UNIT 1—CELL BIOLOGY

LECTURE 1—TOUR OF THE CELL PT 1

Cells are dynamic:
· Essential cell activities:
-Obtain energy
-Exhibit selective permeability
-Interpret and use information in DNA 
-Separate chemical reactions from one another
-Reproduce

Discovery of cells: 
· Cells and microscopes discovered at the same time because cells are invisible to the naked eye.
· Resolution: ability to tell two dots apart.
· Robert Hooke  scientist at oxford, created the word cell because cell is Latin for tiny/small. He was also involved in pressure/gravity experiments. (1660)
· Anton Van Leeuwenhoek  Not a scientist, he was a merchant who sold linen/cloth. He made/used microscopes and found organisms invisible to the naked eye when looking outside. (1670).

Cell theory:
· 1833  Schleidan and Schwann:
-All organisms composed of one or more cells. The cell is the structural unit of life. 
· 1855  Virchow:
-Cells can only arise by division from a pre-existing cell. 

Two types of cells:
· Prokaryotes: 
-Pro—before, 
-Karyotes—nucleus. 
-No membrane-bound nucleus.
-No membrane-bound anything.
-Bacteria: membrane + cell wall, today is not primitive, produces all amino acids. 
Archaea: live in extreme conditions, produce methane.  
-Most prokaryotic cells are about 2-5 microns.1000 microns =1 mm

· Eukaryotes:
-Eu—true
-Karyote—nucleus 
-Protists: single cell eukaryotes
-Most eukaryotic cells are between 30-50 microns (nucleus: 5-10 microns)
Endomembrane system:
· Nucleus: 
· -2 membranes (inner and outer which compose the nuclear envelope) 
-Nuclear pores: because stuff goes in and out so must have holes—each cell has thousands 
-DNA (in nucleus)  RNA (transcription)
-RNA (in cytoplasm)  Protein (translation)
· All transcriptions occurs in nucleus, all translations occurs in cytosol/cytoplasm. (Cytosol—semifluid portion of cytoplasm).
· Nuclear Lamina: gives nucleus shape and strength
· Nucleolus: inside nucleus
· Ribosomes: function—protein synthesis.
-2 structures: large (50 proteins), small (35 proteins)
-Free in cytosol
-attached to membranes (ER and nucleus) 
-Mitochondria and chloroplasts 
· Endoplasmic Reticulum  rough:
-Rough because there are ribosomes attached 
-Protein synthesis: 
 proteins to be exported out of cell
 proteins to be incorporated into membranes 
 proteins to be imported into other organelles
· Endoplasmic Reticulum  smooth:
-No ribosomes
-Two main functions: lipid synthesis (variety of structures, hydrophobic) and detoxification
· Golgi Apparatus: 
-Formed from ER vesicles
-Cis, medial, and trans cisternae (polarity)
-Proteins made in ER are manufactured/modified (adding sugars)
-Functions: sorting, storing and shipping 
-Cisternal Maturation Model: Golgi cisternae move in a cis to trans direction. 
· Lysosomes: 
-Come from the Golgi 
-Stomach of the cell
-Enzymes work best in acidic environments. Enzymes can eat or break apart
· Intracellular digestion:
· Phagocytosis: cell eating (every organelle has a certain life span)
· Autophagy: self eating 





