Cells are the structural and functional units of life
· No matter what kind of cell, they are all trying to reproduce… they all have DNA
Unity and Diversity are explained by the presence of DNA
· Unity: the DNA is present in all cells, all the codes are identical in all cells on how it’s used
· Diversity: the fact that in the DNA, there are small differences
· Ex. 2 people who look completely different, but when lining up the DNA, they’re extremely similar

3 Domains of Diveristy 
· Bacteria: most diverse and widespread prokaryotes
· Archaea: prokayrotes that live in extreme environments (used to be called extremophiles) ex. High lever salt water, extremely hot/cold climate
· Eukaryotes: eukaryotic cells (4 main kingdoms)
all prokayrotes used to be put in the same domain, but they have very large differences and therefore have to be split in 2 domains

Unifying theory of biology- evolution
· Unity: the reason that species share the same characteristics is because they are related… track back any 2 species and you will find a common ancestor at some point
· Diversity: offspring’s differ from their parents. As they differ from their parents by reproduction (survival of the fittest), they become a different species. 
Charles Darwin (natural selection)
· Everything in a population vary in traits
· A population can produce more than the environment can support

*cells can only arise prom pre-existing cells.. where did these cells come from?
















3. Chemistry and the Origins of life as we know it

Simulating Earth’s early conditions
· Oparin-Haldance Hypothesis: organic molecules could have forms early on Eartgh
· Miller-Urey Experiment: stimulated the conditions of the early Earth. 
· They find amino acids, basic sugars, nucleotides in the same chemical analysis

The same 4 elements of any living organisms make up the 96% of weight
1) Oxygen
2) Carbon
3) Hydrogen
4) Nitrogen

Life on Earth... Evolution (4 stages)
1) Synthesis of small organic molecules.. amino scids and nitrogenous bases
2) The small molecules joining to make polymers (proteins, nucleotides)
3) Development of the molecules packaging “protocells” with different chemistry inside than its environment
4) The ability to reproduce with desired traits in order to survive

LIFE’S MOLECULAR DIVERSITY IS BASED ON THE PROPERTIES OF CARBON
· Methane is the simples organic compound
· Carbon skeletons: chain of hydrocarbons that can be branched and un-branched… can also be rearranged to become an isomer

Stage 1: functional groups are key to the functioning of biological molecules
· The key to the functioning of biological molecule
· Different functional groups have different characteristics (depends of polarity, band capacity etc)
· Ex. Hydrocarbons have different characteristics based okn the functional groups

Stage 2: the joining of monomers into polymers
· Polymers are formed by hot sand, clay rocks etc

Stage 3: packaging of polymers into protocells
· Membrane bound for when liquids mix with water.. the vesicles reproduce

Stage4: the origin of self-replicating molecules
· DNA to RNA but RNA assembled spontaneously from RNA monomers
· When RNA molecules and RNA monomers are put together, new RNA molecules form (complementary RNA)
· Ribozymes (an RNA molecule) can carry-out enzyme life functions which allows it to be a catalyst

Hydrothermal Vents
· So close to the center of the earth that the vents get heated (water is over 100C)
· Iron sulfide
· Bacteria and archea can thrive in this temperature, pressure, dessication and acid environment
· Not all life needs sunlight, water, and oxygen

Snottites
· Single-celled bacteria that live in volcanic caves which is a toxic environment 
· They get energy from hydrogen sulfide
· The waste drip is sulfuric acid


4.  Molecules of Life: we are what we eat

Introduction:
· All organisms have these macromolecules; 
· Carbohydrates, 
· Proteins, 
· Lipids, 
· Nucleic acid
· The core is carbon

Functional groups are key to functioning biological molecules
· These large molecules come from building block. Ex. Proteins are built through amino acids
· Enzymes are necessary to catalyze these biological reactions (monomers into polymers)
· Monomers are linked together to form a polymer by dehydration
· Polymers are broken down to form monomers by hydrolysis


Carbohydrates
· Carbon, hydrogen and oxygen in a 1:2:1 ration (respectively)
· Major source of energy… consumes as nutrients
· Simple sugars and complex sugars… ex. Fibre – complex carb that we cannot digest

