Cell theory 

1. All organisms consist of one or more cells 
2. The cell is the basic unit of structure for all organism
	* membrane bound bag of fluid, structural unit, build things out of it 
Two German researchers- Schwann, Schleiden, early 1830’s 
3. Basic of unit of reproduction- all cells arise only from pre-existing cells 
Virchow- another German researcher 
 
Can one speak of the cell? Does one thing apply to all cells? 
- All cells are very diverse, function and size 
- shapes usually give away what their functions are 
- most cells are small (smallest cell are 200 nm, smallest prokaryotic cell 2 nm) 0.2 nm is very small. Big ones are approx. 13 cm in diameter (chicken eggs 3-4 cm) (ostrich egg 13 cm) 
- Single cells: eggs, in humans, in giraffe
- multicellular organisms- highly specialized for a single function info transmission, detecting a particular environmental stimulant, they rely on the other cells in order to fulfill their functions that they can’t do 
- similarities: chemistry (made up of the same kind of molecules. Composition of the membrane lipids and proteins 20 amino acids, genetic material  DNA, metabolism (ATPthe energy currency of all cell. Transfer all energy through metabolism through ATP.) all cells stem from a common ancestor 
- Chloroplasts  look at a plant cell 

SIZE
- average prokaryotic cells: 1-5 um diameter
- average eukaryotic cells: 10-30 um in diameter
- micron um 1x 10 to the -6 m 
- nanometers ribosome’s around 30 nm  1x 10 to the -9 m 
- microfilaments are collections of proteins 7 nm range for diameter 
Examples:
Ribosome diameter: 30 nm 
Nucleus diameter: 0.006 mm = 6 um 
Mitochondrion length: 3 x 10^-6 m =  3 um 
Giraffe axon length: 1 x 10^6 um = 1 m 
Microfilament diameter: 0.007 um = 7 nm 

Why are cells small ? 
- Surface area to volume ratio 
- volume tells you how much it needs in terms of nutrients, waste products moving out
- surface area where the exchange can take place. 
- if they are not well matched, the cell is starved of nutrients or build up of waste products where the cell will die. 

Prokaryotic vs. Eukaryotic cells for size 

Prokaryotic cells
 lack a nucleus, simple cells *** 
 cell membrane, bounded by a cell wall
 semi liquid fluid  the cytoplasm  ribosome’s for protein synthesis, and genetic material of the cell in the form of a single circular chromosomes without structural proteins (all folded in on itself nucleoid)
 stay small, typically 1-5 um 
 incredibly diverse- enormous numbers of them 
TYPES OF CELLS bacteria and archaea
 archaea found in the gut, at low ph levels of 1. Anaerobic that produces methane  in cow flatuants or at the bottom of slumps 
  bacteria impacts on human health  E-COLI ** other examples: responsible for botulism and Botox, ulcers, nasty diseases, they munch up biology pollutants.. Our knowledge of bacteria is very small. 

Eukaryotic cells 
 much larger than prokaryotic cells- 10 t0 30 um 
 has a nucleus *** 5 -10 um 
 strategy to increase divide the cytoplasm into compartments by membranous structures 
 advantage: reduce the need to fill up the cell with the substrates, have that reaction proceeding in a small volume where its easy to get the substrates 
 reduce diffusion distances have the mitochondria tied to the cell membrane, so that oxygen simply has to cross the cell membrane into the mitochondrion instead of the whole thing. 
 Simpler exchange 
 they have a transport system not reliant on diffusion for movement of molecules around the cells. 
 Come in four basic types: single cell organisms (protists)  amoeba, parimysium, beaver fever (protist called Guardia lambia  in the water. Unpleasant if you consume it) 
** Three groups of eukaryotic cells fungi, animals and plants (multicellular)
 model organisms one plant: Arabidopsis thaliana. (its actually a weed. Its really good in a research settings…** small genome (most have really large genomes), it grows readily in a growth chamber and its got a quick generation time. Makes it much more practical to work on. 
 Fungi: Saccharomyces cerevisiae bakers or brewers yeast. Small, easily grown.  
 Animals: Round worm caenorhabditis elegans small. Lives happily in pea tree dishes. In the wild in a soil. 959 cells. They show development, they interact
 drosophila melanogaster fruit flies. Love bananas. Model organism for genetics. (whether a wing is a different shape, the cutical) an insect obviously
 mus musculus the mouse model organism for humans. Substitute for humans. Lives happily in a sawdust cage.  Generation time of 3 months. Large numbers in small spaces. Shows many of the same characteristics that human shows. Physiology is not all that different from a human. 
 danio rerio zebra fish not a mammal. Work on development. Early stages fertilization, embryonic development. They have external fertilization.. the eggs are optically clear. Its genome has been sequenced. It is small (disadvantage) generation time 3 months. Even easier to breed. Male and female in a tank in the afternoon, turn the lights overnight and there you go! Heart cells can heal themselves!** 
ORGANELES IN EUKARYOTIC CELLS 
 membranous structures (mb. Bound organelles, nucleus) 
cytosol vs cytoplasm 
 cytosol aqueous solution (salt and particles) 
 cytoplasm cytosol and everything you find in it 

