ has a high concentration outside the cell, it tends to diffuse back in.

· Some cells use this idea by diffusing other solutes with the Na+ back in. 


Ex. Glucose binds to Na+ as it goes back into the cell ---- so, glucose absorbed by 2nd active 
  

transport.
3.  Heat Production:

· The release of phosphate group by ATP during Na+ / K+ Pump


Also releases Heat to warm our bodies during cold weather.
4.  Maintenance of a membrane potential:

· Membrane potential means the electrical charge around the plasma membrane.



The inside of P.M. is negatively charged compared to the outside because of unequal 

amounts of ions distributed during the Na+/K+ pump.  Important for nerve and 
muscle function.

VII.  Cotransport: 
· When a carrier transports in 2 solutes at the same time.  

· Two types of cotransport: Symport & Antiport
A.  Symport  -> same direction 

ex: Na+ & glucose
B.  Antiport -> opposite directions 
ex: Na+/K+ pump
VIII.  Bulk Transport:  

· Bring large particles, droplets of fluid, or numerous molecules through the membrane at one time.  

A.  Endocytosis: Bringing matter into the cell.

B.  Exocytosis:  The movement of materials to the outside of the cell through evagination 

                             (outpocketing) of the cell membrane and release of the substance.  
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· Three forms of Endocytosis:  1.  Phagocytosis------------------> “Cell Eating”  the ingestion of  
                                                                bacteria or food material by surrounding them with folds of the 

                                                                cell membrane.
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2. Fluid – Phase Pinocytosis----------------> “Cell Drinking”  the process by  

                                                    which the cell engulfs extracellular fluid by an invagination (indenting) of the 

                                                    cell membrane.
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3.  Receptor – Mediated Endocytosis----------------> Process where solute molecules 

                                             bind to receptors on the plasma membrane and are taken into the cell in Clathrin-

                                             coated vesicles with a minimal amount of fluid.  
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DNA: TRANSCRIPTION/TRANSLATION
The Central Dogma:
· All organisms from the simplest bacteria to humans, use the same mechanism of reading and expressing genes, a mechanism called Central Dogma

· Info passes from the genes (DNA) to an RNA copy of the gene, and the RNA copy directs the assembly of a chain of amino acids:  DNA(RNA(Proteins
I.  The DNA Molecule:
· DNA – A double stranded helical molecule. Its sides are formed by alternating units of the sugar (deoxyribose) and phosphate, while the middle pieces are composed of nitrogenous base pairs held together by hydrogen bonding.
· Adenine/Guanine=purines

· Cytosine/Thymine/Uracil=pyrimidines
· Nucleotide=consists of purines or pyrimidines base, deoxyribose sugar and phosphate.
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2 strands of DNA are complimentary

A, T, G, C  ----------- called Base pairs, Nitrogenous bases, or Nucleotides

II. RNA:

· Characteristics (comparison to DNA):

	DNA
	RNA

	Double stranded
	Single stranded

	Contains deoxyribose
	Contains ribose

	Only found in nucleus
	Found in Nucleus and Cytoplasm

	Protected and not broken down
	Continuously synthesized and broken

	Resistant to chemical break down
	Less resistant to chemical breakdown

	
	Uracil replaces Thymine


· Types and Functions:

· tRNA (transfer)-is 80 nucleotides long, there is at least one tRNA for each different amino acid: It picks up amino acids and it transfers them to the messenger RNA.
· mRNA (messenger)-is several hundred to several thousand nucleotides in length. It carries the code for the amino acid sequence in the protein.
· rRNA (ribosomal)-is several thousand nucleotides in length. It is integrated into the structure of the ribosome and helps to align the mRNA on the ribosome.

