TOPIC 1: INTRODUCTION TO CELL BIOLOGY
· Mitochondria – 2 microns
· Both mitochondria and chloroplasts have double membranes. The mitochondria has its inner membrane highly folded

· In chloroplasts – 3 membranes, (of which 2 are surrounding it and the inner membrane is highly folded called the thylakoid.) – Site of chlorophyll – pigment that observes light.

· Function of chloroplasts turn light energy into chemical energy. 

· Function of mitochondria is to use oxidative metabolism as it is the power house of the cell and it generates ATP. 

· Each has its own DNA. In mitochondria – mDNA and in chloroplasts – cpDNA 

· The DNA takes form of a single circular chromosome with no added proteins – a “naked chromosome” 

· They have their own machinerary to take that genetic information and turn it into proteins, including ribosomes (which are small and less complex (fewer subunits) than the ones found in cytoplasm of eukaryote cells) these are prokaryotic style ribosomes. 
· Chloroplasts and mitochondria are capable of reproducing in the cell they are in and they reproduce using fission – a prokaryotic characteristic. 

SLIDE 25: Endosymbiosis Theory:
· Relationship between eukaryotic and prokaryotic cells

· Mitochondria and chloroplasts evolved through a process of including a host cell and smaller prokaryotic organisms  

· Eukaryotic cells evolved form prokaryotic cells.

· An ancestral prokaryote cell that was anaerobic (the host) that had no organelles. Eventually it engulfed an aerobic bacterium. On a regular bases it engulfed smaller organisms and broke them down for nutrients but in this case it did not break down this bacterium and instead they established a symbiotic relationship as the bacterium was incorporated into the host cell. Began to function in ATP production by oxidative metabolism in the host cell
· Mutal benefits: host cell ( can now use ATP generated by bacterium and the aerobic bacterium ( more favourable environment for it. (also gets the nutrition G3P needed to produce the ATP). 

· The aerobic bacterium later evolved to become the mitochondria

· A second similar event occurred. This time a photosynthetic bacterium was ingested e.g. a cyanobacteria. Same thing happened as above with the mitochondria. The host cell (plant cell) took up the bacterium which established itself within the cytoplasm of the host cell and start carrying out photosynthesis to the benefit of the host cell. 

· Plant cells, and some protists have mitochondria + chloroplasts

· Fungi and some protists lack chloroplasts.

· Evidence to support this endosymbiosis theory: 
· Both chloroplasts and mitochondria can replicate using binary fission (bacteria do this.)

· Both have double membranes so they probably had there own membrane and when they were engulfed they acquired another membrane from the host cell. 

· Inner membrane is more prokaryotic like where as the outer membrane is more host cell like. 

· Single circular DNA 

· Ribosome’s of mitochondria and chloroplasts is more prokaryotic like (smaller and less complex than eukaryotic cells) 
· Fossil record: prokaryotic cell first appears (without organelles). Eventually you see mitochondria like structures. Later a new organism shows up that has both mitochondria and chloroplasts as well. 

· Present day examples of this theory: plant cells incorporated into animals. E.g. sponges that have algae incorporated into them. A mollusc (solar-powered sea slug) takes specifically chloroplasts from algae and incorporates them into its gut cells. In this mollusc the gut extends throughout the whole body in a mature mollusc and so that’s why this mollusc is green. There actually brown with red markings, they don’t turn green until they start feeding on algae (they acquire chloroplasts from them). The chloroplasts obtained are functional so they don’t need to eat as they can use photosynthesis to produce own food. This animal only lives 10 months so the chloroplasts don’t need to function forever. The chloroplasts it takes can’t replicate, once they die, they die. 
· The name of the green coloured sea slug is: Elysia chlorotica.
· This is called kleptoplasy – it is a symbiotic phenomenon whereby plastids from algae are sequestered by host organisms. 

TOPIC 1.2: THE CHEMISTRY OF LIFE

· For example, cellulose a macromolecule is a polymer of monosaccharide or specifically glucose (which you string together to get cellulose).