Q: is cytosol (YES IT IS)  and cytoplasm (NO) the same in a eukaryotic and prokaryotic cell? Difference? Cytoplasm eukaryotic (have organelles and cytoskeleton) prokaryotic cells (have ribosome’s only) 

Eukaryotic cells
non-membrane bound organelles (don’t have a membrane) 
 Ribosome’s: responsible for protein synthesis. Structurally are different. Have more subunits than in prokaryotic cells 
 cytoskeleton: consists of three sets of filamentous structures microfilaments, microtubules and intermediate filaments (not found in prokaryotic cells)  providing support and structure for the cell, transport system within the cells (overcome diffusion), responsible for movement of the cell. Complexes of proteins. 
 Nucleus: in prokaryotic cells the genetic material is a naked dna… eukaryotic genetic material is contained within the nucleus, bounded by a membrane layer (2), there are nuclear pores in the double mb layer for allowing in and out of particles (bits of ribosome’s.. synthesized in nucleolus.. RNA etc.. DNA is in separate chromosomes (DNA protein complexes) linear rather than circular) chromatin DNA is referred to protein 
 Endoplasmic reticulum: flattened sacs and tubes… in two different types: rough (walls are studded with ribosome’s and this serves as a site for protein synthesis.) smooth lacks ribosome’s. Serves as a site Lipid synthesis and breaking down noxious chemicals (detoxification) prominent for animal cells that synthesis steroid hormones Testosterone or cortisol the stress hormone. Important for cells that break down compounds for ex… liver. 

 Golgi complex (moves from ER to here) by vesicles.. Single mb organelles. Shuttle proteins… shuttle proteins from Golgi to mb of the cell to be secreted from the cell. Flattened sacs. Important site for protein modification and sorting. Taking a long protein into small subsections. Adding tags so that proteins are sent to the right place. Processing modifying, sorting, and then sending them to the appropriate location takes place in Golgi complex. 
 Vesicles: breaking down compounds (lyosomes and peroxisomes) contain enzymes that break down different types of bonds. Lyosomes contain hydrolases and peroxisomes contain catalases. Degradation (breaking down of things) 
 vacuoles temporary storage in an animal cells. But mostly known in plant cells. There is a large central vacuole… plant achieving turgor pressure. (Adding water and then they come to life) when a plant is lacking water the central vacuole seizes to exert pressure on the cell content resulting in wilt plants.. When you add water the central vacuole fills up with water and exerts pressure on the contents which is called turgor pressure (firm or crisp pant) 

MITOCHONDRION vs CHLOROPLASTS 
 large organelles 
 2 um= mitochondrion 
 5 um = chloroplasts
 both bounded by a double mb 
 mitochondrion highly folded. Anchor for protein in ATP synthesis. The powerhouse of the cell. ATP is synthesized through oxidative metabolism. 
 Chloroplasts within double mb. There is a third set of flattened sacs called thylakoids.. are the site of Chlorophyll where light energy can be absorbed and turned into chemical energy.  (complex carbohydrates) 
 have their own DNA mDNA (mitochondrial DNA) and cpDNA (chloroplasts DNA) in both cases, this DNA takes a single, circular chromosomes with little protein. (Naked DNA chromosome) They have ribosomes (synthesis their own proteins) that are smaller and less complex than cytoplasm ones. 
 Cell cannot synthesize mitochondria and chloroplasts. They are only from pre-existing mitochondria’s and chloroplasts, they reproduce and do so by binary fission giving rise to new ones. 

