Biotechnology Student Notes I, II, III

Unit I:

Introduction to Biotechnology

Biotechnology is the use of living organisms to solve problems or make useful products. 

Biotechnology is used for: 

1. Human health 

2. Disease diagnosis, treatment and prevention 

3. Agriculture 

4. Environment - bioremediation, energy sources 

Prior to Biotechnology, man domesticated plants and animals for 10,000 years: nitrogen fixing plants, bread, wine, cheese, yogurt, antibiotics from microbes, enzymes for cleaning clothes, control insect pests, sewage treatment, and vaccines. General categories of biotechnology include: monoclonal antibody technology (MCAb), Bioprocessing, Genetic Engineering, Medical Biotechnology, Designer Drugs, Gene Therapy, Cancer Treatments, Vaccines and Agricultural uses. 

I. Monoclonal Antibody technology (MCAb):
Monoclonal antibody technology: a sensitive diagnostic tool used to detect specific substances in blood or urine. The specificity of the reaction of a monoclonal antibody with a specific antigen enables the detection of a pregnancy or a cancer. Monoclonal antibodies are obtained from B lymphocytes, a type of white blood cell. White blood cells can be eosinophiles, basophil, neutrophils, monocytes or lymphocytes. These all fight infections. Lymphocytes can be either T Lymphocytes (T cells) or B Lymphocytes (B cells) which produce immune responses against foreign substances. B lymphocytes make Antibodies (Ab) and as such can be used as tools for detection, quantification and localization of disease and medical treatments. Scientific measurements based on MCAb are faster, more accurate and more sensitive due to the specificity of the antibody to the individual antigen. Some uses of MCAb are:

A. Home pregnancy kits 

B. Strep throat 

C. Gonorrhea 

D. Cancer: technology to tag tumors with a radioisotope or toxin is being developed. Specificity allows the isotope or toxin to bypass normal cells, reducing negative side effects in patients. 

E. Detect disease in plants and animals 

II. Bioprocessing:
The use of enzymes.

A. Fermentation: bread, wine, beer, yogurt, vinegar 

B. Biodegradation: used to clean up the environment as in oil spills, and toxic waste

1. Exxon Valdez in Alaska's Prince William Sound in 1989

2. Toxic waste: Superfund is one of America's most important public health protection laws, arsenic site in the East Phillips community of Minneapolis is being investigated and cleaned up with superfunds.

C. Cell Tissue and Culture technology: 

1. Plant tissue culture - essential to plant biotechnology

2. Animal Cell Culture: viruses as biological control agents and used in livestock breeding

3. Test drugs and viruses

4. Provide a mechanism for producing large quantities of cellular compounds

5. Produce functional tissue lost by disease or accident, ears, nose

6. Biosensor technology: measure substances at very low concentrations - for freshness and safety of food 

III. Genetic Engineering Technology
A. Selective Breeding for plants or animals: single gene or sets of genes 

B. Novel Genetic Variation: Bt (Bacillus thuringiensis); the gene for a protein, delta endotoxin, which is toxic to crop pests is put into tobacco, tomato, cotton, potato and corn plants to prevent infestation. 

C. Protein Engineering: enzymes for manufacturing, for catalyst 

D. Abzymes: antibodies that resemble enzymes with catalytic activities, including reactions that do not normally use enzymes 

E. Antisense technology: blocks or decreases production of certain proteins i.e. the use of small nucleic acids that prevent translation of DNA into protein. For example, this technology is used to prevent food spoilage, control viral disease and to treat cancers with a genetic basis. 

F. Recombinant GMOs can be produced by gene cloning methods in which a non-native gene is introduced and expressed in a new organism
G. The advent of PCR and gene sequencing methods have opened up the door to all sorts of manipulative techniques for changing the structure of proteins through genetic alterations.
H. Textiles: Silk using goats: 


http://www.nsf.gov/news/special_reports/science_nation/spidersilk.jsp
IV. Medical Biotechnology: medicines and vaccines
A. Diagnostics: Home pregnancy kits, Strep throat, Gonorrhea tests use DNA probes, RFLPs (Restriction fragment length polymorphisms) and PCR (polymerase chain reaction) technologies. 

