Topic Five: Mitochondria 

Mitochondria are responsible for many physiological functions
· Metabolism
· Response to stress
· Cell Death
· Calcium Storage 
Studying Structure and Function
· Can study from centrifugation
The Objective of Cellular Respiration : Power F0 up 
· In F0 each c subunit forms ionic bond with a rotation 1/10th per proton 
· Quaternary Structure 
· ε and 𝛄  are mobile and linked to F1 unit 
· Circular ring that rotates inside the membrane interacting with the A domain
· Passage of hydrogen ions across the gap created by the c subunit 
· Power the protein  
· Can run in both directions 
· Use proton gradient to produce ATP 
· Hydrolyze ATP to build gradient
· Focus on 
· Glycolysis → cytoplasm
· Kreb Cycle/TCA Cycle→ mitochondria 
· Oxidative Phosphorylation 

Glycolysis ( 2 ATP)
· Use basic nutrients such as glucose and turn it into pyruvate which can get inside mitochondria 
· Power up the F0 
· Side reactions that produce electrons 
· Pyruvate converted to Acetyl CoA 
· Depends on the cell removing end products 2NADH and 2H+ 
· Need to power the ATPase 
· Depends on cells metabolic requirements and on the availability of oxygen 
· Aerobic conditions or anaerobic conditions 

· Outcome : 2 ATP → 4 ATP 
Krebs Cycle (2 ATP)
· 8 biochemical reactions 
· Burn the combustible pyruvate ( turns to Acetyl CoA) to generate ATP 

Electron transport 
· Entirely in the cristae 
· Five protiens → last ATPase Pump 
· 31-34 ATP 
Oxidative- Phosphorylation (F0F1 ATPase)
· Fixed portion (state) and mobile (rotor) 
· When it uses hydrogen gradient down its facilitated diffusion 
· Proton motive force 
· Moves the rotor portion with enough movement to phosphorylate ADP to ATP 
· Hydrolyze ATP to produce ADP against the concentration gradient 
· Active F-Pump 
· Limitations on ATP generation in eukaryotes 
· Entry of electrons from glycolysis into mitochondria 
· Pyruvate must be able to enter the cell 
· Use of mitochondrial proton gradient 
· Oxidative phosphorylation is regulated by supply of ADP
· Exchange ATP for ADP (get ADP in to free ATP) 

When Things Go Wrong
· Get more mitochondria through binary fission 
· Produce different damaging components without healthy hydrogen gradient 
· Oxygen is not being used up to produce H2O 
Mitophagy
· Selectively removes damaged or reduce the number of mitochondria by autophagy
· If energy needs go down
· Pink 
· Kinase that phosphorylates MFN2 allows for the recruitment of Parkin
· Parkin 
· Ubiquitin-ligase 
· Ubiquitination signals phagosomes 
· Recognize and engulfed for the lysosome
Importance of Calcium
· Variety of physiological and biochemical functions require calcium 
· Response to stimuli ( vesicle secretion) 
· Muscle contraction
· Signalling 
· Enzymatic cofactor 
· Closing of stomata 
· Metabolism 
· Calcium is toxic to the cell 
Calcium Regulation
· Concentration gradient 
· channels / transporters
· Binding proteins
· Compartmentalization 
· Replenish reserves 
Why (and how) do cells die?
· To regulate growth 
· Too many for the organism to sustain
· Protection from virus/pathogens or damaged cells 
· Replace with newer cells 
· Essential part of development ( ie tadpole to frog) 
What are the triggers of cell death?
· Chemical messengers (Growth factors, mitogens (cell division) and survival factors)
· Stress (toxicity or damage)
· Cell cycle checkpoints 
Cell Death : Necrosis vs Apoptosis 
· Rise in intracellular calcium concentration 
Necrosis 
· normal cell → reversible swelling → irreversible swelling →  disintegration 
Apoptosis 
· normal cell → condensation → fragmentation of DNA → apoptotic bodies 
Necrosis: The calpain-cathepsin pathway 
· Calpain becomes activated (calcium-dependent protease) which degrades the lysosomes membrane causing rupturing the and release of digestive enzymes 
· Proteases are enzymes which digests enzymes bonds 
· Cathepsin is in the lysosome and is not very active in the acidic pH 
· When released from lysosomal pH is higher and becomes active
· Destroys everything in cytoskeleton that is protein based  
· Membrane cannot maintain proper conditions and becomes fluid and ruptures 
· Collateral damage to the neighbouring cells which can can be a trigger for them the undergo necrosis 
Apoptosis
· Chromatin condenses → shrinking of cytoplasm and cytoskeleton becomes disassembled 
· Nuclear envelope fragments and enzymes are activated to ladder the DNA (cutting into small chunks) → dissolves 
· Blebbing from the loss of adhesion to neighbouring cells causing cell fragmentation 
· Apoptotic bodies are picked up by neighbouring cells and phagocytosed 
Phagocytosis 
· Asymmetric distribution of plasma membrane is lost 
· Phosphatidylserine is found on inner leaflet becomes exposed on the outside 
· Cell becomes marked for phagocytosis carried out by macrophage 
· Spontaneous - bidirectional no energy required
· Flippase - outward or inward movement requiring ATP
· Scramblase - bidirectional, nonspecific used for phosphatidylserine 
· Requires activation from Ca2+ and caspase
· Two main apoptotic signalling pathways
· Intrinsic (focus for this course) and extrinsic 

