TRANSCRIPTION
· Objective is to get mRNA from DNA
· In each cell there is a genome that is organized (can all be compacted into a small space.. chromosomes in the nucleus)
· not the entire sequence is coding (intergenic regions.. not entirely useless)
· chromosomes have many genes on them and all genes don’t have things in common (some genes will work in clusters and others will be independent) 
· EGF receptor (ras and phospholipase c pathway) 
How are genes organized?
· All have regulatory sequence (head of gene.. isn’t transcribe but is essential for activation) controls the activity of transcription for the coding sequence (what determines the product of transcription and translation)
· Regulatory sequence: controls timing, location and amount of gene expression
· Coding sequence: determines the sequence of amino acids in the protein.. leads to mRNA and gene translation 
Definition of Gene Expression (eg. Insulin):
· Transcription takes place in the nucleus
· Why do we transcribe DNA to RNA? Ribosomes are only able to read RNA, want to keep the DNA protected in the nucleus.. transcribe DNA to RNA inside nucleus so that the info can leave the nucleus to get to ribosomes so we can make proteins using DNA sequences 
· What about prokaryotes? They don’t have a nucleus but they still use transcription because transcription allows you to get many copies from the same DNA  
· Also, it allows room for damage on the mRNA but the DNA inside the nucleus is still protected 
Prokaryotes vs. Eukaryotes:
· Pro: no nucleus, DNA is directly transcribed to mRNA (mature and ready to go)
· Eu: DNA is transcribed to a pre-messenger RNA (immature.. RNA maturation happens to turn into mRNA) that will be matured into mRNA and then will be transported out of the nucleus
Which strand?
· RNA strand produced is elongated in the 5’ to 3’ direction 
· RNA polymerase ll reads the 3’-5’ DNA strand (template/coding strand)
· mRNA that is obtained is 5’ to 3’ why? Because, like replication, nucleotides are similar but have different orientations and they have to attach at the 3rd carbon of the sugar 
· mRNA is exactly the same as the DNA template strand except ribose instead of deoxyribose and uracil instead of thymine 
· start with two strands of DNA to make one strand of mRNA 
What triggers this?
Pro: no nucleus/processing therefore it is simpler. Binding to the promoter of polymerase subunits (sigma), this serves as a guide to place RNA polymerase, RNA polymerase then initiates transcription
Euk: binding to the promoter of transcription factors (steroids, map kinase, AP1, protein kinaseA), activators and repressors (protein that can increase/decrease speed), formation of transcription initiation complex (TFs and protein), RNA polymerase ll is then recruited to initiate transcription 
How does a protein interact with DNA until it finds a spot on it that it likes and stays? How does it travel along it without stopping until it finds the right address? Non-specific binding (not enough for it to match until it finds the proper sequence of nucleotides) 
RNA polymerases:
· RNA polymerase l = rRNA (ribosomal)
· RNA polymerase ll = mRNA (messenger-transcription) 
· RNA polymerase lll = tRNA (transfer-translation) 
· Only mRNA (RP2) will lead to protein (translation), but RNA P l and lll contribute to this. rRNA (RP1) provides the ribosomes and then tRNA (RP3) brings the amino acids 
Organization of the gene:
· First sequence on DNA, right before coding sequence, is the regulatory area (has promoter and a repetitive sequence of As and Ts.. this is what is recognized to start transcription) TATA BOX.. TATA BOX binding proteins bind to this
· After promoter region, there is the Proximal near regulatory elements (tFS, activators and repressors) just before the gene
· Much further down (intergenic region), there is protein, TFS, activators and repressors that bind to distal regulatory sequence, they influence the DNA strand. How is this possible? It bends (its flexible).. regulates RNA polymerase 
Initiation:
· Within the promoter, some proteins and TFS bind to specific sequences and form the TIC, polymerase ll splits the two strands, reads the template and makes a complementary RNA at the same time (regulatory parts form the complex
· Polymerase ll begins after everything is in place. 