B. Therapeutics: pharmaceuticals from plants, examples include:

1. digitalis from the foxglove plant is used to treat heart patients

2. the Madagascar periwinkle is used to treat patients with leukemia and nonHodgkins lymphoma

3. Taxol from Yew trees is used to treat breast cancer 

C. Endogenous therapeutic agents: body's own therapeutic compounds, many proteins are good candidates for genetic engineering; the future will focus on the body's innate healing abilities.

1. Interleukin 2 activates T cell responses good for certain cancers produced by genetically engineered bacteria (used for brain cancer) 

2. Erythropoietin: regulates RBC production and is successful in treating anemia 

3. Tissue plasminogen activator produced by genetically engineered bacteria dissolves blood clots. 

4. Growth Factors appear to be related to nerve diseases 

D. Designer Drugs: using computer modeling and protein engineering 


1. Vaccines: flu, small pox

E. Replacement therapies for inadequate production from defective genes

1. Factor VIII protein for hemophiliacs 

2. Growth Hormone Dwarfism 

3. Insulin protein that regulates blood glucose levels 

F. Gene Therapy isolates and clones genes

1. Immune system deficiency (adenosine deaminase deficiency, ADA); if not produced toxins build up ex. Bubble boy 

2. Kidney disease 

3. Ovarian cancer gene (thymidine kinase) 

4. Cystic fibrosis gene 

G. Cancer Therapies

1. Immunosuppressive therapies: MCAb 

2. Medical Research Tools 

3. Insert transgenic plasmids containing genes to fight the cancer into tumors

H. Agricultural Biotechnology: GMO genetically manufactured organisms) 

1. Tomatoes

2. Wine

3. Cheese

4. yogurt


I. Societal Issues: Bioethics need to be addressed 

1. Genetic testing 

2. Genetic Screening 

3. Genetic Information 

4. Genetic Privacy 

5. Insurance Issues 

6. Employment Issues 
GM Products (Transgenic): Benefits and Controversies
From: http://www.ornl.gov/sci/techresources/Human_Genome/elsi/gmfood.shtml 

Benefits

· Crops
· Enhanced taste and quality

· Reduced maturation time

· Increased nutrients, yields, and stress tolerance

· Improved resistance to disease, pests, and herbicides

· New products and growing techniques

· Animals
· Increased resistance, productivity, hardiness, and feed efficiency

· Better yields of meat, eggs, and milk

· Improved animal health and diagnostic methods

· Environment
· "Friendly" bioherbicides and bioinsecticides

· Conservation of soil, water, and energy

· Bioprocessing for forestry products

· Better natural waste management

· More efficient processing

· Society
· Increased food security for growing populations

Controversies:
· Safety
· Potential human health impacts, including allergens, transfer of antibiotic resistance markers, unknown effects

· Potential environmental impacts, including: unintended transfer of transgenes through cross-pollination, unknown effects on other organisms (e.g., soil microbes), and loss of flora and fauna biodiversity

· Access and Intellectual Property
· Domination of world food production by a few companies

· Increasing dependence on industrialized nations by developing countries

· Biopiracy, or foreign exploitation of natural resources

· Ethics
· Violation of natural organisms' intrinsic values

· Tampering with nature by mixing genes among species

· Objections to consuming animal genes in plants and vice versa

· Stress for animal

· Labeling
· Not mandatory in some countries (e.g., United States)

· Mixing GM crops with non-GM products confounds labeling attempts

· Society
· New advances may be skewed to interests of rich countries

Biotechnology Notes II: Genes, Genetics and Geneticists:

Genes: What are they? What do they do? How do they do it? How are we using them?

History: 

1. Mendel – Pea Experiments indicated the Discrete nature of genes.

2. Chemical nature of genes: Transforming Factor = DNA, DNA from dead mice and injected bacteria containing pneumonia strain

3. Hershey and Chase: due to Atomic Bomb discovery radioactive isotopes available to use, they injected phage the DNA went in into the cells but left the protein coat behind; therefore DNA was the genetic material

4. Structure of DNA:

a. Physicist Wilkins and Rosalind Franklin used X ray diffraction to help determine DNA existed in a double helix

b. Chargaff determined that A=T and G=C

c. Linus Pauling thought DNA existed in an alpha helix

d. Watson, Crick determined DNA existed in a Double Helix 

5. Central Dogma: DNA ( RNA( Protein

6. Dogma Revision: Exon is meaningful Introns are excised and not used, transposons are pieces of DNA that jump in the DNA and RNA can act as an enzyme

