Pre-Midterm #2
· Individuals do not evolve, populations do
· Classification: Domain Kingdom Phylum Class Order Family Genus Species
· Species must be Italicized and capitalized Ex. Homo Sapiens 
· All living organisms: 
1) Have one or more cells 
2) Require energy 
3) Metabolize
4) Grow
5) Respond o stimuli 
6)  Adapt 
7) Reproduce 
· A cell membrane defines all cells 
· Genetic diversity and changes in the environment are responsible for evolution 
· Genetic drift is the random processes and changes in the environment that are responsible for human evolution
· Heads of phospholipid bilayer are hydrophilic while tails are hydrophobic 
· Nearly all organisms use glycolysis to get energy from sugars 
· Descent with modifications was the term used by Darwin to describe evolution 
· Organic molecules are those that contain carbon or hydrogen 
· Photosynthesis is the process of converting water, carbon and light energy to organic compounds and oxygen 
· Chemical energy is store in the bonds that hold atoms together 
· Biogeochemical reactions – the transferring of energy through living and non-living parts of the ecosystem 
· Decomposers and consumers convert organic molecules back into CO2 
· Microevolution- changes in the same species 
· Macroevolution- over a long period resulting in a new species 
· Visible light is between 400nm-700nm 
· Pigments absorb light energy to convert it into usable energy 
· When light interacts with matter, it can: 
· Reflect
· Be absorbed 
· Pass through 
· Chloroplasts reflect green light and absorb blue and red light 
· What makes a pigment molecule?? 
Conjugated bond system 
Alternating double to single bonds (Carbon bonds) 
Electrons are therefore not in a fixed position and are more readily available to absorb energy 
· Ground state is where electrons are the most stable 
· Red photons increase e- to state 1
· Blue photons increase e- energy to state 2
· The amount of energy in the photon must be identical to the energy needed in state 1 and state 2 or it will not be absorbed 
· Photosynthesis and cell respiration are opposite processes.
· Consumers can also be producers. Photosynthetic slugs 
· Photoreceptors detect light and provides the cell with information. Its reaction varies between organisms and locations of cells in the organism 
· Rhodopsin is the most common photoreceptor in nature. Contains a pigment that can identify light. 
· Pigment is bound to a membrane protein 
· Photo morphogenesis- the ability for a plant to grow due to the presence of light
· phytochrome is a photoreceptor in plants; made of protein pigment called bilin 
· pigments absorb light photon which excites an e-, the excited e- changes the shape of the pigment molecule which activates a protein leading to a cellular response 
circadian rhythms 
· internal organism based clock. 
· Adaptation to dark and light cycles. A type of muscle memory not anticipation. Not responsive to light but time 
· It is a biological clock
Module 6: Water 
· Only natural substance that exists in all three states 
· Specific heat is the amount of heat needed to raise or decrease the temperature of water by 1 degree
· Water has a very high specific heat 
· Water is a universal solvent because lots of things dissolve in it 
· Oxygen is more electronegative than Hydrogen atoms. Therefore, it collects more e- 
· If one side of a molecule is + and another -, it is polar 
·  Without hydrogen bonds, water would be a gas at room temperature 
Why water is so important: 
1) Water is sticky 
2) It is an excellent solvent 
3) Water moderate’s temperature 
4) Ice floats on liquid water 
1) Water is sticky 
Cohesion- the force present when molecules form hydrogen bonds 
Adhesion- polarity of molecules allowing other polar molecules to be attracted to it 
Surface tension- ability of a liquid to resist penetration when it is resting on a surface 
Capillary action- the ability of a liquid to flow against gravity 
H bonds form so readily that they squeeze tightly and do not allow things in 
Trees and plants use capillary action to bring water up and fight gravity 
Transpiration- evaporation of water on leaves. Results in negative pressure, pulls water from roots, roots pull water from soil 
1) Transpiration 
H2O evaporates causing – pressure which draws water from soil 
2) Co and Adhesion
Adhesion allows water to move up trunk of tree
Cohesion connects all water molecules pulling them up like a train
3) Absorption
The upward movement of water up trunks results in low concentration of water at bottom of tree. High water concentration in soil flows into roots through osmosis 
2) Ware is an excellent solvent 
Polarity of water allows it to attract other polar molecules 
Negative Oxygen molecules attracts + and +H molecules attract –
Hydration shell- forms around polar or charged substances dissolved in water 
Small non-polar molecules can dissolve. Large hydrophobic molecules cannot dissolve 
Colloid- large polar molecules that are too big to dissolve and float instead 
3) Water moderate’s temperature 
Heat is total kinetic energy 
Temperature is average kinetic energy 
Ex. Swimming pool has more volume and therefore more heat. Boiling water has less water but higher temperature
	Water must gain a lot of heat to raise its temperature one degree 
	Evaporative cooling happens when water is evaporated and removes the heat on the surface 
4) Water floats 
If water didn’t float it would sink and freeze the oceans. Life on earth would not exist 
· Micelle were first cells and were phospholipids with hydrophobic tails and no inner pocket. 
