
TOPIC 1- INTRO TO CELL BIOLOGY

Cell Theory:

1) all organisms consist of one or more cells
2) the cell is the basic unit of structure for all organisms (Theodor Schwann)
3) all cells arise only from pre-existing cells (i.e cell= basic unit of reproduction) (Rudolf Virchow) 
· Cells have enormous diversity (function and size), but have unity (similar basic chemistry i.e DNA, ATP, metabolism, etc.) 
· ** units: 1µm= 10-6m, 1nm= 10-9 m (typical prokaryote is 1-5µm, typical eukaryote is 10-30 µm)
· ribosome diameter= 30 nm, nucleus diameter= 0.006mm, mitochondrion length=3x10-6m, giraffe axon length= 1m, microfilament diameter=0.007µm
· Main limitations of cell size are need to maintain an adequate SA:V ratio, to keep diffusion distances small, and to maintain adequate concentrations of substances. Cells with small SA and large V would not be able to get proper nutrients/ exchange with environment. Eukaryotes can be larger because their organelles can support larger volumes. 
· Prokaryotes: simple structure (cell wall, cytoplasm, plasma membrane, ribosomes, nucleoid, flagellum, lacks organelles), DNA is circular and single chromosome. (ex.= bacteria)
· Eukaryotes: multicellular (protists, fungi, animals, plants) use compartmentalization of cellular functions and transport systems (cytoskeleton) to accommodate size.
· ** Similarities btwn eukaryote and prokaryote: plasma membrane, electron transport chain, transcription/ translation machinery (relies on ribosomes)
	Organelles
	

	Cytoskeleton (non membrane bound)
	Support/shape, internal organization, movement of cell/ movement within cell. Microfilaments, microtubules, intermediate filaments

	Ribosomes (non membrane bound)
	Protein synthesis, catalyzes RNA reactions

	Nucleus (membrane bound)
	nuclear envelope, nuclear pores, nucleolus, DNA/ proteins organized into chromosomes/ chromatin

	Endoplasmic Reticulum (membrane bound)
	Tubular membranes and cisternae, Rough= works with ribosomes on protein synthesis, Smooth= synthesis of lipids and steroids, breaks down toxins

	Golgi Complex (membrane bound)
	Stacks of flattened vesicles for sorting, modification, and packaging of proteins

	Vesicles (membrane bound)
	Transport among organelles and/or to plasma membrane

	Lysosomes/ peroxisomes
	contains hydrolases /catalases (digestion of macromolecules, oxidative rxns)

	Vacuole
	Temporary storage of waste and nutrients, digestion of macromolecules, turgor pressure in plant cells (plant loses rigidity and wilts when water is not present in cell vacuoles to push against plasma membrane and make cells rigid)

	Mitochondrion
	Double membrane, christae, oxidative metabolism yields ATP, circular mDNA, reproduce by fission

	Chloroplast
	Double membrane and thylakoids, conversion of light energy into chemical energy, circular cpDNA, reproduce by fission, photosynthesis


· Endosymbiotic Theory: Mitochondrion from incorporation of aerobic prokaryote, and chloroplast from incorporation of cynobacterium

-own DNA, DNA in single, circular chromosome (like prokaryotes)


-surrounded by a double membrane



-reproduction similar



-similar size/ shape



-ribosomes resemble prokaryotes (smaller and simpler) 


-fossils (cells without them first and then cells starting to develop chloroplasts and mitochondrion)


- present day ex: kleptoplasty in sea slug (steals chloroplasts from algae that it feeds on and can then 
survive without eating but needs sunlight) 

	Model Research Organisms
	

	Saccharomyces cerevisiae (baker’s yeast)
	-Microscopic size, relatively short generation time= easy/ inexpensive to culture large #’s in lab

	Dorsophil melanogaster 

(fruit fly) 
	Genetic research, quick and easy breeding rate/ environment, relationship btwn fly and human gene is close

	Caenorhabiditis elegans 

(worm like animal)
	Anatomically simple (959 cells, fixed # of cells uncommon), completes life cycle in 3 days, does not have to be taken care of

	Arabidopsis thaliana (white flowered plant)
	Only a few centimeters tall (little lab space required), grows rapidly/ easily in artificial light, genome contains little repetitive DNA (easy to isolate genes) 

	Danio Rerio (Small freshwater zebrafish)
	Easily maintained, produces many offspring, eggs/ embryos are transparent (easily observable), perfect for studying embryonic development

	Mus Musculus (mouse)
	Small in size, inexpensive, easy to maintain in lab, short generation time, similar to humans (used for research in developmental genetics, immunology, and cancer)


	Macromolecule
	Polymer of...
	Function
	Linking bonds
	Types

	Carbohydrate
	monosachcharide (polysaccharide)
	Structural, energy storage, fuel
	glycosidic bonds (C1-C4)
	Plants= starches and cellulose, Animals= glycogen, chitin