LECTURE 2—TOUR OF THE CELL PT 2

· Endomembrane system organelles:
· Mitochondria (mitochondrion): Energy conversion (ATP synthesis)   role in the cell is to make ATP
 Also involved in other function (ex: cell suicide)
 Round/bean like shape (~1-2 microns) 
 Inner and outer membrane:
· Each membrane is a phospholipid bilayer with a unique collection of embedded proteins 
· The outer membrane: smooth
· The inner membrane: convoluted with inner foldings called cristae 
· Inner and outer are not physically connected, separate membranes but connected by pores 
 Matrix: inside mitochondria, gel like substance. Contains many different enzymes as well as the mitochondrial DNA (circular, all maternal—because the sperm contains very little mitochondria and during fertilization the egg destroys all sperm mitochondria. Mitochondria is used to measure migration rate) and ribosomes (smaller than others but same function as ribosomes in cytoplasm)
 Endosymbiont theory: the theory that mitochondria and plastids, including chloroplasts, originated as prokaryotic cells engulfed by an ancestral eukaryotic cell. The engulfed cell and its host cell then evolved into a single organism. 
	-They sequenced ribosome protein and RNA 
	-Antibiotics kill ribosomes
· Cytoskeleton: Network of fibers extending throughout the cytoplasm. Contains microfilaments, microtubules and intermediate filaments 
· Microfilaments: 
-Smallest component
-Made of actin protein (often work with protein myosin)
-Role in cell mobility because of their shape, it allows the cell to have polarity, which causes the cell to move. 
-Motors on molecule and they have to move in right direction. 
-Functions of microfilaments: 1.Change cell shape; 2. Move organelles; 3. Cell division (cytokinesis); 4. Muscle contraction (regulated by calcium heads move  binds to ATP  changes shape.
· Microtubules: 
-largest component 
-Formed by 2 proteins: α-tubulin and β-tubulin 
-hollow tubes; wall consists of 13 columns of tubulin molecules 
-Has polarity 
-Microtubules radiate from centrosome  out 
-Act as railway tracks for motility within the cell. 

-Molecular motors: 
· Kinesin: move towards outside of cell. Positive end directed movement
· Dynein: move towards inside of cell. Negative end directed movement 
· Microtubules—continued: 
-The centrosome is the microtubule organizing center of the cell  MTOC
-Microtubules are not actually connected to centrioles
· Microtubules form cilia and flagella  their internal structure is called the axoneme
-Cilia and flagella are identical except in length (flagella is only found in sperm)
-They form a “9 + 2” pattern  9 doublet microtubules + 2 single microtubules in center (cross-section of cilia)
-When cilia and flagella attach to the cell body they form a 9 + 0 pattern (cross-section of basal body) 
-Motor molecule dynein allows cilia and flagella to move 
· Intermediate filaments: 
-Intermediate in size
-Stabilize cell structure (no polarity)
-Very strong, resist tension
-No motility, no motor molecules 
-variety of different proteins
-More stable than two other structures 
-Example, keratin: hard keratin  hair, soft keratin  found inside cell or on skin (dead keratin on skin makes us waterproof)
· Extracellular matrix: found on the outside of the cell. Proteins attached to outside 
· ECM is mainly composed of glycoproteins (proteins attached to long sugar chains) 
-Collagen is an example of a glycoprotein (Has sugar on it, breaks down wrinkles) Proteoglycans: add moisture, gives cushion effect 
· ECM functions:
-Cell migration
-Coordinate cell behavior 
· How are cells connected to each other? Junctions
· Tight junctions: two membranes almost fused 
· Desmosomes: Fasten cells together. Connected to keratin. 
· Gap junctions: small hole between cells so tiny signaling molecules can move between the two cells. 