Simple sugars
· Monosaccharaides ex. Glucose, fructose, 
· Disaccharides are also simple sugars
· Can be joinded together to make polysaccharides


Complex Sugars
· Polysaccharides…more than 10. Ex. Starch, glycogen
· Composed of thousands of monosaccharides
· Structural compounds are cellulose and chitin (cell wall)


Lipids
· No monomer or structural unit (no consistent building block)
· Hydrophobic 
· Non polar covalent bonds between carbon and hydrogen
· Carbon, hydrogen, oxygen (h is more relative to O) and phosphorus
· Important in long term energy storage
Fats
· Most common form 
· 3 carbon glycerol linked to fatty acid chains
· Fatty acids – chains of hydrocarbons ending with a COOH group
Saturated vs Unsaturated
· Saturated- has max number of H (animal fats)
· Unsaturated – has one+ double bonds therefore less H and bends in chain (olive oil), 
· Hydrogenated vegetable oils are unsaturated fats that have been converted to saturated fats by adding hydrogen
· Hydrogenation creates trans fats
Phospholipids
· Similar to fats in structure
· Important component in all cells (phospholipid in cell wall)
· Glycerol attached to 2 fatty acid chains and a phosphate head group
· Fatty acid tails – hydrophobic, phosphate head-hydrophilic
Steroids
· Carbon skeleton has 4 fused rings (look at image on slide)
· Cholesterol –common component of cell membranes
· Starting material for making steroids (sex hormones)


Proteins
· Enzymes…activate chemical reactions
· Scaffolding/structural support
· Complete proteins contain all essential amino acids. Ex. Beef, poultry, fish eggs…etc.
· Polymers of amino acids
Amino Acids
· 20 amino acids
· An amino group and a carboxyl group (therefore an acid) bonded to the central carbon
· Peptide bonds are created by joining one carboxyl group of one amino acid to the amino group of the next amino acid
· The more amino acids added together, the chain of amino acids is called a polypeptide
Protein Shape and Structure
· Polypeptide chains- hundreds or thousands of amino acids linked by peptide bonds
· The shape of the polypeptide depends on the amino acid sequence, the shape determines the function
Glycoproteins
· Carbs and proteins
· Receptors, some hormones and signaling molecules
Lipoproteins
· Lipid plus proteins
· Transport fats 
· LDL vs HDL (low density, high density)
Fat in the Diet
· Health or harm of dietary fats depends on its effect on the lipoprotein
· Polyunsaturated fats: fatty acids with 2+ C-=C… no –imega 3 polyunsaturated fats INCREASE HDL… not harmful
· Monounsaturated fats: mostly oils, leave LDL and HDL unchanged
· Saturated fats: raises LDL an… in animal fat ans dairy
· Transfats: Industrial hydrogenation, turns oils into fats @room temp, raiases LDL and reduced HDL
Other Biomolecular Needs
· Micronutrients: require in small amounts
· Vitamins most not synthesized, function as co-enzymes.. helps absorption of other nutrients.. whole foods (water soluble therefore eat  raw)
· Minerals obtained through foods… K+, Na+ etc,
· Anitoxidants prevent free radical damage.., nuts, fruits, grains
Nucleic Acids
· Used by all forms of life on earth
· Contains the recepies for proteins in the cell; without proteins, no lipids, no carbohydrates
· DNA is a polymer, monomer is the nucleotide 
· Contains: 5C sugar, attached to a phosphate group, and to a nitrogenous base (adenine)
· 2 complementary polynucleotide strands wrap around each other to form a double helix





5. The cell

Introduction
· Cells are the simplest collection of matter that can live
· Bacterias and Achaea – prokaryotes
· Other forms of life – eukaryotes 
· The small size of cells is direct to their need to exchange materials through the plasma membrane
· Prokaryotes are simpler than eukaryotes in structure because it lacks “true organelles”
· “true organelles”  - series or membrane bound organelles