· Where does transcription begin? Only at the coding sequence.. at the very end of regulatory sequence and after regulatory promoters are done their job (+1) first nucleotide you transcribe.. everything before is (-). (+) is the address to start coding the DNA sequence
· Nucleotides are added to the transcription strand until you come across the stop sequence (prokaryotes) 
ACTIVATORS: proteins that bind to genes at sites known as enhancers which speed the rate of transcription 
REPRESSORS: proteins that bind to selected sets of genes at sites known as silencers thus slowing transcription 
COACTIVATORS: adapter molecules that integrate signals from activators and repressors 
BASAL TRANSCRIPTION FACTORS: in response to injunctions from activators, these factors position RNA polymerase at the start of transcription and initiate the transcription process 
** RP2 adds 60 nucleotides per second but it does not proofread or make corrections like DNA polymerase 
Elongation:
· RNA polymerase ll moves along DNA unwinding it and adding new RNA nucleotides to the transcript in the 5’ to 3’ direction
· Behind this enzyme, DNA strands reform into a double helix 
Termination:
· The complete RNA molecule is released from the template DNA
· RNA polymerase ll leaves the DNA and the double helix of DNA reforms
· In eukaryotes, transcription of a protein-coding gene is a pre-mRNA molecule (processed to produce the translatable mRNA) 
· Loop that is formed creates a lot of tension which tugs the polymerase ll and separates from DNA and then the DNA then rewinds 
Pro: at end of coding sequence.. Rho (p) dependant (ATP dependant unwinding enzyme at 3’ end), Rho independent (intrinsic.. GC rich sequences at end and hairpin loop which pulls RNA away from DNA)
Euk: specific sequences that differ depending on which RNA polymerase (EX: mRNA, sequence AAUAAA to which proteins bind, this triggers end of transcription.. related to polyA tail) 
*In order to mature rRNA the signal sequence introduced by transcription will recruit another enzyme (polyApolymerase) that recognizes that sequence, it adds a series of nucleotides (As.. 50-200) which makes the protecting poly-A-tail (3’ end) it is essential.. if it’s not added, it will not mature, it will not be able to leave the nucleus 
- 5’ cap has 7 Gs added after transcription of the first 20-40 nucleotides.. essential for translation
- UTR: untranslated regions (regulatory elements).. Exons are coding sequences and Introns are non-coding sequences are removed by splicing 
What’s the point of non-coding and coding on the transcript? Part of maturation.. clean it up = splicing 
RNA maturation: SPLICING
· snRNPS = small nuclear ribonuclear proteins that recognize the ends of introns (catalyse cleavage).. introns are degraded in the nucleus 
· The ends of exons after removal of introns will be joined together for a continuous coding sequence (mature fully coding mRNA)
· A pre-mRNA can be ~ 27000 NTs.. but mRNA needs ~1200 NTs to be translated to a protein of ~400 amino acids
How does the message leave the nucleus? Nuclear pores if they have a poly-A-tail (protection against degradation) 
What happens when it stays behind? It degrades, it is chopped up and the nucleotides are reused
*From one piece of DNA you can get many different products* 
How can proteins be similar, part of the same family, but yet different? Same gene for all of them but has a different isoform.. How does this happen? Difference in exons needed, differences in splicing (what is kept and thrown away differs) 
What does a splicosome look for? Complementary RNA sequence on the introns (determines where the cut happens)
Alternative Splicing: 
· when extrons are removed with introns on either side 
· choosing what intron and extrons you want to keep and get rid of for the purpose of creating proteins that are similar but different 
· allows to be efficient using a reduced number of genes (1 gene, many different proteins)
Example: Tropomyosin
· protein that wraps around microfilaments and regulates binding between actin and myosin 
· myosin and tropomyosin are the same family of protein but are different because they have different sequences of amino acids (difference in RNA sequence.. which exons and introns have stayed and left) that make up these 2 kinds of proteins (same gene but different process gives you two similar but different protein products) 
Regulation of gene expression (Prokaryotes):
· regulation is achieved through operons = genetic/molecular switches that control transcription (on/off) depending on the conditions of the cell 
· different kinds of operons (3)
· Ex: lactose. In prokaryotes, lactose is broken down by 3 major proteins (betagalactosase, permease, and transcecetylase) you need these 3 genes right after each other, they are transcribed during transcription and these proteins are made through translation. If there is no lactose in the body, these genes are not transcribed because it would be a waste of energy to make these proteins for nothing. To skip over the coding for the lactose genes, operons are used. 
