NATS Exam #2 Notes
Proteins
· are the active players in most cell processes
· involved in essentially all sub-cellular, cellular and developmental functions in living organism
· SRY: protein, determines if boy or girl:
· major classes of proteins:
· 		> Enzymatic – catalysts in biochemical reactions (DNA/RNA polymerases)
· 		> Regulatory – control of gene expression intercellular signaling (transcription factors)
· 		> Structural – cellular or organismal anatomy

Amino Acids
· are the building blocks of proteins

Protein Synthesis:

Translation
· process of converting information stored in nucleic acid sequences into proteins
· genetic code > the ribosomes read mRNA sequences in 3-base codons
· AUG – start point
Components of Translation:
mRNA – the template that is used to specify amino acid sequence

Ribosomes – a complex of proteins and mRNA molecules

Transfer RNA (tRNA) – small (70-80 nucleotides) RNA molecules that serve as adapters between codons in mRNA and amino acids
· this molecule has the two languages 
· the tRNA anticodon recognize the codon in mRNA

The Genetic Code
· 61 aa codons, for amino acids
· 3 stop codons, to terminate protein synthesis
· a universal code that is used in the nucleus genome of most organisms
· complementary anticodons are present in tRNA molecules, which are specifically linked to amino acids
· with 4 bases in RNA, and 3 base codons, there are 64 possible, but only 120 amino acids, thus, the genetic code is degenerate by more than one codon (up to 6)
· A with T(or U), G with C

Translation
· the sequence of bases in the mRNA is _______ to on amino acid sequence in a protein
· each amino acid is specified by these three bases (a codon) in the mRNA, according to a nearly universal genetic code
· ribosomes catalyze translation of the mRNA sequence into protein
· inside ribosomes, mRNAs are translated to protein via intermediary molecules called transfer RNAs (tRNA)
· transfer RNAs carry an amino acid and have a three-base-pair anticodon, which binds to an mRNA codon
· the amino acid carried by the transfer RNA is then added to the growing protein via formation of a peptide/bond

Polyribosomes
· are strings of ribosomes
· assembled along an mRNA to increase the rate of protein production
· 		> not one ribosome, more than one
· 		> RNA has a life of 2 hours
· 		> make as many before it dies





The length of the DNA
· beautiful, lot of artwork done
· extremely long molecule
· DNA for one cell two meters (stretched cell)
· 		> human DNA one cell is 2 meters long
· 10^16 cells are produced in humans’ lifetime
· 		> 2x10^13km of DNA

Mutations
· in living cell, DNA undergo frequent chemical change, especially when it is being replicated
· most of these changes are quickly repaired
· those that are not result in a mutation
· thus, mutation is a failure of DNA repair
· 		> there are errors made, cancer is about mutations – 100% of the cases

DNA Repair
· mutations can result from the incorporation of incorrect bases during DNA replication
· most such spontaneous changes in DNA are temporary because they are immediately corrected by processes collectively called DNA repair
· most damage to DNA is required by removal of the damaged bases followed by resynthesizes of the excised region

The Molecular Basis of Mutation
· is any change in a organism’s DNA sequence 
· proteins encoded by the genotype, produce the phenotype
· 		> hence, DNA mutations affect phenotype only when mutation is expressed (DNA > RNA >protein) and the resulting protein functions abnormally
· not all mutations affect the proteins ability to function and thus do not generate a phenotype
· one of the most common types of mutation is the point mutation, a change in a single nucleotide
· 		> can result from errors in DNA replication or from exposure to mutagenic toxins
· 1.5% of our genome is responsible for making proteins (where phenotypes are expressed)


Silent Mutation
· changing sequence of DNA, but no effect over the protein
· 	> do not change the amino acid sequence of the protein are known as silent mutation

Missense Mutation
· point mutation that causes a change in amino acid sequence of the protein is a missense mutation

Nonsense Mutation
· a point mutation that creates a new stop codon is nonsense codon
· 	> more severe, stop making protein

Insertions and Deletions
Ex. “The Cat Saw the Dog”
- take out the C: The Ats Awt Hed Og

Frameshift Mutation
· is a result of addition or deletion of one or two nucleotides (or multiple of them)
· likely to create a new triplets of nucleotides
· new (useless) sequence of protein from the point of the mutation

