Cell Biology Final Exam Review
Dr. Anand April 2008


Biochemistry

1. Lipids

a. Fatty Acids – Food, Makes other lipids, hormone precursor

b. Glycerides – Food, 2x the energy of carbs, thermal/mechanical insulators

c. Phosphoglycerides – Membrane constituent

d. Sphingolipids – Membrane component

e. Waxes – Energy, structural components, bacteria like microbacterium

i. Crumen – Antimicrobial, Natural Passive Immunity

f. Terpines – Fat Soluable Vitamins (A, E, K)

g. Steroids – Membrane constituents, some hormones, Vit D, cholersterol

i. Stigmasterol – Androgens (testosterone & estrogen)

ii. Ergosterol – Becomes vit D in UV light

iii. Cholesterol – in animals and plants (once thought to be animal-only)

iv. Digitalin – Plant steroid, useful in treating heart diseases

v. Anabolic Steroids – illegal in U.S., deadly in children & teens

1. Side effects include: balding, deepening voice, delusions, hallucinations, kidney disease, high blood pressure, atherosclerosis, liver cancer, stunted growth, breast englargement in men (reduction in women), reduced sperm count or testicular size, increase in size of ovaries with loss of ovulation

2. Proteins

a. Enzymes – Catalysts

b. Antibodies – fight infection, increasy diversity, antigen specific

c. Amino Acids – amphoteric *see biochem notes*
DNA Experiments

1. Hershey-Chase Experiment 

a. Identified DNA as Phage’s genetic material

b. Showed importance of DNA

c. EXPERIMENT:

i. Virus-Phage attaches to bacteria (e. coli)

ii. Phage injects radiolabeled DNA into bacteria

iii. Phage DNA directs bacteria to make more phage DNA & assemble more phages

iv. Cell lyses (bursts) to release new virus-phages into system

v. Rinse & repeat

2. Griffith’s Experiment – DNA Transformation

a. S-Type pneumococci (capsulated/pathogenic) injected into mice

i. Mice DIE of pneumonia

b. R-Type pneumococci (uncapsulated/nonpathogenic) injected into mice

i. Mice survive

c. S-Type pneumococci heat killed injected into mice

i. Mice Survive

d. S-type (heat killed) + R-Type injected into mice (NEITHER is lethal alone!)

i. Mice DIE, Live S-type & R-type are recovered
ii. DNA from the dead S-Type accepted by the live R-type

3. Watson & Crick

a. Used research of Pauling & Franklin to determine double helix structure of DNA

b. Discovered purine to pyrimadine pairing

c. Discovered Hydrogen bonding between adenine/thymine & guanine/cytosine
DNA Structure & Replication

1. Nucleotides

a. Phosphate Group

b. Deoxyrhibose Sugar (3’ end and 5’ end)

c. Homologous Bases

i. Purines: 6C ring + 5C ring 

1. Adenine & Guanine

ii. Pyrimadines: 6C ring

1. Thymine, cytosine, uracil (RNA)

2. DNA Replication

a. Semi-Conservative: each daughter strand is ½ old and ½ new

b. Unzipping Enzyme: DNA Helicase

c. Rezipping Enzyme: DNA Polymerase

Protein Synthesis

1. Genotype & Phenotype – CONNECTED BY PROTEIN SYNTHESIS

a. Genotype: Genetic makeup, contained in DNA

b. Phenotype: expression of genetic material, traits of organism

2. Beadle & Tatum 1940’s

a. Studied Neurospora crassa (bread mold) to determine significance of how genes effect enzymes (specifically within metabolism)

b. Discovered enzyme mutation could be caused by one gene

c. “Gene-One Polypeptide Hypothesis”

3. Transcription – DNA to RNA

a. DNA in nucleus is unzipped by DNA Helicase
b. One strand directs formation of mRNA

c. RNA Polymerase bingds to DNA and begins mRNA formation

d. Uses Uracil instead of Thymine

e. Exons = Regions of DNA that code for proteins
f. Introns = non-coding regions of DNA, also called intervening regions
i. Prokaryotes lack introns (except Archaea)

ii. Will NOT be translated
g. mRNA forms from both exons and introns, then processing enzymes cut out introns and splice exons together to make finished mRNA which can leave nucleus