Apoptosis in C. elegans - first observed apoptosis in a nematode with human homolog genes 

Caspases 
· Family of proteases ( enzymes that cleave proteins) 
· Split into initiator (CASP 2,8,9,10) and executioner ( CASP 3,6,7)
· Inhbit
· Protein kinases - disrupt cell adhesion (blebbing)
· Lamins - disassembly of nuclear envelope 
· Cytoskeleton - change shape and size (condensation)
· Active
· DNAse - fragments the DNA (laddering)
· Cytochrome C is abundant in mitochondria and when released the DNA becomes fragmented 
· Inner membrane cristae changes shape and permeability pore facilitates releasing 
Role of Mitochondria in Apoptosis 
· When triggers are too present they initiate an irreversible cascade 
· Bad becomes dephosphorylated which activates the protein
· Inactivates Bcl2 which keeps the cell alive (anti-apoptotic) 
· Activates Bax/Bak/Bad ensures the cell dies 
· Cytochrome C is released and binds Apaf-1 and Caspase 9 (initiator caspase) form a complex called apoptosome 
· Apoptosome activates the other caspases  (executioner caspases)
Importance of Calcium
· When calcium begins to rise it gets packed into the mitochondria and ER
· During stress the ER releases calcium via IP3-gated channel (RyR) 
· Mitochondria absorbs Ca2+ to protect from toxicity 
· Excess Ca2+ in mitochondria leads to pore 
· Bcl2 inhibits IP3 (stopping the release of Ca2+) 
· BAX/BAK actives IP3 (promoting the release of Ca2+)
Mitochondria stays to the end in apoptosis 
· Manages the entire process of apoptosis 
· Scramblase is ATP dependent 

Topic Six: Cell Communication and Signal Transduction

· Signal transduction is when the communication mechanism is initiated, it how the message is interpreted by the cell ( implies a chain of events within the cell to respond)

Steps to signal transduction
· What is the nature of the message 
· Who sends the message? How? Where is the message sent?
· How is the message received 
· Cell needed to be able to receive the chemical messenger from receptors 
· Nature of the message influences where it is delivered 
· Interpret the message, relay the message and set up a response 
· Message is amplified (key step)
· Act upon the message, what is the outcome 
Indirect Cell Communication Paths
· Gap junctions and plasmodesmata is direct communications 