** Make sure you can label the major organelles within a eukaryotic cell) 











Topic 2: Cell Membranes 

- important in eukaryotic and prokaryotic cells 

Fluid Mosaic Model
- by Singer and Nicolson 1972 
- fluid double lipid bilayer, molecules in which proteins are embedded and freely floating 

 paradigm shifting unified model of many of the properties of membranes before it. 
 mb consists of fluid layer of lipid molecules into which has a lot of proteins in it
 structural basis of the mb and forms the selectively preamble barrier and the proteins are important for the many specific functions of the membrane 
 fluid lipid bilayer with a long chain of mosaic proteins 

Functions of Membranes (solute transports and cell to cell signaling) 
 define boundaries mb define the boundaries itself, they also define the boundaries of the cells within the cell 
 they form a selectively preamble barrier, which means that not everything can cross the mb
 they are good for organization. Organize enzymes for biochemical activities (mitochondrion… organized of mb for electrons for good ATP synthesis)
 controlling solute movement in and out of the cell or of organelles. Transport proteins in the mb control the movement across that mb. Sodium pump in ATP. 
 First point of contact between cell and its environment. Contains proteins and receptors that allow it to respond to environmental signals. Response takes the response by detecting the signal and then turning it into a cellular response. Both detection and signal transduction… turning it into cellular response. 
 in a multicellular organism, recognizing other cells in the environment. Linking of cells occurs at the mb. They have to form some kind of an attachment. Exchange of material as well. Animal cells and plants cells. Communication junctions. (Where the cytoplasm’s send messages to one another) 

 the cells are different in shape due to their function 
 mitochondria inner mb is very enriched in protein.. Protein in ETC. 76% protein, 24% lipid. 
 The Schwann cell (myelin sheath) highly enriched in lipids 18% protein, 82% lipids 





Membrane Structure 

Fluid Mosaic model 

 double layer of lipids that are held together by non-covalent interactions. Highly fluid. No covalent bonds holding this structure together. Forms the structural basis of the mb and the basis of the permeability barrier because not everything can go through lipids. Studded in the layer is the unique compliment of proteins in the mb and those proteins are responsible for the functions of the mb.
 10 nm thick 
 Lateral diffusion where the cells can move around in the mb

What makes up the lipid bilayer
 Gorter and Grendel, 1925
 the mb was made up of bilayer of lipids (2 layers) 
 three broad types of lipids  phospholipids (phosphoglycerides and sphingolipids) 

Phosphoglycerides: built on a glycerol backbone (glycerol is a 3 carbon molecule) to two of those carbons are attached fatty acid chains. Fatty acids are hydrocarbon chains. If every carbon is occupied by the maximum number of hydrogens they are called saturated (single bonds) straight and linear. If they have double bonds, they are unsaturated acids. Unsaturated has a kink in every double bond. That’s how you determine whether they are single bonds or double bonds. 
 these are hydrocarbon chains extending one way to the third carbon of glycerol backbone is linked through a phosphate group a polar head group. R group, there are four main polar head groups (serine, choline, ethanolamine, inositol) 
 head end is polar and hydrophilic (water loving)  
 hydro carbon chains are hydrophobic and non polar (water fearing) non polar is Ch3 not Ch2 
 that makes it an amphipathic molecule. 
 16-18 carbons in fatty acids chains, one is saturated and one is unsaturated 

Sphingolipids: has a sphingosine backbone and sphingosine has a long hydro carbon chain as part of the molecule itself. One fatty acid attached to them. Backbone provides the other hydrocarbon chain. 
Sphingomyelin: important for animal cell mb’s. 
 hydro carbon chains are non polar hydrophobic regions. Dump them in water, they form particular structures due to the amphipathic nature. The hydrophobic chains interact with each other so that they get away from water. Tails are inside, and head is on the outside



 Glycolipids they have sugars. Single sugar units or strings of sugar units. Single unit or two etc.. oligosaccharides
 structure of these glycolipids but phosphate and head group has been changed for carbohydrates 
 carbohydrate groups are signals  ex. ABO blood groups (type A blood etc..) 

