Biol1003 Midterm 2 Material
Wednesday October 14th 
Photosynthesis
The Greenhouse Effect
- The gases in the atmosphere that absorb heat radiation are called greenhouse gases. These include
	- Water vapour
	- Carbon dioxide
	- Methane
	-ozone 

Study of Earth’s Atmospheric Composition has Global Significance
- Solar radiation converts O2 high in the atmosphere to ozone (O3), which shields organisms from damaging UV radiation
- Industrial chemicals called CFCs have caused dangerous thinning of the ozone layer, but international restrictions on CFC use are allowing a slow recovery

Greenhouse effect ad global climate change
-increasing concentrations of greenhouse gases have been linked to global climate change (also called global warming), a slow but steady rise in Earth’s surface temperature.
-since 1850, the atmospheric concentration of CO2 has increased by about 40% mostly due to the combustion of fossil fuels including
	-coal
	-oil
	-gasoline

The carbon cycle
-the cycling of carbon between land atmosphere and water
- fossil carbon and reactive sediments are fossil fuels which have now been removed over millions of years which allows for the atmosphere to deal with the flux
-When fossil fuels are burned, it’s an instantaneous release to the atmosphere and there is no time to deal with this large influx


Photosynthesis and CO2 – Intro
-Autotrophs
	-make their own food through the process of photosynthesis (photoautotrophs)
	-sustain themselves 
	-do not usually consume organic molecules derived from other organisms
-Photosynthesis in plants
	-converts carbon dioxide and water into organic molecules
	-releases oxygen
	- takes place in chloroplasts 	

Photosynthesis occurs in chloroplasts in plant cells
- Stomata are pores on the leafs which allow for gas exchange
- Veins supply water to the leaf
- Mesophyll are spongy cells which has palisade cells and spongy cells which contain chloroplasts which contain a pigment cells chlorophyll 
-Chloroplast have a double membrane, between which is the stroma. Thylakoids are arranged in stacks, which are referred to as granums. 

Photosynthesis is a redox process, as is cellular respiration
-photosynthesis, like respiration, is a redox (oxidation-reduction) process
-co2 becomes reduced to sugar as electrons along with hydrogen ions from water are added to it
	-water molecules are oxidized when they lose electrons along with hydrogen ions 

6 CO2 + 6 H2O  C6H12O6 + ^O2

Visible Radiation Absorbed by Pigments drives the light reactions
- Amount of energy in the photon, the difference in the wavelength of the light
- Carotenoids are photo protection gents which protect the main photon molecules from being destroyed
-Pigments in chloroplast absorb photons (capturing solar power), which
	-increases the potential energy of the pigments electrons and
	-sends the electrons into an unstable state
	-these unstable electrons 
		-drop back down to their ground state and as they do
		-release their excess energy as heat

Photosystems capture solar energy
- 2 types of photosystems (I and II) cooperate in the light reactions
-Each type of photosystem has a characteristic reaction centre
Photosystem II, which functions first, is called P680 because its pigment absorbed light with a wavelength of 680nm
-photosystem I, which functions second, is called P700 because it absorbs light with a wavelength of 700nm

2 photosystems connected by an electron transport chain generate ATP and NADPH
1) Light strikes the top of the antenna molecule and causes excitation of the electrons
2) Passes energy to the P68 which oxidizes it and it passes electrons to the primary electron acceptor in photosystem II.  
3) To regain its energy, P680 splits water molecules
4) Electron transport chain provides energy for synthesis of ATP by chemiosmosis
5) Electrons move to P700 which moves electrons to its primary acceptor in Photosystem I
6) Short electron transport chain and the electrons turn NADP+ to NADPH and go to the Calvin Cycle.
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- Linked by ability to fix/store carbon in organic molecules

-First half of photosynthesis is converting sunlight to chemical energy

-Second half is converting chemical energy to sugars

-Not redox reactions, their resonance energy reactions (one electron excited the next one etc)

-P680 becomes oxidized and the primary acceptor becomes reduced, leaving p680 short on electrons so it (being an oxidizing agent), strips the electrons from a water molecule, forming hydrogen ions and oxygen (THIS IS WHERE THE OXYGEN THAT PLANTS GIVE OUT COMES FROM!! NOT FROM THE CO2 GOING IN)

-The electron goes through the electron transport chain (a series of redox reactions, dropping down through energy levels and releasing energy)

-Electron arrives in plastocyanine (the last acceptor of the electron in the chain)

- Same thing occurs in the photosystem I, electrons get excited, p700 is oxidized and the electron accepter is reduced. The electron from photosystem 2 that went through the electron transport chain is used to reduce p700 once again. The electron from photosystem 2 is then passed onto an enzyme which turns NAD+ to NADH

-All the while, hydrogen ions have been pumped into the thylakoid lumen by the electron transport chain. Once in the lumen however, they want to move. ATP Synthase then pumps the hydrogen ions outside the lumen which is joins with ADP +P to form ATP. 