Step One: Chemical Messengers - 6 classes 
· Their structure will determine
· Their chemical properties (hydrophobic vs hydrophilic )
· The communication path taken to reach the target cell
· Their mode of action/ interaction with the cell and receptors 
1.Steroids
· Derived from cholesterol 
· Lipophilic : cannot be stored in vesicles (Endocrine pathway)
· Will diffuse OR be bound to a transport protein that will not make it across the membrane (keep inside)
· Membrane permeable can reach intracellular receptors 
· Protein carrier 
· Receptor within the cell in cytoplasm or nucleus
· Once steroid binds together they exert the cellular response 
· Act as gene transcription factors
· 3 classes: Mineralocorticoids (regulation of minerals and water content) Glucocorticoids (cortisol (stress)) and Sex Hormones
2.Eicosanoids
· Derived from phospholipids (Arachidonic Acid)
· Converted by enzymes giving two pathways (classes):
· Prostaglandins (pain) and Leukotrienes (inflammation)
· Lipophilic
· Used by cells locally 
· Preferred path is autocrine and paracrine
3.Peptides/Proteins
· Hydrophilic
· Packaged in secretory vesicles ready to be secreted when a message is received
· Packages in inactive form
· Enzyme and protein are packed in the same vesicle	 
· Activation through cleavage 
· Acts on neighbouring cells
· Some embedded in the membrane and sent to the plasma membrane
4.Amines 
· Have an amine NH2 group 
· Hydrophilic : easily packaged in vesicles 
· Reserve pool ready in vesicles
· Neurotransmitters ( epinephrine)
· Thyroid hormones (are hydrophobic)
5.Purines
· Derived from adenine or guanine 
· Need a transporter or can use exocytosis 
· Mainly use paracrine and endocrine paths
6.Gases
· Very small molecules
· Do not need transporters use passive diffusion
· Relaxation of smooth muscle cells depends on signal transduction using gases 
· Direct and indirect pathways 

Step Two: Receiving the message 
· The interaction with the receptor is the first level of discrimination (sets the path to the cell’s response)
· Ligand (messenger) binding will induce a change in conformation of the receptor 
· Transmembrane receptors are part of the membrane they bind on the extracellular domain and the ligand never enters the cell 
· Acts as a trigger for the next phase : signal transduction 
· Area in the protein that can receive and binds the messenger ( ligand binding domain)
· Membrane is packed with transmembrane proteins 
· Porins
· Receptors ( can be transmembrane or intracellular) 
2. Certain cells are better are responding to different messengers 
2. Message determines the response 
Receptors - 4 classes 
· Intracellular Receptors (1)
· Integral Transmembrane Receptors 
· Ligand Gated Ion channel (2)
· Receptor Enzyme (3)
· G-Protein Coupled Receptor (4)
3. All have binding site on the extracellular site 
3. All undergo structural changes 
3. All have a way to relay the information inside the cell 
· Receptor activation leads to relaying and amplifying the signal inside the cell 


Intracellular Receptors 
· Can be found in the cytoplasm or in the nucleus 
· Lipophilic or very small ligands will diffuse and reach these receptors 
· The ligand-receptor complex acts as a transcription factor 
· In the nucleus binds the specific areas of DNA ( gene promoter sequence)
· Can activate or inhibit gene transcription
· Ligand and the receptor bound to each other which looks for specific areas on the DNA (response elements ie cortisol response element) 
· Once the sequence is identified the complex (acting as transcription factor) binds to that specific area 
· Transcription is halted or started 
· To initiate transcription is recruits 
Gluccorticoids 
· Cortisol diffuses across the membrane and finds its receptor 
· The receptor is present in the cytosol and bound to chaperone proteins which make it inactive 
· Cortisol binds to its receptors (shedding the chaperones) and two activated receptors form a dimer
· Dimers enter the nucleus and finds the glucocorticoid response element 
· Cortisol is secreted by adrenal glands; involved in stress response and metabolism,
· Caffeine increases the cortisol levels 

Transmembrane Receptors 
· Integral proteins that span the membrane 
· Need to spread the message inside the cell 
· Ligands are mostly hydrophilic 
· Binding of ligand induces a change in conformation that relays the message inside the cell 
· The ligand itself NEVER enters the cell
· Three classes
· Ligand gated ion channels (many types)
1. ligand binds it opens or close the gate changing the flow of ions 	
. Enzyme Receptors (three main classes)
2. ligand binds it activates enzymatic activity on the intracellular side, phosphorylating targets 
. G-Protein coupled receptors (GPCR; many types)
3. ligand binds it recruits a protein that is three subunits the change in conformation allow for relay of message 
Lipid Rafts
· In order to accommodate for the long transmembrane portions the membrane must adapt itself 
· Higher proportion of phospholipid with long fatty acid tails therefore thickening the membrane
· As a consequence the fluidity decreases ( ligand can not change conformations)
· By increasing cholesterol can compensate for a thicker membrane by increasing spacing 
· Sphingolipids and cholesterol form highly ordered microdomains or rafts 
· Sphingolipid tails are longer and saturated 
· Rafts produced in the ER and sent to the plasma membrane
· Organize and cluster proteins to function together (receptor mediated signalling)
Membrane Potential 
· Membrane is more permeable to certain ions 
· The uneven distribution of ions creates potential energy (Em) : measured in mV
· When channels open/close changing the ionic distribution, PE from the gradient of ions, and therefore membrane potential 
· Resting membrane = steady state ( -70mV)
· Can use the energy to relay information (action potentials)
· Voltage gated ion channels 
· Need to restore back to the resting state
· Active transport against the concentration gradient

