
BIO1140 Notes 



LEARNING OBJECTIVES TOPIC 1: 
·     How did life evolve into organisms and cells? (Review from BIO1130 and/or BIO1109)
·     What are the different types or classes of organisms?
·     What is a cell?
·     What is a cell made of? Define the different features, organelles and explain the roles/functions for each
·     What are the different scales/sizes for cells and organelles?
·     Explain the theory of the cell and the theory of endosymbiosis – can you provide some examples?
·     What are the main groups or types of cells and how do they differ?
·     Understand the different types of microscopy and their requirements for use in cell biology



12/1/17: Lesson 2 
· REMINDER:  do the quizzes AND read the learning objectives before you do the
· WHAT IS A CELL?  MID 1600S
· Robert Hooke; the first one to really put together an apparatus to look at something quite small, which we call a microscope.  Laid down ground work for cell theory
· looked at 
· 1.  corque, they are similar in shape and size, neatly organized (compartmentalization of the cell), coined it celullaue
· how did cell biology from 1600s (simply observing dead plant cells and watching them convert to corques) lead us to tree of life and structure and function of different cell types today? 
· from better tools, better microscopes to answer the question and sharing that information, good communication
· 200 years of observation, writing down what we observe and sharing —> skill as a scientist


· Are there any life forms that exist that do not have any cells?
· Viruses are not living organisms.  
· They require a host in order to be able to reproduce.
· They don’t have cells
· Their genetic material is one or the other.  
· No machinery to produce protein on their own. 
· Don’t have a mitochondria 
· no metabolism and energy to sustain on their own  
· Is this how bacterias and viruses are differentiated? 



· Cell Theory (mid 1800s) 
· All living organisms are composed of one or more cells 
· The cell is the basic structural and functional unit of all living organisms 
· cells arise from division of pre-existing cells 




· Cell Features (Organization of different organisms and organization of different cells)
· Similarities 
· all have the same DNA, not same length, different sequence 
· all have enclosing structures (components)
· walls, membranes etc.
· structure that define their beginning and the end 
· although they may be different
· unique cellular structure 
· same basic chemistry 
· all have lipids, sugar, protein, nucleic acid, and so forth
· metabolism 
· produce or use energy in similar or different ways
· but all use energy
· all need the ability to get rid of waste 
· Differences —> diversity —>  allow them to have defined functions and different abilities (Specialization) —> 
· the ability to join together to form complex organs and tissues,
· the kind of environment they can thrive in
· the different things they can fend off or attack
· Wide range of sizes 
· some organisms have one cell (unicellular) and others have multiple amounts of cells (multicellular)
· many cells forming tissues vs single cells 
· SHAPES 
· some are compartmentalized while others are not 
· some are ciliated and others are flagellated while others are not 
· some have nucleus and organelles and others do not 
· regardless, still have the same DNA
· some have aerobic, anaerobic, and both environments (functionality)
· hard to tell by looking at structure of cells superficially 
· functionality and structure of cell able to define that
· type I vs type II muscle cells, 




· Cell Size and Scale (being able to refer to these without using the textbook, memorize which  one is bigger than the other)
· viruses (in nm range) are smaller than most prokaryotes 
· mitochondria are about the same range and size of prokaryotes by 1 micrometer
· they used to be prokaryotes (theory of endosymbiosis)



· How do you look at cells?
· no need to draw microscope 
· if you were to look at cristae of mitochondria, would you be able to do that with light microscopy?
· can’t really tell what type of microscope you can use for the mitochondria (could be electron or light microscope)
· should ask whether the specimen would survive under the microscope?
· Therefore, not able to look at light microscopy because it can survive?
· Survival of the specimen depends on the heat or the preparation of samples
· Light microscope (micrometer specimen)
· animals and plant cells (eukaryotic cells)
· big organelles (nucelus etc.)
· prokaryotic cells 
· electron microscope should be a go to for something as small as mitochondria
· can look at the following things…
· small prokaryotes 
· viruses 
· ribosomes
· proteins 
· lipids
· small molecules 
· atoms 
· they have shorter wavelength and provide better resolution/shorter distance between two points to object being viewed)
· prepare structure in a manner so that it won’t be able to survive (that cell is toasted)
· being able to look at them at first but the cell would not be able to survive afterwards 
· Differentiation between microscopy
· important to know 
· where the light comes from
· what kind of light 
· how many lights
· only in a sense of if you are looking at a species
·  what microscope should you use? 



· Why are cells so small?
· changes surface area, 
· supply and demand of what a cell needs to survive (e.g. nutrients and getting rid of waste).  
· larger ratio of surface area to volume, harder it is to maintain (talking about one single cell)
· more membranes, volume, internal components to deal with.  Big to manage
· every time something reaches inside and outside of the cell, takes longer for cell to reach equilibrium 
· smaller cells (in the same amount of volume and same amount of space) allows for more efficiency of management of environment 
· having many different cells can have different tasks 
· each cell can manage their environment more efficiently/EFFICIENCY  
· small different ones, less membrane, less internal components, less space, less volume to diffuse across the membrane
· many different compartments (each one being individual) but still working as a team 
· only need fewer nutrients to to manage survival
· one big cell 
· nerve cells can actually reach 1 meter.  
· how does this relate to cancer?



· What next?
· eukaryotes X “n” = tissues/organs
· how do you make sure that the cells don’t separate and split apart whilst you are sitting down and such? 
· through the cytoskeleton.  Microtubules, microfilaments, actin filaments




· The tree of life; 3 domains 
· bacteria and arachae?  
· archaea are more extremophile (adaptable) than bacteria, 
· difference in DNA sequences/nucleotides, 
· different structural elements that provides them with the different abilities.  
· eukaryotes and bacteria?
· Structual dfference in eukaryotes 
· having nuclear envelope, membranes, and other organelles.  Structures that allows them to accomplish different things via specialization



· What elements of organisms can we use to classify them in phylogenetic trees?
· DNA, not the best way to pinpoint exactly where the difference and similarities are
·  despite telling you which group they are within 
· too general 
· RNA
· tRNA (transport RNA), bring the amino acid to the ribosome.  
· mRNA, transcription of the DNA
· *****rRNA (ribosomal RNA), makes more sense to look at the difference between…
· the way different rRNA make proteins are different.  
· Ribosomes are a natural structure and very similar within the same group of species.  (bacteria vs archaea vs eukaryotes —> different ribosomes)
· work same way but not the same size 
· Looking at sequences of rRNA allows you to look for similarities
· *****membranes
· phospholipids, makeup of the membrane is different.  Prevalence of each different type of phospholipids are different 


BOTH membranes and the rRNA contribute to the difference in structural elements; hence, the different functions and environments that organisms have.  


· Prokarya; Bacteria and Archea  
· archaea closer to eukaryotes 
· all about how the cells works, how they are built, and using the genes they have access to to develop the ability and such of the cell 
· structural elements, membranes rRNA etc.
· Eukaryotes; Protists, fungi, plants and animals (watch podcast for this)


· Two main types of cells (***always comparison of these two when going through the lectures)
· EUKARYOTES
· larger (10-100 micrometer or larger)
·  all multicellular (plants, mammalian, fungis),
·  except for protists that are unicellular (e.g. amoeba)
· have membraneous compartments/internal membrane system with specific roles (ER, mitochondria etc.) 
· What does this compartment imply?
· more complex, more specialized to do different things 
· requires more nutrients, more waste, and components for everything to be maintained 
· more genetic information; genomes are larger (linear genomes) —> further instructions to be able to provide these compartmentalizations 
· genetic variability more likely (generalization)
· creation of microenvironment within each organelle so that they are the only ones able to perform 
· not too adaptable, reorganization is much more difficult (Ikea wardrobe, need to take down and rebuild)
· transport system 




· PROKARYOTES
· much smaller (5-10 micrometers)
· have everything packed and very messy internally (one compartment).  What implications does this have?
· everything happens in the same area (cytoplasm), no isolation, no frontier between different areas of the cell
· DNA is in the cytoplasm for prokaryotes; transcription and translation can happen simultaneously 
· circular genomes (also much smaller)
· DNA is quite vulnerable as opposed to being tucked away in eukaryotes 
· can exchange genetic information to other organisms (cannot happen with eukaryotes) —> this was from the reading 
· extremophile/highly adaptable (everything is all over the place and easy to reorganize) 
· no transport system 







· (NEED TO HAVE GENERAL SENSE OF HOW BACTERIAL CELLS ARE BUILT) Typical Bacterial cell; E.Coli 
· no nuclear membrane 
· ribosomes; translation and transcription can happen simultaneously within prokaryotes 
· which is impossible for eukaryotes as they occur in different compartments to he cells.  They happen sequentially within a eukaryote
· cell wall (rigidity and protection)
· capsule (rigid or slimy)
· glycocalyx;
· helps you adhere or travel to different environments 
· same as vili and cilia
· different extra layers
·  allow bacteria to defend itself against the environment from the DNA from being damaged
· vili can help keep different bacterias together for reproduction 
· exchange of genetic material
· cell wall helps protect from adverse change in environment 
· recognition; recognizing similar and compatible bacterias 
· food; travel to reach those nutrients 





· Typical Animal Eukaryotic Cell 
· how to ask the questions about different organelles?
· annotation, description (NEED TO KNOW THE LABELS WELL)
· use the cartoons, but still look at microscopy


· Typical plant cell 
· what strikes us that is different from animal eukaryote cells? 
· size of the vacuole 
· interesting note; vacuole are not bean shaped, make sure the cells retain their structure, need to adjust accordingly to the cells 
· need to change shape to accommodate the structure of the plant cells 
· turgor pressure
· chloroplast; should be able to identify them on the cartoon 
· cell wall
· *Sort all the information that you need 
· don’t amass all the information before the midterm 


RIBOSOMES 
· are they organelles?  they are made in the nucleolus*****
· YES AND NO
· not an organelle per say, and ribosomes do not have membranes 
· definition of an organelle 
· requires for them to have membranes and have functional compartments (which ribosomes have)
· ribosomes are on the fence
· not going to ask them to pick a side, 


QUESTIONS TO ADDRESS FOR FINAL:
·  Being able to differentiate which cell types have certain organelles or structures and which don’t 
· Being able to identify what the structures are and the roles that they have within the cell 
· Differentiate the general differences between a prokaryote and eukaryote 
· What is the relation between rRNA and the size of the ribosome in terms of producing proteins in different ways?
· Describe and argue the theory of endosymbiosis (seaslug etc.) and provide examples of them 
· Description different organelles (eukaryotes and cellular features of prokaryotes)
· how it is built, features, structural components, what is housed in it, what happens?  
·  IF and WHY are the amino acids polar?
· 












16/1/17: Lesson 3
· Do the DGDs
· Where does transcription occur?
· Transcription: Using DNA to make mRNA 
· happens in the Nucleus
· mitochondria; they are also correct, there is mitochondrial DNA and RNA.  It has its own DNA because it was prokaryotic before (formed from bacteria)




· Nucleus 
· protects the DNA (genetic material)


· Where does translation occur?
· red dots on rough ER (ribosomes) —> most correct 
· most of translation found on rough ER
· name given as rough due to ribosome’s presence making it studded 
· free ribosomes, in the cytosome, not ribosomes bound to rough ER
· proteins that are meant to be secreted within the cytosol are made from ribosomes that are free floating within the cytosol
· some translation still happens in the mitochondria 




· Endoplasmic ER (Smooth)
· synthesizes lipid for cell membranes 
· gets rid of cellular toxins (enzymatic conversion of certain toxic molecules)



· Golgi Complex (“dispatch of post office”)
· chemical modifications and last folding of protein (post-translational modifications)
· glycocylation, acetylation, lipidation, difulside bonding etc.
· quality control
· packaging into proper vesicles of protein to be dispatched to final destination


· Lysosome 
· degradation of waste products 
· rupture of lysosome causes cell death (necrosis)
· Digestive enzymes —> attractive feature, very acidic, 
· If the lysosome is ruptured, the acidic content and digestive enzymes are released within the cell 
· some are not as functional in neutral pH and become inactive or much less active 
· while others remain active and start chewing up interior of the cell 

· Mitochondria
· exception features of mitochondria other than energy powerhouse of the cell 


· Chloroplast 
· one type of plastids
· plastid = any of a class of small organelles, such as chloroplasts, in the cytoplasm of plant cell, containing pigments and food 
· other types of plastids include…
· amyloplasts = storage of starches 
· chromoplasts = colour pigments 
· going to focus on this when we talk about metabolism 



· Organelle and process responsible for plant looking sad and dry 
· turgor pressure vs osmosis (central vacuole)
· tonoplast
· the membrane that surrounds the central vacuole
· responsible for filling the vacuole with water and press it against the cell wall to keep the structure of the plant cell
· tonoplasts keep tension on the vacuole by exerting pressure on vacuole to change shape and size 
· if an adequate amount of water isn’t present, then the turgor pressure would not exist and the plant could die just like the way it did 
· osmosis can still occur but it depends on the central vacuole exerting turgor pressure on cell structure 
· even if osmosis occurs, turgor pressure is what defines the structure of the plant cell. 

· Cell Wall 
· plasma membrane + cell wall 
· cell wall makes it more difficult to diffuse
· plasmodesmata; pores on the wall, very small, limited to few compounds going through the cell wall 
· nutrients (CO2)
· glucose and water
· cell to cell communication 
· proteins won’t be able to go across.  
· IONS would go through and are essential in getting message from one cell to another 

· REMINDER: use a table to build a list 



· What distinguishes eukaryotes form bacteria and archea?
· 1.  Nuclear envelope (membrane separating DNA from rest of intracellular components) 
· 2.  compartments with specific roles
· Structural element, rRNA, membranes etc.
· Eukaryotic cells, have some form of area (energy-transforming unit) in the cell to transform certain molecules into energy 
· whereas prokaryotes do not (as evidenced by theory of endosymbiosis), they needed to rely on other organisms to provide them with energy 
· could this be key to evolving from common ancestor?  Yes 





· Name 2 things you can observe in cells that support Theory of Endosymbiosis 
· Mitochondria and chloroplasts 
· they are the same size and shape as prokaryotes (another thing) 
·  contains its own DNA and membrane (one things), own genome and machinery for translation


· Theory of Endosymbiosis 
· when a cell (what is the name of this?) lives, survives, and relies on the environment of a host via extraction of nutrients and such.  It creates a symbiotic and synergetic relationship between the two organisms to obtain the efficiency to survive.  
· Transitioning from a prokaryotic cell to eukaryotic cell 
· purpose: to improve in terms of efficiency and be able to produce own energy
· to do so, must convert itself into more complex form of living functional unit 
· the cells slowly and surely engulf aerobic bacteria (endocytosis via invaginations of the plasma membrane)
· invagination of plasma membrane synthesizes endoplasmic reticulum and nuclear envelope 
· aerobic bacteria =  independent, able to produce own energy via oxygen
· Now they are symbiotic, share together.  Host and prokaryotic cells.  Sharing the ATP.  
· The goal of the prokaryotic cell is to get a source of energy (ATP), not sugar, oxygen, or lipids  
· Cells start evolving and becoming more complex, starts developing other features (produce its own energy)
· Synthesizes mitochondria.  
· observe and collect these types of EVIDENCE OF ENDOSYMBIOSIS and divide them*****
· morphology, pretty much same shape and size 
· binary fission: reproduction, reproduce same way
· binary fission = common form of reproduction within prokaryotes 
· fully grown parent cell splits into two halves
· DNA molecule dividing to form two DNA molecules 
· Cell membrane divides to form 2 daughter cells 
· mechanism very similar to eukaryotic cells (mitosis) 
· genome, 
· own circular mDNA and cpDNA
· proven by mitochondrial and chloroplastic DNA.  (circular shaped)
· transcription and translation:  
· machinery is in place.   However, not responsible for general transcription and translation of cell.  Production of mRNA and such that are specific to that organelle (mitochondria)
· electron transport; 
· double membrane.  what was appealing for the prokaryotes in the first place to engulf the bacteria.  Prokaryotes produce energy in the membrane thats why they have double membranes  
· sequence;
·  both sets of DNA line up perfectly on tree of life. 
·  Mitochondria = proteobacteria 
·  Chloroplast = cyanobacteria



· Example of Endosymbiosis
· Gut bacteria, helps digest 
· we maintain the bacteria by giving access to lots of materials 
· Certain insects
· host bacteria to help them digest part of the branches to nest, depending on insect.  
· Finding Nemo
· the clown fish and the amenime  
· Nemo and the reef
· Angular fish and bioilumescent bacteria; the light comes from fluorescent bacteria
· how is that beneficial to the bacteria?
· gives it space to live 
· protects it from predator 
· how is that beneficial to fish?
· draws in food, able to hunt for lunch 
· What about today?
· Algae and salamander eggs 
· kleptoplasty; klepto for stealing, plasty for plastid of chlroplast and mitochondria 
· Sea slug discourages other species from eating the plant.  The only benefit for the plant.  
· unfortunately, the slug steals all the plastids of chloroplasts 
· not mutually beneficial for both —> kleptoplasty

NOTE: Should be able to explain and give examples of endosymbiosis.  Can use sea slug or come up with other examples.  Be able to argue.  

THE DIFFERENCE BETWEEN ENDOSYMBIOSIS and SYMBIOSIS 
	-  angular fish and bacteria; both living together; endo, two organisms making it through life as one.  endo means within 
	-  symbiosis, both could separate and join up and become mutually beneficial.  E.g. Birds and the Rhinos, bird flies around comes back helps the rhino out and in return the rhino helps the bird out.  









19/1/17: Lesson 4
· Highlighted words; particular areas where students struggle the most (tough questions)

· Question 1
· key word: class 
· memorize the essential features of the structure well 
· this was a carbohydrate 


· Important Macromolecules in biology 
· fatty acid: 
· hydrocarbon backbone + carboxyl group 
· nucleic acid: 
· nitrogenous base, sugar, phosphate group 
· sugary or carbohydrates:
·  simple carbon backbone molecule with OH or O at the end 
· protein:
·  amine group, carboxyl group, side chain (multiples of them)


· Macromolecules in a cell (pay attention to where they are and what they do)
· interaction between macromolecules
·  cohesive work
· give the cell the opportunity to do tasks that a single macromolecule cannot accomplish unless it is functioning with one another 
· structure, location, function —> the relationship between these things
· Proteins are placed in certain areas of the cell due to their structure 
· (why some proteins are embedded within plasma membrane and others within the cytosol)



· Carbohydrates
· arranged linearly, each glucose molecule is either in alpha or beta position 
· beta position —> cellulose —> rigid structure, used in cell wall 
· alpha position —> amylose —> prefered starch for storage in plants 
· does not include plasma membrane fluidity
· fluidity is by the amount of cholesterol found in the membrane 
· glycoprotein, carbohydrate interact with protein for cellular communication and recognition 
· Why can’t carbohydrate be involved with the fluidity?
· because of caborhydrate's structure 
· carbohydrates like to be in a hydro-soluble situation, they won’t survive within a lipid-soluble environment
· they can’t go in between the lipids and influence the dynamics of the structure 
· how is a structural aspect of outer membrane?
· glycolipids, formation of the cell wall of plant cells 


· Lipids 
· 4 groups 
· fatty acids and tryglycerides 
· fatty acids pretty much self-explanatory 
· triglycerides 
· consists of 3 fatty acid chains plus a glycerol backbone 
· thermo-regulation within adipocytes 
· able to adjust the saturation level of the tails 
· hydrogenation = adding double bond 
· condensation = removing double bond 
· phosphoglycerolipids 
· amphipathic 
· two vs three fatty acid chains of the triglyceride molecule 
· glycolipids 
· steroids 






· Question 3
· electronegativity = the indication of whether the distribution of the electrons within the molecule are equal or not  
· greater than 1.5 = ionic bond 
· greater than 0.2 but less than 1.5 = polar covalent 
· 0 to 0.2 = non-polar covalent 
· it is nonpolar, because all the electrons are equally distributed.  If it was H2O, there are still free electrons within the oxygen that are not shared.  
· the difference in electronegativity is not very large 
· will not have one of them having an uneven distribution 
· Why do we care about electronegativity/polarity?
· cell is surrounded by aqueous environment
· want to make sure that it is able to take care and control of what is going through the membranes
· for instance, plasma membrane proteins, only permeable to certain ions and electrolytes
· due to different composition on the interior of the proteins
· different side chain groups = different elements, therefore have different interactions and functions!
· polarity will be important for protein folding, which identifies what its function is
· determines what type of solvent it can dissolve in. 
· e.g. dehydration rxn to create peptide bond of the amino acid to create proteins (polypeptides)
· certain ion or atom on the amino acid getting pulled away by O groups of H2O 
· Concentration gradient, especially within ETC.  
· membranes and phospholipids (polar end and large non-polar tail)
· ***going to determine where a certain molecule can find itself within the cell and help contribute to the structure, microenvironment, and help accomplish certain functions 
· structure, location, function****