	Nucleic Acid
	nucleotides
	informational, building blocks for ATP/GTP, energy transfer, regulate cell activity, genetic info, protein synthesis, signaling (cAMP)
	Phosphodiester bond to form DNA/ RNA, H bonds linking bases in middle of helix
	3 parts to a nucleotide: Nitrogenous base, 5’ C ring sugar, 1-3 phosphate groups

	Protein
	amino acids
	enzymes, structural, mobility, transport, receptor, regulatory, defensive
	peptide bonds (condensation rxn btwn NH2 and COOH groups of AA)
	AA made of central carbon, amino group, H atom, side chain (R group)

	Lipid
	Not polymers!!

(not large enough to be true macromolecules)
	energy storage, membrane structure, signaling
	
	Fatty acids, phospholipids, steroids


Carbohydrates: 

· 1C:2H:1O
· triose, hexose, pentose depending on # of C in sugar, 
· Linear or ring configuration ( ring more stable, most likely to be found in cell)
· Monosacharides Asymmetrical C= isomers ex. α glucose (starch) has OH group facing down on 1’ C (makes it reactive and easily digested by animals, and β glucose (cellulose) has OH group facing up on 1’ C (makes it unreactive, and indigestible by animals)
· Polysaccharides α glycosidic bonds (starch and glycogen) are compact and complex, β glycosidic bonds (chitin and cellulose) are rigid and structurally supportive. (difference btwn glycosidic bonds depends on where OH group is)
Nucleic Acids:

· sugar + base= nucleoside, nucleotide contains sugar + base + phosphate
· nitrogenous bases: purine (2 rings): adenine and guanine, pyrimidines (1 ring): cytosine, thymine, uricil
· G=C, A=T/U
· base: adenosine, nucleoside= adenosine or deoxyadenosine→ nucleotide= adenosine monophosphate (AMP), Adenosine diphosphate (ADP), Adenosine triphosphate (ATP), or deoxyadenosine triphosphate (dATP)
· base: guanine, nucleoside= guanosine or deoxyguanosine
· base: cytosine, nucleoside: cytidine or deoxycytodine 
Proteins: 

· properties of AA determined by R group 
· OH (hydroxyl group) is neutral and polar
· C=O (carbonyl group) is neutral and polar
· SH (sulphydryl group) is neutral and polar
· COOH (carboxyl group) has a - ve charge at cellular pH (polar acidic)
· PO32- has a -ve charge at cellular pH (polar acidic)
· NH2 (amino group) has a +ve charge at cellular pH (polar basic)
· Non polar side chains: hydrocarbon alkyl group, benzene ring, S surrounded by H’s
· Polar side chains: acid, amide, alcohol, amine
· polypeptide=50+ AAs, peptide= under 50 AAs, protein= polypeptide folded into structure
· N-terminus (NH2 group), C terminus (COOH group)
· polypeptides folded into native conformation gives a protein
· monomeric= single polypeptide, multimeric= multiple polypeptide chains (homomeric= if polypeptide chains are the same, heteromeric if polypeptide chains are different)
· conformation is dependent on covalent/non covalent interactions in backbone and/or R group (in denaturation, if the bonds are disrupted, the protein unfolds and becomes unfunctional)
1. Primary structure (linear AA sequence) 20n possibilities where n= #AA
2. Secondary structure (result of interactions of molecules in backbone, H bonding)
· α helix (rod like, clockwise helix) vs β pleated sheet (sheet-like, flatter)
· motifs (area of structure that is recognizable) e.g.. hairpin loop, helix-turn- helix
3. Tertiary structure (overall shape/conformation)
· interactions between R groups (disulphide bridge, H bonds, ionic bonds, hydrophobic interactions, van de Walls interactions)
· fibrous (insoluble, structural), vs globular (soluble) proteins 
· Domains= areas that fold independently of each other, each has a specific function
** If a protein is a house, each room would be a domain (each has a different function), and within each room/domain there would be secondary structures (motifs) with their own function (e.g.. light switch, window, etc.)