Consequences of Mutations
· selective advantage
· the activity of the protein is reduced > genetic disease (Ex. Sickled cell Anemia)
· cancer

Evolution
· is the change in the inherited traits of a population of organisms through successive generations
· mainly by changes of DNA sequences: mutations

From the DNA to the organism
· most important milestone in biology, discovery of DNA > open field to genetic engineering

The Genetic Revolution: From Traditional Genetics to Synthetic Biology
· we can see adaption of technology in our daily lives
· science fiction movies from 20-30 years ago becoming reality > “Star Trek scene”
· today you can customize babies to avoid diseases
· can customize for gender > using on a medical basis
· structure of DNA can be challenged (Arsenic bacteria)
· cannot predict evolution
· up to recently the only way to manipulate genetic traits was controlled mating > like with like > follow rules of mother nature

Selective Breeding of Cows
· choose cow who produce the most
· only let those produce
· next generation and continue
· why we need cows that make so much milk? > need more milk for growing population > more food
Dogs
· pedigree dogs
· different colours and sizes, but still the same species
· help blind people, in army, and police
· why do we need so many dogs? > research study, dogs resemble owners
· Like with Like
· Mating between numbers of the same species
· Hybrid animals are cross-bred between similar genetics
· Same genes but of different species

Similar with Similar
· mule
· strongest animals of the farm
· why is mule better than a donkey? > donkey are strong but not very heavy, horses are flexible, donkeys don’t move if they don’t want to move
· the mule and most hybrid animals are not fertile > every time to make a mule, donkey father and horse mother = mule, artificial insemination
· Examples: Liger, Beefalo, Geep, Zonkey, Zorse

-     genetic engineering was discovered during 1970s
-     allow us to put DNA from any organism into the genome of any other organism
-     everything with everything
-     recombination of DNA + DNA sequencing + DNA amplification = genetic engineering of the 20th century

Recombination of DNA
· bacteria have small circular DNA
· put genetic material into plasmid
· use bacteria to copy the DNA of interest
· no limitations to genetic engineering, only ethical limitations

Polymerase Chain Reaction (PCR)
· a technique for quickly amplifying a specific DNA sequence
· need primers to start reaction, nucleotides, and DNA polymerase, and need hot temperature to separate the two strands
· 2 copies of Target DNA, takes place in 72Celsius
· denature DNA at 95Celsius and the primers > at 60Celsius to let DNA polymerase another copy 
· 72Celsius, 4 copies of Target DNA
· This Repeats the Process

95C: the heat denatures the DNA
65C: the primers can ________
72C: Tag polymerase begins polymerization

The 21st Century is about Genes, DNA and Genetic Engineering
· biotechnology
· medicine (easy to make insulin)
· agriculture
· law(innocent people)
· ecology
· ethical issues

Cancer
· mutation
· is in essence a genetic disease > mainly somatic non-________ > not on sperm or egg
· somatic cells: all cells in the body, but sperm or egg

Origins of Mutations
· spontaneous
· physically induced (UV light; skin cancer/tanning beds)
· chemically induced

Epidemiology of Cancer








The Smoking Gun
· classic mechanism of lung carcinogenesis is based on the fact that carcinogens in the tobacco end up causing DNA mutations
· tobacco smoke consists of approximately 60 known components that have adverse biological affects
· lung cancer is the among the rarest forms of the disease
· not so much lung cancer in 1912, when they started smoking
· today lung cancer is leading cause of cancer, deaths in male and female
· around 500k people are killed by smoking cigarettes in the US

In Canada
· 22% of Canadians aged 15-19 years old, were smokers in the year 2001
· COPD: chronic obstructive pulmonary disease > one form is emphysema

USA
· lung cancer in 2002: 154k deaths
· most people are killed on 40-50 years of age

Tobacco and Cancer
· lung cancer is the leading cause of cancer deaths in the US and Canada
· in 1972, the US Environment Protection Agency classified tobacco smoke as the most dangerous cancer-causing agent in humans
· in the US, nearly 150k people die prematurely each year from tobacco-related cancers and many from other non cancer diseases (450k)
· lung cancer is almost entirely preventable, since the vast majority of cases are due to cigarette smoking
· 30% (in all countries) of cancer deaths are due to smoking
· smoking accounts for: 80% (in all countries) of all cases are lung cancer
· can get lung cancer from asbestos, but mostly from smoking