Bacteria, Infection and antibiotics 
· Less than 1% of bacteria actually cause harm but  it can cause a lot of harm… ex. Strep throat, food poisoning
· Antibiotics – kill bacteria (bactericidal) or stop bacteria growth (bacteriostatic) 
· Multi-resistant bacteria… superbug/MRSA

Eukaryotic cells are partitioned into functional compartments
· Structures and organelles perform these 4 basic functions
· 1) Genetic control of cell
· 2) Manufacture, distribution, and breakdown od molecules 
· 3) Energy processing
· 4) Structural support, movement, and communication


1. Genetic Control of the Cell
The Nucleus
· contains the cells DNA
· directs protein synthesis by making messenger RNA (mRNA)
Ribosomes
· involved in the cell’s protein synthesis
· joins amino acids together according to the instructions in the mRNA sequence
· synthesized from rRNA produced in the nucleus
· free ribosomes suspended in cytoplasm and involved in making proteins that function within the cytoplasm
· Bound ribosomes attached to endoplasmic reticulum (ER), associated with the nuclear envelope and with proteins packed in organelles

2. Manufacture, distributions & breakdown (the endomembrane system)
The endomembrane system
· Includes: the nuclear envelope, ER, Golgi apparatus, lysosomes, vacuoles, plasma membrane
ER
· smooth ER lacks attached ribosomes
· Rough ER  lines the outer surface of membranes
· Physically interconnected but differ in structure
Golgi Apparatus
· Molecular warehouse
· Products travel through transport vesicles from the ER to the Golgi apparatus
· One side of GA receives products (functions as receiving dock)
· Products are then modifies when moving to the other side of GA and other sites
Lysosomes 
· Membranous sac of digestive enzymes
· Emzymes and membranes produced by the ER are transferred to the GA for processing
· The membrane isolates these enzymes from the rest of the cell
Vacuoles
· Large vesicles that have many different functions
· Some protists have contractile vacuoles that eliminate water from the protist
· The vacuoles in plants have digestive functions, contains pigments, and poisons that protects the plant.

3. Energy Processing – Mitochondria
Mitochondria 
· Two internal compartments
· 1) inter-membrane space – space between inn er and outer membranes
· 2) mitochondrial matrix – mitochondrial DNA, ribosomes, many enzymes that catalyze rxns for cellular respiration
Chloroplasts
· Divided into compartments
· Inter-membrane space – btn outer and inner membranes
· Stroma – inside the inner membrane, contains chloroplast DNA, ribosomes, enzymes.. Thylakoids (interconnected sacs… each stack is called granum)
Mitochondria and chloroplasts are thought to have been their own organisms because it is similar to a protest… reproduce the exact way as bacteria.. and got engulfed by larger cells

4. Structural Support, movement & communication
Cytoskeleton
· Three kinds of fibers:
· 1) Microfilaments (actin filaments) – supports cell’s shape and motility 
· 2) Intermediate Filaments – reinforce cell shape and anchor organelles 
· 3) Microtubules (made of tubulin) gives the cell rigidity and acts as tracks for organelle movement
Cell junctions found in animal tissues
· tight junctions prevent leakage of extracellular fluid across a layer of epithelial cells
· Anchoring junction fastens cells together into sheets
· Gap junctions channels that allow molecules to flow between cells
· Cells wall plant cells only… protects and provides skeletal support
Extracellular Matrix of Animal Cells
· Support and regulation
· Extra cellular membrane (ECM) is synthesized by animal cells
· ECM holds cells together in tissue and protects/supports the plasma membrane

6. The Cell Membrane and the CFTR

Cystic Fibrosis Transmembrane Conductance Regulator 
· CF – mutation in the gene for the CFTR protein 
· CFTR regulated the movement of Cl and Na ions across the membranes
· Creates thick mucus causing respiratory problems… bacteria can colonize the mucus causing inflammation and damages the lung tissue

Membranes form spontaneously
· a critical step in the origin of life/evolution
· Phospholipids spontaneously self-assemble into simple membranes

Membranes are fluid mosaic of lipids and proteins
· Phospholipids are made from unsaturated fatty acids with kinks in their tails
· Kinks make phospholipids packed tighter and keeping in liquid form
· Aminal cells- cholesterol helps keeping phospholipids liquid (stabilizes the membrane at warmer temperature, keeps it fluid at lower temperatures
· Membranes are composed of; phospholipid bilayer and embedded and attached proteins… fluid mosaic