4. Quaternary structure (interactions of subunits to form multimeric proteins, 2 or more polypeptides)
· all bonds (H bonding, polar, non polar, disulphide bridges, etc.) hold polypeptides together
Lipids:

· insoluble in water, soluble in non polar solvents
1. Fatty acid (hydrocarbon chain with carboxyl group)

-ampipathic (polar and non polar ends)


-Saturated (all C’s have max # of H’s bonded, solid @room temp, ex. stearic acid), Unsaturated (double 
bonds btwn some C atoms, liquid @ room temp, ex oleic acid)

2. Phospholipids (structural component of membranes)
· phosphoglyceride (type of phospholipid)- glycerol (liked covalently by ester bonds), 2 fatty acids, phosphate, hydrophilic R group (serine, ethanolamine, choline, inositol), ampipathic
3. Steroids (derivatives of 4- ringed hydrocarbon skeleton, no specific structure categorizes them)
· only in eukaryotic cells ex. testosterone, estrogen, etc. 
· sterols= cholesterol (animals), phytosteols (plants), ergosterol (fungi)
· ampipathic (but less than the others)
· signalling 
TOPIC 2- CELL MEMBRANES

· Functions of membranes: 
· define boundaries (selectively permeable barrier)
· localization and organization (scaffold for biochemical activities, enzymes, e.g. mitochondria)
· regulation of solute transport (in/out of cell/organelle, uphill vs downhill, e.g ATPase)
· Responses to external signals (receptors and signal transduction, e.g β- adrenoreceptor)
· Cell-to-cell communication (recognition, adhesion, exchange of materials, e.g gap junctions, etc.)
** different membranes are made up of different components for different functions (e.g. membrane of Schwann cells are 18%protein and 82% lipid for insulation, inner mitochondrion membrane is 76% protein and 24% lipid for electron transport)

**membrane is hydrophilic outside, hydrophobic inside (difficult for hydrophilic mol. to cross hydrophobic core)

- Membrane asymmetry= proteins/other components that make up external half of membrane bilayer are different than those that make up the internal layer.(ex. glycoproteins found only in outer leaflet) Always fluid (can flip flop, rotate, and diffuse laterally)

· Fluid mosaic model (Singer & Nicholson)- fluid lipid molecules in which proteins are embedded & freely floating
· components held together in thin sheet (10nm) by non covalent bonds
· 2 fluid lipid layers for structural backbone and permeability barrier, embedded with a mosaic of proteins (unique complement responsible for specific function)
· components: integral proteins & peripheral proteins (for transport), cholesterol (for structure), glycolipids/glycoprotins (normal proteins/lipids with carbohydrate attached to provide energy & cell recognition)
· Models to prove fluidity of cell membrane 1) hybrid of human/mouse cell (mouse membrane proteins labelled green, human membrane proteins labelled red, in hybrid, colors are mixed throughout cell) 2) FRAP (membrane molecules are labelled with fluorescent dye, a laser bleaches an area of them, and the the molecules diffuse into the bleached area so it is no longer visible)
· The lipid bilayer (Gorter and Grendel, key component of permeability layer)
· Composition:
·  1) phosphoglyceride (glycerol based phospholipids)- e.g. serine, choline, ethanolamine, inositol, 16-18C, saturated or unsaturated 
· 2) glycolipids (lipid with carbohydrate attached)- single sugars or oligosacharides(composed of small # of monosacharides), markers (e.g ABO blood groups)
·  3) sterols (cholesterol, phytosteols, ergosterols), absent from prokaryotes, membrane buffers (high temps= helps restrain mouv. of lipid molecules, low temps= disrupts fatty acids from associating by occupying space btwn lipid molecules, slows transition to gel state)
	Membrane Fluidity  influenced by...
	High fluidity 
	Low fluidity

	C chain saturation
	unsaturated (kinked ∴ less tightly packed
	saturated (straight, can be packed together very tightly)

	C chain length
	short
	long 

	Head group polarity
	polar (repel each other a little bit)
	non polar

	Buffering effect of steroids (goes with temp to maintain optimal fluidity)
	In high temperatures, restrains mouvement of lipid molecules (so it dosent become to fluid)
	In low temperatures, disrupts fatty acids from associating by occupying space btwn lipid molecules, slows transition to gel state

	temperature
	high temp.
	low temp. 


** must maintain optimal viscosity (if too vicious, permeability is inhibited and enzymes and proteins stop functioning, if too fluid membrane leakage, ions diffuse freely which disrupts cellular ion balance) 

· homeoviscious adaptation: individual organisms can alter their lipid composition to maintain membrane fluidity at different environmental temperatures (evolutionary responses). Ex. denaturases (enzyme) can act on saturated fatty acids and convert single bonds to double bonds to maintain fluidity with temp., adding cholesterol/sterols, etc. 
· Dietary adjustments of fluidity (ex. Semi-palmated sandpiper, while migrating they stop in the bay of Fundy to feed on mud shrimp which are very high in PUFA (polyunsaturated fatty acids) which improve fatty acid mobilization for flight endurance over the ocean)
· Membrane protein functions: transport (e.g.ATPase), enzymes (electron transport chain), signal transduction (receptor for hormones), attachment/recognition (cadherins)
1. Integral membrane proteins (embedded in bilayer, aphipatic with hydrophobic region(s))
· usually transmembrane (through entire bilayer)
· transmembrane region α helix of non polar AA’s to interact with hydrophobic core, polar AA’s on outside
2. Peripheral membrane proteins (attached with non-covalent interactions... H/ionic bonds-do not interact with core)