Carbohydrates:
· Play 2 main roles

· Some cases they are energy stores, e.g. in plants cells starch and in animals cells, glycogen – in liver and muscles (supply metabolism).

· Can also play structural roles cellulose in plants and chitin in animals – main component of insect and crustacean exoskeleton 

· Carbohydrates are polymers so they are a string of repeating units (monosaccharide) with a chemical formula of CnH2nOn. 

· The monosaccharides that occur most often are of trioses, pentoses, hexoses. 

· When you have 5 or more carbons in a monosaccharide they have 2 different configurations they can adopt. A linear or ring configuration. 

· Glucose – an example of a hexose (6 carbon sugar). 

· Find larger monosaccharides in ring configuration because it’s more stable and a lower energy configuration. 

· In either case there can be different structures of the molecule that are not identical or superimposable on each other called isomers. They arise from a carbon atom that has 4 different groups on it can adopt 2 different configurations that are mirror images of each other. For example, the glyceraldehydes, the hydroxyl group projects to the right in what’s called d-glyceraldehyde and it projects to the left called l-glyceraldehyde. Cells typically use one form or the other of the isomer. Monosaccahrides like to use the d-glyceraldehyde. 

· D-glucose (comes in 2 different forms when it adopts the ring configuration.)

· When it moves into the ring configuration, carbon 1 which had originally 3 groups and did not form a isomer now ends up with 4 different groups and is now asymmetrical and can now adopt different isomers or configuration. 

· Named Alpha and beta d-glucose.

· In alpha d-glucose the hydroxyl group on carbon 1 projects down below the main part of the ring 

· In the beta version the hydroxyl group projects up above the main part of the ring.

· To string monosaccharide together into polysaccharides. To do this need a covalent bond to form between monosaccharide which forms from a condensation reaction (removal of water) between carbon 1 of one monosaccharide and carbon 4 of the adjacent monosaccharide. Leaves you with a covalent bond between the two monosaccharide - called a glycosidic bond, often referred to as 1-4 (indicating it occurs between carbon 1 and 4) in adjacent monomers. 

· Because there are 2 forms of d-glucose, there are 2 forms of this glycosidic bond. 

· If alpha glucose strung together into the polymer then you have an alpha glycosidic bond. The hydroxyl groups on both glucoses involved in reaction are projected below the ring. Found in starch and glycogen. It is a fairly flexible molecule that can be packed into starch or glycogen granules. 

· Beta glycosidic bond, beta glucose has a hydroxyl group projected above the ring and it reacts with a hydroxyl group that projects below the ring which makes it stiffer, forms polysaccharides like cellulose and chitin that form long stiff strings/fibres. 

· Why can we eat so much celery? Answer: mammals don’t have an enzyme capable of breaking a beta glycosidic bond. The only enzymes that mammals posses are the ones to break down alpha glycosidic bonds the ones in starch and glycogen.

· Your body is capable of taking the starch out from a potato but not capable of using cellulose from celery. One gives energy and one doesn’t because they have different bonds and the position of their hydroxyl group. 

Quiz on carbohydrates:

· Distinguish between a polymer and a polysaccharide:

· A polysaccharide is an example of a polymer and a polymer is a general term of monomers strung together. A polysaccharide is a specific example of a polymer where the monomer is monosaccharides. 
· Provide an example of a carbohydrate used for energy storage:

· Glycogen and starch

· Glucose is a 6-carbon sugar or:

· Hexose 
· Why are there alpha and beta forms of glucose in the ring configuration but not in the linear configuration?

· The ring configuration is more stable. In the linear form, carbon 1 is symmetrical therefore there is only one configuration it takes on. But in the ring configuration carbon 1 becomes asymmetrical and it has 4 different groups and therefore it can take on either alpha or beta forms. 
· What carbohydrate is formed from repeated units of beta-glucose? Can humans digest this carbohydrate? 