· Operons are structures of the DNA, genes that are under control of the operon, and a promoter that allows initiation of transcription (elements assemble here to make the subunit) and the operator (on/off)
· To the operator there is a protein called the repressor, which binds to operator (recognizes sequence of DNA), it puts up a road block.. even if polymerase recognizes the promotor, there is not enough room for it to fit and to interact.. there is a protein sitting there so that transcription doesn’t take place. The DNA can move which causes the repressor to leave for a short amount of time (competitive proteins can replace it but it will come back)
· Where does the promoter come from? It comes from the regulatory gene (transcribes its mRNA to make the oppressor)
· If the repressor leaves, transcription takes place.. the three proteins are made but in small amounts 
· Lactose: a carbohydrate, impermeable to the membrane (need something to get it in.. facilitated/secondary membrane transport) permease is available that allows lactose inside of cell.. low levels of beta which makes lactose change to alolactose (slight chemical modification) it can now interact w the repressor (prefers that over lactose).  The repressor lets go of the DNA and binds to alolactose.. NOW there is no more road block. Polymerase can transcribe now by binding to the promotor… all three of the proteins are now being made until there is no more lactose. The repressor has no more alolactose and rebinds to the operator terminating transcription. 
Regulation of gene expression (Eukaryotes):
· (before transcription) In addition to the TIC, a specific combination of activators and repressors control which genes are expressed and the rate at which transcription occurs (on/off switch WHEN and for WHICH cell type)
· AFTER transcription you can determine which mRNAs you’re going to use by taking off the poly-A-tail.. can’t get out, wont translate. 
· siRNA (Short interfering RNAs) present in the nucleus look for complementary sequences on mRNA in which they bind to and target to degradation (no translation) 
· miRNA (microRNAs) are important for regulation of gene expression. They form miRISC (miRNA induced silencing complex) which halts translation and/or reduces available mRNA (loop). No poly-A-tail, no 5’ cap, no processing or splicing, miRNA leaves the nucleus where it interacts with diser (removes the little loop) leaving you with double stranded RNA. A protein complex removes one of the RNA strands. You are left with one strand of RNA that is bound to a few proteins (fishing rod). You are now looking for mature processed mRNA that have left the nucleus but have not yet found a ribosome. Once caught, the two mRNA sequences are complementary and latch on to each other (perfect = base pairing or imperfect).. DEGREDATION.. no translation will occur.
· What if its not a perfect match? A pause occurs (translation is delayed for that mRNA)
Transposons/Jumping Genes:
· Discovered in the 40s by Barbara McClintock (geneticist) while studying maize
· They are portions of DNA, transposable elements that move from one location in the genome to the other. How is that possible? What elements are required for that to happen? Need enzymes to do this job. 
· They are in all organisms (in humans they are 50% of the genome)
· There are DNA transposons and retrotransposons (need a reverse transcriptase to transcribe RNA to DNA before they transpose) 
How segments of DNA migrate? 
· Transpoase cut the segments of DNA allowing them to be released
· When they are at the next location, a cut occurs to allow them to reinsert into the DNA sequence 
· What happens if it lands in a non-coding area? No problem. What if it lands in the middle of an important gene? Can be bad (cancer) but it can grant new abilities to the protein. How frequent? Half of the time (half of our genome does this).. Beneficial chromosomal mutations lead to evolution and diversity. This is what allows bacteria to be able to fight against medication.   
In humans THE ALU TRANSPOSON:
· This sequence of around 300 bp can account for approx. 15% of the human genome. 
· Throughout the key to understanding the evolution of primates and humans 
· Associated with diseases such as cancer, alzheimer’s, hemophilia and many others. 
The flow of genetic info; THE DOGMA of molecular bio:
· What is you could go from RNA to a short sequence of DNA? An exception? RETROTRANSPOSONS
· Some mRNA will not go on to translation but rather, be reverse transcribed (reverse transcriptase) back to DNA and inserted back into the genome (similar process to the RT telomerase)
· There is no proof reading or correction mechanism – hence many error (mutations) increasing the amount of variability in diversity.  