4. Translation – RNA to Protein

a. Ribosome Attaches to mRNA

i. Between 50S subunit and 30S subunit

ii. P-Site, starting site

iii. A-site, binding site

b. tRNA anticodon attaches to the matching mRNA codon (at P-site)

i. amino acid attached to 3’ end

c. A second tRNA attaches at next codon on mRNA (at A-Site)

d. Peptide bond forms enzymatically between the first two amino acids.

e. Rhibosome moves alone mRNA chain as the next tRNA attaches to the next codon (now located at A-Site).
f. Peptide Chain grows as ribosome moves along mRNA.

i. Multiple ribosomes can read the same piece of mRNA simultaneously.

g. Polypeptide is released from ribosome when mRNA reaches Stop codon

RNA

1. Ribosomal RNA (rRNA)

a. Forms two kinds of ribosomal subunits.

b. Binding site of tRNA

c. Some proteins act as enzymes for protein synthesis

2. Messenger RNA (mRNA)

a. Material for transcription
b. Contains codons

c. Dictates sequence of amino acids

d. May be up to 2000 nucleotides

3. Transfer RNA (tRNA)

a. Comes from cytoplasm, attaches to ribosomes

b. Contains anticodons

c. Contains bindin site for an amino acids

d. Contains 75-80 nucleotides folded into a clover leaf pattern via H+ bonds
e. 3’ end attaches to amino acid
4. RNA Interference (RNAi)

a. Discovered by Andrew Fire & Craig Mellow

b. Silences a gene by blocking transcription onto mRNA

c. May include viral RNA

5. General RNA Structure

a. Single Stranded

b. Uracil instead of Thymine

c. Temporary within the cell

d. Performs a specific funcrion and is then destroyed (denatured)

e. Nucleotides are recycled after it is destroyed

f. Exists in LARGE quantities

g. Travels through both the nucleus or cytoplasm
Restriction Fragment Length Polymorphisms (RFLP)

1. Restriction Enzymes

a. Named for the organism they come from (ie: EcoRI comes from E. Coli type R)

b. When DNA from different people cut by the same enzymes they will have different lengths due to deletions or insertions between cutting sites

2. Procedure for Usage

a. DNA isolated from two sources

b. Both DNA samples are cut with the same restriction enzyme leaving “sticky ends”

c. DNAs are mixed and they join by base-pairing

d. DNA Ligase is added to bond the DNA covalently (Ligase = Glue!)

e. Put plasmid back into bacterium by transformation

f. “Transformation” – acceptance of foreign DNA

g. Bacterium is cloned

3. Creates Recombinant DNA

DNA Technology & Uses of Recombinant DNA
1. DNA Fingerprinting – Criminal Investigation
i. Restriction enzymes are used to cut DNA sequence

b. Radioactive markers are used on DNA before PAGE analysis

i. 12+ markers are tested and compared
c. Probability of 2 people having the same markers is 1 in 1 billion
d. May be used to establish guilt in criminal trials or establish family relationships

i. Proved Thomas Jefferson fathered a child with his slave, Sally Hemings

e. Uses PCR to Xerox small DNA samples for testing purposes

2. Medicine
a. E. Coli and other organisms used and manipulated to produce healing products “Human Slaves”
i. **Human Insulin was one of the first to be made with recombinant DNA** prior to its uses, diabetics’ insulin came from slaughtered cows and pigs, and many patients developed allergies to it. Recombinant insulin is now one of the top 200 drugs.

	Human Insulin
	E. Coli
	Treats diabetes

	Human Growth Hormone (HGH)
	E. Coli
	Treats Growth Defects

	Taxol
	E. Coli
	Treats Ovarian Cancer

	Interferons (alpha & gamma)
	E. Coli, 
S. cerevisiae
	Possible treatment for cancer and viral infections

	Factor VIII
	Mammalian Cells
	Treats hemophilia

	Tissue Plasminogen Activator (TPA)
	Mammalian Cells
	Treatment for Heart Attacks


b. Vaccinations Improved by Genetic Engineering

i. Genes that direct antigen production from a virus are inserted into another organism to make a pure antigen. This is then introduced to the human body, which in turn produces antibodies.

ii. Hepatitis B was the first vaccine produced with recombinant DNA to be approved by the FDA (1981). 