Sterols (steroids)
 presence of 4-ringed hydrocarbon skeleton linked together 
 there is a hydroxyl group at one end  polar
 hydrocarbon chain and its non polar at the other end 
 non polar except for the some hydroxyl group… inserts in the mb in a particular fashion
 rings are buried in the fatty acid chains and the hydroxyl groups are in the polar head groups in phospholipids. 
 Different abundances in different groups, prokaryotic cells lack sterols completely. Type of molecule that is found in mb of eukaryotic cells only. 
 across eukaryotic cells there are different sterols in different cells: the main sterol is cholesterol in animals and some protists. Plants do not have cholesterol.. they have their own version of sterols called phytosterols. Fungi have their own called ergosterols. 
 this four ring structure is very rigid

Q: the lipid bilayer functions as a permeability barrier because: A: it is difficult for hydrophilic molecules to transverse the hydrophobic core of the lipid bilayer. 
Q: Which of the following remedies is likely to be most effective against athletes foot, a fungal infection of the human foot? A: Micronazole, an inhibitor of ergosterol synthesis. 

Properties of the lipid bilayer

Membrane Asymmetry
· Lipids distributed unequally between the two leaflets
· Established during membrane biogenesis
· Flip-flops vs. rotation and lateral diffusion
· Two halves of the lipid bilayer are not the same – the composition of each half is different


Question: why does it happen that your fingers and face tend to get numb in cold weather?? 
Answer: is that as your skin gets cold, the mb’s become less fluid and sensory receptors stop working because the mb doesn’t have enough fluid to keep it working. 

Membrane Fluidity
· Fluid nature of membrane essential for function
· Fluidity reflects:
· C chain length and saturation
· Unsaturated fatty acids wont pack together as much as saturated fatty acids due to the chemical structure – unsaturated has kink
· A mix of long and short chains also don’t pack together very nicely therefore greater fluidity
· Head group polarity
· Buffering effect of sterols
· When you insert a 4-ring structure into a membrane at cold temperature the stiffness of the structure prevents the fatty acids from packing tightly, whereas as high temperature the structure adds some stability therefore sterols create a buffer when it comes to changes in temperature
· Temperature 
· Low temperature: tails pack together
· High temperature: don’t pack together
· Temperature has a great impact, effects how the membrane lipids pack together


Homeoviscous adaptation
adjusting the chemical composition of the mb, to compensate for that effect in temperature so that mb fluidity is maintained during within the narrow desired range. 
 Dietary adjustments of fluidity: semi-palmated sandpiper (small short bird. 20 grams) Spends its summer in the high arctic. In winter in south America. How does it get to the arctic to South America? Moves from arctic to bay of fundy, spends two weeks at bay of fundy, then goes across Atlantic ocean for three days! (4500 km) if they stopped… they would be in the ocean. They spend two weeks at the bay of fundy because… they gorge themselves on a mudshrimp, which is very rich in unsaturated fatty acids. High degree of specifically polyunsaturated acids  More than one double bond. Hypothesis: (they fuel their flight, all fatty acids. Typical for endurance acids.) The value of eating mudshrimp was to adjust the composition of the muscle mb to make it easier to get fatty acids into them. They suggested that to add unsaturated fatty acids to mb, making them more fluid, it would be easier to get fatty acids into the muscles during exercise. 
 measured two things: how much fat stored… the mb of the flight muscles.. what they were looking at is the double bonds of unsaturated. No change in fat stores.. the birds bulked up and gained fat, but those fats didn’t change in composition. Significant increase in the number of double bonds in flight muscle. They suggest that its easier to get fatty acids in flight muscles for their flights. 
 elevated citrate synthase (CS) activity in sandpipers. Casual relationship. (couldn’t prove it though) Increase in body fat might be causing the increase of enzyme activity. 

Question: A protist (giardia) is suddenly expelled from a warm human intestine into cold water. Which of the following adjustments might the protist make to maintain mb fluidity following this change in temperature?
Answer: Decrease the length of the hydrocarbon tails in its mb phospholipids. Decrease the proportion of phosphatidylcholine relative to phosphatidylethanolamine.  