· 20 Amino Acids 
· Compare and sort them to deduce which ones are polar and why in terms of their structure.  
· the backbone of all 20 amino acids are exactly identical
· made of amino group, central carbon, and a carboxyl group 
· calling the carbon asymmetrical because cleaving it down the middle, each group would be different
· except for glycine, a symmetry is seen as the R group only consists of H
· the order of where the structures are very important 
· “the radical group”, different portion of the amino acids 
· side chain of the 
· Nitrogen provides polarity/electronegativity on the backbone as well 
· What are the elements that contribute to the polarity of the amino acid?
· R Group, if you are comparing amino acids between one another 
· backbone, electronegative elements there?  Nitrogen and oxygen contributes to them 
· nitrogen has higher electronegativity than carbon despite of the amount of full orbits that it has
· oxygen contributes due to the single bond.  It has an extra electron that is very reactive 
· electronegativity of the backbone are all the same 
· E.g. Glycine 
· no uneven distribution of the charge 
· E.g. Histidine
· very polar due to the nitrogen groups that are observed within the side chain as well as the backbone 
· E.g. Tyosine 
· although there is an even distribution through the benzene ring, the oxygen is not just pulling the electron along the carbon but can essentially tap into entire benzene ring.  
· double bonds contribute to the polarity but it depends on the context and the environment
· tryptophan, evenly distributed, nonpolar 
· tyrosine, OH group plays around with the distribution of electron cloud 


Relationship between pH and electronegativity (what is it?)
-  pH activates certain enzymes, which catalyzes reactions based on their electronegativity 


· Why is it important to know about amino acid’s polarity?
· depending on which sequence of amino acid, it predicts how your protein will fold and the shape 
· the shape provides the function 
· function, location, structure
· long proteins (muscles) vs globular proteins (hemoglobin)



· Slide 10 Question 
· comparison of different amino acids, backbone should be ignored.  Only focus on the radical group 


· Proteins 
· Unit of measurement for proteins: Daltons (Da); 1H = 1Da
· 1 amino acid = approximately 110 Da
· all bound the same way; peptide bond, covalently 
· always combined through dehydration
· the end product will always have a neutral charge 
· the end product will always have an amino group and carboxyl group at the end 
· the radical groups are pointing in the same direction 
· What is the significance of having a carboxyl group and amino group on each end all the time?
· THERE WILL ALWAYS BE A BEGINNING AND AN END
· will be able to determine which amino acid was started off with 
· peptide always has a proper orientation
· that is why there is a proper orientation in genes (beginning and end of mRNA corresponds to beginning and end of protein) 
· based on your DNA, mRNA (gene), there will always be a sequence 


· Levels of Protein Structure 
· primary vs secondary structures 
· Secondary structure 
· occurs when there is more than approximately 20 amino acids 
· the side chain groups would start to pull on the backbone and face outwards
· depending on the proportion of non-polar and polar amino acids, it causes two changes 
· alpha-helix
· more fluid and flexible, higher proportion of polar amino acids 
· formed via hydrogen bonding between NH and CO groups on polypeptide chain 
· beta-pleated sheets; more rigid and folded, higher proportion of non-polar amino acids  
· secondary structure is where you start to get a shape imposed because of the length 
· radical groups interaction causes protein start to fold over itself 
· interaction could be linked by hydrogen or disulfide bonds that helps strengthen the third level of folding 
· doesn’t lose alpha helix and beta pleated sheet structures 
· Tertiary structure (alpha helices or beta pleated barrel shaped) 
· folding of the protein 
· hydrophobic interactions 
· Van-der-Waals Forces 
· Disulfide bonding 
· hydrogen bonds
· ionic bond
· alpha helxes can fold more into a shape that is pleated like 
· these structures are now quite stable and can assemble with each other to form complex structures 
· Quartenary Structure 
· more than one subunit attached to one another 
· Hemoglobin
· two alpha subunits (tertiary structures are the same)
· two beta chains 
· needs to be assembled in a certain orientation that is determined by the shape and the folding of the structure
· this is what allows whether the oxygen can bind to a certain area or not  
· if a certain subunit is changed within an 800 amino acid, then it would not fold properly 
· “higher proportion” of non polar and polar bonds within a protein molecule 
· alpha vs beta helix 
· if you just change one amino acid, the protein would not fold properly.  The protein would not be able to do its job very well 
· hemoglobin is an example
· “structure defines function” even if ther eis one mistake 

· ALP
· Cysteine and Tyrosine 
· secondary structure; polarity, higher proportion of amino acid leads to higher affinity and a helix structure?
· e




QUESTIONS TO ADDRESS FOR FINAL (TOPIC 2):
·  IF and WHY are the amino acids polar?
· Being able to differentiate the polarity of the given molecule 
· are the electrically charged amino acids considered as polar or nonpolar?
· because it has a charge 
· the presence of a lot of oxygen contributes to a very polar electronegativity and uneven distribution 






23/1/17: Lesson 5
· Which microscopy shows this image?
· fluorescent 
· looking at cells that have these recognitions for others?
· markers
· green = microtubules 
· red = actin, microfilament 
· the intermediate filaments are not 


· The Cytoskeleton 
· this is only applicable to eukaryotes NOT IN PROKARYOTES
· function
· supports the membrane 
· scaffolding, anchoring organelles in fixed positions
· compartmentalization?
· internal transport systems for 
· vesicles, pigments, and even organelles 
· generate some strength in order to move the cell and change the cell’s shape and size 
· to capture food 
· to avoid predators 
· does it have a role in cell division? 
· Spindle fibres generated from the centrosomes.   

· Assembly of Cytoskeletal fibers 
· three of them (intermediate, microfilament, microtubules)
· have one common charactersitic; THEY ARE DYNAMIC FIBERS, 
· being able to change shape, extend part of membrane in direction for food, avoid predators, and such
· adapt, grow, and shrink quickly
· What are they made of?
· these fibers only involve hydrophobic interaction bonds that do not involve covalent bonding.  e.g. Van der Waals bonding, hydrogen bonds, ionic bonding 
· because covalent bonds are very strong and requires a lot of energy to break it would not provide any movement 


· Microtubules 
· WARNING: Don’t have helical structure as this is for microfilaments (mixed up with microfilaments)
· originate from a central point, the MTOC (microtubule organization centre) 
· located at the centrosome near the nucleus (at the “-“ end)
· tubulin dimers (only encompasses the beta and alpha tubulins); 
· the basic units of microtubules 
· difference at each extremity of the dimers 
· dimers are made of two subunits (alpha and beta)
· they are structurally the same 
· only difference:  GTP binding site, beta end adheres to GTP much more than alpha end, where it just gets imbedded within the alpha subunit
· this difference provides distinction of beginning and end of the dimers)
· beta = “+” end due to presence of GTP
· alpha = “-“ end due to absence of GTP 
· 
· protofilament, subunits of microtubules
· formed by dimers being stacked on top of one another 
· how do you go from this to a tube?
· create protofilament and stack them beside one another 
· you end up having 13 protofilaments forming together to form a tube 


· Where do you find microtubules in the cell?
· in the cytoplasm
· near the end of the endoplasmic reticulum, adjoined by the endoplasmic reticulum but not within it 
· How far into the plasma membrane do these microtubules reach?
· THEY DON’T all the way to the end of the membrane
· only the microfilaments do 
· evident by the fluorescent imaging provided 
· MICROTUBULES DON’T GO ACROSS ORGANELLES 



· Microfilaments 
· thin fibers, 5 to 7 nm in diameter 
· in a helical structure 
· they are made of two apparent strands of a protein called actin 
· they are in a right hand helix.  
· This is more energetically favourable because you there is more steric hinderance where collision occurs and gives off more energy. 
· also provides more stability 
· they are not two strands intertwined, 
· they are subunits of actin and assembling next to each other in a stagger manner that gives an appearance of a helix
· both these two strands could be formed simultaneously 

· responsible for shearing, twisting, pulling motions b/c of flexibility 
· Do they have positive and negative end?
· YES
· being able to know where to assemble actin
· to give moleucular motor direction
· The two ends are very similar to microtubules in terms of providing direction 
· except they have ATP’s on both ends (much more prominent on the positive end)
· “+” = barbed end 
· “-“ = pointed end 
· in both cases, going to be more favourable for the fiber to grow at the positive end.  Going to be easier to shrink it at the negative end for actin filaments 
· microtubules tend to be anchored from same starting point 

· Side Note: WHAT IS THE RELATIONSHIP BETWEEN FILAMENTS AND TUBULES?
· both very important for structure, organization of cell’s interior, transport 
· microfilaments extend everywhere but much smaller than microtubules (like the fluorescent imaging)
· since microtubulues don’t make it all the way across the plasma membrane 
· if need to transport to something embedded within the membrane or exported out of the cell 
· the relationship come from a transfer, “walking from microtubules to microfilaments”






· Intermediate: third and last 
· various different proteins/monomers (e.g. all keratin-like proteins, in alpha helical structure) —> dimer (coiled coil), when two monomers form together, this is non polar  —> two dimers staggered together tetramers side by side  (protofilaments)—> two tetramers associate with another two tetramers head to tail —> many tetramers (e.g. eight of them) form in a staggered manner, forming rope-like structures 
· don’’t have charged ends (NO POLARITY; NO ENERGY MOLECULE REQUIRED FOR FORMATION).  Why?
· because they are responsible for forming coiled coils 
· which assemble head to tail essentially 
· there is direction there already 
· don’t have to be oriented in a specific linear manner like the protofilaments 
· bidrectional, antiparallel, both carboxyl and amino groups formed at each end
· essential for the filaments to be able to run in different directions to offer the protection role that it has 
· “Rope” = shoe lace, hoodie laces etc.
· stretch it out, pretty strong
· bunch it out, release it, strong elasticity 
· an analogy to describe intermediate filaments in terms of how protective they are, can find it in the cytoplasm
· how resistant they are 
· has a high elasticity to return to its original conformation 
· Usually extended all the way towards the membrane 
· main focus: to form a cage around the nucleus, being able to withstand the stretching and compression of the cell just like the tensile strength the shoe lace has 

· no way of telling where it starts and where it ends when it is staggered because of amino and carboxyl groups presence at both ends 
· ATP and GTP is not involved when stacking them together (spontaneous formation)



· What is the implication of orientation (polarity) for only its 2 of 3 cytoskeleton fibers?
· provides different function and structure 
· direction for transport of materials around cell
· direction of cellular movement 
· molecular motors are usually recruited based on the difference in extremity, the polarity, orientation of the fibres etc.
· How are the molecular motors going to know where to go w/o difference in extremity (intermediate filaments)
· Intermediate filaments; mostly structural but they go all the way to the membrane 
· molecular motors do not go on intermediate filaments 
· intermediate filaments don’t even have molecular motors for other molecular motors to interact with 
· intermediate filaments not involved in transport, don’t offer polarity, don’t offer motion.  (of nothing)




· Motor Proteins = Molecular Motors (ONLY MICROTUBULES AND MICROFILAMENTS)
· USUALLY USED TO TRANSPORT ORGANELLES
· Microtubues
·  interact with Kinesins (travels towards positive end; anterogade transport) and Dyneins (goes towards the minus end, retrograde transport)
· families of protein (many different isoforms and all have personal characteristics)
· going to focus on general kinesics and dynes 
· Microfilaments
·  interact with Myosins (once again another family)
· some travel in either direct, reverse direction, some on positive end only.  However, we are generalizing that they travel on positive ends 
· Frogs; different colours because they have different pigmentation profiles.  



· Frog Question (black vs yellow frogs)
· Answer: even pigment distribution throughout intracellular area 
· yellow frog; few pigments concentrated in specific areas 
· black frog; even distribution, even pattern when you have lots of pigments throughout 
· more molecular motors…  (wrong answer)
·  number of molecular motors provides you with increases in the capacity for transportation
· however, it doesn’t mean the pigments would be spread evenly. 
· pigments could still drop in one specific area 
· if there is too many motor proteins, then they would be everywhere and it gets crowded in there
· because of the presence of microtubules and microfilaments there 
· melatonin is a pigment (more predominant in other mammals).  We have more of melanin 




Molecular Motor in action VIDEO
· Saw movement of organelles via motor proteins either in the direction of the positive or the negative end 
· In cells, organelles usually move in bidirectional movements as they have both of the proteins attached to it 
· sudden change in direction, why is it useful?
· due to the sudden change in circumstances of environments 
· there are changes occurring in inside the cell that directs the cell to change the orientation 
· How does it happen in cells with a lot of microtubules?
· bunch of motors switching directions 
· we witness not the molecular motor, but the cargo that is switching direction 
· cargo needs to have BOTH MOLECULAR MOTORS 
· What if the cargo only has one molecular motor but is required to go back in the other direction?
· can switch microtubules and such 
· What happens when you reach the end (plus end, kinesin)
· let it go
· what happens to the cargo?
· it gets picked up by myosin, microfilaments because the vesicle is reaching the membrane 
· lots of handovers 
· “relay racers”, batton 
· Kinesin can only move towards the plus end, what happens to it?
· need to go back towards minus end 
· need to bind with dienin




· Centrosome/Centrioles (organizing structure)
· they are made of microtubules (tubulin subunits)
· centrosome = a pair of centrioles assembled at 90 degree angle like an L-shaped 
· centriole = 9 triplets of microtubules assembled in a circular fashion (more star shaped, not perfect circle)
· all have negative end and growth at the positive end 
· these 90 degree centrioles can have microtubules radiating throughout the cell and covering most of its volume 
· provides network to cover most of cell’s interior 
· they are the beginning of MTOC (microtubule organization centre, where the microtubules and shit are formed)
· these structures can change and serve as an anchor for cilia and flagella 



· Cilia and Flagellum use microtubules to exert different motion 
· made up from the change in structure of centrosomes 
· from the 9 triplets to 9 doublets of microtubules being formed at 90 degrees to one another 
· There would then be a doublet in the middle surrounded by other doublets.  The central doublet is what is responsible for the anchor of the flagella and cilia 
· Cellular motility; the ability of a cell to propel its environment via whip like motion, can also occur within the cell by other mechanisms 
· e.g. cilia on respiratory tract
· Flagella are longer and their structure is the same.  
· they impose more of a wave-like movement 
· contributes to…
· Cellular mobility; to move the cell itself in its environment. 


· Given the structure of cilia and flagella, what would happen if there was no anchor? (as provided by nexin)
· What is the difference between microtubules and microtubule doublets?
· the whole microtubulue vs microtubule doublets 
· Why are microtubules sliding in the first place?
· they are sliding so they could move
· How are they moving?
· there are molecular motors helping with it
· the anchor is at the base of the flagella or the cilia
· Dinine is walking in the opposite direction towards the cell,
·  walking towards negative end with a cargo 
· also walking along the neighbouring doublet 
· if anchored, then it generates a “wave like motion” like cilia and has elasticity to rebound back to its original structure 
· if it is not anchored, both doublets that the dienine require are going opposite directions; stretching them apart.  
· The dinine would just slide away further and further without an anchor 




· Cell-to-cell interactions - JUNCTIONS (Extracellular matrix)
· microenvironment surrounding the cell’s membrane that makes it very functional 
· MAIN FUNCTION: allows cells to interact with each other and the environment
· three types 
· tight junction; 
· proteins from both cells that fuse together, form a link that is very tight and essentially sealed (nothing goes through< not even small ions)

· anchoring junction: 
· plaques of protein interact and anchor cells together
· interaction between exterior of membrane, the membrane, and the cytoskeleton of both cells.  
· different combinations of cytoskeletons (microtublues, microfilaments, intermediate filaments)
· they can form different types of anchoring junctions 
· this depends on which part of the body it is at (e.g. human body skin, has more microfilaments)
· goal: 
·  to anchor the two cells together, not tightly sealed like tight junction, can be some passage of small molecules.  
· Attach these two cells together at many different points to withstand stretching and compression.  
· assemble and form larger structures (tissues and organs)
· this is why the tissues are able to withstand the pressure when we sit down 
· Gap Junctions;
· channels formed by proteins that span the membranes of both cells through a channel 
· allow passage of ions and small molecule —> cell communication 
· the passage is controlled by calciums opening and closing of the channels 
· e.g. Acetyl CoA release triggered by calcium binding 
· channel that could be opened or closed depending on the environment of the cell 
· they allow passage 
· plasmodesmata and gap junctions ARE NOT THE SAME.  
· but they are very similar in terms of functions and roles 








26/1/17: Lesson 6
· ALP: This is an axon; propose a way this portion of a cell can grow (continued..)
· Steps 
· growth of microtubules, where they can exert direction 
· what do we need for microtubules to grow and how are they going to extend?
· Tubulin dimers and GTP
· Membranes need to grow in order to accommodate the stretching of the projection provided by the microtubules 
· where will you get the membrane?
· from the smooth ER where you can build the lipid 
· get more of the membrane via vesicles that bring things to the membrane.  Membrane are not just lipids 
· the cell is continuously secreting peptides and so forth to be shuttled through the vesicle 
· contributes to the replenishing and increasing amount of membrane 
· Need to expand the microfilaments afterwards (contrary to microtubules, have the ability to branch off and make a cross link like at the axon end)
· this gives a lot of strength 
· Need some fluid injected into the membrane
· active and passive transport 
· for that to occur, you need proteins.  The proteins come from the membrane.  
· They get to the membrane through the rough ER 
· goes through the golgi 
· then it needs to be packaged into vesicles 
· dinesin (anterograde and retrograde)
· **** No membrane potential on the midterm, will be discussed on signal transduction 

Membranes - Why have them?  5 Reasons 

-  communication, permeability, organize and scaffold, transport, receive signals 

What are the types of membrane?
· not all of them are identical.  Compositional changes 
· some have additional layers (cell walls, properties and abilities of layers)
· Note: top left picture is a bacteria 
· mitochondria is one of the organelles that has two membranes
· important as it can build the gradient for hydrogen ions
· Specific types of cells have purposes to produce membrane and wrap themselves around other cells.  E.g. Schwann cells, myelin sheath —> synergetic with neuron







Plasma membrane - fluid mosaic model (proposed by Nicholson and Singer)
· fluid part is the phospholipids.  
· embedded with free-floating or anchored proteins 
· We say it this way because all the phospholipids are in movement.  
· None of them are covalently bounded or stay within the same place. 
· some hydrogen bond (dipole-dipole forces) and van der waals forces
· no covalent bonding, very important, want it to be able to shift and move.  
· Note: not having covalent bond does not indicate that it is going to break down.  Always some interaction.
· E.g. cellulose in plants, strings of sugars, none of them are bound to each other.  Only hydrogen bounded.  Same principle
· Mosaic of different proteins - allow various functions (specificity)
· membrane is not only made of phospholipids 
· different molecules (proteins, carbohydrates etc.) intercalated within the membrane and associated with the membrane on the outside and the inner layer 
· leaflets = membrane = sheaths; all synonymous \


· Characteristics that determine fluidity and permeability of membrane (to refrain or facilitate passage of different molecules)
· what type of phospholipid 
· how much protein there is 
· how tightly packed are the fatty acid tails 
· how long fatty acid chain is 
· how saturated fatty acid chain is 
· 






Propose 2 explainations for the different composition of the membrane’s two layers.  
· Need to be different because they accomplish different tasks 
· exposed to different environments and elements 
· ** Structure, location, and function.  
· Outer Layer 
· essential for recognition (carbohydrates, glycolipids) 
· recognize other cells and recognize target you have reached 
· recognize foreign cells and try to get rid of them or destroy them 
· need specific feature (structural elements) to be able to accomplish these tasks 
· don’t need these within the inner layer 
· Inner Layer
· inner leaflet very keen on interacting with cytoskeleton
· interact with certain structures in order for transportation of materials coming in 
· need to be able to interact with carrier proteins (intracellular receptors?) that use the cytoskeleton of the cell in order to transport.  






