
	Learning Objectives

How did life evolve into organisms and cells? (Review from BIO1130)

 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

	TOPIC 1: Introduction to cell biology and the cell’s features
Quiz
Multiple Attempts
Time limit

Lecture
What is a cell? Mid 1600s
· Term “cell” first used by Robert Hooke, he designed the microscope
· Observed cork, and noticed the organization, similar shapes and size to form overall structure
· He was just observing the cell walls b/c the cells were dead
· Laid the ground work for what would be called the cell theory
How did we go from observing cork to having a very complex description of cells?
· Better observation techniques and tools
· Build on other people’s discoveries
Are there any forms that exist that do not have cells?
· Cell theory states that the basic unit of life is the cell
· According to Cell Theory we can say viruses are not living as they do not have cells, cannot reproduce by themselves
Cell Theory-mid 1800s
(1) All organisms are made up of 1 or more cells
(2) The cell is the basic structural and functional unit of all living organisms
(3) Cells arise only from division of pre-existing cells
· Viruses can evolve, so theoretically, they could acquire other cell components
· History: organicorganic macromoleculesrna like molecules
· Primordial soup is how the first life forms appeared, and RNAs were likely to be the first precursors to what now we consider cells. This is because they have the ability to catalyze reactions, which is what DNA does not do as well. So the evolution of life based on our observations, data, we know that the likely sequence of events was very small inorganic molecules that turned into slightly more complex, organic macromolecules like RNA, or RNA like molecules, that eventually gave rise to very basic, simple cell-like structures, and eventually what we consider prokaryotes and eventually eukaryotes. 
Cell features
· Fairly represented are all the cell types here 
· What are features or characteristics that they share?
· Enclosed—Regardless of their shape, whether alone or as a group, they all have a way to delimit or frontier, a barrier, they all have some sort of membrane. Granted that membrane is not the same, but the basic structure is, and they all have one. 
· So we know where that cell begins and ends
· It also means that there’s a limit—there’s going to be something you have to cross to either get inside or get outside
· Size—when they’re on their own or assembled as a tissue
· Cytoplasm—within that membrane, it is not just dead space, there is something filling up that space
· Consume free energy—have to make, create, and use energy, which will generate waste
· What is different? 
· Some have nuclei, others do not. A nuclei implies that the cell is specialized, has dna inside this compartment
· Where does replication occur in cells that don’t have a nucleus? Is it going to be different?
· Occurs in the cytoplasm, and it will be more prone to errors. 
· There is also something related to speed at which things happen with DNA
· Determines that it is prokaryotic
· Ciliated and flagellated cells
· How they produce ATP/energy is different e.g. photosynthetic algae
· Classification tells where you are on a tree but they all have same basic components cell membrane, cytoplasm, same basic chemistry. Whether it’s a fungi, mouse, or plant, they all need sugar, all have proteins, lipids, and nucleic acids—same basic chemistry. They all have means to produce and use energy, and get rid of waste. Not necessarily the same mechanism for all cell types. 
· DNA sequences will be different because they’re going to need to produce different genes, but some genes are highly conserved throughout all organisms. This is possible because the basic unit of the genetic information is the same 4 nucleic acids to build DNA. The DNA isn’t the same, but is the same macromolecule. 
· Differences: 
· sizes are different, the range is from nanometer to meter (some neurons can reach 1 meter in length), but most are in the nanometer range
· Their shapes can be fairly simple and common while some cells have very complex shapes.
· And their shape—the way they assemble in more complex tissues will allow them to have specialized functions/roles shapes attribute to what kind of function they can carry out such as the skin cell or a neuron
· Ciliated or flagellated
Cell size and scale develop a scale appreciation
· Sense of scale is necessary for understanding
· Micrometers, nanometers
· Understand that mitochondrion are about the same size as prokaryotes. Why does this make sense? Because they were prokaryotes at some point
· Viruses are smaller than most cells, but larger than ribosomes. Ribosomes are made up of protein, are ribosomes bigger or smaller than lipids and proteins? Bigger b/c they’re made up of those things.
· If I were to give you a bunch of these things, and ask you to sort them in order, 
· Know what microscope to use for labs for how big the object is that you want to look at
· Practice next slide
How do you look at cells?
· What should we know about microscopes
· Know different types of microscopes and how they do it differently
· Know what microscope to use  depending on what you want to look at, and under what conditions
· Advantages, disadvantages, limitations
· How to prepare a sample
· E.g. to study different protein in mitochondria what microscope would you use to look at the mitochondria? you would use the electron microscope because of the higher magnification. There are 2 types of electron microscopes, scanning gives you an appreciation of the surface of your sample. Transmission you can see what’s inside the sample. What would be the downside of using electron microscopy on your sample? Your specimen is dead b/c of the preparation of the sample. 
· 
But why are cells small?
· What is the advantage of keeping cells in the nanometer/micrometer range?
· The ratio between the surface area and the volume that is being occupied at some point becomes too great that you cannot reach everything, you can not equilibrate, you cannot maintain the entire space. As in “maintain”, it’s the integrity—when there’s damage it is repaired. There is also a need to get nutrients inside the cell, if it’s too big it’s too difficult to reach and navigate through the cytoplasm. At some point, it just becomes impossible to maintain one large cell than smaller cells with the same space—it comes down to efficiency. You need enough cytoplasm, cytoskeleton, etc, you need to get rid of waste, larger cells need more nutrients. 
What next?
· Cells assemble b/c of structural abilities with like cells
· What features do these cells have to assemble with each other?
· How are organs remaining together, communication?
The tree of life: 3 domains
· Focus on animals and plants
· Focus on general for bacteria and archaea
What elements of organisms can we use to classify them in phylogenetic trees?
· Some genes in are highly conserved we have some species that appear extremely different, but have a very large proportion of their DNA that is common.
·  If you were to discover a new species and it belonged with 1 group, and because of DNA homology you were placing it on an entirely different branch, then you would be doing a disservice. So how do you make sure to prevent that from happening? 
· The ribosomal RNA, that allows you to really pinpoint what mechanics they use to make protein.
· You can also look at cell walls and cell membranes. If there is a cell wall you should look at how that cell wall is built. Which phospholipids have come into the conversation. Composition of membranes and cell wall. How is that wall built? 
Two main types of cells
· Not all unicellular are prokaryotes
· Compare and contrast
Prokaryotes
· Difference in size 10-20X larger than the average eukaryotes
· Simplicity of prokaryotes. This gives them more advantages, it’s easier for them to adapt to their environment. That’s why they can live in harsh environments. To adapt they only have to reorganize DNA and ribosomes rather than eukaryotes.
· Eukaryotes have more complexity with the membrane, more compartments. Need a way to travel. Larger DNA
· Prokaryotes have smaller or circular genomes

Compare typical bacteria to animal to plant cell. 