Membrane Proteins
 proteins are the mosaic 
 proteins that are studded into the mb and responsible for the specific functions of the mb 
 three types: integral (buried in the mb), peripheral (are attached to one side of the mb by noncovalent linkages), lipid-anchored (covalently attached to lipids in the mb) 
Functions transport (solutes. Due to presence of mb carriers. Little transporters. Ex. Sodium pump ATPase), enzymes (find enzymes attached to mb. Ex. Proteins of the ETC found in mitochondrial mb’s), signal transduction (mb proteins are responsible for detecting the signal and then transducting that signal into cellular response), attachment/recognition (between cells or between cells and the extracellular cells around it) 
 Integral amphupathic proteins are proteins that are embedded within the mb. Sometimes they are just stuck in the mb, but are usually across the mb. Hydrophilic components in aqueous solution (cytosol) and then hydrophobic components that extend through the mb and hold them in place. 

H: Non-polar, hydrogen 
CH3: non polar, carbon and hydrogen 
Hydroxyl group: polar, uncharged 
Carboxyl group: polar, charged

 primary structure: chain of amino acids 
 secondary structure: alpha helix 
 tertiary structure: **ionic bonds conform between positively and negatively charged R groups.  **Hydrophobic bonds: two or ore non polar R groups. **Hydrogen bonding: polar R groups come together ** covalent bonding: disulfide bridge 
 Quaternary structure (tetramer): four polypeptide chains 


Integral membrane proteins
 mb proteins embedded in the mb, and across all mb, hydrophilic areas and hydrophobic that hold the protein intact in the bilayer 
 transmembrane domains typically have 20-30 hydrophobic amino acids long (they make up an alpha helix) 
 ion channels, or carrier proteins; in many cases are receptors 
 the integral mb proteins are hard to detach from the mb (difficult to study in isolation)

Peripheral Membrane proteins 
 found on the surface of the mb 
 held on by non covalent interactions: they are quite easy to remove from the mb. They have a dynamic relationship with the mb. Small changes in pH, or in ionic strength will make them move off the mb and can equally be put back on the mb. Move off and on quite readily. 
 ex: proteins that link membrane proteins to the cytoskeleton 

Lipid-anchored membrane proteins 
 they are held on by covalent interactions with lipids that are present in the mb. 
 two types
1. cytosolic side fatty acids anchored proteins; covalent between protein and fatty acid. Ex. G proteins (signal transduction) 
2. GPI anchor (glycosylphosphatidylinositol) phospho glyceride that has linositol as its head group. Carbohydrate groups attached to it. Covalent linkages. External area of the mb. 

Question: How can the different properties of mb proteins be used to distinguish among integral, peripheral and GPI-linked (lipid anchored) proteins experimentally? 
Movement Across Membranes
Over view:
· Importance of size, polarity/charge, gradient
· Non-polar molecules are able to move across the membrane very readily
· Water is still able to get through the hydrophobic core
· Anything that is large (>100 daltons) or charged has a hard time getting across the membrane
· Based on how easily a compound moves across the membrane and the direction (with or against the membrane)
· How?
· Passive transport: simple diffusion and facilitate diffusion
· Moves with the gradient – from the more abundant to the less abundant side
· Active transport: primary and secondary
· Moves solutes against the gradient – from less abundant to more abundant
· Requires a transport protein and the expenditure of energy 

Passive Transport
Diffusion
· Spontaneous; base on random movements
· Driven by diffusion gradient (downhill)
· For solutes without a charge  concentration gradient
· For gases  partial pressure gradient
· For ions  electrochemical gradient
· For water  osmotic gradient
· Membrane permeability determine whether diffusion is simple or facilitated
· Partition coefficient  ratio of solubility in organic solvent to that in water
· Simple diffusion – small, lipophilic molecules
· The molecule is able to cross the membrane without a transport protein
· Facilitates diffusion – larger and/or hydrophilic molecules
· Transport protein is needed for the molecule to cross the membrane
· Relies on channel or carrier proteins