TM Receptors 1: Ligand Gated Ion Channels 
· All have extracellular ligand domain and they all change shape to open or close a channel 
· Very important for neurotransmitters
· Some are not sensitive the ligand binding but to the change in voltage
Acetylcholine: 
· ACh is a very important neurotransmitter for muscle contraction
· Can be excitatory or inhibitory (depending on receptor/cascade) 	
· Synapse is a connection between two cells
· The cell sending the information is the presynaptic cell (neuron)
1. Neurons at the end of axon have terminal portions which release the neurotransmitter because of the action potential
1. When it reaches the end it is converted to a chemical messenger
. The cell receiving the information isi the post synaptic cells 
Ach Ligand Gated Ion Channels 
· Two acetylcholines to bind to each of the alpha subunits in the receptor 
· Induces a change in conformation which opens the gate (or pore) and lets ions through; mostly Na and some Ca2+ into the cell and some K+ goes out 
· Sodium changes the membrane potential or electrochemical gradient giving the opportunity for an action potential 
· Occurs as long as ACh is bound to the alpha site 
1. Action potential is travelling down the axon and is propagated to the terminal button
2. Triggers the opening of voltage-gated Ca2+ channels open letting in calcium which binds to the surface of vesicles and transmembrane proteins
3. Ca2+ triggers the release of ACh from the vesicles by exocytosis delivering ACh to the synaptic cleft
4. ACh diffuses across the space the separates the nerve and muscle cells binding with receptors on the muscle cell membrane
5. Changing of conformation allows for a large amount of Na flows in and K flows out 
6. Local current flow between depolarized end and adjacent membrane 
7. Na+ flow in allows for action potential to open voltage gated channels 
8. Increase in membrane potential is coupled to another type of voltage gate on sarcoplasmic reticulum allowing calcium to be released. Calcium binds to troponin changing its conformation pulling on tropomyosin which is wrapped around the microfilament to block the myosin binding site which shortens the actin
9. Must get rid of the neurotransmitter → acetylcholinesterase breaks down ACh closing the ion gating channels and reversing everything and terminating the response 

TM Receptor 2: Receptor Enzymes 
· Intracellular catalytic domain acts as an enzyme
· Enzymatic activity → targets go to it 
· Initiates a cascade of phosphorylation-dephosphorylation that amplifies the ligand’s impact on a target cell 
Tyrosine kinase enzyme receptors (Tyr-K, RTK, Track)
· Largest family of enzymes 
· Phosphorylates proteins with tyrosine
· Ligands that bind are growth factors 
2. Insulin and other growth factors 
· Outcome is pathways involved in survival, growth, proliferation and metabolism 
· Activation requires dimerization and autophosphorylation 
. Requirement for enzymatic activity 
· Can produce the secondary messenger (relies information into the cell)
. Ras
· Signalling is initiated via an area called SH2 domain 
· Each receptor comes in an inactive monomer transmembrane protein with a binding site for growth factor 
. Attracted to another monomer with a growth factor and dimerize
. Now have the ability to open up the area on the cytosolic side and autophosphorylated 
· Proteins with SH2 domains able to interact with the phosphorylated tyrosines
. RAS does not have SH2 domain and needs intermediates
· GRB2 and SOS two proteins that  together
. Intermediate that allows for workthe activation of RAS 
. RAS exchanges its GDP for GTP activates it (refer to The Ras (MAPK) Pathway)
· Track can also interact with other proteins leading to different secondary messengers
. Phospholipase C (PLC) has a SH2 domain does not need a bridge 
. Activated and can cleave membrane phospholipids producing two things
2. Membrane bound fatty acid → diacylglycerol (DAG)
2. Polar head group → Inositol triphosphate (IP3) 
2. Soluble and able to bind the calcium channel on ER 
The Ras (MAPK) Pathway
· Phosphorylated preferred targets Raf Mek Map kinase ( IRK1 and IRK2) 
· Goal is to activate MAPK which can activate AP-1 
· Plays on the transcription of genes that are susceptible to  the ligands bound to the receptor