ATP and NADPH power sugar synthesis in the Calvin Cycle
- The Calvin cycle needs (3) CO2, ATP, and NADPH, which then creates a 3 carbon sugar G3P, and the plant uses it to make glucose or to make other molecules 
-Calvin Cycle makes sugar within a chloroplast

Occurs in 4 steps
-Carbon fixation (fixing atmospheric CO2 and incorporating it into organic compounds)
-Rubisco (important enzyme), fixes 3CO2 and RuBp into a 6C compound which splits into 3-PGA.
-Reduce 
-6 ATP uses its phosphate and transfers it to the 3-PGA and the electrons from 6NADPH and ultimately from 6G3P. 
- Release G3P
	-1 is released and 5 goes back into the cycle
- Regeneration of starting molecule RuBP
	-3ATP use its phosphate to reduce the 5G3P ad from 3 RuBP

Other methods of carbon fixation have evolved in hot, dry climates
C3 plants – produces 3 carbon compounds in carbon fixation
-to prevent loss of water, the plant closes its stomata and then the O2 can’t leave and the CO2 can’t enter. The rising levels of O2 causes the rubisco enzyme to incorporate O2 into RuBP which produces a tonic 2C compound and it takes great energy to break it down (lots of ATP)

-C4 plants – ex sugar cane 
`-carbon fixation which saves water and still optimized the carbon cycle. They fix CO2 into pep, a 4 carbon compound. 
-in a hot climate, the stomata stays closed. But is has another enzyme in the mesophyll cells which have a high affinity for CO2 and will turn it into the 4 carbon compound and then leaves the mesophyll cells and goes into the bundled sheath cells (moving calvin cycle to another cell, giving it a higher affinity than O2 in its new location and preventing toxic conversions).

-CAM plants ex pineapples and cacti
-open their stomata in at night when its cooler and create CO2 stores to use during the day when they do the Calvin Cycle. 


The sugars are used in cellular respiration, cellulose, starch, and fruits

Photosyntheis, possible, moderator of global climate change
-Photosynthesizing organisms are carbon sinks
- Deforestation makes global warming worse by reducing the effective CO2 sink
-Ways to reduce CO2 levels
	-limiting deforestation
	-reducing fossil fuels 
	-growing biofuel crops that remove CO2 from the atmosphere

Monday October 19th 2015
Information Transfer and DNA in the cell

- The DNA molecule contains all of the instructions for the cell to function, and therefore anytime it divides, these instructions need to be passed onto the next cell
-What do all somatic cells from the same person have in common?
	-are genetically identical (same amount of DNA in the same sequence)
-cells can only arise form pre-existing cells, therefore there must be a requirement to pass on the totality of the DNa when the cell dived
	-must be a mechanism which you can copy the DNA (which is referred to as replication)



-What makes cells different from one another?
-gene expression (DNA carries instructions to make all the proteins, which are given in a specific sequence. Each different kind of cell will only express a certain amount/ kind of gene sequences to perform their different tasks)

Information transfer
-Cell division (every single time the cell divides, the entire set of DNA is replicated and passed onto other cells)
- Cell specialization (in each different kind of cell uses different pieces of the total DNA to perform its functions)

What about prokaryotes?
-DNA is also replicated when it divides (binary fission)
-Very biochemically versatile, have control of gene expression in a very complex way

Why do cells divide?
-To reproduce the organism (just make a brand new thing like what prokaryotes do)
-To facilitate growth in an organism or to replace dead cells

Cell division in either pro or eukaryotes must be accompanied by DNA replication
Prokaryotes have one circular chromosome which gets copied and cloned to make a new organism (DNA doubling)
Eukaryotes have DNA synthesis which occurs in multiple steps, and are long strands of DNA

 Prokaryotic Cell Division (Binary Fission)
1) Single chromosome becomes duplicated and they are separated and brought to different poles of the cell
2) Cell wall forms to separate to 2 cells
3) The 2 cells are absolutely identical (essentially clones)
*** Mitosis has evolved from binary fission!!!!