Retroviruses: 
· Using a reverse transcriptase, they convert viral RNA into a complementary strand of DNA (now a RNA-DNA matrix) in the host cell
· The host’s DNA polymerase makes it into a double strand of DNA by displacing the RNA strand and adding the complementary strand of DNA (now DNA-DNA)
· Integrase allows introducing of this double stranded DNA into the host’s genome. 
· When transcription occurs, viral RNA will be translated to viral protein which can be used to rebuild virus within the host cell. 
· With mutations, this makes it difficult to eradicate. 
TRANSLATION
· We have mRNA (the transcript/message), it has left the nucleus.. Now what? We need ribosomes and tRNAs to bring amino acids to the ribosomes. 
To go from mRNA nucleotides to amino acids, a coding scheme is used: 
· Ribosome reads the mRNA at the (+) part. 
· 64 possibilities/arrangements (drop 3.. for stop codons, don’t code for any amino acid) 
· The code is degenerate (redundant); there are synonyms but no ambiguity (only one AA per codon but many codons per AA, except 2 that have only 1 codon).. This allows room for error but it will still code for the same amino acid so there is no problem. 
· The reading frame is determined by the start codon (AUG) Methionine. Do all cells begin with met in their sequence? They all have had met at some point, but some don’t have them at the beginning.. So, once folding and other modifications take place, met can be removed or placed somewhere else. 
· Reading ends with stop codons are UAA, UAG or UGA. Stops translation completely. 
Oscillation/Wobble effect:
· Certain amino acids are associated w more than one codon – the difference lies in the 3rd nucleotide 
· This is how synonyms arise, it gives flexibility in reading the sequence
· How many tRNA do we need to achieved 20 amino acid sequence? 45 (for 61 codons)
Exons correspond to protein domains:
· Domains can carry out different abilities (ex: ligand binding, transmembrane region, catalytic domain)
· For each exon, you get a string of amino acids that are continuous (on after another).. it corresponds to one domain of the protein that has a certain task to accomplish 
· A change in coding will change the task the protein undergoes 
TRNA:
· tRNAs carry the amino acid at their 3’ end and recognize the mRNA sequence (codon) in their anticodon region
· Thanks to the wobble effect (oscillation) we only need 45 tRNAs to accommodate the 61 codons  
· How do you know that tRNA is brining and attached to the right amino acid and at the right time? It reads the anticodon (complementary) giving the tRNA a specific shape so it knows which amino acid it needs to create the proper protein. An enzyme recognises tRNA and only one amino acid (specific shape coding for the appropriate amino acid). How many enzymes do you need? 20 (because 20 amino acids)
Aminoacylation – specific pairing:
· Each amino acid can bind only to one specific tRNA and uses a specific enzyme (aminoacyl-tRNA synthetase) to do so 
· Uses ATP
· These enzymes (20 of them), they synthesize the covalent bond between amino acid and tRNA
· The enzyme needs a specific amino acid and ATP, once it has that it hydrolyzes ATP (getting rid of two phosphates) and now within the enzyme’s catalytic domain, you have an amino acid and AMP complex 
· You get the tRNA that has the anticodon that matches to that specific amino acid that has been charged in that specific enzyme, remaining energy from AMP is used to form a covalent bond between the 3’ end of tRNA and the amino acid.. once this happens, tRNA is released with a charge (has an amino acid).. now all it needs is rRNA to make the protein 
· ONE ENZYME IS USED PER AMINO ACID 
· Which part of the mRNA is important for binding and stability with the ribosomes? The G cap in 5’ end.. it matches with the ribosome
Ribosomes:
· Formed by two protein subunits (30S and 50S) and some rRNA 
· It is assembled in the cytosol when binding to mRNA (30S to mRNA and its 5’ cap and then 50S completes after)
· Only cytosol ribosomes are used for translation 
· mRNA snakes through to read sequence 5’ to 3’ 
· Ribosomes recruit tRNA after start codon has been recognized and catalyze peptide-bond formation 
3 important sites on ribosomes:
1. A site: aminoacyl-tRNA arrives with proper amino acid (where code matches anticode)
2. P site: peptide bond is formed between the amino acids 