Growth factor NGF: Growth vs Death
· Ras pathway leads to the production of BCL2 and maintaining BAD in inactive phosphorylated state 
· MAPK is the transcription factor that leads to BCL2
· Cell does not receive growth factors and triggers apoptosis 

TM Receptors 3 : GPCRs
· Span the membrane 7 times and are monomeric 
· Largest family of receptors 
· Multiple ligands 
· ACh can bind 5 different GPCRs 
· Mediate responses to a diverse range of ligands ( neurotransmitters, hormones, odors, photons)
· Interact with GTP-activating protiens (G-protiens)
· 2 main pathways ( cAMP and PIP (IP3))
· Inhibitory alpha subunits can bind to the amplifier and shuts it down  

cAMP Pathway (Activate PKA)
· Alpha subunit has exchanged GDP for GTP and activates the amplification enzyme AC
· Adenylate cyclase (AC) converts ATP to cyclic AMP 
· cAMP binds the regulatory subunit of protein kinase A (PKA)
· Soluble intracellular protein 
· PKA inactive state has two regulatory and two catalytic bound to each other 
· Active state → phosphorylates different proteins 
· Can activate many different proteins (amplification)
· PKA can go directly to the nucleus and act as a transcription factor 

THE PIP/IP3 Pathway 

· Leads to a rise in intracellular calcium 
· Ligand binds to g-coupled protein receptor changing conformation
· Trimeric G-Protein, alpha subunit is activated 
· Alpha subunit activated the amplifier enzyme phospholipase C (PLC)
· PLC cleaves phospholipids into DAG and IP3
· IP3 (second messenger) allows for the opening of ligand gated calcium channel 
· Leads to the release of calcium may involve binding to calmodulin 
2. Smooth muscle contraction 
2. Learning and memory
2. Metabolism 
. DAG and calcium contributes to the activation of PKC 
3. PKC activates leads production of arachidonic acid 

One Ligand; Many responses 
· Do not want to many ligand (alot of chemical management)
· Ligands that can bind to different receptors leading to different paths 
· Multiple responses 
· Norepinephrine can binds to 3 different receptores 
Coordination of Response
· Insulin receptor (TRACK) end goal it's to activate PKB 
· Favours GLUT-4 being expressed on the membrane 
· Increasing the entry of glucose inside the cell 
· If there is not enough glucose the pancreas the liver releases glucagon 
· Increases glucose concentration in the blood stream
· Binds to the GPCR receptor 
· Phosphodiesterase PDE degrades cAMP therefore not producing glucose 
· Cross-talk to prevent futile cycles
Ending the Response  
· Getting rid of the interaction between the ligand and the receptor 
· Enzymes that come and degrade the messenger 
· Cell internalizing (endocytosis) the ligand receptor complex