Fluidity
· TYPES OF PHOSPHOLIPID MOVEMENTS all of the phospholipids are in constant movement. 
· flexion
·  flexing pushes the neighbouring phospholipids through its fatty acid tails
· influences how fluid and permeable the membranes are 
· rotation on their tails 
· laterally diffuse
· cleaving their way between phospholipids and find themselves further down the membrane 
· happen all the time at high speed 
· flip-flop, take phospholipid from one layer to another.  
· Can happen spontaneously in some cases.  Most cases require the need of enzymes and energy —> will be discussed in apoptosis.  
· apoptosis = release of cytochrome C from membrane of mitochondria to interact with capspases
· THESE MOVEMENTS KEEP THE MEMBRANE SYMMETRICAL 



Composition of the lipid layers 
· Fatty acid chains within the interior 
· non-polar; hydrophobic properties 
· this is what creates the limited permeability of ions since a majority of them are water soluble 
· hydrocarbon chain, long, short, saturated, unsaturated 
· unsaturated (double bond) provides a kink that makes the membranes much more permeable than it is 
· the more unsaturated, the more permeable and fluid it is
· can happen in both tails.  Some cases, more than one in the same tail 
· Fatty acid attached to glycerol backbone.  
· glycerol attached to functional phosphtidyl groups as well as functional groups
· functional groups are what differentiates the different types of phospholipids there are 
· phosphatidyl
· ethanolamine 
· serine (-)
· choline
· Sphingomyelin
· Glycolipids, can have 1 or 2 fatty acid, 
· one or two fatty acid tails 
· depends whether it is a glycerol (two fatty acid tails) or sphingosine (one fatty acid tail) backbone
· MAIN DIFFERENCE:  instead of having phosphatidyl functional groups, there are carbohydrates as a polar moiety (the groups that are above the glycerol or sphingosine backbones)
· outer layer
· allows for recognition, protection via antigens
· Sterol 
· 4-ring hydrocarbons 
· present only within eukaryotes
· know the different ones and their different functions 
· ergosterol; fungi 
· phylosterol; plants 
· cholesterol; found in animals and some protists 
· has a very hydrophobic structure with a small hydroxyl group at the end. 
· which makes it easy for cholesterol to place itself among phospholipids (with the hydrocarbons)
· hydroxol group interacts with polar head group (hydrophilic groups interact)
· four aromatic ring would interact with hydrocarbon tails (hydrophobic groups interact)
· What does it do to fluidity?
· decreases fluidity
· changes what can permeate across the membrane 
· makes it structurally intact 
· KEY INFLUENCE ON FLUIDITY: TEMPERATURE 
· as it rises, phospholipids move a lot and fluidity increases because there is more vibration (molecular vibration between phospholipids) don’t want to let the ions go through without control.  
· Therefore, cholesterol acts as buffers and maintain phospholipids in order the keeps the environment, 
· when it is cold, the phospholipids are fully saturated and not fluid enough 
· phospholipid makes space for the cholesterol to be implemented; therefore, increasing the fluidity of the membrane 
· via flexion of the tails?
· keeps it together from collapsing.  It is the buffer.  NO MATTER HOW HOT OR COLD IT IS (TEMPERATURE)
· maintain fluidity no matter what situation 



Properties 
·  Membrane asymmetry 
· graph
· not fixed amount, can fluctuate around due to lateral diffusion and such 
· contributed by different types of phospholipids, different composition (fatty acid, sterol, carbohydrate) of membrane.  
· need to know four names specifically of it 
· don’t need to know percentages 
· Objective; to know that all membrane aren't the same, composition is not the same, and that one phospholipid is mainly or not solely is found within the inner leaflet 
· the different types of proteins are really dependant upon the type of phospholipids that are normally seen 
· e.g. phosphatidylinositol (either for cleaving or signalling cascade on cytosolic cascade) 
· phosphatidylserine (acts as a signalling molecule)
· has a net negative charge on the cytosolic surface of membrane; has a role in cell signalling
· could partly do with permeability 
· e.g. protein kinase C, this protein is largely dependant on the structure and presence of phosphatidylserine on the inner membrane 
· flip-flop
· helps with safe and healthy regulation of he phospholipid layer 
· can flip some of the dying material over to be engulfed by macrophages 
· therefore, membrane itself can communicate with the environment 
· has a role in mitochondria in terms of apoptosis

In summary, the asymmetrical element observed with a membrane is largely contributed by; movement of the phospholipids, types of phospholipids, different proteins seen, the composition of the phospholipid etc.


· Factors that Contribute to Membrane Fluidity
· Temperature 
· high temperature = more fluidity 
· low temperature = more rigid, polar tails tend to accumulate together within the inside 
· phase transition, when the phospholipid changes from being very fluid to a two dimensional rigid crystalline due to a cold temperature 
· CHOLESTEROL and SPHINGO LIPIDS contribute to maintaining ideal fluidity of the membrane —>  POLARITY
· cholesterol’s four hydrophobic aromatic rings immobilize hydrocarbon tails 
· able to suppress further ions from entering the cells 
· in other words, it enhances the permeability-barrier properties of the lipid bilayer
· movement of the bilayer (flip-flop vs lateral diffusion) helps with the fluidity too 
· kinks 
· chain length 
· shorter chain length able to reduce tendency o hydrocarbon tails to interact with one another 
·  


·  Membrane Dynamic
· homeoviscous adaptation
· the ability to change the membrane’s lipid composition in response to the environment in order to maintain membrane fluidity 
· desaturase = an enzyme that introduces a double bond 





NEXT TWO SLIDES COVERED WELL IN THE READINGS.  START FROM SLIDE 17 HERE 

Fish 
· Study composition of the membrane:  
· How does the composition change in response to the environment the organism is placed in in order to maintain constant fluidity, permeability so the cell still gets what it needs?
· ratio between two particular phospholipids PC/PE (choline and ethinolamine)
· structure of the two
· extremely equipped to look at which of the two is most polar 
· ethinolamine (PE) is more polar than choline 
· high ratio of less polar phospholipid, it would be less fluid 
· ratio will change and over time, until they become very smilar - maintain dynamics and fluidity
· take the fish to different environments (hot —> cold, cold —> hot)
· look at how membranes are going to react 
· like waiting at a bus stop in shorts in the winter 




· Terrence question 
· fluid will increase 
· cholesterol (creates buffer, helps improve fluidity)
· PC/PE ratio.  What do you want for this to happen?
· You want to raise the PE and less PC 
· Therefore, you want to decrease it.  But why?
· PE is more polar than PC 
· why do you want to be more polar?  interacts better with the hydrophilic environment and can increase fluidity


· Relationship between cholesterol and temperature 
· if you place cell in higher temperature, becomes more excited.  Must decrease fluidity 
· having too much cholesterol, increases fluidity, increase in sugar, urea, ions etc.  

Why are these proteins in the plasma membrane? 
· protein length on the membranes.  
· Link topic 2 and topic 4 together 








6/2/17: Lesson 7

Beginning slide; 
·  polar proteins will not be easily or won't be possible to be imbedded within the membrane 
· transmembrane proteins 
· what features does it need to be a part of that membrane?
· need to have some hydrophobic aspects to withstand the environment of the fatty acid tails 
· need to have hydrophilic portion that could on extracellular and intracellular portion of the membrane 

Which of the following does not represent a valid protein-membrane interaction?
· CORRECT ANSWER:  Peripheral protein covalently bound to the cytoskeleton
· because cytoskeletons cannot be covalently bounded.  
· If you bind them covalently, it would make them less flexible.  They need to be more dynamic and fluid.  
· They are usually bounded via ionic bonding, hydrogen bonding, van der waals forces 



3 types of membrane proteins

INTEGRAL PROTEINS = TRANSMEMBRANE PROTEINS
· Proteins must have a structure that allows it to be able to span the membrane of the cell (always true for whatever proteins are imbedded within the membrane)
· exterior portion facing the membrane: non polar residues 
· interior: polar residues 
· both the interior and exterior region of the cell are mainly composed of hydrophilic environments
· therefore, need to have polar residues of the proteins interacting with these regions 
· because it has a higher pull and attraction than non-polar residues for transport and such

· associate amino acid to where the peptide can be 
· span the membrane once or more (single pass, double pass or multipass)
· orientation of the peptide could be facing either direction 
· structure of the peptide bond (carboxyl group and amino group)
· carboxyl end and amino end can face either the outside or the inside of the membrane



PERIPHERAL PROTEINS 
·  non covalently bounded to the cytoskeleton 
· intermediary between membrane and cytoskeleton that gives it strength, elasticity, protection
· related to how intermediate filaments are able to provide protective function
· acts synergistically to provide the functions that it could have 
· e.g. red blood cells squeezing through capillaries, they require proteins on the membrane to bind with the cytoskeleton and protect the cell from any damage whatsoever 
· interaction between cytoskeleton, peripheral proteins, and the membrane.   
· quartinary structure, could be formed from different types of proteins that form a complex 
· e.g. RBC, erythrocytes 
· actin, spectrin, ankyrin all responsible for linkage between cytoskeleton of the cell and the membrane 
· interacts with other proteins, membrane, or the cytoskeleton via ionic bond
· usually situated underneath the membrane  
· can be on either side of membrane but never covalently bounded 

NOTE:  COULD ANCHORING JUNCTION BE UTILIZING INTERMEDIATE FILAMENTS AND PERIPHERAL PROTEINS?




LIPID ANCHORED PROTEINS 
· anchored on the outer or inner layer 
· what was the key thing about the two membranes that was talked about in the previous LS?
· they are different.  Membrane is asymmetrical 
· therefore, there would be different types of anchors for different layers because they need to accomplish different things 

· covalently bounded via ONLY to the lipids or glycolipids 
·  the anchors themselves are different whether you or on the outer or inner layer 

· extracellular Lipid Anchored Proteins
· GPI anchors (glycosyl phosphatidyl inostiol)
· phospholipids with a carbohydrate that attaches to the protein that allows for the protein to be anchored to the membrane 
· this anchor is covalently bounded to protein only but not to rest of phospholipids within the membrane
· the protein are only linked to the membrane via the GPI anchor 
· these anchors are used to assist protein in…
· adhesion, recognition 

· intracellular lipid anchored proteins
· lipid and protein anchors (fatty acid or phenyl groups)
· different types of anchors and the roles to play
· assists in…. 
· how it grows (spindle fibres)
· how it sustains its internal activities (cell signals)
· ras and src proteins 



SIDE NOTE:  
· Mutation does not hinder too much of the cell’s adhesion to one another and form tissues from a transmembrane protein point of view .  
· Usually, there are compensations that help 

There are different types of anchors but should be able to recognize which type, where to use them, what properties they have (covalent vs non covalent), and what type of cellular tasks they are responsible for 







HOW DO WE STUDY MEMBRANES?
· Fluoresence recovery after photobleaching FRAP (DYNAMIC MANNER)
· fluorescently label structures they are interested in 
· e.g. phospholipids, label them in fluorescent (green), then you bleach (use laser to bleach phospholipid in specific area), the phospholipid that is fluoresced is quenched/suppressed and it is no longer green.  
· Phospholipids are still there but not emitting fluorescence anymore. 
· let membrane recover and see what happens to the fluorescence 
·  If you wait for them to recover, can see what happened to the fluorescence.   THEY LOOK PRETTY MUCH THE SAME 
· What happened?  Is it because effect of laser dissipated or is it something else?
· it is displaying the membrane’s fluidity
· neighbouring phospholipids; 
· everything in there is able to laterally diffuse and rotate, always in movement.  Nothing is covalently bounded.  
· the phospholipids that have been quenched, as they are moving around, become distributed within non-quenched.  
· All of a sudden, 1 in 20 (doesn’t really matter) enables us to see the pattern before they were quenched 
· can see the rate of lateral diffusion if the movements are measured over time 


·  Freeze-fracture (STATIC MANNER)
· freeze membrane, break it apart, and see what they do 
· when would it be more beneficial to use this?
· gives you exact idea of what is present and such 

[image: ]

MOVEMENT ACROSS MEMBRANES 
·  Nervous system: Action potential 
· potential energy = electrochemical gradient
· potential energy is measured in voltage (V or mV)
· also the difference in charges and concentration between the inner portion and outer portion of the cell 
· membrane creates the potential that is stored and ready to be released 

· ions have a lot of trouble making their way across the membrane on their own relative to water, urea, glycerol, and such 
· water has the highest membrane permeability among all of the atoms/molecules
· the membrane prevents them from passing freely
· understand the concept that nothing goes through with the same rate and ease 
· have an idea of which one is easiest and which one is hardest to go through 




· permeability (presence of membrane, withholding passage) going to create different concentrations on both sides 
· membrane creates the potential that is stored and ready to be released 
· means that there are different gradients = potential energy 
· going to use the energy to be able to shuttle components across the membrane 
· in some cases, have to shuttle them against the gradient 
· e.g. Hudrman, everybody trying to get off and you alone are trying to get on; not too easy.  EXAMPLE OF HOW HARD IT IS TO GO AGAINST CONCENTRATION GRADIENT 
· not very easy for materials to transport against the concentration gradient 
· CONCEPT:  GOING AGAINST OR DOWN THE CONCENTRATION GRADIENT
· if you are going against concentration gradient, use active transport 
· can use active transport, transport protein that utilizes energy (ATP) to shuttle the molecule across and go against concentration gradient 
· HOWEVER, facilitated diffusion goes along the concentration gradient 
· what is the point of facilitated diffusion when it is along concentration gradient?
· because the membrane is selectively permeable —> whole point of facilitated diffusion 
· if you need to get something inside the cell quickly, can get a little bit by passive diffusion but facilitated diffusion with transporters are essential 








GLUCOSE IS REQUIRED INSIDE CELLS.  THIS GRAPH SHOWS TRANSPORT ACROSS MEMBRANE AT DIFFERENT RATES.  EXPLAIN HOW THIS IS POSSIBLE (what type of transport)
· missing information (FOR ACTIVE TRANSPORT) 
· we are not whether it is going against concentration gradient or not 
· we don’t know what is the source of energy for transport of the glucose 
·  blue line 
· passive diffusion
· as long as glucose goes across, the concentration gradient inside the cell increases, nothing holding the glucose back except membrane’s permeability 

· red line 
· not told source of energy to transport, not told whether it is acting against the concentration gradient or not.  Not a form of active transport  What could it be?
· we are getting a saturation, the amount of glucose getting in plateaus at some point
· permeability does not change over time as indicated by someone in class
· still a facilitated diffusion 
· uses integral protein that spans the membrane.  Got non polar outer portions, and polar creating a core that creates passage for glucose 
· as long as there are rooms on the carrier, you keep increasing the amount of glucose
· at some point, the channels are occupied at full capacity.  The speed has reached the maximum.  Can’t get any more of the glucose in so you remain within the concentration gradient 
·  indicates that some of the glucose may be held up, the concentration gradient would be reduced, which reduces the ability to let through glucose 
· this change occurs over a long period of time 


Active transport can use energy other than ATP.  In a simper secondary transport, where does the energy come from? 
·  active transport = helping the element overcome and go against the concentration gradient 
· back to Hudrman analogy (wait your time and pushing and shoving would take a very long time)
· therefore, would need to use energy to help go through 
· primary active transport uses ATP as a source of energy
· Other sources of energy (secondary transport)
· symport uses…  
· if it’s the same concentration gradient, then the problem is just compounded 
· need energy from another ion 
· in a symport, is it going in same or opposite direction?  Same 
· when is it opposite?  anti-port
· Therefore, need to go in same direction 


Use the concentration gradient of another solute:  Secondary Transport 
·  need help getting calcium against concentration gradient (anti-port) —> ACTIVE TRANSPORT
· utilizes anti-port transport mechanism 
· pump out one calcium and pumpin three sodium ions 
· three sodium ions beneficial because it goes down its concentration gradient 
· calcium utilizes the energy created by the three sodiums flowing in to diffuse out 
· this happens at the exchanger protein
· what type?  integral
·  Symport transport mechanism 
· facilitated transport for glucose 
· allowing glucose to go down concentration gradient as opposed to going against the concentration gradient (sodium going down helps facilitate it as well)
· sodium potassium pump  = primary active transport (using ATP)


Ouabain is a plant-derived toxin that binds to the K+ binding site on the Na+/K+ ATPase; this interrupts the enzyme from transporting ions.  What will be the consequences?
·  the pump essentially allows sodium and bring it out of the cell against its concentration gradient.  
· More sodium outside the cell than inside the cell 
· pump allows to take sodium inside the cell and push it out of the cell against concentration gradient (moving from low to high) in exchange for energy 
· the energy allows pump to change conformation 
· the pump binds 3 sodium ions inside the cell 
· binds ATP and phosphorylates it to change conformation 
· faces outwards and release the sodium 
· there, it can bind two potassium 
· it dephosphorylates and changes its conformation back to original form 
· potassium facing inwards of the cell (going against concentration gradient)



Exocytosis, Endocytosis, Phagocytosis (Membrane movements) 

·  Pinocytosis (bulk-phase endocytosis)
· brings in whatever is near the membrane in a non-specific manner
· e.g. water, solutes, and internalized 
· Receptor-mediated endocytosis 
· exocytosis 
· release vesicles
· need cytoskeleton and motor proteins to transport the vesicles thereafter 
· phagocytosis 










6/2/17: Lesson 8:  MITOCHONDRIA

ENERGY FLOW IN AN ECOSYSTEM:
·  Mitochondria are essential for many physiological functions 
· metabolism:  
· energy production, many metabolic reactions that occur in the mitochondria.  
· response to stress
· cell death 
· calcium storage 
-  

Studying structure and function; 
·  centrifugation, 
· different types 
· subcellular, differential, density gradient 
· homogenate (low-speed spin) —> supernatant (moderate to high speed spin)
· spinning the test tubes with contents within it.  Started out at a slow speed initially that gradually increases at the end. 
· As a result, all of the materials could be divided and separated into specific categories 
· separate out different components and compartments 
· isolate where certain things are found 
· e.g. protein, somewhere within the matrix of mitochondria, can take cells, break them down, spin them with different speed and break that cell into different compartments and isolate the mitochondria 
· able to determine presence and quantity of protein 7

·  Struture of Mitochondria 
· has a double membrane, space between two membranes and space within the inner membrane.  

What is the main advantage of cristae and why does it increase the surface area?
	-  increase SA for increase efficiency of ATP production within the ETC 
	-  increased space for more of the protein subunits that power up ATPases 


SIDE NOTE:  
·  polar proteins will not be easily or won't be possible to be imbedded within the membrane 
· transmembrane proteins 
· what features does it need to be a part of that membrane?
· need to have some hydrophobic aspects to withstand the environment of the fatty acid tails 
· need to have hydrophilic portion that could on extracellular and intracellular portion of the membrane and the interior pathway of the channel 







Objective of Cellular Respiration (Structure of the ATPase)
· F pump ATPase 
· considered an F type pump only when it goes in reserve.  When it pushes H+ against concentration gradient whilst using ATP as fuel 
· 
· 
· When we are talking about energy production, it is not an active transport 
· actually pushing hydrogen down concentration gradient 
· using this in order to power the protein 
· this pump is a protein that is made of many different protein subunits (HUGE QUARTINARY STRUCTURE)
· each portion has numerous different proteins that form them 
· Mobile areas 
· C-area
· epsilon and gamma (both motor proteins as well, serve to power the bottom portion that is responsible for phosphorylating ADP to ATP) 
· static areas (alpha and beta subunits)
· immobile, hold the portion that is transmembrane and those within the matrix together 
· need to have hydrogen to flow through in order to power the rotor 
· every time one of the 10 C subunits interact with the A, can let hydrogen through 
· the more hydrogen let through, the more the F1 unit is active and phosphorylates ADP.  Hence, producing more ATP 
· this is not an active transport, this is only a pump
· the ATP could be used to push the H+ to against the concentration gradient —> this would be an F type pump 
· the goal is to create a gradient and power the pump 


SLIDE 9: FOCUS ON THE CHEMICAL REACTIONS THAT ARE HIGHLIGHTED 
· pyruvate gets shuttled into the mitochondria (key step) 
· cytosol is where the glucose starts to breakdown into pyruvate during glycolysis 
· the amount of ATPs within each phase of ATP production 
· Glycolysis 
· happens in the cytoplasm 
· produces pyruvate and it gets shuttled into the mitochondria 
· without pyruvate, there is no ATP production —> key step 
· Kreb Cycle (The Citric Acid Cycle; TCA)
· OXIDATIVE PHOSPHORYLATION












METABOLIC FUNCTION OF MITOCHONDRIA 
·  different things that mitochondria allows cells to contribute 



What is the purpose of carrying all those electrons from glcyolysis, pyruvate oxidation and Krebs cycle? 
·  ANSWER:  Use those electrons to build a hydrogen gradient that powers the F0F1ATPase 
· main goal is to help the electron transport chain transport hydrogen and build a gradient 
· transport the hydrogen from the matrix towards the inter-membranous space 
· once the gradient is set and is large, that is what powers the pump (ATPase)



GLYCOLYSIS 
·  need to know what it does and where it does the functions and what you get out of glycolysis 
· start with glucose, produce ATP (not a very big payoff)
· MOST VALUABLE
· NADH and Hydrogens that allow to contribute to the proton gradient 
· two pyruvates, allows us to keep going with the Krebs cycle and produce more ATP and electron carriers (NADH) and hydrogens (H+)



THE KREBS CYCLE 
·  understand where the krebs cycle takes place, what you need to carry it out, what is combustible (what you need to power out of it)
· Key step:  being able to ship the pyruvate in
· ANOTHER key step:  converting Pyruvate to AcetylCoA, what leads into Krebs Cycle.  
· Accomplished by an enzymatic complex (3 reactions that convert pyruvate to AcetylCoA)


OXIDATVIE PHOSPHORYLATIOn
·  transport electrons to build a large concentration gradient and power the motor to produce ATP 
· proton-motive force, made with protons (H+)
· Goal:  to provide the ability to move a motor or protein 
· is there an equivalent in cholorplast?
· absolutely 