LECTURE 3—MACROMOLECULES 

· All macromolecules except lipids are made of monomers 
· Chemical reaction catalyzed by enzyme, condensation or dehydration reaction (take out water)  new polymer. Reaction does not occur on its own. 
· Condensation reaction/Hydrolysis  long polymer + H2O  shorter polymer + monomer + enzyme 
· Enzymes in lysosomes carry out hydrolysis reactions (hydrolytic enzymes  using water to break apart) 
· Cell structures are made of macromolecules 
· Carbohydrates (i.e. sugars):
· Contains carbon, hydrogen and oxygen. Molar ration 1:2:1 (CH2O)n (n= number of carbons)
· Monosaccharides are the monomer for carbohydrates (glucose—C6H12O6 is brain food  energy for the brain)
· Disaccharides = 2 monosaccharides (glucose + glucose = maltose  condensation reaction) (glucose + fructose = sucrose) 
-Example: coke fructose  add enzyme to remove as much as fructose as possible. 
-Glucose + galactose  lactose (enzyme lactase necessary for degrading lactose)
· Polysaccharides = hundreds or thousands of monosaccharides linked together  used to store carbohydrates 
-Ex: glycogen, starch, cellulose (one of the most abundant on planet earth) 
-starch is α glucose  we can eat it
-cellulose is β glucose  we can’t eat it 
-Cows can’t digest grass, bacteria in their gut does it 
· Lipids: 
-Fats (triglycerol), phospholipids, and steroids.  All hydrophobic 
-Water is a polar molecule  uneven distribution of electrons (H is slightly positive, O is slightly negative) Polar loves polar, polar loves water, and water loves water  ex. Cohesion and capillarity.
-Water is one of the only molecules that when we freeze becomes less dense.
-Hydrocarbon chains are not charges (they don’t have an uneven distribution of electrons).  they are non polar/hydrophobic. Non-polar likes non polar. 
-Hydrocarbon chain with a carboxyl group on end is called a fatty acid 
-Hydrophobic and hydrophilic molecules do not mix 
-Storage fats = 3 fatty acids + 1 glycerol 
· Triglycerol: insulates body, cushions organs (ex: kidneys) 
-stores fat, long term storage, can compact and become solid.
· Glycogen: short term storage 
· Saturated fats:
-No double bonds
-Solid at room Temp.
-Butter
-Most animal fats 
· Unsaturated fats: 
-Double bonds 
-liquid at room Temp
-Plants do it automatically, causes kink to bend
-Oils have this double bond
-Multiple double bonds  polyunsaturated 
-Less incorporated in storage fat 
-Can be cis or trans 
· Cis isomer: the two X’s are on the same side (cis will form a bend)
· Trans isomer: the two X’s are on opposite sides (no bend) 
· Unsaturated fats (continued):
-Plants and fish generally have cis unsaturated fats (ex: olive oil)
-Can convert plant cis to trans 
-Ex: hydrogenated vegetable oil  stay away from this and trans fat
· Phospholipids: glycerol + 2 fatty acids (one fatty acid must have a bend or else it wouldn’t be able to move) + phosphate (polar) and another small molecule.
-it is hydrophobic and hydrophilic  amphipathic 
-H2O + phospholipid + shake  Biological membrane (Forms spontaneously (biological and chemical membranes form spontaneously)
· Steroids: 
-Ex: Cholesterol  Amphipathic 
-Cholesterol forms testosterone and estrogen (sex hormones)
· Proteins: polymers of amino acids linked end-to-end in a specific sequence 
-Amino acid structure: amino group, carboxyl group, side chain
-Peptide group
-Amino acid joined in ribosome 
-Non polar  hydrophobic
-Polar  hydrophilic 
-Electrically charged (basic/acidic—donate/receive H+)  hydrophilic
· Primary structure: order of amino acids 
· Secondary structure: hydrogen bonds between atoms of the polypeptide backbone
· α-helix  
· β pleated sheets
· Both held together by H+ bond
· Tertiary structure: 3D structure due to interactions between side chains (R groups)
· Quaternary structure: particular shape of a complex aggregate protein defined by the characteristic three-dimensional arrangement of its constituent subunits, each a polypeptide 

LECTURE 4—MEMBRANES: 

