
WEEK 2

Cells and Organisms

· Summarize the cell theory and how that applies to where cells come from.
· all organisms are made of cells
· the cell is the structural and functional unit of all living things
· all cells come from preexisting cells
· all individuals in a population of single-celled organisms are related by common ancestry
· in multicellular individuals, all of the cells present are descended from preexisting cells, tracing back to a fertilized egg
· fertilized egg = created by the fusion of sperm and egg; 
· cells that formed in individuals of the previous generation
· all cells are based on the same chemistry
· cells trap, and use energy to build, the molecules that make them up (metabolism & biochemistry)
· Describe the key characteristics of a self-replicating organism.
· Describe the difference between cells and organisms and the conditions where the two mean the same thing
· Identify the four major macromolecular molecular constituents of cells.
· proteins
· amino acid subunits
· polysaccharides
· carbohydrates subunits
· nucleic acids (DNA RNA)
· nucleotide subunits
· lipids
· carbohydrate subunits
· Describe the typical size range for prokaryotic cells and eukaryotic cells.
· eukaryotic
· 5 to 100 um in diameter
· prokaryotic
· 1 to 10 um in diameter
· eukaryotes larger than prokaryotes
· Identify the three domains that comprise the tree of life.
· tree of life- a family tree of organisms
· taxonomy - the effort to name and classify organisms
· taxonomic groups (most specific to least specific)
· species, genus, family, order, class, phylum, kingdom
· 5 kingdoms because of discovery of division between eukaryotes and prokaryotes (morphology)
· kingdom monera
· all prokaryotes
· kingdom protista
· several froups of unicellular eukaryotes
· kingdom plantae
· kingdom fungi
· kingdom animalia
· Using Molecules to understand tree of life (phylogeny)
· to understand phylogeny of all organisms, their actual genealogical relationships
· studied rRNA b/c it is an essential part of the machinery that all cells us to grow and reproduce
· if theory of evolution is correct, then rRNA sequences should be very similar in closely related organisms but less similar in organisms that are less closely related. groups closely related should share certain changes in rRNA that no other species have
· phylogenetic tree shows relationship among species
· branches close to one another represents species that are closely related
· branches further apart represent species that are more distantly related
· nicknamed tree of life because the tree includes species from many different kingdoms and phyla
· the research into rRNA allowed biologists to find that the fundamental division in organisms is not between plants and animals or even between prokaryotes and eukaryotes. rather it is between:
· the bacteria
· another group of prokaryotic, single celled organisms called archaea
· the eukaryotes
· to accommodate this new perspective, new taxonomic level created = domain
· 3 domains
· domain bacteria (prokaryote; unicellular organisms)
· domain archaea (prokaryote; unicellular organisms)
· domain eukarya (eukaryote; multicellular and unicellular organisms))
· protista (algae)
· fungi
· plants
· animals
· Describe the general characteristics that can be used to distinguish between prokaryotic and eukaryotic cells. (look at table 7.1)
	Eukaryotic cells
	prokaryotic cells

	membrane bound nucleus

- nucleus also includes a region called nucleolus where RNA molecules found in ribosomes are manufactured


	none

	chromosomes are found inside a membrane bound compartment called nucleus
	cell membrane= phospholipid bilayer

	often much larger in size
	cytoplasm

- high solute concentration, so in most habitats it is hypertonic relative to surrounding environment

	contain extensive amounts of internal membrane
	stiff cell wall

· b/c water enters cell by osmosis b/c of hypertonic relationship, cells volume will expand
· bacterial and archaeal cell walls are a tough, fibrous layer that surrounds the plasma membrane

	feature a diverse and dynamic cytoskeleton
	have single circular chromosome in cytoplasm

· chromosome consists of a large DNA molecule associated with a small number of proteins
· DNA = genetic information
· proteins = structural support

	cytoplasm consists of everything inside the plasma membrane excluding nucleus

· cytosol (fluid portion of cytoplasm

	chromosomes found in localized area of cell called nucleoid

**genetic material in nucleoid is not separated from rest of cytoplasm by membrane

	ribosomes scattered throughout the cytosol

- large subunit contains 3 RNA molecules
	plasmids 

- contains genes but are physically independent of the main cellular chromosome 

	- ribosomes attached to network or membrane bound sacs and tubules= rough ER
	ribosomes

· manufacture proteins
· found throughout cytoplasm
· LOTS
· large subunit contains 2 RNA molecules

	
	flagella

· rotate to power swimming in aquatic species
· usually few in number and on surface of cell

	
	lack a nucleus

	
	contain long, thin fibres that serve a structural role inside the cell

· all bacterial species contain protein filaments that are essential for cell division and help maintain shape
· protein filaments such as these forms the basis of cytoskeleton


	
	· several bacterial species have internal compartments that qualify as organelles
· extensive internal membranes occur in bacteria and archaea that perform photosynthesis
· the photosynthetic membranes contain enzymes and pigment molecules required for these reactions to occur and develop as infoldings of plasma membrane

	
	


· Identify three factors that can limit large cells and explain the ways some cells can resolve these issues
· in large cells, ions and small molecules (ATP, amino acids, nucleotides) cannot diffuse across a large volume quickly
· if ATP is used up on one side of a large cell, ATP from the other side of the cell would take a long time to diffuse to that location
· large cells solve this problem in the numerous organelles they have
· the huge volume inside cell is compartmentalized into a large number of bacterium sized parts
· because the cells are subdivided, the molecules required for specific chemical reactions are often located within a given compartment or organelle
· this allows for incompatible chemical reactions to be separated
· this also allows for increased efficiency of chemical reactions
Cell Growth

· Describe what is meant by growth in a unicellular organism
· the increase in the number of cells in the population, not the increase in size of a particular cell
· Calculate the approximate number of cells in a growing population based upon the initial number of cells. 
· print out formula
· Identify the following phases on a growth curve graph: lag phase, exponential phase, stationary phase, death phase. 
· Contrast lag phase, exponential phase, stationary phase, and death phase in terms of division rate, cell composition, and cell viability. 
· Lag Phase
· cell number does not increase
· cells are adapting to median
· cells synthesize new proteins that are needed for growth and division under the conditions in the new growth medium
· Exponential Phase
· cells divide as quickly as they can while they use the energy/nutrient source that is in the medium
· rate of division will be diff under diff growth conditions
· more resources (Amino acids, nucleotide bases) that are already in the media, the faster cells divide
· some energy sources yield little ATP so cells will grow slowly
· other cases a nutrient may be in short supply, so cells with grow only as fast as the supply of the limiting nutrient allows
· Stationary Phase
· as cells use up resources, rate slows and plateaus (cell number stops increasing)
· cells are still dividing but they divide slowly and some cells are dying so it evens out
· cells adapt to conditions of low nutrients and possibly inhibitory metabolic products and new proteins are made for these conditions
·  Death Phase
· rate of division slows further 
· number of cells begin to drop
· cells that are living adapt to conditions where they are living on materials released by death of other cells
· cells adapt to very slow growth and use up nutrients slowly
· *** the exponential phase cells die faster when introduced to death phase populations compared to stationary/death phase cells because they have not undergone the gradual metabolic adjustment required to survive stationary/death phase conditions
· ***though cells can divide rapidly, they must also adjust their characteristics to match the environment
· Predict the response in cell growth to environmental conditions. 
· cells grow fastest at optimum conditions (temp) with lots of nutrients needed
WEEK 3