Eukaryotic Cell Cycle
- A period of growth followed by nuclear division and cytokinesis
- Mitosis divided replicated DNA equally and precisely 
- Daughter cells are exact genetic copies
Interphase: the cells duplicates all products of cytoplasm and DNA
	G1: cell begins to increase in size (cells that will not divide stay in this phase or G0)
S: DNA synthesis and replication. At the end of this phase, each chromosome consists of 2 identical copies (sister chromatids) which are attached together at the centromere. Pack down into rod like structures (more easily handled) 
	G2: duplication of cytoplasm components and preparation for mitosis
Mitosis: orderly separation of DNA, pulling apart to the 2 sister chromatids from the centromere
Cytokinesis: physical separation of the cell

Cell Cycle – Overview
Interphase: growth and copying of DNA. Centrioles are copied.
Prophase: The chromosomes compact down into rod like structure and the mitotic centrioles spindles (microtubules) begin to form
Prometaphase: The breakdown of the nuclear envelope and the mitotic spindle is completely formed. The centrioles are at the poles. 
Metaphase: All the chromosomes are aligned across the centre of the cell and attached to the microtubules 
Anaphase: the sister chromatids are pulled apart towards the centrioles and are individual chromosomes
Telophase and Cytokinesis: Cleavage furrow and nuclear envelope form   

How Does DNA Replicate?
-Must understand structure
	-DNA is a polymer of nucleotides put together by dehydration synthesis.
	-Composed of 3 parts: phosphate group, 5C group, and nitrogenous bases (ATCG)

DNA Structure: 
Friedrich Miescher -1871
	-Chemistry of the nucleus
	-Harvested cells from Leukocytes from pus filled bandages
	-Nuclein which is DNA
-Noticed lots of phosphate and nitrate in there, things that broke down proteins wouldn’t break it down 
-Primary belief was that the proteins were the hereditary molecule
-Variety (20 diff amino acids vs 4 bases) 
Frederich Griffith – 1927-8
- Worked on Pneumococcus and the 2 different strains (S-strain causes the sickness and has a plasma membrane which protects it from phagocytosis. R Strain does not have capsule)
- Tested on mice, R strain is injected and the mice lives. S strain is injected and the mice dies. 
- Boiled the S strain (heat inactivates it, denatures the proteins and bursts the cells). Injects it again and the mice lives. 
-Take R strain and dead S strain, and it kills the mice. He extracts the bacteria from the mice, and finds live S strain (which is odd because he killed the S strain). The R strain became converted to the S strain somehow and replicated. 
Oswald Avery’s Experiment – 1944
	- Doubted Griffith 
-  Reproduces the experiment by conducting it in a test tube. He splits the dead S strain and treats it with 5 different enzymes to break down different parts of the strains (RNA, Proteins, DNA, Lipids, and Carbohydrates). In the strain treated with the DNAse, the strain is not alive, but is alive in all of the other samples. 
- Determines the transformative principle has to be the DNA. 
-R strain would take up DNA from burst S strain, bacterial transformation. Changed the wat everyone thought.
Hershey and Chase’s Experiments – 1952
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Every time the cell divides, both new cells will need the system of information. This system is DNA replication. All lifeforms on earth use DNA in the same way, with the same code, for the same purpose to make proteins. 
DNA is the currency of inheritance

Prokaryotes have 1 circular chromosome
Eukaryotes have multiple long linear strands of DNA.

Mitosis evolved from binary fission, the process to order and copy DNA

1952- Hershey and Chase
-Worked with t2 bacteriophage, made of just protein and DNA (heads have the DNA and the tails have proteins). Is a virus that specifically infect certain kinds of bacteria, latching onto the bacterial surface, injecting something into the bacteria which hijacks the bacteria and it creates endless copies of the virus, which continue to grow before the cell bursts and releases the virus.
	-could be used to destroy specific bacteria in the body? 
-What’s the transforming factor that the virus injects? 
	-used radioisotopes such as radioactive sulfur (s35) and p32 (radioactive phosphorus), which radioactively labelled the proteins and DNA of the virus’ each. 
	-let the virus attach and inject to the bacteria. If it’s injecting protein, the s35 will be in the bacteria. If it’s in the DNA, the p32 will be in the bacteria.
-Used a food processor to separate the virus from the bacteria, and centrifuged it. In the solution, they found the s35. All of the p32 was in the pellet. Found that the DNA was responsible for transforming the DNA of the bacteria. 
(What did they do and why was it important?)