Lecture 2: Organelles, Finishing topic 1 today
	Learning Objectives

How did life evolve into organisms and cells? (Review from BIO1130)

 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


	Typical plant cell
· be able to pinpoint location of organelle & explain what they do
· to test: you can label a cell, you will be tested with cartoon version
· central vacuole: vacuoles are not bean-shaped
Where does Transcription occur?
· Transcription is DNA to mRNA
· Nucleus
· Mitochondria have their own genome and they can perform transcription and translation with their limited amount of protein
Prediction is that mitochondria were prokaryotic bacteria & through endosymbiosis became a part of the eukaryotic cell
Nucleus
· Inner membrane defines the nucleus
· Outer membrane is connected to the endoplasmic reticulum
· Organelles: where is it? what do they do? How is it built? What is it made of?
Where does translation begin?
· Translation is mRNA to protein
· Ribosomes are protein, they are responsible for accepting the mRNA, reading it, understanding what is written in the mRNA, and recruiting the proper amino acids to build the corresponding polypeptide chain that will eventually become a protein. As it is threading out of the ribosome it’s not yet a fully active protein.
Ribosomes
· Some are free floating are soluble and remain in the cytosol
· Some are attached to roughER building protein that are destined to be sorted and distributed somewhere, either within the cell, within the membrane, or outside the cell.
· You’ve built a protein with a ribosome, what happens next?
· Goes inside the roughER, then it gets packaged and goes to the Golgi, they are responsible for the chemical modifications and the final folding so that the protein can be active. Golgi will also sort it (give it an address) 
· smooth ER for lipid synthesis. Same network of membrane
Golgi
· In addition to chemical modification and the final folding to make the protein mature, it is also like the dispatch at the post office. Depending on where you need to ship this protein, you’re going to package it with similar proteins that have the same destination, so that you can maximize the vesicle being transported, and each vesicle doesn’t have to do multiple stops. 
Lysosome
· Can be involved in apoptosis later on
· Contain digestive enzymes
· key role  of digestion for: of old organelles, macromolecules, protein that can’t be used will be broken down back into amino acids and  it can be reused
Mitochondria
· isn’t just responsible for producing energy
· responsible and involved in many intricate processes in the cell
Chloroplasts
· is involved in energy
· not the only plastid
· comparison btw mitochondria and chloroplasts
· signalling difference btw plant and animal

Organelle and process responsible for plant looking sad? Why?
· central vacuole; Turgor pressure
· Organelle’s main responsibility is to fill up with water, and to fill up in such a way that it takes up all the available space in the plant cell, creating pressure on the cell wall, which allows the plant cell to retain its shape. When there is not enough water available, the vacuole cannot fill itself, and exert enough pressure on the cell wall, hence the flaccid/wimpy look of the plant. 
· Why not just have water fill up in the cytoplasm?
· Cannot fill up with water sufficiently b/c hydrophobic molecules on plasma membrane and cell wall. 
· While the central vacuole has a specialized membrane called a tonoplast, makes it difficult for water to leave the vacuole. 
Cell Wall
· Fairly rigid so to get things across from cell to cell, the cell wall has little holes (plasmodesmata). The key is that they’re very small holes. You can let through: ions and their solutes for cell to cell communication (ions are a means of communication), gas molecules (oxygen), protein cannot go through or steroids cause they’re too big
What distinguished eukaryotes from bacteria and archaea?
· Internal network of membranes, the nucleus, the  organelles, different compartments, each compartment having a specific role and maintain their own microenvironment. E.g. the pH in the lysosome is different than the pH elsewhere in the cell. 
· different reproduction
· Euk: have some compartment to convert something to energy
· ^key to explain how eukaryotic cells evolve
· Compartments mitochondria and chloroplast to other eukaryotes and it may look like symbiosis
· Cell type lacking a means to collect energy in a certain way by collaborating with another cell
Name 2 things you can observe in cells that support the theory of Endosymbiosis?
· Size of mitochondria and chloroplasts are similar to the size of prokaryotes
· The genome. They have their own circular DNA and they have double membrane with electron transport chain.
· 6 factors that support endosymbiosis
· The only way to prove is if we can observe it so we can only show evidence
Theory of Endosymbiosis: Evidence
· Still happens
· 1. Morphology size and shape of mitochondria and chloroplasts are the same as prokaryotes
· 2. The way they reproduce
· How would a mitochondria divide? They maintain the same ways of reproduction—mitochondria and chloroplasts divide by binary fission and prokaryotes divide by binary fission.
· 3. Have their own genome & still (4.) transcribe to mRNA and translate to protein, certain specific protein for those organelles, they build locally to be efficient. 
· Proteins for other parts of the cell are never made in mitochondria
· 5. The fact that they have a double membrane with an electron transport chain have the ability to produce energy. Prokaryotes mechanism to produce energy resides in the membrane which is why they have double membranes
· 6. Sequence of DNA for mitochondria matches with proteobacteria and for chloroplasts matches up with cyanobacteria
Current examples of endo
· Kleptoplasty—slugs steal plastids from leaves




	· Understand the role, identify areas and determine the importance of a molecule’s polarity (electronegativity) of different biologically relevant macromolecules (particularly amino acids and proteins)

· Explain the relationship between polarity, molecular structure, cellular location and function – particularly for proteins and lipids

· What are the types of chemical bonds present in cellular macromolecules and how are they relevant to cell biology

· What is the importance of water in biology
· Know and identify the main classes of macromolecules, recognize their general structures, and interpret these in relation to their cellular location and their roles in cells










































































































· How is the cell’s interior organized?