Stability and Free Energy

· Define free energy
· energy that can become available to do work when a chemical system changes state
· free energy to do work becomes available when a chemical system increases in thermodynamic stability
· Relate changes in system stability to the free energy change
· Describe how stability and change are related in terms of enthalpy and entropy
· stable is there is no change in energy
· stability arises because
· there is no potential for change
· there is a potential for change but change is occurring at such a slow pace that nothing appears to be happening
· change in stability = change in enthalpy-change in entropy
· ΔG = ΔH-TΔS
· change in enthalpic stability = difference in the thermodynamic stability between two states of a chemical system associated with differences in the strengths of chemical bonds
· change in entropic stability = the difference in the stability associated with difference in the freedom of molecules to move 
· Compare entropy and enthalpy under conditions of high and low stability
· High = strongly bonded and motionally free
· increase in stability if, ΔG<0 ; ΔH<0; TΔS>0
· Low = weakly bonded and motionally constrained
· decrease in stability if , ΔG>0 ; ΔH>0; TΔS<0
· the stronger the bonds, the less potential energy for change
· eg. electrons fall in potential energy during a chemical reaction (bonds in products stronger than bonds in reactants)
· Spontaneity
· chemical system has the potential to change from some specified state to some specified final state only if it results in an increase in the thermodynamic stability of the system
· when ΔG<0, there is potential for change to occur
· when ΔG>0, there is no potential for change to occur
· Explain what it means when it is said that “chemical bonds store potential energy”
· bonds store potential energy is that released when bonds break
· this energy is used to break the bonds
· the reason energy becomes available is that the formation of the stronger bonds in the products exceeds that needed to break the weaker bonds in the reactants
· strong bonds = has low energy bonds but requires lots of energy to break; weak bonds = higher energy bonds but require little energy to break
· the stronger the bond, the more energy that is released when the bond forms
Membranes

· Remember the pattern of electronegativity of O, N, C S P H atoms
· O>N>S=C~H=P
·  Recognize whether a molecule or group on a molecule is polar, hydrophobic, neutral, or amphipathic.
· polar - has polar bonds
· a different in electronegativity between two covalently bonded atoms results in the bond being polar covalent bond
· electrons are shifted towards the more electronegative molecule, creating a partial negative charge at one pole (dipole)
· polar groups make a molecule more water soluble (hydrophilic)
· non-polar - has non-polar bonds
· when electronegativities between two covalently bonded atoms, the electron distribution is close to equal = non-polar bonds
· non-polar groups makes a molecule more hydrophobic
· hydrophobic- “water hating”
· not very water- soluble
· hydrophilic- “water loving”
· hydrophilic molecules are very water-soluble
· neutral
· amphipathic- have both hydrophobic and hydrophilic parts
· eg. phospholipids
· Describe why water is termed a polar molecule
· electrons are shifted toward O, giving permanent dipoles
· partial negative charge at one pole (negative pole) and partial positive charge at the other pole (positive pole)
· Describe the process of diffusion and the consequences of diffusion for cells
· Recognize the types of interactions that can form between polar and nonpolar of molecular groups on molecules
· Bonds between atoms:
· Covalent Bonds - formed by two adjacent atoms sharing pair of electrons
· Ionic Bonds - formed by electrostatic attraction btwn atoms of full and opposite charge
· Bonds between molecules with Polarity
· Permanent dipole - Permanent dipole bonds 
· formed btwn polar groups
· polar groups that contain atoms such as O, N, S experience electrostatic attraction for each other
· eg. when the positive pole involved in the bond is an H-atom, and Hydrogen bond can form with O
· Permanent Dipole - Induced dipole bonds
· formed btwn a polar and non-polar group
· when polar molecule approaches a non-polar molecules, the polar molecule can induce a dipole in the non-polar group by polarizing its electron distribution
· the partial negative charge on the polar molecule repels the electrons on the non-polar molecule, thus creating a partial positive charge to develop in the polar molecule
· thus an electrostatic attraction develops
· Induced Dipole - Induced Dipole
· between two non-polar molecules
· because electron distribution is NOT STATIC, all bonds possess fluctuating dipoles
· when tow fluctuating dipoles are brought into close contact, they can polarize each other and induce dipoles in each other
· also known as van der waals
· eg theses bonds can from btwn the non polar hydrocarbon tails of lipids
· Describe why phospholipids are amphipathic
· phospholipids have a hydrophilic head and hydrophobic tails
· the polar head contains a polar group that remains exposed to the aqueous environments outside and inside the cell as well as a phosphate group and glycerol
· the non polar tails contains fatty acid chains
· Describe why it is favourable to exclude hydrophobic molecules from water (the hydrophobic effect)
· it is more energetically favourable for molecules to make the strongest types of intermolecular interactions 
· more arrangements = higher entropy (more favorable)
· less arrangements = less entropy (less favorable)
· in order to minimize loss of entropy, non-polar molecules tend to clump together, this minimizes the surface area that is exposed to water molecules, so the number of water molecules with decreased arrangements is kept to a minimum
· H-bonds are stronger than PDID interactions, therefore they are preferred to maximize entropy
· Predict the structures that will form when phospholipids are mixed with water and provide a rationale
· a phospholipid bilayer will assemble
· hydrophobic tails become sandwiched between the two layers of hydrophilic head groups so that an environment where they are in minimal contact with water
· hydrophilic head groups remain exposed to the aqueous environments
· most stable arrangement is the one with the strongest arrangements and the polar groups in the head allowed it to from strong H-bonds with water
· vesicles will be formed (have aqueous cavity)
· Describe how phospholipid bilayers form a barrier to diffusing molecules
· semi-permeable
· phospholipids are in constant thermal motion, allowing for a fluid membrane
· occasionally small gaps open between lipid molecules for brief periods, this allowed molecules to enter and permeate bilayer
· Predict the membrane permeability of various types of molecules based on size and charge
· because gaps in bilayer occur due to random movement of phospholipids, they are small and allow the passage of small molecules such as water, CO2, O2. NOT LARGE MOLECULES
· charged molecules, regardless of size, do not readily permeate
· all charged molecules are surrounded by shell of water molecules (hydration shells) which makes them too large
· hydration shells result from the attraction btwn the charge dipole of water molecules and the full positive or negative charges present in the solute
· even if they are the same size, non polar molecules permeate more readily then polar
· molecules must associate with the hydrophobic lipid chain of the bilayer to pass through membrane
· polar molecules are more attracted to the water than the non-polar lipids, so they are less likely to give up their interactions with water
· NOTE: polar molecules are not repelled by the hydrophobic interior, there are no repulsive forces btwn hydrophobic and hydrophilic substances
· Summary
· very permeable to small neutral molecules
· very impermeable to ions such as simple ions or complex ions
· relatively impermeable to uncharged medium sized molecules (sugars)
· very impermeable to medium sized molecules if they are charged (amino acids, nucleotides)
· very impermeable to large molecules, whether they are charged or uncharged (polysaccharides, proteins, DNA)
Transport