-dynamic relationship with membrane (move twrds membrane when required, away when not needed)

· mostly on cytoplasmic side of membrane, sometimes part of cytoskeleton i.e. microfilaments
3. Lipid anchored membrane proteins (attached with covalent linkages to phospholipids)
· fatty acid anchored (intracellular orientation)
· GPI anchored (glycosylohosphatidylinositol= phosphoglyceride with olgiosacharide attached + protein)
· extracellular orientation, can be cleaved with phospholipase C
**  Peripheral proteins can be removed by change in external conditions (ex. change in pH), GPI- anchored proteins can be removed with phospholipase C, but integral proteins can only be removed with detergents (they’re destroyed)

· hydrophobic molecules (O2, CO2, other gasses, sterols, etc.), and small uncharged polar molecules (H2O, glycerol) can pass through membrane bilayer, large uncharged polar molecules (glucose) and ions cannot

1. Passive Transport- dependent on charge and size, partition coefficient can help determine how well a solute will get across a membrane by comparing its ratio of solubility in an organic solvent to that in water
a. Simple diffusion -- spontaneous, based on random movements, very dependent on concentration
· driven by diffusion gradient (downhill) solutes with a charge ([ ] gradient) gases( partial pressure gradient, ions (electrochemical gradient), water (osmotic gradient) 
· Tonicity: hypertonic ([solut] ↑inside cell, bursting), hypertonic ([solute] ↑ outside cell, shrinking), isotonic (dynamic equilibrium)
b. Facilitated diffusion-- move along diffusion gradient, leads to higher rates of transport than simple 
· Channel proteins- hydrophilic pathways (ions, water (aquaporins), highly selective, leak (always open for specific molecules) vs. gated (ligand (neurotransmiter)/voltage (AP)- must be opened by stimuli), inhibitors)
· Carrier proteins- undergoes conformational change that carries solute from one side to the other (ions, larger/polar molecules), highly selective, types- uniporter (one solute), symporter/ co-transporter ( 2 solutes in same direction), antiporter (2 solutes in opposite direction), inhibitors
2. Active Transport- against concentration gradient (uphill), highly selective, unidirectional
a. Primary- transport directly driven by ATP hydrolysis
· P type ( moves cations (Na+, K+, Ca2+, etc.), reversibly phosphorylated, eg. Na+/K+ ATPase
· V type moves protons into organelles  
b. Secondary- transport indirectly driven by ATP hydrolysis, simultaneous transport of 2 solutes
· downhill transport along gradient established by primary active transport allows uphill transport of second solute
** Facilitated diffusion vs active transport: both show saturation kinetics, both show competitive inhibition, but facilitated diffusion in bidirectional, and active transport is unidirectional.

TOPIC 3- THE CYTOSKELETON

· functions: structure/ support, positioning of organelles, intracellular transport, generation of force for cell mouvement, contributes to cell division
1. Microtubules: (hollow, tubular, largest (25 nm), found in all eukaryotic cells)
· 2 types: cytoplasmic (very dynamic), axonemal (cilia & flagella, very stable) 
· building block= αβ tubulin (globular protein, GTP binding site- each binds 1 GTP, only β tubulin hydrolyzes GTP
· protofilament= αβ tubulin lined up and held together by non covalent interaction which allows it to be changeable
· structural polarity in protofilament: + end is β tubulin, - end is α tubulin  (+ end grows or shrinks, dissociation at - end)
· 13 protofilament make up one microtubule
· dynamic character (hydrolysis = GTP→ GDP)
· polymerization when GTP bound to β tubulin 
· dissociation when GDP bound to β tubulin
· dynamic instability model: rate of hydrolysis > rate of tubulin GTP addition 
· GTP cap at + end stops hydrolyzed GTP from falling off tip and causing dissociation, if + end gets hydrolyzed, whole thing tends to dissociate 
· Microtubule- binding proteins regulate the rate of assembly and stability of microtubules (MAP’s- microtubule associating proteins) 
· Drugs: colchicine (breaks down, prevents polymerization), taxol (do not grow or shrink-- stay stable, division is inhibited ∴important in cancer treatment) 
· MTOC (microtubule- organizing centers), e.g. centrosome (centrioles + pericentriolar material)- animal cells
· initiate assembly and anchor microtubules, and establish their orientation
· ɣ tubulin acts as template to initiate assembly (binds α tubulin) 
· Intracellular mobility via motor proteins (ATP dependent)
· motor domain hydrolyzes ATP= conformation change, tail hauls cargo, uses cytoskeleton as highway