WHAT ARE THE LIMITATIONS OF ATP PRODUCTION BY MITOCHONDRIA?
· if you can’t produce gradient, would not be able to power up the ATPase.  Therefore, would not be able to produce ATP
· have to be able to move protein (need to have energy, no gradient, no ATPase movement)
· What can cause the mitochondria to not be able to create the gradient?
· membrane properties and fluidity, dynamics, permability, transport 
· if membrane is more or less permeable to hydrogen then it would affect the gradient 
· membrane transport (2nd explanation) 
· faulty protein interaction (but stick with membrane transport)
· the inability to get the pyruvate into the mitochondria, then there would be no metabolism 


SLIDE 19 
· Limitations on ATP generation in eukaryotes 
· entry of electrons form glycolysis into mitochondrion 
· use of mitochondrial proton gradient for transport 
· pyruvate travels through the inner membrane of the mitochondria 
· via secondary symport transport with a hydrogen that relies on a pH gradient 
· same thing with the inorganic phosphate (need ADP and P to be able to produce ATP) 
· even if your pump working perfectly along with concentration gradient —> regarding previous question (in green)


SLIDE 20 
· what can go wrong in cells; specifically in the mitochondria?
· Things that are needed for things to go smoothly 
· availability of oxygen at the very end of the electron transport chain 
· oxygen is the final electron acceptor 
· allows to make sure that once you have used up all your electrons to power hydrogen passage into the matrix (did she mean the inter membranous space?) and build the gradient 
· last portion, oxygen takes up hydrogens and electrons to build water 
· What if you are not able to do that?  What if oxygen gets trapped in the matrix? 
· start building up toxic oxidative reactive species within the ETC or even within the matrix
· DECREASE AMOUNT OF ATP YOU CAN PRODUCE SO THAT MITOCHONDRIA IS NO LONGER FULFILLING ABILITY TO SUPPLY ENERGY THE CELL IS DEMANDING 
· eventually, it would lead to damaged membranes in the mitochondria to cause leakage of ions and electrons, and ROS would migrate and damage other structures in the cell 

· can fix this by…
· increase the amount of mitochondria 
· binary fission, combining them together?  (listen on podcast)
· what if there is too many mitochondria?  get rid of mitochondria because of dysfunction and we don’t want to carry free loader anymore 
· through lysosomes.  How are the lysosomes going to know that mitochondria is not functioning?
· protein somewhere in the matrix senses it and sends a signal towards lysosome 
· protein that could be labelling the mitohondrial membrane 
· signals the cell to direct only the mitochondria to lysosome for degradationon 
· the entire cell is healthy 
· can increase amount of mitochondria to compensate 
· called MITOPHAGY
· mitochondria to lysosome for degradation (mitophagy)

Mitophagy
· the means to selectively remove damaged or reduce the number of mitochondria by autophagy (specific to mitochondria)
· how does it work?
· start expressing protein called PINK, which is a kinase that phosphorylates specific target:  MFN2
· any distresses can activate PINk
· e.g. the concentration of ROS, changes in membrane fluidity and such 
· MFN2 is phosphorylated, acts as a signal 
· recruits another protein called Parkin 
· Parkin is only recruited to mitochondria when MFN2 is phophorylated by PINK
· Parkin is an enzyme, ubiquitin ligase 
· ligase creates a bond and attaches two things together 
· this specifically adds bits of proteins called ubiquitin 
·  Mitochonria becomes ubiquintated 
· this is the flag that tells the cell something is wrong with this portion to be sent for degradation 

·  If there is more mitochondria and produces more energy than what is demanded, then mitophagy must set in
· simply not efficient to sustain so many proteins to produce energy 
· children usually tend to have more mitochondria and the amount gets reduced over time —> developmental aspect 
· especially when cells stop surviving  




DESCRIBE TWO ROLES FOR CALCIUM IN CELLS
· vesicles making their way to membrane and releasing content through exocytosis 
· need a regulated signal like calciums (gap junctions)
· calcium is involved in many different things 
· can easily kill cells 
· “everything is good in moderation” 
· cell must be able to regulate the moderate amounts of calcium so that it does not become toxic to cells 
· Why?  
· think about all the different ways to store, remove, let in, and hide calci

9/2/17: Lesson 9 
· calcium regulation 
· draw out cell, draw out how they can get in and out of the cell, how they are regulated, how you can bind it to protein that makes its appear to be hidden, how those different compartments communicate to each other (changing concentration gradients and so forth)
· Regulated via…
· concentration gradient:  channels/transporters 
· binding proteins:  
· (calsequestrin, calbindin, parvalbumine)
· Compartmentalization 
· ER
· Mitochondria Channels 
· Transporters
· Replenish Reserves
· 

· Why (and how) do cells die?
· control cell mass 
· health cells and damaged cells need to die 
· preventing harmful mutation 
· Viral infection 
· to take out less efficient/dysfunctional cells
· pruning of cells when they are no longer needed or when the change in network does not support their maintenance 
· selecting the best cells that will remain —> positive consequence 
· e.g. umbilical cord



· What are the triggers of cell death?
· Chemical messengers 
· growth factors 
· mitogens (cell division)
· survival factors 
· Stress (Toxicity, Damage, Dyshomeostasis)
· cell need to have ability to receive the message to recognize that it’s going to die 
· There is a process need to happen within cell for it to have to actually die



· Which of the following does not occur in necrosis?
· Lysis = rupture of cell membrane
· ******blebbing = membrane bulges, not involved as it usually happens in apoptosis  


· Cell death: necrosis vs apoptosis
· necrosis 
· cell starts to swell.  
· Then it finds way to compensate for the swelling that is occurring and overcome that change in the membrane so it doesn’t become damaged that it is irreversible 
· eventually, there will be lysis and the contents would be released into extracellular space 
· e.g. organelles, cytoplasm (Ca2+, enzymes), and such 
· could induce damage to the neighbouring cells 
· enzymes can infiltrate neighbouring cells and have a “big buffet” by taking in whatever contents they see (extracellular matrix, cell membranes, organelles etc.)
· these enzymes are usually activated at the point of necrosis 
· Side Note:  Would it be possible for the enzymes that were released to be utilized by other cells rather than being degraded by the enzymes?
· it is possible through engulfing whatever is being released and protect themselves and try to phagocytose as much as possible 
· however, there would be slight contralateral damages to the membranes 

· Apoptosis 
· receives signal (stress, damage, cell regulation etc.)
· cell triggers apoptosis itself 
· in contrast to necrosis, extremely well planned process that leaves behind no mess 
· irreversible from the initiation 
· dorm room (catastrophe) vs grandma’s house (clean as fuck)
· grandma’s house is exactly like apoptosis 
· Steps 
· receives the message
· translates the message into action 
· process is irreversible once it gets started 
· condensation (shrink the nucleus, cytoplasm)
· Fragmentation (fragmenting the DNA and engulfing the cell and breaking them up into small vesicles)
· the small vesicles are called apoptotic bodies 
· neighbouring cells able to detect them and get rid of the apoptotic bodies 


Apoptosis does not occur only in response to negative stressors - it is an essential part of development
·  as development progresses, important to be able to reorganize the cells, change the number of cells, change the structure 
· this is done to change the organism’s structure or shape 




· Necrosis: the calpain-cathepsin pathway 
· something insults the cell; there is stress happening 
· e.g. damage or something to the environment of the cell 
· The cell responds by changing the ability of the membrane to be selectively permeable. 
·  In addition, changes to certain types of membrane transport as well (particularly, facilitated diffusion) 
· especially with the calcium influx 
· in a sense, a loss of electrochemical gradient is observed here 
· REMINDER:  electrochemical gradient = the potential energy that is created by the separation of different ions via a membrane
· this loss is associated to calcium influx by…
· increasing the permeability of calcium that decreases the gradient/potential energy being formed 
· increase the concentration of calcium inside the cell 
· The stress that was induced on the cell is able to induce other organelles to release the calcium storage that was hidden 
· could also lead to calcium binding protein to release their calcium contents as well 
· As calcium rises, certain events within the cell start compensating to deal and cope with swelling.  
· Massive influx of calcium = irreversible, it is going to die now (TIPPING POINT)
· Rise in calcium activates a protein, called calpain (an enzyme). 
· protease
· Role is to chew up the enzymes embedded within the lysosomal membranes
· digestive enzymes 
· when the lysosome material reaches the cytoplasm, the pH released is low.  The cytoplasm has a higher pH.  Therefore, it should theoretically be at neutral and no damage would occur
· HOWEVER, cathepsin, another protease within the lysosome, gets activated in the preferred environment of neutral pH
· usually not active in the low pH environment 
· going to digest all of the cellular contents now (cytosksleton, proteins, membranes etc.)
· as a result, the cell would not be present
· know the step and know why it makes sense and if we change something, where and what happens.  




· Structural Changes During Apoptosis 
· very neat and organized programmed manner of killing a cell 
· Must be something that allows and manages the cell death 
· every time they die, you can always see their hallmarks (4 key apoptotic features)
· chromatins will condense/shrink
· cytoplasm would shrink, breaking down cytoskeleton to easily change the cells shape
· the nucleus would be fragmented.
· nuclear membrane would dissolve (blebbing, when the membrane bulges)
· The DNA would be fragmented into smaller pieces —> LADDERING
· Goal: to package the cell into smaller components.  
· These vesicles would contain the cellular compartment and content without leakage. 
· each of them would be phagocyzed by neighbouring cells   
· the neighbouring cells would try to recycle as many things as possible 
· Bone cells and apoptosis (what is the answer?)
· when bones in the cells are broken down, are they taken up or are they broken down as mineralized matter?  
·  is it an apoptotic process?





· What features allow apoptosis of the apoptotic bodies (to be engulfed)?
· MEMBRANE ASSYMETRY
· two different populations on both layers that is healthy for the cell 
· when the cell needs to be phagocytozed 
· efficient to be flipping inner leaflet to outer leaflet.  (phosphatydlserine)
· negative charge acts as a signal  







HOW DO WE GET PHOSPHATYDYLSERINE OF THE APOPTOTIC BODY TO GET FLIPPED FROM INNER TO OUTTER LAYER?
· Phagocytosis:  Flipases are enzymes or just regular proteins?
· assymtric distribution of plasma membrane is lost 
· negatively charged phosphatidylserine then becomes exposed on the outside of cell 
· the cell
· is then marked for phagocytosis, carried out by a macrophage 


SLIDE 16:  Flipping Phosphatidylserine over continued 
· P-Type lipase 
· not useful, but helps with membrane integrity by bringing serine back into inner membrane)
· Going to use ABC Lipases 
· uses ATP, and systematically flips phospholipids on to the outer layer).   
· Very specific only to phosphatidylserine 
· Scramblase
· not as specific but only activated by an enzyme called caspases and Ca2+
· enzymes that become activated when you trigger apoptosis 
· does not require much energy 
· would not be activated under necrotic conditions 


ABC Lipase and Scramblase ARE WHAT FLIPS THE PHOSPHATIDYLSERINE OVER 



· Apoptosis - Signalling Pathway
· Intrinsic pathway (only focusing on this one)
· Extrinsic pathway, also leads to activation of caspasesrr, but the beginning steps are different 


· Apoptsis in C. elegans (netmatode/worms) —> Intrinsic Pathway 
· this process in the nematode occurs systematically throughout development of nematodes 
· nematodes typically have 1000 of cells.  
· Each life cycle, there are 131 cells that die by apoptosis.  more importantly, always the same 131 cells
· will be able to track what happened to them when they die, while they are dying and such 
· different genes that are activated differently at different times throughout nematodes life 
· discovered that when CED-3 (homolog for caspase-3 in humans) are activated, induces apoptosis.



NOTE:  Genes that activate apoptosis within nematodes are also found as homologue forms in humans.  Proves that apoptosis is a highly conserved mechanism.  




· What is the relationship between activating proteases and the 4 key apoptotic features?



· Caspases 
· they like to cleave proteins, break up the peptide bonds 
· each of them have different functions.  Want to understand the relationship between functions of them and the type of hallmarks/features that could be observed in cells when apoptosis goes through 
· Two different types 
· executioners (caspase 3,6,7)
· initiators (caspase 2,8,9,10)

· 4 functions —> EXACTLY WHAT CASPASES CONTRIBUTE TO 
· inhibit protein kinases that contribute to the cytoskeleton and the organization that leads to extracellular junctions 
· cells no longer adering to neighbours or environments 
· inhibit cytoskeletal elements, cytoskeleton gets disorganized 
· microtubules and microfilaments get disorganized 
· nuclear envelope gets dissolved and DNA gets fragmented 
· inhibit lamina, assist in destruction of nuclear evnvelope 
· activates DNAse, 
· fragments the DNA and breaks them down into smaller bits.  



Slide 21: 
·  Blue = Mitochondrial DNA nucleus 
· Green = cytochrome C that is usually within the mitochondria 
· bottom picture; not a healthy cell


What rearrangements within the mitochondria need to occur for cytochrome C to be released? 
·  cytochrome C embedded within the inner membrane of the mitochondria 
· ANSWER 
· need to rearrange cristae to facilitate release —> facilitates getting cytochrome C towards outer membrane 
· need to punch a hole/pore through the outer membrane in order to release cytochrome C out 

How does this happen?    Role of Mitochondria in Apoptosis (Beware of what happens and why it happens)
·   mitochondria needs to be convinced to punch a hole and release cytochrome C 
· going to do this because of two things 
· overwhelmed with calcium 
· bunch of proteins that would wreck havoc with it 
· in response to a signal, a protein called BAD would do two things 
· inhibit anti-apoptotic protein (BCl2, mitochondria and cell’s friend, maintains integrity of the cell to be in a healthy working state —> homeostasis, protecting genes)
· BAD activations (triggered by dephosphorylation of it) causes…
· prevention of endoplasmic reticulum from keeping Ca2+ in store.  ER starts releasing calcium 
· activation of other proteins that act along side with it  (Bax and Bak)
· helps cell trigger mechanisms that would lead it to die 
· mitochondria starts compensating and takes up calcium.  Can withstand a lot of calcium to compensate but it would be too much.  This causes pores to be punched along the outer membrane.  
· As a result, cytochrome C gets released and binds with apaf-1 and caspase 9 to form apoptosome formation 
· caspase 9 is the initiator caspase, the first that you have to activate 
· once caspase 9 is actiated, would activate the other executioner caspases 
· each of the executioner caspases have different functions lead to different hallmarks  (inhibition of kinase, activation of DNAse, disintegration of nuclear lamina, inhibits cytoskeletal elements)
· this formation of the executioner caspases = apoptosome formation, formed by three proteins together 
· SIMPLE TERMS: cytochrome C + caspase 9 + apaf-1 = apoptosome formation 

· same genes and same cascade of events in nematodes but different events 
· once caspase 9 is activated, there is no going back 



MAIN DIFFERENCE BETWEEN MITOCHONDRIA IN APOPTOSIS AND NECROSIS
·  mitochondria takes up calcium in apoptosis whereas calcium gets released in necrosis
· in apoptosis, the mitochondria actually stays healthy and functional nearer to the end 
· in necrosis, they are part of the early degradation steps.  Not involved in maintaining integrity like apoptosis.  


Importance of calcium…  (How does it get out of the ER?)
· through a channel that is susceptible to BCL2.  BCL2 usually keeps this channel closed 
· Bax and Bak keeps the channel opened, facilitate and prolong the calcium release 
· Bax + Bak + inhibition of BCL2 = release of calcium 
· IP3 gated channel 
· e
· 
· e
· e
· e
· Slide 22 question 
· cytochrome C within and between the two layers of the inter membrane space 
· Role of mitochondria in apoptosis 
· EXPLAIN why they occur 
· But first, how do they occur?
· become overwhelmed with calciums, bunch of proteins breaking havocally.  
· Protein called BAD, first inhibit anti-apoptic enzyme called Bcl12 (a protein that maintains cell in a working state that contributes to gene expression and such)
· 
· 
· 
· 

13/2/17: Lesson 11 (Signal Transduction #1)

· Conserved mechanism essential for;
· development
· hormonal regulation and homeostasis
· immunity
· physiology 
· cell growth, survival, cancer 
· what is the difference between transduction and communication?  
· signal transduction implies…
·  using and relaying the message within the cell.  
· Very important component of amplifying the message.
· for one molecule, one messenger, you can get thousands of second messengers that elicit a response within a cell
· one messenger = multiple secondary messengers 
· bringing it in, interpreting it, amplifying it 
· It does stem from cell communication 
· they are both conserved mechanism that account for nearly all events….
· for survival
· hormonal regulation and homeostasis 
· for growth
· differentiation and division 
· usually for development (as well as cancer and death —> unpleasant responses)
· occurs via differentiation 
· this mechanism is usually observable across different organisms 
· e.g. apoptosis nematodes and mammals have very similar apoptosis pathways 


· Cell Communication
· four key steps 
· need a message
· message can take different forms and types. 
· The way they are sent (the pathway) from one cell to another can vary depending on…
· the nature of message, 
· distance, 
· cell type they are reaching 
· e.g. insp3 messengers, need to find out what pathway it goes through 
· hydrolysis of phospholipids of the membrane.  This is a message that is being sent as it is continuing down the cascade to induce a response, which is the release of calcium from the ER/SR etc.
· Comes in the form of iNsp3, which is a key part in the mechanism responsible for releasing calcium storage from the SR/ER



· how is received?
· nature of the messenger determines the type of receptor that could be accommodated and the type of response you get 
· in the case of calcium, they come in the following forms 
· think of calcium having different types of influx channels
· different forms of messages for the calcium to be released into the cell;
· voltage-gated
· mechanically/stress-operated
· receptor-operated mechanisms
· SR/ER inp3R’s

· Interpret
· in a way that could be acted upon so a decision could be made (where transduction would come into play)
· interpret, relay, and amplify the message

· Response 
· all sorts of different ways (growth, division, differentiation etc.)
· Skeletal muscle, cardiac muscle, neurons, hepatocytes



 
· CELLULAR RESPONSE COMES FROM THESE DIFFERENT STEPS THAT WERE DISCUSSED 




Neural activity question
· What is the difference between electrical and electrochemical?
· neurotransmitter leads to difference in electrochemical gradient 
· all it is in cells are charges and not able to produce actually electricity lol 



· Indirect Cell communication path (non-physical)
· may take a while in endocrine pathway 
· neurons 
· converting electrochemical to chemical 
· don’t have to shuttle the messenger itself (non-physical part of it)
· no vesicles or anything involved
· just purely chemicals that diffuse across the synapse 
· it would take much longer to signal if this occurred  
· Look at different messenger and pathways to see which ones suit each other the best (makes most sense)
· in order to do that, must be familiar with different types of messengers


Different Pathways:  Endocrine pathway, neuroendocrine, autocrine, paracrine, neural 

· The target tissues for steroids (question) 
· soluble in the lipid bilayer 
· REMINDER: they act as buffers that decreases the fluidity of the, OH group with polar head of phospholipids.  They can easily make it across membrane without any transporters 
· gives them a status 
· when they bind with a messenger, they act differently compared to other messengers 
· these types of receptors usually found within the cell (plasma membrane, nucleus)


· 1:  6 Different classes of messengers (chemical properties, communication path taken, mode of action/interaction)
· Steroids 
· lipophilic - cannot be stored in vesicles —> how it is sent
· will diffuse through a membrane OR be bound to a transport protein (eg albumin)
· they go through the endocrine pathway 
· they are able to move across into the nuclear membrane and the plasma membrane
· all of them derived from cholesterol and sorted out into three different types depending on the types of responses you want  —> nature and type of messenger
· cortisol (stress hormone, glucocorticoids)
· aldosterone (involved in regulation of minerals and water, mineralcorticoids)
· sex hormones (testosterone/estrogen, testosterone)
· different structures and different responses because they may bind to different receptors 
· can also act as transcription factors 
· will talk about how you get the different responses 
· should be able to recognize that these structures are steroids 



· Eicosanoids (G-protein Couples pathways)
· look a lot like phospholipid as they are derived from it 
· arachidonic acid 
· lipophilic
· depending on which enzymatic pathway arachidonic acid is modified by, it produces two types of eicosanoids.  
· PROSTAGLANDINS (Pain) AND LEUKOTRIENES (Inflammation)
· prostoglandins = the cyclooxygenase pathway 
· leukotrienes = lipoxygenase pathway 
· These are lipophilic compounds that act locally.  SO they are going to be secreted by autocrine and paracrine pathways  —> how the messages are received 
· Autocrine; the cell would secrete the messenger and circle back and bind on to the receptor upon itself 
· acts on the same cell that secreted it 
· paracrine; acts on neighbouring cells 







· Peptides/proteins 
· they tend to be hydrophilic 
· these proteins that are….
·  either soluble and packaged in vesicles 
· packaged in vesicles in their inactive form along with the enzyme that would activate them by cleaving a portion of their structure 
· just like caspase 
· these proteins would be packaged after the golgi and these vesicles would be ready when the cell needs to secrete the chemical messenger to signal another cell 
· they take the most indirect paths 
· they get released from the golgi via exocytosis 




· Amines
· NOTE: to differentiate it, must be able to determine that there are amine groups (NH2) on them
· derived and synthesized from amino group of the amino acid 
· excellent neurotransmitters and hormones 
· all of them except thyroid hormones are hydrophilic 
· all considered amines regardless
· hydrophilic and hydrophobic status determines the type of receptors they would reach and activate transduction pathways 
· EXAMPLES OF AMINES:  epinephrine, histamine, Gaba, thyroid hormones 
· hormone bound/neurotransmitter receptors 
· endocrine pathway
· also determines whether you can package them and have them stored or not 
· “supply on demand”


· Purines 
· derived from nitrogenous bases; adenine and guanine 
· found in chocolate, coffee, and so forth 
· also to be used by paracrine and endocrine pathways 
· need a transporter or can use exocytosis 
· good for short or long distances depending on the communication path 
· they will reach specific types of receptors 


· Gases 
· don’t require specific transporters
· can diffuse very easily through 
· small and overlooked but essential for many signal transduction pathways.  
· e.g. nitric oxide, to control constriction and dilation of the blood vessels (smooth muscle cells).  Determines the diameters of the blood vessels 






· 2: HOW DO THEY RECEIVE THE MESSAGE?  WHAT DO THE CELLS DO WHEN THE MESSENGERS ARRIVE?
· one big problem with the picture
· impossible for one receptor within the membrane and within the cytosol 
· cells are usually completely packed with different receptors in the cell and outside of it 
· the interaction with the receptor is the first level of discrimination (sets the path to the cell’s response)
· outside the membrane, extracellular environment has cross link proteins that is barrier for messages before they reach the messengers 
· receptors don’t have all the same domains (protein) available.  
· Binding sites can be very easy to attain and difficulty to bind because of it. 
· Domains are going to influence how easily the message binds to the receptors 
· what can we find other than membranes phospholipids within the plasma membrane?
· transport proteins, glycolipids, cholesterol
· Some of them will interact when the ligand binds to the receptors (proteins)
· receptors would change conformation because it reacts to the binding of the ligand 




· Which of the following hormones enter cells and have the primary action to increase or decrease mRNA production?
· steroids; they are able to pass the nuclear membrane and other membranes.  They can be transcription factors that initiates and stop the transcription
· peptide hormones don’t directly influence the transcription.  E.g. hydrophilic ligands bound on the extracellular matrix from the outside.  ligands don’t enter the cells as well as other hormones such as proteins.  