· Terminology:

· Base triplet: A sequence of three DNA nucleotides that stands for one amino acid.
· Codon: A group of 3 bases (triple code) on the mRNA that is a code for a specific tRNA and its amino acid.
· Stop Codon: UAG, UGA, UAA They signal “end of message”
· Start Codon: AUG starts message and it is the code for methionine
· Anti-Codon: group of 3 bases on tRNA that is complementary to codon of mRNA.
III. Transcription: means copying genetic instructions from DNA to RNA.

a. In the nucleus DNA opens and exposes the code in the form of nitrogenous bases.

b. Ribosomal RNA, messenger RNA and transfer RNA are produced form this code under the direction of RNA polymerase.

c. The three types of RNA migrate out of the nucleus and into the cytoplasm.

*     RNA + DNA is synthesized in one direction designated 5’(3’
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IV. Translation:
a. Ribosomal subunits bond to form a couple which has groove for mRNA.

b. Messenger RNA attaches to the ribosome and determines the order in which the amino acids will join together. (when it reaches start codon , AUG, it begins making protein)

c. Transfer RNA’s are activated by ATP and pick up specific amino acids.

d. The anticodon of tRNA carrying amino acid combines with the codon of the messenger RNA at this site.

e. As the ribosome continuous, it reads the next codon on mRNA that may say GGU. Then it would bind to tRNA with anticodon CCA, which carries a glycine.

f. A peptide bond is formed.

g. Each time a peptide bond is formed the tRNA that is no longer needed, is released-floats away to be recycled and used again.

h. The ribosome continues to move along the mRNA and the process continues until a stop code (UAG, UGA, and UAA) is read and the protein is completed.

i. After the protein is completed, the ribosome dissociates into two subunits
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V. Cellular Reproduction: DNA Replication
a. The enzyme, DNA helicase opens the double helix of DNA-this exposes the nitrogenous bases.

b. Then an enzyme called: DNA polymerase moves along opened strands and read the bases and arranges the bases with free nucleotides that are in the nucleoplasm ( one polymerase moves down one strand of the opened double helix and another polymerase moves in opposite direction replicating the other strand of the opened double helix ( from old DNA molecule-get two new DNA molecules.
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MITOSIS
- One parent cell divides into two identical daughter cells.
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-Karyokinesis- Distributed DNA material into each daughter cell.  

-Cytokinesis- Cytoplasmic Division. 
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Cell Division Cycle:  (divided into either two divisions or three divisions)

a. two divisions: Interphase & Cell Division Phase (Mitosis)

b. three divisions:  G1 (normal cellular activities), S (DNA replicated), G2 (physical cell division)

Mitosis:  (see actual chromosomes)
a.  Prophase   



b. Metaphase  (chromosomes lines down the middle)
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c. Anaphase  (chromosomal arms pull apart)



[image: image51.jpg]


spindle fibers (framework of 









    microtubules)
d. Telophase
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 Cytokinesis takes place
* All cells divide by mitosis except for sex cells.

MEIOSIS:

· Type of cell division that produces 4 cells (each with ½ the # of chromosomes as the parent cell.)
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· It occurs in sex organs (testes/ovaries)
· Human has 46 chromosomes (23 mother/23 father)
· The 23rd chromosomes called sex chromosomes (Human cells are Diploid)

*sex chromosomes come in two forms: X & Y-----------------male XY , female XX

*Diploid ------------------------- 2 homologous sets of chromosomes
· Egg and Sperm cells are called sex cells or gametes
· Each gamete has a single set of chromosomes and called haploid cell (These are produced by meiosis)
· When egg and sperm unite this process is called fertilization (fertilized egg called zygote/ has two homologous sets of chromosomes)
· During the rest of the Life Cycle, zygote develops into a sexually mature adult with trillions of cells produced by Mitosis
                             Meiosis                               vs.                           Mitosis
· Produces 4 new offspring cells each                                  Produces 2 offspring cells each        

with one set of chromosomes-1/2 the #                               with same # of chromosomes as Parent 
of chromosomes as parent cell.


        cell.