Topic Seven: Transcription 
· All cells have DNA (except for red blood cells) 
· Each cells have transcription factors which are proteins that recognize specific areas 
Central Dogma 
· The flow of information DNA → RNA → Proteins
· DNA can replicate itself 
· Reverse transcriptase (RNA and make a reverse copy of DNA) produces telomeres 
Prokaryotes vs Eukaryotes  
· Prokaryotic : no nucleus therefore DNA is readily accessible 
· Transcription and translation occur in the same place simultaneously 
· DNA is directly transcribed to mRNA 
· Can occur any time in the cell cycle
· Eukaryotes : Transcription nucleus and  translation in ribosome 
· mRNA but be matured and fully processed before leaving nucleus 
· Favoured to happen only in G1,G2 of the cell cycle 
Organization of the Eukaryote Gene
· Having different regions and additional portions 
· Coding portions (exons) and noncoding portions (introns) need to be removed
Which Strand?
· DNA is two strands that are anti-parallel
· One is the template strand the other it the coding 
· RNA Polymerase II reads the 3’-5’ DNA template strand 
· 5’ - 3’ strand of mRNA is obtained
· Adding the complementary nucleotides 
How does it get started? - Prokaryotes
· At the beginning of the gene is the promoter
· where the transcription factor and proteins regulating the rate
· Sigma factor recognizes the specific sequences in the promoter region
· Helps position the RNA Polymerase 
· Detaches once transcription has begun
How does it get started? - Eukaryotes
· TBP (TATA box binding protein) binds to the TATA sequence on DNA 
· Positions the helix for the transcription
· Additional proteins (ie AP-1) come and complete the Transcription Initiation Complex
· Positions RNA Pol II to be aligned properly in coding region
· Include transcription factors and regulatory elements 
· Provides stability and allows RNA Pol II to come and start transcription 
· Activators/Repressors - other proteins whose roles are to modulate (speed up or slow down) transcription 
· Immediately upstream is a promoter 
· Further upstream are sequences recognized 
· Activators bind to enhancers 
3. Need to interact with the transcription complex (DNA can fold upon itself)
. Repressors bind to silencers 
4. Also interact with the transcription complex and can halt or slow down 
Initiation
· Within the promoter the TATA Box promoter protein comes first
· Other transcription factors are recruited to align the RNA Pol II
· Form the transcription initiation complex 
· Once everything is assembled can initiate transcription
· RNA Pol II separates the two strands of DNA (helicase ability) in small portions, reads the template and add the complementary nucleotides 
Elongation
· Period in transcription where the RNA is reading the DNA
· Bringing in the nucleotides 
· Building the complementary mRNA
· RNA Pol does not proofread or make corrections
Termination 
· When the end is reached the RNA Pol needs to dissociate from the DNA
· Prokaryotes 
· Rho dependent 
1. ATP-dependent unwinding enzyme at the 3’ end 
. Rho independent (Intrinsic)
2. Rich in GC sequence at the end
2. RNA folds over on itself forming a hairpin creating enough pressure that the RNA Pol is released 
· Eukaryotes
. Specific sequences that differ depending on which RNA Pol 
. End has a terminator sequence allows to recruit another polymerase which adds the Poly A tail in 3’
2. RNA Pol II dissociates 
Eukaryotic Transcript - Pre messenger RNA
· Transcription is complete but modifications need to be done
· Poly A tail is added at the end of termination
· 5’ Cap occurs DURING transcription (methylated Gs) 
· UTR Untranslated regions (regulatory regions)
· Need a complex of small nuclear proteins, small RNAs and proteins
· Recognize sequences that overlap end of exon and the beginning of intron 
2. Job is to cut the introns out and reassemble the exons together 
RNA Maturation: Splicing 
· snRNP : small nuclear ribonuclear proteins, small RNA and proteins form a spliceosome 
· Spliceosome job is to make complementary binding lining at the beginning and end of intron
· Recognize the ends of intron and catalyze cleavage
· Forces the RNA to fold into a loop making it easier to bring the exons together in continuous sequence 
Alternative Splicing 
· Introns give the opportunity to have different combinations exons
· Multiple products from the same genetic sequence while minimizing size of DNA 
· Allows for the building of different isoforms ie troponin from the same gene
· Extra exons (splice out both introns and some exons)
2. Splicing picks up different combination leading to translation of different structured proteins with the same role
Regulation of Gene Expression - Prokaryotes
· Ability for cells to be able to control when certain genes are expressed, for how long and under what conditions 
· Regulation is achieved through operons; genetic switches that control transcription on/off
· Operons are proteins that interact with DNA in specific areas which prevent or enable transcription 
· Operon consists of the
· promoter the operator and the genes 
3. Genes are under the control of the operator 
3. Important to regulate when certain genes are expressed 
. Operator is a sequence on the DNA that is between the promoter and the gene 
. Repressor protein binds to the operator acting as a block preventing RNA Pol t move along the DNA 
5. Certain conditions in the cell allow for the repressor to become available
Regulation of Gene Expression - Eukaryotes 
· Activators and repressors control which genes are expressed at the rate at which transcription occurs 
· Each cell type in its nucleus has all the genes but does not need expression for all 
· Alternative splicing is post-transcriptional regulation 
· MicroRNA (miRNA) obtained from splicing and short interfering RNA (siRNA) are engineered and introduced into the cell 
· siRNA can bind to mRNA and target to degradation (no translation)
· miRNA is produced the same way that regular mRNA is however its sequence leads to complementary base pairing → hairpin loop
· Hairpin loop is recognized by dicer (enzyme) which prepares the RISC complex by maturing the miRNA
3. Cut the loop portion at the end and keep the duplex bind to dicer
3. Remove one of the strand of RNA 
3. Creates RISC ( RNA Induced Silencing Complex) → miRNA, protein and dicer which looks for mRNA and halts the translation
. miRNA in the RISC complex has a sequence of nucleotides which could perfectly line up to a sequence to any of the mRNA
4. Can line up and form a duplex still attached to RISC and dicer cleaves nucleotide
4. If not 100% match it will keep the mRNA and not do anything, therefore, it is not being translated however at some point the mRNA will be released unharmed 
4. If 100% perfect match the complex takes the mRNA and sends it to degradation 