· Liposomes were cells with an inner membrane as well 
Module 13
· All cells share basic features 
Plasma membrane 
Cytosol organelles 
Cytoskeleton 
DNA organized in chromosomes 
Basic cell functions 
ETC
Transcription and translation 
4 things plant cells have:
1) Chloroplast 
2) Large central vacuole. Animals have small vacuoles 
3) Cell wall; made of cellulose 
4) Plasmodesmata- channels that connect plant cells 
Prokaryote Genetic Information 
· Genetic information is stored in one large circular chromosome within a nucleoid 
· Plasmids that can be transferred between cells using conjugation 
· Plasmids contain additional genetic information 
Ribosomes 
· Unifying feature of all cell types 
· All are slightly different 
· Some are free in cytosol, others are bound to endoplasmic reticulum 
· Others are found in mitochondria and chloroplast 
· Nuclear membrane allows mRNA out and proteins in or out 
Endoplasmic reticulum 
· Extensive interconnected network of membrane channels 
· Rough ER
· Studded ribosome 
· Makes proteins that become part of cell membrane or are released from cell 
· Smooth ER
· Synthesizes lipids and is the site of many other essential cell functions 
Endo membrane system 
· Characteristics of eukaryotic cells 
· Nuclear envelope 
· ER 
· Golgi complex 
· Lysosomes/ vacuoles 
· Vesicles 
· Plasma membrane 
· May be connected indirectly 
Golgi Complex
· Flattened membranous sacs 
· Chemically modifies proteins made in ER 
· Sorts cells to be exported or embedded in plasma membrane 
· Shipping and receiving in cell 
· Glycosylation is the reaction in which a carbohydrate is attached to a hydroxyl or other functional group of another molecule 
· Glycosylated carb in ER goes to Golgi and is modified into a functional protein 
Vacuoles
· Used for storage, transportation and specialized functions 
· Can break things such as harmful bacteria down 
· Vesicle traffic is the movement of important biological molecules 
· They can move backwards as well 
· Membrane has tons of proteins
· Vesicles transport materials between departments of endomembrane system 
· Also used for secretion to cell exterior and bringing cells in 
· Exocytosis is when the cell releases contents 
· Endocytosis is when the cell brings stuff in 
· Phagocytosis is cell eating 
· Pinocytosis is cell drinking (Things dissolved in water) 
Mitochondria 
·  The power house of the cell  
· Transforms sugars into ATP using cell respiration 
· Possesses own DNA 
· Arose likely due to endosymbiosis 
· Has an outer and inner membrane and is separated by inner membrane space 
· Inner membrane is longer than the outer membrane because of all the folds it has 
Chloroplast 
· Inner and outer membrane 
· Stroma is inside inner membrane 
· In chloroplasts, there is a thin membrane called thylakoid 
· Both chloroplast and mitochondria are not directly or indirectly connected to the rest of the cell
· Both have their own DNA, Ribosomes, have two membranes, are energy transducing 
Cell theory 
1) Cells are the basic unit of life, in structure and function. All organisms have at least one cell. 
2) Cells come from other cells. Cells divide and copy its DNA distributing a copy of its DNA to all new cells 
· Large cells could not exist because they would be incapable of providing itself with the nutrients it needs to survive 
· With larger volume of cell there is not enough surface area for the amount of membrane proteins it needs 
· Egg cells can be larger because they do not need much nutrients and do not produce much waste 
Multicellular organisms 
· Much larger. Has advantage of different cells doing different things within an organism 
· Cells can be specialized in function ex. Digestion 
Cell Types
4 functions of a cell: 
1) All cells separate internal environment from external environment to maintain homeostasis 
2) The plasma membrane is a phospholipid bilayer that contains proteins and other components 
3) Cells must be able to build proteins from an RNA template using ribosomes 
4) Cells must conduct the chemical processes of life 
Similarities between archaea bacteria and Eukarya:
· All must ingest food, expel waste ad reproduce 
· All must replicate DNA 
· All must make proteins from mRNA template using ribosomes 
Eukaryotes and Prokaryotes 
· Have a nucleus 
· 10x larger than prokaryotes 
· Have enclosed organelles allowing them to have certain functions and grow larger 
· Prokaryotes carryout photosynthesis without chloroplasts and cell respiration without mitochondria 
Unique structures and functions of cells 
· Nucleus holds DNA. Nuclear envelop is a double membrane that surrounds the nucleus and protects DNA 
· Prokaryotes do not have a membrane around DNA but stay in a region called the Nucleoid 
· Prokaryotes typically have one chromosome while Euk. Have more 
· Prokaryotes have circular DNA called plasmids, Euk. do not 
· Plasmids can be replicated and transported to other cells using conjugated pilus 
· Not crucial genetic info for the cell. Ex info may be used to fight bacteria
· All domains of life have ribosomes with different structures but similar functions 
· Some eukaryotes have cell walls 
· Extracellular matrix surrounds animal cells 
· Outside that layer is another layer called glycocalyx 
· Both eukaryotes and prokaryotes have flagella 
· Transmission e- microscopy- sows nucleus and organelles
· Scanning electron microscopy- shows details of outside of cells 
· Fluorescence microscopy-shows different parts of cells, can show cells that are alive still 
· Oxygen in atmosphere came from vents in ocean. Things started producing oxygen. Oceans filled with oxygen and eventually atmosphere 
Endosymbiotic Theory Process:
1) Prokaryotes existed by themselves 
2) Developed nucleoid region and ER 
3) Engulfed aerobic prokaryote using phagocytosis 
4) Things that developed mitochondria became animal cells 
5) Photosynthetic cyanobacteria is engulfed and chloroplasts are formed. These would become algae and plants 
Proof of endosymbiotic theory 
· Both mitochondria and chloroplasts resemble prokaryotes 
· Outer membrane 
· Same size as bacteria 
· Can reproduce 
· Genetic division 
· Transcription and translation 
· Electron transport 
· Have bacterial genomes, ribosomes 
Endomembrane system
· Nuclear envelope 
· ER
· Golgi
· Vacuole 
· Lysosome 
Horizontal Gene transfer 
· Genome of chloroplast and mitochondria are transferred into nucleus of host cell 
· Nucleus synthesizes proteins for what are now organelles 
· Proteins are transported back 
· Known as semiautonomous; when cells are not self reliant 
Peroxisomes
· Organelles that originate from the ER, but are not a part of the endomembrane system when it comes to protein trafficking 
· Surrounded by one membrane 
· Do not have their own genome 
· Site of biochemical pathways that generate hydrogen peroxide as a by product 
· Compartmentalism is a key process of eukaryotic cells
· Can contain toxins and destroy them 
Central Dogma 
· Info is stored in DNA 
· Info in DNA is copied into RNA 
· The information in RNA guides production of proteins in ER
· ER sends proteins to Golgi via vacuoles where they are modified and sent to destination 

Bio Midterm Review #2
Ribozymes- RNA molecules that catalyze specific reactions 
1) Messenger RNA 
2) Ribosome mediated, cut, introduced to RNA messenger 
3) Cut messenger RNA molecules 
· Ribozymes are more specific and fold enabling only specific RNA messengers to bind
· First genetic biological molecule could have been RNA
RNA World Hypothesis- RNA was first organic molecule to contain genetic information and catalyze reactions 
STAGE 1) RNA catalyzed reactions 
STAGE 2) RNA develops ribozyme to produce protein. Proteins were better catalytic molecules 
STAGE 3) DNA develops and is more stable. DNA is double stranded.