Facilitated Diffusion
· Channel Proteins
· Ions, water
· Highly selective
· Leak vs. gated (e.g. voltage-gates, ligand-gated)
· Inhibitors
· Integral membrane proteins
· Around the outside of the protein there are hydrophobic residues that hold the membrane
· Hydrophilic pathway is selective for the solute that will be transported
· Aquaporin – water channel, allows water to move across the membrane more readily
· Inhibitors will bind to the protein and prevent the channel from being used
· Two of the most common factors that gate channels are membrane potential and lignin’s
· Open or close in response to membrane potential
· Carrier Proteins
· Ions, larger and/or polar molecules
· Highly selective
· Unipolar, co-transporter, exchanger
· Inhibitors – block 
· Direction of solute movement driven by gradient
· Integral membrane proteins and transmembrane proteins
· Highly selective
· Method of action is different – protein has two stable conformations and it flip-flops between then depending on it the solute of interest is bound to them and with flip-flopping it carries across the membrane
· Like swinging doors but depends on diffusion gradient

Active Transport
Carrier-mediated movement against gradient (uphill) via coupled input of energy (“pumps”)
· Highly selective
· Unidirectional
· Expenditure of energy to move the solute against its diffusion gradient
· Requires integral proteins that undergo informational changes moving proteins across the membrane
· 
Primary Active Transport
· ATP hydrolysis directly coupled to transport of solute – provides energy to move solute against the diffusion gradient
· Transport proteins are called pumps
· Several types:
· P-type
· More cations (Na+, K+, Ca2+, , H+
· Reversibly phosphorylated
· E.g. Na+, K+-ATPase 
· V-type – move H+

Secondary Active Transport
· Simultaneous transport of two solutes
· Downhill transport along gradient established by primary active transport allows uphill transport of second solute
· Na+ gradient in animal cells
· H+ gradient in plant cells
· Primary pump that creates a gradient by pumping the solute against its diffusion gradient and the energy of that gradient is then used to bring a second solute into the cell against its diffusion gradient
· Solute is moving against its gradient
· Two step process
· One provides energy through ATP and the other moves the solute
· Example of a kidney cell:
· Kidney filters blood
· Absorb things from the filtrate that needs to be moved into the blood
· Pumping sodium in order to reabsorb glucose
· Glucose gets into the cell through sodium glucose co-transporter
· Glucose is able to move with the diffusion gradient out of the cell

	Properties
	Simple diffusion
	Facilitated diffusion
	Active transport

	Direction of movement relative to diffusion gradient
	
With the gradient
	
With the gradient
	
Against the gradient

	Metabolic energy required
	No
	No
	Yes


	Intrinsic directionality
	No
	No
	Yes

	Membrane protein required
	No
	Yes
	Yes

	Saturation kinetics
	No
	Yes
	Yes

	Competitive inhibition
	No
	Yes
	Yes

	Solutes Transported
	Non-polar molecules
	Polar, large molecules
	Polar, large molecules



Transport in the Mammalian Kidney
· Filtration followed by reabsorption
· Transport maximum for glucose and diabetes mellitus
· Identify:
· A uniporter: glucose
· A co-transporter: sodium/glucose and sodium/bicarbonate
· An exchanger: sodium/proton, sodium potassium ATPase
· Facilitated diffusion via a channel: water (aquaporin’s)
· Facilitated diffusion via a carrier: glucose
· Primary active transport: sodium/potassium ATPase
· Secondary active transport: sodium/potassium ATPase used to create gradient for glucose

Case Study – Urea transport in Gulf Toadfish
· Urea: highly polar, low lipid solubility, low membrane
· Mammals: urea transport (UT)
· Toadfish: excrete urea in bursts – pulses out periodically

Membranes and cell-to-cell signaling
Water-soluble vs. lipid soluble signal molecules:
· Location of receptor
· Stress hormone
· Adrenaline
· Cortisol
· Many solutes cannot cross the membrane – anything that is hydrophilic has difficulty
· Any chemical signal that cannot cross has to interact with a receptor on the surface of the cell to exert its effects
· Hydrophilic signals – have to interact with a receptor on the cell surface – membrane proteins
· Hydrophobic – interact with receptors inside the cell
· Fight or flight response – induced by adrenaline or epernophrin 
· Stress hormone: cortisol – steroid, can cross the membrane and interacts with receptor inside the cell