· Describe the different mechanisms of transport across cell membranes
· Passive Transport
· simple diffusion
· net movement of solute molecule through the phospholipid bilayer from a regions of high concentration to a region of low concentration
· facilitated diffusion
· a transport protein assists the solute to diffuse in the direction dictated by the concentration gradient (for uncharged molecule) or electrochemical gradient (for a charged ion) (down concentration gradient)
· protein channels
· ion channels
· small pores lined with hydrophilic amino acids
· highly selective transporting only one type of ion across membrane
· fast
· Porins
· larger and less specific than ion channels
· allow rapid diffusion of selected hydrophilic solutes 
· no major conformation change
· porin made of up proteins that provides a water-filled pore with polar side chains of amino acids lining inside of pore
· non polar exterior interacts with the hydrophobic tails 
· Aquaporins
· facilitate the rapid movement of water into or out of the cytoplasm
· Carrier Proteins
· permease
· a cytoplasmic membrane protein that increases the permeability of the cytoplasmic membrane to a particular molecule 
· some require energy, some dont
· some alternate btwn two conformation states
· substrate binds to specific permease site and is released inside membrane
· permease has maximum velocity as they become saturated
· Active Transport
· requires an input of energy which makes it possible for a permease to move solutes against a concentration gradient
· allows cell to
· uptake nutrients from environment even when concentration in environment is much lower
· remove waste produces from its cytoplasm even when concentration of waste is higher outside
· maintain constant, non-equilibrium concentration of inorganic ions
· NOTE: passive transport do not have specific direction across membrane, can move both ways depending on gradient, active will only transport in ONE DIRECTION
· energy provided either by ATP hydrolysis of an electrochemical gradient
· Contrast the different types of transport in terms of energy requirements, proteins, and concentration dependence
· to distinguish btwn simple diffusion and facilitated using permease:
· rates of transport as a function of the concentration of solute
· using permease there will be a curve
· simple is just constant
· btwn active and facilitated:
· certain metabolic poison (KCN) can stop active transport 
· Describe the Fluid Mosaic Model of membranes and the benefits such a membrane provides to cells
· semi-permeable
· phospholipids are in constant thermal motion, allowing for a fluid membrane
· occasionally small gaps open between lipid molecules for brief periods, this allowed molecules to enter and permeate bilayer
· molecules move across a membrane in BOTH directions simultaneously
· Describe the characteristics of the cell membrane that lead to the problem of osmosis and osmotic pressure
· semi-permeable
· contains large concentrations of molecules that cannot pass through the membrane = experience osmotic pressure
· Explain how the external environment changes the osmotic pressure experienced by cells
· isotonic - internal and external environment have same amount of solutes
· hypotonic - internal has higher solute concentration than external; water moves in
· hypertonic - internal has lower solute concentration than external; water moves out (cell dies)
· Describe the mechanisms eukaryotic and prokaryotic cells use to prevent damage due osmosis
· Describe the basic differences between the bacterial structures of Gram negative and Gram positive cell walls and how they relate to osmotic pressure
· Effect of temperature on Function of membrane components
· too cold, membrane turns to gel state and the hydrocarbon tails stiffen and pack tightly together
· problem because the permeases cannot function efficiently because they must undergo shape changes to transport nutrients, so growth ceases
· FIX: membrane has lots of unsaturated (C=C) bonds in the tails and little saturated (C-C) bonds
· the double C=C bonds place kinks in the tails and prevents them from packing together tightly and keeps membrane fluid
· too hot, membranes have gel state, they become so fluid that it can no longer contain the cytoplasmic contents or prevent substances in the environment from entering the cytoplasm
· cell lyses
· FIX: lots of C-C bonds and little C=C bonds because you want it to pack together
Week 4

Proteins and Enzymes

· Describe the central role of proteins in the activities of cells and justify the statement “Proteins do everything in cells”
	Protein Type
	Role in Cell or Organism

	antibodies and complement proteins
	Defense - destruction of disease-causing viruses and bacteria

	Contractile proteins and motor proteins
	movement

	enzymes
	catalyse chemical reactions

	hormones
	act as signals that help coordinate the activities of many cells

	receptor proteins 
	receives chemicals signals from outside cell and initiate response

	structural proteins
	provide support for cells and tissues; form structures such as hair, feathers, cocoons, and spider webs