1. Kinesins: globular head binds MTs and hydrolyses ATP, moves towards + end, hauls cargo outwards, 2 
heavy chains/2 light chains, α helical coiled structure


2. Cytoplasmic dynein: globular head is motor domain and cargo is attached to base, moves cargo inwards 
(twrds - end) 

· in axonal transport, dynein transports things towards cell body, kinesis transport down to terminal 
· ex. pigment bound granules travel via motor proteins under hormonal/neural control to change color of animal
· Cellular mobility: 

1. Cilia: short, numerous, oar-like paddle stroke (beat in coordinated back and fourth direction to move 
fluid across cell  


2. Flagella: longer, one or two, undulating power stroke (wave like beading to power mouvement of cell) 

· structure (both have same structure just different functions): cell membrane surrounds 9+2 arrangement of microtubules ( 2 central microtubules surrounded by 9 doublets- each doublet is pair of microtuble composed of 1 A microtubule which is complete (13 protofilaments), and one B microtubule which is partial (10-11 protofilaments). Everything held together by radial spokes (connect doublets to central MT), and by nexin links (link doublets). Basal body anchors - end, + end near tip of cilia/flagella
· motor protein= axonemal dynein (different from cytoplasmic dynein)- attached to A tubules, reaches over to walk along B tubule of adjacent doublet, since doublets are connected by nexin, sliding mouvement causes them to bend. Coordinate this activity for mouvement. (- end directed) 
· Cell division *microtubules essential in mitosis*, mitotic spindle forms. In animal cells, centrosomes double and organize microtubules, in plant cells chromosomes organize microtubules
· 3 types of microtubules/ motor proteins: 
a) Kinetochore- bump into chromosomes as they are moving twrds the middle of the cell, and function to separate the chromosomes in mitosis
b) polar - do not bump into chromosomes, extend across the cell to meet the other ends of the polar microtubules, they function to push the 2 poles of the cells apart
c) astral- extend from centrosomes to the periphery of the cell 
2. Microfilaments: flexible, helical fibers, smallest (7nm), complex of actin proteins
· G- actin- globular actin “U” shape that binds ATP or ADP in center, line up and join with non covalent bonds to make F- actin (filamentous action), helical structure, filament has polarity (+ end (new actin molecules get added),  and -end (dissociation). Take 2 f-actins and wind them around each other in a helix you get a microfilament.
· Dynamic character 
· ATP-G-actin polymerizes, ADP-G-actin dissociates 
· Treadmilling= dynamic behavior of actin filaments and microtubules (rate of addition of actin monomers from + end is exactly matched by rate of dissociation at - end)
· do not see dynamic instability model
· actin binding proteins regulate rate and form of polymerization and network formation (cell signalling mechanisms regulate actin- binding proteins) ex. some actin binding proteins can inhibit microfilament growth, can help initiation of microfilament, cap ends, enhance polymerization, bind to membrane, etc.) 
· drugs: cytochalasin (binds to + end and blocks elongation/ polymerization), phallodin (stabilizes microfilament from breaking down)
· function:
·  1) shape and support a) cell cortex (network of microfilaments under cell membrane, support cell membrane and give it shape, determine cell shape in animal cells) b)microvili (bundles of microfilaments that project from cell membrane, -end at base, +end at tip, no MTOC so microfilaments anchored in proteins, increase SA of cell c)adherins junctions (cell-cell), focal adhesions (cell-extracellular)
·  2) mobility: motor proteins= myosins (heavy chain- globular head+ tail, move towards + end)
· muscle contraction (thick filaments= myosin ll, thin filaments= microfilaments)
· contractile unit= sacromere
· sliding filament model- during contraction, the sacromere shorten bringing z discs closer
· cross- bridge cycle- myosin heads bind to actin, hydrolyze ATP (causes myosin head to dissociate), changes shape and binds to another spot which causes contraction
· stimulated by nerve impulses which trigger Ca+ to be released from sarcoplasmic reticulum causing troponin to move away from binding site
· also in non muscle cells = cytokinesis (contractile ring that constricts and pinches cells into 2), myosin 1 (unconventional, non dimer molecule, pulls vesicles along microfilaments within a cell), cell crawling (amoebas, spreading of cancerous cells, phagocytosis, etc., fast disassembly/reassembly of microfilaments to move cell). 
** microtubules are like highways, microfilaments are like backroads**

3. Intermediate Filaments (strong, rope-like structures, 10-12 nm)
· not directly involved in cell mouvement, structural role
· apolar (no +/- ends) since they are wound antiparallel
· composed of a variety of fibrous proteins that are tissue specific-- Keratin (epithelial), neurofilaments (neurons), nuclear lamins (nuclear envelope),
· common structure in all intermediate filaments: α helical center, globular ends
· 2 wound polypeptides=dimer=tetramer=protofilament-- 8 protofilaments= IF
· relatively stable, do turn over, break down via phosphorylation
· interact with plasma membrane, MT, MF (scaffold that integrates the components of the cytoskeleton and organizes the internal structure of the cell) 
· ex. hagfish slime
	
	Microtubules
	Microfilaments
	Intermediate filaments

	size
	25nm
	7nm
	10-12nm

	Protein 
	Tubulin
	Actin
	various proteins (keratin, neurofilaments, nuclear lamins, etc.)

