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What is a cell?
· Smallest unit of life
· An autonomous biological unit
· Smallest living unit
· Individual cells can grow, reproduce, process information, respond to stimuli, communicate, carry out chemical reactions
· Individual cells carry hereditary material
· Individual cells are surrounded by plasma membranes

Classification of living organisms: eukaryotes or prokaryotes

Prokaryotes: single celled bacteria and cyanobacteria
· Have hereditary information but is not bound by a nucleus
· Cell or organism that lacks a membrane bound discrete nucleus and other subcellular compartments

Eukaryotes: These comprise all multicellular plants and animals. Fungi (multicellular molds an unicellular yeast) Protozoans (unicellular)
· Have a nucleus with the hereditary material bound in a membrane
· Have lots of different organelles
· Every organelle has a specific function

Prokaryotic cells have a simple internal organization
See ppt image
· The nucleoid consists of a single circular DNA molecular and it is not enclosed within its own membrane
· Reproduce by a simplified cell division (fission)
· Prokaryotes may be unicellular or exist as colonies. Is a colony the same as a multicellular organism?
· In prokaryotes we see colonies
 
Examples: eubacteria (lactococcus lactis) or a colony of archeabacteria (methanosarcina)

Eukaryotic cells have a complex internal organization
· Eukaryotes contain a membrane bound nucleus containing (most of) the genetic material of the cell:
· Activities are compartmentalized; an extensive internal membrane enclose various compartments= organelles

Despite their apparent differences, the two cell types have a lot in common
· They both have cytoplasm
· Plasma membrane
· Both carry genetic material: have DNA based chromosomes
· The same sorts of basic building blocks
· Both have selectively permeable plasma membranes that separate the interior of the cell from the exterior of the cell
· Both contain ribosomes that translate genetic information into proteins
· Essential metabolic reactions are the same
· Evolutionary related to each other

We share many biochemical pathways with all organisms, even though we look very different from one another
The proteins in different cells are often chemically similar and functionally identical

Functional systems were selected for a purpose

Eukaryotic cells are much larger and complex than prokaryotic cells
Eukaryotic: 10-100 micrometers
Prokaryotic: 1-5 micrometers

The cytoplasm of eukaryotic cells:
· Large complex collection of membrane bound organelles that increase the efficiency of functions 

Division of labor: organelles that reside in the cytoplasm
· Review the functions of the organelles

Eukaryotes: 
· Red, red blood cells, White, white blood cells and green, platelets


Cells to Tissues:
· Organisms demonstrate multicellularity
· Requires extracellular ‘glue’
· Simplest: single cells embedded in a jelly of protein and polysaccharide (extracellular matrix)
· Colonial single celled alga

Multicelular Organisms consist of interacting cells
· Integration of cellular activity into tissues
· Communication between cells
· Development of organisms by growth

DNA: hereditary information
RNA: transport
DNA to RNA to Protein

Proteins: working molecules of the cell coded in genes ‘protein structure determines function’

Remember: proteins are dynamic!
· Proteins show emergent properties in the cell
· Module 1: amino acids and their properties
· Protein architecture

What is a protein?
· 3D structure: linkage of amino acids

What are the functions of proteins?
· Things that give the cell shape: structure
· Trans-membrane proteins
· Moving things: transport around the cell
· Protein catalysts or enzymes: could be allosteric: function changes with shape
· Regulatory proteins: hormones (signaling pathways)
· Sensors for environmental changes and mechanisms for relaying this information to the cell
· Gene regulation
· Molecular motors
· Organelle identity and function

There is great diversity in the structure of proteins
· Structure determines function
· Specificity of protein function
· If you change the shape, the function will disappear
Proteins are composed of amino acids
· Amino acids are attached in a linear array to create the primary structure of the protein: a polypeptide
· Amino end (N-terminus) and carboxyl end (C-terminus)
· Read from left to right
· Covalent bond in amino acid linkages: amino acid residue
· 20 different amino acids are incorporated into newly synthesized polypeptide