· Compare how each component of the cytoskeleton is formed

· Relate the structure of the cytoskeletal fibers to their roles in the cell

· Associate the different cytoskeletal fibers with their preferred molecular motors and contrast their characteristics with respect to their roles

· What are the main types of cell-to-cell interactions and their characteristics?


· Discuss how cellular motility and mobility are different and how they are accomplished

· Describe what the extracellular matrix is made of, and interpret why it is important to cells

























































































































































































































· Discuss the role of membranes, and in particular the plasma membrane, in a cell.

· Understand and explain the fluid mosaic model.  Include the membrane’s properties in the discussion.

· What is the membrane made of? Describe and organize the different macromolecules involved and link them to the membrane’s properties.

· Compare the different types of transport across the membrane and give examples for each.

· How are membrane dynamics important for transport?


· How is the membrane potential formed and how is it useful in a cell?
















	TOPIC 2: Macromolecules and Chemistry of the Cell
Macromolecules
Today: Amino acids &proteins
· Structure, location & function relationship
· Be able to recognize if somethings a steroid—key areas and what they allow the molecule to do
· Discuss how molecules relate to each other and how they can accomplish specific things
· Carbohydrate are hydrosoluble, cant contribute to membrane fluidity cause they are not attached to the membrane, unless if they are attached on top to something else
Which class of macromolecule does this molecule belong to?
· Class—carbohydrate, lactose isn’t a class
· For all the different classes that you are going to go over, what you need to focus on is to be able to have a list of characteristics that you’re looking for that will enable you be able to recognize a type of molecule and sort it into the right class. 
· You need to be able to look at a molecule’s structure, and recognize key areas and what they allow that molecule to do in the environment where it is inside the cell. 
Macromolecules in a cell
· Inside a cell, all of these different macromolecules are able to interact with each other in different areas of the cell in order to accomplish different things. 
Which of these functions is not accomplished by carbohydrates?
· Source of energy
· Structural aspects of outer membrane
· Cellular recognitions and communication: Glycocalyx made of carbohydrates and is used for recognition
· Why can’t carbohydrates contribute to membrane fluidity?
· Carbs are polar molecules, they are water soluble, hydro soluble, and the plasma membrane is 2 layers of lipids, lipo-soluble, the carbs wont be happy there. They cannot be embedded in the membrane, unless attached to _____. 
Given the relative electro negativities of the elements listed here, a molecule with the formula CH4 would have which type of bonds? O = 3.44 N = 3.04 C = 2.55 H = 2.20
· Non-polar covalent bonds
· The difference in electronegativity between Carbon and Hydrogen is relatively low. Around 0.5-0.7
· The structure—this molecule is going to end up very symmetrical with one central Carbon and Hydrogen all around
· Polarity refers to electronegativity, and an electronegative ion or atom is going to pull the electron cloud towards it, creating an uneven distribution of charge that leads to polarity.
Which area of this molecule contribute to making it a polar molecule (CNH5)?
· Why is nitrogen contributing to electronegativity?
· There’s an electronegative bond between Nitrogen and Hydrogen, and an alone pair of electrons for Nitrogen, so you have a more negative area then the rest of the molecule
· Should you know which are the relevant atoms that contribute to electronegativity? in biology?  
· P (2.19)<  C(2.55)<  S(2.58)<  N (3.04)<  O(3.44)
· Highest electronegativity top right

20 amino acids
· Don’t need to memorize
· Determine the polarity of an amino acid. Why is this important?
· Whether or not it is soluble in water, to know where they can be in the cell, how it cis going to fold— depending on the order it is placed in.
· If you have an area predominantly with polar amino acids, or an area predominantly with non polar amino acids, you’re going to get a very different looking shape (structure).
· That is going to be able to end up at a different area of the cell, (location)
· which means that it is going to be able to accomplish different tasks for the cell (function)
· If you look at the amino acids, can you determine what is similar?
· The backbone is made up of an amino group—a Carbon, Hydrogen, and a carboxyl group
· Called “asymmetrical carbon” because of every single functional group that it has attached to it is different
· Look at the radical group to determine polarity
· E.g. Glycine: look at where hydrogen is on the periodic table, weak and not polar
· Thr: OH, and large benzene ring. O is going to pull on the benzene ring cause O is very polar
· Histidine: very assymetrical functional groups that contain N
· Glutimic: two oxygen groups, double bond, polar
· Depending on which compartment Cysteine is in the cell it can be both polar & nonpolar. In a slightly basic pH it will be in its ionized form the Sulfur will drop the Hydrogen and it will be charged.
· Proline can be both since it can fold over itself and create this pentagon shape and be polar. Will accept both
· Practice looking at them and compare them, if you were to string them together what shape would you be getting?
· Identify on the following molecule, what areas, if any, contribute the most to its electronegative profile. (C4N2H8)?
· Only the bottom cause the rest is backbone, if you’re comparing it to another molecule.
Proteins
· Condensation reaction removes a molecule of water, allowing you to bind Carbon to Nitrogen to form a nice, clean peptide bond
· What can you say about the protein/product you’re going to get? 
· Amino that is positively charged at the beginning, and the carboxyl group that is negatively charged at the end
· That means that there is a direction to the protein, regardless of the location of the protein
Why is the polarity profile of amino acids important for protein structure?
· Primary structure: In what order are the amino acids bound to each other
· But as the polypeptide chain starts growing, your backbone is starting to carry a large number of radical groups.
· Some radical groups are fairly long, some have large structures like benzene rings, this will start imposing weight, and a shift in that primary structure,
· Secondary structure: The predominance of amino acids that are polar or non polar is going to have a influence on what kind of structure you are going to start getting 
· Predominantly polar amino acids are hydrophilic, their soluble, flexible, they are going to create a ribbon-like structure that are called alpha Helixes
·  Predominantly non polar amino acids are hydrophobic, their rigid & don’t bend easily, they fold into a very rigid, pleated structure called beta Pleated sheets
· Tertiary structure: In a large protein, you can have many different zones, you can have a string that’s predominantly alpha helix, and then an area that’s in beta pleated sheets, that’s going to influence how that long polypeptide chain is going to fold over itself.
· All of this determines what kind of protein you are going to have
· Whether it’s compact, globular, soluble that is going to be good for transport in the blood
· Remains soluble in the cytoplasm
· Be an enzyme and resign in an organelle
· Or whether you are going to have a protein that is less compact, more rigid, more fibrous, more structural, that you can have as transporters, as receptors in the membrane, as structural protein like keratin or within muscle fibers
· Quaternary structure: Where you have more than one subunit, different tertiary structures assembling together to form a larger protein that built of more than one chain. 
· E.g. Hemoglobin—4 proteins built together. 2 identical alpha chains, and 2 identical beta chains bind together
· Sequence of amino acids determines how it is going to be folded, together they determine the final structure of the protein, and together that allows it to accomplish its tasks because of the location where it resides with respect to the cell.
· If I screw up one amino acid out of 600 is it important?
· Can have tremendous change in the sequence, in the structure, in the folding, and hence in the role
· E.g. Sickle cell anemia 
· glutamate is polar, Valene is non polar
· Normal hemoglobin, has on a particular sight, one glutamate on each alpha chain
· If it is replaced by a Valene, the structure will be long, clumpy, insoluble, fibrous molecule, that has much difficulty carrying oxygen efficiently, and seriously distorts the shape of the red blood cell
· Just one amino acid change has tremendous implications, that ruins the proteins ability to fold properly and do its function corrrectly
20 amino acids
pick 10 different ones to build a soluble, flexible, protein
pick all polar b/c flexible, soluble
-what if you threw 1 nonpolar
-overall you have a majority of polar to create flexible protein
- If you want something that’s able to be within the membrane, it’s going to be in an area that is highly lipophilic or hydrophobic, then what kind of structures would you favour?
- You can have an arrangement that has some alpha helixes but they will be towards the inside of the protein, and towards the outside of the protein, you’re going to have areas with hydrophobic amino acids, so beta pleated sheets.
- In the tertiary structure, you can take secondary structure alpha helixes and beta pleated sheets, and form them into a tertiary structure that is called an alpha helix
Exercise
Which molecules are polar and non polar, soluble, and why?