· Keeps cells intact and separates from outside world 
· Everything on planet earth has a membrane 
· Membrane Composition (physical structure and biological activity):
· Membranes are composed of lipids (phospholipids, and cholesterol) proteins and carbohydrates (attached inside membrane)
· Lipids 
· Phosphate in phospholipid  covalently bond molecule  
· Too many saturated  too rigid 
· Double bonds  unsaturated  bends kinks  increase membrane fluidity 
· Fish are cold, if they had lots of saturated they would freeze so they have lots of unsaturated. Same body temp as their env. 
· Saturated hydrocarbon tails  decreased fluidity 
· Cholesterol makes membranes more fluid at low temp (hydroxyl group of cholesterol gives it orientation)
· Cholesterol also helps at higher temperatures, helps us not dissolve  holds membrane together. 
· Smooth ER makes phospholipids 
· Phospholipids move laterally –they don’t flip flop. Why it doesn’t flip flop? Heads like water, fatty acids don’t, so the head won’t go through the fatty acids 
· Proteins are an important component of membranes.
· Integral proteins (transmembrane proteins): 
-Goes through the leaflet or both leaflets 
-^They penetrate into the hydrophobic region of the bilayer 
-will always remain in same orientation in membrane  asymmetric distributions maintaining membrane structure
-Difficult to remove 
· Peripheral proteins: 
-Not embedded on surface of membrane (also asymmetric) 
-Interact by ionic bondings
-can be easily removed (ex: high salt)
· Membrane carbohydrates: 
· Glycolipids and glycoproteins
· Never have sugars inside; chains of sugar (polysaccharides) are attached to outside of lipid
· Glycoprotein  sugar attached to protein
· Sugar attached to protein  inside ER, but ER is actually outside of the cell 
· Sugar attached to golgi, golgi is outside of cell 
· Sugars used for: cushioning, regulating processes in cell, blood sugars  A, B, O  blood typing—blood type determined by these sugars 
· Fluid Mosaic model:
· Lipids  fluid bilayers
· Proteins  integral and peripheral (asymmetric)
· Carbohydrates  glycolipids and glycoproteins 
· Membrane Transport: Biological membranes are barriers to solute movement
· Selective permeability: 
· Passive Transportation:
-No energy required 
-Molecules move down their gradient only (High concentration to low concentration) 
· Simple diffusion:
-Only molecules that are soluble in lipid (CO2 or O2) 
-[high]  [low]
-No ATP needed 
-No proteins involved 
-Problem: water goes through membranes really fast 
-Aquaporin: Biological membranes have pores that let water go through ~ 1 billion H2O molecules go through one pore/s. Single file in a pore, lets only water go through
-Water will go through lipid bilayer, just very slowly—Aquaporins speed up process
· Facilitated diffusion: channel or carrier 
-Channel  have to have more molecules on one side than other (goes down [gradient] )
-Carrier  molecule goes through protein, changes shape, comes out of protein 
-Facilitated diffusion is passive, specific, and saturable.   
· Active transportation: 
-Energy required (usually ATP)
-Transportation may be against [gradient] 
-Transport proteins involved 
· Primary Active transportation: ATP participates directly in the transport mechanism 
-Na+/K+ pump all cells have it. They need it to pump Na+ out and K+ in. **Needed for membrane potential (resting potential ~ -50 to -300 mV
-Extracellular is positive, Intracellular is negative 
-1/5 of ATP comes from this pump. 
-Conformational changes
-3Na+ for 2 K+ (inside is negative compared to outside of cell
-Pump is open on cytoplasm side 
-ATP is hydrolyzed and the phosphate attaches to the pump 
-The bonding of the phosphate causes a conformational change in the protein, and the 3Na+ are released to the outside of cell 
-2K+ are now able to bind on the exoplasmic side 
-The phosphate is released, causing another conformation change
-When K+ ions bind, yet another conformational change in pump, so it’s not open to the cell side again. 
-Cycle repeats. 
· Secondary Active Transport: 
-ATP participates indirectly 
-ion gradients 
-Amino acids and sugars 
-Proton pump
-Cotransport: the coupling of the downhill diffusion of one substance to the uphill transport of another against its own concentration gradient 
· Final way of membrane transportation: bulk transport
· Endocytosis: cellular uptake of biological molecules and particulate matter via formation of vesicles from the plasma membrane 
· Phagocytosis: type of endocytosis in which large particulate substances or small organisms are taken up by a cell. It is carried out by some protists and by certain immune cells of animals  cell eating (intracellular digestion) 
· Pinocytosis: type of endocytosis in which the cell ingests extracellular fluids and its dissolved solutes 