Alternatives to RNA World 
· Probably not just RNA 
· tPNA is a molecule that could have synthesized DNA 
Earliest forms of Life 
· very simple prokaryotes 
· earliest prokaryotes were probably heterotrophs 
· used anaerobic respiration to extract energy 
· First autotrophs performed anaerobic photosynthesis 
· Used H2 instead of H2O 
Oxygenation of atmosphere 
· Cyanobacteria developed the ability to use H2O instead of H2 as source of electrons 
Evolution of photosynthesis 
· Releases O2 as by-product 
· Led to rise of oxygen-reliant species 
Summary of milestone 
· First cells were heterotrophs 
· In absence of oxygen first cells used anaerobic respiration to extract energy from organic molecules 
· Increase in oxygen from cyanobacteria led to oxygenated atmosphere 
· Unicellular eukaryotes evolved 
· Multicellular eukaryotes evolved 
Modules 15: Cytoskeletons and extracellular 
Cytoskeleton:	
A complete protein network within a cell 
		Structural support 
		Locomotion 
		Intracellular anchor
		Involved in mitosis 	
Microfilaments(Small) 
		Maintain cell shape 
		Made of actin 
Intermediate filaments (Medium) 
		More permanent structures 
		Variable composition 
Microtubules:	
movement and cell division 
		made of tubulin 
· Bacteria has cytoskeletons called Mind-para 
Microfilaments 
· Polymers linked together in a long chain 
· Made of many proteins 
· Made of actin 
· Constantly being polymerized and depolymerized 
· Myosin can link microfilaments together 
· Motor proteins uses a lot of ATP 
· Myosin protein walks along protein 
· can move organelles depending on conditions 
Phototropin- photoreceptor responsible for amount of light
Intermediate filaments 
· monomer is long single strand in helix structure
· winds together to make thicker cables 
microtubules 
· eukaryotes flagella 
· 2 central tubules in centre 
· 9 outer tubules. Therefore, 18 outside tubules 
· Dynein holds tubules together using ATP 
· Active process requires constant ATP
· Motor protein 
Module 16: Extracellular Structures
· Collagen is most abundant extracellular protein 
· 40%% of all human proteins
· Long fibres embedded in proteoglycan 
· Proteoglycan- proteins that are glycosylated
· Fibronectin- connects collagen to itself. Connects too integrins 
· Integrins- inside is connected to microfilaments . Outside is connected to fibronectin 
Cell Junctions 
Tight junctions-water tight connections between adjacent cells 
Desmosomes- like rivets; connect cells together. Connected to intermediate filaments. Also known as anchoring junctions. Hold cells together 
Gap Junctions- channels between cells that allow for movement of water and small molecules; Important for cell communication
 Plant cell walls 
· Middle lamella is between two primary cell walls 
· Primary cell wall is made up of cellulose; cellulose is a polysaccharide 
Middle Lamella [
Primary cell wall [
Plasma membrane [
Cellulose Synthase- gets targeted to plasma membrane 
Individual glucose molecules are fed into this enzyme 
Converted into polymer on plasma membrane 
Plasmodesmata- cytoplasmic channels that allow transport of materials between cells 
	 membrane lined sections that capture ER in cell division 
· Cells that notify other cells don’t necessarily respond. Adjacent cells respond when the primary cell sends a signalling molecule 
· Signalling molecule get modified by adjacent cell and then is sent to nucleus to generate response
Module 17: Cell Membranes 
· Cell membranes are selectively permeable 
· Cells and organelles need membranes to separate in and out 
· Must be impermeable to most ions and molecules 
· Still capable of sending molecules and ions 
· Insoluble to water 
· Permeable to water 

5 functions of membrane:
1) Boundary and permeability barrier 
2) Organization and localization 
3) Transport processes 
4) Signal detection 
5) Cell to cell interactions 
What is a membrane? 
Consists of: 
	Phospholipids, glycolipids 
Sterols (not in bacteria)
		Cholesterol
		Ergosterols (fungi)
		Phytosterols (plants) 
	Membrane proteins 
		Integral proteins 
		Peripheral proteins 
Phospholipids- make up membranes 
	Amphipathic molecules 
	Phosphate-containing hydrophilic heads 
	Hydrophobic fatty acid tails- saturated and unsaturated 
	Lots of combinations of saturated and unsaturated 
	Not all the same length. Kink means it is saturated 
Membrane Proteins
	Transport proteins 
	Structural proteins 
	Enzymes 
Cell interactions proteins 	
Membrane Proteins 
	Integral membrane proteins are amphipathic; contain hydrophilic and hydrophobic amino acids 
	Hydrophobic domains in the transmembrane region of an integral membrane protein stabilize it within 
· Integral proteins must be amphipathic to be in membrane 
· Fatty acid tails (depending on saturation) may be long or short and effects thickness of membrane 
· Frye and Edidens experiment 
· Provided evidence that membranes are fluid 
· 2 cultured cells from different organisms 
· Labeled proteins in cells with fluorescent dyes 
· Mouse cell proteins were green 
· Human cell proteins were red
· Fused cells under specific conditions (40 minutes at 37 degrees Celsius) 
· Created one large cell 
· Proteins went through cell membrane and mixed 
Membrane Fluidity 
· Fluidity of membrane is dependant on how densely individual phospholipids are packed together 
· This is influenced by two major factors: 
1) Composition of lipids: degree of saturated and unsaturated fatty acids- sterols
2) Temperature 
· If a membrane is too tight it does not allow proteins to function 
· Loose membranes leak 
Phospholipids composed of saturated fatty acids 
	All C is bound to max # of H 
Straight shape 
Tightly packed 
Phospholipids composed of unsaturated fatty acids 
	Double-bonds between C and H 
	Loose AF
· More saturation=tightly packed 
· Less saturation= loosely packed 
· Lower temperatures leads to tighter membrane 
· Higher temps lead to fluid membrane 
Ex. Butter is hard when cold and soft when warm.