Diffusion
· Particles spread out evenly in an available space
· Particle diffuse DOWN their concentration gradient (from high to low concentration)
· The membrane must be permeable to the particles in order for diffusion to occur
· Passive – doesn’t need any energy input… Just permeable membrane
· Ex. Steroids: able to diffuse across membranes (phospholipid bilayer)… Carbon hydrophobic and no charge therefore able to diffuse through the membrane


Osmosis
· Diffusion of free water molecules across a membrane

Water Balance btn cell and surroundings is crucial to organisms
· Tonicity: the ability of a solution to cause a cell to gain or lose water
· Depends on the concentration of the solute on both sides of the membrane
· Osmolality: the measure of particles in a solution
· Ex. Egg in salt water experiment; egg gets smaller when in salt water solution, bigger in only water… to reach equilibrium with the salt in and out of the cell
· Hypotonic: more water inside the cell
· Lysed: animal cell (bursts)
· Turgid: plant cell (normal)
· Isotonic: equal water inside and out
· Normal: animal cell
· Flaccid: plant cell
· Hypertonic: less water inside the cell than out
· Shriveled: animal cell
· Shriveled (plasmolyzed): plant cell

Transport proteins can facilitate diffusion across membranes
· Hydrophobic substances diffuse through membrane because bilayer is hydrophobic
· Polar/charged substances cannot…they need a transport protein (facilitated diffusion)... doesn’t require energy and relies on concentration gradient
· Aquaporin : protein channel allowing rapid diffusion of water across cell membrane
· Transport Facilitated Diffusion: increasing the concentration and it will eventually saturated
· Passive Diffusion: increase the concentration and it will never saturate

Active Transport
· Energy must be used to bring a solute against its concentration gradient
· ATP – energy that is used to change the transport proteins shape to allow solute in and out against concentration gradient

Transport of Large Molecules Across Membrane
· Exocytosis: used to EXPORT bulky molecules. Ex. Proteins and polysaccharides
· Endocytosis: used to IMPORT substances useful to the livelihood of the cell
· 1) Pinocytosis: fluids are taken into small vesicles
· 2) Receptor Mediators: uses receptors in a receptor-coated pit to interact with a specific protein, initiating the formation of a vesicle
· 3) Phagocytosis: the engulfment of a particle by wrapping cell membrane around it, forming a vacuole



CFTR and Cholera Links
· Cholera: infection in the small intestines caused by Vibrio cholera
· Lead to rapid dehydration, electrolyte imbalance and death
· V. cholera produce toxins that interact with host CFTR
· Pumps Cl ions into small intestines, creating a salt water environment
· Carriers of mutant CFTR gene are resistant to cholera


7. Energy & Enzymes 

Energy & Metabolism 
· Calories is the amount of energy rewire to raise the temp of 1g of water up 1o C
· Metabolic rate: the amount of calories you burn by doing something
· Regulated by enzymes
· Not a meaningful measure because if measures the bare minimum of how many calories we use
· Realistically, it makes sense because it tests how well the enzymes work
· Affected by: age, genetics, sex, exercise habits, nutrition status
· Energy: the capacity to perform work
· 1) Kinetic energy – energy in motion
· 2) Potential energy – energy that something is capable to perform / it possesses as a result of its location or structure

Cells transform energy as they perform work
· 2 laws for energy transformation in organisms
· First law of thermodynamics – energy in the universe is constant
· Second law of thermodynamics – energy conversions increase the disorder of the universe
· Results in entropy; the measure of disorder/randomness

Thermodynamics
· Sun sustains life
· Provides energy for living things
· Living things build complex molecules from simple (work)
· Generates heat (energy) and local increases in order
· Ex. Starch is more complex than simple sugars. This requires energy
· 2nd law is involved in the breakdown (less ordered, but does not require energy; it releases it)