Topic Eight: Translation
· mRNA-directed protein synthesis 
From a mature mRNA to Amino Acids
· 3 distinct regions within the ribosome
· Codons allow for the recruitment of tRNA charged with the corresponding AA
· 3 codons which code for an amino acid 
· Only one AA per codon but many codons per AA 
· Reading frame is determined by the start codon - AUG (Met)
· Reading ends with stop codons ; UAA UAG or UGA 
Oscillation or the Wobble Effect
· Genetic code is degenerate 
· Certain AA are associated with more than one codon - the difference is in the 3rd
· Provides flexibility in the reading sequence 
Exons Correspond to Protein Domains
· Exons are translated in given order - all the amino acids are together in the protein structure creating domains 
· Domains carry out different abilities (ie ligand binding, transmembrane,catalytic) 
Transfer RNA (tRNA)
· Three hairpin loops structure with two distinct areas
· tRNA carry the AA at their 3’ end 
· Recognize the mRNA sequence (codon) at their anticodon region
Aminoacylation: A Specific Pairing 
· Aminoacyl-transferase are the enzymes that allow the amino acid to bind covalently to the tRNA
· Each amino acid can bind to only one specific tRNA and uses a specific enzyme (aminoacyl-tRNA synthetase) 
· Amino acid interacts with the enzyme and needs energy (ATP molecule, remove two phosphate)
· Recruit the tRNA using the anticodon and remove the AMP 
· Now have an activated tRNA that is sent to the ribosome 
Ribosome
· Formed by rRNA and 2 protein subunits (P: 30S 50S E: 40S 60S)
· Can be free floating or associated with the membrane of the ER
· Assembled in the cytosol when binding to mRNA
· mRNA links up with the small ribosomal subunit 
· mRNA is lined up properly to get the correct AA brought in
· Three separate areas which accomplish a different task 
· A (aminoacyl) site : loaded tRNA brings proper AA
· P (peptidyl transferase) site : peptide bond is formed 
· E (exit) site: exit of empty tRNA 
· Translocation is the shift to progress through the ribosome 
· Recruit tRNA, catalyze peptide-bond formation 

Initiation: 
· Met is the first AA and its the only one that goes straight to the P-site 
· eIF initiation factor assists the tRNA to line up the start codon and the large ribosomal subunit to cover
· Energy provided by GTP  
· mRNA is recruited and a large subunit then completes the ribosome 
Elongation