Second-hand smoking
· killed approx. 70k people in USA only
· 100% of dogs with lung cancers have smoking owners
· in a pregnant mother, three generations are directly exposed to the same environmental conditions at the same time
· 	> mother 1st generation > fetus 2nd generation > (girl) reproductive cells 3rd generation
· spontaneous abortions and other defects in babies born to smokers (especially mother) are possible
· if smoking is so bad why is it still so common? Gave free cigs to soldiers to create an addictive habit and buy cigarettes after war
· more people were probably killed by tobacco than bullets (male), during war (1915-1919)

When did women start?
· during the 40s the tobacco company used psychoanalysis and other psychological manipulations to try and convince women to smoke. Prior to women smoking in public was actually considered “taboo”.
· Feminist suffrage parades in New York City > tobacco company’s took advantage to influence women to smoke > 1940s

Implicatory Denial
· is about denying reality (scientific facts) to avoid an uncomfortable implications
· Tobacco CEO’s statement to Congress; 1994: “Nicotine is not addictive”
· Tobacco is an absolute poison
· “Tobacco executive meeting story”
· 1950s “Smoke with Kent with the Micronit filter”
· “Im going to grow a hundred years old”
· “More Doctors smoke Camels than any other cigarette”
· 1970s ads aimed to look sexy (cowboys)
· recent poll from match.com, 58% would not consider dating a smoker
· since 70s, cigarette ads shifted to young kids and adolescents (marketing policy) > present the cigarette as one of the few initiations into the adult world
· New FDA rules restrict marketing (2010):
· cannot sponsor sporting events and sell items with tobacco brands’ logos
· cannot sell tobacco product in vending machines
· cannot sell kiddy packs (less 20 cigarettes)
· “Tobacco companies are allowed to deduct the cost of advertising and promotion from their taxes as a business expense”
· “in 2006 cigarette companies spent $12.4 billion on advertising and promotional expenses in the United States alone”
· in 2009, 246 million spent on cancer research in USA
· should our government support business whose products are causing such damage to our society?
· how dangerous does a product need to be for it to get banned?
· Harvard law school – campus smoke-free

Basic Concepts in Immunology:
Defense from infectious Disease
· microbes play defense, protect from pathogens by simply taking up space on us
· protect us from auto-immune systems and allergies
· today city people are less exposed to bacteria, therefore more allergies > expose to microbes educate immune system
· dogs eating poo, feels well eats other poo > veterinarian using feces transplant to treat animals
· Clostridium difficile > feces-filled capsules treat bacterial infection
· Norma flora: important to protect against pathogens

Infectious Disease and Most Defense
· immunology is the study of our protein from and response to foreign invading organisms and altered host cells 
· viruses: in most cases activating the immune system is the only way to fight the disease
· bacteria: synergism between antibiotics and the immune system




- we are more bacteria than human
1) if balance breaks, we get disease
	> when some bacteria can multiply much more then usual, become virulent
	> Ex. E.coli acquire genes from ether bacterial genes and become virulent
2) also get sick if immune system goes down
	> Ex. Measules cause people to be immunal suppressive
	> stress/weather can affect your immune system
3) getting organs from someone else, drugs that reduce the immune system to prevent rejection
- 1, 2, 3 ways of getting sick
or
4) your immune system is activated for no apparent reason or over activated
	> Ex. Allergy: was evolved from fighting large pathogens like worms
		> very strong pathogens
		> we are developing a lot more allergic people in areas away from large pathogens
	> autoimmune disease – discriminate between self and non-self cells screws up > your body attacks yourself
	> acute inflammation-sepsis- don’t want immune system to react to hard/ aggressive, tend to hurt ourselves in the process (super activated)

· any epidemic is a virus that causes a cytokine storm/ making our immune system extremely aggressive

> chronic inflammation: cancer , inflammation that cannot be removed by immune system, immune system activated to kills cells, but not enough

Our Immune System
Made up of three layers:
1) anatomical and physiological barrier
2) innate immunity
3) adaptive immunity