Chemical reactions release or store energy
· Exergonic reactions – release energy
· release energy ins covalent bonds of the reactansts
· ex. Burning wood releases the heat and light energy in glucose and generates ATP
· cellular respiration
· releases energy slowly, and uses part of that energy to generate ATP
· Endergonic Reactions – requires energy, yields have a lot of potential energy
· Begins with reactants that don’t have much Ep and end with products with more Ep
· Energy coupling – uses the energy release from exergonis reactions to drive endergonic reactions using the energy stored in ATP
· ATP – (adenosine triphosphate) powers most forms of cellular work, main source of energy for the cell
· Nitrogenous base (adenine)
· Five-carbon sugar (ribose)
· Three phosphate groups
· Hydrolysis of ATP
· Releases energy by transferring its third phosphate (phosphorylation) and become ADP
· ATP – endlessly renewable…. ATP-> ADP->ATP etc.

Enzymes Speed Up the Cells Reactions by lowering the EA (activation energy)
· Without enzymes, reactions would occur spontaneously. 

Enzyme Rules
· Biological catalysts by lowering EA and increases the rate of reaction
· Never gets consumed by the reaction… doesn’t change the product and the enzyme comes out the same
· Usually proteins, but some RNA molecules can function as enzymes
· Can only operate under specific conditions
· Temperature affects molecular motion (humans need from 35-40C)
· pH affects enzymes performance (most need near neutral)
· Many need cofactors/coenzymes

Enzyme Inhibitors
· Competitive inhibitor – will attach to the active site and block it reducing enzyme activity
· Non-competitive inhibitor – bind to the allosteric site changing the shape of the active side.



8.  Cellular Respiration

· C-H bonds break, electrons lost are transferred to oxygen (redox reaction)
· Reduction – loss of an electron from one substance
· Oxidation – addition of an electron to a substance
· Substance is oxidized when it gains one or more electrons
· OILRIG – oxidation is loss, reduction is gain
· Glucose loses it H atom and becomes oxidized to CO2
· O gains H atom and reduced to H20
· NAD+ enzyme that acceots electrons abd reduces to NADH
· Electron Transport chain – for a passage way where ATP is generated
· Glycolysis – atp os for by phosphorylation



Glycolysis
· Start with glucose, energize it, the cut it in half (2 pyruvate)
· 5 carbon sugar – 2 3C sugar
· generate 2 high energy of election carriers, net gain of 2 ATP

Pyruvate Oxidation
· goes through hchemical grooming
· carboxyl group is removed and given off as CO2, now only have 2 c compound
· the 2C compound is oxidized and become Acetyl CoA (now can put in citric acid cycle)

Citric Acid Cycle
· the completion of the oxidation process of this glucose molecule
· the point is to degrade the 2C compound back to the 4C compound
· 2 CO2 is released and 1ATP, 2NADH, and 1 FADH2 is produced  
· b/c 2 actyle coA, the products double

Oxydative Phosphorylation
· NADH and FADH2 electrons travel down the electron transport chain to O2, 
· O picks up H ions, 
· Energy released from the redox rxn is used to pump H+ fomr the mitochondrial matrix into the intermembrane (chemiosmosis)
· H+ is the final electron acceptor


Most ATP production occurs by oxidative phosphorylation
· Chemiosmosis”(?) – what generated most of the ATP
· Olygomycin – blocks atp synthase channel and stops production of atp
· Total yield is 38 ATP produced but never the actual. 
· 34% of the potential energy is actually produced (30-32 created)
· Water and CO2 is also produced

Energy and Exertions
· Resting muscle
· Produce surplus of ATP, CP and glycogen
· Initial burst of exercise
· Supply of low level glycolysis, ATP, and CP (creatine phosphate) are the energy supply (10s)
· Moderate activity
· More ATP, uses aerobic metabolism of pyruvate supplied  by glycolysis
· Peak Activity
· Aerobic metabolism hits max, dependent on how much O2 is supplied
· Fermentation
· When there is not enough O2 provided to the muscle, lactic acid lactates and gives you the stich.
· The lactic acid moves into the blood stream, into the liver, the liver change it back to pyruvate and oxidized in the mitochondria of liver cell
· Produces ATP without oxygen
· Fermentation: alcohol
· Ex, yeast