iii. Vaccinnes are less expensive, more specific and have fewer side-effects

1. Smallpox, Pertussisis (Whooping Cough), Influenza, Hep A & B
c. Using Gene Therapy to fight cancer

i. WBCs called Tumor-infiltrating Lymphocytes (TILs) isolated and encouraged to produce anticancer proteins

1. caused regression of melanoma when reintroduced to the patient that were taken from

ii. A gene for a tumor killing protein called tumor necrosis factor (TNF) was isolated and injected into TILS

1. genetically altered TILs reintroduced to patients and invaded tumors

2. hopefully the TNF produced by the TILs will destroy the cancer

d. Growth Hormones

i. Researchers injected mouse egg with human growth hormone genes, hoping to produce giant mice

ii. Children treated with  genetically engineered growth hormone will grow several inches

iii. Prior to genetic recombination, HGH was harvested from the pituitaries of cadavers. This was suspended in 1985. 

e. Gene Therapy Trials for treating Immune Deficiency (Missing Immune Enzyme)

i. Specific WBCs removed from patient

ii. Normal gene for enzyme inserted into these WBCs

iii. Modified cells are cultured to raise billions

iv. Cells reinserted into patient

v. Cells will hopefully produce missing enzyme and cure disease

f. Gene therapy for severe combine immunodeficiency using a retrovirus
i. Normal gene inserted into virus

ii. Bone marrow is infected with the modified virus

iii. Virus inserts DNA into chromosome

iv. Modified Cell replicated  & injected into patient bone marrow

g. Genetic Disorders

	Albinism
	Recesive Allele on Chromosome 11
	Missing enzyme; unpigmented skin, hair, eyes

	Cystic Fibrosis
	Recesive Allele on Chromosome 7
	Defective membrane protein; excessive mucus production; digestive & respiratory failure

	Phenylketonuria
	Recesive Allele on Chromosome 12
	Missing enzyme, mental deficiency

	Sever Combined immunodeficiency
	Recesive Allele on Chromosome 20
	Missing enzyme, no immune response

	Sickle Cell anemia
	Recesive Allele on Chromosome 11
	Abnormal Menoglobin; sickle shaped RBCs; anemia; blocked circulation

	Tay-Sachs Disease
	Recesive Allele on Chromosome 15
	Missing Enzyme, buildup of fatty deposit in brain, no mental development

	Hypercholesterolemia
	Dominant Allele on Chromosome 5
	Missing protein that takes cholesterol from the blood, results in heart attack be age 50

	Down Syndrome
	Extra Chromosome 21
	Mental retardation, heart abnormalities

	Klinefelter Syndrome
	XXY
	Defect in sexual differentiation


h. Blood Substitute Production

i. Transgenic pigs created by injecting pig embryo’s with human hemoglobin genes so that will produce both pig and human hemoglobin.

1. DNX (now Baxter Healthcare) produced 3 pigs and bred them to create 100+

ii. Pigs are bled and human hemoglobin is isolated via chromatography.

iii. Better than human blood: no blood type, no human pathogens, longer storage, immediate source of oxygen for emergencies

iv. Drawbacks: lasts for a short time in the blood (but good for emergencies), and it may be possible to spread pig pathogens

3. Agriculture

a. Genes for amylase synthesis added to Saccharomyces (yeast) to allow the production of alcohol from starch instead of sugar.
b. Genes to increase yield for crop plants, resist herbicides, and kill weeds. Some crops may even be able to produce their own nitrogen and no longer need fertilizers. 

c. Degradation of cellulose and lignin to make use of plant materials which are otherwise wasted

d. Caterpillars are vulnerable to a disease that causes them to die a slow death, while they live long enough to eat crops. Scorpion venom added to the viral DNA will cause the caterpillars to die from the virus BEFORE eating the crops. 

e. Monsanto: Formed arms dealer, now biotechnology
i. Modified Pseudomonia florescens, which lives in the roots of corn, and now will synthesize a protein from B. thuringiensis that kills insects. The hope is to reduce the use of pesticides on corn crops.

1. Protein may have appeared in pink bollworm and moths

f. Toxin protein from B. thuringiensis used in potatoes, corn, and cotton to stop the potatoe beetle, corn borer, cotton bollworm, pink bollworm, and tobacco budworm. 