What is an amino acid?
· Monomeric building blocks of proteins
· All 20 amino acids have same general structure
· Consist of four components attached to a central carbon, the a carbon
· Variable R group (or side chain)
· It is the properties of the side chains (R) that affect protein structure and function
· Shape will e determined by the side groups

Side Chains differ in:
· Size
· Shape
· Charge
· Hydrophobicity
· Reactivity
· These properties can all have an effect on the conformation of the whole protein

Amino acids are classified into groups based upon solubility in water or polarity of the side chain

Solubility refers to a physical property of a molecule that can transiently bond with water through hydrogen bonding
· This is thermodynamically favorable
· A hydrophilic molecule: r portion of a molecule is one that is typically charge polarized and capable of hydrogen bonding with water
· A hydrophobic molecule are not electrically polarized and unable to form hydrogen bonds

Non-polar side chains: hydrophobic amino acids
Water insoluble (or only slightly soluble) amino acids
· Hydrophobic amino acid
· Tend to be on interior of proteins
· Often aggregate within core of a protein
What sorts of molecules are hydrophobic?
· Anything unable to form hydrogen bonds
· Oils fats, saturated hydrocarbons: long chain of carbon linked together by single bonds
· General formula is CnH2n+2= alkane
· The simplest possible alkane is therefore methane, CH4

Examples:
Hydrophobic: aromatic amino acids
Phe, Tyr, Trp
Hydrophobic: Aliphatic amino acids= hydrocarbon chain
Ala, Val, Ile, Leu, Met

Tyrosine can still form hydrogen bonds, as the hydroxyl group can be modified

Polar Side Chains:Hydrophilic Amino Acids
Hydrophilic: water soluble
· Tend to be on the surface of proteins
· Make proteins soluble in aq. Solutions
What sorts of molecules are water soluble
A hydrophilic molecule or portion of a molecule is one that is typically charge-polarized and capable of hydrogen bonding.
charged (ionized) at ph 7.0 (physiological)
· Molecules with an -OH at one end (O-)
· Molecules with an -NH2 at one end	 (NH3+)
Serine and Threonine are uncharged at neural pH but have polar –OH groups that participate in H-bonds

Special Amino acids: we could put them in hydrophilic , hydrophobic classes but they have special characteristics
· Cysteine: can form disulphide bridges (covalent bonds)
· Glycine is small
· Proline is ridid and introduces a kind into the petide chaine
· Histidine sifts (positive/neutral) depending upon the pH

Be familiar with the properties and short form names

The making of a protein
· Amino acids can be covalently bonded together into peptides by the formation of a peptide bonds
· Peptide bonds are formed by a condensation reaction: to form a very strong covalent bond
· Between the carboxyl group of one amino acid and the amino group of another
· A protein chain is conventionally depicted with its amino terminal on the left and its carbocyl terminal on the right
· Next amino acid is added to the carboxyl end (the right end) of the chain
· All peptide bond formation occurs within a ribosomal complex (a ribosome)
· Amino acids added one by one to the growing polypeptide chain
· Proteins are the most structurally complex molecules known, yet 20 amino acids combine to form all known proteins
· Structure of a protein is dependent on its amino acid sequence
· Even though we need the correct structure, we can only get there if the amino acid sequence is correct  

Levels of Organization
Primary structure
· Determined by the nucleotide sequence of the encoding gene
· Number of polypeptide sequence = 20n
· Linear arrangement of amino acids