If you want to understand the form and function of the cell, you need to understand the DNA structure

Phevus Lavigne
-we know DNA is made of nucleotides (sugar, nitrate, phosphorus)
-we know DNA is a strands of the 4 nucleotides, but didn’t know how they fit together
- Concluded that the strands should be a repeating set of nucleotides (tetranucleotide hypothesis) (atcg repetition over and over with no change)

Thymine and Cytosine= pyrimidines (single ring structures)
Adenine and guanine = purines (double ring structure)

Built on by Chargaff!
-Was totally against biological engineering
-looked at the different proportions of the nucleotides in different species
First rule:
Amount of A always equals T
Amount of guanine always equals C
Second Rule:
Composition of DNA varies from one species to another
(Never finds equal ratios in any species, disproving Lavigne’s theory)





Molecular model building
-looking at bond angles and molecular distances 
-Linus Pauling solved the alpha helical structure of DNA, best model building out there
-proposed a triple helix of DNA with neutral phosphate groups (DNA is an acid which is a mistake). Perhaps because of x-ray diffraction data was skewed. 
-Rosaline Franklin made the best xray images. Most famous for photo 51, showing an x-pattern that indicates a double helical structure and of a consistent width  

Watson and Crick’s publication – Molecular Structure of Nucleic Acids, proposing the double helix
-deoxyribose sugars are linked by phosphate groups to form a sugar-phosphate backbone with phosphodiester bonds

-2 strands are held together by base pairs
	-AT, CG. Complimentary base pairs (filled the space in only one arrangement) are held together by hydrogen bonds. These make equal diameters of the double helix.

-each full turn of double helix is 10 base pairs

	-G and C are bound together with 3 H-bonds, and A and T are held together with 2 H-bonds and oriented in opposite directions (anti-parallel strands) which run 5’-3’.

DNA organization in Eukaryotes and Prokaryotes
-DNA is not stored as long strands, instead histones pack eukaryotic DNA at successive levels of organization

-Chromatin= DNA complexed with histone and non-histone proteins (building blocks for chromosomes).

-DNA is organized more simply in prokaryotes than in eukaryotes 

Nucleosomes and Chromatin Fiber
-DNA wraps 1.6x around a histone octomer (2 molecules each of histones H2A. H2B, H3, H4) to form a nucleosome (10nm diameter)
	-linker DNA connects adjacent nucleosomes
-Not compacted enough, so it needs to coil it more to 10nm solenoid
-Supercoils wind the chromatin fibers until its 300nm diameter
-Supercoils are compacted into rod-link metaphase chromosomes

-Binding of histone H1 causes nucleosomes to package into a coiled structure (chromatin fibre/solenoid)

Bacterial Chromosome
-closed, circular molecule of DNA packed into nucleoid region of cell
-plasmids replicate independently of host chromosome, small circles of DNA
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How does DNA replicate?
DNA= genetic material= heredity molecule
-complimentary base pairing is key to replication

Watson and crick imagined a multi-step process
-hydrogen bonds need to break
-DNA strands unwind and separate
-each strand acts as template to make complimentary strand

Assembling a Complementry Chain
-Polymers of nucleotides
-Dna is produced from DNA by DNA polymerase
	-dna is the template; complementary dna is the product

-dna chain growth is 5’ to 3’
	-must add to pre-existing polynucleotide strand
	-mediate by base pairing 

DNA synthesis- replication from multiple origins
-Replication is generally bidirectional
-Begins at sites that act as replication origins
	-in eukaryotes, more origins
-proceeds from the origins as two replication forks moving in opposite directions 

DNa synthesis in Eukaryotes- single origins 
-only have one circular chromosome
-only one origin of replication

DNA replication
-at the end of each replication bubble is a replication fork, a y-shaped region where the new nda strand is elongating
-helicase are enzymes that untwist the double helix of the DNA
-single stranded binding proteins bind to and stabilize single stranded DNA. Prevent degradation and prevents the 2 pieces to retwist behind the helicase
-topoisomerase corrects ‘overwinding’ ahead of replication forks by breaks, swiveling and rejoining DNA strands.  
-primase synthesises RNa instead of DNA
-DNa polymerase cannot initiate synthesis of a polynucleotide; they can only add nucleotides to the 3’ end
-Cant start synthesis from scratch
- The initial nucleotide strand is a short RNA primer

Anti-parallel structure affects replication
- as DNa helix unwinds, one template strand runs in a direction allowing new DNA strand to be made continuously in the direction of unwinding (leading strand)
-other template strand is copied in short lengths that run in the direction opposite to unwinding
	-discontinuous replication, produced short lengths then linked into a continuous strand
- (lagging strand)

Lagging Strand
- A different DNA polymerase (1) removes the RNA nucleotide (exonuclease activity), and replaces it with DNA. 
-DNA Ligase binds the ends of the okazaki fragments together

Summary- DNA Synthesis
DNa proofreading (DNA polymerases do this as they synthesize). Polymerases can go backwards and fix their materials. DNA polymerase III exonucleates 3’ to 5’. I does this both ways. 
-1 mistake for every 3 million base pairs. Mistakes in replication lead to mutations. 