Defenses: intrinsic > innate > acquired

Normal Flora and Anatomical Barriers
· skin: an outer layer of intact skin > normal flora > flushing (sweat) > phospholipids
· gastrointestinal tract: peristalsis > low pH > bile salts
· nasopharaynx and eye: mucus, saliva, tears > flushing > lysozyme – destroy bacterial cells

Our immune system: Non-specific (innate) or specific (adaptive)

Innate 				Adaptive




Specific (adaptive) immunity: Response to Infection








· 39k of Americans killed yearly by influenza

Organs of the Immune System
· the immune system is found throughout the body and is made up of many different cells, organs and tissues
Primary Organs 					Secondary Organs





Immune System
· needs to be highly regulated (not more or not less)
· can harm
· the lymphoid system is divide into: central (primary) lymphoid organs, bone marrow (BM), the factory for haematopuietic cells
· BM: very active, making many cells
· Thymus: instructs certain lymphocytes to differentiate into thymus – dependent lymphocytes
· peripheral ( secondary) lymphoid organs > lymph nodes > the spleen > mucosal and submucosal tissues of the digestive and respirator tracts

Cells of the Immune System















Components of the Immune system



· there is interaction between them

The Inflammatory Response
· the inflammatory response is a coordinated set of non-specific defenses in response to damaged cells and bacterial proteins (breaking leg) > very important and is problematic, cause allergic reactions and skin damage
· traditionally characterized by: swelling, redness, pain, heat
· histamine secreted from most cells increases permeability of the blood vessels during inflammation
· leads to leakage of blood plasma and cells (phagocytes) to injured site > bacteria cell lysis > phagocytes engulf and destroy bacterial cells

Neutrophils
· funny shaped nucleus (3-4 parts)
· 70% of white blood cells are neutrophils
· first line of defense
· main cell types seen in an inflammatory response in its initial phases > respond to chemotaxis signal from the injured site
· directed cell motion towards area with higher concentration of chemotaxis agent
· are principle cells that engulf and destroy the invading micro-organisms; recognition: they have surface receptors for common bacterial cells and bacterial secreted substances

Macrophages
· macrophages are the other population of phagocytic cells
· main activities: phagocytosis > fusion between phagosome and lysosomes, toxic compounds destroy the pathogen
· antigen presentation for specific immune response

Assembly of the Lytic Complex
· one protein binds to the surface
· a bunch of conditions needs to be after each other because of chemical properties
· only if all are there, will it work

Innate Immune Responses against Viruses

Natural Killer cells (NK)
· kill virus infected cells and cancer cells > look for cells that are funny

Interferon-Innate Immune Responses against Viruses
· made by cell that is infected
· all cells have receptors to recognize interferon

Interferon
· synthesized by virus-infected cells
· binds to interferon receptor of nearly uninfected cells
· induces them to eliminate viral genome (RNA) and block viral protein synthesis and replication
· does not protect the original infected cell
· does not prevent viruses from invading the protected cells
· interferon is not virus-specific > synthesis in response to one virus will also protect against other viruses
· side effects 
· interferon as a drug

Humoral Adaptive Immunity
· antigens (AG) are substances (specific molecule/organism) that induce a specific immune response and subsequently react with the products of a specific immune response
· antibodies (AB) (Immunoglobulin, IG) are protein molecules that are produced by plasma cells in response to an antigen and can bind specifically to that antigen
· antibodies recognize foreign pathogens and help to destroy them

Functions of Antibodies
· to bind to an antigen/pathogen and to counter its effect
· neutralization: AB “neutralizes” toxins, binds to molecules on their surfaces, such as flagellum








Agglutination: create complexes of cells
Precipitation: create complexes of molecules > free proteins
Complement activation: occurs on antibodies bound to a pathogen
Opsonization: AB binds to pathogen surface molecules and link them to phagocyte cell

Dr.Ridgeon – The Doctors Dilemma 
“Opsomin is what you better the disease germs with to make your white blood corpuscles eat them”

How does our body make antibodies?
· B-cells antibodies
· young naïve B-cells are bound to antibodies








We have a problem: We need …
· to recognize a 10^12 of possible antigens
· each lymphocyte has only one specific antibody
· sufficient cells specific for the antigen in question (10^6)
· 10^6 x 10^12 = 10^18 cells for specific immunological response > our body: 10^4 cells