LECTURE 5—ENERGY AND METABOLISM

· Metabolic pathways: chemical reactions in a cell that either 
· Anabolic pathway: builds up a complex molecule (biosynthetic, consumes energy  needs ATP)
· Catabolic pathway: breaks down (degrade) a complex molecule to simpler molecules (release energy)
· Gibb’s Free Energy G: energy you need for a reaction to occur. 
· Negative G spontaneous (releases energy)
· Exergonic reaction—Energetically favorable
· Products have lower energy than reactants
· Positive G  not spontaneous (requires energy)
· Endergonic reaction—not energetically favorable
· Products have higher energy than reactants 
· The cell will couple exergonic and endergonic reactions  majority of cell uses ATP as energy source  energy coupling: use of energy released by exergonic reactions to drive an endergonic reaction 
· Adenosine triphosphate—ATP  energy currency in the cell 
· Phospho-hydrod bond 
· All carbohydrates end with ose 
· ATP + H2O   ADP + Phosphate (inorganic) Hydrolysis of ATP G= -30 kJ
· Transport work: ATP phosphorylates transports proteins 
· Mechanical Work: ATP binds non covalently to motor proteins and then is hydrolyzed 
· ATP is so useful because it releases just the right amount of ATP
· Our cells figure out this is the molecule they want to use and break, easy to make or break 
· ATP synthesis: 
· If it needs energy, it uses ATP
· All ATP comes from sunlight indirectly or directly 
· Without sun, we would have no ATP or energy 
· Organisms that use sunlight are called photoautotrophs—gets radiant energy from light and converts into chemical energy (photosynthesis) 
· Autotrophs use CO2 as their source to convert into energy 
· We—heterotrophs—eat these autotrophs and convert the chemical energy in the organic molecules into ATP via cellular respiration 
· Photosynthesis and cellular respiration depend on each other 
-Sunlight hits chloroplasts 
-plants give oxygen off when they split water
-when plants get electron from water, they mix with sunlight and transform into higher orbital  higher the orbital higher the energy 
· Redox reactions
-Oxidation-reduction reactions
-Included in cellular respiration 
-transfer of hydrogen atoms and electrons from one compound to another 
· Oxidation: Loss of electrons (usually hydrogen atoms) LEO
· Reduction: gain of electrons (usually hydrogen atoms) GER
· Always coupled 
· Cellular respiration: C6H12O6 + 6O2  6CO2 + 6H2O + Energy 
-Energy = ATP + Heat 
· Glycolysis: 
· Occurs in the cytoplasm 
· Breaks glucose (6C) into 2 molecules of pyruvate (3C each)
· 2 ATP get used in glycolysis 
· Small amount of ATP made via substrate level phosphorylation 
· NAD+ (Nicotinamide adenine dinucleotide)
· An electron carrier  carried two electrons and one hydrogen 
· NAD+  oxidized form (no electrons attached)
· NADH  reduced form (electrons attached) 
· NADH is a carrier of higher energy electrons 
· Glycolysis Products:
-2ATP
-2NADH
-2 pyruvate (pyruvic acid)
· Oxidation of pyruvate:
· Pyruvate moves in the mitochondrion 
· Remove CO2 from pyruvate (in matrix) 
· Pyruvate + NAD+ + CoA  Acetyl CoA + NADH + CO2
· The enzyme is catalyzed by the enzyme Pyruvate Dehydrogenase 
· Krebs’s cycle—Citric acid cycle, tricarboxylic acid cycle 
· Occurs in the matrix of the mitochondrion 
· Acetyl CoA loses CoA  Acetyl group attaches to oxaloacetate to make citrate 
· Two CO2 molecules removed 
· For 1 acetyl CoA 3NADH are produced 
· 1FADH2 produced (also a high energy electron carrier, but not as high energy as NADH)
· FADH2 is created instead of NADH in this step because Succinate does not have the energy to reduce NAD+
· Flavin adenine dinucleotide:
-FAD (oxidized form)  FADH2 (reduced form)
-Somewhat similar to NAD+ 
-Carries 2 electrons and 2 hydrogens 
-Electrons have slightly less energy than the ones carried by NADH 