Steps in signaling pathway
Reception
· Ligand-binding site
· The chemical signal binds specifically so only that chemical can activate it
· Only cells with receptor respond to signal 
· Cell has to have a receptor and has to be specific for the signal intended
Transduction
· Conversion of signal to cellular response
· Amplification
· The signal binds to the receptor causing it to change shape and activates it to carry out things in the cell
Cellular Response
· Changes in gene expression
· Changes in protein activity
· Response can be cell type-specific
Termination
· Needs to be turned off after its been activated

How can we show experimentally that binding of the signal molecule to a surface receptor s what triggers the cellular response, i.e. that the signal molecule itself does not enter the cell?
· If you inject the signal compound directly into the cell, if its cell surface receptor that matters it’ll have no effect

Membrane Receptor signaling systems
Membrane receptors are integral membrane proteins:
· Ligand-gated channels
· Enzyme-coupled receptors
· G protein-coupled receptors

Receptor Tyrosine Kinases (enzyme-coupled receptors)
· Activation of cytoplasmic protein kinase domain
· Phosphorylation (tyrosine residues)
· A membrane receptor that has a tyrosine kinase as its cytoplasmic domain
· Proteins can be dephosphorylated by phosphatases
· Single pass transmembrane protein with a lignin binding domain externally
· Dimer formation
· When the signaling molecule binds the receptors are activated and they move towards each other in the membrane to form a dimer
· Causes changes in the protein that activates the protein kinase domain
· Activation of cytoplasmic tyrosine kinase domain
· Phosphorylation (tyrosine residues) - auto 
· Once it’s active and has phosphorylated the tyrosine residues within the receptor, the receptor is now ready to initiate down stream pathways. It does so by phosphorylating other proteins or letting other proteins bind to the receptors the initiate various pathways in the cell
· Activation of target proteins to create elaborate signaling complex
· Typically regulate cell growth and proliferation (e.g. growth factors)
· Important in determining how quickly cells grow and how rapidly they divide
· Important to be able to terminate the cell


G Protein-coupled Receptors
· Activate GTP-binding proteins (G protein)
· G protein initiates cellular response, typically via 2nd messenger
· Transmembrane proteins
· 7 transmembrane domains
· Lignin binding domain externally 
· Intercellular – have a binding site for G proteins
· When receptor is activated, the G protein is then activated and that G protein then activates further steps usually involving some kind of second messenger which is a chemical within the cell that initiates the actions of the first messenger (first signal) – but first messenger cannot enter the cell
· G proteins are heterotrimers
· Alpha subunit binds GTP (or GDP)
· Beta and gamma subunits for a unit
· 3 different subunits that together make up the G protein
· Alpha subunits which is the part that can bind with ATP, beta and gamma subunits; when G proteins are activated split into the alpha and beta/gamma 
· G proteins are molecular switches
· GTP bound = on
· He role of the receptor is to turn on the G protein by making it possible for the G protein to bind with GTP
· GDP bound = off
· When GTP is hydrolyzed it loses a phosphate group and turns off
· Acts as an intracellular on/off switch
· G proteins are diverse 
· Receptor and G protein are two separate proteins that work together
· Alpha subunit can hydrolyze GTP

A common G protein-signaling pathway uses cAMP as a 2nd messenger
· G protein activates the enzyme adenylyl cyclase
· cAMP activates protein kinase A
· cAMP is a derivative of ATP – active form – messenger
· Adenylyl cyclase (turns on) and removes two phosphate group
· Phophodiesterizing turns off the pathway of catalyzes of cAMP to AMP
· Removing signaling molecular will shut down, shutting down G protein, getting rid of cAMP

Example: liver glycogen breakdown in the “fight or flight” response
· Initiated by adrenaline
· Faster heart rate, blood vessels dilates in the muscles needed, functions shut down in places of the body that wont be needed
· Pupils dilate
· Glycogen is broken down into glucose in the blood system
· Adrenaline binds to the receptor and turns on the G protein
· Amplification is important in having the cell respond – network of responses

Caffeine is a phosphodiesterase inhibitor. Howmight caffeine consumption affect the liver’s response to adrenaline?
· Phosphodiesterase catalyzes and breaks down cAMP, therefore the caffeine blocking this there is no break down of the cAMP and more cAMP which gives you a longer stronger response – more glucose released from the liver into the blood


	Points of Comparison
	Receptor tyrosine kinase
	G protein-coupled receptor

	Receptor structure
	Crosses once, enzyme inside the cell
	Crosses 7 times, binding site for G protein inside the cell