TOPIC 3: Cytoskeleton and Cellular interactions/Extracellular matrix
How do you get this picture? What microscope should it be?
· Fluorescence microscopy, it can be confocal
· In blue we have used a fluorescent marker to stain DNA
· In green tubulin is labelled—microtubule 
· In green actin is labelled—microfilaments 
· What protein would we need to label to see the intermediate filaments? Keratin like protein
Besides its structural role, name at least 2 other functions that the cytoskeleton achieves in a typical cell?
· Division and movement, flagella and cilia, movement of organelles
Cytoskeleton
· Structure and support—something needs to hold up that membrane, and hold all these organelles in place/anchor
· Intracellular transport—something must allow you to go from one compartment to another
· Generate force—for cells to move, stretch, withstand being compressed/sheared
· How does the cytoplasm contribute to cell division? 
· It is the mitotic spindles, which fibre? Microtubules, they’re just an extension of the microtubules. They grow in order to support cell division i.e. separating the chromatids
Assembly of Cytoskeletal Fibres
· Cytoskeleton is a very dynamic structure
· Each fibre has to be able to adapt its length in order to support whatever’s going on inside the cell. 
· For the cell to reach nutrients the membrane has to be supported. The cytoskeleton can extend and push the membrane out. If the cell needs to retract, it can pull back on the membrane, and shorten the length of the cytoskeleton
· Dynamic so it is built without any covalent bonds. Covalent bond require more energy and time to break, because they hold a lot of energy. It makes sense to have other types of bonds and interactions  to support each subunit of the cytoskeletal fibres in order for them to be able to change their length, and direction very quickly.
Microtubules
· What are microtubules made of?
· Protein tubulin
· What is the best way to organize tubulin to make a microtubule?
· Tubulin will assemble as dimers, and the dimers will assemble with each other in a specific order to form microtubules. 
· Each tubulin is bound to a molecule of GTP
· When you form a dimer only one of the 2 tubulin will have the GTP exposed
· Now each end is different
· Where GTP is exposed—Beta Tubulin/ Positive End
· Dimers are assembled by tagging another dimer on top of it, but its going to be the alpha subunit of the next dimer that attaches on top of the beta
· All of them are assembled on top of each other in the same order so you end up having a plus end and minus end, or a beta and an alpha end
· As these dimers assemble you end up having a chain call a protofilament
· What happens next with these protofilaments?
· Protofilaments will align with each other, stacking on top of each other, and when you have 13 of them you have a hollow tube


Microtubule formation 
· Protofilaments all line up in the same way so that you have alpha and beta ends together
· All the beta ends are exposed and all the alpha ends are at the bottom or your anchor
· The anchor is where the microtubule begins, referred to as the microtubule organizing center
· Anchor microtubules at the minus end, and then they grow at the beta end
Microfilaments
· Actin is the protein that it is made up of
· Actin assembles in a similar fashion but not as dimers
· They also bind an energy unit, ATP instead of GTP
· As the actin subunits assemble with each other, they assemble in a staggered way
· Assemble staggered that they look like they are two strands, but that’s just an illusion
· The actin monomers are attached to each other in a staggered manor that will have 2 different shapes at the extremities 
· Barbed end at the positive end
· Pointed end at the minus end
· Microfilaments are much smaller than microtubules
Compare Microtubules and Microfilaments in regards to location and size/shape
· Microtubules have a cylindrical hollow shape, and they’re much larger than microfilaments because of the hollow shape and microfilaments have an apparent helix shape from the staggered manor.
· This results in microfilaments to be more flexible
· Location:
· Microfilaments cover the entire interior surface of the cell, all the way to the plasma membrane
· Microtubules cover the interior of the cell but they will not make it all the way to the membrane. There are exceptions, however their role is to not make it all the way to the plasma membrane—that’s where the microfilaments come in
Intermediate filaments
· Intermediate in size
· Made up of protein that are keratin like
· Stretchy & resist breakage even through compression
· Why is it able to withstand stretching and compressing, and flexibility?
· Space giving room to expand when compressing, and giving room to stretch and still offer mechanical force
· Located within cytoplasm
· High concentration forming a cage that surrounds the nucleus, for protection
· Makes it all the way up to the plasma membrane
· How are they built?
· Pattern of twisting or braiding that gives it flexible, strong & elastic properties
Note that they are antiparallel = no polarity
· Long fibrous proteins that are going to coil together to form one dimer
· Then stager another dimer onto the original dimer to form tetramers
· These tetramers are going to assemble together packing them into 2 tetramers, until 8 to form a rope-like structure and assemble them to make a filament