· Viscous membranes under higher temp becomes less fluid than fluid membrane at same temp 
· At low temperatures, enzymes and proteins cannot function if fluidity is not maintained 
Sterols(cholesterol) are membrane buffers 
	Helps membrane maintain proper fluidity over greater temperature range 
	prevents it from leaking at high temps and being too tight at cold ones 7
Adjusts fatty acid composition 
Fluidity can be maintained over a broad range of temperatures by adjusting fatty acid and composition of the phospholipids
Desaturases: enzymes that produce unsaturated fatty acids during fatty acid synthesis 
Enzymes aren’t always there and active. when a membrane needs fluidity it needs unsaturated fatty acids and produces desaturases 
This enzyme is regulated by making more or making less of enzyme 
Desaturases introduce a double headed bond in saturated fatty acids making a kink and increasing fluidity 
Module 18: Transport across membrane 
Passive membrane transport 
Hydrophobic nature of membranes restricts free movement of many molecules/ substances essential for life
Most molecules are hydrophilic 
It is the movement of a substance across the membrane without using energy 
Can be driven by diffusion 
Diffusion
	Net movement of solutes within cells and membranes 
Rate of diffusion is determined by the difference in concentration on both sides 
 Rate of Diffusion: 
1) Difference in concentration 
2) Temperature: higher the temperature the faster the rate; small molecules will diffuse faster 
3) Bigger the gradient the faster it diffuses 
· Equilibrium does not mean no movement but equal movement across membrane 
· Concentration gradient is a form of potential energy 
· Always moves down gradient from high to low concentration 
· Each molecule has thermal energy and kinetic energy 
Types of Diffusion 
Simple diffusion:
	A type of passive transport 
	Passive transport of substances across lipid portion of membrane down their concentration gradient 
Small uncharged molecules move through rapidly 
	Large or charged molecules do not cross easily 
Non-polar molecules (oxygen, carbon, nitrogen) cross easily 
Small uncharged polar molecules can cross slowly 
Large uncharged molecules (glucose) cannot cross very much 
Ions are charged and cannot cross 



Osmosis 
	Separation of two regions by a semi permeable membrane. Permeable to water not solutes 
	Area of higher concentration of solutes attracts more water 
	At equilibrium amount of free water on each side is equal 
Tonicity 
	Water moves into or out of cells depending on the tonicity of solution 
	Isotonic-outside and inside of cell have the same concentration 
Hypotonic- solution has lower concentration of solute molecules compared to the intracellular fluid. Water moves in 
	Hypertonic- higher solute concentration compared to inside of cell. Water moves out of cell 
Facilitated Diffusion 
	Higher rates of diffusion than predicted by lipid solubility 
	Depends on membrane proteins 
	Still driven by gradient
	Specific for certain substances 
	Becomes saturated at higher concentrations of transported substances 
	Finite number of transporters in membrane. Therefore, max rate of diffusion is attainable 
· Cholesterol is hydrophobic 
· Can interact directly with phospholipid bi-layer and go into cell 
Types of mediated transport: 
	Uniport- a single substance is moved in one direction 
	Symport – two substances are moved one direction 
	Antiport- two substances are moved in opposite directs (One is primary one is secondary active transport) 
Aquaporin- membrane channels that allow water to cross the cell membrane 
	Facilitate movement of water 
	Water moves through membrane too slowly 
	Has a hydrophobic channel 
	Is a channel protein 
Voltage gates channels 
Sensitive to the difference in voltage on one side. Higher voltage opens channel. Potassium ions move down its gradient when on
Stress gated ion channel 
	Physical pressure triggers them to open
		Ex. In the ear, sound pressures ear drum 
Carrier Proteins 
	Also, facilitated diffusion 
	Channels are pores; these bind to solute and release it on inside 
1) Binding side is open 
2) Solutes diffuse into protein and into binding site 
3) Binding event cause conformational change 
4) Solute then diffuses out of other side 
Active Membrane Transport 
	Requires the use of energy derived from ATP hydrolysis 
Moves substances against concentration gradient 
Depends on membrane transport 
	Specific, can be saturated 
Two kinds of active transport: 
1) Primary active transport: same protein that transports substance also hydrolyzes ATP to power the transporter directly 
2) Secondary active transport- transport indirectly driven by ATP hydrolysis 
Transport proteins do not breakdown ATP 
Use a favourable concentration gradient of substance as their energy source 
Primary Active transport 
	Moves and charges ions across membrane 
		Hydrogen pumps in stomach, calcium pump, Na/K pump
	 Looks very similar to carrier protein uses ATP and pumps against gradient 
	Transport hydrolyzes ATP 
1) Carrier protein hydrolyzes ATP to ADP
2) Ion binds to carrier protein on lower concentration 
3) Binding site then changes conformation to other side 
4) Binding site releases Ion on other side and releases phosphate from ATP 
5) Protein returns to original shape 
The Na/K Pump 
	Essential for active transport in all animal cells 
	3 Na ions bind to pump on cytoplasmic side
	Uneven number of ions on both sides 
1) Na binds
2) ATP hydrolysis conformational change 
3) Na is released on other side. ADP leaves but phosphate stays 
4) K binds 
5) Phosphate releases conformational change 
6) K releases 
Net effect is to increase Na on outside of the cell and k on inside 
Makes inside of cell negative 
1/5 of ATP used here 
Very important in neurons when sending signals 
Secondary active transport 
	Symport- co-transported solute moves through the membrane channel in same direction as driving ion 
Antiport- driving ion is moved through channel in one direction and provides energy for active transport of another
Achieved by movement of a second substance 
ATP is used to pump proton out of cell and create gradient 
Process is always coupled to the activity of primary active transport 
Gradients are a form of potential energy  
Module 19: Endo/Exocytosis 
Transporting large substances 
	Largest molecules transported by active/passive transport are size of glucose or amino acids 
Requires energy to perform 
Exocytosis
	Secretory vesicle transported to Plasma membrane 
	Binds with plasma membrane, releasing contents to cell exterior 
	Proteins in vesicle membrane become part of PM 
Exocytosis at a synapse
	Vesicles containing neurotransmitters arrive at cell membrane
	Calcium ion triggers the fusion of the vesicle to the membrane 
	Neurotransmitters are released outside of cel 
· Surface receptors are integral proteins 
· Surface receptors are glycoproteins 
· Low affinity is when signal molecule binds. affinity is how close the hold on each other is \
Endocytosis
	Encloses materials 
	Pinocytosis- “cell drinking”. Things dissolved in water 
1) Solutes and H2O molecules 
2) Membrane pockets inward 
Receptor mediated Endocytosis 
1) Molecules bind to receptor protein on outer cell surface 
2) Receptors collect in depression in PM called coated pit 
Network of proteins called clathrin on cytoplasmic 
3) Pit pinches off PM to form endocytic vesicle 
· Clathrin is protein inside cell that forms cage around vesicle 
Phagocytosis 
	Cell eating 
	Lobes surround prey
	Lobes close 
Prey is enclosed 
Macrophages 
	Cells of the immune system 
	Search and detoxify pathogens with endocytosis; phagocytosis
	Lysosomes attack phagosomes and neutralize pathogens
	Waste products are eliminated by exocytosis 
Module 20: Cell signalling 
Ion channel linked receptors 
	Gated channels 
	Closed in absence of conformational molecule 
	Simplest receptor 
	Facilitated diffusion 
Ligand channel- enzyme linked cell receptors 
· All kinases add a phosphate group to target molecule
· Target molecule usually tyrosine. 