Monday November 2nd 
DNA replication 
Why does DNa need to be replicated?
-it’s the information transfer molecules, all the instructions the cell needs to build proteins which then control all of the other macromolecules 
-Anytime the cell divides, the info need to be passed on so each daughter cell has the necessary instructions to function

How does it get replicated?
-Complementary base pairing
- Hydrogen bonds are broken and the strands are separated, one acting as the template to create the complimentary strand. 
-Semi conservative replication

Assembling a Complementary Chain
-constructed in antiparallel direction, 5’ to 3’ extension
-DNA polymerase can only add nucleotides onto the 3’ end of a DNA (needs to see a hydroxyl group on the 3’) 
-DNA polymerase reads the template 3’ to 5’

Antiparallel structure affect replication
-As the DNa helix unwinds, one of the strands is in the direction allowing DNA polymerase to read and construct continuously (leading strand)
- The other template has to be copied in the opposite direction from the fork (being read 5’-3’). Synthesizes discontinuously, lagging strand

Proteins of DNA Rep
Helicase: unwinds the strands
Single strand binding proteins: stabilizes strands and stops them from rewinding
Topoisomerase: prevents the DNA from becoming supercoiled, working ahead of the helicase.
Primase: RNA polymerase that synthesizes chains of RNA (because DNA polymerase can’t form DNA from scratch but primase can form RNA in 5’ to 3’ direction) Is an RNA primer. (DNA polymerase recognizes the 3’ end of the RNA and synthesiszes DNA from there)
DNA polymerase 3: makes complimentary strand
DNA polymerase 1: responsible for RNA primer removal and replaces them with DNA
DNA ligase: ties together the DNA segments 
Both strands need all of the proteins, as they all need to start with the RNA primer, which is built on by the DNA pol 3. In both strands the primer must be removed by DNA pol 1 and tied together by ligase. It’s a more active process in the lagging strand due to Okazaki fragments. 

DNA polymerases also exonuclease (remove nucleotides) in a 3’ to 5’ direction. They can proofread their synthesis and fix errors made. DNA POL 1 CAN EXONUCLEASE IN A 5’ TO 3’ DIRECTION WHEN IT REMOVES RNA PRIMERS (this is why you need DNA pol 1)

1) What would happen if each of these proteins were faulty?
2) How far would replication proceed?
3) What would be the final result for the complimentary strand?

Why do we replicate DNA? 
-So we have 2 identical copies which can be passed on in cell division

The Cell Cycle:
The Mitotic Cell Cycle
-Interphase begins as daughter cell from previous division cycle centers initial period of cytoplasmic growth (G1). This is where a cell spends most of its life
-G0, not dividing nor preparing to divide
-During all steps of interphase, chromosomes are relatively loose, but organized, in nucleus
S phase: copying of DNA and consist of 2 copies of sister chromatids that are attached at the centromere (a specific DNA sequence held together with cohesive process recognition)

-G2: the cell grows, chromosome condense, and the cell beings to assemble the machinery that will pull sister chromatids apart
-Cell has 2 centrosomes (contains centrioles)
-Centrosome is the microtubule organizing centre (MTOC)
-At the centrosomes, the spindle fibers begin to be assembled from tubulin

Mitosis:
Begins when chromosome condensation reached a point where the individual chromosome become visible in the microscope
5 stages: Prophase, prometaphase, metaphase, anaphase, telophase
 Difference between animal and plant mitosis:
Plant has preprophase: ring of micro-filaments around the cell appears and disappears. The plant remembers where it was and that’s where the cells divides

Prophase:
-Chromosomes condensed
-The centrosome begins to generating the spindle
	-fibers lengthen and centrosomes
-Nucleolus disappears

Prometaphase:
-Nuclear envelop fragments
-Microtubules from each pole interact with kinetochores at the centromere of each chromosome
-non-kinetochore microtubules interact  
Metaphase:
-chromosomes are pulled in opposite directions by kinetochore microtubules and assemble at the metaphase plate
-kinetochores of sister chromatids are attached to microtubules from opposite poles 