	Functions
	shape, mouvement (locomotion and transport), separating chromosomes in mitosis
	mechanical support, cell shape, mouvement of cell surface
	structural role



	Treadmilling
	yes
	Yes
	no

	Dynamic instability
	yes
	no
	no

	nucleotide
	GTP
	ATP
	no nucleotide


Topic 4- Extracellular Interactions

- Plant cell wall/ plasmodesmata functions: protection, regulation, permeability

· Cell wall has 3 classes of molecules: 
a) structural fibers- (cellulose microfibrils- rows of cellulose combined) provide strength and rigidity 
b) Matrix (polysaccharides)- hold in place the structural fibers , relatively flexible 

- hemicellulose= highly branched polysaccharide, H-bonds to cellulose


- pectins= branched polysaccharides, charge attracts H2O- makes gels and keeps matrix hydrated

c) Adhesive molecules (pectins), hold the whole thing together
· glycoprotiens provide further support 
· ex. concrete= matrix, metal bars= cellulose microfibrils
· enzymes in cell membrane catalyze synthesis of cellulose (integral transmembrane proteins- ROSETTES) 
· extracellular side has catalytic activity, intracellular side, proteins link to microtubules via motor proteins, moves rosettes around to lay down cellulose wherever they go- allows cell to control pattern of cellulose in cell wall
· cell has high degree of control over microtubules ∴ has high degree of control over pattern of cellulose fibers  
· primary cell wall= network/mesh of cellulose
· secondary cell wall= organized layers of microtubules 
1. Primary cell wall vs. secondary cell wall
a. fist cell lays down a layer of pectins (middle lamella)- joins cell walls together  
b. The primary cell wall is a loose network of cellulose fibrils that is relatively flexible ∴ can expand as it gets pushed away from cell. (Primary cell wall is on the outside)
c. layers of secondary cel wall are laid down (organized)- different organization in each layer gives strength to cell wall (like plywood) - provides strength - quite often also contain lignin molecules which are extremely rigid and provide further strength and rigidity. (Secondary cell wall is on the inside closest to cell interior) 
Cell-cell connections

1. Plasmodesmata (plant cell walls ∴no transmembrane proteins) -- communicating junction 
· cytoplasmic connections btwn cells, hole in cell wall lined with cell membrane, allows cytoplasm to be in connection
· desmotubules: bits of smooth ER stretch across cell wall (cell wall grows around them during formation) 
· route for ions and small molecules (ex. H2O), large enough for some larger molecules ex. hormones, RNA, ATP... 
· Cells in chemical and electrical communication 
2. Gap junctions (animal cells, communicating channels) 
· electrical and chemical communication 
· coordinates muscle and nervous tissue (ex. heart beat) 
· connexins (integral membrane proteins) -cluster of 6 forms connexon which makes a channel through the membrane, connexon from one links to connexon from the neighboring, space of 3nm between cells due to extracellular domains
· smaller than plasmodesmata but similar in structure and function- allows movement of ions 
3. Tight junctions (animal cells)
· function as permeability barrier, seal space btwn adjacent cells (epithelia, around bladder to separate urine from blood, stops water from moving into fish via gills because of high osmotic gradient, gills separate H2O and blood) 
· ridges formed from junctional proteins (claudins and occludin- integral membrane proteins which stick out of cell membrane and bind to similar proteins of adjacent cells, sealing the space btwn their plasma membranes) 
· allows for more control, seals paracellular space, forcing things to be transported transcellularly which the cell has more control over
· barrier to lateral diffusion in pm- establish polarity (different tops and bottom), proteins in membrane cannot get passed tight junction proteins
4. Adhesive (anchoring) junctions (animal cells) - holds cells together 
· Cadherins (transmembrane glycoproteins)
· extracellular: large extracelllular domains with repeated units of structure which can be recognized by other cadherins, form non-covalent bonds- holds 2 cells together “velcro strip, zip together” 
· Intracellular: link to proteins that link to cytoskeleton:
a) Adherins junctions: cadherins link to microfilament, for small areas/ continuous zones of attachment in epithelia

b) Desmosomes: cadherins linked to intermediate filaments, linking proteins form plaques- makes very strong adhesions for cardiac muscle, cervix, uterus, etc. to prevent pulling apart
	Cell- cell connection
	Plasmodesmata
	Gap junctions
	Tight junctions
	Adhesive junction