· 2 things to notice when looking at intermediate filaments
· They are running anti parallel which means that if you look at both extremities, they are the same, there’s no positive or negative end
· No energy is required, the energy is spontaneous (no ATP or GTP)
What is the implication of orientation (polarity) for only 2 of the 3 cytoskeletal fibres? *
· If there’s no orientation to a cytoskeletal fiber, how do you know where the beginning and end is? If you are trying to carry a vesicle, pigments, and organelle, etc., you need direction. So, intermediate filaments since they have no direction, they will not be involved in transport
· Allows for movement of motor proteins along positive and negative ends as it leads to a directional movement
Motor Proteins
· How do we transport things on microfilaments and microtubules? 
· The reason why we can transport things on them is because they are oriented
· They are oriented because their ends are different
· Their ends are different because of their structure, and because of the presence of GTP or ATP respectively
· What actually does the transportation?
· Molecular motor
· What is a molecular motor?
· A mechanoenzyme—an enzyme that does work
· If it is an enzyme, it needs energy. In exchange for using up energy, it’s going to carry the cargo from point A to point B. 
· The reason why it carries it from point A to point B is that it recognizes the orientation of the fiber.
· Which means that each molecular motor has a preferred direction
· Microtubules have 2 molecular motors, kinesins & dyneins
· Kinesins: travel on microtubules heading towards the positive or beta end
· Dyneins: travel on microtubules heading towards the minus or alpha end
· On microfilaments, myosins travel preferably towards the positive end but they can carry to the minus end as well
Is the observed pattern (pigment in frogs) in the bottom panel due to:?
· Even pigment distribution throughout intracellular area
· You can easily build, store, and package them b/c they are enzymes
· For example, as the frog ages, maybe there’s less transport, slow down some of the activities and retire some proteins
· Having too many molecular motors, means that the network of cytoskeletal fibers becomes very busy
· On one given microtubule, since it’s hollow you can have more than 1 molecular motor, but having too many can make transport difficult
Video
· Motor shifts direction, how is that possible to achieve?
· Towards plus end, kinesin was carrying the organelle, it did not change directions, it handed the cargo over to dynein
· Cargo had both molecular motors. Dynein reaches for microtubule and heads in the opposite direction. 
· Either carrying both molecular motors and switching fibers, or grab a ride onto the other microtubule that has a free molecular motor carrying over


Centrosome
· A centrosome is a pair of centrioles that are made up of microtubules in a specific arrangement:
· 9 triplets of microtubules that have a somewhat circular shape that look star shaped because the triplets are staggered 
· Each centriole is at a 90 degree to another forming a L-shaped structure that is called a centrosome
· This is the MTOC, all of them are arranged alpha at the base and extending throughout the cell
· There are microtubules that are not a projection of the centrosome, but this is where you’ll find most of them
· Mitotic spindle: connection between cytoskeleton and cell division
· In some cases, you’ll have structures similar to these, but slightly different; you’re not going to have 9 triplets, 1 microtubule is sacrificed for each of the 9 triplets to form a slightly different structure that is right underneath the plasma membrane to serve as a base/anchor for cilia and flagella
Cilia and flagellum 
· 9 doublets and 2 single doublets in the center of microtubules
· These doublets are held together by protein so they form a cylindrical structure
· The structure of cilia and flagella are the same but the length is different
· The length imposes a different movement
· Flagella are longer that have a long wave-like movement
· Cilia have a whip-like movement that helps move what is in front of the cell
· How are you getting the wave or whip-like movement? 
· There’s dynein motors that are walking between the doublets
· Each dynein is using 1 doublet as a cargo to walk on the neighbouring doublet 
· As they’re walking along, it imposes a movement, a bend in the structure. 
Given the structure of cilia and flagella, what would happen if there was no anchor (as provided by nexin)?
· The microtubule doublets would slide apart
· Without the anchor, as dynein is walking along, instead of imposing that bend that leads to either the whip or wave-like motion, you’re going to end up having these doublets split apart; they are going to walk and separate
· Cytoskeleton is proper to eukaryotes
Is there a difference between mobility and motility?
· Mobility is the cell moving, the cell itself moves
· Motility is the ability to move the environment, the surroundings, the interior of the cell
Cell to Cell Interaction- Junctions
· 3 key types of junctions to focus on: tight, anchoring, gap
· Be able to explain where to find them, what they’re made of, why we have them, what they can accomplish 
· Tight Junctions:
· form a impenetrable seal between the 2 cells that are joined together. Even small ions cannot go through. 
· Why is this useful? GI tract cells, it is useful for preventing gastric juices from seeping through moving to other places of your body; it is useful for keeping things in and keeping things out.


· Anchoring Junctions:
· Anchor 2 cells together; they allow you to have enough mechanical force to withstand compression, stretching, sheering, and allowing those 2 cells to stay connected. 
· There is a little bit of passage, unlike tight junctions, but it’s not their main goal
· How do they tie 2 cells together? Use cytoskeletal fibres. Which 2 fibers could they use? Actin filaments, and keratin when it is built into intermediate filaments. 
· They are going to work along with integral proteins, these proteins that span the membrane, and peripheral proteins that are just underneath the membrane. They are going to form anchors
· Gap Junctions
· They are gaps between 2 cells that allow for cell to cell communication
· Essentially are channels, a series of proteins that form a ring spanning the 2 membranes
· These proteins are sensitive to the environment inside the cell near where they are. Depending on the calcium concentration, they will have a different shape—open or close (when Ca+ concentration is too high)
· Proteins are called connexons 
· Plasmodesmata and gap junctions are not the same but accomplish similar functions


Go over the readings, the first to parts for the extracellular matrix
· The different glycins that you’ll find there
· And what the role of the extra cellular matrix is


