4 haploid cells (gametes)

· Involves exchange of genetic material                              Do not exchange info between sister
       between homologous chromosomes 

       chromatids (one exact copy of the other)
(crossing over)
* Karyotype: a display of chromosomes of a somatic cell during metaphase of mitosis.  It is produced by    

                     photographing the cell’s stained chromosomes through a microscope and arranging them in  

                     pairs.  

-numbered 1 through 22

-sex chromosome are denoted X or Y
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Patterns of Inheritance:
· Austrian monk named Gregor Mendel through a series of experiments revealed the basic rules underlying patterns of inheritance.
· Trait- variations of a particular character (ex: one plant has the trait of red flowers while another might have a trait of yellow flowers)
· Hybrids(  The offspring of 2 different true breeding varieties are hybrids. (ex: Purple Flower Parent breed with white flower Parent-------------------their offspring called Hybrids
· The Parental Plants are called P generation
· The hybrid offspring are called F1 generation

· When the F1 generation self fertilize or fertilize each other, their offspring are F2 generation
· When Purple Flower Plant and White Flower Plant breed  is an example of Monohybrid Cross.                    ----------------------------(Cross where the parent differ in only one (mono) character)

EXPERIMENT:
	P Generation
	Purple Flowers x White Flowers



	F1 Generation
	All plants have Purple Flowers



	F2 Generation
	¾ Plants Purple Flowers + ¼ Plants White   Flowers


CONCLUSION:

White Flower did not disappear in F1 Plants--------------- F1 Plants carried two factors for the flower color (one purple & one white).
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*Mendel did other studies—same pattern appeared—one of 2 parent traits disappeared in the F1  

  generation, but then reappeared in about one fourth of F2 offspring.

Mendel’s 4 Hypotheses:

1.   Alleles = alternative form of a gene (ex: gene for flower color in pea plants exist in   

                                                               one form for purple and in another form for white).
2.   For each inherited character an organism has 2 alleles for the gene controlling that character, one
      from each parent

· If two alleles are same, individual is homozygous

· If the 2 alleles are different the individual is heterozygous
        3.

· When only one of the 2 different alleles in a heterozygous individual appears to affect the trait, that allele is called a dominant allele.
· The other allele that does not appear to affect the trait is called Recessive allele
Some Dominant and Recessive Traits in Humans:
	Recessive/ Phenotype
	Dominant/ Phenotype

	Albinism = Lack of Melanin
	Mid-Digital hair   = Presence of hair on middle 

                                 segment of finger

	Red-Green color blindness = Inability to     distinguish red or green wavelengths
	Brachydactyly =     short fingers

	Cryptic fibrosis =     Liver degeneration +   

                                 lung failure
	Huntington Disease =   Degeneration of Nervous 

                                      System

	Muscular Dystrophy =    Wasting away of  

                                         muscles
	Camptodactyly =       Inability to straighten little 

                                   finger

	Hemophilia =      Inability to clot blood
	Hypercholesterolemia = Elevated 

                                       Blood Cholesterol

	Sickle Cell Anemia =      RBC curve + 

                                        stick together
	Polydactyl =     Extra fingers and toes


Genotype-  Genetic makeup or combination of alleles
Phenotype- Observable trait (Physical Appearance)

Punnett Squares:
Purple Flower (dominant)-----------P

White Flower (recessive)------------p  

P
p
	PP (purple)
	Pp (purple)

	Pp (purple)
	pp (white)


P

p

*Dominant Phenotype is Purple, but genotype is unknown (could be either: PP or Pp)

*Recessive Phenotype is white/Genotype is = pp

Purple Flower x White Flower

If PP, then: 






If Pp, then:

        P


P


P

p

	Pp
	Pp

	Pp
	Pp


	
	Pp
pp
Pp
        pp




                        



All offspring Purple


½ offspring purple & 







½ offspring white
*Problem:   Draw a Punnett square of a mating between two normal carriers of  

                    Albinism.

                    Note: Albinism is a recessive, unpigmented condition.

        What are the possible outcomes in children?