	transport proteins
	move substances across cell membrane


· Amino acids
· a carbon atom is linked to a hydrogen atom, an amino group, a carboxyl group, and a R-group
· R-groups vary
· these R-group side chains vary from nonpolar, polar, or electrically charged
· this property of side chains is important because amino acids with non-polar side chains do not have charged or electronegative atoms capable of forming H-bonds with water = hydrophobic (weak bonds with water)
· amino acids with polar or charged side chains interact readily with water = hydrophilic (stronger bonds with water)
· Recognize a peptide bond (be able to circle it on a structure)
· the C-N bond that results from the condensation reaction between two amino acids
· carboxyl group + amino group
· O- and H2 bond to form H2O and is released
· C-N from peptide bond
· electrons shared between carbonyl group and peptide bond offer some characteristics of double bonds
· Recognize which side chains of amino acids would be polar, nonpolar neutral, hydrophobic, or ionic
· pic?
· Predict where hydrophilic and hydrophobic amino acids would be in a protein
· Recognize the 4 levels of protein structure (primary, secondary, tertiary, quaternary)
· Primary 
· the unique sequence of amino acids in a protein
· stabilized by peptide bonds
· a single change in sequence of amino acid can cause radical changes in how the macromolecule as a whole behaves
· primary structure fundamental to its function and to determining higher levels or protein structure : secondary, tertiary and quaternary
· Secondary
· secondary structure created by interactions between atoms that are part of a proteins peptide-bonded backbone - formation of a-helices and b-pleated sheets in a polypeptide
· distinctively shaped sections of proteins that are stabilized largely by H-bonding that occurs between the carboxyl oxygen of one amino acid and the hydrogen on the amino group of another
· the oxygen atom in carboxyl group has a partial negative charge due to its high electronegativity, while the hydrogen atom in the amino group has a partial positive charge because it is boned to nitrogen, which has hight electronegativity
· H-bonding btwn sections of the backbone is possible only when different parts of the same polypeptide bend in a way that puts carboxyl and amino groups close together
· Recognize the secondary structures alpha-helix and beta-sheet
· secondary structure created by interactions between atoms that are part of a proteins peptide-bonded backbone
· the bending aligns parts of the backbone and allows these bonds to from occurs in several distinct ways
· alpha helix
· polypeptides backbone is coiled
· beta sheet
· segments of a peptide chain bend 180 degrees and then fold in the same plane
· many secondary structures consists exclusively of alpha helices and beta pleated sheets, which one forms, if either, depends on the molecules primary structure
· Tertiary
· the tertiary structure- the most overall shape- results from interactions between R-groups or between R-groups and the peptide backbone
· each contact between R-groups causes the peptide-bonded backbone to bend and fold, each contributes to the distinctive 3D shape of a polypeptide
· 4 types of interactions that involve side chains
· H-bonds
· bonds btwn side chain and carboxyl oxygen
· bonds btwn two side chains
· Van der waals interactions (hydrophobic interactions)
· in aqueous solution, water molecules interact with hydrophilic side chains and force hydrophobic side chains to coalesce and close to each other to form van der waal interactions
· van der waal: weak, occurs because of the constant motion of electrons gives molecules a tiny asymmetry in charge that changes with time (temporary dipoles)
· although attraction is weak, large number of van der waals in a polypeptide results in stability
· hydrophobic interactions are responsible for folding that results in the globular shape of many proteins
· Disulfide Bonds
· covalent bond from between sulfur atoms when a rxn occurs btwn sulfur- containing R-groups
· these bonds creates strong link btwn distinct regions of the same polypeptide
· Ionic Bonds
· forms btwn groups that have full and opposing charges
· overall shape also depends in part on the presence of secondary structures (a-helices and b-pleated sheets)
· tertiary structure depends on primary and secondary structure
· Quaternary Structure
· shape produced by combinations of polypeptides (combination of tertiary structures)
· combination of polypeptide subunits
· more than two polypeptides can be linked into a single protein
· completed protein consists of two copies of each of the two different polypeptides
· proteins that consist of a single polypeptide lack quaternary structure
· individual polypeptides may be held together by bonds or other interactions among R-groups or between peptide backbones of different polypeptides, thus depends on primary structure
· quaternary structure based on tertiary
· final shape of protein based on folding
· proteins function depends on shape
· Predict the effect of changing amino acids on protein structure
· all 3 structures depends on the primary structure
· change in pattern of amino acids can result in completely different proteins
· Describe denaturation and its effects on protein properties.
· the protein broke down, unfolded
· it can no longer perform its tasks
· not surprised because protein function depends on protein structure
· Describe in general terms how an enzyme promotes a chemical reaction
· instead of random collisions, enzymes orient reactants precisely as they bind at specific locations within the active site
· reactions occur when reactants have enough Ek to reach transition state
· enzymes catalyze rxns because they bring substrates together in a precise orientation, so that the electron involved in the reaction can interact
· enzymes catalyze reactions also by lowing the amount of activation energy of the reaction
· enzymes bring reactants together in precise orientations and stabilize transition states
· protein catalysts speed up chemical reactions that are required for life
· the more unstable the transition state, the higher the activation energy and the less likely a rxn is to proceed quickly
· reaction rate depends both on the Ek of reactants and the Ea of the particular reaction- meaning the free energy of the transition state
· Describe the effect of protein tertiary structure on enzyme function.
· reactant molecule fits into a precise location (active site) in the enzyme
· when substrate binds, the enzyme changes shape slightly (induced fit) resulting in tighter binding of substrates to active site
· interactions with R-groups at the active site stabilizes the transition state and thus lowers the Ea required for reaction to proceed
· Initiation
· instead of random collisions, enzymes orient reactants precisely as they bind at specific locations within the active site
· enzymes active site empty
· substrate fits into active site, proton from substrate is transferred to R-group 1 of active site
· Transition state facilitation
· stabilized by R-group 2 ; while proton from R-group 2 is transferred to substrate, splitting it into two
· the interactions between the substrate and R-groups in the enzymes active site lowers the Ea required for the reaction, as a result inside a catalysts active site, more reactant molecules have sufficient Ek to reach this lowered activation energy
· Termination
· the products have less affinity for active site, so binding ends, the enzyme returns to it original conformation and products are released
· Describe what enzyme kinetic analysis tells about enzyme function.
· Rate of enzyme catalyzed reactions depends on...:
· enzymes speed is partly a function of the concentration of its substrates and partly a function of its intrinsic affinity for the substrates
· enzymes activity sensitive to conditions that alter its structure
· temperature affects the movement of the enzyme as well as the kinetic energy of the substrates
· affects movement of substrates
· enzymes have optimum temps, temps at which they work best
· the diff structure of enzymes allows it to function well in diff temps
· pH affects the amino groups, and the active sites’ ability to participate in proton-transfer or electron-transfer reactions
· pH affects enzymes shape and reactivity
· the diff structure of enzymes allows it to function well in diff pH environments
Week 5

Genetics

· Understand the central dogma and describe the steps of information flow
· messenger RNA carry information from DNA to the site of protein synthesis
· RNA polymerase synthesizes RNA molecules according to the information provided by the sequence of bases in a particular stretch of DNA
· central dogma summarizes flow of information in cells
· DNA to RNA to proteins
· DNA is the hereditary material. Genes consists of specific stretches of DNA that code for products used i the cells. The sequence of bases in DNA specifies the sequence of bases in FNA which specifies the sequence of amino acids in a protein
· DNA acts as the permanent record, this permanent record is copied via transcription to from the short-lived RNA
· the info is then transferred to form a sequence of amino acids= the synthesis of protein from mRNA= translation
· DNA(information storage) ---transcription--->mRNA(information carrier) ---translation---> Proteins (active cell machinery)
· genotype determined by sequence of bases in DNA
· phenotype is a product of the proteins in produces
· alleles of same gene differ in their DNA sequence, as a result the protein produced by different alleles of the same gene frequently differ in their amino acid sequence
· changes in genotypes may lead to changes in phenotype
· Understand the differences in chromosome, gene expression and arrangements between eukaryotic and prokaryotic cells
· Describe the general features of gene organization on eukaryotic and prokaryotic chromosomes
· Describe the role of RNA molecules as a link between genes and proteins
Nucleic Acids