Topic 4 Membranes and Membrane Transport
Microtubule motor proteins that transport cellular cargo towards the (+) end of the MT are bringing contents to the cell periphery i.e. anterograde transport. 
· True
· How are microtubules organized in a cell?
· Dimers of tubulin add onto each other form protofilaments that stack together to form the hollow microtubule
· In the cell, are these microtubules going in the same direction?
· Go from the centrosome out towards the membrane
· Towards the plus end is the cell peripheral towards the plasma membrane
· How many motor proteins do we have that can travel on microtubules? 
· 2, kinesin goes towards the plus end
ALP
· Explain what needs to happen for an axon to grow so that it can reach a muscle cell?
· Needs to receive a signal that triggers it to grow
· What needs to happen in our cell? How does it actually extend?
· Microtubules will have to expand through tubulin dimers
· Alpha end will attach to the beta end that is exposing GTP and it will continue to grow
· Need to have tubulin and GTP available—need to have these at the end of the axon—how will we move these from the cell body down to the axon? 
· Will use kinesin b/c it is moving in an anterograde fashion from the cell body towards the periphery
· Then we will need to grow the microfilaments—add actin
· Notice how microtubules grow in a linear fashion, whereas microfilaments have the ability, b/c they aren’t hollow, and b/c they grow in that staggered manor, they have the ability to branch out
· Form a lattice beneath membrane
· As this is growing, we will need to expand the membrane
· As these processes happen, you are bringing vesicles for proteins, these vesicles are made of plasma membrane that will become incorporated in the membrane, which is more efficient than using the smoothER 
· Why do we have membranes
· Serve as the boundary/outer limit of cell
· Has different structures
· Form internal compartments
· Organelles have internal network of membranes
· To attach cells together & have special structures within the extracellular matrix to allow for communication
· Communication: plasmodesmata, gap junctions
· Has specific structures that allow us to moderate and control what comes in and what does not
· Selective permeability what the membrane is made up of allows for this
· Fluid & dynamic
· Features in membrane that allow cells to receive signals
· All membranes are different.
·  Depends on cell type
· Depends on area of cell you find yourself in e.g., neuron cell membrane won’t have the same composition everywhere
· Mitochondria double membrane allows for ions to create a gradient
· Double layer of phospholipids and adding onto that another specialized layer e.g.—Capsule with prokaryotes, glycocalyx
· Neurons collaborate tightly with Schwan cells. Mylen sheath insulation
· Different specializations
· Fluid Mosaic Model
· Phospholipids making up the 2 layers are very dynamic, not covalently bound—which allows for easy passage if a molecule has the right properties
· Double membrane
· Mosaic: within all the phospholipids, you have different types of proteins embedded in there: glycoproteins, peripheral and integral proteins, lipid anchored proteins
· Creates different pockets in the membrane that have different abilities
· Interacts with cytoskeleton and extracellular matrix—proteins that create a link between these zones
· Justify why both layers are different for the plasma membrane
· They do different things & interact with different things
· Different? 
· Outer layer has glycolipids that are there for cell recognition, binding, communication, and we don’t need this on the inside layer. 
· Outside portion has receptors that are able to interact with molecules, ligens, and inner portion that sends the signal inside the cell. 
· Glycocalyx has slime that helps protect against environment, it would just clog cytoplasm
· Fluidity
· Comes from the fact that all these phospholipids are not covalently bond
· Can move from flexing the fatty acid tails—molecules can move across easily between levels
· Rotating—also contributes to fluidity
· Laterally diffuse—can move around the membrane. You can slide things down in the membrane
· Tails aren’t all the same—short vs long, saturated vs un-saturated 
· Not all heads are polar, some are more polar, some are less polar
· 1 more movement-the flipflop- is rare. 1 phospholipid and switching it from the other layer. There are certain phospholipids such as phosphatidylserine that are negatively charged and is predominantly found on the inner layer—when the cell is dying it can signal macrophages
· Flipflop can happen spontaneously but can also be moved directly by an enzyme
· Composition of the lipid layer
· 4 main classes of phospholipids: 
· Phosphatidylethanolamine, phosphatidylserine (-), phosphatidylcholine, sphingomyelin
· Difference? polar heads and with sphingomyelin the # of tails
· All built with a glycerol backbone with 1 or 2 hydrocarbon chains
· Can be short or long, saturated or unsaturated
· When they have a double bond, that introduces a kink
· Phosphatidylethanolamine is more polar than phosphatidylcholine

· Glycolipids 
· on the outer layer either have a glycerol or sphingosine backbone which will determine if they have 1 or two fatty acid tails 
· & instead of having a phosphate moiety, they will have different carbohydrate combination
· Cellular recognition, signalling, binding
· Sterols: different sterols for different types of cells but all have:
· 4 rings, hydrophobic, with a hydrophilic end
· Influence on fluidity? Make it more stable, act as a buffer when temperature changes, interaction btw 2 layers of a membrane
· On both membranes so that they have fluidity on both sides
· Why is fluidity so important?
· Allow to exchange btw inside & outside of cell but to develop it further, to take out nutrients and let out waste
· Many different ions, proteins, hormones, etc. that all have their ideal concentration. 
· Membrane allows to let in things if the pH is too low or let things out. STABALIZE, some ions are essential, but too many will kill the cell
· How would the fish respond to extreme temperature changes? 28C to 10C
· Phosphatidylethanolamine is more polar than phosphatidylcholine
· Express this as a ratio and see how it responds to this change in temperature PC/PE
· Ratio of different phosphoproteins—is it trying to become more or less polar?
· What changes need to happen? 
· The membrane needs to become more fluid
· What happens to cholesterol? 
· Increases—sticking something between the phospholipids will make it more polar
· What happens to the PC/PE ratio? 
· Phosphatidylethanolamine is more polar and will contribute more to membrane fluidity, if there’s more PE, the ratio will go down & fluidity will go up
· Enzymes in or near the membrane that can introduce double bonds
· What will happen to a toad if it’s from cold water and you stick it in warm water?


