MID-TERM 1 NOTES 
TOPIC 1 

2.1 Basic Features of Cell Structure and Function 
· Cell Theory: 
· All organisms are composed of one or more cells 
· The cell is the basic structural unit of all living organisms 
· Cells arise only from the division of pre-existing cells 
· unicellular organisms: bacteria and archaea; some protists, such as amoebas; and some fungi, such as yeast 

2.1 a) Cells are Small and are Visualized Using a Microscope 
· all forms of life grouped into bacteria, archaea, eukarya 
· smallest bacteria have a diameter of 0.5 micrometers in diameter 
· most multicellular are 5-30 micrometers 
· microscopy: technique for producing visible images of objects or other things that are too small for the human eye 
· cells are small because of the SA to V ration 
· volume of a cell determines the amount of chemical activity that can take place within it 
· increase exchanging ability by flattening, developing surface folds, or extensions that increase their surface area 

2.1b) Cells Have a DNA- containing Central region that is surrounded by cytoplasm
· all cells bounded by plasma membrane: bilayer made of lipids with embedded protein molecules 
· lipid bilayer is hydrophobic barrier to passage of water-soluble substances, but selected water-soluble substances can penetrate cell membranes through transport protein channels 
· contains DNA molecules that form genes and code for proteins which maintain DNA structure and enzymes that duplicate DNA into RNA 
· cytoplasm: parts of cell between plasma membrane and the central region which contain organelles 
· organelles: small, organized structures important for cell function 
· cytosol: aqueous solution containing ions and various organic molecules
· synthesis and assembly of most molecules for growth and reproduction 

2.2 Prokaryotic Cells 
· very small
· single group of organisms lacking a nucleus 
· nucleoid: has no boundary membrane separating it from cytoplasm, genetic material located here
· three shapes: spherical, rodlike, spiral 
· Ex. E.coli 
· DNA is a single, circular molecule that unfolds when released from the cell, DNA molecule is the prokaryotic chromosome 
· Information copied into mRNA and ribosomes use mRNA to assemble amino acids into proteins 
· Plasma membrane is surrounded by a rigid external layer called cell wall 
· Cell wall protects cell 
· Plasma membrane: transports materials in and out of cell, metabolize food molecules into ATP 
· Flagella, pili 

2.3 a) Eukaryotic Cells have nucleus 
· Eukaryotes that are defined by having cells where DNA is contained within a membrane-bound cytoplasm called nucleus 
· Proteins form channels 
· Some proteins in membrane act as receptors 
· Plasma membrane protein markers 

2.3 b) Eukaryotic Nucleus contains more DNA than Prokaryotic Nucleoid 
· Nucleus separated from cytoplasm by nuclear envelope  
· Network of protein filaments called lamins lines and reinforces the inner surface of the nuclear envelope in animal cells 
· Nuclear pore complex: exchanges components between nucleus and cytoplasm and prevents transport of material not meant to cross the nuclear membrane 
· Nucleoplasm: liquid or semi-liquid substance within nucleus 
· Chromatin: combo of DNA and proteins 
· Chromosome: one complete DNA molecule with its associated proteins 
· Nucleoli: form around genes coding for rRNA molecules of ribosomes 

2.3 c) Eukaryotic Ribosomes Are Either Free in the Cytosol or Attached to Membranes
· Ribosomes are freely suspended in cytosol: others are membrane attached 
· Ribosomes are attached to nuclear envelope but most are to endoplasmic reticulum

2.3 d) Endomembrane System Divides Cytoplasm into Functional and Structural Components 
· endomembrane system: collection of interrelated internal membranous sacs that divide the cell into functional and structural compartments 
· synthesis and modification or proteins and their transport into membranes and organelles or to the outside of the cell, synthesis of lipids and detoxification of some toxins 
· vesicles: which are small membrane-bound compartments that transfer substances between parts of the system
· ER: extensive interconnected network  of membranous channels and vesicles called cisternae 
· Cisterna formed by a single membrane that surrounds an enclosed space called ER lumen 
· Rough ER: ribosome studded, Golgi complex packages proteins made here and sends them off 
· Smooth ER: no ribosomes attached, synthesis of lipids, converts toxic substances into tolerable substances or for removal 
· Lysosomes: small membrane bound vesicles that contain several digestive enzymes 
· Phagocytosis: cells engulf bacteria or other cellular debris to break them down 