	Function
	Communication (electrical/chemical)
	 Communication (electrical/chemical) 
	Barrier 
	Mechanical connection

	Cell type
	Plant
	Animal
	Animal
	Animal

	Transmembrane protein
	None, simply hole in plasma membrane
	Connexin (6 form connexon) 
	Claudins/occulins
	Cadherins (glycoprotiens) 


· Extracellular matrix (bone, cartilage, connective tissue, basement membrane, cornea,etc.) 
· secreted by cells that it surrounds, and organized locally ** ONLY IN ANIMAL CELLS**
· 3 classes of molecules 
a) structural proteins (collagens for strength, elastins for flexibility) 
b) matrix (proteoglycans- protein polysaccharide complexes) 
c) adhesive glycoproteins (fibronectin)- binding sites for collagen and matrix, anchors extracellular matrix to cell
- Integrins (transmembrane proteins, heterodimer) -integrate extracellular matrix with cytoskeleton 


-extracellular side- binding sites for adhesive binding proteins (fibronectin) 

· intracellular side- cytosolic domains of integrin link to cytoskeleton (MF or IFs) through linking proteins
· Focal adhesions- MFs, form and let go again fairly easily (cell crawling), dynamic, mimic adherence junctions
· Hemidesmosomes- IFs, very strong and more permanent, link to basement membrane, mimic desmosome
	Organism
	Extracellular structure
	Structural Fibre
	Matrix
	Adhesive Molecule

	Animal 
	Extracellular matrix
	collagens/elastins (proteins)
	proteoglycins
	glycoproteins (fibronectin) 

	Plant
	Cell wall 
	cellulose (carbohydrate)
	pectins, glucoproteins 
	pectin 


Topic 5- Cell-to-Cell Signaling

Types of cell communication: 

a) direct (gap junctions and plasmodesmata) 
b) contact (recognition and adhesion, e.g.. cadherins recognize other cadherins) 
c) chemical messengers 
· hormones- synthesized by endocrine cells, release into extracellular spaced and carried to distant cell 
· paracrine messengers- released by signaling cells, act on neighboring cells (local activity) 
· neurotransmitters (act locally)/ neurohormones (act at a distance)- released by nerve cells 
· Flight of fight response- activated by adrenaline to get ready to deal with emergency situation 
· Steps in signaling system 
1. Signaling molecule (first messenger) release into extracellular environment 
2. Reception by cells with specific receptor (ligand binding site)- can be membrane, cytosolic or nuclear
3. Transduction- conversion of signal to cellular response
4. Cellular response (change in gene expression, change in protein activity, cell specific response, etc.)
5. Termination- turn off pathway (if the pathway is not terminated it may result in cancer) 
· signal water soluble ∴ does not enter the cell (hormones, environmental chemicals, neurotransmitter, etc.)
· Membrane receptors= integral membrane glycoproteins
a) ligand gated channels (signal binds, protein changes conformation and turns on intracellular domain)

-ex. skeletal muscles activated by acytelcholine

b) enzyme coupled receptors- typically regulate growth and proliferation 
·  receptor tyrosine kinase (tyrosine= AA residue, kinase=enzyme that phosphorylates protein, transfers phosphate group to tyrosine, phosphotase dephosphorylates the protein and is continually active in the cell). When signal molecules bind, the complexes come together to form a dimer, this causes the protein kinase sites to become active, and activates the autophosphorylation of the tyrosine residues. The target proteins can now bind and get phosphorylated. 
· MAP kinase cascade (activated by growth factors)- turned on by receptor- tyrosine kinases, inactive RAS is the hydrolyzed and becomes active which causes a phosphorlation cascade of MAPs. The last activated MAP moves into the nucleus which then changes expression of certain genes- affects transcription which affects growth
· e.g. is the coordinated effect of insulin
c) G protein coupled receptors 

· first messenger is the extracellular signal molecule. Binding activates cytoplasmic end of receptor in plasma membrane which activates the G protein (causing GTP to replace GDP). The activated G protein activates an effector which causes the enzyme to produce a second messenger. The second messenger activates protein kinases (serene or threonine) ( ** GTP turns on G-protein, GDP turns off G- protein) 
·  G proteins= heterodimer (Gα binds GTP/GDP, Gβ and Gɣ form the subunits). When GTP binds, the subunits split and each half can carry out its own activities in the cell. 
· 1 common pathway: receptor turns on adenylyl cyclase (enzyme) converts ATP to cAMP (second messenger) , (phosphodiesterase degrades cAMP yielding ATP) cAMP turns on on protein kinase A cascade
· ex. fight or flight response (elevation of blood sugar- glycogen breakdown to glucose)
· ex. movement of pigment granules along microtubules (adrenaline= agregation- inhibits adenylyl cyclase, MSH= dispersion, produces adenylyl cyclase)
· advantage of kinase cascade: amplifies and simplifies response (each turns on many, multiple regulation points= higher degree of control over pathways, pathways can interact)
· 2nd common pathway: receptor turns G protein, G protein activates phospholipase C, cleaves phospholipids (cleaves bond btwn glycerol and head group) = DAD (glycerol, stays in membrane and activates protien kinase C) and IP3 (head group of phospholipid- water soluble, diffuses into cell binds on receptor on endoplasmic reticulum promoting Ca+ release). Both DAD and IP3 are second messengers 
· ex. reducing blood flow to viscera in flight of fight response 
	