When enzyme is present: 
1) Receptor dimerizes 
2) Cross phosphorylation 
3) Other proteins recruited and activated 
4) Signal transduced 
G-Protein Coupled Receptors 
	Receptor- detects signal 
	Bound to G-Protein is GDP 
	Adenylyl cyclase inactive 
When signal is present 
	Binds to receptor and conformational change 
Cell signalling 
	What happens at a cellular level when molecules or cells communicate 
	Always involve membranes 
	Cells have receptors tuned to specific signals and can respond to those signals 
	When a cell responds it responds in different ways:
		Protein synthesis 
Transport of molecules across membrane 
Metabolic reactions 
Secretion
Movement
Cell division 
Apoptosis 
Apoptosis- cell death 



3 types of cell communication 
1) Direct channels such as gap junctions, Plasmodesmata
2) Specific contact between cells 
3) Intercellular chemical messenger 
· Cells can signal other cells but molecules from environment, temperature and light can trigger responses 
Phases of cell signalling 
	Reception
	Transduction 
	Response 
· Ligand is a general term for a signalling molecule 
· Specificity- receptor is produced by cell. Only certain ligands can bind 
Cell surface receptor 
	Signal molecules
	Receptors- integral membrane glycoproteins  
	Responses usually rapid and short lived
Signal molecule never enters cell 
	Glycoproteins make receptors specific 
	Induces molecular change in the receptor that activates cytoplasmic end 
All conformational change 
	High concentrations of ligand result in higher response rate 
	Low affinity 
Receptor Within a cell 
	Receptor is always cytoplasmic protein 
Reception transduction and response still occur 	
	Signal molecules usually hydrophobic and hormones 
	Signal receptor when activated moves to nucleus and results in gene expression 
Quorum- threshold of signalling in cells 
· Hydrophobic passes through membrane 
Epinephrine 
Epinephrine receptor 
located inside and outside membrane 
	Attached to GDP 
G-Protein 
	When epinephrine is present it binds to GTP not GDP 
	It also leaves epinephrine receptor 
Adenylyl cyclase
	When epinephrine is present it converts ATP into cyclic AMP 
Cellular Response 
	Regulation of gene expression 	
	Glycogen breakdown 
	Inhibition of glycogen synthesis 
· Type of signal is on outside of cell. it is hydrophilic 
· Converts ATP into cAMP a hydrophobic molecule 
· 1 epinephrine can make many cAMP 
½ of drugs produced for hormones involve drugs targeting G-protein coupled pathway 
Module 21: Signal Transduction 
· Signals are transmitted from the receptor and converted into a response in a cell by series of biochemical reactions, usually involving protein kinases 
· Kinases are enzymes that transfer a phosphate group from ATP to one more sites on a particular target protein 
· Phosphate groups stimulate or inhibit activities of target proteins 
· Protein phosphatases remove phosphate from target protein to turn it off
· Receptor is bound too 
· Receptor phosphorylates target kinase; giving it a phosphate 
· Activated kinase phosphorylates its target molecule 
· Each kinase is an enzyme and catalyzes many reactions. Response becomes amplified 
Phosphorylation 
	Changes a proteins conformation and surface charge 
Phosphate groups affect electrostatic
Electrostatic interactions effect how the cell’s surface interacts 
Specific phosphatases take phosphates off target proteins 
Phosphatases are always present and always active 
All kinases add phosphates to a target protein 
Phosphatases dephosphorylate
cAMP are secondary messengers 
Phosphatases always work to dephosphorylate active protein kinases 
cAMP is important second messenger
	cAMP is synthesized from ATP: ATP -> cAMP + PP
reaction catalyzed by adenylyl cyclase 
production of cAMP happens very quickly and is small. Small molecules rapidly diffuse and activate next step in pathway 
cAMP needs to be eliminated to turn off the response it induces 
Epinephrine Pathway 
phosphodiesterase is the enzyme that catalyzes cAMP.
Turns off signal transduction pathway caused by cAMP 
cAMP activates protein Kinase A. 
PKA is phosphorylated by ATP and activates inactive phosphorylase kinase. 
This activates glycogen phosphorylase. 
This released glucose from glycogen. 
It is then transported into the blood. 
Facilitated diffusion is used to transport glucose to blood 
All phosphate groups come from ATP and require energy 
All components are already in the cell, this makes for a quicker reaction 
Epinephrine Is the first messenger. cAMP is a secondary messenger. 