2.3 e) Mitochondria Are Organelles in Which Cellular Respiration Occurs 
· Mitochondria: membrane bound organelle where cellular respiration occurs 
· Generate most of the ATP
· Require oxygen 
· Outer mitochondrial membrane: smooth + covers outside of organelle 
· Inner mitochondrial membrane expanded by folds called cristae 
· Both surround mitochondrial matrix: contains DNA + ribosomes 

2.4 a) Chloroplasts 
· Sites of photosynthesis in plant cells, part of plastids 
· Anyloplasts: colourless plastids that store starch 
· Chromoplasts: contain red and yellow pigments and are responsible for colours of ripening fruits 
· Lens/ disc shaped 
· Inside stroma is a flattened membrane which are closed sacs called thylakoids, stacked thylakoids are called grana 
· Thylakoids contain molecules that absorb light energy and convert it to chemical energy 
· Chlorophyll: green colour 
· Larger than mitochondria 

2.4 b) Central Vacuole 
· Large vesicles identified as distinct organelles of plant cells
· Pressure within central vacuole supports the cell 
· Tonoplast: membrane that surrounds central vacuole that move substances into and out of vacuole 
· Store salts, organic acids, sugars, storage proteins, pigments, waste

2.4 c) Cells Walls 
· Protect and support plant cell 
· Made of cellulose fibres which give tensile strength 

3.5 a) Theory of Endosymbiosis 
· Present day Eukaryotic cells 
· Separation of DNA and cytoplasm by nuclear envelope
· Presence in the cytoplasm of membrane-bound compartments with specialized metabolic and synthetic functions 
· Mitochondria and chloroplasts descended from free-living prokaryotic cells 
· Mitochondria: descended from aerobic bacteria 
· Chloroplasts: descended from cyanobacteria 
· Endosymbiosis: prokaryotic ancestors of modern mitochondria and chloroplasts were engulfed by larger prokaryotic cells, forming mutually advantageous relationship called symbiosis 
· Over time, host cell and endosymbionts became inseparable parts of same organism 
· Evidence: morphology, reproduction, genetic information, transcription and translation, electron transport, sequence analysis 

TOPIC 2 

5.1  A Membrane Consists of Proteins in a Fluid of Lipid Molecules 
· Plasma membrane: selectively permeable membrane, allows for uptake of key nutrients and elimination of waste products while maintaining a protected environment for cellular processes 
· Fluid mosaic model: membranes aren’t rigid molecules locked into place but rather consist of proteins within a mixture of lipid molecules 
· Mosaic model: most membranes contain an assortment of proteins; transport, signal, attachment, transduction 
· Lipid and protein components of some membranes have carbohydrate groups linked to them, forming glycolipids and glycoproteins 
· Different types of protein on the inside and outside of the membrane 

5.2 a) Phospholipids Are the Dominant Lipids in Membranes 
· Lipid: water-insoluble molecules that include fats; phospholipids, steroids 
· Lipid bilayer formed by phospholipids: has a head group attached to two long chains (hydrocarbon), fatty acid 
· Head has glycerol linked to one of several types of alcohols or amino acids by phosphate group 
· Hydrophobic (water hating), hydrophilic (water loving) 
· Fatty acid chains of a lipid are nonpolar, phosphate head is polar, polar molecules = hydrophilic 
· Non-polar hydrophobic tail (hydrocarbon) 
· Double bond in tail = unsaturated 
· When added to aqueous solution, phospholipids self-assemble into micelle, liposome or bilayer 
· Hydrophobic effect: tendency of polar molecules like water to exclude hydrophobic molecules like fatty acids, results in aggregation of lipid molecules where fatty acid tails interact with each other and polar heads associate with water 
· Favoured b/c represent lowest energy 

5.2 b) Fatty Acid Composition and Temperature Affect Membrane Fluidity 
· Fluidity of bilayer affected by: 
· Type of fatty acids that make up the lipid molecules 
· Temperature 
· Fully saturated fatty acids are linear, allows lipid molecules to be tight together 
· Lipid molecules that are unsaturated are not closely packed because of double bonds 
· More unsaturated, the more fluid the membrane
· Temperature decrease = lipid molecules slow down, fluidity is lost and phospholipid molecules form a semisolid gel, the more unsaturated, the lower the temperature at which gelling occurs 
· Normal fluid state = mixed population of saturated and unsaturated fatty acids 