	Receptor- tyrosine kinase
	G-protein coupled receptor

	Receptor properties
	single pass transmembrane glycoprotein, dimerizes,  interent enzyme activity
	7 transmembrane domain transmembrane glycoproteins/domains

	Intracellular on-off switch
	receptor autophosphorylation
	G protein 

	G protein 
	RAS
	hetertrimeric G- protein 

	enzyme 
	receptor- tyrosine kinase
	adenylyl cyclase, phospholypase C

	2nd messenger
	none
	cAMP, IP3, DAG

	phosphorylation cascade
	MAPK
	PKA, PKC

	cellular responses 
	cell growth/ division
	 diverse

	chemical messengers
	growth factors
	divers


Lipid soluble signals and intracellular responses: 

· lipid soluble ∴ dissolve through plasma membrane (eg. steroid hormones) 
· receptors are ligand- activated transcription factors inside the cell (activity controlled by wether signal molecule is bound to them). When receptor is activated, it moves into the nucleus to affect gene transcription 
· not soluble in in plasma, are carried around by binding proteins, inside cell bind to receptors
· receptors have 2 domains: 1) ligand binding domain- recognizes and binds specific hormones 2) DNA binding domain (zinc finger motifs)- bind to response elements in DNA that control expression 
· ex. testosterone that promotes muscle growth: First, testosterone binds to androgen receptor which causes a conformational change in which the zinc finger appears. The receptor with the hormone then moves into the nucleus so the zinc finger can bind to the response element in the DNA. This turns on genes that promote muscle growth. 
· cross- talk= communication between signaling pathways (coordinates cellular activities, activating one pathway may increase/decrease another response
· Untangling cell signaling pathways: 
a) identify proteins that are phosphorylated (using antibodies or radiolabelled tracers)
b) Identify dance partners (which proteins are interacting) using co-immunopercipitation 
c) Jam the pathway  (pharmacological manipulation eg, of 2nd messenger), turn off pathway and see if response completely disappears, manipulate proteins/genes (ex introduce modified protein or us siRNA to reduce protein expression 
Topic 6- Basic DNA Principles

· 4 bases: (A, C, G, T- U replaces T in RNA)  
· purine (A/G) 2 rings, pyrimidine (C/T/U) one ring
· nucleoside= base + pentose sugar, deoxynucleoside= nucleoside where the sugar is a deoxyribose
· nucleoside + phosphate= deoxynucleotide
· there are 5’ monophosphates (AMP), 5’ diphosphates (ADP) and 5’ triphosphates (ATP)
	Type of organism
	Genetic material
	Organization

	Bacteria/ mitochondria/chloroplast
	ds, circular DNA
	Nucleoid (protein/DNA)

	Eukaryote
	ds, linear DNA
	Chromosome (protein/DNA)

	Virus
	ss or ds, linear or circular DNA/RNA
	Protein/DNA


Evidence that DNA is genetic material: 

1. Griffith’s experiment: streptococcus pneumonia injected into mice. 2 strains: smooth (polysaccharide capsule) is virulent, rough (no capsule) is avirulent. When the smooth virulent strand is heated and injected into mice, the mice do not die (∴heating causes deactivates it). When both the heated smooth virulent and the rough are injected into the mouse, it dies (∴rough bacteria acquired a way to make the polysaccharide capsule from the dead S bacteria) 
2. Experiment of Avery-MacLeod-McCarty (identify chemical nature of the transforming principle) 
· killed the s-bacteria (using heat) and then used enzymes to break down the different components (RNA, DNA, proteins, etc. deoxyribonuclease (breaks down DNA) was the only one that reduced transformation ∴ it is the genetic material
3. Experiments of Chargaff- used chemicals to degrade DNA into the 4 bases, the quantified amount of each 
· A:T, C:G- when rule does not apply, there may be modified bases, or RNA containing uricil 
4. Hershey and Chase experiment: studied infection of Ecoli by bacteriophage
- 

5. Fibre diffraction experiment- DNA has no rigid structure and cannot be crystalized
Topic 7- Replication 

· DNA antiparallel, synthesis always 5’-3’ 