DAG/IP3 Pathway 
	Two other secondary messengers 
1) Diacylglycerol (DAG) 
2) Inositol, 1, 4, 5-Triphosphate (IP3) 
DAG and IP3 are produced from PIP2 by phospholipase C or PLC
Process 
Receptor PDGF is activated 
PLC is activated. Cuts special phospholipid (PIP2) 
One part of PLC is hydrophobic DAG. Other part becomes hydrophilic IP3
DAG is sent to membrane while IP3 is sent to cytoplasm 
DAG activates gated ion channel TRPC. Gate opens and channel is specific to calcium 
IP3 binds to a receptor within the cell. IP3R on ER membrane allows calcium out of ER 
Calcium becomes third secondary messenger and binds to Pyk2 
Pyk2 is a kinase and is activated by calcium 
Pyk2 activates ERK
ERK diffuses into nucleus and activates CREB. This turns on the transcription of genes. This changes gene expression 
[bookmark: _GoBack]Module 22: Thermodynamics 
Protein Kinase A phosphorylates anything with ARG-ARG-X_SER amino acid sequence
Metabolism is the sum of all chemical reactions in an organism 
Energy can be converted readily from one form to another 
Thermodynamics is the study of energy and is transformations 
		Open systems can exchange energy and matter with their surroundings 
		Closed systems have a set amount of energy and matter 
First law of thermodynamics- energy can’t be created or destroyed but can transform. All energy is accounted for 
Second law of thermodynamics- each time energy is transferred some is lost as heat. Never 100% efficient. Lost energy is typically heat; heat increases kinetic energy of molecules. Increasing disorder 
Entropy is the disorder of a system 
Entropy always increases 
Life is highly ordered and keeps entropy low with the use of energy 
Living things bring in energy / matter to generate order out of disorder 
Cell has order but entropy to surroundings 
Cells take in energy uses it to increase the order produces heat Heat causes entropy 
Metabolism and energy 
All metabolic reactions involve the input or release of energy 
Energetics of a reaction/pathway defines the type of metabolism 
	Catabolic is the release of energy. Also, exergonic 
	Anabolic is the addition of energy. Also, endergonic 
Total Energy=Usable Energy and unusable energy 
Total Energy (H) 
Usable Energy (G) 
Unusable Energy (S) 
Temperature (T) 
Gibbs free energy can be determined for any molecule 
Amount of free can be calculated for any reaction 
Free energy = Enthalpy -Temperature x Entropy 
Gibbs free energy can predict whether a reaction is cata/anabolic or if it is spontaneous 
	Spontaneous reactions are when energy is not needed for it to occur. Or when G<0 
Free energy 
2 factors:
	Change in energy is constant; ∆H (Final- Initial) 
	∆Entropy: ∆S (F-I) 
∆G=Gf-Gi 
∆G predicts whether a reaction is spontaneous 
aA+bB cC+ dD 
∆G=GF-GI 
A and B are GI while C and D are GF 
Free energy is decreased in exergonic reactions. It is increased in endorgoic 
The closer to 0 is closer to equilibrium 
Two factors to give -∆G 
1) ∆H 
Gives up potential energy 
2) Products are less ordered than the reactants (Large and ∆S)
System gives up order (entropy) 
Less free energy is more stable/has less work capactiyy/higher entropy
More free energy is less stable/ has higher work capacity/ lower entropy 
Equilibrium in metabolisms is maximum stability 
	∆G =0 
	Products and reactants are converting back to each other at the same rate 
	Every reactant/product combo has different equilibrium 
	Chemical reactions never reach equilibrium due to concentrations changing so frequently 
	Things only reach equilibrium when they die 

Free Energy summary 
	Free energy changes the potential energy/entropy of the substance 
	Living systems are open 
Bother endo/exergonic reactions require the input of energy; activation energy 
Molecules that gain activation energy occupy a transition site 
To break a bond, a little bit of energy must be used to destabilize it
Enzymes do not change if a reaction is endergonic or exergonic 
Module 25: Cellular respiration 
Glycolysis involves 10 enzyme catalyzed steps 
4 ATP and 2 NADH are produced in the early stages of glycolysis 
	Net production of 2 ATP 
Substrates phosphorylate ADP giving them a phosphate and producing ATP 
ATP molecules produced during glycolysis result from substrate level phosphorylation 
Module 26: Cell Respiration II
Pyruvate is made in cytosol. Rest of cell respiration occurs inside of the mitochondria 
Outer membranes are poris and filled with prions. Very liquid 
Pyruvate uses facilitated diffusion on outer membrane 
Inner membrane uses active transport 
Pyruvate oxidation is catalyzed y a large complex called Pyruvate Dehydrogenase 
When moving into membrane, only 2/3 carbons remain. Acetyl group attaches to Co-enzyme A
All done by pyruvate Dehydrogenase 
Pyruvate is a substrate 
Pyruvate and CoA and NAD Accetyl coA and CO2 and NADH 
Citric Acid Cycle 
Acetyl group is completely oxidized into CO2 
All electrons in the carbon go to form 3 NADH and 1 FADH2 
Substrate level phosphorylation makes more ATP 
1 Acetyl =2CO2, 1 ATP, 3 NADH, FADH2 (x2 because 2 pyruvate/ glucose) 
8 steps in the cycle with its own enzyme to catalyze each step 
Acetyl group at beginning is added to 4C complex by CoA 
CoA recycles 
7/8 enzymes are in mitochondrial matrix. 1/8 are membrane proteins 
CO2 comes from pyruvate oxidation and Krebs 
Acetyl groups completely oxidized by CO2 
	NAD and FAD accept electrons 
Substrate level phosphorylation produces ATP 
Respiratory ETC 
e- passed from NADH and FADH2 to oxygen 
ETC includes:
	4 membrane protein complexes (inner mitochondrial matrix) 
	2 smaller mobile e- carriers – UQ and Cyt-C 
		UQ is not a protein and is hydrophobic 
		Cyt-C is not a membrane protein and can be reduced or oxidized. Is a protein 
e- pass though carriers step wise 
energy released is used to pump protons through into the inner mitochondrial membrane 
energy from e- makes proton gradient 
Major Protein complexes are complex I, III, and IV
	All move protons 
	All contain prosthetic groups- redox active co-factors 
	Cycle between reduced and oxidized states 
Proteins provide good environment for e- but prosthetic group moves e- 
Prosthetic group cycles between oxidized and reduced 

5 major steps of ETC: 
1) NADH delivers e- to NADH dehydrogenase or complex I 
Donates two e- and released NAD and H+ 
Pumps protons through 
2) FADH2 donates e- at complex II 
Doesn’t pump protons 
FADH2 releases FAD and 2 H+ 