The Solution: Clonal Selection (expansion)
· 5-10 cells specific for each AG
· when a cell encounters its specific AG: extensive replication


Cloned Selection and Immunological Memory









Immunological Memory
· the ability of the immune system to respond more quickly and effectively to pathogens that have been encountered previously
· the primary immune response (1st Degree) > via clonal selection > produces effector and memory cells
· the secondary immune response (2nd Degree) > some antigen is encountered again > initiated from memory cells
· vaccination is about developing memory cells

Cellular Events in 1st Degree & 2nd Degree Response to Antigen












· 2nd degree response is quicker than 1st degree, and has more (AB) anti-bodies
· majority of AB during 1st degree IgM and some IgO
· majority of AB during 2nd degree and IgG and some IgM > the better AB!

Vaccination and Passive Immunization
Antigens (AG) – are substances that induce a specific immune response
Antibodies (AB) – are protein molecules that bind specifically to an antigen

Active vs. Passive Immunization
Active – injecting antigen in the body > activating immune system
Passive – antibody injected (immediate attention) > product of the immunal system
Blood cell = cell + plasma (centrofusion to separate)


· serological tests, checks for antibodies



Different Modes of Acquiring Immunity









Prevention and Therapy of infections
· most of the damage to cells during infections occurs very early, often before the clinical symptoms of disease appear > this makes drugs treatment of infection irrelevant in many cases
· prevention of infection is better > cheaper ($1 for vaccine, treatment in ICU thousands of $ a day)

What is a Vaccine?
· vaccines are harmless agent, perceived as enemies
· trigger active immunity, stimulating the body to defend itself > provide protective immunity against a potential pathogen

Milestones in Immunization

Variolation:

· inoculation with the wild type organism
· 2000BC: sniffling of smallpox crust in China > after putting crusts in the sun to dry out, turn into powder
· 95% of cases made people immunize
· 1500AD: in Turks empire
· 1720s: in England
· 1796 – Edward Jenner discovers a safe smallpox vaccine (cow treatment sample cow milker’s hands)
· he was totally unethical, giving diseases to people

1885 Rabies Vaccine
Louis Pasteur – developed the first attenuated vaccine: against rabies virus
· attenuation was achieved by creating a virus strain that were less virulent for humans
· attenuation was achieved was achieved by serial infection in rabbits led to virus strain that was more virulent in the rabbit but was less so in dogs and humans

Modern Era of the Vaccine
1920s – diphtheria and tetanus
1930s – pertussis  (whooping cough)
1950s – polio
1960s – mumps (can cause infertility in boys), measles (can kill) and rubella virus (can kill fetus or cause abnormality)
1990s – hepatitis B > infects 350M people worldwide, 1/3 cases can develop severe diseases
2000s – Rota virus, HPV

Herd Immunity: describes a type of immunity occurs when the vaccination of a portion of the population provides a protection to unprotected individuals
How to make a Vaccine:

Vaccine Strategies

Natural 						Artificial



Live Attenuated Vaccines
· re-virulent parental virus > attenuation “Live” (weaker virus)
· “Live” with an ability to replicate in host cells

Attenuation (How its made):

Virus > human cell > virus (force it) > animal cell ( or died)

· take animal cell virus and put it on human cell, virus won’t be happy (the old home)
· no longer grows cell in human cell
· the change in the virus for the new host often makes it hard to love in previous host

Live Attenuated Vaccines
· the virus in the vaccine must stay “alive” to replicate in the vaccine’s cells > storage > material antibodies > risk for back mutations
· the attenuated virus can infect non-vaccinated people > better herd immunity (polio) > risk to immune-compromised people (influenza) 

Live Attenuated Vaccines Cont’d
MMR: measles, mumps & rubella vaccine
· RNA viruses but genetically stable 
· no back mutations, safe vaccine for everybody
· human host only
Influenza since 2003 > for healthy & young
Polio (sabin)

Varicella Zoster
· chicken pox in kids
· shingles in adult (> 60 yrs)
· *herpes virus infecting us for life*
· get infected with VZ early to avoid shingles
· shingles extremely painful, can last for years
· still a chance of getting it a second time, and even after vaccine (mildly)