· Identify the 5’ to 3’ polarity of DNA and RNA polymers and explain why such polarity is important
· Distinguish between the structures of the monomers in DNA and RNA
· nucleic acids are polymers
· nucleic acids are made up of monomers called nucleotides
· components of nucleotide:
· a phosphate group
· a sugar
· a nitrogenous base
· the nitrogenous bases
· pyrimidines
· cytosine
· uracil
· thymine
· purines
· guanine
· adenine
· the sugars
· ribose (has OH attached to second carbon)
· deoxyribose (has H attached to second carbon)
· DNA monomer
· a deoxyribonucleotide
· has bases GCAT
· has deoxyribose sugar
· has phosphate group
· RNA monomer
· a ribonuleotide
· has bases GCAU
· has ribose sugar
· has phosphate group
· Describe the relationship between DNA structure and the Watson‐Crick base pair rules (Chargaff’s rules). Describe how single‐stranded nucleic acids can fold, what structures they can make, and possible consequences of these structures.
· Chargaff’s rules
· total number of purines and pyrimidines in DNA are the same
· numbers of T’s and A’s in DNA are equal, and the numbers of C’s and G’s in DNA are equal
· by bombarding DNA with xrays and analyzing how it scattered the radiation, the scattering patterns showed 3 distances were repeated many times
· 0.34 nm ---> distance between bases
· 2.0nm ---> width
· 3.4nm ---> length of on complete turn of helix
· because the measurements repeated, researchers inferred that DNA molecules had a regular and repeating structure
· two strands of DNA
· 5’-->3’ direction
· other strand 3’--->5’ direction
· antiparallel
· are twisted together to form double helix
· sugar phosphate backbone on outside bases on inside
· for bases to fit in the interiorer of the 2nm wide structure they had to form purine-pyrimidine pairs
· bases lined up in a way that allowed H-bonds to form between certain purines and pyrimidines (GCAT)
· complementary base pairing(watson-crick pairing)
· the sugar phosphate backbone
· formation of bond between phosphate group of one nucleotide and the hydroxyl group of the sugar component of another nucleotide
· condensation rxn = phosphodiester linkage
· double helix = secondary structure
· 1 sugar phosphate backbone = primary structure
· Overall Helix characteristics
· the sugar phosphate backbone forms the supports of the ladder, the base pairs represent the rungs of the ladder
· the twisting occurs because it allows nitrogenous bases to line up in a way that makes h-bonds possible between them
· outside of hyelical DNA molecules forms two types of grooves
· larger = major groove
· smaller = minor groove
· Relate DNA stability (denaturation and renaturation) to base‐stacking and hydrogen bonding between bases
· the nitrogenous bases in middle of DNA helix are stacked tightly on top of each other making it possible for hydrophobic interactions to occur among bases
· the molecule is stabilized by hydrophobic interactions between the bases in its interior and by the hydrogen bonding between the complementary base pairs
· the molecule as a whole is water soluble, but b/c the sugar-phosphate backbones, which face exterior of molecule, are negatively charged and thus are hydrophilic
· Structure of RNA
· primary structure = sugar-phosphate backbone formed by phosphodiester linkages and extending from that backbone a sequence of four types of nitrogenous bases
· pyrimidine base thymine does not exist, replaced by pyrimidine base uracil
· the sugar in sugar-phosphate backbone of RNA is ribose, not deoxyribose
· the hydroxyl group on the 2’-carbon of ribose is much more reactive that the hydrogen atom on the 2’-carbon of deoxyribose, making RNA much less stable than DNA
· secondary structure =  results from complementary base pairing between purine and pyrimidine bases
· GCAU
· 3 H-bonds form between GC and only 2 form between AU
· RNA undergo hydrogen bonding with complementary bases on the same strand, rather than forming hydrogen bonds with complementary bases on a different strand, as DNA does
· RNA strand folds over and align with ribonucleotides on another segment of the same strand, the two sugar-phosphate strands are thus antiparallel, in this way h-bonding between complementary bases results in stable double helix
· if section where fold occurs has lots of unbonded bases, a hairpin forms (another type of secondary structure)
· RNA secondary structures stabilizes by h-bonding and occur spontaneously, even though hairpins reduce the entropy of RNA, they from spontaneously because the energy released in formation of h-bonds makes the overall process favorable
· Hbond formation is very exothermic, and overall the formation of hairpins is exergonic
· can also have tertiary and quaternary structures because of the interactions that occur as their secondary structures fold into complex shapes or that hold different RNA strands together
· diff RNA base sequences can result in very different shapes and chemical properties
· RNA molecules are much more divers in size, shape and reactivity than DNA
· RNA can catalyze some reactions
· RNA are also involved in defending cells, providing structure, and regulating cell’s response to changes in environment 
· Rationalize why polypeptides and RNA molecules can act as enzymes, but DNA cannot
· RNA has a degree of structural and chemical complexity, it should be capable of stabilizing a few transition states and catalyzing at least a limited number of chemical reactions (see above for RNA folding)
· catalytic, enzyme-like RNA, ribozyme can catalyze..
· both hydrolysis and condensation of phosphodiester linkages
· dozens of different reactions in cells
· the formation of peptide bonds when amino acids polymerize to form polypeptides
· Contrast the different types of RNA molecules: rRNA, tRNA, mRNA
· Identify the regions of DNA that can be used by proteins to recognize specific DNA sequences
** Proteins>RNA>DNA

· order for structual diversy and chemical reactivity
· proteins have various functional groups, RNA can fold in various ways but only 4 bases, DNA forms double helix and has 4 bases only
Week 6

Prokaryotic Gene Expression

· Describe the steps of information flow in transcription and translation. 
· mRNA version of the instructions archived in DNA is required to make proteins
· RNA polymerase matches the base in a ribonucleotide triphosphate with the complementary base in a gene- a section of DNA that codes for a protein or RNA
· once a matching ribonucleotide is in palce, RNA polymerase catalyzes the formation of a phosphodiester bond between the 3’ end of the growing mRNA chain and the ribonucleotide
· as this matching and catalysis process continues, an RNA that is complementary to the gene is synthesized
· RNA polymerase performs a template-directed synthesis in 5’ to 3’ direction
· unlike DNA polymerase, RNA polymerase does not require a primer to begin transcription
· template strand = the strand that is read by the enzyme
· non-template strand (coding strand) - other stand, its sequences matches the sequence of RNA that is transcribed from the template strand and cods for a polypeptide
· Describe what is meant by a “consensus sequence” and be able to determine a consensus sequence from a simple data set. 
Week 7

Prokaryotic Transcription

· Describe the role of RNA polymerase and promoters in transcription. 
· RNA polymerase
· large and globular and has several prominent channels running through interior
· enzymes active side, where phosphodiester bonds form, is located where several of these channels intersect
· DNA fits into one of the enzymes channels and that the two strands in the double helix separate inside the enzyme to expose a single-stranded template at the active site
· RNA polymerase cannot initiate transcription on its own, needs a sigma
· RNA polymerase (core enzyme) (contains active site and other required proteins) + sigma = holoenzyme
· the holoenzyme binds tightly to specific sections of DNA = promoters
· sigma is responsible for guiding RNA polymerase to specific locations where transcription should begin
· Promoters
· section on DNA strand where holoenzyme bind to
· sections of DNA where transcription begins
· located on non-template strand
· 40-50 base pairs long
· had a particular section that looked similar
· has similar segment to that of TATAAT
· -10 box because it is centered about 10 bases from the point where RNA polymerase starts transcription
· about 10 bases upstream from transcription start site (+1 site)
· downstream = the direction RNA polymerase moves (5’ to 3’)
· upstream = opposite of RNA polymerase movement (3’ to 5’)
· also has another similar segment TTGACA
· -35 box
· about 35 bases upstream from +1 site
· +1 site = place where transcription begins
** sequences that are inside the promoted but outside the -10 and -35 boxes vary widely among genes