· No mammal can digest cellulose because they can’t break a beta glycosidic bond. 
Nucleic Acids:
· Nucleic acids are polymers where the nucleotide is a monomer.
· Nucleic acids unlike carbohydrates are considered to be informational macromolecules because the sequence of monomers or nucleotides affects the function of the nucleic acid. *The order matters
· Comes in 2 forms: DNA (Deoxyribose nucleic acid) and RNA. (Ribose nucleic acid). 
· DNA stores the genetic material of the cell but RNA used to turning that genetic information into proteins. 
· Nucleotides are made of 3 different molecules:
· A pentose sugar called ribose in case of RNA and deoxyribose in case of DNA. There is a hydroxyl on the second prime carbon in ribose. There is a hydrogen instead on the second prime carbon on deoxyribose. 

· Attached to the one prime carbon is a nitrogenous base. (5 possibilities)
· Two of them have double rings: adenine and guanine – these are purines
· The other three are single ringed: cytosine, thymine (only in DNA) and uracil (only in RNA) – these are pyrimidines. 
· The sugar and base combination is called a nucleoside.
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* to indicate a deoxyribose in the above pic, use “small d” e.g dATP

· To turn from a nucleoside into a nucleotide, add a phosphate group at the 5 prime carbons of the sugar. There can be anywhere from 1-3 phosphate groups. 

· Nucleotides are used in metabolism (energy moved around cell) ATP as well as signalling process and signal transduction pathways. Also role in building molecules. 

· To convert nucleotides into nucleic acids – have to string them together. A covalent bond is formed (a condensation reaction again) between the phosphate group on the 5 prime carbon of the sugar, where the phosphate group reacts with the hydroxyl group on the 3 prime carbon of the adjacent nucleotide which gives you a phosphodiester bond. The phosphate group is strung between the sugars, giving you a sugar-phosphate backbone to the molecule with the bases extending out on one side. 

· RNA – singled stranded:

· This RNA molecule has directionality and is not perfectly symmetrical because you can’t reverse it and get the same thing. At one end of the molecule there is an exposed phosphate group on the 5 prime carbon end. On the other end (the 3 prime carbon) there is a hydroxyl group. 

· The nucleotides are synthesized from the 5 prime to the 3 prime end. 

· DNA – double stranded: 

· The two strands are arranged head to foot. 5 prime to 3 prime for one strand and 3 prime to 5 prime in the other strand. This allows the bases to project in towards each other. If the bases pair correctly forms hydrogen bonds (to stabilize the structure) and the complimentary base pairs are AT and CG – you get maximal of hydrogen bond formation. The bases are the same physical size and allow the double helix to form. (elucidated by Watson and Crick) 

Constructing a nucleoside:

· Attach the base to the ribose sugar 

      The structure of dGTP:

· Sugar: deoxyribose

· Base: guanine

· Phosphates: 3 extending of the 5 prime carbon

Proteins:

· Amino acids are the building blocks (monomers)

· Proteins are informational macromolecules and therefore the sequence of amino acids matters. It determines the structure and therefore the function

· Proteins are most ubiquitous. A standard mammalian cell has at least 10,000 different proteins.  

· They play a huge array of roles: e.g. enzymes, allowing cells to move (actin), transport roles (in and out of cell, pumps, Na +, K and ATPase) 

· The structure of an amino acid: has a central carbon atom which has an amino group, a carboxyl group, a hydrogen atom and a side chain or R group. 

· All amino acids can have isomers. (The L isomers of the amino acids) that are used. 

· The amino group and carboxyl group are important for stringing the amino acids together into a protein. 
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· Polar = electrons not distributed evenly through covalent bond. 

· Groups like carboxyl and phosphate (give up proton) at cellular pH and become negatively charged. Amino acids are the opposite – they accept a proton and become positively charged.

· A nonpolar (hydrophobic R group) found in a membrane. R group determines function of amino acids. 

· In cistine - two sulphydryll groups can be reactive to form a disulphide bridge – a strong covalent bond important in determining the structure of proteins.  

TOPIC 2: MEMBRANES LECTURE 4 NOTES
· To put together amino acids the carboxyl group of one amino acid reacts with the amino group on the adjacent amino acid in a dehydration reaction to give a peptide bond. The hydroxyl group on the carboxyl group and the hydrogen on the amino group form water (which comes out) leaving you with a direct covalent bond between the carboxyl and amino group called a peptide bond. 