Secondary structure
· Local interactions stabilize periodically ordered structures
· So the term statistical coil is often used
· Interactions between amino acid side chains are NON covalent bonds: except disulphide side bridge
· Polypeptides spontaneously assume a random coil structure
· Local Interactions include:
· Ionic bonds
· Between negatively and positively charged residues
· Fairly strong, but still weak attractive force in comparison to covalent
· Hydrogen bonds
· Interaction between a partially positively charge hydrogen atom in a molecule dipole, and unpaired electrons from another atom
· Not a negative and positive
· More of a transient negative and transient positive
· Partial charge is due to a polarized covalent bond, but not charged
· Enough to allow attractive force to occur
· Van der Waal forces
· Very weak interactions
· Non-specific attractive force
· When molecules are close to each other
· Induce a weak charge in neighboring molecules
· Charge is lost when the molecules move away from each other
· Individually weak, but many together can forma strong attraction
· Hydrophobic effect
· Aggregation of nonpolar molecules (side chains) in an squeous medium in order to reduce the number of interactions with water
· A reduction in the hydrophobic surface area exposed to water; an oil droplet in water
· EQUAL non-covalent interactions, weak attractive forces

Secondary Structures
· Periodic folding of the polypeptide chain into distinct conserved geometric arrangements
· Alpha helix: spiral, rod like structures
· Beta sheet: planar structure, composed of alignments of two or more B strands
· Turns: loops: connectors
· Regular spiral conformation	
· Carbonyl oxygen of each peptide bond is H bonded to the amide hydrogen of the amino acid four residues toward the C-terminus
· Involves conserved side chains therefore forms independently of specific amino acid side chains
· All we need are the carboxyl and amino chains
· Any string of amino acids could adopt this shape
· Alpha helix forms a rigid cylinder
· On the outside of the rigid cylinder, we have all the variable side chains sticking out
· Role of the side chains? Side chains determine hydrophobic/hydrophilic quality of the outer surface of the helix
· Beta sheet or B pleated sheet: array of beta strands
· Strands that are 5-8 amino acid residues in length
· Strands are aligned next to each other: parallel or antiparallel fashion
· Inter or intra-molecular interactions
· Held by hydrogen bonds, but forms independently of properties in the side chains
· B sheet: role of the side chains: side chains determine hydrophobic/hydrophilic quality of the surfaces of the sheets
· Core of proteins demonstrate extensive B-sheet formation (tends to be hydrophobic, but not all the time)
· Function determined by the variable side chains
· Sheet may form as translation occurs or after translation has occurred
· Not of stable conformation sometimes
· Connectors= hinges, turns, loops
· B turns connect segments of B sheets: involves 3 or 4 amino acid residues
· Can only happen if carbonyl oxygen of aa-1 is H bonded to the amino-H of aa-4
· Proline at aa-2 introduces a sharp bend
· Glycine at amino acid-3 minimizes steric hindrance
· We can just have three amino acids to establish the bend, but when all four are there, structure is more stable

Motifs
· Ways of taking a collection of secondary structures and turning them into a functional three dimensional form
· They describe a functional piece of the protein
· Describe them as a collection
· Secondary structures form/break apart spontaneously
· But once part of a motif, it is stabilized
· Recur in a variety of proteins
· Usually associated with a particular function
· Coiled-coil motif
· Two alpha helices (amphipathic) wrapped around one another
· Amphipathic-hydrophilic and hydrophobic parts in same structure
· Heptad (7) repeats, with hydrophobic residues at position 1 and 4 of repeat eg. Leucine zipper motif
· Found in DNA binding proteins
· Zinc finger motif
· Consists of alpha helix and two B strands, held in position by the interaction of precisely positioned Cys or His (H) residues with a zinc atom
· Found in RNA and DNA binding proteins
· Structurally and functionally: shape can interact with the polymers
· Helix-loop-helix motif
· Held in stable conformation through addition of a cofactor
· Calcium
· There are some conserved residues that allow the binding of that calcium
· Two alpha helices joined by a loop region
· Loop region can bind Ca2+ or DNA via carboxyl side chains from Asp or Glu in the loop
· B barrel motif
· Beta sheet wrapped into a tube or cylinder
· 3-10 antiparallel B-strands connected by hairpins
· Each strand is successively added to previous strand until the last strand is H bonded to first strand to complete the barrel
· Function: in an enzyme
Is the entire polypeptide folded: No
Many proteins contain regions that lack a defined conformation. Proteins are always changing