3) E- carrier Q picks up e- ad carries to cyt c/ complex III 
4) Cyt-C picks up e- and delivers to cytochrome oxidase or complex IV 
Cyt C is e- carrier and a protein located inside of inner membrane \
5) E- are transferred to O2 forming H2O 
Complex I, III, and IV all pump protons 
Each carrier is more electronegative than the last 
	Beginning of pathway has more free energy than the end 
Citric Acid Cycle 
8 step process 
7/8 enzymes are found inside mitochondrial matrix
1/8 is found in inner membrane 
	Complex two is succinate dehydrogenase 
`	also found in krebs cycle. In both it makes FADH2 into FAD. In ETC it does the same 
Oxidative phosphorylation- exergonic proton transport coupled with the endergonic ATP Synthesis 
ATP Synthase 
Is an enzyme 
Embedded in the inner mitochondrial membrane 
	Forms H+ channel 
	H+ moves down the gradient into matrix 
	H+ causes ATP synthase to rotate 
Rotation causes ATP formation on head piece 
H+ gradient is an electrochemical gradient. Physical concentration and +charge 
All cell respiration produces around 30-32 ATP 
For every 4 H+ that passes through ATYP Synthase, 1 ATP is made 
Reasons for not producing maximum amount of ATP 
1) Moving pyruvate through the membrane into the mitochondria costs energy 
2) NADH in glycolysis must also move through membrane; costing energy 
3) Sometimes products of cell respiration are used for other functions and does not contribute energy
4) We can assume 10H+/NADH and 4H+/ATP but H+ may not be pumped backed into mitochondria. H+ are used for other stuff and can cross without ATP Synthesis 
Protein called “uncoupler” allows H+ to cross inner mitochondrial membrane 	
	Common in tissue or fat 
	Abundant in hibernating animals or infants 
	Generates heat. Good for animals and infants who don’t need a ton of energy but need warmth  
Regulation of cell Respiration 
When ATP isn’t needed, cell can slow down production of ATP 
Cell can also increase ATP production 
Many ways to do this but most important is Allosteric control of glycolytic enzyme phosphofructokinase 
	High ATP-inhibits 
	High Citrate (first part of krebs)- inhibits 
	High AMP means low AMP- activates 
Phosphofructokinase is a tap. It is after glycolysis and before Krebs 
Oxidation of carbohydrates, fats, and proteins 
Cell respiration uses other organic molecules to extract energy 
Proteins are broken down into amino acids 
Fats are broken down into glycerol and fatty acids 
These molecules feed into cell respiration in different places 
Module 27: Fermentation 
Catabolizing fuel without oxygen 
Anaerobic respiration 
	Non oxygen molecules are used as electron acceptors (Nitrate and Sulfate) 
	25% less ATP than aerobic respiration 
Fermentation 
Endogenous molecules as electron acceptors 
	93% less ATP than aerobic respiration 
Anaerobic Respiration 
	Focuses on prokaryotes. No mitochondria but have ETC 
	Some prokaryotes use anaerobic respiration using other e- acceptors 
	Still have citric acid cycle just have different receptor 
Dependency on oxygen 
	If oxygen is present pyruvate goes to mitochondria 
	If O2 is not present, pyruvate stays in cytosol and fermentation takes place
Fermentation is the body trying to make ATP 
 Fermentation
	Lactic acid fermentation pyruvate is converted into lactic acid 
	Alcoholic Fermentation 
Lactic Acid 
	Converts NADH back to NAD
	Allows glycolysis to occur to make ATP using substrate level phosphorylation 
	Done by other organisms 
Alcoholic Fermentation 
	Makes ethanol 
	Converts NADH to NAD 
Module 30: Calvin Cycle
3 Stages: 
1) Carbon fixation 
What happens: CO2 added to RuBP
Produces: 2 3PGA molecules 
Catalyzed by: Rubisco 
· 11 step pathway. Rubisco catalyzes the first step 
· Initially 6-C compound but gets divided into 2 3PGA molecules
2) Reduction 
NADPH and ATP convert 3PGA into G3P
Ultimately used to build sugars
G3P is product of Calvin Cycle
3) Regeneration 
Remaining G3P molecules are used to recreate RuBP 
·  3 Carbons yields 1 G3P molecule 
· G3P is used to make organic molecules but is not the organic molecules itself 
· Rubisco provides a large majority of all carbon on earth. 
· Rubisco has two separate protein components 
· Large and small subunits of rubisco 
· 8 copies of large and 8 of small units to form 1 functional copy of rubisco 
· Large subunit is found on the chloroplast genome 
· Genes of large subunits are found in chloroplast 
· Genes of small subunits are found in nucleus 
· Must come together to form functional protein 
Module 31: C3, C4 and CAM Photosynthesis 
· Photosynthesis we reviewed is C3 
· Rubisco has a carboxylase activity and oxygenase activity 
· Carboxylase activity is the first step of the Calvin Cycle. The carbon fixation turning it into 2 3PGA 
· Oxygenase activity is when the 6C molecule is split into 1 G3P and 1 phosphoglycolate. P group leaves and leaves glycolate behind. Releases carbon from this. Called photorespiration 
· Uses oxygen instead of carbon resulting in a different product 
· Oxygen and carbon compete for the rubisco binding site
· Rubisco was developed when the atmosphere had little oxygen 
· Rubisco has a higher affinity for carbon but there is less of it in the atmosphere 
· 75% are carboxylase and 25% are oxygenase 
· Plants that grow in hot dry climates, face an issue with rubisco. Because they must open their stomata to get oxygen and carbon but when they open in the day they lose water. 
· Calvin Cycle happens in bundle sheath cell while carbon fixation happens in Mesophyll 
C4 Plants 
· First product is a 4C carbon compound 
· Have an additional step in the C4 pathway. 4C intermediate is made before Calvin cycle. It releases a carbon before Calvin cycle making the bundle sheath very full of carbon and making it more likely to bind to rubisco 
CAM 
· Variation of C4 
· Take in CO2 at night to avoid water loss; store it as malate to use in sunlight 
· Anatomy of C3 and C4 leaves is different. C4 bundle sheath cells are bigger. Mesophyll cells fix carbon, move into bundle sheath and then enter Calvin cycle 
Module 32: Cell division 
Cell division in prokaryotic cells 
· Prokaryotes undergo binary fission. Cell must grow, DNA must be replicated, and cell division resulting in two daughter cells 
· DNA replication begins at a site called the “origin of replication”. Marks chromosome for where replication should take place. Catalyzed by a series of enzymes. Starts in middle of cell.