** transcription begins when SIGMA binds to the -35 and -10 boxes, not RNA POLYMERASE. sigma makes the initial contact with DNA and starts transcription in bacteria. sigma tells RNA polymerase where and when to start synthesizing RNA

· Define what is meant by promoter, how if functions and how it is recognized by cellular enzymes. 
· promoter = sections of DNA where transcription begins
· most bacteria have several types of sigma protein, each with distinctive structure
· each of these proteins binds to promoters with slightly different DNA base sequences
· the sequences within each -10 and -35 box vary somewhat and these variations in DNA sequences affect the ability of different sigma proteins to bind
· so diff sigma proteins allows RNA polymerase to bind to different types of promoters and thus different kind of genes
· the identity of sigma protein determines which type of genes will be transcribed
· controlling which sigma proteins are active is one way that bacterial cells control which genes are expressed
· Describe the process of transcription of a gene and an operon
· Initiation
· one sigma binds to a promoter
· DNA helix opens and creates two strands of single stranded DNA
· template strand is threaded through a channel that leads to the active site inside RNA polymerase
· monomers known as ribonucleotide triphosphates enter a channel at bottom of enzyme and diffuse to active site
· the NTPs paris with complementary base on the template strand of DNA and RNA polymerization begins
· this reaction catalyzed by RNA polymerase is exergonic and spontaneous because TNPs have so much potential energy due to their 3 phosphate groups
· initiation phase of transcription complete
· Elongation
· RNA polymerase moves along DNA template strand in 3’ to 5’ direction of template strand
· RNA strand synthesis occurs in the 5’ to 3’ direction on RNA strand
· in interior of enzyme are projecting amino acids
· zipper - helps open up double helix at upstream (3’ end) end
· rudder - helps steer the template and non-template strands through channels inside enzyme
· the enzymes active site catalyzes the addition of RNA nucleotides to the 3’ end of growing RNA strand
· DNA helix goes into and out of one groove, ribonucleotide triphosphates enter another, growing RNA strand exits to the rear
· all prominent channels and grooves are filled, so enzymes structure closely correlates with its function
· Termination
· transcription stops when RNA polymerase reaches  a stretch of DNA sequence that functions as a transcription termination signal
· the base sequence on DNA signals a code for a stretch of RNA sequence to fold back on itself and form short double helix held together by complementary base pairing = hairpin
· the formation of hairpin disrupts the interaction between RNA polymerase and the RNA transcript, resulting in a physical separation of the enzyme and its product
· Indicate the critical points where the flow is controlled and kept specific
· 1) regulated at level of transcription initiation (synthesis of mRNA)
· 2) at level of translation (synthesis of proteins)
· Describe the structure of the RNA polymerase including the “sigma factor”
· holoenzyme
· sigma binds to DNA and tells RNA polymerase to start transcription
· channels and grooves
Translation

· Describe why the genetic code is termed “redundant” and “non‐overlapping”. 
· Explain the function of aminoacyl tRNA synthetase enzymes and why they are described as “the translators” of the genetic information. 
· aminoacyl tRNA -  tRNA molecule that becomes covalently linked to an amino acid is called
· aminoacyl tRNA synthetase - enzymes responsible for catalyzing the addition of amino acids to tRNAs
· for each of the 20 major amino acids, there is a different aminoacyl tRNA synthetase and one or more tRNAs
· structure of tRNA
· some bases in tRNA molecule can form h-bonds with complementary bases in a different regions of the same molecule = clover leaf shape
· two aspects of secondary structure interesting
· CCA sequence at 3’ end of tRNA molecule = binding site for amino acids
· triplet code on a loop on opposite end = anticodon, binds to codon on mRNA
· has tertiary structure
· L-shaped
· tertiary structure important because it results in a precise separation between the anticodon and the attached amino acid
· all tRNA in  a call has same L shaped structure but each has a distinct anticodon and attached amino acid
· how amino acids are loaded onto tRNA
· active site on aminoacyl tRNA synthetase binds ATP and amino acid
· reaction leaves AMP and amino acid bound to enzyme and two phosphate groups are released - amino acid now activated and has high potential energy
· activated amino acid transferred from tRNA synthetase to the tRNA specific to that amino acid - AMP leaves
· finished amino acyl tRNA is ready to participate in translation
· requires ATP
· Explain what is meant by “wobble” in tRNA binding
· the 20 most common amino acids found in proteins are specified by 61 different mRNA codons, but instead of having 61 diff tRNAs with 61 diff anticodons, most cells only have about 40 diff anticodons.. why---> wobble hypothesis
· codons for the same amino acid tend to have the same nucleotides at the first and second positions, but different nucleotide at third
· tRNA anticodons can bind with codons even if the third nucleotide doesnt match, so long as the first two match
· inside the ribosome, tRNAs with nonstandard base pairing at the third position of the codon can still bind successfully to an anticodon so long as it does not change the amino acid for which the codon codes
· Describe in general terms the structure of a ribosome, including the RNA and protein components
· ribosomes contain a considerable amount of protein and also a great deal of ribosomal RNA (rRNA)
· small subunit and large subunit
· small subunit holds mRNA in place during translation 
· peptide bond formation takes place in large subunit
· 3 distinct tRNAs are line up inside ribosome during protein synthesis
· A site - holds an tRNA that has just bonded to the codon
· P site - middle - holds tRNA that is holding the growing polypeptide chain (site of peptide bond formation)
· E site - exit site, tRNA leaves ribosome
· ribosome moves along mRNA in 5’ to 3’ direction after each peptide bond is formed between amino acid
· Describe the cycle of binding of the ribosomes and tRNA in protein synthesis
· Initiation
· start codon found near the 5’ end of all mRNAs
· 1) mRNA binds to small subunit of ribosome
· ribosome binding site sequence binds to a complementary sequence in an RNA molecule in the small subunit of the ribosome, with the help of protein initiation factors
· mRNA binding site = mRNA region where it binds to small subunit
· the interaction between small subunit and the mRNA is mediated by proteins = initiation factors
· 2) the initiator aminoacyl tRNA bearing the start anticodon with amino acid Met binds to the start codon in P-site
· 3) the large subunit binds to the mRNA and completes the complex and translation begins
· Elongation
· 1)arrival of tRNA in A site
· 2) peptide bond formation between the amino acid on A site tRNA and the polypeptide chain on P-site tRNA- polypeptide chain transferred to A site tRNA
· 3) ribosome moves down the mRNA in 5’ to 3’ direction --> translocation
· moves the empty tRNA into the E site
· moves tRNA containing growing polypeptide into P site and opens A site for next tRNA
· if E site occupied, the tRNA there is ejected into cytosol
· NOTE: protein synthesis catalyzed by RNA. the ribosome is an ribozyme, not an enzyme because the active site consists entirely of ribosomal RNA (rRNA)
· NOTE: elongation cycle depends on an input of energy from several GTP molecules as well as assistance from proteins called elongation factors
· NOTE: the system is highly dynamic
· ribosome constantly changes shape, structure changes in conjunction with its multipart functions
· NOTE: strings of ribosomes, polyribosomes, can also assemble along an mRNA and initiate translation of the same message and make more proteins = quickens overall pace of protein production
· Termination
· 1) translation reaches a stop codon
· no tRNA has an anticodon that can bind to the stop codon
· when translation opens the A site and exposes one of the stop codons, a protein called a release factor fills the A site
· release factor has tRNA like size, shape and charge so it can fit into A-site
· the release factor then catalyzes the hydrolysis of the bond linking the tRNA in the P site with the polypeptide chain 
· 2) the hydrolysis reaction frees the polypeptide and is released from ribosome to form protein
· 3) the ribosome separates from mRNA and the two subunits dissociate, empty tRNAs are released and subunits are ready to attach to the start codon of another message and start new translation 
· Describe the roles of the initiation codon, termination codons and the ribosome binding sites on a Bacterial mRNA
· look above
Week 8