· [bookmark: _GoBack]AA2 is brought and elongation factors help translocate the tRNA from one site to another 
· Catalytic activity in the large ribosomal subunit
· Need to make peptide bond between AA1 and AA2
· Translocation and everything shifts over in position
2. Need to get rid of empty tRNA and free A site 
2. Empty tRNA goes to the E-Site and leaves, the P-Site has trna with growing polypeptide 
· EF releases the tRNA and peptidyl transferase starts to form the peptide bond
. Carboxyl group of polypeptide AA15 and the amino group of the AA16
· mRNA advances to the next codon, E-Site empties and the polypeptide is on the tRNA in the P-Site 
Termination
· Stop codon reached; no tRNA has that anticodon
· Release factor (RF) protein occupies the A site, promoting the last peptide bond formation and translocation to release polypeptide
· Everything disassembles and the components are recycled 
· mRNA meets up with another ribosomal subunit 
· tRNA and release factors are reloaded 
· RNA interference could stop it from being translated again (RISC) 
Polysomes (Polyribosomes)
· An mRNA can be translated by more than one ribosome at a time - giving rise to multiple polypeptides (multiple ribosomes each completing one polypeptide
Prokaryotes
· Do not have a nuclear membrane and the mRNA is already matured
· Transcription and translation can occur simultaneously 
Ribosomes Part II
· Soluble protein (that will remain in the cytosol) will be translated using free cytosolic ribosomes
· Proteins to be secreted or transmembrane proteins are translated as part of the membrane
Co-Translation (Secreted)
· Signal sequence : first ~ 20 amino acids at the N-terminal of the AA 
· Part of what is being translated but won't be part of the final protein
· Must be cleaved at some point 
· If it needs to go through the ER signal peptide is recognized by signal recognition particle (SRP) 
· As translation begins the peptide grows and the signal sequence is available 
· SRP are looking for specific combination of AA are the instruction to let the cell know where the protein goes
· SRP halts translation to direct to the endoplasmic reticulum 
· ER membrane has areas lined with translocator proteins
4. Creates a favourable microenvironment 
. SRP lines up with the SRP receptor allowing for the alignment of the ribosome with the translocator protein allowing for growth across the membrane 
. Signal sequence is handed off to part of the translocator protein signal peptidase which anchors it 
. Polypeptide is anchored forcing along the growth into the lumen of the rough ER
. Signal peptidase cleaves the peptide bond 	
8. When stop codon is reached the protein is completely in the lumen 
Co-Translation: Transmembrane Proteins
· In addition to the signal sequence that directs translation to ER, this is a stop sequence that halts co-translational import (does not influence translation)
· Translation is completed, but not import into the lumen; resulting in a transmembrane protein
· Multiple stop and additional start sequences 
Chaperones
· Protect protein and facilitate the proper folding of nascent (newly formed) protein
· Interact with the growing polypeptide  (smaller ones)
· Create a microenvironment protecting the polypeptide allowing for adoption of tertiary form 
· If it can not be properly folded chaperones also contribute to sending to degradation ( largest ones)
Vesicles and Cytoskeleton
· Vesicles travel using motor proteins and cytoskeleton
· Endoplasmic reticulum → golgi → exterior 
· In order for protein to mature most go through the ER and the Golgi  
· Motor proteins help carry vesicle from the ER to the Golgi where it fuses 
Post-translational Modifications
· Begins in the ER and continue in the golgi after translation is complete
· First is folding creating disulfide bonds involving chaperone proteins 
· Each cisternae in the golgi has specific enzymes to modify the protein 
· Glycosylation : Add sugar to amino acid side chain (key step for sorting)
· Acetylation : Acetyl group to N-term
· Lipidation: Adds lipids 
· Ubiquitination : Adds ubiquitin for degradation
· Two distinct secretion pathways
· Constitutive secretory pathway : as soon as the vesicle is packaged it goes off the the membrane and releases through exocytosis 
1. Unregulated membrane fusion
1. Good for components that need constant replenishment ie collagen 
. Regulated Secretory pathway:  signal such as a hormone or neurotransmitter 
2. Regulated membrane fusion 
Mutations
· Errors during DNA replication or transcription 
· Mutagenic agents (radiation, chemicals, UV)
· Viruses and microorganisms 
· Focus on point mutations for this course 
· Missense mutation : change in nucleotide sequence leads to change in AA
· The change can still results in a functional protein 
· Other times profound impact such as sickle cell 
· Nonsense mutation: nucleotide change which prematurally introduced a stop codon 
· Silent mutation: change in nucleotide still produced the same AA ( wobble effect)
· Frameshift mutation : deletion or deletion of a nucleotide shifting the reading frame.
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