· N – terminus (amino group) C-terminus (Carboxyl group) When amino acids are synthesized it is from n-terminus to c-terminus. 
· The number of amino acid residues (when put in a string of amino acids it is called a residue not an amino acid) 

· Number of amino acids residues highly varies in proteins 

· The smallest protein has 3 amino acid residues. This protein is a neuropeptide that helps regulate the thyroid system.

· The largest protein has 27,000 amino acid residues, a protein involved in maintaining muscle structure called titin. 

· The average typical protein has approximately 400-500 amino acid residues. 

· To distinguish between a peptide and a polypeptide chain, it depends on amino acid residues: a peptide has (under 50 amino acids residues) over 50 is a polypeptide. 

· How do you go from a peptide or polypeptide to a protein?

· The difference between a string of amino acids and a protein is “folding”

· The mature protein folds into a unique, stable, 3D structure called the native conformation. When it adopts this structure, it is biologically active - in other words it needs this structure to carry out its function.

· If it loses this structure by being denatured it loses its biological activity.

· All of the information requires for a protein to adopt its native conformation is contained within the amino acid sequence. (Doesn’t need anything from outside to fold).

· Usually proteins fold into their native conformation as their being synthesized.

· Sometimes a bit of the protein wants to get together with another piece that it shouldn’t fold with, therefore need a chaperon protein – which prevents misfolding of the protein. In general proteins self-assemble as they have all the info to fold in the amino acid sequence. 

· The native conformation is not the only conformation it can adopt. Depending on its function, it might need to switch between conformations.

· E.g. ( transport proteins will adopt one conformation when the solute binds to them and a different conformation when the solute is not binded anymore. 

· A protein can be made of a single polypeptide, - if this happens then it is a monomeric protein. (one polypeptide that folds into the native conformation)

· Multimeric proteins: where more than one polypeptide chain is needed to make the mature protein. An example of this is hemoglobin. It is made of 4 separate polypeptide chains, making it a tetrameric protein. 

· Heteromeric protein – 2 different types of polypeptide chains making up a protein.

· If all the subunits are the same then it is a homomeric protein. 

Protein folding:

1. Primary structure:

· Sequence of amino acids given from n to c terminus

· It is the lowest and simplest level of structure, but the most important because it tells you what’s going to happen at the other levels of structures.

· You can have the protein become denatured, - this is not a problem as long as the individual amino acids (or peptide bonds) in the polypeptide chain are not broken apart then that protein can reassemble into its native conformation and become biologically active  again. 

2. Secondary structure:

· Refers to small areas of structure that are caused by hydrogen bonding within the backbone of the protein. When you get hydrogen bonding in the backbone it leads to stable structures. 

· 2 main examples of this, alpha helix and a beta pleated sheet. 

· Sometimes these secondary structures are formed into slightly more complex structures still at the secondary level called motifs. 

· Helix-turned-helix (2 areas of alpha helix separated by a loop of amino acid residues).

· And a hairpin loop (2 areas of beta pleated sheets separated by a loop of amino acid residues)

· When you see an area of alpha helix usually a transmembrane domain, usually a part of a protein that will help anchor it into the membrane

· A zinc finger is usually a recognition motif – mechanism for one protein to recognize something else. 

3. Tertiary structure:

· The protein as a whole taking on a shape

· Caused by interactions of R groups

· Different interactions can occur, most interactions are non-covalent e.g. hydrogen bonds, ionic bonds or hydrophobic interactions (where they tend to cluster together) these bonds are relatively weak and easily broken. Another weak interaction that can be involved is Van-der Waals interactions. 

· Van-der Waals are weak forces (alone) however together very strong. E.g. the Gecko (are able to walk up walls because of high surface area) 

· These forces occur because of transient interactions because charged mobility. 

· One covalent interaction also occurs called a disulphide bridge. (It is formed when 2 reactive sulphdridyral groups –(which can be found in amino acids specifically cistine)). When you get these you get particularly stable proteins. A number of membrane proteins are stabilized by these disulphide bridges. They are resistant to things like detergents. Need to be quite harsh with these proteins to get them to denature. 