*MIDTERM: not many questions on Origin of life, rest is spread between macromolecules, nature of cells, cellular respiration, etc. *





9. Photosynthesis – green houses, global warming and photosynthesis

Global Warming
· Steady increase in our atmosphere and our oceans

Green House Effect
· Gases in the atmosphere that absorb heat radiation
· Water vapor
· Carbon dioxide
· Methane
· Ozone
· Natural greenhouse is okay (see diagram on slide)
· The protective shield against UV radiation is the Ozone Layer
· CFC –industrial chemical
· The gasses would release and accumulate in the atmosphere
· When exposed to radiation, it breaks down and breaks down the Ozone layer
· In the 80s, the breakdown of chemicals made a whole in the ozone layer in Antarctica
· Got rid of CFC and now the Ozone layer is repairing.. 40 years will be completely repaired
· The increase in greenhouse gases link to global climate change
· CO2 concentration in the atmosphere increased by 40%
· Comes from combusting fossil fuels

The Carbon Cycle (see diagram on slide)
· The cycling of carbon through land atmosphere and ocean
· The yellow number are natural fluxes and red numbers are human fluxes, the white are fossilized carbon (the one we’re interested in)
· The numbers in white represent carbon that is removed from the cycle and is not being fixed in place
· Found in large amounts of decomposing matter (fossil fuels)
· Problem: are the fossilized carbon is removed from the cycle millions of years ago, then when they’re being burned are being released back
· Atmosphere can’t deal with the change and now stuck as greenhouse gas

Photosyntheses and CO2
· Autotrophs – make their own food through photosynthesis
· They sustain themselves… don’t consume organic molecules, and release oxygen through this process
· Takes place in chloroplasts

Chloroplasts
· In the mesophyll – palisade cell and spongy cell (depends on the arrangement of the chloroplasts)
· Chloroplast is filled with chodophyll which gives it its green colour

Photosynthesis
· Take molecules of CO2 and reduce them to sugar using hydrogen a to produce oxygen
· 2 STAGES: light reaction, Calvin Cycle

Light reactions (light dependent reactions)
· Occurs in thylakoids
· Water is split to provide source of elections in hydrogens
· Light is absorbed through the chlorophyll and is converted into energy
· The energy form sunlight is used to drive energy from the sunlight and drive the reaction to create NADPH

Calvin (light independent reactions)
· Makes sugars within a chloroplast
· Uses the NADPH and go through the cycle to create sugar
· Input: CO2, ATP and NADPH
· Output: G3P
· Steps of Carbon Cycle
· Carbon fixation
· Reduction
· Release of G3P
· Regeneration of the starting molecule RuBP
· 

Photosystems: combinations of pigments and proteins that are designed to capture light energy

10. Information transfer & the structure of DNA

What do cells have in common?
· Somatic:
· All are genetically identical
· Possess the same amount of DNA with the same sequence
How do they differ?
· Gene expression
· Each different cells will express a selection of those genes
· Ex. Cardiac and skin cells… genetically identical but they express different genes and have have different functions

Information Transfer
· Start with Zygote
· 1) Cell division and total DNA replication
· 2) Cells specialization, control of gene expression
· Prokaryotes:
· Ex. Bacterial cell
· 1) Division
· 2) Control of gene expression; complex. Able to turn sets of genes on and off to adapt easily to their environment
· Cells divide to reproduce the entire organism (prokaryotes)
· True with some eukaryotes
· Multicellular: Not to reproduce the entire organism, it’s to facilitate growth

Prokaryotes: Binary Fission
· 1) Single circular chromosomes
· 2) Duplicates
· 3) The copies are actively distributed
· 4) Ingrowth of plasma membrane and assembly of cell wall
· 5) Finish with 2 daughter cells