Eukaryotic Transcription and Translation

· Describe the roles of the three RNA polymerases in Eukaryotes
· RNA polymerase does not bind directly to promoter itself, proteins called basal transcription factors initiate eukaryotic transcription by matching the enzyme with the appropriate promoter region in DNA
· basal transcription factors similar to function of sigma, except it interacts with DNA independent of RNA polymerase
· many basal factors are required to initiate transcription
· eukaryotes have three distinct types of RNA polymerase
· RNA pol I
· genes that code for most of the large RNA molecules found in ribosomes
· RNA molecules found in snRNPs
· pol II
· protein-coding genes (produce mRNAs)
· pol III
· genes that code for transfer RNAs, and genes that code for one of the small RNA molecules (rRNA) found in ribosomes
· RNA molecules found in snRNPs
· each RNA polymerase transcribes a discrete class of RNA
· Understand the process of capping, splicing and poly-adenylation of eukaryotic mRNAs and mRNA stability
· in eukaryotes, transcription is followed by several important RNA processing steps because there are non-coding sequences on the RNA strand that must be removed for a mature mRNA strand to form
· as transcription proceeds, the introns are removed from the growing RNA strand by a process known as splicing
· splicing is catalyzed by a complex of proteins and small RNAs known as small nuclear ribonucleoproteins (snRNPs)
· exons = regions of eukaryotic genes that are part of the final mRNA
· introns = untranslated stretches 
· 1) several snRNPs and proteins assemble to form a spliceosome
· 2) the 2’ hydroxyl group on an adenine nucleotide on the intron reacts with the 5’ end of the intron, breaking the RNA
· 3) the 5’ end of the intron becomes attached to the A nucleotide, forming a loop of RNA
· 4) the free 3’ end of the exon reactions with the 5’ end of the other exon
· 5) the 3’ and 5’ ends of adjacent exons bond covalently
· 6) the intron is released and then degraded (taken away by spliceosome) and an mature mRNA is formed
· caps and tails are also added during the processing of RNA
· as soon as 5’ end of eukaryotic RNA emerges from RNA polymerase enzymes add a structure call the 5’ cap
· also, an enzyme cleaves the 3’ end of most RNAs once transcription is complete, and another enzyme adds a long tract of 100-250 adenine nucleotides = poly(A)tail
· these tails are not encoded on the template strand
· with the addition of the cap and tail, processing of primary RNA transcript is complete, the product is a mature mRNA
· caps and tails protect mRNAs from degradation by ribonucleases and enhance the efficiency of translation
· the 5’ cap serves as a recognition signal for the translation machinery and the poly(A)tail extends the life span of an mRNA by protecting the message from degradation by ribonucleases in the cytosol
· Contrast the steps of transcription and translation in eukaryotes to the parallel step in prokaryotes
· textbook pg 337
· transcription and translation occur concurrently in bacteria because there is no nuclear envelope to separate the two processes
· RNAs are processed in the nucleus and then mRNAs are exported to the cytoplasm
· once RNAs are outside the nucleus, ribosomes attach to them and begin translation
· Describe the relationship between introns and the coding region for a typical eukaryotic gene and how it relates to protein differences in different cells 
· Describe the role of condensation of the histones in gene expression
· Indicate the critical points where the information flow is controlled and kept specific in eukaryotes 
· first level or regulation: DNA protein complex
· Eukaryotic genes have promoters, just as bacterial genes do, before transcription can begin in eukaryotes, DNA near the promoter must be released from tight interactions with protein so that RNA polymerase can make contact with the promoter = chromatin remodeling
· DNA is wrapped around proteins to created protein-DNA complex called chromatin
· protein = histone proteins (in groups of 8)
· so DNA wraps around histone proteins = nucleosome
· nucleosomes interact with each other to produce tightly packed structures called 30nm fibres
· chromosome is made up of chromatin that has several layers of organization
· DNA wrapped around nucleosomes, nucleosomes packed into 30nm fibres, and 30 nm fibres folded into structures 
· chromatin must be relaxed or decondensed for RNA polymerase to bind to the promoter
· gene expression depends on chromatin being opened up in the promoter region
· chromatin altered in 2 ways
· creates structures called chromatin remodeling complexes, which reshape chromatin through a series of reactions that are dependent on ATP
· another chromatin modifying protein works by adding small molecules such as acetyl or methyl groups to histones
· second level: transcription initiation 
· regulatory transcription factors
· promoter proximal element
· have sequences that are unique to specific genes, makes a gene specific
· upstream of promoter
· enhancers 
· regulatory sequences that are unique to eukaryotes
· when regulatory proteins bind to enhancers, transcription begins
· can be 100000 bases away from promoter upstream or downstream
· silencers
· when regulatory proteins bind to silencers, transcription is shut down
· differential gene expression is based on the production of specific regulatory proteins
· genes are turned on when specific regulatory proteins bind to enhances and promoter-proximal elements
· genes are turned off when regulatory proteins bind to silencers
· good image on pg 378
· these transcription factors are responsible for expression of particular genes in particular cell types and at particular stages of development
· third level of regulation: RNA processing (steps required to produce a mature RNA, look above)
· splicing provides an opportunity for the regulation of gene expression
· during splicing, changes in gene expression are possible because selected exons, as well as introns, may be removed
· the same primary RNA transcript can yield mature mRNAs with several different combinations of transcribed exons = alternative splicing
· alternative splicing controlled by proteins that bind to mRNAs in the nucleus and interact with spliceosomes
· when cells that are destined to be skeletal muscle or smooth muscle, they receive signals leading to production of specific proteins that are active int he regulation of splicing
· instead of transcribing different versions of a gene, the cell splices the same primary RNA transcript but in different ways
· fourth level:mRNA life span
· RNA interference
· lifespan of mRAN controlled by tiny, single stranded RNA molecules that bind to complementary sequences in mRNA
· when par of an mRNA becomes double stranded in this way, specific proteins degrade mRNA or prevent it from being translated 
· fifth level: translation
· translation of mRNA is prevented when regulatory protein binds to them, or when mRNAs cap or tail is modified
· overall rate of translation may slow or stop in response to sudden increase in temp or infection by virus
· sixth: post-translation
· post-translation regulation can allow the cell to respond to new conditions rapidly by quickly activation or inactivation existing proteins
· involves a trade-off between speed and resource use because transcription and translation both require energy and materials
· Describe the role of the important DNA sequences (TATA box, promoter proximal elements) in regulation of eukaryotic transcription and how that compares to prokaryotes. 
· the eukaryotic promoters recognized by RNA polymerase II include a unique sequence called TATA box, located 30 base pairs upstream of the transcription start site
· two broad classes of regulatory proteins interact with regulatory sequences at start of transcription
· Regulatory transcription factors
· look above (enhances, silencers, promoter proximal elements)
· basal transcription factors
· interact with promoter (tata box)
· must be present for transcription to occur
· do not provide much in way of regulation
· eukaryotic transcription
· 1) regulatory transcription factors recruit chromatin-remodeling complex and chromatin decondenses
· 2) when chromatin decondenses, a region of DNA is exposed, including the promoter
· 3) regulatory transcription factors recruit proteins of the basal transcription complex to promoter
· 4) RNA polymerase II completes the basal transcription complex; transcription begins
· NOTE: the assembly of the basal transcription complex depends on the interactions with regulatory transcription factors that are bound to enhancers, silencers, and promoter-proximal elements
· Describe the factors that change gene expression in eukaryotes as compared to prokaryotes
· 1) packaging
· eukaryotic DNA
· chromatin structure is packed so tightly that default state of transcription in eukaryotes is off
· must be opened in order for TCP and RNA polymerase to gain access to genes and initiate transcription
· negative control
· bacteria
· lack histone proteins
· have freely accessible promoters
· default transcription state is on
· 2) alternative splicing
· eukaryotic DNA
· primary transcripts must be spliced
· one-to-one correspondence between number of genes and number of gene products observed in bacteria is no observed in eukaryotes
· eukaryotic gene may code for one to thousands of distinct products
· bacteria
· one-to-one correspondence between number of genes and number of gene products
· no need for splicing
· 3) complexity
· eukaryotic DNA
· transcriptional control much more complex
· basal transcription complex, not sigma
· regulatory transcription factors (silencer, enhance, proximal promoter etc), NOT CAP, repressor other regulatory proteins
· number of proteins regulation transcription way larger
· bacteria
· sigma
· regulatory proteins (CAP, repressor)
· 4) Coordinated Expression
· eukaryotic DNA
· operons rare
· genes that are physically scattered can be expressed at the same time because a single set of regulator transcription factors can trigger the transcription of several genes
· coordinate the expression of functionally related genes
· bacteria
· genes that are involved in the same cellular response are organized into operons controlled by a single promoter
· their mRNAs are translated together so several proteins are produced in a coordinated fashion
Lactose Operon