Killer and Subcellular Vaccines
· virions inactivated by chemical procedures
· infectivity and viral ability to replicate are eliminated but antigenicity is not compromised

Killed Vaccines
· Polio (sabin) > at present, very common use
· Influenza > new strain every year
· Hepatitis A
· Modern Rabies Vaccine > even post exposure > moves through neuronal cells

Bacterial Exotoxins
· bacterial proteins (enzymes)
· destroy host cellular structures and/or functions

Modification of Toxin to Toxid








Toxids
- inactivated toxin
1) diphtheria
2) tetanus

Small Fragments
The virulent parental virus > fractionation > purified sub unit vaccine

Hepatitis B virus: 
· a fragment vaccine
· first generation – extracted from the blood plasma of hepatitis patients
· today: cloned in yeast

HPV vaccine (classical vaccine against cancer)

· vaccines are victims of their own success
· most patients today have never seen a case of diphtheria, measles or other once common diseases now preventable by vaccines
· as a result, some parents wonder why their children must receive shots

Vaccine: risks vs. benefits

Vaccine Safety Issues
· allergies to egg and gelatin
· OPV reversion to wild type
· Swine flu vaccine and GBS
· Smallpox vaccine

Vaccine tradegy: OPV – the Cutter incident > 40k cases of polio > leaving 200 children with different degrees of paralysis > killing 10

DTaP Vaccine
· diphtheria, tetanus, pertussis (affect young kids)


Measles (Worldwide):  one of the most leading cause of death among young kids
2001: 40M infected, 1M deaths
2004: 20M infected, 210k deaths

Andrew Wakefield
· wrote a paper suggesting that the MMR vaccine cause autism
MMR vaccine > GI inflammation > Autisim

· ** prof was certain to find vaccine in the gut reading the article** 
· no scientific information
· therefore, MMR Vaccine not related to GI inflammation

Impact of his paper: very bad, caused fear

*Implicatory Denial
- rejection of vaccination is not about science, it is about its implication

*Trick or Treat book: alternative medicine on trial*

Passive Acquired Immunity
· happens in nature every time child born > mother antibodies are transferred to babies circulation a few days before birth



Recall Signal transduction
· in some cases the receptor can be amplified
· Her 2 (Herceptin)
· Can use antibodies against other parts of the receptor to stop their activity

Passive Immunity
· vaccines antigens
· passive: injecting antibodies > can take antibodies from plasma
· natural: placental transfer of IgG (systemic Abs) > breast feeding transfer of IgA (mucosal Abs)
· artificial: antibodies from other individuals, antibodies from immune animal
· post exposure passive immunization – bacterial toxin


· rabies incubation is 18 months
· when bitten by, take 3 steps  (on exam)
· take care of problem by self (soap +alcohol)
· rush to hospital, ask for vaccine (antibodies)
· get vaccine

How do you get Hep B? transmission is similar to HIV
· blood
· sexual activity
· vaccination may prevent the above
· birth (carrier mother to newborn)
· during vaginal delivery = blood to blood
· baby does not have immunity for this
· prevention: give babies antibodies against Hep B > first step to prevent infection in high risk infants

· mother to child Hep B can be prevented!

· baby shots for Hep B (CDC recommendations)
· birth (if mom HIV+) 
· Hep b immune globlin: passively delivered antibody that provides “instant” protection against HPV + Hep B vaccine
· + 1-2 months old Hep B vaccine + 6 months old = Hep B vaccine
· 19/20 babies who get the shots will be protected for life!
· *most important discovery for preventing this disease
· fairly new > if you check population 20+ years ago there is a lot of liver cancer, now there is less liver cancer, less of this disease

Milking snakes: inactivate the toxicity (toxid) + injecting the modified venom to horses = horse serum

Hypo-gamma globulinemia: prevention tool, if you are not making antibodies this is good to have, prevent them from being infected from anything else

Advantages + Disadvantages of Passive Pathogens
Advantages: immediate protection
Disadvantages: no long term protection
· risk of infection with unknown pathogens (Ex. 80s – Hep B/C, AIDS)
· [bookmark: _GoBack]serum sickness: deal with this; antibodies from another animal or human

