· What do these proteins need in terms of structure to find themselves in the membrane, what shape do they need? 
· 3 categories in terms where they are located











Part 2
· Relate the proteins in the membrane to the amino acids we looked at for topic 2
· Which amino acids would we put in the membrane?
· Need polar amino acids predominantly on both portions of the outer membrane & non polar amino acids that face the membrane. 
· If you have a protein that is forming a pore, a receptor, or a channel, you need non polar amino acids facing the fatty acid tails, and polar amino acids folded inside the core in order to form a passage to allow for polar molecules to get through
· Which of the following does not represent a valid protein-membrane interaction?
· Peripheral protein non-covalently bound to the cytoskeleton
· Proteins anchored to the membrane via lipid moieties
· Proteins embedded within both layers of the membrane
· Covalent bonds are very strong and hard to break, if you want something dynamic then you would need something other than covalent bonds
3 Types of Membrane Proteins
· Integral Proteins/trans membrane:
· can span the membrane and can go through both layers of the membrane,
· Peripheral Proteins
· non covalently bond to remain dynamic and adjust quickly
· will interact with integral proteins, cytoskeleton, extracellular matrix
· Lipid-anchored Proteins
· outer leaflet— will be using GPI anchors (a carbohydrate tail attached to the polar phosphate group of phospholipid)
· Why is the carb on the outer layer? Communication, Cell to cell adhesion, recognition so it makes sense that its on the outer layer. 
· Inner layer—fatty acids, prenyl groups, lipid tails that are anchored
· Anchors do not span membrane
1. Integral Proteins
· When we look at the peptide bond, it allows the protein to have an orientation with the sequence amino acid. 
· You can have the end terminus inside or outside of the cell—does not necessarily tell you the inside or outside portion of the protein. 
· The tertiary structure determine whether it can span membrane
2. Peripheral
· Non covalently bound meaning it can allow for quick changes in the structure—provides a lot of support in the membrane & provides elasticity 
· Allows for elasticity like in a red blood cell. The peripheral protein interacting with the cytoskeleton allows for that movement
3. Lipid-anchored
· Always covalently bound to their anchor
· 2 types of anchor depend where it is and what it can do
· Outside GPI—adhesion, recognition
· Inside—division, growth, support



· If you wanted to look at a membrane today how would you do it?
· Fluorescence microscopy, scanning electron microscopy
· (a) Freeze-fracture:
· freeze cell, with a knife, separate 2 leaflets with membrane
· b/c some are anchored and covalently bond. Each part will remain where it was when it was fluid. 
· Gives you a precise snap shot of where everything is. 
· Does not give you an appreciation of the dynamic part.
· Confirms whether they’re anchored or attached to each other. 
· Flash freeze so you wont distort the shape that heating
· Fluorescence Recovery after Photobleaching—FRAP 
· Maintains integrity of membrane
· Can see lateral diffusion
· label what is interesting to you with a fluorescence marker and bleach the area. Since its still fluid you will see how it will recover.
· Is the recover due to the ones you bleach with the laser, or did something else happen so you no longer see the blind spot?
· Nothing will allow it to reemit the light with the lasers, the membrane is fluid lateral diffusion (entire phospholipid not just tail) not covalently bond. Membrane asymmetry allows for selective permeability
· Allows to study membranes in action
Movement Across Membranes
· Water is easy to get across
· Ions do not have an easy way of getting across both membranes
· Membrane not very permeable to glucose
· If it not very permeable it will have different implications:
1. Will create different concentration on both sides of the membrane, will give you a gradient of concentration, will make it favourable to go from point a to point b. 
a. The difference in concentration with a charged molecule will create a difference in charge. Potential Energy—a difference in concentration or charge btw 2 points and that potential energy becomes kinetic energy. 
b. In some cases when the permeability is in the higher range, you can travel easily passive diffusion
· Proteins—transporters/carriers create a passage in the membrane that make it more favourable to travel through the membrane.
· If the concentration is unfavourable we use proteins that use energy to create a channel
· Glucose is required inside cells. This graph shows transport across membrane at different rates. Explain how this is possible (what type of transport)
· Blue line that goes straight through is passive diffusion and the red is may be active—what is missing
· Certain fixed amount of transporters available, when they’re all saturated, the rate no longer increases. What is missing to determine if it is active or not? 
· We don’t know if there is a requirement for energy. But b/c of the curve we know it plateaus. 
· What would need to happen inside the cell for passive diffusion to no longer be at this continuous rate? 
· The concentration gradient is no longer a gradient. Don’t need glucose
· Glucose accumulates so you end up with the same amount of glucose, or more inside which would change the gradient. 
· What if we don’t need glucose? 
· If we don’t need energy its stored as glycogen. The membrane is not easily permeable to glucose, so it is stored. 
· Which will allow for passive diffusion to continue. 
· Active transport can use energy other than ATP. In a symport secondary transport, where does the energy come from?
· Distinction btw primary & secondary active transport:
· Primary uses ATP as the source of energy to transport solute across membrane against concentration gradient. 
· Secondary uses the concentration gradient of another ion as the source of energy
· If you use the concentration gradient of the same ion it won’t help. It can be in the same direction (symport) or opposite (anti-symport/exchangers)
· If the solute is charged it is an electrochemical gradient
· Glucose here is facilitated transport/ With potassium it is active because there’s a pump for the exchange of K against the [] gradient. 

· 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 consequence?
· The pump is an exchanger—it allows you to exchange Na+ and K+ across the membrane
· In both cases you are getting these ions against their concentration gradient. 3 Na+ for every 1 K+, it costs you 1 ATP
· First, you bind sodium into the pump
· The concentration of sodium is greater outside the cell than inside the cell
· So you’re trying to force sodium into an area that already has a lot of sodium—this is where the energy comes in
· In order to do this, you need to phosphorylate the pump, that’s where ATP comes to play—it changes the conformation of the protein, forcing the sodium out of the cell
· To get K+ in, you need to dephosphorylate the pump, and forces the protein to change conformation
· AnswerBy blocking the pump, you no longer have the opportunity to get sodium out of the cell & the concentration will rise

[bookmark: _GoBack]The plasma membrane folds inwards, bringing in water and various solutes. Which type of transport is this?
· Pinocytosis. Be familiar with the different movements (phagocytosis, bulk phase, etc
· With images, missing the cytoskeleton
· Receptor has receptors embedded in the membrane & something needs to bind which triggers endocytosis. Clathroin creates the fold.