Anaphase:
-begins when sister chromatids move to opposite poles
-kinetochore fibres shorten-pull sister chromatid to each pole
-at this point each sister chromatid is a chromosome
-nonkinetochore microtubules move against each other, and begin to elongate the cell

Telophase and cytokinesis:
-Non kinetochore microtubule continue to elongate cell
-Nuclear envelope reforms
-Chromosome start to de-condense and genes becomes active (especially rRNA)
-Nucleolus reforms
-Spindle apparatus is dismantled and the microtubules are used to reassemble the cytoskeleton
-Cytoplasm begins to divide in two 
-Cleavage furrow (contracting ring of microfilaments squeeze in until cell divides)

Plant Cytokinesis:
-Vesicles with cell wall material lie along the centre of the cell with the microfilaments were before, and form a cell plate 
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-Cyclins and cyclin-dependent kinases are the internal controls that directly regulate cell division
-makes sure the cell doesn’t progress too fast. 
- G1 checkpoint: divide, delay, or rest checkpoint or restriction point
-G2 checkpoint: cell is checking if all of the organelles needed for division are there, if it’s large enough, etc.
-M Checkpoint: in metaphase, checks if all of the chromosomes and sister chromatids connected to the centromere and are the centrioles at the poles of the cell
-Internal checkpoints stop the cell cycle if stages are incomplete
-external controls coordinate mitotic cell cycle of individual cells within the overall activities of the organism

-Contact inhibition (if a cell is surrounded by a whole bunch of other cells, it’s stopped from dividing)

Cell Cycle Regulation
-cells can only divide a certain number of times, not indefinitely
-Telomeres
	-repetitive nucleotide sequence TTAGGG (in humans), repeated 6.5k times 
	-protects the end of the chromosome
	-truncated during the cell division
-work as a buffer, have a protected effect, every time the cell divides, the telomeres shorten and eventually they are so short that it serves as a signal to stop dividing
		-not the case in all cells

Telomerase
	-active during embryonic development
	-remains active in adult germ cells and stem cells
	-allows for unlimited diving

Mitosis provides for growth, cell replacement, and asexual reproduction
-when the cell cycle operates normally, mitosis produces genetically identical cells for
	-growth
	-replacement of damaged and lost cells
	-asexual reproduction

-apoptosis: programmed cell death for internal and external signal (too many cells made, infected cells, damaged DNA

-cancer cells escape controls on the cell cycle
	-divide rapidly, often in the absence of growth factors
	-escapes cell cycle controls and reactivate telomerase enzyme and allow uncontrollable division
	-contact inhibition does not occur for cancer cells
	-spread of other tissues through the circulatory system (metastasize) 
	-grow without being inhibited by other cells 


Gene expression I: Transcription
Information Transfer: 
-gene expression is collectively controlled through transcriptional regulation (cell decides with genes it is going to express)
	-main control: gene transcribed into mRNA
	- Additional controls: Post transcriptional, translational, and post translational


Gene Expression:
- A given gene codes for a specific protein, this code being found in DNA. These instructions are transferred by the mRNA.

Central Dogma: Transcription…rna…translation (DNA to RNA)
	-copy the instructions into a linear sequence of RNA
	- how to translate RNA to amino acids?

The DNA genotype is expressed as proteins, which provide the molecular basis for phenotypic traits
Proteins are assembled from amino acids
1940s: Beadle and Tatum studied orange bread mould (Neurospora crassa) on minimal essential media
-used x-rays to produce nutritional mutants (auxotroph’s) as it damaged the genes and they could not grow. 
	-each mutant had defected gene for enzyme needed to synthesize a particular nutrient
	-1 gene, 1 polypeptide hypothesis

Transcription produces genetic messages in the form of RNa
	-the RNA molecule is transcribed from DNA in a process similar to DNA replication
-RNa nucleotides
	-contain ribose sugar (deoxyribose in DNA)
	-bases are AGCU (AGCT in DNA)
	-linked by the transcription enzyme RNA polymerase
	
-specific sequences of nucleotides along the DNA mark where transcription begins and end
	-promoter sequence (start codon)
	-transcriptional termination sequence (stop codon)

Gene transcription
-RNA sequence is the same as that of the coding strand of DNA except that U replaced T
-mRNA is built in a 5’-3’ direction, by reading the template strand 3’-5’
-RNA polymerase moves along the non-coding strand, synthesizing the mRNA (identical to the coding strand with the exception of U to T)