4. Dairy Industry

a. Bovine Somatotropic Hormone (BST) doubles milk production in cows

5. Environmental Improvement

a. Manufacture of fuels

b. Clean up of environmental pollutants

i. Pseudomonas putida degrades different components of oil and may be engineered to degrade more

c. Leaching of metals from low-grade ores

i. Thiobaccilus used to extract metals from copper and uranium ores
Stem Cell Research

1. Plant Stem Cells

a. Every cell in a plant is a stem cell, because every cell can differentiate completely

2. Adult Stem Cells (Progenitor Cells) - Multipotent
a. Can only differentiate into specific cell types

b. Can only divide a maximum of 50x

3. Embryonic Stem Cells - Pluripotent
a. Will divide indefinitely

b. Will differentiate into a specific type when introduced to a certain growth factor

c. Nuclei may potentially be transplanted into existing cells within a patient

d. Once implanted in a site, they will differentiate completely into functional tissue ordinarily found at that site. 

e. Have been used to rebuild heart walls, rebuild bone, and cure parkinsons

4. Cloning – Techniques developed 60-70 years ago
a. Therapeutic

i. nucleus from donor cell is used to replace the original nucleus

ii. Stem cells harvested from embryo and grown in a culture

iii. Allows us to grow tissues and “make spare parts” 

b. Reproductive

i. nucleus from donor cell is used to replace the original nucleus

ii. Embryo is implanted into surrogate mother

iii. Clone of donor is born
Important People / Companies
	Linus Pauling
	Discovered primary & helical structure of DNA (Before Watson & Crick) won 2 nobel prizes. 

	Alfred Hershey & Martha Chase (1952)
	Identified DNA as genetic material of all living things, including Phages (bacteriophages, virusphages) Showed importance of DNA

	Maurice Wilkins & Rosalind Franklin
	Researched Helical structure of DNA, determined the existence of deoxyrhibose as “backbones”

	Watson & Crick
	Credited with the discovery of double helix Structure of DNA, as well as A-T & G-C pairing

	Erwin Chargaff
	Before Watson & Crick – determined that quantities of A=T and G=C

	Archibald Garrod (1909)
	Proposed that genes dictate phenotype through enzymes, studied inhertited dispeases (alkaptonuria) as “inborn errors”

	George Beadle & Edward Tatum (1940s)
	Studied bread mold to determine how genes effect enzymes 
“Gene-One polypeptide hypothesis”

	Marshal Nirenberg (Early 1960s)
	Established that genetic code is based on triplets (found that 21 Uracil produced 7 phenylalanine)

	Holley & Khorana 

(late 1960s)
	Broke genetic code for each codon and anticodon to determine the amino acid indicated by each. “unraveled mysteries of DNA”

	Rosenberg
	Tested the effect of gene therapy on Melanoma, using Tumor Infiltrating Lymphocytes (TIL), and Tumor Necrosis Factor (TNF)

	Andrew Fire & 
Craig Mellow
	Discovered RNA Interference (RNAi)



	Kary Mullis (1983)
	Developed Polymerase Chain Reaction (PCR) method of replicating DNA for laboratory uses

	McCulloch & Till (1960s)
	Research using bone marrow progenitor (stem cells)

	Helen Lake (1930)

(AKA? Henrietta Lacks)
	First immortal cell line (cloning cells) harvested from her mammary glands *cancer cells*  HeLa Cells

	Monsanto
	Former arms dealer, now biotechnology. Used recombinant DNA to produce insect resistant corn, increase milk production in cows, and make crops resistant to cotton bollworm. 

	DNX (now Baxter Healthcare)
	Developed blood substitute using pigs to produce human hemoglobin

	Danforth 
	Largest Plamt Research Center

	Griffith
	Experimented with mice, discovered DNA transformation

	Wilmut
	DNA Cloning – Lead Scientist on Dolly Project

	Black
	Wrote Microbiology Textbook




CODONS to Know: ��AUG – Start (Met)


UAA – Stop


UAG – Stop


UGA – Stop





Previously Called:


Sense Codons – Coding


Nonsense Codons - STOP





Recombinant DNA was first FDA approved in 1982.
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