· Most proteins take on globular shape (big blobs). However sometimes come across a protein that has a long fibre like shape (fibre protein). It is due to secondary structure (helical structure) they wind around each other making them fibrous.
· Can also have bits of the protein folding independently of each other called domains. Domains are areas of the protein you can distinguish because they have a particular structure and function associated with it

· An analogy to distinguish between a domain and a motif is: describe motifs and domains in terms of a house. The structure is a protein (house). The house is made up of individual rooms – each of which has a recognizable structure and function. Within each of those rooms there are smaller structures which you can recognize from room to room e.g. a light switch. You don’t always find motifs in every domain. 

· Smaller structures, secondary structures = motifs and larger tertiary structures = domains. 

· For most proteins this is the last level. If a protein is made up of a single polypeptide chain it can stop at this level. If not then it goes on to the quaternary structure.

· The secondary structure is incorporated and can contribute to tertiary structure. 

4. Quaternary structure:

· If you have a multimeric protein then you go to this structure. 

· It refers to putting the individual chains together (more than one)

POP QUIZ:
· Deduce the chemical nature of the amino acids below by examination of their side chains.

· Methionine – (R chain highlighted in diagram (CH3-S-CH2-CH2)) – nonpolar amino acid and found in hydrophobic region of cell. 
· Tyrosine – (R group has a hydroxyl group, a hexane and CH2) – polar because of hydroxyl group.

· Aspartic acid – (R group carboxyl group) It is a charged amino acid and is also polar. 

· Phenylalanine – (R group consists of a hydrocarbon ring (hexane) and CH2 coming off) It is a nonpolar amino acid because the ring is hydrophobic.
· Between what groups does a peptide bond form?

· Carboxyl group and amino group

· Distinguish between a polypeptide and a protein.

· Proteins are folded polypeptides. Analogy: polypeptides are the paper and the protein is the origami. 

· List three functions of proteins.

· Structural roles

· Enzymes

· Messaging

· Storage 

· Transport

· Defense

· Distinguish between a motif and a domain.

· Domains are rooms and motifs are light switches. Motifs are secondary structure and domains are tertiary structures. They are similar in the sense they both have a particular function. When you see the structure you know the function. 

· For what level of protein structure is hydrogen bonding in the backbone responsible?

· Secondary structure

· True or false – monomeric proteins do not exhibit quaternary structure. 

Lipids:
· They are large molecules but they are not polymers they are not made of repeated subunits.

· They can dissolve in nonpolar solvents and not in water

· They are lipid soluble.

· There are several classes of lipids; we’ll be looking at 3 of them. They are important in energy storage and more importantly membrane structure and signalling.

· The 3 lipids we’re focusing on are: fatty acids, steroids and phospholipids

· Fatty acids – string of hydrocarbons with a carboxyl group at one end. Strings of hydrocarbons are nonpolar and the carboxyl group is polar and charged. 

· A molecule that has 2 diff parts to it – making it amphipathic (polar and nonpolar region) 

· The carbon chain is 14-22 carbons, though most of the ones we’ll see will be 16-18 carbons because they are involved in membrane structure. 

· They can saturated or unsaturated. 

· Saturated fatty acids (animal based) have maximum number of hydrogen atoms bonded to carbon. There chemical formula is: CnH2nO2 
· Instead of max number of hydrogen bonds there are double bonds – unsaturated fatty acids (plant based). There can be one double bond – monounsaturated fatty acids (MUFA). If it has multiple double bonds it is a polyunsaturated fatty acid (PUFA) 

· Phosphoglycerides – main building blocks of membranes. Belong to the phospholipid group.

· The structure consists of 2 fatty acids that are covalently linked to a glycerol molecule (which has 3 carbons, there is a fatty acid coming off one carbon through a covalent ester bond and another one coming off the second carbon too and on the third carbon there is a phosphate group and R group) The R groups are always hydrophilic.