· Receptors - 4 classes 
· Intracellular; 
· for lipophilic ligands (found in cytoplasm and nucleus) —> eicosanoids and steroids are examples of lipophilic messengers
· Ligand-gated ion channels; 
· once they bind, can open or close the channel.  
· Some may let in one type of ion, others let in more 
· receptor enzymes; 
· three main families of them but we will focus on one.  
· Tyrosine-kinase.  
· Just like in cell survival (activation to produce protein kinase 3 to phosphorylate PIP2 etc. etc.) 
· PI-Kinase 3 phorphorylates PIP-2 
· PIP-2 —> PIP-3
· PIP-3 activates Akt (protein kinase responsible for phosphorylating serine + theoreonine residues)
· Akt phosphorylates BAD (B-Cl2 family for cell death)
· BAD stays in place, prevented from damaging mitochondrial membrane B
· 
· When the ligand binds, The change in conformation activates enzymatic activity on the receptor 
· G-protein coupled receptor; 
· they bind the ligand and coupled to G proteins that would be activated and go on to activate subsequent targets inside the cell
· 
· 
· We will look at how they are built, characteristics, and specific cascades and signal transduction pathways for each of them.  




· What happens when a ligand binds to a receptor?
· NOTE:  hydrophilic ligands never enters the cell
· change in conformation 
· receptors changes conformation and responds to binding of ligand 
· relays and amplifies the interaction/message into the cell via enzymatic activities.
· cause phosphorylation of other proteins 
· activates secondary messengers
· As long as the ligand is bound, the reaction is still happening.  
· E.g. building cyclic AMP, as long as ligand is bounded to it, the process of synthesis continues.  
· 
· same is true for receptors within the cell already as long as they are bound.  The complex can act on the target inside the cell 
· can be a response element, specific response on the DNA and interfere with translation as long as the ligand is still bound
· Once the ligand dissociates, the response ends.  Transduction ends
· 
·  
· how can one cell alter the gene expression of the other cell
· by sending a chemical messenger that will trigger a signal transduction cascade
· what is the key difference beween B and C?
· the transcription factor isn’t what you use to signal
· Even the messengers that act as transcription factors, they don’t do so on their own 
· they need to be bound to the receptor 
· Chemical messengers are signalling molecules that influences transcription factors that may change the gene expression 



· Intracellular receptors 
· forms a complex between receptor and messenger when it is bounded whether it is within the cytoplasm or within the nucleus 
· receptor changes conformation just like transmembrane receptors 
· at times, it could dimerize
· going to be able to recognize and interact with specific areas on the DNA called response elements 
· response elements  = sequences that are ahead of the gene 
· the complex would act as transcription factors 
· these may be proteins or specific areas that my be free floating within the nucleus)
· where regulatory machinery would interact with DNA to either initiate or interrupt transcription of that specific gene 
· the complex has to bind to one specific response element to what is played upon 
· the messenger has to be bound to one specific element that needs to be played upon.  
· E.g. glucocorticoid must look for glucocorticoid response elements within the DNA
· genes will need to have response elements to be sensitive to transcription factors.  mRNA would then be produced and released to be translated into protein 






· Glucocorticoids (stress response and metabolism) 
· coritsol is a steroid and diffuses and reaches its receptors 
· secreted by adrenal glands 
· Then, binding of the receptor changes the conformation of the receptor 
· Some part of the complex (receptor) is shredded
· they are chaperones, proteins that prevent the receptor from going into the nucleus to get a response element if it hasn’t bound cortisol
· keeps it in its proper conformation and prevents any change in the shape (bondings and such)
· but if you bound cortisol, the chaperons are not around anymore
· the binding allows the shedding of the chaperones 
· does this cause unfolding of the receptor or just increases the movement along the cytoskeleton towards the nucleus?
· Activated receptors can form dimers and travel to nucleus and interact with response element
· Caffeine, which is hydrophilic and a purine will bound to receptor.  One of the downstream effect increases cortisol 


· Which of these types of proteins is not a potential candidate to act as a transmembrane receptor?
· GPI anchored protein, protein is not across the leaflet, it is anchored within the interior of the cell 



· Transmembrane receptors 
· all have similar characteristics (on the slide) 
· integral proteins 
· LIGAND = a molecule that binds to another larger molecule; usually certain domains on the receptors outside the cell 
· span the membrane 
· they are all protein-based 
· 
· ligand binding domain; a series of amino acids within the protein structure that are able to interact with the ligand.  (binding depends on SHAPE AND AFFINITY)
· receptors don’t have all the same domains (protein) available.  
· Binding sites can be very easy to attain and difficulty to bind because of it. 
· Domains are going to influence how easily the message binds to the receptors 
· ******Shape, duration of binding, difficulty of binding, tightness of the binding 
· Also creates a particular shape for the receptor, which makes it easier for the ligand to be able to provide interaction 
· also influences how much affinity receptor has for the ligand 
· determines how long the interaction time will be 
· how tightly and difficult for the receptor to shed the ligands
· maybe it will need help from other proteins to severe that connection 
· they all have a portion of their structure imbedded and spanned in both layers of the plasma membrane 
· some of these receptors are single pathways (single portion of protein going across the membrane) and others can be large and span the membrane multiple times 
· some use different subunits to assemble quartenary structure 
· all of them will have transmembrane portion 
· LIGAND never enters the cell.  When it binds to the receptor the conformation of receptor changes channeled through transmembrane protein domain 




IMPACT AND INFLUENCE OF MEMBRANE HAVE ON RECEPTORS:  LIPID RAFTS 
·  phospholipids area and influence how easy and stable the receptors are within that position 
· these receptors interact with 
· other things that are in or near the membrane 
· with specific phospholipids as well (different types of phospholipids)
· membrane has great influence on where receptor finds itself 
· the membranes ARE NEVER IDENTICAL THROUGHOUT 
· looked at membrane dynamic and fluidity 
· long vs large receptors (LIPID RAFTS)
· accommodation of membrane to be able to hold these receptors 
· specific phospholipids that have very long. straight and saturated tail.  What does this impact have?
· more tightly packed together 
· via Van Der Waals forces 
· specifically less fluid 
· but they are able to hold and accommodate very large receptor proteins
· the membrane has a great influence on where the receptors (proteins) are blinded 
· how to maintain fluidity?  through the buffer of cholesterol 
· formed at the same time as they are translated into proteins.  FORMED INSIDE THE ER 
· 
· Lipid Rafts (structure, shape and size)
· usually made of cholesterol, sphingolipids within the plasma membrane that holds adjacent molecules together via strong association due to the long, straight, and saturated fatty acid tails that enables van der waals forces being formed among one another 
· this characteristic is what enables majority of the transmembrane proteins to be bounded to the plasma membrane 
· the membrane has a great influence on where the receptors (proteins) are binded 
· add cholesterol

· 
16/2/17: Lesson 12 (Signal Transduction #2)
· LIgand-gated channels 
· ligands bind to the channels and open up to allow ions 
· changes the membrane potential (electrochemical gradient)
· energy would be produced 


Membrane Potential
·  when there is only the passive diffusion and no action being made by the cell 
· we can measure the resting concentration of ions 
· Potential Energy (Em), created by uneven distribution of ions across the cells 
· for most cells, with slight exceptions, these are the concentrations of the key ions that you will find 
· more permeable to K+ than to Na+ 
· creates a difference on both sides of the membrane
· more Na+ outside the cell than it is inside the cell and vice versa for K+
· concentrations may change when there is passive diffusion and no actions being made
· however,  this happens very slightly
· when the cell is at rest…
· most cells we can average the difference in electrochemical gradient (resting membrane potential) 
· electrochemical gradient dependent on the concentration of the ions (na+ and K+)
· measure the resting contrition of ions 
· most cells at -70 to -90 millivolts 
· membrane potential will change when the channels starting opening up 
· e.g. opening of sodium channel, creates less negative environment inside than before
· membrane potential energy will rise 
· if it rises sufficiently, enough to reach a threshold, then it becomes an action potential
· cells can use AP to perpetuate down the membrane and opening and closing a whole bunch of ion channels 
· these ion channels are not sensitive to ligands ‘
· these channels are known as VOLTAGE GATED CHANNELS; where they are only sensitive to the change in membrane potential 
· domino effect:  voltages may open or close the channels 













· THIS IS THE END OF AP
· peak concentration/amount of sodium within the cell the signal (closing of sodium channels)
· Sodium potassium ATPase pump 
· what occurs when the sodium and the potassium channels (ligand gated, voltage gated) have closed 
· returns the concentration gradient to their resting concentration so that the cells can fire again 
· ligand gated ion channels depend on the ligand bound to it, consequences of flow of ions, and the flow of ions change the membrane potential in that area. 
· That in turn, can lead to opening of voltage gated ion channels, which also allows ion to flow across the membrane 
·  this perpetuates the initial change in membrane change in potential.  




Ligand-gated ion channels
· Used by many neurotransmitters within the nervous system 
· Many different types
· all have in common an exterior ligand binding domain.  All of them leads to a change in conformation that opens up a gate (various numbers of subunits)
· allows ion to flow through 
· some may only allow one type of ion to flow in while others let in more 
· once the ions have flown in, it causes an increase in membrane potential that creates a voltage that stimulates the opening of voltage-gated ion channels 


Acetylcholine (neurotransmitter, amines)
· packaged in vesicle at the end of the cell/axon and ready for release
·  able to package them in vesicles this since they are hydrophilic
· At are released by voltage 
· the effect of it could be inhibitory or excitatory; depending on the receptor that is associated with it 
· two types of receptors 
· ionotropic 
· metabotropic 
· binds to post-synaptic cell and ligand gated ion channels afterwards 
· synapse = the space that is in between the two cells.  
· Neighbouring cell (target) doesn’t have to be a neuron could be muscle and so forth 









ACh ligand-gated ion channels (EXAMPLE OF LIGAND GATED RECEPTORS)
· ACh ligand-gated Receptors 
· multiple subunits (5 of them in total for ACh, three different types)
· specifically, two alpha subunits, bind ACh (two of them on each subunit), in order to open the receptor and allows conformational change to allow ion to come in 
· INTERESTING:  
· acetylcholine is the key neurotransmitter that allows muscles to contract. 
· Can also bind to g-protein coupled receptor 
· has two subunits so two ACh has to bind to it in order to activate the receptor and perform conformational change 
· could be excitatory or inhibitory depending on which receptor it binds to 

Diagram of Neuro-Muscular junction 


An amino acid derived ligand binds to a receptor.  A cytosolic protein with an SH2 domain was recruited and the cascade initiated resulted in release of calcium from the ER.  Which type of receptor was involved?
· SH2 is the key word 
· TRK receptors (tyrosine kinase enzyme receptors) 


TM2: Receptor Enzymes 
· 3 main classes 
· tyrosine kinase (the only one that we are focusing on)
· all bind to ligand, 
· then, the ligand binding change conformation of the receptor protein
· receptor protein’s intracellular enzymatic domain gets activated.  Giving them the ability to act as an enzyme
· AMPLIFICATION COMPONENT
· caused by the phosphorylation/dephosphorylation via subsequent reactions after activation of the enzymatic activity of the cell. 
· intracellular catalytic domain acts as an enzyme 
· INTERPRET, RELAY, and AMPLIFY**
· TIPS
· “now that the ligand is bound, the receptor becomes an enzyme”  noopeee
· the transmembrane protein STAYS 
· “when the ligand binds, the enzymatic portion is split and becomes soluble and phosphorylated” nopeee


TRAK receptors (family of tyrosine kinase receptors, basically one of the many receptors of tyrosine kinase)
· all tend to bind similar ligands. 
· These are ligands that wish to achieve the same things for cells (survival, growth, proliferation, and metabolism etc.) that make them healthy and be able to divide 
· E.g. insulin, growth factors are all ligands 
· growth factors usually named for the specific cell types that they interact with (nerve, epithelial etc.)
· in general, TRAK receptors are all monomers.  Single path and large transmembrane proteins 
· Each of them will bind a growth factor 
· insulin is an exception as it is a dimer 
· monomer binds to ligands, changes the monomer’s ability and affinity to dimerize with another monomer that has also bind a ligand (DIMERISATION)
· increases the affinity of the monomer to bound with one another to form a dimer with two molecules attached to it each (ligands)
· a dimer is formed, allows conformation to change 
· making the phosphorylation site within the tyrosine to be available through unwinding like tropomyosin 
· once they are available, receptor autophosphorylates 
· makes her cringe..
· there is an enzyme that is not on the pathway will come and phosphorylate the tyrosine on the receptor 
· nope, the receptor does it itself 
· what does autophosphorylation do?
· activates and turns on the enzymatic activity
· what exactly is the enzyme at this point?
· I believe it is the autophosphorylation of tyrosine tail?
· not sure, need to ask 
· because of the activation of enzymatic activity/autophosphorylation, 
· need to be able to produce second messenger that 
· the receptor would not break off itself.  Therefore, it needs to relay the information of autophosphorylation
· what is a second messenger?
· something inside the cell 
· e.g. calcium, not always ions, can be proteins.  AS observed within the neuro-muscular junction.  AP —> calcium influx —> acetylcholine release —> goes to next cell 
· idea is to take the initial response with the receptor and take it to the next target inside the cell 
· targets NEED TO HAVE SH2 DOMAIN 
· the main second messenger for TRAK receptors are called RAS but they don’t have SH2 domains.  How are we going to solve this problem?
· proteins that have SH2 domain that could create a bridge/interaction between the RAS and the target receptor
· come in pairs and work as a team (GRB2 and SOS)
· GRB2 will interact with the phosphorylated tyrosine (those that autophosphorylated).  However, they are not able to interact with RAS so they bring in SOS
· SOS does not have SH2 but able to interact with RAS
· RAS at this point is still inactive because it is bound to GDP.  
· Another pitfall, RAS becomes activated by phosphorylating GDP.  False, GDP is exchanged for GTP and it only happens when RAS is bound to SOS.  
· Because you bound GTP, RAS changes conformation and no longer stay bound to SOS but it is active now.  That is your second messenger now that would be able to activate downstream targets (Domino effect)
· GOAL:  is to achieve phosphorylation of transcription factor that would be able to activate gene transcription.  
· phosphorylate specific RAS dependent kinases (where the phosphorylate other components of the cell) that would go and have action on the cell to lead to growth and proliferation etc. 
· other targets include cytoskeletal proteins and proteins that regulate apoptosis (need to put a brake on it for cell survival and such)
· could bind to another RAS and go down (domino effect), AMPLIFICATION GOALS.  
· important things within the pathway







27/2/17: Lesson 13 (Signal Transduction #3 + )

The RAS (MAPK) pathway 
· briding allows RAS to change conformation and lowers affinity for GDP
· GDP would be released and the affinity would be increased for more GTP
· RAS would be allowed to be released from SOS and becomes active 
· it would then phosphorylate others which would cause more phosphorylation afterwards 
· all the steps seen are all amplification steps (ras on ras on ras)
· END GOAL: to be able to phosphorylate transcription factors (trying to affect DNA)
· by having one of these phosphorylated proteins (MAP-Kinase) activate the transcription factors 
· trasncription factor may initiate or halt transcription of the gene under the control of that specific sequence 

IN a nutshell, ligand bind to receptor, changes receptor conformation, activates a series of cellular events, that would initiate cellular responses and such.  

Microtubules and tubulants (building block proteins) 
· key proteins that transcription factors target within the sequence to ensure the growth of the cell.  
· Hormones are only messengers that iniitiate it but are not part of the growth itself
· more of an indirect effect 
· they are the ones that only bind to the initial transmembrane tryosine kinase receptors and don’t have a direct effect 

 
If the Ras pathway were to become dysregulated, what could be a potential outcome/  be sure to include the step that is affected in your proposal
·  if there is a dysregulation in the RAS pathway, and for example, MAPK were not able to enter the nucleus, no changes to the cell’s DNA would occur and the desired genes would not be activated.  
· not exactly changing DNA, more of an interaction in order to recruit enzymes and initiate transcription 
· that wouldn’t happen if you were not able to activate MAP-Kinase.  
· 30% of cancer occurs at the cascade of protein that is dysregulated 












Back to the diagram…
·  PLCy - phospholipase C —> evident, an enzyme responsible for breaking down the fatty acid composition of the membrane 
· does not require a bridge SOS and GRB2 as it contains an SH2 domain for a direct interaction with the tyorsine receptor 
· purpose: to cleave off portion of phospholipid (InsP3) to release calcium from ER and SR through an ligand gated ion channel 
· InsP3 formed by…
· cleaving PIP2 and DAG from the phospholipid to form InsP3
· cleaving bond between glycerol backbone and two fatty acid tail and polar head group
· polar head group is what is cleaved off (phosphatidylserine, sphingomyelin, phosphatidylcholine, phosphatidylethionamine) 


Growth Factor NFG: Growth vs death 
·  lack of growth factor induces intrinsic apoptosis 
· phosphatidyl inositol 3 kinase 
· after PIP-3, AKT (protein kinase responsible for phosphorylating serine + threonine resides) 
· 
· AKT phosphorylates BAD (BCl2 family for cell death) 
· BAD stays in place and does not damage the mitochondrial damage to release cytochrome C
· Just like in cell survival (activation to produce protein kinase 3 to phosphorylate PIP2 etc. etc.) 
· PI-Kinase 3 phorphorylates PIP-2 
· PIP-2 —> PIP-3
· PIP-3 activates Akt (protein kinase responsible for phosphorylating serine + theoreonine residues)
· Akt phosphorylates BAD (B-Cl2 family for cell death)
· BAD stays in place, prevented from damaging mitochondrial membrane B

Reminder:  I was really confused about the autophosphorylation and activation of intracellular enzymatic domain of the receptor domain about what constitutes as the enzymes involved.  The intracellular enzymatic domain are activated by autophosphorylation.  This is then activates an entire cascade of enzymatic activities that amplifies the message towards the intended target.  These cascade of enzymatic activities generally involve with the phosphorylation of other proteins/enzymes (a domino effect).  This a perfect example and explanation of how the messages get amplified across; specifically to the transcription factors 

Question:  Do each of the enzymes that are targeted have an SH2 domain then or does it only apply to the TRAK receptor?











G-protein coupled receptors (metabotrophic receptors)
· Common characteristics of receptors 
· all have seven transmembrane domains, bind ligand to change conformation to interact with G-Proteins 
· G-Proteins; trio of proteins on the intracellular side of the cell that would be recruited after ligand binds to the receptor 
· diversity of receptors for given ligand translates to multiple responses 
· five different types of GPCRs for ACh
· Ligands (adrenalin —> 4 main receptors and ACh —> five different types of GPCRs) of the G-Proteins use two pathways
· cAMP 
· PIP (IP3)
· mediate responses to a diverse range of ligands 
· neurotransmitters 
· hormones 
· odorants 
· tastants 
· photons of lights 


Does this mean there multiple ligands for one receptors (not sure about this one).  Multiple receptors one ligand (yes)?