Eukaryotes (cell cycle)
· Interphase – period of growth.
· At the end of interphase is mitotic phase
· Start with G1 – where the cells reaches maturity/final size
· Some go into G0 if it doesn’t need to divide ;
· 2) S phase – DNA synthesis, so duplicate DNA
· 3) G2 phase – cell preparing to divide
· Mitotic Phase
· Cytokinesis
· Mitosis
· S Phase – duplicating chromosomes
· Each chromosome has sister chromatids attach at the centromere
· Chromatids get into a rod-like shape
· Summary:
· INTERPHASAE – period of growth and copying of the DNA
· PROPHASE – chromatids are attached at centromere, centrioles and spindles start to form
· PROMETAPHASE – nuclear envelope break down
· METAPHASE – all the chromosomes attach at the lines and are attached to their sister chromatid
· ANAPHASE – spindles separate the sister chromatids
· TELOPHASE AND CYTOKENISIS – nuclear envelope forming, pinching in the middle and development of nuclear membrane

How is DNA replicated?
· RECALL: Polymer of nucleotides
· 3 parts
· Base (hydrocarbon)
· Adenine
· Thymine
· Cytosine
· Guanine
· Five carbon sugar (pentose sugar)
· Phosphate group

Griffith’s Experiment
· Gives non-virulent strains, mice lives
· Gives virulent strain, mice die
· Boils virulent strain, mice lives (cells burst)
· Gives non-virulent strain and heated virulent strains, mice die
· Extracts virus from the mice and finds that there is live strain, something transforms the R strain into S strain

Oswald Avery’s Experiment
· Confirms Griffith with DNA
· The only time this doesn’t occur is if you don’t destroy all the DNA molecules
· Bacteria can take some pieces of dead DNA and intergrade it into it’s chromosome, then reproduce
· Therefore DNA is the transferring molecule

Hershey and Chase’s Experiment
· Final piece of confirmation
· Used bacteriophage (virus) – head is where the DNA is, the tail is the protein
· Latch on to bacteria and inject DNA into the bacteria, reproduces copies of the virus, bacteria burst open and release copies of the virus
· Didn’t know it was protein or bacteria
· All the protein remained in the solution, all the DNA was in the pellet
· Concludes that the DNA is the transferring molecule

Determining DNA Structure
· Built form purines and pyrimidines
· Chargaff’s Rules:
1) Adenine = thymine
Guanine = cytosine
A=30.9%, T=29.4%
G=19.9%, C=19.8%
The complimentary base pairs equal each other at all times
2) Composition of DNA varies from one species to another
· Linus Pauling: Triple Helix (neutral phosphate groups), lack high quality diffraction data

DNA X-ray Diffraction
· Rosaline Franklin 
· Photo 51 – X pattern indicates double helix at a consistent width (top and bottom)
· Watson & Crick
· Helix is formed from the sugars being formed together by the phosphate 
· Purine and pyrimidine – Watson
· Strands are in different direction (anti-parallel strands) – crick
· That is why one strand ends with 5’ end, and the other 3’ end (3 and 5 indicated the number on carbons)
· Most fundamental thing to understand for genetics

11. DNA Replication

DNA Replication
· DNA = genetic material = hereditary molecule
· Complimentary base pairing is important in understanding DNA replication
· Watson & Crick multistep process
· Hydrogen bond holding the bases together break
· The DNA strands unwinds and physically separate
· Each strand becomes a template for producing complimentary base pairs
· Conservative replication
· When the two mother stands comes together and the two daughter strands come together
· Semi-conservative replication
· The one mother strand pairs with one daughter strand 
· The other mother strand pairs with the other daughter strand
· Conserves one of the original strands

Assembling a Complimentary Chain
· DNA is produced from itself by DNA Polymerase
· Chain growth from 5’ (always has phosphate at the end) to 3’ (always has OH at the end)
· Easier to pull apart A-T because of its melting point

DNA replication
· Helicase are enzymes that unwinds the double helix (unzips it)
· Single-stand binding proteins holds the strands unwinded by binding to it
· Topoisomerase moves ahead of helicase and cuts the DNA allowing it to be unwinded by the helicase
· Primase in an RNA polymerase (enzyme) 
· Unable to start synthesizing without RNA polymerase
· RNA primer is built, then the polymerase latches on the OH group and starts priming 
· 