5.2 c) Organisms Can Adjust Fatty Acid Composition 
· Fluid state membranes is essential for cell function
· Ectotherms (cannot regulate temperature), drastic consequences to membrane function from deleterious changes to membrane permeability to inhibiting function of membrane-bound enzymes 
· ETC needs fluid membrane to transport molecules 
· Too much fluidity = increase in molecular motion from leaky membrane of K+, Na+, Ca 2+, creates disruption of cellular ion balance  cell death 
· Most organisms can adjust fatty acid composition 
· Fatty acids and originally saturated molecules, but desaturases act on saturated FA by catalyzing reaction that removes two H+ atoms from carbon atoms, therefore double bond 
· High amount of desaturase = abundance of unsaturated fatty acid 
· Sterol (cholesterol) act as membrane buffers: at high temperatures, they help restrain movement of lipid molecules, thus reducing fluidity 
· At lower temperatures, sterols disrupt fatty acids from associating by occupying space between lipid molecules, thus slows down transition 

5.3 a) Key Functions of Membrane Proteins 
· Transport:
· substances cannot freely diffuse through membrane, use protein that provides hydrophilic channel for movement of specific compound 
· membrane protein may change its shape 
· Enzymatic activity: 
· Several enzyme membrane proteins 
· Signal Transduction:
· Membranes have receptor proteins on outer surface that bind to specific chemicals (i.e. hormones) 
· Once bound, receptors trigger changes on inside surface of membrane that lead to transduction of signal through cell 
· Attachment/recognition: 
· Proteins exposed to internal + external membrane surfaces act as attachment points for cytoskeleton elements 
· Cell-recognition 

5.3 b) Integral Membrane Proteins Interact with the Membrane Hydrophobic Core 
· Integral membrane proteins: proteins embedded in phospholipid bilayer 
· Subset of integral membrane proteins that transverse enter lipid bilayer are transmembrane proteins 
· Have to act with aqueous and hydrophobic core, therefore have distinct regions called domains for polarity 
· Alpha helix: domain that interacts with lipid bilayer consists of nonpolar amino acids that form the secondary structure 
· Transmembrane proteins exposed on both sides composed of polar amino acids 
· Polar amino acids are found in portions of protein that are exposed to aqueous environment on both sides of membrane 

5.3 c) Peripheral Membrane Proteins Interact with Membrane Hydrophilic Surface 
· Peripheral membrane proteins: positioned on the surface of a membrane and do not interact with hydrophobic core of membrane 
· Held to membrane surfaces via noncovalent bonds (h-bonding + ionic bonding), by interactions with exposed portions of integral proteins and directly with lipid molecules 
· Found on cytoplasmic side of plasma membrane and form part of cytoskeleton 
· Do not interact with hydrophobic core, therefore mixture of polar and non-polar amino acids 

5.4 a) Passive Transport Based on Diffusion 
· passive transport: movement of a substance across a membrane without need for ATP 
· diffusion drives passive transport: net movement of a substance from a region of higher concentration to lower concentration 
· mechanism of solute movement within cell b/w cellular compartments separated by membrane 
· driving force: entropy 
· in initial state, when molecules are more concentrated in one region of solution or on one side of membrane, molecules are more ordered and in a state of lower entropy 
· diffusion occurs, entropy (disorder) increases until when molecules are evenly distributed, entropy is highest 
· distribution proceeds to state of maximum disorder, molecules release free energy, therefore work 
· rate of diffusion dependent on concentration difference between two areas or across a membrane 
· larger the gradient, faster the diffusion 

5.4 b)  Passive Transport: Simple & Facilitated 
· simple diffusion: movement of molecules directly across membrane without involvement of transporter 
· rate of diffusion of molecule depends upon molecular size + lipid solubility 
· O2 + CO2 are readily soluble in hydrophobic interior and move more rapidly 
· Steroid hormones + drugs (amphipathic) readily transit 
· Glycerol moves through rapidly 
· Membrane impermeable to charged molecules like Cl-, Na+, and phosphate
· Facilitated diffusion: diffusion of molecules across membrane using transporter 
· Diffusion of water, amino acids, sugars, ions, charged molecules 
· Dependent on concentration gradient across membrane 