Genetic Info Written in Codons is translated into AA sequences
-the flow of info from gene to protein is based on a triplet code: a series of non-overlapping 3-base words called codons
-translation involves switching from the nucleotide ‘language’ to the AA ‘language’
-each amino acid is specified by a codon
	-64 codons are possible
	-some AA have more than one possible codon 

Characteristic of the Genetic Code
	-3 nucleotides specific 1 AA
		-61 codons for AA
		-AUG codes for methionine and is the start codon
		- stop codons signal end of translation (3 kinds, 
		-start and stop codons DO NOT get translated 
	-code is consistent across all lifeforms

Genetic Code dictates how codons are translated into amino acids
-redundant: with more than one codon for some AA
-unambiguous: any codon for one AA does not code for another
Universal: shared amongst all organisms
-without punctuation: in the codons are adjacent to each other with no gaps in between
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64 combinations of polypeptides, but only 20 amino acids 

Discovery of Genetic Code (all 61 codons)
	Nirenberg and Leder (NIH 1964)
		-short artificial mRNAs
		-bound to single tRNA + AA

Khorana (1966)
-long artificial mRNAs
-in vitro translated
-polypeptide sequence analyzed

AUG is methionine and is the start codon
UGG is tryptophan, the only other codon that codes for one AA, the rest are redundant

UAA, UAG, UGA = stop codons 

Template strand makes a copy of the coding strand
T is replaced with U
Reads in triplets.

Transcription produced genetic messages in the form of RNA
Messenger RNA’s are made by RNA polymerase II

1) Initiation = bring the RNA polymerase to the gene itself, it is brought there by transcription factors which will recognize the DNA promoter. Transcription factors will bind to the promoter and pull the polymerase down to the gene. Polymerase creates a translation bubble.
2) Elongation = pushes polymerase along and replication the complimentary molecule. No primer is required. RNA polymerases have a higher error rate than DNA polymerases.
3) Termination = Transcription termination site in prokaryotes. Polymerase encounters the site, drops off the DNA and the message is completed. In eukaryotes it’s called polyadenylation site.   

Eukaryotic RNA is processed before leaving the nucleus as mRNA
-RNA splicing removed introns and joins exons to produce a continuous coding sequence
- a g-cap a tail of extra nucleotides are added to the ends of the mRNA

Post transcriptional modifications
-protein coding region is divided into sub regions called exons and introns. Exons has the protein coding protein (is expressed). 
- In order to make protein coding message, introns are removed via splicing. Snerp proteins cut out the introns and splice the exons together.
-Once spliced, the g-cap (a modified gyanine nucleotide which is reversed) is stuck onto the end of the DNA, protecting the end from degradation and facilitates movement from nucleus to cytoplasm. Ribosomes also attach to it.
-A bunch of adenine nucleotides (poly-a-tail) (50-250) are stuck to the end of the transcript via poly-a-ase and protects degradation from that end.

Translation can then begin once in the cytoplasm

Ribosomes build polypeptides
-trnalsation occurs on the surface of the ribosome
	-ribosomes coordinate the functioning of mRNA and tRNA, and ultimately, the synthesis of polypeptides
	-ribosomes have 2 subunits: small and large (large has the A, P, and E site)
	-each subunit is composed of ribosomal RNAs and proteins
	-ribosomal subunits come together during translation
	-ribosomes have binding sites for mRNA and tRNAs

Transfer RNA molecules serve as interpreters during translation
-Transfer RNA molecules
	-converting genetic message of mRNA into language of proteins
	-picking up the appropriate amino acid
	- using an anticodon recognize the appropriate codons in the mRNA. 

-each transfer RNA has an anticodon that will match up with an appropriate amino acid

-Attachment of amino acid
	-each AA is attached to the correct tRNA via specific enzyme
	-family of 20 related enzymes

An initiation codon marks the start of an mRNA message
-Translation can be divide into same 3 phases
1) initiation
2) elongation
3) termination

Initiation brings together
	-mRNA, a tRNA bearing the 1st amino acid, and 2 subunits of a ribosome

Small subunit binds onto a small 5’ cap and scans along for the AUG. The anti-codon is UAC. It stops in position and then the large subunit attaches

Elongation adds one AA at a time. 

Translocation= moving on to the next codon.

Each cycle of elgonation has 3 steps:
1) codon recognition: the anticodon of an incoming tRNA molecule, carrying its AA, pairs with the mRNA codon in the A site of the ribosome
2) peptide bond formation: the new aa is joined to the chain
3) translocation: tRNA is released from the P site and the ribosome moves tRNA from the A site to the P site.