· There is an ester bond between the glycerol backbone and fatty acid chains.

· Name phospholipid based on R group. 

· Amphipathic molecule – the back end (hydrocarbon chains + fatty acids) is hydrophobic, the head end (Phosphate group + R group) is hydrophilic. Perfectly structured to play a role in the membrane with one end facing towards the aqueous environment and the other end pointing into the core of the membrane. 

· Steroids – derivative of 4-ringed hydrocarbon skeleton (nonpolar). 

· Only in eukaryotic cells 

· The most common steroids you find in cells are a group called sterols. The basic structure of these is: 4-ringed hydrocarbon and attached one end is a hydroxyl group and on the other end is a hydrocarbon tail. This molecule is amphipathic (a little bit). 

· There are diff sterols in diff organisms. In animals: cholesterol, in plants phytosterols and in fungi called ergosterols. 

· Sterols play roles in the membrane but are more known for their roles in cell signalling. 

POP QUIZ

· Are lipids polymers?

· No, because they do not have a sequence of repeated subunits.

· Distinguish between fatty acids and phosphoglycerides.

· Fatty acids are incorporated into phosphoglycerides. Phosphoglycerides contains 2 fatty acids. 

· What lipids play a role in signalling?

· Steroids, but most lipids play a role in signalling. 

· Define amphipathic. 

· A molecule that has both a polar (hydrophilic) and nonpolar (hydrophobic) region. 

· The back end (hydrocarbon chains + fatty acids) is hydrophobic; the head end (Phosphate group + R group) is hydrophilic.

· Would you expect to find sterols in the inner membrane of a mitochondria or chloroplast? 

· No, because prokaryote cells lack sterols as the inner membrane of the mitochondria and the chloroplasts are thought to be from these ancestral prokaryote cells. (Further support of endosymbiotic theory). 

TOPIC 2: CELL MEMBRANES

· The fluid mosaic model was put forth in 1972 by Singer and Nicolson.

· Membranes important in defining the boundaries of cells and within eukaryote cells the boundaries of organelles. 

· The interior environment is different from the exterior environment

· It is a semi permeable barrier

· Localisation and organization of structure – scaffold for biochemical activities (enzymes) and mitochondria (all the protein complexes) 

· Also point of cell that can detect and responds to external signals. Membranes contain receptors that can detect these external chemicals and initiating signal transduction pathways so that things happen within the cell. 

· Membranes also important in cells recognizing each other and them forming attachments. Proteins and lipids in the membrane serve as recognition signals. If the right signal is received the 2 cells can get together and form an attachment and they can even exchange cytoplasm through gap junctions.

· The inner mitochondrial membrane (where ETC takes place) (extremely rich membrane) about 76% is protein and 24% of it is lipids. 

· The normal average membrane is a 50/50 split of proteins and lipids. 

· Membranes of Schwann cells – serve as insulators; prevent neural signals for going in wrong places. Insulate the axon of a neuron. Fat is a good insulator. These membranes are therefore 82% lipid and 18% proteins.

Membrane structure:

· According to the fluid mosaic model, the membrane is a lipid bilayer with proteins studded into it and the components of the membrane are not held together by covalent bonds but non-covalent interactions, flexible interactions that allow the membrane to be fluid.

· 2 layer of lipids (lipid bilayer) 

· Very fluid structure – things can float around

· Only 10 nanometres thick. That’s why it took so long to come up with a model.

· There is a hydrophobic core (tails on inside) – allowing it to function as a permeability barrier and it makes it harder for hydrophilic molecules to penetrate. 

· Studded into the lipid bilayer are proteins (some can cross the membrane or be associated with one side of the membrane) They are held together by non-covalent interactions. 

· Experiments to show how things move around the cell

· Frye and …. Published in 1970. 

· They took separate cultures of human cells and mouse cells. They labelled proteins in the membrane with 2 diff fluorescent markers, one for the human cell and one for the mouse cell. They then took individual cells and fused them together using a virus.

· They looked to see what would happen to the pattern of fluorescence. 