5.4 c) Two Groups of Transport Proteins Carry Out Facilitated Diffusion 
· Channel proteins: form hydrophilic pathways in membrane so molecules can pass, aids diffusion by providing an avenue that is shielded from hydrophobic core of bilayer 
· Diffusion of water facilitated by aquaporins: narrow and allows for single-file movement, very specific channel
· Gated channel: switch between open, closed, and intermediate states that are critical to movement of ions; Na+, K+, Ca2+, Cl- 
· Gates open/closed by changes in voltage across membrane 
· Carrier proteins: form passageways through lipid bilayer, binds single specific solute, like sugar molecule or amino acid and transports it across lipid bilayer
· Uniport transfer 
· Very specific, therefore tight control of what goes in and out 

5.4 d) Osmosis is Passive Diffusion of Water 
· Inward or outward movement of water via osmosis causes cells to swell or shrink 
· Osmosis: diffusion of water molecules across a selectively permeable membrane from solution of less solute concentration to solution of greater solute concentration 
· Happens because contain a solution of proteins and other molecules that are retained in cytoplasm by a membrane impermeable to them but freely permeable to water 
· Can occur by simple diffusion through lipid bilayer or facilitated via aquaporin
· Solution surrounding cell contains lower concentrations, solution is hypotonic to cell (under) 
· Solution surrounding cell contains solutes at higher concentration than in cell, outside solution is hypertonic to cell (over)
· Is concentration inside and outside cell is equal, then isotonic 

5.5a) Active Transport Requires Energy 
· Active: Transport of molecules across membrane against concentration gradient, goes low to high, uses energy (ATP)
· Uptake of nutrients from fluid surrounding cells even when their concentrations are lower than in cells 
· Removal of secretory or waste materials from cells of organelles 
· Maintenance of intracellular concentrations of H+, Na+, K+, Ca2+ (ions contribute to voltage, electrical potential difference which is important for neurons and muscle cells) 
· Primary active transport: same proteins that transports a substance also hydrolyses ATP to power transport directly 
· Secondary active transport: transport is indirectly driven by ATP 
· Includes facilitated diffusion 
· Transport proteins = carrier proteins 

5.5 b) Primary Active Transport Moves Positively Charged Ions 
· Primary active pumps move positively charged ions across membrane 
· Proton pumps in plasma membranes push H+ from cytoplasm to exterior, pumps temporarily bind phosphate groups removed from ATP during pumping cycle
· Ca2+ pump pushes Ca2+ from cytoplasm to cell exterori and from cytosol into vesicles of ER,  result of Ca2+ higher on outside and than inside ER 
· Na+/K+ pump: pushes 3 Na+ ions out and 2 K+ ions in cell 
· Membrane potential: measures -50 - -200 mV, makes electron chemical gradient 
· Store energy used for other transport mechanisms 
· Membrane potential from proton gradient is basis for ATP synthesis 

5.5 c) Secondary Active Transport Moves Both Ions and Organic Molecules 
· Use concentration gradient of ion from primary pump as source of energy 
· Transfer of solute across membrane is coupled with transfer of ion supplying driving force 
· Symport: cotransported solute moves through membrane channel in same direction as driving ion, known as cotransport 
· E.g. glucose, amino acids 
· antiport: driving ions move through membrane channel in one direction, provide energy for active transport of another molecule in opposite direction, aka exchange diffusion 
· E.g. ions 



5.6 a) Exocytosis Releases Molecules to Outside by Means of Secretory Vesicles
· eukaryotic cells import and export larger molecules via endocytosis and exocytosis 
· export via exocytosis from secretory proteins 
· import via endocytosis 
· both require ATP, no ATP, no exo + endo 
· exocytosis: secretory vesicles move through cytoplasm and contact plasma membrane, vesicle membrane fuses with plasma membrane, releasing vesicle’s contents to cell exterior 