12. The Cell Cycle 
(look at first part of the slides and made notes)

Cell cycle regulations
· Cyclins and cyclin-dependent kinases: internal controls that tell the cells whether or not to divined
· Establish checkpoints that make sure the cell is transitioning into the cycle properly
· G1 checkpoint: where it is decided if the cell is going to divide
· G2: if the cell is going to divide, make sure that all the organelles and everything is ready to divide
· M checkpoint: in metaphase, is each sister chromatid attached to a microtubules and is it under tension
· Telomeres: repetitive nucleotides sequences at the end of the strand (TTAGGG)
· Telomerase: adds and removes TTAGGG when the cell divides
· Active is germ cells (adult cells) and embryonic development

Mitosis provides for growth, cell replacement and asexual reproduction
· When cells grow in an uncontrolled manner is cancer
· Absence of growth factors
· Reactivate telomerase enzymes that have been inactive for a long time and makes them reproduce
· They’re not inhibited by contact inhibition
· They can spread trough the circulatory system to other tissues

13. Gene Expression 1: Transcription

Information Transfer
· Controlled through transcriptional regulation

Beadle & Tatum
· Synthesized in different steps and each step had a different mutant
· One gene, one polypeptide hypothesis: each enzyme was coated by separate gene (1940s)

Central dogma: transcription
· Copy DNA sequence into linear sequence of RNA

· Gene transcription:
· RNA sequence is the same as DNA accept T is U
· mRNA is built in a 5’ to 3’ direction by reading the 3’5’ strand
· Flow of gene to protein is based on triplet code
· 64 codons
· 61 correspond to amino acids
· 3 stop/start codons
· Start codon is AUG
· Translation changes form nucleotide language to amino acid language

4 key features of genetic code
· Redundant
· Specified by more than one codon
· Unambiguois
· Codon for one amino acid doesn’t code for another amino acid
· Universal
· Genetic code is chares by all organisms
· Without Punctuation
· No gaps in between


17. Recombination 2: meiosis

Somatic cells - Eukaryotes
· 23 pairs of chromosomes
· X and Y differ in size 
· The other 22 pairs are called autosomes 
· Each pair are the exact same and have the exact same genetic material
· One set form dad and one set from mom
· When there are 2 sets of 23, diploid (46 total)
· When there is one set of 23, haploid (23 total)

Homologous pairs
· One pair of autosome
· Match in length, centromere positions, exactly the same gene in exactly the same location
· Locus: is position of a gene
· Alleses: different versions of each gene
· Found in the same locus on chromosome form mother and from father

Gametes
· General term for sperm or egg cell; sex cell
· Fertilization: when the sperm meets the egg and they fuse together
· If gametes went through mitosis: total of 92 chromosome zygote… too many for a somatic cell
· Therefore meiosis
· Starts with a diploid cell and generate haploids
· Therefore zygote will has diploid cells
· Production of gamete (meiosis) start in the womb for women, start at puberty for men
· Stops for women at a certain age then continues again during puberty

Meiosis
· Replicate the DNA, duplicate the chromosomes
· Cell divides twice
· INTERPHASAE: chromosomes duplicate, centrosomes form


MEIOSIS 1
· PROPHASE 1: chromosomes condense, nuclear membrane fragments, centrosomes produce spindle, homologous pairs of chromosomes line up next to each other (synapsis), total 4 chromatids (tetrad), DNA recombination
· DNA Recombination: chromosomes crossing over. 
· Exchanging gene segments from non-sister chromatids

· METHAPHASE 1: spindles attach to kineticohores, metaphase plate
· ANAPHASE 1: sister chromatids attach, homologous chromosomes separate 
· TELOPHASE 1: duplicated chromosomes reach each pole, nuclear envelope forms, each nucleus is diploid

MEIOSIS 2:
· Same occurs but now forms 4 haploid cells

Karyotyping
· An ordered display of all the chromosomes with their pairs
· Picture is taken when the chromosome is at metaphase where it can be seen

Aneuploidy
· 





18. Mendelin Genetics

Hypothesis
· [bookmark: _GoBack]The punnet square shows the 4 possible combinations of alleles when 2 different gametes combine
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