· Explain the logic of the function and regulation of the lac operon relative to the availability of lactose
· lac operon regulated by induction
· lactose is small molecule which interacts with regulatory protein (LacI) to allow a set of genes to be transcribed
· no lactose in cell, LacI binds to beginning of lac operon and prevents DNA polymerase from transcribing the gene
· Draw a correct representation of the lac operon that includes the lacZYA genes, the promoter and operator regions, the lacI gene with its promoter. 
· Draw a correct representation of which proteins are bound to the control regions of the lac operon based on the presence and absence of glucose and lactose
· Explain how the presence of lactose results in the induction of the lac operon
· lactose present, the lactose molecule binds to the LacI protein and the LacI protein lets go of the gene so that DNA polymerase can bind to the gene and transcribe it
· Explain the mechanisms of repression/blocking of transcription of lac operon by the negative regulator LacI
· promoter region of lac operon partially overlaps with the operator region
· LacI binds to the operator region
· because they overlap, when LacI binds, its stops RNA polymerase
· lac operon only transcribed at high levels when lactose is present
· lactose absent from environment, lac operon is transcribed at very low levels
· near lac operon on chromosome is the lacI gene
· this gene encodes the LacI protein
· it is continually produced and transcribed independently from lac operon
· if lactose is present in environment, the lactose molecule will bind to the LacI protein, changing its 3D shape and decreasing LacI’s affinity for the operator and it dissociates and RNA polymerase can leave the promoter and transcribe the operon
· if LacI is bound to operator, the binding of lactose promote the release of LacI from DNA
· when LacI is not bound to the operator, transcription of the lac operon can proceed
· lactose is not irreversibly bound to and so LacI binds and released lactose continually
· Describe what is meant by basal level (constitutive) transcription and how the cell regulates this transcription
· Predict the effects of mutations in the DNA sequences of the lac operon and the genes and promoters for LacI 
· Use the lac operon example to explain other examples of negative regulation in operons. 
· LacI blocks transcription when bound to DNA = negative regulation
· presence of an environmental signal results in expression of the gene
· there are 2 alternative for how this happens --> induction and activation
· given diff names because the characteristics of the protein that control transcription are different
· signal that results in stopping the expression (transcription) of the genes for the enzymes
· repression
· given diff name because presence of signaling molecule leads to blocking transcription
· lactose utilization in e.coli
· lac operon of ecoli is composed of 3 genes
· lacZ- encodes the gene product protein LacZ - this enzyme cleaves lactose into glucose and galactose
· lacY - encodes the gene product LacY- a permease that transports lactose across the cell membrane
· lacA- encodes the gene product LacA- a transacetylase
· NOTE: LacI is in a different transcription unit
Maltose Operon

· Explain the logic of the function and regulation of the mal operon relative to the availability of maltose
· Draw a correct representation of the mal operon that includes the genes, the promoter and operator regions, and the malT gene with its promoter. 
· Draw a correct representation of MalT bound to the control regions of the mal operon based on the presence and absence of maltose. 
· Predict the effects of mutations in the malT gene on the amount of Mal enzymes produced. 
· Use the mal operon example to explain other examples of positive transcriptional regulation. 
· Contrast the mechanisms of positive and negative regulation of operons. 
· Explain how promoter binding strength and operator location affects the expression of a positively or negatively regulated operon. 