Elongation continues until the termination stage of translation, when
-the ribosome reaches a stop codon
-the completed polypeptide is freed from the last tRNA
-the ribosome splits back inti its separate subunits 
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Review: The flow of Genetic Information in the cell is DNA -> RNA -> protein

Promoter is recognized and recruit the RNA polymerase, sitting it on the transcriptional start site.
Polymerase then reads the template strand. Reaches the stop site, and the polymerase drops off of the DNA.

Prokaryotes end here: are ready to go at this step. They start transcription before translation is even finished.
Eukaryotes have a slower process. 
mRNA must be spliced, as not all of the code codes for a protein (called introns). Exons code for the proteins= are expressed.
Exons are joined together and can be read continuously. 

The g-cap is put on the 5’ end, 
	-protects from degradations
	-aids with mRNa export
	-attachment site for the ribosomes. Without the g-cap, translation couldn’t occur

Poly-a-tail made by poly-a-ase, a tail of adenine on the end. Protects from degradation, message can only be translated as long as it has the tail. 

After these 3 steps it can be moves to the cytoplasm and translation can occur.

Translation is initiated needing ribosomes and tRNA (responsible for matching the sequences with the amino acids). 

Translation always starts at the start codon, methionine, AUG. 

Small ribosome subunit attached with tRNA and form a complex, with grabs onto 5’ cap at beginning of message and begins to scan along and stops when it finds the AUG.

Reads in triplet codons, which match to the AA via tRNA, until it reaches the stop codon. DO NOT READ FOR AN AMINO ACID. The release factor, a protein, binds in place and triggers the release of the polypeptide, and breaks apart the small and large subunits.

Prokaryotes are faster at this, but eukaryotes also have means to speed up the process. 
	-multiple ribosomes on same mRNA message (polysome)
	

Telomere= on the end of CHROMOSOMES
Poly-a-tail= only on mRNA

-Transcription is the synthesis of RNA from a DNA template. In eukaryotic cells,
	-transcription occurs in the nucleus
	-mRNA must travel from the nucleus to the cytoplasm

-Translation can be divided into a 4 step process, all of which occur in the cytoplasm
1) amino acid attachment
2) initiation of polypeptide synthesis
3) elongation
4) termination

Mutations can change the meaning of genes
-a mutation is a change in the DNA sequence, can be single nucleotide or a huge chuck of chromosome.
-can happen anywhere in the DNA, we are all mutants. Many mutations are in regions that do not code for proteins and won’t be expressed.

-mutations within a gene can be divided into 2 general categories
1) Base substitutions involve the replacement of one nucleotide with another. Base substitutions may
	- have no effect at all, producing a silent mutation (changes nucleotide sequence but doesn’t change the amino acid due to redundancy)
- change the amino acid coding, producing a missense mutation, which produced a different amino acid (a single base substitution which changes the AA. )
                    An example of this is sickle cell anemia, mutant hemoglobin. Hemoglobin sequence GAA glytamic acid which is hydrophilic, it switched with GUA, which codes for the hydrophobic valine. They have opposite properties, making the hemoglobin sticky and they produce a sickle shape. The blood cells become less elastic and block the capillaries)
-change an amino acid into a stop codon, producing a nonsense mutation. This causes a shortened protein, which is not functional. Example: cystic fibrosis, muscular dystrophy, etc. 

2) Mutations can result in deletions or insertions (indels) that may (lost or added nucleotides where they shouldn’t be)
- alter the reading frame (triplet grouping) of the mRNA, so that nucleotides are grouped into different codons. 
	-lead to significant changes in amino acid sequence downstream of the mutation, and
	-produce a non-functional polypeptide
-once you hit the aug, it goes 3 at a time. When you add or lose a nucleotide, it can change the following triplets. A FRAME SHIFT MUTATION. Results in abnormally short or abnormally long, but non-functional nucleotides. (tay-saches disease, which results in the death or neurons. 4 base pair indels.)


-Mutagenesis is the production of mutations

-Mutations can be caused by
	-spontaneous errors that occur during DNA replication or recombination or
		-most mutations are random. Baseline level of mutation.
-mutagens, which include (anything which changes DNA and increases the rate of mutation of DNA)
-high energy radiation such as x-rays and ultraviolet light (high energy from uv light causes a bond rearrangement of 2 cytosines and changes it to 2 adenines. A C to T mutation)
		-chemicals (can cause DNA strand breaks)
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