3. E site: exit of growing polypeptide chain out of the ribosome, the exit of tRNA also happens here 
Peptide bond formation:
· Negatively charged oxygen from the carboxyl group on one amino acid reacts with two hydrogens on another amino acid, creating a peptide bond between the two amino acids (double bonded oxygen to a carbon that it attached to nitrogen that is attached to a hydrogen), the product of this is a peptide chain of amino acids and water *P site*
· Orientation of DNA leads 5’ to 3’ orientation of mRNA
· In turn, this leads to N-term to C-term orientation of growing peptide 
Initiation: 
· Met is the first aa and is the only aa that goes straight to the P site (30S) where mRNA is recruited and then the large subunit then completes the full ribosome 
· Why does RNA go to the P site and not the A site? If you brought it to the A site first, where would all the other aa latch on to? You need Met to be the first aa in your chain at the start of translation (can be removed later on if needed)
· mRNA is now mature and process, ribosomal subunit has an initiation and elongation factor proteins (that trigger the start of translation.. also help hydrolyze GDP and helps the ribosome translocate to allow the transition of amino acids from site to site)
Elongation (eIF):
· recognition of codon by aminoacyl-tRNA (A site)
· peptide bond formation peptidyl transferase by 50S (Psite)
· translocation P to E and new arrival at A
· As each amino acid is added to the chain, the ribosome continues to translocate.. after a period of time and after a bunch of amino acids are added, the string of protein being made starts to be visible and is hanging off of the ribosome like a tail  
Termination:
· 1 of the 3 stop codons is reached (no tRNA with that anticodon) BUT tRNA at the P site is still attached and you need to get rid of it (need something to occupy site A) 
· Release factor (RF) protein occupies the A site, allowing the enzyme in ribosome to cleave it off the tRNA beside it in the P site, which promotes the last peptide bond formation and translocation (polypeptide is now free because of that cleave and snakes out of the ribosome)
· Peptide is released after translocation of ribosome 
· RF promotes the separation of the ribosomal subunits which can reassemble again if need be with another mRNA
· Where does the empty tRNA go? It will be reused with the same complementary amino acid in another case of translation
· What happens to the release factor? It will stay present and available in the cell for another translation
· What happens to each ribosomal subunit? Will be returned to the pool of subunits and will also be reused 
· What happens to mRNA? Can reuse it more than once for other translations, once the cell decides it is done using it, it will be taken away for degradation 
· If you have a defective mRNA and is made into a protein, the protein will be inappropriate and factors will take care of that 
· How many different aminoacyl-transferases and tRNAS are there? 20 different aminoacyl transferases (20 different amino acids) and 45 different tRNAS 
· How do you make sure the tRNA and amino acid that are bound together are appropriate for each other/ the right one? The attachment between the enzyme and aa is specific to the amino acid (only one enzyme matches each amino acid)
Polysomes (polyribosomes):
· More than one ribosome working on the mRNA at a time (usually when you make more than one protein) 
· They are all reading and translating the entire sequence of mRNA.. therefore you get numerous copies of the same single mRNA 
· An mRNA can be translated by more than one ribosome at a time which gives rise to multiple polypeptides 

Can transcription and translation happen at the same time in eukaryotes? NO, because they both happen in different compartments of the cell (transcription = nucleus and translation = cytosol)
What about prokaryotes, considering they don’t have a nucleus? YES
Prokaryotes:
· In the absence of a nuclear membrane, and since the mRNA always mature, transcription and translation can occur simultaneously but wont always
· Makes them so efficient!!! 
Ribosomes:
· Remember, proteins are matured in the ER and Golgi
· Soluble protein (that will remain in the cytosol) will be translated using free cytosolic ribosomes 
· What about proteins to be secreted or transmembrane protein?