· 1ATP produced 
· Oxaloacetate regenerated in final reaction of cycle
· Products: 2CO2, 3NADH, 1FADH2, 1ATP, 1 oxaloacetate 
· Oxidative phosphorylation 
-(Electron transport chain, Chemiosmosis) 
· Electron transport chain: 
· 4 protein complexes in the inner membrane of the mitochondria (intermembrane space)
· Series of proteins that can carry electrons  accepting high energy electrons from NADH/FADH2
· ^Series of redox reactions. NADH/FADH2 become reduced, their high-energy electrons being passed along  every step energy is released and energy is used for work. (work  pump protons or H+ into inner membrane space)
· Each complex has different/many proteins 
· Hydrogens pumped across through the transmembrane pumps 
· Complex I: 4H+ per electron pair from NADH
· Complex II: no electrons pumped
· Complex III: 4H+ per electron pair from NADH
· Complex IV: 2H+ per electron pair from NADH
· Each step electron loses energy  energy used to pump out protons 
· Changes complex shape when passing through 
· All proteins in complex have to be touching 
· Oxygen is the terminal electron accepter. It loves lower energy electrons  makes water when combined 
· FADH2 is 2/3 the energy of NADH  it doesn’t have enough energy to enter the ETC by complex I so it enters by complex II (the electrons don’t have enough energy to be reduced in complex I)
· Chemiosmosis:
· Chemiosmotic theory (Peter Mitchell): the H+ gradient provides the energy to phosphorylate ADP to synthesize ATP
· Proton gradient provides energy for ADP  ATP 
· When they’re pumped there’s concentration difference 
· There’s 10x more protons in intermembrane space than matrix
· Intermembrane space  positive charge
· Matrix  negative charge
· Proton motive force: potential energy stored in the form of a proton electrochemical gradient, generated by the pumping of hydrogen ions (H+) across a biological membrane during chemiosmosis 
· Proton goes through channel because of the gradient and there’s a charge 
· When they go through they rotate a shaft, causes conformational changes, causes ADP  ATP Delta G = 0 (rotational energy makes ATP) Protons (H+ ions) flowing through ATP synthase provide the energy to synthesize large amounts of ATP 
· When a proton goes through, it changes the amino-acid
· Fermentation: energy yielding processor when terminal electron accepter is organic. A catabolic process that makes a limited amount of ATP from glucose (or other organic molecules) without an electron transport chain that produces a characteristic end product, such as ethyl ethanol (yeast) or lactic acid. 
· Fermentation: what happens if there is no oxygen available in cell. 
· Two functions: regenerates NAD+, allows for sustained generation of ATP. 