· If the proteins are not free to move around then overtime you should retain the original pattern with red fluorescence on one side and green fluorescence on the other side. 

· However if the proteins are mobile, (can move across lipid bilayer) then you should see the fluorescence signals mixing (very rapidly after the cells fused). Within 40 min it was a homogenous signal. 

· Good method but it is hard to quantify

· A better technique/experiment that allows quantification of how readily individual components move is called fluorescence recovery after photobleaching (FRAP) 

· Visualize the component being studied – to do this attach a fluorescent marker to the cell membrane component of interest e.g. fatty acid, protein, lipid.

· Then take a highly focused laser on an area of the cell to bleach the fluorescence. If you expose the fluorescence to too much light you can bleach it entirely. 

· Then look to see how rapidly the bleach area fills in with fluorescence markers. Anything that is mobile should be able to migrate into the bleach area and re-establish or recover the fluorescence. 

· Can graph this as intensity of fluorescence over a function of time. The graph starts off being stable (to get a background reading). Then when bleaching the cell the graph declines sharply and then increases and levels off during recovery. 

The Lipid Bilayer
· The idea of the lipid bilayer is credited to Gorter and Grendel in 1925. (Dutch physiologists) They experimentally and theoretically the idea of the double layer of lipids.
· Experimentally: they took a bunch of cells and measured the area occupied by those cells. They broke up the cells to get the lipids and measured the area covered by the lipids. The area covered by the lipids was twice as great as the area of the cells indicating that the lipids had an extra layer. 
· Theoretically: lipids are often hydrophobic, dissolve in nonpolar solvents. The lipids want to gather in a way that there not exposed to water. The main component of the cell membrane is phosphoglycerides – are amphipathic molecules. They will naturally arrange themselves into a double layer. The polar head groups are facing the aqueous environment and the hydrophobic tails of the fatty acid are clustered together inside the membrane away from the aqueous (cytosol) environment on either side. 
· Phosphogylcerides (the main component of membranes) found in the membrane typically have fatty acid chains that are 16-18 carbons long and typically one of those chains is unsaturated and one is saturated. This is important in giving the right degree of membrane fluidity. 
· A small but important component of the membranes lipids are glycolipids. These are lipids that have a sugar group attached to them. Can be a single monosaccharide or a string of monosaccharaides (oligosaccharides) linked together. Typically found in the outer layer of the membrane, pointing out to the external environment. This is associated with their function as they are involved in cell-to-cell recognition.
· Used as markers in blood types – to classify them. 
· Sterols are also a part of the lipid bilayer. The polar hydroxyl group “cuddles” or clusters near the polar hydrophilic heads of the phosphoglyercides. The nonpolar hydrocarbon ring and tail are inserted amongst the nonpolar hydrophobic chains of the fatty acids. 
· Sterols are absent from prokaryote cell. Within in eukaryotes they have there own different types of sterols. Important in determining membrane fluidity and also the building blocks for steroids. 
Multiple choice test:

The lipid bilayer functions as a permeability barrier because:

a) The lipids are held together by covalent bonds that prevent unwanted movement across the membrane

b) It is difficult for hydrophilic molecules to traverse the hydrophobic core of the lipid bilayer

c) The lipid bilayer is thick so that the diffusion distance becomes too great for rapid transit across the lipid bilayer

d) The glycolipids of the lipid bilayer recognize and bind molecules that the cell wishes to exclude

e) None of the above

Which of the following remedies is likely to be most effective against athletes foot, a fungal infection of the human foot?

a) Oseltamivir, an anti-viral agent better known as Tamiflu

b) Micronazole, an hibitor of ergosterol synthesis

c) Penicillin, an inhibitor of  peptidoglycan (bacterial) cell wall formation

d) Sodium azide, an inhibitor of oxidative metabolism

e) None of the above
· Lipids distributed unequally between the 2 leaflets

· Lipids (phosphoglycerides) don’t flip flop between leaflets because hydrophilic heads have a hard time passing through the hydrophobic core of the membrane. Therefore it is rare for this flipping. If it does happen, need the enzyme flipase. 

· Lipids 