· How do you make sure the peptide gets from the cytosol to inside the ER after it has finished translation? You need some way to isolate the protein to protect it from the hydrophobic cytosol
· Should you do this while translating or after youre done? BEFORE.. co-translation occurs at the same time as translation (the process of getting the protein from the cytosol to the ER through its membrane)
Co-translation:
· During a translation (once you have enough amino acids sticking out of the ribosome, they are accessible and are in the cytosol, they have a particular sequence.. I NEED TO GET TO THE ER) = a signal peptide.. at the end terminus 
· Proteins in the cytosol (signal recognition proteins/particles) are looking for polypeptides that are emerging from the ribosomes that have this signal peptide, once they find them, they attach to them at the signal peptide (translation is paused at this time)
· Translation is paused until the signal recognition particle can guide the ribosome to the ER membrane where it will bind to a signal recognition particle receptor (this ensures that the ribosome is correctly lined up with an area in the membrane).. lining up the ribosome with a translocating protein present on the membrane
· Once this happens, the signal protein transfers over the ribosome to the translocating protein (peptide is now anchored to the protein on the ER membrane).. translation can now resume (polypeptides continues to grow INTO the ER while anchored to the membrane)** Translocating proteins at the ER translocate things from outside of the ER to the inside
· Just before termination and before release factors dissociate ribosomes, the enzyme present in the translocating protein (PEPTIDASE) cuts between the last amino acid of signal peptide and first amino acid of peptide chain (signal sequence isn’t part of the final protein sequence.. it is only there so the peptide won’t be stuck inside the cytosol.. it is brought into the ER lumen).. Release factor then comes in and terminates translation and the ribosome is now freed inside the ER lumen.   
· What about protein that needs to be part of the membrane (like tyrosine kinase receptors/ligand gated ion channels/ g-protein coupling centers)? 
Transmembrane proteins:
· In addition to the signal sequence to direct translation to the ER, there is a stop-sequence that halts co-translation import
· Translation is completed, but not import; resulting in a new transmembrane protein but is stuck in the ER.. How do you get it do the cell membrane? A portion of the ER membrane will bud off forming a vesicle (inside vesicle is a new transmembrane protein) will go through golgi and will stop at the plasma membrane of cell and will fuse into it to become part of the membrane 
· Once that transmembrane protein has arrived at the plasma membrane, it will NEVER leave 
Chaperons: 
· Very small, protect protein and facilitate the proper folding of nascent (newly formed) proteins, keep protein from being degraded, maintain the polypeptide structure so we can fold it properly, interact directly with polypeptide proteins 
· Large chaperon protein complexes totally engulf polypeptides to protect it and place the polypeptide in a favorable environment (isolated form rest of cell), they also contribute to folding (make sure the protein achieves tertiary structure adequately
· When is it relevant to use chaperons? ALL THE TIME 
How you get things to travel in the cell - Vesicles and cytoskeleton:
· Vesicles travel using motor proteins and the cytoskeleton
· Direction is important  
· What motor protein do you use to get from the ER to the plasma membrane? Microtubules and kinesin  
· Once the vesicles get to the golgi, they will fuse into the golgi (modifications will occur to protein inside vesicle, then at the very end of the golgi (trans and cis face) SORTING OCCURS HERE (based on how you modified your protein in the ER and golgi), proteins are then packaged into vesicles where proteins that are travelling to the same place 
Post-translational modifications:
· Begin in ER, continue into Golgi, they occur after translation is complete
· Modifications are important for folding, sorting, protection and final location/function 
· Glycosylation: add sugar to amino acid side chain.. radical groups (sorting in Golgi; functional), different sugars and different sizes. Which amino acid is easiest to attach sugars to? POLAR 
· Acetylation: add acetyl group to N-term (increases stability)
· Disulfide bond: links S between residues (Cys).. strengthens tertiary structures 
· Lipidation: adds lipids 
· Ubiquintination: adds ubiquitin (targets for degradation)
· What if after modifications you get a protein that doesn’t work? What do you do with this malfunctioning protein? ADD UBIQUIDIN.. leads to degradation ** mitophogy 
· Does degradation happen inside the cell? Yes.. lysosomes.. things that can be reused are recycled
· When travelling from GOLGI to membrane, which pathway will the vesicle take? Along microtubules using kinesin and the microfilaments using myosin. Why not just kinesin? It doesn’t interact with microfilaments.. myosin does. 
Regulation of secretion from Golgi:
1. Constitutive secretory pathway: proteins are sorted into vesicles in the Golgi and move directly to the cell surface and fuse with the plasma membrane (exocytosis), resulting in the release of soluble proteins to the exterior, or incorporation of membrane proteins into the plasma membrane. 