What determines the duration of activation of PKA?
· Binding affinity of regulatory subunit of PKA for cAMP 

· what enzyme produces cAMP?
· adenilate cyclase converts ATP into cAMP
· what does cAMP do and how does it activate protein kinase A (PKA)?
· binds to the regulatory subunit of PKA .  There are two sites to attach to that induces release of PKA
· PKA (PROTEIN KINASE A) would then phosphorylate it’s preferred targets depending on the ligand that attaches to the G-coupled proteins receptors. 
· It is also the duration that ligand attaches to the receptor that determines duration of activation of PKA.  










THE TWO PATHWAYS OF G-PROTEIN COUPLED RECEPTORS

cAMP pathway
·  G-Protein has GDP exchanged for GTP where it gets activated 
· the alpha subunit of the G-protein would then branch off of the gamma and beta subunits
· it would move towards an enzyme, adelinate cyclase to convert the ATP into cAMP
· the cAMP would then bound to the regulatory subunits of the PKA molecule that causes the catalytic subunit to detach. 
·  Afterwards, the catalytic subunit of PKA molecule would then be able to phosphorylate preferred targets 
· preferred target depends on the ligand that attaches to the G-coupled protein receptors 
· Homeostasis/Regulation
· if cAMP is not present within the cell, then there the catalytic subunit would return and attach to the molecule once again 
·  THIS IS HOW YOU REGULATE HOW LONG THE CASCADE LASTS 
· through the duration of the ligand binding to the G-protein coupled receptor 
· as well as binding affinity of regulatory subunit of PKA molecule for cAMP


·  SHOULD BE ABLE TO IDENTIFY WHERE AMPLIFICATION OCCURS 
· step 2 and 3, 
· adenliate cyclase as long as it bound to alpha subunit, it would still induce a signal to keep producing cAMP
· step 2 means as long as the conformation change is stable with the ligand still be there
· it could recruit and interact with trimer of the G protein 
· once the trimer is active, once the GDP is exchanged for GTP that releases beta and gamma.  That site on the G protein is still available for more trimers to be recruited (amplification)
· there is always more and more of the alpha subunit available as opposed to the one shown in the picture
· downside of the cartoon: only shows one active site when there are many 
· PKA can go and activate transcription factor as well via phosphorylation 

as long as the ligand is still bound, as long as alpha subunit is bound to the G-protein independent of the duration is bounded to it, and as the site on the G-protein trimers are constantly available, the signal will always be amplified and transduced




PIP/IP3 Pathway 
· different than the other pathway (InsP3) seen with TRK receptor 
· able to activate protein kinase C here 
· needs calcium and DAG in order to activate them 
· once PKC is activated via interaction with the DAG on the membrane, it phosphorylates different proteins
· one of them is the enzyme that leads to ecosanoids 
· another one that leads to production of something something acid 
· if the pathway was wrong, what propositions could you propose?



Propose a beneficial consequence of cross-talk between signal transduction pathways
-  Coordination of response 
· the idea is for different pathways to work together to facilitate, amplify, and synergies a signal or to prevent contradictory signal from acting on the cell at the same time 
· need to have a way of tuning out signals and taking advantage of two different signals that mean the same thing 
· e.g. pancreas regulating glucose concentration.  Insulin.  How does insulin tell cells to get rid of glucose in the bloodstream?  
· bind to TRK Receptor 
· activate cascade of events within the TRK receptors 
· end game; bring these glucose transporters into the membrane.  Essentially in vesicles lying there to be ready to get released.  The message signalling these actions comes from insulin (through phosphorylation of the transporter I suppose)
· what kind of transport is glucose transporter?
· facilitated diffusion. 
· at the same time, what if cells receive glucagon?  Want to prevent it via G-Protein Coupled Receptors 
· glucagon = type of hormone that raises concentration of glucose within the bloodstream by causing to be released 
· glucagon would bind to that leads to cascade that breakdown transporter and release glucose to go into the bloodstream
· how to prevent this from happening?
· when insulin pathway is activated in addition to bringing glucose transporter to membrane, it activates enzyme called phosphodiesterase
· cleaves cyclic AMP to AMP 
· prevent protein kinase A 
· prevent phosphorylation and activation of enzyme that releases glycogen as glucose into the bloodstream 

This is a good example of how activation leads to prevention 


One ligand; many responses 
· alpha subunits, are they always stimulatory and amplify the enzymes and such?
· nope, could be inhibitory as well 
· would not produce downstream secondary messenger 
· many ligands can lead to many different responses by binding to different receptors 
· different ligands  = different receptors = different responses 
· e.g. norepinephrine binding to three different isoforms of G protein 
· activated the same way and interaction of trimer are the same and such 
· different responses s
· END NOTE: DIFFERENT RECEPTORS FOR DIFFERENT CELLS 



Different Ways of Ending the response
· engulfed by neighbouring cell 
· engulfed by distant tissue 
· endocytosis upon the receptor and the ligand 
· internalize receptor so it won’t interact with second messengers 
· phosphorylation of the receptor to inactivate it 
· inactivation of signal transduction pathway by blocking associated secondary messengers and proteins 
· enzymes that digest the ligand preventing them from being bound to receptor 







Transcription


The flow of genetic information: central dogma
· don’t need to replicate the entire DNA before transcribing the DNA into RNA.  In terms of space, it does not fit  
· eukaryotes have more variety of RNA’s than prokaryotes do 
· can take RNA and reverse-transcribe it to DNA 
· this is the case within DNA replication when you need RNA proteins to lay off nitrogenous bases to start off with). 
·  But you cannot reverse transcribe proteins back into DNA 


Which of these statements corresponds to a difference in transcription between prokaryotes and eukaryotes?
·  different RNA polymerase within prokaryotes and eukaryotes (1 vs many polymerases for different tasks).  However, they are still responsible for transcription 
· initation is indeed controlled by consensus sequeunces.  Promoter, trasncription factors, these are indeed initiation sequences to get started 
· rho proteins are only seen in prokaryotes and not all cases 


Prokaryotes vs Eukaryotes
·  the presence of a nucleus within eukaryotes means translation and transcription cannot happen simultaneously 
· Transcription end-products; 
· within prokaryotes; the end product is a mature mRNA
· within eukaryotes, the end product is not a mature mRNA ready to be translated.  It still needs to undergo several processes in order to leave nucleus and be ready to be translated in the cytosol.  (PROCESSING OF RNA)
· Pre-Messenger RNA (PremRNA)
· first transcription product 
· need to add a cap in 5’ and add a tail in 3’
· splicing and 5’ capping mechanisms 
· cut out portions that are not part of the amino acid 
· When can transcription happen within these cells?
· Eukaryotes; transcription can only happen during the interphase 
· Prokaryotes; transcription can happen at anytime of the cell cycle within prokaryotes 



Transcription initiation complex; determines how long the interaction RNA polymerase with the genes is to produce the mRNA properly and shuttle it off for translation. 
· composed of…
· transcription factors 
· activators 
· mediators 
· chromatin-complex enzymes 
· polymerase 
·  distal regulatory elements; interact with transcription initiation complex because DNA can fold on itself even when they are distally upstream away from the promoter sequences.  



START OF NEW LECTURE

Which strand?
· Within DNA, there are genes separated by intergenic regions 
· we will only focus on one gene 
· interested in transcribing information contained in that DNA portion and make mRNA
· to do so… must copy DNA
· When we make a copy, trying to accomplish functional strand of mRNA
· DNA and RNA must be elongated in 5’ to 3’ direction.  
· The product will be in a 5’ to 3’ 
· RNA polymerase 
· read the 3’ to 5’  DNA template strand to recruit nucleotides and build the mRNA 


What is the role of the sigma factor in transcription?
· a protein that acts like a transcription factor. 
· binds to promoter area of the gene and help place the RNA Polymerase correctly
· stabilizes the polymerase bound to the DNA 
· makes sure it is lined up properly so that the transcription starts at the first nucleotide of the coding sequence or gene 
· What happens when the RNA polymerase starts reading shifted; starts reading at position 3 instead of 1 of the sequence?
· the mRNA transcript when it is translated leads to a polypeptide that has a shifted sequence that means you won’t get the same amino acids.  This means that the protein is not what you decided to transcribe in the first place 
· essential that polymerase is placed in a correct position before transcription begins 


How does it get started?  - Prokarotes
· once polymerase starts a stable transcription of the gene, the sigma factor is detached 
· this happens between 25-40 base pairs that have been transcribed 





How does it get started? - Eukaryotes 
Steps:

· TATA box  = consensus sequence in the promoter 
· this is known as the core promoter 
· where transcription begins 
· essentially the on/off switch of he gene 
· something has to bind here to get started 
· first thing that binds there:  TATA box protein
· able to recruit more transcription factors and other proteins to complete the multi-protein complex being formed.  
· this results in recruitment of the RNA polymerase
· multi-proteins that interact and serve as a dimes
· Depending on the proteins and the transcription factors accumulated, sequence affects rate and duration of transcription.  (not simply an on/off thing)
· repeating what was indicated above; THE PROTEIN COMPLEX DETERMINES HOW LONG RNA POLYMERASE INTERACT WITH GENE AND TRANSCRIBE IT TO MRNA
· e.g. ap-1, glucocortisoids, protein kinase A could act as transcription factors themselves


·  Activators and Repressors of Transcription Genes 
· they are also proteins 
· bind to other sequences outside the promoter 
· specifically enhancer and silencer genes
· also part of regulation of how long and fast the transcription occurs along with the complex
· instead of binding to proteins that are part of the promoter immediately upstream of the promoter gene, they can be upstream further away (400-500 away before the start of the gene)
· distal regulatory elements interacts with transcription complex because the DNA is flexible so collectively regulates how long and fast transcription occurs 


NOTE:  compared to prokaryotes, which bind a single protein (sigma factor) to the promoter sequence, eukaryotes bind multiple proteins to the sequence in order to form a complex 



·  Initiation: 
· TATA box binding protein to bind with promoter seuquence, proteins among the complex, and such. 
· TBP in diagram = tata box binding protein 




· Elongation: process of RNA polymerase making its way throughout the sequence
· fairly similar between prokaryotes and eukaryotes 
· there is one difference though.  In prokaryotes, the simultaneous translation and transcription process that occurs.  
· In the prokaryote…
· The elongation process lengthens the RNA molecule so it can be long enough and can interact with ribosome to produce tRNA and proteins.  Because there is no nucleus.  Simple process 
· RNA polymerase makes a few mistakes but that wouldn’t harm too much.  Compared to DNA polymerase where they can proof read and such 


TERMINATION OF TRANSCRIPTION
· Prokayrotes, two possible mechanisms to end transcription
· at the end of the gene
· rho independent mechanism (intrinsic)
· rich GC sequence at the end of the gene
· causes the RNA would then fold over itself in order to create a stress that doesn’t give enough space to the polymerase —> due to complementary base strand of GC’s
· forms a hairpin, imposes physical stress bumps the polymerase off the DNA
· rho (p) dependent mecahnism 
· rho = ATP-dependant unwinding enzyme at 3’ end 
· recognized the end of the sequence (terminator sequence) at the 3’ end of the RNA 
· binds to DNA right after the last coding portion of the gene 
· as the polymerase nears the ned of the gene, it has nowhere to go because of the gene and detaches

·  Eukaryotes (happens right after transcription)
·  terminator sequence at the end of the gene signals the RNA polymerase that it is done transcribing
· this signals Poly-A polymerase to come in and add a series of A’s (around 50 to 200)  —> poly-A tail
· What is the difference between prokaryotes and eukaryotes at this stage?
· in prokaryotes the mRNA is mature and ready to be translated 
· in eukaryotes, it is still immature
· 5’ cap. which is a series of with guanine residues (some methylated and others phosphorylated, seven guanines long) added to 5’ end (beginning of mRNA sequeunce)  while transcription occurs (50 nucleotides into transcription)
· the ends are to prevent the enzymes from consuming the RNA molecules once it in the cytosol
· How does the mature mRNA leave nucleus?
· not through microtubules since they are outside of the nucleus 
· THROUGH THE NUCLEAR PORES 
· poly-A tails, intact, the nuclear pores have proteins that recognize it and allow passage for mRNA.   
· if it hasn’t been processed adequately, no poly-A tails, this is a faulty mechanism that is preventing mRNA from leaving the nucleus 


· RNA splicing to get rid of introns (excised and spliced)
· NOTE:  Introns and exons are observed in both of the DNA and the mRNA
· need to find a way to recognize the beginning and end of the introns.  Need to be able to cut them and reattach the exons to get an intact transcript that has a contiguous coding sequence  
· How do we do this?  What is in the cell’s toolbox within the nucleus that recognizes the beginning and end of the intron sequeunces?  What could we use to match the sequences?
· extracting short portion DNA nucleotides that are complementary to intron regions of the mRNA 
· Where would the DNA nucleotides come from?
· splicosome, made of small NUCLEAR RNA (snRNA), small ribonucleo proteins, and proteins 
· they have bits of RNA sticking out 
· they are complementary to the sequences at the beginning and end of the introns
· due to the small nuclear RNA?
· they will bind to intron 
· protein portion will be able to exercise a cut right at the edge of the introns 
· folds the RNA transcript outwards
· this then forms a loop that is called a lariat
· other proteins will be able to ligase/attach the beginning and end two exons
· THIS PROVIDES A CONTINGUOUS CODING MRNA

· Are the introns such a waste?  Not really, cells are super efficient 
· What do they allow us to do?
· can reuse the introns to interfere with other RNAs (keeping them regulated?)
· can break the introns and reuse the nucleotides 
· Alternative splicing;
· We can have multiple sequences and exon
· these sequences and exons could be combined in a variety of ways
· this produces different isoforms of the same protein 
· e.g. troponin, different types of them.  Do the same thing for muscle contraction.  
· different shape and properties of troponin
· How do you get different troponin?
· Could have different types of troponin that have one gene that represents them individually but that would increase size of  DNA and nucleus —> NOT IDEAL
· therefore, by using different introns and splicing mechanism 
· you can have one gene that produces multiple isoforms of the same protein 
· keeping the DNA structure from being exponentially large 
· Alternative splicing, different cell types, different splicosomes. looking for different sequences at the intron 
· troponin T1 (slow skeletal muscles) vs troponin T3 (fast skeletal muscles)
· SPLICOSOMES GENERALLY removing two introns and one exon
· in this example, exon 1,2, and 5 are essential 
· introns have some regulatory mechanisms and help out with alternative splicing.  Other than that, their functions are not generally known
· SUMMARY
· splicosomes are specific for the one gene 
· taking immature RNA and making it a coding sequence that is being able to be sent out 
· generally removing two introns and one exon 


· DIFFERENCE 
· sequences at the ends are substantially different 
· RNA transcript is mature and ready to be translated in prokaryotes.  Eukaryotes not ready to translate just yet 


A nucleotide mismatch has been left uncorrected and lies right at the position of the signal sequence for intron 1.  What will happen during processing of the pre-mRNA
· splicing will occur normally at the other introns but intron 1 will remain part of the mRNA 
· splicosomes are only able to CUT the introns out in ONE WAY (at both ends).  Therefore, you can’t just cut part of the introns out


What do you think is one of the main advantages of alternative splicing?
·  keep the size of DNA relatively manageable and being able to produce multiple RNAs and multiple proteins 
· alternative splicing HAS NOTHING TO DO WITH THE MRNA LEAVING THE NUCLEUS
· only involved with producing different isoforms of proteins
· alternative splicing has NOTHING TO DO WITH THE CORRECTION OF THE SEQUENCES.  IT CAN NEVER BE CORRECTED. 
· only involved with producing different isoforms of proteins 






Regulation of gene expression - Prokaryotes
· regulate when transcription occurs, how long it occurs, and multiple ways of controlling these things 
· REMINDER:  during signal trasnduction, proteins could act as molecular switches.  Being able to turn on and off proteins 
· Regulation is genetic switches, being able to control the expression of specific genes
· Prokaryotes have genes that are organized usually in the same ways.  (Promoters, gene coding portion sequence)
· in some cases, prokaryotes are more efficient to have genes that encode proteins that are involved together 
· These are called Operons, in the same area and under the same element of control within the DNA
· have an additional portion between promoter and gene called operator
· in order to control if the polymerase can transcribe or not, have proteins that interact with operator called repressors 
· NOTE:  the two points above are talking about different aspects of the gene 
· depending on the environment and the situation the cells find itself, it can either want or not the genes to be transcribed and translate 
· e.g. genes could be translated into enzymes that break down lactose in order to provide energy for the environment 
· however, if there is no lactose around, then the genes (the operator) would be blocked off by the repressors
· repressors are made from the regulatory genes of the same DNA that is meant to synthesize enzymes that break down lactose
· polymerase would not be able to proceed further
· Therefore, the regulatory function of prokaryotes depends on the environment the cells are surrounded within.  Repressors act as sensors for the environment that the cells are within 



The product of the transcription of an operon is one ____. 
·  mRNA that codes for several proteins
· what is the difference between “several proteins” and “functionally related proteins”?
· she didn’t really explain in the video…….  fuck her 

Operons (Prokaryotes)
· lactose operon
· three sets of different genes within the lactose operon. 
· these genes each correspond to different enzymes responsible for metabolism of lactose 
· if lactose was absent…
· the repressor would physically block the RNA Polymerase from advancing past the promoter and operator sequences 
· the repressor usually bounds to the operator 
· if lactose was present…
· lactose binds to the repressor, changes its conformation so it would not be able to bound with the operator 
· the genes would then be able to be transcribed into one single mRNA for all three genes 
· these three genes within the single mRNA are able to produce the separate enzymes by stop and stop codon sequences within the mRNA that the ribosome would be able to read 

· 
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6/3/17: MRNA, Eukaryotes 



REGULATION OF GENE EXPRESSION OF EUKARYOTES
· Q1:  In eukayrotes, differences in gene expression between various cell types in one individual are best explained by…
· REMINDER:  all the cells have the same genes.  None of them are different in terms of the structures
· promoter proximal elements recognized by activators found only in specific cell types 
· distal upstream enhancers and repressors are what allows for regulation of the transcription happening in the nucleus
· these areas fold into the trasncription initiation complex that allows or represses the expresion of certain transcription gene
· e.g. albumin, within the liver cells, these cells need activators to bind enhancer sequences, and complete transcription initiator complex to express albumin.
·  but these cells don’t need to express proteins that are specific to other cell types e.g. lens proteins 
· therefore, cells don’t need to produce enhancer proteins that bind to the enhancer sequences that express genes producing lens proteins 
· but they might produce repressors proteins that bind to the silencer genes that express lens proteins 
· ensures tissue specific proteins are expressed in proper cells 



· Q2:  RNA interference is best described as the phenomenon of silencing a gene post-transcriptionally by… 
· Answer; A
· miRNA or siRNA binding to part of the mRNA by complementary base pairing 
· short RNAs that are able to be complementary to the mature mRNA.  They modulate how efficiently they translate to meet with ribosomes 




· Slide 6 and 7: POST-TRANSLATIONAL mRNA REGULATION
· GOAL: to modulate how efficiently the mRNA translates into proteins via mRNA
· short interfering RNA are usually introduced in the cells.  We build them looking for specific sequeunces, introduce in cells, and find mRNA to prevent them from going into translation 
· cells can do the same by producing miRNA, which are siRNA produced by the cell itself
· siRNA = short interfering RNA 
· miRNA = micro interfering RNA
· What are the odds that mRNA floating in the cytoplasm can match with the miRNA?
· 30-50 base pairs with any around 
· should be relatively simple 
· and the goal is to essentially go fishing for mature mRNA to prevent them from doing translation
· cells are able to do the same except they produce something difference called the micro-RNA 
· That means there are genes that are transcribed into RNA (but very short and complementary), can form a hairpin and duplex.  Eukaryotic cells are not very keen on duplex RNA.  
· AS soon as microRNA duplex leaves, it would be met by an enzyme called dicer, which would cleave off the loop portion at the end and then recruit a complex of proteins.  
· This together would allow removal of one of the two strands of micro-RNA duplex. 
· Left with very short RNA with about 30-50 base pairs.  It is associated with protein complex and dicer.  
· Complex is situated within the cytoplasm, short mRNA
· What are the odds are that any floating mRNA can be matched by the micro-RNA?
· 30-50 base pairs 
· somewhere between reasonable and fairly high as long as they are complementary.
· These mRNA complexes have the ability to line up and match with their messenger RNA 
· THIS IS HOW THE MRNA GETS HALTED
· miRNA complex, microRNA induced silencing complex = RIsk
· Two things can happen 
· a few base pairs can be misaligned between the miRNA and mRNA 
· or it would be an absolute perfect match 
· What happens if the base pairing isn’t perfect?  
· the imperfect pairing will act as a leash, slow down transition from transcription to translation.  At some point, something would allow this relationship to end and risk complex would leave the mRNA unharmed.  
· no one knows how long this imperfect pairing would last 
· if the pairing was perfect, then the mRNA would be off to degradation. 
· in the two scenarios, imperfect is preferable as the mRNA is not destroyed.  
· Unless, perfect matching is the regulatory mechanism you are looking for (e.g. if there is too much mRNA).  
· Doesn’t matter where the miRNA matches up with the mRNA 
· miRNA don’t have to target one specific mRNA 
· as long as the miRNA can align with different mRNA and even different sites of the mRNA
· obviously, the more perfect the match of the base pair is, the easier the the target is
· there are repetitive sequences that can occur throughout the mRNA though 
· virus can match with the mRNA as well 
· are there any other pieces lying about that can match with mRNA?
· sometimes, 
· e
· ethere are repetitive sequence that can occur thoughout the mRNA though 
	