Review
Cytoskeleton 50
9+2 doublet structure that allows me to wiggle and displace my immediate surroundings
Cilia

Membrane
For any given cell tyoe, both layer of plasma membrane are identical in composition
False
Different environment, different functions, different compositions

Cytoskeleton 20
I cant contribute to the transport of organelles
Intermediate filaments—no orientation

Membrane transport 20
This is an example of which type of transport
Symport—both solutes going in the same direction
Sucrose is piggybacking on the hydrogen gradient going across the channel
[] gradient of 1 gives the transport of the other

Amino acids 30
Where would you expect to find this protein
Cytoplasm because 
Compact globular with hydrophilic on the outside

Free-floating cytosolic will translate mRNA into which types of proteins?
Globular

How do these 2 types of active transport collaborate (MT 50)
Ion in common, both will use sodium at some point
Both contribute to use sodium low
(inhibited by digoxine)
b/c pump is inhibited, NA is no longer being removed
The cell tries to keep homeospotis
If this isn’t done efficiently, the other pump will take over, but you will get higher amounts of calcium
Organelles 30
2 organelles that have a double membrane-mitochondria, chloroplasts, nucleus

Organelles 50
I keep a very low ph, b/c I am I digestive organelle
Lysosome

Amino 20
Polar and nonpolar form different types of bonds when they assemble to form a peptide
False they all use a peptide bondwith backone

The # of domains (sections of sequence) with predominantly hydrophobic amino acids can help predict if a protein can span the plasma membrane
True—not a confirmation that they do. What will give you confirmation that they span the plasma membrane.
Tertiary or quaternary st
3-confirms if they have the ability, just having a polar in 1 strucutre—just gives you a confirmation that it has a polar

Membrane 50
The cytosolic side of the membrane is represent in panel a or b
On panel a you find polar double bonded amino acids attached to an anchor not a GPI
One, what other types of anchors do we know? It’s a lipid anchor—inner or outer? Inner so cytosolic side is A

Cytoskeleton 30
Retrograde trans is essential to recycle secreted molecule and transmenbane receptors..dyneian

Membrane transport 4
Gron cells in tissue
Receptor mediated endocytocis
platherine

Celles and organelles for 50

Translation—ribosome

20
Tubulin—torsion and compression forces

Cytoskelton 40
Microvilli increase SA which cytoskeleton is crucial
Actin microfilaments
How would you differentiate btw cilia and microvilla
Cilia—motility, microtubules, 9 + 2 orgniztion, ATP
Microvilla-, just extensions of the membrane wheras cili are separate structures, absorption, actin microfilaments, doesn’t, doesn’t, transmembrane proteins more than cilia

Mmbrane 40
Tightly packed phospolpids layers become more fluid if the activity of desaturase enzyme increased
Desaturase increases double bonds, would be more fluid b/c more space btw phospholipid tails
Increase fluidity? More chlorestoral, increase temperature, (reduce remove doble bonds, add chlorestoral) chlorestoral can increase  or decrease fluidity but it depends on the nature of the membrane before

Actin microfilaments—staggered not helical

How can the flow of [] inform us on membrane transport?
The source of energy. If your working along gradient you know that the gradient itself is the source, if youre working against its from an outside source

Membrane transport
Specifically transport water across membrane
Aquaporens-facilitated diffusion, selectively transport only water

Membranes 30
Following frap, what would you expect to see if you has bleached fluorescently labelled phospholipids that were covalently bound to each other
Bleached area wont trecover

20
Micronazole is an efficient inhibiter of  erogosteral synthesis



Peripheral protein can be found on the inside or outside
Pc to PB ratio—focus on4 main types of phospholipids
Colene, ethaloline, serine, spingle mylens

Pb—more polar so it contribute more to fluidity
To find out how fluid you compare pc to pb
High pc to pb means that there is less fluditity

Pc is predominatly outer and pb ins predominantly inner but can be on both sides

Cold to warm water with frog
· Integrated a lot of chlorestoral in cold water to maintain fluidity so it loss chlorestoral in warm water. We want to reduce fluditiy. Phospholipids become more vibrational and over active in warm water
· Decrease pH
· Chlorestoral may not be an option on exam

Microtubules origninate for MTOC centrosomes, they can also orginingat in a similar structure (basal bodies are anchor). Always anchored at negaticve end because of lack of GTP
Kinesian towards GTP
Anterograde means going towards the ends its growing retrograde is towards base

Role of GPI anchors-carb group attached to phospotaland ..., if you attach a GPI to that you can attach a carbohydrate
Ways to anchor proteins on outer layer


Intermediate fil—throughout the entire cytoplasm, more [] in a cage around nucleus for protection of compression and torsion, and below plasma membrane to contribute to cellular junctions, anchoring junction. 
Contribute to cell shape because they can branch out and support membrane

Protoeoglycins are mostly carbs with a protein moiedy, most likely as one of the component of cell wall
Glycoprotein extracellular matrix

Microscopes
When to use what on what specimen
Compare two different types of microscopes, howdo get an image, what samples can you look at, adv and dis
e.g. ribosomes—appreciation of scale, how you prepare smaple, what kind of image you can obtain
light, fluor, electron

Crticial []
[] of ion or solute where is becomes potentially damaging

Membrane dynamics in relation to membrane transport
How do membrane dynamics change permiablity 
What can you change in the membrane snce it is a dynamic strucute
Composition, fluidity
Give examples and discuss

Uniporter transportation-protein carrier that allows you to transport across the membrane with only one ion

Retrograde transport-dynein from membrane towards organell and reaches the MTOC. For it to transport something it needs to be at the other end—piggyback as cargo on kineasin 
Cargo can either have both molecular motors, or you can switch tracks 
Atp binds to catalytic head, drop atp to detach(don’t need to describe movement of motos)

Myosin going towards positive ends (but there are some that go in different directions)

Different ways to flip-one is just spontaneous, the other uses translocator proteins that will physically grab the phospholipid


Different atp pumps—familiar with sodium K pump
P pumps use exchange of ions
F pumpsuse h gradient
V pumps also use h but their goal is specific to maintaining pH

Phospholipids are not covalently bound, if you rely on ionic bonds to form proteins it wont be a very structural bond

Water—what does it help accomplish, what does it contribute
Where do you synisize lipids
Myglobin-compact, transport, not in membrane 




















