5.6 b) Endocytosis Brings Materials into Cells in Endocytic Vesicles 
· endocytosis: proteins + others trapped in pit like depressions that bulge inward from plasma membrane, depression pinches off as endocytic vesicle 
· pinocytosis: extracellular water is taken in along with other molecules bound 
· receptor mediated endocytosis: molecules to be taken in are bound to outer cell surface by receptor proteins, recognize and bing certain molecule (mainly proteins) 
· phagocytosis: surface receptors bing molecules on substances to be taken in 

5.7 a) Signal Transduction Links Signal with Downstream Cellular Responses 
· Reception: binding of a signal molecule with a specific receptor of target cells is termed reception
· Target cells have receptors that are specific for the signal molecule, distinguishes 
· Found on plasma membrane or ER 
· Transduction: signal receptors triggers other changes within cell necessary to cause cellular response
· Involves cascade of reactions that include several different molecules 
· Response: last stage, transducted signal causes specific cellular response, different signaling pathways lead to different downstream responses 
· Direct activation of specific enzyme 

5.7 b) Membrane Surface Receptors 
· Membrane receptors that recognize and bind singnal molecules are integral membrane proteins that extend through entire membrane 
· Signal-binding site of receptor is part of protein that extends from outer membrane surface and is folded to closely fit signal molecules
· Molecular structure of receptor changes so it transmits signal through plasma membrane, activating cytoplasmic end of receptor protein  triggers cascade  triggers cellular response 

5.7 c) Signal Reception Triggers Response pathways within Cell 
· Signal molecules produce no response if injected directly into cytoplasm 
· Unrelated molecules that mimic structure of normal extracellular signal molecule can trigger or block cellular response as long as they can bind to recognition site of receptor 
· Protein kinases: enzymes that transfer a phosphate group from ATP to one or more sites on particular proteins
· Act in a chain
· Catalyze a series of phosphorylation reactions called phosphorylation cascade to pass along signal 
· last protein in cascade is target protein: stimulates or inhibits its activity depending on particular protein 
· protein phosphatases: effects of protein kinases in signal transduction pathways are balanced or reversed by another group of enzymes 
· remove phosphate groups from target proteins 
· are only active when surface receptor binds signal molecule 
· by continually removing phosphate groups from target proteins, protein phosphatases quickly shut off a signal transduction pathway if its signal molecule is no longer bound at the cell surface 
· amplification: increase in magnitude of each step as a signal transduction pathway proceeds 
· happens because many proteins carry out individual steps in pathways including protein kinases, are enzymes 
· once activated, each enzyme can activate hundreds of proteins, including other enzymes that enter the next step in pathway 
· greater the enzyme catalyzed steps, greater the amplification

36. 2 Signal Initiation by Neurons 
· membrane potential: separation of positive and negative charges across the plasma membrane produces and electrical gradient or potential difference across plasma membrane 
· resting potential is said to be polarized 
· resting potential: membrane of a neuron that is not conducting an impulse exhibits a steady negative membrane potential (-70mV) 
· depolarized: positively charged ions enter cell or negatively charged ions leave cell, charge across membrane will become less negative and membrane will be less polarized 
· hyperpolarized: positively charged ions leave cell or negatively charges ion enter membrane, therefore become more polarized 
· repolarized: ions are restored to initial levels 
· threshold potential: -50 to -55 mV 
· all-or-nothing principle: happens or doesn’t 
· refractory period: threshold required for generation of an action potential is much higher, lasts until membrane has stabilized at resting potential 
· voltage-gated ion channels: movement of Na+ and K+ through plasma membranes controlled by these channels 

35.2 b) Hydrophilic Hormones Bind to Surface Receptors, Activating Protein Kinases Inside Cells 
· when surface receptor binds hormone, transmits signal through plasma membrane 
· adding a phosphate group to protein may activate or inhibit it
· receptor molecule may be tyrosine kinase molecule, receptor with a built-in protein kinase on the cytoplasmic side of the receptor itself, may/or not be G-protein couples receptor that secondarily activates protein kinases within cell
· hormones act on functional proteins present in cell (i.e. enzymes, ion channels, transport proteins) 

35.2 c) Hydrophobic Hormone Bind to Receptors Inside Cells, Activating or Inhibiting Genetic Regulatory Proteins 
· hydrophobic steroid and thyroid hormones bind to internal receptors in nucleus or cytoplasm 
· binding of hormone activates receptor when binds to control sequence of specific genes 
· binding control sequence activates or inhibits transcription leading to changes in protein synthesis, dependent on specific genes 