	Intracellular on-off switch
	Tyrosine kinase
	Conversion of GDP to GTP driven by alpha subunit of the G protein

	Enzyme
	Tyrosine kinase is the enzyme
	Adenylyl cyclase 

	2nd messenger
	cAMP
	None

	Phosphorylation cascade
	Yes
	Yes

	Cellular responses
	Cell growth and dvision
	Glucose release from the cell

	Chemical messengers
	
	Fight or flight




Lipid-Soluble Signals and Intracellular Receptors
1. Signals enter cells by diffusion 
a. E.g. steroid hormones
2. Receptors are ligand-activated transcription factors
a. Ligand-binding domain
b. DNA-binding domain
3. Regulate gene expression
a. Activated receptor binds to a response element
4. Cellular response
a. Reflects genes regulated by the response element


Topic 3 – Cellular Energetics
Energy Flow and the Importance of Energy
· Energy is defined as the capacity to do work
· When do cells need energy?
· To make physical or chemical changes in the cell
· Biosynthesis
· Mechanical work
· Movement in cell, cell movement
· Concentration work
· Active transport
· Electrical work
· Transport of ions with generation of membrane potential
· Generation of heat
· Generation of bioluminescence 
· Fire flies have light generating cells that require energy, there is also some jelly fish and toads 

Energy flow through the biosphere
· Photosynthesis – transformation of light energy into chemical energy 
· Chlorophyll is an energy trapping filament
· Cellular respiration – conversion of chemical energy of carbohydrate/lipids/proteins to ATP (catabolic pathways of metabolism)
· Take carbon dioxide and with the input of energy create carbohydrates which then are used to store energy
· Break down of carbohydrates to release the energy
· As you break down molecules like glucose the energy can be released and used to make ATP and then the ATP can be used to create reactions in the cell 

ATP is energy currency of the cell
· Nucleotides play several roles
· 5C sugar (ribose)
· Purine nitrogenous base (adenine)
· Up to 3 phosphate groups
· Made up of three components: ribose, adenine attached to the first carbon and 3 phosphate groups attached to the 5th carbon
· Sugar and base make up the nucleotide-side
· Changes in the name depending on the # of phosphate groups
· Hydrolysis of ATP releases energy
· Charge repulsion
· Increase entropy
· Resonance stabilization 
· Allows the final phosphate group to be removed
· Releases energy because the phosphate group carries a negative charge therefore nucleotide carries a negative charge, therefore to form ATP you have to bring together two negatively charged molecules, and they tend to repel each other so therefore you need to put in energy to create it
· ATP couples energy-yielding processes to energy-required processes
· Energy is also released because you go from a tidy ordered state to a less ordered state (increases in disorder when you go from more order to less order energy is released

*ATP (e) is a high-energy nucleotide capable of transferring energy through the loss of a phosphate group to power cellular reactions


Glycolysis and Fermentation
Cellular respiration
· Glycolysis
· ATP production by substrate-level phosphorylation
· Reduction of NAD+ 
· Gluecose catabolized to pyruvate yielding ATP and NADH
· 10 enzyme-catalyzed reactions
· Phosphorylation and cleavade
· Oxidation yielding ATP and NADH
· Pyruvate formation with ATP generation
· Pyruvate oxidation and the citric acid cycle
· ATP production by substrate-level phosphorylation
· Reduction of NAD+ and FAD
· Fate of pyruvate depends on oxygen availability
· Note regeneration of NAD+ in absence of oxygen
· Oxidative phosphorylation
· NADH and FADH2 oxidation
· Electron transport drives ATP production by chemiosmosis

The mitochondrion – the cell’s powerhouse
Structure-function relationships:
· Outer membrane contains porins
· Porins are large and not selective
· Barrel like structures that form hydrophilic channel no selective as long as it can fit through
· Inner membrane
· Permeability barrier
· Highly folded
· 75% protein (pyruvate transporter, electron transport chain, ATP synthase)
· Inner folds provides surface area for proteins
· Divides the inside of the mitochondrion into two parts – matrix/inter membrane space
· Proton across the inter-mitochondrial inter-membrane space
· Matrix contains enzymes of pyruvate oxidation, citric acid cycle
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