GENES:

1. Make Proteins

2. On Chromosomes

3. Replicate themselves

4. Like a Blueprint

5. Determine who we are.

EVOLUTION

1. Genetic variation

2. Mutations: misread, deletions, insertions

3. Effects of mutations:  

4. Natural Selection

Molecular Biology

1. DNA Structure: A T G C, phosphodiester bonds. Hydrogen bonds, complementary base pairs are: A:T and G:C

2. DNA Structure: contains:

a. nitrogenous bases:


1.   purines: A G


2. pyrimidines: C U T

b.  nucleosides: add a sugar, ribose or deoxyribose

1. Adenosine, guanosine, 5-methy-uridine, thymidine, uridine, cytidine

2. nucleotide: add a phosphate

3. DNA functions with faithful replication.

4. DNA is replicated using DNA polymerase.

5. DNA function: information transmission, proteins, genetic code, triplets are codons, one gene one protein and entire set of genes is a genome.

6. DNA is transcribed into mRNA

7. Protein Synthesis uses RNA:  U not T, tRNA carries AA, mRNA codes for protein 
8. mRNA ( Protein TRANSLATION i.e. new language with AA, the initiation codon is AUG and stop codons include: AAG,GA_

9. Eukaryotes (multicellular organisms) vs Prokaryotes (single cell organisms)

10. Gene Regulation; repressors, operons e.g. lactose operon, transcriptional activators or transcription factors, enhancers 

Genomic Organization

1. Chromosomes contain  chromatin wrapped around histone proteins in a structure called a nucleosome.

2.  Plasmids, and viruses serve as tools used in Biotechnology 

3. Mutations in DNA are mostly are repaired with repair enzymes: 

4. Mutations can be either: Substitution, Insertion, Deletion or Frameshift

5. Human Genome sequenced by Eric Landers (MIT with NIH grant). Read more about Landers at: http://genome.wellcome.ac.uk/doc_WTD021050.html
6.  and Craig Ventnor (private company Celera): more at http://www.jcvi.org/cms/about/bios/jcventer/
Protein Structure and Function

1. Proteins consist of many Amino Acids held together with Peptide Bonds
2. Polar and Nonpolar covalent bonds or regions of amino acids are used to fold proteins into different shapes based on:

b. Polarity and stability: create hydrophobic and hydrophilic regions of the protein

c. Hydrogen bonds and disulfide bonds also contribute to protein stability

3. Fundamental structure:

a.  Primary sequence of AA.

b. Secondary: Hydrophilic backbone folds so that hydrophobic aa are in the interior creating a water free hydrophobic environment: two arrangement is the alpha helix and beta sheets

c. Tertiary Structure: How the fundamental DOMAINS fit together Alpha and beta 

d. Quaternary Structure: more than one pp chain fit, e.g. Hb

Biotechnology Notes III: SICKLE CELL ANEMIA UNIT

I.  Symptoms of anemia: pale skin, weakness and fatigue (can be due to low iron, low number of RBCs or defective hemoglobin) Defective Hemoglobin causes sickle cell anemia.

II.  People with Sickle Cell Anemia go through many crises when exposed to low concentrations of oxygen caused by infection, dehydration, high altitude or overexertion. Low concentrations of oxygen induce the hemoglobin to deform the red blood cells to form a sickle shape that does not properly flow through arteries or veins resulting in a crises. These crises are treated by blood transfusions, bed rest, and medications. Sickle Cell Anemia (a homozygous condition) occurs in one out of 400 African Americans. One out of ten African Americans are heterozygous for Sickle Cell Anemia i.e have the Sickle Cell Anemia trait.

	Normal Hemoglobin
	Sickle Cell Hemoglobin

	Hb-A
	Hb-S

	6th aa - valine
	6th aa- glutamic acid

	2 alpha chains
	2 alpha chains

	2 beta chains
	2 betachains

	globular shape of 4 chains
	globular shape of 4 chains

	hold oxygen well
	does not hold oxygen well

	RBCs last 120 days
	RBCs last 10 days


SICKLE CELL ANEMIA affects

	Liver
	Bone Marrow

	processes dead RBCs
	cannot make RBCs fast enough

	overworked
	overworked, fewer RBC

	too much billirubin produced resulting in gallstones
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