Steroid Hormone Regulation of Gene Expression 
· steroid hormone enters cell and forms complex in cytoplasm with steroid hormone receptor that is specific to hormone 
· steroid hormone-receptor complexes migrate to nucleus, bind to steroid hormone responses element next to each gene they control, affect transcription of those genes 
· steroid hormone receptors: steroid hormone acts on specific target tissues in body b/c only cells in those tissues have steroid hormone receptors in cytoplasm that recognize and bind hormone 
· steroid hormone response element: single steroid hormone can regulate many different genes b/c all genes have an identical DNA sequence, binds here 

TOPIC 3 

4.3 a) ATP Breakdown Releases Free Energy 
· ATP: five carbon sugar ribose linked to nitrogenous based adenine and a chain of three phosphate groups 
· Adenine is one of four bases that constitute monomers of DNA and RNA 
· Breakdown of ATP in aqueous environment is hydrolysis reaction that liberates free energy and results in the formation of adenosine diphosphate (ADP) and Pi (inorganic phosphate) 
· Both products of hydrolysis reaction (ADP and Pi) carry a negative charge, repulsion between ionic products favours hydrolysis 
· Released of terminal phosphate allows greater opportunity for hydration 
· Orthophosphate group can exist in wide variety of resonance forms 
· High free energy of hydrolysis due to large difference in usable energy content of reactants (high) vs products (low) 

4.3 b) Energy Coupling Links the Energy of ATP to other molecules 
· Rapid hydrolysis of ATP would release heat, difficult for cells to use and would kill cell 
· Energy coupling: exergonic release of energy when ATP is converted to ADP and Pi, used to drive endergonic reaction 
· Requires enzyme-based catalysis, involved enzyme bringing a molecule of ATP  and a reactant molecule into contact 
· Free energy of ATP moved to reactant molecule through transfer of terminal phosphate group which results in reactant molecule becoming more unstable and reactive 
· When ATP is broken down, ATP not hydrolyzed during energy coupling reactions 
· Hydrolysis prevented because site of enzyme where ATP and substrate react is not accessible to water 
· Pi is not produced during energy coupling; phosphate group is directly transferred from ATP to reactant 
· E.g. NH3 added to glutamic acid 

6.1 Chemical Basis of Cellular Respiration 
· Cellular respiration: collection of metabolic reactions within cells that breaks down food molecules to produce ATP 

6.2 b) Oxidation – Reduction Reactions 
· Oxidized: molecules lose electrons 
· Reduced: electrons released from a molecules that is oxidized are gained by another molecule that becomes reduced 
· Leo: lose electrons oxidation
· Ger: gain electrons reduction 

6.1 c) Cellular Respiration is Controlled Combustion 
· Oxidation of food molecules occur in presence of a group of enzymes called dehydrogenases that facilitate transfer of electrons from food to a molecule that acts as an energy carrier or shuttle 
· Nicotinamide adenine dinucleotide: NAD+ oxidized, NADH reduced 
· During respiration, dehydrogenases remove two hydrogen atoms from substrate molecule and transfer two electrons and one proton to NAD+, therefore  NADH 


6.2 a) Cellular Respiration in 3 phases: 
· Glycolysis: enzymes break down a molecule of glucose into two molecules of pyruvate , some ATP and NADH synthesized 
· Pyruvate oxidation/CAC: Acetyl coenzyme A formed from oxidation of pyruvate , enters metabolic cycle where it is completely oxidized to carbon dioxide, some ATP + NADH synthesized 
· Oxidative Phosphorylation (ETC): NADH synethsized by both glycolysis and CAC is oxidized, with liberated electrons being passed along an ETC until they are transferred to oxygen producing water, generates proton gradient to synthesize ATP 

6.2 b) Mitochondrion 
· CAC + OP in mitochondrion 
· Largest generator of ATP 

6.3 Glycolysis 
· Occurs in cytosol 
· Glucose oxidized into two molecules of pyruvate (three carbons each) 
· Electrons removed in oxidation are delivered to NAD+, produce NADH
· Net gain of 2 ATP, 2 NADH, 2 pyruvate molecules for each molecule of glucose oxidized 
· ATP molecules produced in energy-releasing steps by glycolysis result from substrate-level phosphorylation, an enzyme catalyzed reaction that transfers a phosphate group from a substrate to ADP 