LECTURE 7—CELL COMMUNICATION:
· Cell signaling—direct contact:
· Cell junctions—gap junctions: small molecules can pass 
· Cell-cell recognition: one cell recognizes another cell 
· Cell signaling—local: 
· Paracrine signaling: simultaneously receive and respond to the molecules of growth factor produced by a single cell in their vicinity 
· Synaptic signaling: occurs in animal’s nervous system—an electrical signal along a nerve cell triggers the secretion of neurotransmitter molecules carrying a chemical signal. These molecules diffuse across the synapse, the narrow space between the nerve cell and its target cell (often another nerve cell), triggering a response in the target cell. 
· Cell signaling—long distance:
· Endocrine signaling: molecules (hormones) move far away from secreting cell (endocrine cell), through the blood, to the receptor cells. (ex: insulin, growth hormone, adrenaline). 
· Three stages of cell signaling:
· Reception: target cell’s detection of a signaling molecule coming from outside the cell. A chemical signal is “detected” when the signaling molecule binds to a receptor protein located at the cell’s surface or inside the cell. 
· Transduction: the binding of the signaling molecule changes the receptor protein in some way, initiating the process of transduction. The transduction stage converts the signal to a form that can bring about a specific cellular response. Transduction sometimes occurs in a single step, but more often requires a sequence of changes in a series od different molecules—a signal transduction pathway. The molecules in the pathway are often called relay molecules. 
· Response: the transduced signal finally triggers a specific cellular response (ex: grow, divide, kill itself, eat, etc.). 
· Sometimes the receptor is in the cell:
· Mostly happens with ligands that are steroids (like sex hormones) because they can easily pass through the cell membrane. 
· Once inside, the ligand binds with the receptor to make a complex.
· The ligand (hormone)-receptor complex can then move into the nucleus and act as a transcription factor. 
· This causes an increase in mRNA production and eventually leads to synthesis of new protein (i.e. some kind of cellular response). 
· Receptors in the cytoplasmic membrane: 
· G Protein Coupled Receptors (GPCR’s):
· AKA, sensory proteins 
· They have 7 trans membrane domains
· Asymmetric 
· Many are sensory receptors
· Named because they interact with G proteins (GTP binding protein that relays signals from a plasma membrane signal receptor, known as G protein-coupled receptor, to other signal transduction proteins inside the cell. 
· G Proteins:
· Loosely attached to the cytoplasmic side of the membrane, the G protein functions as a molecular switch that is either on or off, depending on which of two guanine nucleotides is attached—GTP or GDP. 
· If GDP is bound to the G protein, the G protein is inactive. The G protein and receptor work together with another protein, usually an enzyme
· When an appropriate signaling molecule (ligand) binds to the extracellular side of the receptor, the receptor is activated and changes shape. Its cytoplasmic side then binds an inactive G protein; causing a GTP to displace the GDP  this activates the G protein. 
· The activated G protein dissociates from the receptor, diffuses along the membrane, and then binds to an enzyme, altering the enzyme’s shape and activity. Once activated, the enzyme can trigger the next step leading to a cellular response. Binding of signaling molecules is reversible: like other ligands, they bind and dissociate many times. The ligand [ ] outside the cell determines how often a ligand is bound and causes signaling. 
· The changes in the enzyme and G protein are only temporary because the G protein also functions as a GTPase enzyme – in other words, it then hydrolyzes its bound GTP to GDP. Now inactive again, the G protein leaves the enzyme, which returns to its original state. The G protein is now available for reuse. The GTPase function of the G protein allows the pathway to shut down rapidly when the signaling molecule is no longer present. 
· Tyrosine Kinase Receptors: 
· Belong to a major class of plasma membrane receptors characterized by having enzymatic activity. A kinase is an enzyme that catalyzes the transfer of phosphate groups. The part of the receptor protein extending into the cytoplasm functions more specifically as a tyrosine kinase, an enzyme that catalyzes the transfer of a phosphate group from ATP to the amino-acid tyrosine on a substrate protein. Thus, RTK’s are membrane receptors that attach phosphates to tyrosines. Tyrosine: amino acaid that can be phosphorylated. This pathway is often involved in growth. 
· One RTK complex may activate 10 or more different transduction pathways and cellular responses. Often, more than one signal transduction pathway can be triggered at once, helping the cell regulate and coordinate many aspects of cell growth and cell reproduction. The ability of a single ligand-binding event to trigger so many pathways is a key difference between RTK’s and GPCR’s, which activate a signal transduction pathway. Abnormal receptor tyrosine kinases that function even in the absence of signaling molecules are associated with many kinds of cancer. 
· Many RTK’s have the structure depicted schematically here. Before the signaling molecule binds, the receptors exist as individual units referred to as monomers. Notice that each has an extracellular ligand-binding site, an α helix spanning the membrane, and an intracellular tail containing multiple tyrosines.  two identical receptors in the membrane, as monomers they are inactive. 
· The binding of a signaling molecule (such as growth factor) causes two receptor monomers to associate closely with each other, forming a complex known as a dimer/homodimer (dimerization). 
· Dimerization activates the tyrosine kinase region of each monomer; each tyrosine kinase adds a phosphate from an ATP molecule to a tyrosine on the tail (tyr) of the other monomer.
· Now that the receptor is fully activated, it is recognized by specific relay proteins inside the cell. Each such protein binds to a specific phosphorylated tyrosine, undergoing a resulting structural change that activates the bound protein. Each activated protein triggers a transduction pathway, leading to a cellular response. The response will continue until the phosphates are cleaved by phosphatases in the cell. 
· **The original signaling molecule is not physically passed along a signaling 
· Single transduction Pathway: first step in the chain of molecular interactions. 
· Phosphorylation cascade: a series of different molecules in a pathway are phosphorylated in turn, each molecule adding a phosphate group to the next one in line. 
· Can control the pathway with phosphatases (will remove phosphates—how we stop the cycle). 
· Will eventually end up as a cellular response. 
· Second messengers: small molecules that relay the signal to the cell’s interior. 
· Cyclic Adenosine Monophosphate (cAMP): a ring shaped molecule made from ATP that is a common intracellular signaling molecule (second messenger) in eukaryotic cell. It is also a regulator of some bacterial operons. 
· Formation: made from ATP by adenylyl cyclase, an enzyme embedded in the plasma membrane. 
· Inactivation: by phosphodiesterase, an enzyme that converts it to AMP. 
· G protein activates Adenylyl cyclase  adenylyl cyclase makes the cAMP  cAMP activates protein kinase A (PKA)  PKA will now trigger a phosphorylation cascade 
· Cyclic adenosine monophosphate (cGMP)
· Causes smooth muscle to relax
· Made by Nitric oxide (NO)
· Nitroglycerine  NO  cGMP  Increased blood flow to heart  feel better 
· G protein triggers Phospholipase C to cleave PIP2 into DAG and IP3 
· IP3 moves to the ER to trigger the release of Ca2+
· Ca2+ activates proteins like protein kinase C (PKC) and others 
· Apoptosis: a type of programmed cell death, which is brought about by activation of enzymes that break down many chemical components in the cell 
· Cellular agents break down the DNA, organelles, and cytoplasmic components 
· The cell then shrinks or “blebs” or “blebbing” (bulge of plasma membrane) and its parts are digested by other cells 
· Protects surrounding cells so that the harmful leakage does not affect them 
· Mitochondria of cell controls apoptosis 
· Normally, a protein in the mitochondria inhibits the cell death pathway from happening
· But if they’re is a death signal, the protein is inactivated
· Enzymes that clean the protein enters the nucleus and fucks up the DNA
· There are 15 death receptors  when triggered, DNA is chopped off and the cell dies 
· Happens with our fingers and toes when we’re little babies in the tummy and the webbing is eliminated 