· Origin of replication separates DNA completely and cell division begins 
· Only one circular chromosome needs to be replicated 
· Chloroplast and mitochondria replicate using binary fission as well 
Mitosis is Eukaryotes 
Is the basis for: 
1) Growth and maintenance of body mass in multicellular eukaryotes 
2) The reproduction of many single celled organisms 
Cell Cycle: life of a cell which includes interphase (cell growth and DNA replication), mitosis (physical separation of DNA), and cytokinesis (physical separation of cells)
Chromosomes 
· Of Eukaryotic cells are individual, linear DNA molecules. Chromosomes are not just genetic material, they are also proteins. There are chromosomal proteins that are critical components of chromosomes 
· DNA replication is one part of chromosomal replication. Must copy proteins too for new DNA to associate with. 
· DNA replication and the duplication of chromosomal proteins convert each chromosome into a structure composed of two exact copies known as sister chromatids 
· Histones are the primary protein in chromosomes. they form groups around which DNA can wrap around 
· Proteins help DNA package and form chromosome structure 
Key steps of cell cycle: 
1) Growth 
2) DNA replication 
3) Preparation for cell division 
4) Mitosis (separating duplicated chromosomes)
5) Cytokinesis (physical separation of cells)
· Any strand of DNA (either side) can serve as a template for a new strand because A and T and C and G always bind together 
· Most eukaryotes are diploid. That means that they have two copies of every chromosome Ex. Humans have 23 chromosomes but because we are diploid we have 46
Cell cycle 
· There are four separate stages of the cell cycle 
1) G1- growth 
2) Synthesis Phase- Replication of DNA 
3) G2 Phase- more growth and more preparation for cell division. Cell synthesizes RNA’s and proteins 
4) Mitosis- chromosomes are pulled to opposite sides of the cell, cell divides into two cells. 
· G1, Synthesis, and G2 are all apart of interphase
· Cells duplicate chromosomal proteins as well as chromosomes  

Module 33: Cell cycle Control 
Oxygen is product of H2O oxidation 
P680 are only pigments to be oxidized 
3 things
	Pass up 
	Inductive resonance 
	Oxidized 
CDKS
	Only activated when combined with a cyclin 
	When active, they add phosphates to target proteins 
	Different cyclin; CDK combos regulate cell cycle transitions at different checkpoints 
Progression through cell cycles controlled by checkpoints 
Cells that do not divide do not pass through checkpoint G1 
If a cell doesn’t divide it stays at G0 
Cells with damaged DNA do not proceed passed M or G2 checkpoints 
Mitosis promoting factor or MPF activates enzymes, breakdown nuclear envelope and condense chromosomes 
CDK is always present 
Substrate for CDK is thing it phosphorylates 
Cell is sensitive to internal and external factors 
Internal controls 
	Important internal controls create checkpoints 
		Ensure that reactions of one stage are complete before proceeding to next stage 
	These factures alter the activity of cyclin: CDK complexes 
External Controls 
	Based on surface receptors that recognize and bind signals 
		Peptide hormones and growth factors 
		Cell surface molecules 
		Molecules of the extracellular matrix 
	Binding triggers internal reactions that speed up, slow down, or stop cell division 
		Signal transduction pathways activate/inactivate cyclin CDK complexes 
Contact Inhibition 
	When cells are too close, they stop dividing 
	If cells are removed, they begin to divide again 
Cells cannot divide forever 
	Cellular senescence- loss of proliferative ability (ability to divide) over time 
	Causes: DNA Damage and Telomeric shortening (shortening of DNA) 
Mitosis 
Stage 1: Prophase
· Chromosomes condense into compact rod like structures 
· Spindle fibers form inside cytoplasm
· Compressed into very tight packages using the chromosomal proteins 
· A centromere connects chromatids centromere forming chromosomes 
Stage 2: Prometaphase 
· Nuclear envelope must be broken down. This gives access to chromosomes by the spindle 
· Spindle (Microtubules) starts to attach to chromosomes through structures called kinetochores.
· Kinetochores are a series of proteins that assemble into these structures  
· Kinetochore is connected to centromeres 
· There are two types of spindle fibers. Kinetochore microtubules and non-kinetochore microtubules 
· Spindle poles are where microtubules connect to
Stage 3: Metaphase 
· Spindle is fully formed 
· All chromosomes are attached. 
· Chromosomes line up along spindle point or middle of the cell 
Stage 4: Anaphase 
· Spindle separates sister chromatids to opposite spindle poles 
· Chromosome segregation is complete 
Stage 5: Telophase 
· Chromosomes decondense so gene expression can begin again 
· New Nuclear envelope forms around chromosomes 
Cytokinesis
· Proceeds by furrowing. A band of actin filaments form inside the plasma membrane forming a belt around the cell 
· Microfilaments slide together and tighten band until it becomes two cells 
· Cytokinesis in plants is different, plant cells also have a cell wall. Plant cells must form a new plasma membrane and cell wall. 
· Vesicles from Golgi come to the middle of cell and form cell plate. Vesicles merge and create new plasma membrane and cell wall 
Spindle formation 
· Centrosomes are the MTOC’s in animal cells 
· Centrosomes divide during G2 and the two parts move apart starting in prophase 
· Microtubules form early spindle 
· Plant cells don’t have centrosomes or centrioles 
· Spindle forms from microtubules
· Assemble in all directions around nucleus 
Centrosome and Spindle Formation 
· Centrosomes while DNA is replicating move to opposite sides to form spindle poles 
In the spindle 
Kinetochore Microtubules 
· Connect chromosomes to spindle poles 
· Motor proteins on kinetochores “walk” along kinetochore microtubule 
· As kinetochore walks down microtubule it depolymerizes the microtubule 
Non-kinetochore Microtubules 
· Extend between spindle poles without connecting to chromosomes 
· At spindle mid point, microtubules overlap with those from opposite poles 
· Spindle poles move farther apart 