*** Think about the consequences and the different stations of the cell that may have.  1000 mRNA of insulin gene transcript  (risk complex only blocked one transcript) VS 4mRNA of insulin gene transcript (risk blocked three of the four, blocked transcription and prevent it from translating)


Would the miRNA be able to interfere with the growth of the cells (particularly in a scenario like cancer where tumours are prominent)?
·  we could but it would not be an miRNA 
· it would have to be an siRNA from outside of the cell as the genes, over expression of proteins, and other factors within a tumour cell would not be able to express as much of the miRNA 
· the siRNA would have to interfere at the mRNA level and not at the protein level 
· the siRNA entry into the cell or the body in general must be regulated to ensure that it does not interfere with healthy cells as well 
· This is something in therapeutic that is being looked upon and researched to treat cancers 




TOPIC 8: Translation
·  Slide 12; VIDEO
· the process is much slower than transcription 
· proteins emerge from the ribosome 
· hemoglobin example 


· Slide 14:
· talking about how this ribosome is reading the message that is contained within the mRNA
· codon tables.  All built the same way.  Interpret codons, triplets of nucleotides.  First, second, and third base.  
· Location of the codon corresponds to the amino acid that is needed at this exact moment to produce the protein 
· Four codons that needs to be eventually known
· AUG; codes for mythienine.  Will end up knowing just by sheer nature 
· the rest of the three; THREE POSSIBLE CODONS THAT RIBOSOME WILL INTERPRET AS HAVING REACHED THE END OF THE SEQUENCE AND FINISH TRANSLATING.  THESE DON”T CORRESPOND IN ANY PATTERN (UAA, UAG, UGA)
· 61 codons that are way more than the 20 amino acids being built.   (64-3)
· the codes has redundancy
· There are more than one codons for a given amino acid. —> synonyms
· However, if this was within translation, then each codon would not represent more than one amino acid as this would get very messy.  No way of knowing which amino acid it is 
· However its organized (WHY?  WHAT ARE THE CONSEQUENCES IF IT ISN”T?)
· Reason why there are synonyms (more than one codon for an amino acid)
· WOBBLE EFFECT
· the third position can see some differences in what nucleotide is in the third position usually matches.  
· in other words, 
· there can be some differences in what nucleotide is in the third position that allows synonyms 
· tRNAs 


· Slide 15:
· what is the pitfall that students may fall in to?
· can give 3’ to 5’
· VERY IMPORTANT TO REALIZE (KEY PITFALL)
· everything is oriented.  
· never more than one amino acid very a given codon 

Slide 16: Oscillation or Wobble Effect
· certain amino acids are associated with more than one codon - the difference lies in the third nucleotide 
· always at the third position/nucleotide 

Slide 17: Question
· exons have coding regions that correspond to the mRNA.  Translate the exons in that specific order that were given.   The amino acids that will be added to the protein correspond to the exons.  Thus, indicating the structure and the function of the protein 
· you have an organization.  Areas within the mRNA and the corresponding proteins relate to the exons.  
· Proteins you have talked about so far.  Think about distinct role and function of it.  Different domains performing different roles  
· EXONS CORRESPOND TO THE DOMAINS OF THE PROTEIN 
· E.G. transmembrane receptors 
· distinct regions that carry out distinct roles 
· they (domain) correspond to the exon.
· exon 1 = ligand binding domain 
· exon 2 = catalytic domain 
· exon 3 = intracellular tyrosine kinase domain (intracellular enzymatic portion of the receptor)
· exons lead to domains/functional areas of the protein 

Slide 19: tRNA
· need to understand how to bring the amino acids to interact with the ribosomes.  
· tRNA, RNA on their own right, produced by their own RNA polymerase
· their role is to be able to match the condon (mRNA) that is in the specific area in the ribosome that is being read
· codons match with the anti-codon of the tRNA 
· tRNA is what interacts with mRNA 
· amino acids never interact directly with the mRNA itself.  
· The specificity comes from interaction between codon and anti-codon
· amino acid be attached to the 3’ end of the tRNA 
· make sure that the amino acid matches with the anti-codon and codon 
· Wobble Effect 
· Inosine = modified nucleotide that can replace any of the four nucleotides 
· all tRNA would be similar in the sense that one would give you an anti-codon sequence at the bottom and 3’ at the top (need to listen to the podcast)
· PROPER AMINO ACID AND PROPER ANTI-CODON


· Slide 20; Question 
· aminoacyl-transferases (tRNA synthesases)
· 20 of them
· what gives specificity to the tRNA that is carrying the correct amino acid?
· it is the enzyme that is actually accomplishing that covalent bond between 3’ end of the tRNA to the amino acid; that corresponds to the codon of the mRNA that is complementary to the anti-codon that is on the tRNA
· what you want to achieve is that the amino acid matches with the complementary codon on the mRNA 
· need to make sure that this is the anti-codon to to the codon that corresponds to the amino acid using the codon table 

· Slide 21:  Aminoacylation via aminoacyl-transferases (tRNA synthesases)
· how do we make sure there is specificity in the match?
· shape wise it would only interact with one amino acid 
· since there are 20 amino acids, it leaves 1 enzyme for each amino acid 
· first thing it is going to do… target amino acid 
· then it needs energy since the goal is to make a covalent bond 
· get an ATP in there, sacrifice two phosphates
· then you are ready to line up tRNA 
· you can line up the amino acid, using specific enzymes, 
· once tRNA has been recruited.  Make covalent bond.  Get rid of AMP.  then you have a loaded tRNA with an amino acid 
· then it is ready to interact with ribosome to deliver the amino acid 
· what happens to tRNA after?  It would then be recycled.  Got a gene for that tRNA, polymerase that transcribed it.  Therefore, it can last for a very long time if it isn’t damaged.  



· Slide 22; Question 
· missing part: eukaryote or prokaryote 
· Therefore, the correct answer is D  or E (D for eukaryotes and E for prokaryotes)
· mRNA interacts with the ribosome in a 5’ to 3’ manner 
· tRNA will interact with mRNA in a 3’ to 5’ manner 
· this happens due to the anti-parallel characters between the two just like 
· What are the differences between the two (G cap and Shine-Dalgarno Sequence)?
· g-cap for eukaryotes 
· poly A tail allows us to leave nucleus properly 
· transcription and translation are oriented processes (mRNA )
· using the 5’ g-cap. 
· Not going to read the mRNA right away
· in between the g-cap and the poly A tail, there is the UTR (untranslated region)
· There would be a buffer of nucleotides that won’t be translated that there that would contribute to lining up the sequence to the first position of the ribosome.  In prokaryotes, there are no 5’ g-caps.  In this case, use the other answer.  
· the directionality is crucial in prokaryotes as well in terms of how the mRNA is being translated 
· could be simultaneous.  Transcription and translation can occur at the same time.  








9/3/17: Translation and Sorting 


Ribosomes
·  made up of rRNA and other proteins that form a large structure 
· they could be either free floating or associated with the membrane of rough ER 
· if translation isn’t occurring, then the ribosome would not be formed
· different components of ribosome are present and available and will assembled by…
· triggering reaction between mRNA and small ribosome subunit
· different sizes of proteins (ribosomal subunits) between prokaryotes and eukaryotes 
· Prokaryotes (30S and 50S)
· Eukaryotes (40S and 60S)
· the S is a unit of measure, used to measure the sedimentation rate of proteins 
· you get a small and large subunit of proteins that need to be assembled together to form a complete ribosome 
· rRNA included within the protein subunit structure already

How do we get the ribosomes to assemble?
· getting the mRNA to link up with small ribosomal subunits (where does it occur?)
· occurs between G cap at 5’ end of mRNA and the anticodons of the tRNA
· make sure the mRNA is aligned properly so that first codon is used when translation begins to get the correct amino acids that are being brought in 
· three separate areas in the ribosome (EACH ACCOMPLISH DIFFERENT TASKS)
· first site 
· the A site (aminoacyl site)
· the site that is the closest to the 3’ end
· where the activated tRNA loaded w/v amino acid via aminoacyl-transferases, matches up with the codons of the corresponding mRNA via its anti-codons 
· the P site (peptidyl transferase), 
· proteins and rRNA that make up the large subunit of P site have peptide trasnferase activities to catalyze peptide bonds between amino acids 
· where the polypeptides are being synthesized, where amino acids are aligned with other amino acids.  
· this is formed via the peptide bond formations though the backbone
· the E site, literally the exit site 
· translocation = the shift along the two large and small subunits (from A site to E site) as the mRNA goes from 5’ to 3’ 
· in other words, the ribosome moves along the mRNA in a 5’ to 3’ direction 
· Reminder: stop codon (UAG, UGA, UGG)
· the proteins synthesized will always be oriented from N-terminus (first amino acid added) to the C-terminus (where the last amino acid was added)


Why is it important at the start of translation for an initiator tRNA to pair with the AUG start codon on the mRNA?
· TO ESTABLISH CORRECT mRNA reading frame 
· otherwise, reading codons in a jungle where the sequence would be shifted (in terms of having the codons and anti-codons being read) 
· as a result, may produce a faulty protein (another regulation mechanism)



Initiation aka ASSEMBLY OF THE RIBOSOMAL SUBUNITS (Eukaryote and Prokaryote simlar in this procss)
· Starts off with the mRNA aligning with the small ribosomal subunit 
· this stabilizes the starting codon of the mRNA in the ideal P-site position to line up with an anti-codon in the tRNA in the future 
· always starts with the starting codon at AUG.  The starting codon is aligned at the P site 
· the activated tRNA (called initiator tRNA) that carries the anti-codon of AUG (also amino acid; methionine) would then be lined up at the P site in order to match with the codons of the mRNA 
· however, this is not perfect just yet 
· There is a protein called initiating factor (eIF) both in prokaryotic and eukaryotic.  It assists the tRNA to line up properly with the start codon and the large ribosomal subunit to cover the tRNA and methionine 
· The large ribosomal subunit would be attracted and sets all the elements of the complexes in place to create a ribosome
· this process needs energy and it is initiated by GTP 
· Now, translation can begin
· The tRNA with the matching anti-codon to the codon aligned at the A site would then be recruited



Elongation Stage (Elongation Factors)
· Once the methionine tRNA is set in place in the P site.  The A site is still empty. 
· The A site would then be occupied by an activated tRNA molecule with an amino acid as well as anti codons that match up with the codon on the mRNA strand 
· The AA is brought in by an elongation factor with a GTP bound to it 
· makes sure the tRNA is guided to the ribosome 
· also helps with translocating of tRNA from one site to another 
· A peptide bond (specifically called the peptide transferase bond) has to be formed between the two amino acids 
· once that has occurred, then translocation must occur 
· translocation occurs by shifting the tRNAs over to the next spot with the methionine shifting over to the E spot 
· this shift is caused by the ribosome 
· the ribosome is able to do this through elongation factors with a GTP that changes its conformation AND helps with the action of translocation 
· However, the tRNA of the P site cannot carry the amino acid or else it would not be able to assemble the protein 
· Therefore, the amino acid has to be shifted over to the tRNA on the A site where the peptide bond is still intact
· Another elongation factor comes in with a GTP and initiates translocation.  This move opens up the A (aminoacyl) site to bring in amino acid #3 in the process 
· Peptidyl transferase 


SIDE NOTE:  At the A site, it is possible that an anti-codon can get a mismatch with the codons of the mRNA.  This may result in two things…
	-  the amino acid would be intact and joins up with the polypeptide chain 
	-  the tRNA would be able to recognize that a mismatch has occurred and leaves 



Termination Stage/Release Factor (RF)
· the release factor with a GTP would be bounded to the A site as well 
· they mimic the structure of tRNAs and able to bind with the mRNA at the stop codon 
· able to recognize one of the three codons
· like the elongation factor, helps with translocating the tRNA by providing energy for the ribosome to shift from 5’ to 3’ direction 
· helps with severing the polypeptide and get it released
· everything will be detached (release factor, small ribosomal subunit, large ribosomal subunit, free tRNA will be reloaded once it gets released)
· the polypeptide gets released, it would severe.  What will happen?
· mRNA and the other components within translation would get reused 
· enzymes could also degrade mRNA and prevent it from being translated again
· risk factor;  RNA interference 
· miRNA and siRNA 


Polysomes (polyribosomes)
· long mRNA is able to interact with multiple ribosomes 
· Instead of making individual domains that eventually make up a a polypeptide unit, each of these individual ribosomes make up a polypeptide unit.  In other words, they each produce their own individual proteins 
· not as stated among people with common pitfalls that they each combine to make a protein WRONG 
· possible for the a new ribosome to start at the starting codon of the long mRNA and progress further down 
· They make different multiple proteins 


What do prokaryotes have that is distinctly different than the polyribosomes?  Could they have any advantages that are different than 
· no nuclear membrane 
· the mRNA are synthesized in a pre mature state and gets sent for translation that happens simultaneously with transcription 





Ribosomes 
· Free cytosolic proteins (soluble) vs transmembrane proteins 
· ribosomes can either be free flowing or stay within the transmembrane 
· Free cytosolic, self-explanatory, just describe the processes that occur and the protein would be set free and roam around the cytosol after translation 
· Comparatively, transmembrane proteins are synthesized very differently.  
· REMINDER:  transmembrane proteins like ligand gated channels have different subunits that contribute to different tasks within the membrane.  
· rough ER, translation happens here and translates as part of the membrane on the ER, spans the membrane and stay there, then you can get it packaged into a vesicle and goes towards wherever it needs (co-translation)
· golgi will putt the polishing touches to the protein 

· chaperones may help the protein to fold on itself during and after translation.  BUT they don’t help stick to the membrane 


What is the function of the protein-RNA complex called the signal recognition particle?
· it temporarily blocks translation before it docks the ribosome to the ER membrane
· N terminal is growing out of the polypeptide as they are extending at of the c terminal 
· first 20 to 30 amino acids at the end terminal portion of the peptide are called signal sequence
· these sequences are part of what is being translated 
· but they won’t be part of the final protein makeup in most cases 
· especially true for proteins that need to be matured through ER 
· signal recognition particle (SRP)
· 
· 
· 
· 
· 
· 



13/3/17: Translation and Sorting 

· Co-Translation (secreted)
· soluble proteins that have to go through the ER.  Will tag transmembrane proteins it as well 
· N terminal is growing out of the polypeptide as they are extending at the c terminal 
· The protein that we need to translate needs to be matured, folded, chemically folded.  SO it will have to go through ER and golgi. 
· If protein is translated through cytosolic ribosome.  How are they going in to the ER or span the membrane?
· co-translation
· involves signal sequence at the beginning 
· first 20 to 30 amino acids at the end terminal portion of the peptide are called signal sequence
· N terminal is growing out of the polypeptide as they are extending at the c terminal
· these sequences are part of what is being translated 
· but they won’t be part of the final protein makeup in most cases 
· especially true for proteins that need to be matured through ER 
· As translation goes on, signal recognition particle/protein helps with it. 
·  Binds to the signal sequence of amino acid and essentially halts translation
· it halts it long enough so it could direct the ribosome to the ER’s membrane.  
· On the ER membrane, there are proteins (SRP receptors and Signal Peptidase) that form pores.  Translocons or translation protein 
· multiple components to this translator
· first a series of proteins that would form a pore that would make it favorable for polypeptide to go through the membrane as it is translated.  Facilitates getting amino acid across phospholipid bilayer of the ER membrane
· Second, a receptor that recognizes the signal recognition particle (SRP) called signal recognition particle receptor.  This allows docking of ribosomal complex to translocator protein to line up ribosome so that when translation occurs, protein can go through translator protein and across the ER membrane
· SIDE NOTE:  SRP also helps the signal sequences to bind to the peptidase
· Last, signal peptidase.  The signal sequence is there to direct translation to the ER but not part of the protein so it has to be be cleaved.  
· Translation makes it all the way to the stop codon that would make a polypeptide that is completely within the ER lumen.  Still in its immature form.

· creation of a micro-environment (multiple proteins to form a complex for the translated polypeptides to go through into the ER)





· Co-Translation: HOW TO ATTACH THE TRANSMEMBRANE PROTEINS? 
· Porins is a great example of transmembrane protein
· G-protein coupled receptor spans the membrane seven times.  Another good example of transmembrane protein
· Essentially going through the same mechanism as the usual polypeptides going through  co-translation via translocon proteins 
· there is one difference though… stop-transfer sequences 
· translocon recognizes the sequences around here halts translocation of the protein across the ER lumen into the ER
· however translation is not stopped at this stage it still continues 
· contributed by start-transfer sequence that is brought o signal recognition particle receptor.  Signal sequence handed off to signal peptidase anchored.  Translation resumes
· signal sequence gets cleaved by the signal peptidase and the stop-sequence binding receptors and other trasnlocons get released
· as a result, what remains is a protein stuck within the membrane via the stop-transfer sequence 
· e.g. G-protein, need multiple start transfer sequences to go through translocator proteins multiple times 
· this takes up multiple passages 



· What is the function of a chaperone protein?
· help polypeptides (proteins) fold into their tertiary structure 

Chaperones
· assist the polypeptide that is growing out and protect it from enzymes that are in the environment
· two chaperones that we will consider
· usual ones (smaller ones), protect the protein from being digested by enzyme.  Ensure there is proper folding
· much larger ones (e.g. GroEL).  They form microenvironments.  Engulf the peptide.  They require ATP to be utilized.  This occurs after translation in the ER and golgi.  
· Assist in making sure that peptide is in a favourable environment where it actually can fold in the ER.  
· In the golgi, they are involved in making sure that chemical modifications and folding have occurred properly so the final protein is not only folded properly but has the required chemical modifications (post-translational modifications)
· they are like the quality control for the last check
· involved where if they are not folded or modified properly that they get tagged for degradation. 
· Enzymes (ubiquitinase).   Add ubiquiton to tag it for degradation .  





· What happens after translation?  Vesicle and Cytoskeleton (post-translational modification)
· occur in two cellular compartments 
· ER and Golgi 
· ER
· very early stages, we tend to fold and make sure the disulfide bonds are formed properly.
· slowly start to chemically modify our proteins   
· Golgi
· really in the golgi that most of the chemical modifications occur.  At this point, protein has been folded already.  
· First example of co-translation:  protein entirely in the ER lumen, be shipped to final destination.  Gets packaged into a vesicle.  AT the end of the ER, the membrane will bulge pinch and form vesicle containing the protein —> cytosolic protein
· second example; transmembrane protein embedded within the ER, when you get pinched off, it is still within the membrane but part of the vesicle now.  The vesicle will travel and fused with the golgi when it travels along the membrane. -> transmembrane proteins

· NOTE: what ever is within the vesicle, stays within the vesicle.  


 
· how do the vesicles travel from the ER to the golgi and from the golgi to the PR?
· motor proteins.  
· cynasine, microtubules.  


· Post-translational modifications
· different chemical modifications 
· not a complete list but a good idea 
· in the golgi, very important step towards the mid to late portion of the golgi.  
· Start having glycosllation.
· Adding more sugar modules to the amino acid side chains that makes sure that the folding is optimal.  
· More importantly, it would be crucial to sort proteins. 
· It will act as a label that packages all the proteins that have similar destination 
· package them in the same vesicle so they won’t have vesicles with proteins that have different destinations to go all around and make different stops
· packaging them to ship them for exocytosis vs packaging them to ship them off to mitochondria is modified completely different 
· things that make it back to mitochondria would behave differently. 