LECTURE 8—THE CELL CYCLE:

· Craig Venter designed cells that replicate (made bacteria that can replicate)
· Genome: total of all DNA in cell 
· DNA is organized as chromatin  chromosomes are made up of chromatin. When cell is getting ready to divide  the chromatin condenses and chromosomes become visible 
· Chromosomes duplicate before cell division. After duplicating, each chromosome consists of two sister chromatids, held together at the centromere. 
· The two sister chromatids will be separated during mitosis and cytokinesis 
· Mitosis: division of genetic material (mi
· Cytokinesis: division of the cytoplasm 
· Mitosis:
· Microtubules provide the machinery for mitosis, the centrosome is the microtubule-organizing center of the cell, inside centrosome  pair of centrioles, 
· Interphase (G2):  DNA (chromatin) still unwound, centrosomes have also been duplicated. 
· Prophase: 
· Chromatin starts to condense
· Centrosomes move to opposite poles
· Centrioles made up of short microtubules, microtubules radiating from them 
· Prometaphase:
· Chromosomes have finished condensing
· Nuclear envelope fragments (because microtubules have to attach to the chromosome)
· Centrosomes at opposite poles
· Microtubules capture chromosomes by attaching kinetochores 
· Kinetochores at opposite sides of centromere 
· 2 kinetochores—1 for each sister. Once they capture it, they jiggle it for next phase. 
· Non-kinetochore microtubules go across center but don’t attach 
· Metaphase: 
·  Chromosomes lines up in middle of cell, called metaphase plate. 
· Confirms there is a microtubule attached to every kinetochore If there isn’t, it wont go further than metaphase 
· Anaphase: 
· Enzyme cleaves protein that hold sister chromatids together, 
· The sister chromatids (now called daughter chromosomes) are pulled to either side of the cell. 
· Anaphase A:
-Kinetochore microtubules get shorter
-Uses molecular motors, related to kinesis (goes outside cell) and dynein (goes towards cell)
· Anaphase B: 
-Polar microtubules (the ones that are not attaches) get longer. Spindle elongates by sliding. 
-Uses molecular motors, related to kinesis and dynein. 
· Telophase: 
· Now separated 2 cells, microtubules fall apart 
· Chromosomes start uncondenscing 
· DNA unwinding and new nuclear membrane forming. 
· Any remaining spindle microtubules depolymerized. 
· Cytokinesis: splitting of the cytoplasm (pinches two daughter cells apart like a belt) 
· Cell cycle control  Three checkpoints in the cell cycle where it can be halted if necessary 
· G1 Checkpoint: 
-right after cell is replicated 
-Most important—called restriction point or START
-If DNA is damaged (sun tanning, smoking, nuclear reactor)  too much damage to cell, cell dies. Most cells end up in G0 (if cell goes into G0, it will be out of cell cycle). 
· M checkpoint (in metaphase  make sure each has microtubule attached)
· G2 checkpoint  wont begin mitosis until everything is ready 
· What controls cells at the different checkpoints?
· G2 to M phase transition 
· Complex called Maturation-Promoting Factor (MPF)
· The protein kinase needs another protein (cyclin) to work 
· Therefore, the protein kinase is called cyclin-dependent kinase (CDK—only active when cell makes cyclin) CDK + Cyclin = MPF  activates enzyme separase
· Growth factors
· Cells from body put outside of body need growth factors to grow 
· Tumor cell outside of body doesn’t need to add growth 
· [bookmark: _GoBack]Chemotherapy often targets cell cycle 
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