6.4 a) Pyruvate Oxidation 
· Large ppres in outer membrane (prion) of mitochondrial membrane allow Pyruvate to diffuse through 
· once in matrix, pyruvate converted into acetyl- CoA through pyruvate oxidation and carried to CAC, CO2 is released and NAD+ accepts two electrons and one proton 
· pyruvate dehydrogenase complex is one of the main complexes that oxidizes pyruvate acetyl- CoA 

6.4 b) Citric Acid Cycle 
· occurs in the matrix of mitochondrion
· acetyl groups are oxidized completely by CO2 
· electrons removed in oxidation are accepted in NAD+ or FAD, substrate level phosphorylation produces ATP 
· 1 acetyl group oxidized by the cycle, 2 CO2, 1 ATP, 3 NADH, 1 FADH2 
· cycle repeats twice because two pyruvate for one glucose 



6.5 Oxidative Phosphorylation
· electrons passed from NADH and FADH2 to electron transport chain, consists of four major protein complexes and two smaller shuttle carriers 
· as electrons flow from one carrier to next through system, some of their energy is used by complexes to pump protons across inner mitochondrial membrane 
· Uniquinone: found in the core of the membrane (hydrophobic molecule) shuttles electrons from complexes I and II to complex III; pumps protons into intermembrane space 
· Cytochrome c: found on intermembrane space side of membrane, transfers electrons from complex III to IV 
· Oxygen is final acceptor of electrons, produces water molecule 
· Proton gradient produced by electron transfer system is used by ATP synthase as energy source for synthesis of ATP from ADP and Pi
· ATP synthase is embedded in inner mitochondrial membrane together with ETC 
· ATP synthase: membrane- spanning protein complex that couples the energetically favourable transport of protons across membrane to synthesis of ATP 

6.5c) Chemiosmosis 
· Harness the proton-motive force 
· Proposed mechanism to generate ATP by Peter Mitchell 
· Oxidative P. – relies on action of a larger multiprotein complex that spans the inner mitochondrial membrane called ATP synthase 
· Basal unit is embedded into inner mitochondrial membrane and forms a channel through which H+ can pass freely, connected to a headpiece by a stalk, headpiece extends into mitochondrial matrix 
· Binding of individual protons sites in the headpiece causes it to rotate in a way that catalyzes formation of ATP from ADP and Pi 

6.6 Efficiency and Regulation of Cellular Respiration 
· Estimated 3 ATP are synthesized as each electron pair travels from NADH to oxygen through mitochondrial ETC; about 2 ATP are synthesized as each electron pair travels from FADH2 to oxygen 
· In glycolysis, 2 ATP and 2 NADH are synthesized during oxidation of pyruvate and CAC, 2 ATP, 8 NADH, 2 FADH2 are produced, total of 10 NADH and 2 FADH2 that are oxidized by ETC, leading to synthesis of about 34 ATP , total theoretical amount of 38 ATP 
· Efficiency with which energy in glucose is conserves in synthesis of ATP is about 30%, therefore only 36 ATP 

6.7 Oxygen and Cellular Respiration 
· Fermentation is a pthaway of respiration that oxidizes fuel molecules in absence of oxygen, does not involve OP 
· During fermentation, pyruvate reduction in cytosol consumes NADH, NAD+ produced which is required as a substrate for glycolysis, allows glycolysis to continue to run, producing ATP by substrate level phosphorylation 
· Lactate fermentation: pyruvate reduced by lactate dehydrogenase to a molecule of lactate, done in muscles and accumulation causes fatigue of muscles 
· Alcoholic fermentation: pyruvate is decarboxylated to acetaldehyde and alcohol dehydrogenase reduced to ethanol, done in yeast for fluffy bread and bear 
· Regulation of glucose is done through feedback system goal: maintain cellular ATP: AMP (ATP production to ATP demand) 
· Allosteric regulation of PFK: either activators or inhibitors, bind to enzyme and change its conformation 
· High ATP or citrate levels, will inhibit PFK
· [bookmark: _GoBack]high AMP, will stimulate PFK to produce more ATP 
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