2. Regulated secretory pathway: differs in that the proteins are stored in secretory vesicles that later fuse with the plasma membrane in response to a specific signal
Mutations: 
· Normal mutation: a change in nucleotide that does not have any affect
· Missense mutation: change in nucleotide sequence leads to change in amino acid… this slight change in sequence has a profound impact on structure and hence, protein function
· Nonsense mutation: a point mutation in a sequence of DNA that results in a premature stop codon, or a nonsense codon in the transcribed mRNA, and in a truncated, incomplete, and usually non-functional protein product
· Silent mutation: are base substitutions that result in no change of the amino acid or amino acid functionality when the altered messenger RNA (mRNA) is translated
· Frameshift mutation: a genetic mutation caused by insertions or deletions (indels) of a number of nucleotides in a DNA sequence that is not divisible by three (completely different coding.. completely different protein)
The cell cycle regulation:
· Some cells divide very often [roots (plants), epithelium (skin, intestines), etc.]
· Some do not divide in adults (RBCs, muscles, most neurons)
· During the 70’s the big question was “How does the cell know what to do and when to do it??”
· Checkpoints that look for molecular signals and determine the cell’s fate (go or no go)
· 3 main checkpoints: 1.   At the end of G1 (G1/S checkpoint.. G1 restriction point)..                                                             should have a healthy, large cell.. if not you will not proceed to the next phase 
2. At the very end of G2 (G2/M checkpoint).. DNA and organelle replication should be done. 
3. In the transition from metaphase to anaphase during M phase (M-phase checkpoint) 
· To switch from phase to phase, the cell must be at a certain concentration 
Checkpoints:
· What are these signals the cell is looking for to make the decision? GFs (NGF, EGF, and others) 
· The signalling cascade they activate lead to activation of protein that allow regulation of cell cycle 
· Restriction Point (start): influenced by growth factors, nutrients, cell size and DNA damage
· G2-M Transition: influenced by cell size, DNA damage and DNA replication 
· Metaphase-Anaphase Transition: influenced by chromosome attachments to spindles
· 1. DNA replication checkpoint 
· 2. Spindle attachment checkpoint 
· 3. DNA damage checkpoints (several) “restriction site” 


CDK (cyclin dependant kinases):
· Control cell cycle
· Kinases that depend on cyclins to be activated 
· The levels of cdks and cyclins rise and fall during cell cycle (as well as concentrations).. this controls each step
· They are sorted according to the checkpoint they govern
· G1/S cyclins: bind cdk near end of G1 and lead cell to DNA replication.. in most cells, they promote passage through restriction point in late G1 
· S cyclins: bind cdk during S phase and are required for DNA replication
· M cyclins: promote the events of mitosis 
· MPF (maturation promoting factor) = cyclin + cdk complex 
G1/S restriction point:
· DNA damage - P53 (G0 and cell repair is activated.. once DNA is repaired, it resumes to G1/S OR G0 and triggers apoptosis (also triggering miRNAS))
· P = protein, 53= weight (daltons) 
· P53 triggers apoptosis by recruiting BAD and Apaf1 
· While cell is in G0, P53 triggers miRNA (make silencing complexes, destabilizes mRNA, like fishing rods that catch mRNA to see if they are complementary).. STOPS TRANSLATION so the cell can focus on the  phases of mitosis and fixing what the cell needs to move to the next phase 
The mitotic spindle: 
· Microtubules, each of the attaching to conneticords on each of the chromatids before separation (metaphase), before anaphase the chromosomes need to be separated. How? MOTOR PROTEINS .. walk on microtubule carrying the chromosome to centromere
· Microtubules are shortened when they’re job is done (bonds are broken between subunits.. ionic bonds/hydrogen bonds/NO COVALENT) isn’t sufficient.. that’s why you need motor proteins.. they walk back to carry the genetic material to what is going to be the middle of the new cell 
· Is it possible to pass the metaphase point if you weren’t supposed to? YES.. the consequence is that the genetic material to not be evenly distributed (could be genetic issues depending on the cell) 
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