· Secretory pathways (when you reach the end of the golgi)
· when you reach the end of the golgi, have to be able to determine…
· when these vesicles actually leave the golgi and when they will be secreted
· two different secretory pathways 
· constituted pathway 
· proteins (transmembrane/soluble) that make their way through the golgi and reach the end of the system will be packaged in vesicles and would be immediately transported to plasma membrane.  They become part of the membrane and transmembrane protein becomes part of the membrane.  
· the rest of the contents are are released by exocytosis out of the cell
· consistutive pathways happens without a trigger 
· this happens constantly
· Can we think of anything that needs to be immediately imbedded within the membrane regardless of any adverse situations?  Essentially, anything that is constantly produced without asking it to do so all the time?  WHAT KIND OF PROTEIN?
· phospholipids could be one even though they are not post-translational proteins
· aqua porins are channels that facilitate passage of water.  This is a good example
· any transmembrane proteins as long as it is not only expressed in certain conditions.  
· kinase???
· K+ channels
· recognition proteins.  
· Extracellular matrix components 
· THINGS THAT NEEDS TO BE CONSTANTLY REPLENISHED?

· Regulatory Secretory Pathway 
· How do you signal cells to release the proteins they have translated AND KEPT IN RESERVE TO BE RELEASED?
· bind to receptor and initiate signal transduction cascade
· neurotransmitter + hormones
· end product of signal transduction cascades and can link 
· example of a protein that is released from these reactions?
· acetyl CoA
· adrenaline 
· clotting factors 
· cytochrome - C
· be able to diferentiate these two pathways?  link that to transcription and translation and signal transduction 

· When things do wrong… mutations 
· error during DNA replication or transcription 
· e.g. EF do not do a good job to accompany tRNA and match correct codons etc.
· mutagenic agents (radiation, chemical, UV, microorganisms etc)
· point mutation (single nucleotide etc.)

· 
· QUESTION:  Certain base pair mutation does not alter amino acid sequence by a gene because…
· of the degeneracy of the genetic code, some base-pair substitutions do not change the amino acid specified by a codon 
· the wobble effect, what allows certain changes and incorrect assembly without consequences 



CONSEQUENCES OF MUTATIONS THAT ARE QUITE DRAMATIC

· Missense mutation 
· when you have one single different nucleotide on your starting codon.  
· When the codon is lined up in the A-site within the ribosome. 
· The tRNA that lines up with that mutated starting codon is carrying an entirely different amino aid 
· E.g. hemoglobin. 
·  On the gene, there is a single change in A or a T. 
· In MRNA, you get the A replaced by U.  
· Instead of getting one you get the other protein via amino acid changes.  
· Doesn’t always lead to this kind of dramatic change that is detrimental. 
· One small polar amino acid for another small polar amino acid would be minimal. 
·  Could have a protein that is a little bit less efficient. 
· Some cases, may be beneficial and the protein would gain from it.  Depends on what you are replacing and what impact it has on your protein structure.  


· Nonsense mutation 
· introduces stop codon by changing one nucleotide 
· The effect of the mutation really depends on where the stop codon
· for instance, could be fine at an amino acid near the end and detrimental in the middle of the mRNA sequeunces 


Silent mutation 
· change of a single nucleotide that leads to a codon that produces the same amino acid 
· overall in the polypeptide, everything is still the same without consequence 

Frameshift 
· insertion or lesion of single nucleotide or codon 
· shift the reading frame
· depending on where the mutation and what type of shift it introduces, the consequences will vary. 
· The fat cat sat
· remove the T,  changes from english to gibberish (hef atc ats)
· changing from string of non-polar to polar amino acids and such 
· these are all different types of mutation 




Diagram
· look at he diagram and consider two things
· being able to identify what processs is happening 
· using the diagram to write a DGD or exam question, what would you ask?









23/3/17: DNA Replication 

· DNA: THE Hereditary molecule 
· lots of history and description of how we gained the knowledge we have today on DNA (don’t worry about this).  Concentrate on…
· Recently, the progress has become much quicker for us to understand 
· Why are we being told about this?
· we are born in technological era and get answers fairly easily.  Science takes a long time so we will have to be patient and be willing to invest the time (trial and error).  

How did they solve the structure?
· when you are able to isolate the molecule and look at its physical properties, certain things needed to be there 
· width and diamter of the helix (had to be 2nm)
· had to be certain spacing between each layer and turn of the helix because that’s what we observe 
· knowing that, only certain combinations make (therefore, it enables us to figure out the sequence pairing A-T, C-G)


Organizing DNA: Fitting millions (or billions)
· none of the cells are big enough to fill DNA (long string of it)
· we have to fit a lot of it in the nucleus 
· each cell has nucleus and DNA longer than how tall Coco is lol 
· spaghetti (too dry and not being able to take it out)
· analogy for DNA to not be able to just stick it in there 
· must find a way to be able to organize it 
· giant blob of spaghetti, find the TATA box there…  Not very easy to do so because there is so much navigation 
· Therefore, there must be an organizational aspect to it 
· ORGANIZATION
· wrapping the DNA around specialized proteins called Histones.  There are eight Histones that have different combinations and such 
· HIstones used to organize DNA into structures called Nucleosomes
· they do so in a very structured manner
· space between the nucleosome is the same, size of the nucleosome is also the same.  It enables to find something like a promoter very easily
· Could wrap itself in to becoming more of a compact structures 
· provides with room that enables the space to package the DNA properly 

Now - to make an exact copy
· Common mistake that she sees everywhere…
· DNA Replication MUST occur before mitosis (S phase) not during
· e




DNA Replication 
· VIDEO
· replisome, the complex that initiates DNA replication 


Briefly explain how this was demonstrated by Meselson and Stahl
· when you replicate DNA strand…
· conservative 
· mix and match of parental and daughter strand (dispersive)
· keep one parental with complementary strand each time (semi-conservative)
· How do they prove semi-conservative mechanism?
· five years of trial and error to demonstrate this within an experiment 
· we constantly refer to this experiment to demonstrate how this phenomenon happens 

Meselson - Stahl Experiment
· we grow bacteria in a medium that has nitrogen (start off with heavy nitrogen, the isotope has an extra neuron to make it N15 to make it heavier)
· whenever bacteria makes DNA, it needs nitrogen to build the nucleotides (the nitrogenous bases)
· heavy nitrogen, take the sample, keep goring in the medium that has N14 (lighter nitrogen)
· have to know the division cycle of the bacteria.  
· everytime cell divides, DNA replicates by having two different nitrogens incorporated. If replication was dispersive then you should get this pattern.  Conservative, semi contrastive etc…
· go ahead and centrifuge for further analysis 
· N15 and N14 (parent and daughter) weight should be the same 
· after replication continues, should be able to differentiate light and intermediate 
· what would you expect o see when it is conservative, semi conservative, dispersive —> being able to differentiate these different things within the experiment 

DNA Replication (bacteria)
· circular DNA 
· single origin (ORI, origin of replication)
· starts from there, separate two strands, make complementary copy.  The parent strand stays with daughter strand 
· as a result, you get two identical circular DNA molecules 
· Eukaryotes
· have longer and linear DNA
· more efficient to be able to start in more than one place at different times. The different replication forks will be able to meet up with each other 
· ARS, autonomous replication seueunce, multiple starting points, each would replicate to leave us with parental and daughter DNA
· Common pitfall
· these are not the same as polysomes.  Polysomes have one mRNA multiple ribosomes and such.  
· This is multiple replication force but just one copy of the DNA but not many many copies of the DNA 
· 

Ocerciew of replication reqreuiments 

· What are the things that need to happen?
· first, need to start from origin or ARS 
· implies that at this specific place, need to pry apart the parental strand
· supercoil on both sides when the DNA strand being payed apart 
· need to find way to prevent supercoiling 
· supercoiling is bound to happen, there is a lot of tension on what end 
· want to have two identical complementary strands but we want them to be anti-parallel 
· should take account for the direction 
· only one end, where you can add subsequent nucleotides
· can only elongate 5’ to 3’ but strands that are in opposite directions (need to find a way around it)

Replication
· replication bubble, origin of replication separates down the middle 
· fork is where you are splitting 
· must replicate from the origin to the fork 
· can only elongate 5’ towards 3’
· that means from one side, it will go really well.  Complementary strand will be 5’ to 3’ towards the fork 
· This is assembled continuously from the origin to the end 
· Cheat your way to make it 5’ to 3’
· at lagging strand, start somewhere else to go 5’ to 3’ towards the fork 


Which portion represents the lagging strand in DNA replication?
· the orientation of replication or of the parental strands is what is key to determine the lagging strand and such 
· when you are drawing,must include orientation of the strands 

Next slide
· replisome
· helicase, enzyme that separates the two strands apart (disintegrating the hydrogen bond)
· single stranded DNA binding protein along with separate strands to prevent them fro rekneeling (search term)???
· need to make complementary daughter strand now.. 
· need an enzyme (DNA directed, DNA polymerase)
· DNA polymerase only comes in when it is double stranded 
· but we just separated from restocking (search term) two strands together 
· need to introduce short segments called primers, which allows recruitment of DNA polymerase to make the complementary strand.  To do that we need something else…  those that place the primers on the DNA 
Primer
· set in place by primase enzymes 
· primase are segments of RNA 
· why would you want RNA in your DNA?
· at some point need to get rid of the RNA but it is essential in initiating the DNA polymerase mechanisms 

Setting the stage; Primase 
· at the leading strand (origin or ARS)
· at the lagging strand (offset from there, need to make okazaki fragments)
· lagging strand needs multiple primers for each okazaki fragments 
· from the origin to the fork 


DNA Polymerase
· it does the same thing, slightly different shape and size and different names for prokaryotes and eukaryotes 
· however, it just does the same thing 
· a place where there is a primer, add different strand on it 
· to ensure that it doesn’t quit and such 
· this helps polymerase to do a good job 
· 
· 
‘

Tips for drawing replication bubble
· primer, DNA polymerase I (replaces the primer), DNA Polymerase III (what is used to produce the complementary daughter strand), labelling of the direction (5’ to 3’, segmentation of the Okazaki fragment), ligase etc.
· colouring of the primers, daughter strand, and such 




27/3/17: DNA Replication 2

Proofreading: DNA Polymerase
· DNA polymerase also has endo-nucleus activitiy
· when it introduces a mismatch in the sequence of the daughter strand, what would be the effect of the DNA to allow the polymerase to know that there is a mismatch?
· The shape doesn’t fit, in terms of the nucleotide (too wide or too narrow, the amount of hydrogen bonds)
· why A and T also fit (shape, size, diameter of the DNA)
· if there is an incorrect mismatch, the diameter is not correct
· this is called the tailtail sign
· removes and replace the mismatched nucleotide 

Corrections of mismatches - Nucleotide Excision Repair (exonucleolytic proofreading)
· does this only happen within the primer strands?
· endonucleases going to come in but can’t remove the mismatch. 
· takes 10 base pairs on each side for correction that is needed 
· left with the gap afterwards, which would be filled by another DNA polymerase (I or II in prokaryotes) or DNA polymerase (beta and such in eukaryotes)\

Do you need primase to come in and initiate duplication?
· No, because both sides are double stranded
· still DNA polymerase that adds the DNA to it 
· primase is only needed when it needs to synthesize a completely new strand, no role in replacing the mismatch 

TELOMERASE, RESPONSIBLE FOR ADDING BUFFERED DNA TO THE CHROMOSOMES 	
· Telomeres 
· remove primer on the lagging strand, there is no way for DNA polymerase to latch on and complete the complementary strand.
· left with 3’ overhang
· This is an issue (what are some consequences)
· missing a piece of DNA, transcription of this gene would not be available (incomplete coding sequence) 
· shortened 
· could be misinterpreted broken DNA, non homologous
· telomeres 
· adding additional sequence of nucleotides that don’t code for anything or responsible fo rnaything except giving you certain number of DNA replication where each cycle you will shorten the DNA because you would not be able to replicate that portion.  You are also not chewing into any coding portions 
· a repetivie consensus sequence that is added any time (2000-3000 times of that sequence)
· calculation of theoretical number of cell divisions and DNA replication before you reach the coding portion 
· when you run out…
· the cell regulation (in topic 10) replaces the cell in rest (cellular old age, no more dividing) —> trigger for death (apoptosis)
· Hayflick limit = the theoretical number of cell cycles that the telomere provides before chewing into the coding portion 
· the sequences differ among different organisms 

30/3/17: DNA Replication + 

Telomeres
· How cells build the portion, how do they buffer and add o the telomeres itself 

Protection in eukaryotes: Telomeres (reverse transcriptase)
· an enzyme (what is the name of this enzyme) that carries its own primer (template)
· it will go where the 3’ overhang, which occurs after removing the last primer
· it needs to be extended 
· therefore, reverse transcribe to extend the DNA chromosome 
· do that many many times to get 2000-3000 extended nucleotides 
· So far, it would be left with a very long 3’ overhang 
· Next, needs something to fill in that strand 
· A primase will then add an RNA primer.  
· Now there is a short double a short DNA strand
· DNA Polymerase III will come in to fill in the rest of the missing nucleotides for the strand 
· it actually helps as there is less of an overhang than before 
· We do this to cut out overhang but it is still here.  Why?
· you have that portion of extended nucleotides where overtime you replicate DNA but they are non coding sequences 
· what should be done about these?
· do something about it 
· what kind of things could we put to determine that this is the end?  
· proteins help with cleaving them off 
· some are specialized to cap the 3’ overhang, fold over the little bit of DNA so it can’t be damageable to the cell 
· these proteins are given complex abbreviations (shelterin complex)
· guide that portion of the DNA (non-coding), fold it over itself, and form a loop
· made sure it is not interacting with any other ends of the chromosomes 


Discussion with students (listen on podcast) 

Working with DNA 
· Restriction Enzymes 
· thousands of them that we can use,
· basic principle; look for specific sequeunces, and cleave DNA when they find those specific patterns 
· some of them cleave both strands at the same spot, which produces blunt ends
· some enzymes look for patterns but won’t cleave at the same location 
· cleave at same strand but different locations 
· sticky hang (overhang) 
· when they are the same length and equal pattern, then an enzyme can simply just place the nucleotides there  

Cloning Genomic DNA in a bacterial plasmid (cricular DNA)
· you know the sequence 
· pick the restriction enzyme and pick where exactly you want to place it within the gene 
· need to cut it out and be inserted 
· have a plasmid where you can insert it on the gene you want to insert 
· how do you know your gene is properly inserted and is expressing the protein you are looking  for?
· e.g. Operons 
· lactose operon, what did you need for operator to let go of repressor and express three enzymes?
· you need lactose.   Duh 
· if you were to grow your bacteria in an environment that did not have any lactose, no genes would be expected to be expressed
· measure environment and see if they are expressing the proteins
· environment-dependant 

PCR (polymerase chain Reaction)
· exploit physical chemistry and property of the DNA 
· you heat your DNA, now you know what you are trying to accomplish 
· want a lot of DNA without hastle, pure DNAs 
· replicate in tube many times so you get many DNAs
· but you only get specific portions buecase you determine the primer (you pick the DNA area where you want to amplify)
· e.g. Insulin
· amplifying insulin
· know sequence 
· pick primers that are upstream and downstream of the sequence 
· keep the DNA separated from the two strands 
· introduce the primers 
· change the temperature so the primer anneal to the strand 
· introduce nucleotides and polymerase and then you let it complete the complementary strands 
· do these cycles many times over so that they separate 
· using special polymerase that likes being in the heat 


















Cell Cycle Regulation

The life of a cell
· how it goes from one DNA to two identical DNAs 
· Video (how cells interpret their surrounding and determine whether they need to divide or not and what needs to be done to do so)

Mitosis 

New cells begin  life cycle
· Analogy of a clock
· whole cycle is 24 hours (not applicable for every cell)
· mitosis is the last hour of this clock
· the rest of it happens in the interphase of the cell cycle (growth; replication of protein, organelles, DNA; have to make sure the proteins required within replication are actually there); signal to start the cell cycle; need more membrane 
· beginning of cell cycle (G1)
· growing the cell, necessary proteins and enzymes involved in replication and division are present and functional 
· S phase 
· where DNA replication occurs 
· between the two steps, there is a moment where you have to check for quality; making sure the cell is readying all the elements are in place before they initiate DNA replication 
· do that quite near the end of G1 
· what can be used to ensure replication proceeds?
· travelling (analogy)
· luggage (checklist vs no checklist)
· different ways of doing it 
· do you want both travelers to get out the door to go to the airport?  (one with everything and one with half the things missing like toothpaste)
· have a way to peek in the luggage to make sure everything is there 
· molecular checkpoints (placed at different places during that 24 hour clock/cell cycle)
· first one is right before replication
· cells have specific proteins that are in place to be able ot move forward 
· if not, then the cells will be placed in gene zero 
· have the opportunity for cells to catch up and for the cell to keep synthesizing the proteins 
· once they have that, the cell cycle could be moved forward to S phase 
· two other checkpoints 
· towards the end of G2, before actually going into mitosis 

· WHY WOULD YOU WANT TO CHECK BEFORE YOU GO INTO ANAPHSE FROM METAPHASE? 
· BECAUSE THE TWO CHROMOSOMES MAY BE DIFFERENT THEN IN BOTH DAUGHTER CELLS 
· THIS IS BAD 
· ideally, you want things to be ready 
Why does the checkpoint fail
· rely on proteins, protein concentration, and associations of proteins 
· it goes really fast 
· mitosis and G2 where the most error occurs when the cell is not actually ready 

The Cell Cycle (what happens at those checkpoints, what are the cues that cells will use to determine if we need to go to G0 or move forward to S phase?)


What are these signals the cell is looking for to make the decision?
· TRAK receptors, growth factors 
· as long as they receive chemical messages, ligands (like growth factors)
· when a cell binds a growth factor, intimate signalling cascade that leads to transcription  factors that bound to promoters that amplify the expression of genes that are responsible for growth 
· some of these proteins are those are needed in concentration to overcome the checkpoint 
· Cells also look for whether there are enough nutrients 
· cells also look for whether there are enough spaces
· This is what the cells interpret externally 
· elsewhere, it would look for things internally (are all the protein replication done?  Are there any damages to DNA etc.)
· For isntance, a vast amount of mismatch of the sequences may interfere with this 
· internal and external signals that re all protein based 




3/4/17: Regulation of Cell Cycle
· Externally: Growth, survival factors - eg NGF, or EGF
· talked about the receptors that bind these growth factors 
· signalling cascade
· helps with preventing apoptosis from happening
· also helps with building proteins that are responsible for these cell cycle switches 
· Cyclins, proteins that will need to be transcribed, translated, and matured to build up 
· they let the cell cycle checkpoint through 
· need to be removed once it is done in order for the cell to move into the next stage 

· Internally: Molcular Switches 
· cyclin will bind to cyclin dependant kinases 
· cyclin needs to be activated in order to form a complex to phosphorylate target proteins 
· depends on each cell cycle stage, the targets will be different, combination and activation of the cyclin complex would be different 

Concentrations rise and fall
· relative activity of the complex (Maturation promotion factor, cyclin and its associated kinase and how much of it will be built up during the cell cycle and each of the different phases of the cell cycle)
· kinases are relatively constant 
· the succession is really dependent on the cyclins though 

how are the cyclin concentrations reduced?
· similar concept to…???  (refer to podcast)

They are named according to the checkpoint they govern
· different cell cycle, numbers, name, gives us an idea where in the cell cycle they are acting 
· each have their own kinase and each may have more than one check point 
· what is the name and such depedndant on again?

Contact inhibition, key signal that there is no point to go into mitosis.  Why? 
· control syncrhony for sequeunces, important 
· without a way to control it, there would be overwhelming cell division.  If trees is not enough room or food, isn’t really any point to go through mitosis 
· apoptosis could be potentially 
· many scenarios where you don’t need those cells 
· survival mechanism


Molecular checkpoints 
· where connections from previous materials are made 
· what are some sites to be phosphorylated to tell DNA to start replication and such?
· target protein, what could be acted upon?
· tubulin formation 
· initiator proteins
· helicase, how does it know it’s time and where to start unwrapping?
· has something to do with the cyclin
· when the initiator protein binds to the origin sequences (yesss)
· the complex is what phosphorlayes this process (cyclin and dependant)
· what happens when you don’t wan the cell to 
· goes into that little bubble (the G0 phase)
· pre essence stage, catch up, build enough protein 
· if there is not enough phosphorylation, then it would not be ready 
· could this complex have anything to do with it?
· target protein that sends the cel into G0
· all dependant on the amount of activity within that complex 
· p53, something that allows to  
· production of apath-1 (part of apoptosomes)
· where apath-1 gets its signal from 
· when g0 is not undergoing proper pathways as well 
· BAD becomes dephosphorylated and bad things can happen 




QUESTIONS TO ADDRESS FOR FINAL:
·  Being able to differentiate which cell types have certain organelles or structures and which don’t 
· Being able to identify what the structures are and the roles that they have within the cell 
· Differentiate the general differences between a prokaryote and eukaryote 
· What is the relation between rRNA and the size of the ribosome in terms of producing proteins in different ways?
· Describe and argue the theory of endosymbiosis (seaslug etc.) and provide examples of them 
· Description different organelles (eukaryotes and cellular features of prokaryotes)
· how it is built, features, structural components, what is housed in it, what happens?  
·  IF and WHY are the amino acids polar?
· What are the elements that contribute to its polarity of the amino acid?

· 
· 
· 
· 
· 
· 
· 
· 
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