Intrinsically unstructured proteins: 
Lack of tertiary structure as isolated subunits
Unstructured proteins may acquire structure when associated in a complex

Tertiary structure
· Three dimensional arrangement of all amino acid residues of a single polypeptide chain
· Fundamental unit of the tertiary structure of a protein is the domain
· A domain is a substructure produced by any part of a polypeptide chain that can fold independently into a compact stable structure
· Src polypeptide folded into 4 domains
Quaternary structure
· Number and organization of subunits in a multimeric protein
· Defined by homology
· 2 functional domains: form kinase enzyme
· SH2: B sheet flanked by 2 a helices recognizes phosphotyrosines
· SH3: compact B barrel binds sequences rich in Proline
· Structure of Haemaglutinin protein of influenza virus
· Tertiary: 2 domains/subunit
· Quaternary: 3 subunits/protein molecule

Nearly every protein in the cell is chemically modified after synthesis
Post-translational Modifications

Modification by linkage of a chemical group to:
· Acetylation
· Protects against intracellular protease degradation (80% of proteins)
· Roles: regulation of gene expression: acetylation of histones
· Methylation
· Role: regulation of protein activity: methylation of histone tails (chromosome structure and gene regulation)
· Phosphorylation
· Thousands of proteins are modified by the covalent addition of a phosphate group
· Transfer of a phosphate group from ATOP to the –OH group of serine, tyrosine, or threonine (kinases)
· Enzyme: kinase
· Roles: activate/deactivate proteins
· Reversal of effect by removal of phosphate group (phosphatase)
· Hydroxylation
· Addition of a hydroxyl group (OH)
· Role: alter protein structure and function: animals-collagen-formation of triple stranded helix 
· Plants: cell wall proteins
· Vitamin C needed
· No vitamin C: no triple helix formed
· Glycosylation
· Addition of carbohydrates
· Sugars added to –OH groups of serine and threonine
· Many secreted and membrane proteins are glycosylated
· This occurs in the Golgi apparatus
· Roles: proper folding, protection from proteolysis
· Sensitization of responses of cell surface proteins
· Carboxylation
· Addition of extra negative charge
· Changing property of amino acid residue
· Lipidation
· Addition of lipid molecules: anchors proteins to membranes
· Essential for many cell signaling events

These can alter protein folding or localization and therefore regulate the function of the protein
· In some cases the modifications are reversible
· Glycosylation and lipidation: addition occurs, and the group can be removed, but cannot be added back on again
· Cannot convert repeatedly

Protein Folding
· Polypeptides can begin to fold into secondary and tertiary structures while being synthesized
· Any polypeptide chain has the potential to adopt a vast number of conformations, but there is usually a single correct form: native state
· Native state=lowest state: most thermodynamically stable form of the polypeptide chain
· Stable to different degrees

Protein Folding is easy:
· Spontaneous
· Reversible
· Unique
And all of the information required to specify the fold is contained within the sequence of amino acids that make up the protein

Spontaneous self-assembly of proteins
Reversible Denaturation Experiment
How to denature protein:
	Heating
	Changing pH
	Change salt concentration
	
· 8M Urea: Breaks H and hydrophobic bonds and mercaptoethanol: breaks disulphide bridges and dialysis removes denaturants
· Renaturation of protein in vitro occurs spontaneously
· Random movements of protein until it reaches its most stable conformation
· Alpha helices may form, then unfold

Is folding important?
	What are the consequences of misfolding?

Failure of proteins to fold correctly or to remain folded can give rise to a wide range of pathological conditions
Example:
· Hereditary disorders
· Cystic fibrosis
· Emphysema
· Alzheimer’s disease

Correctly folded proteins have a specific function
If the protein is not folded correctly it may be in the wrong cellular location, have no function or sometimes it may even be detrimental to the system
Examples:
· Sickle cell anemia
· Misfolded haemoglobin
· Haemoglobin must be able to shift in shape
· In sickle cell anemia, there is a single amino acid change
· The quaternary structure that works is the tetramer
· Sickle shaped blood cells contain the polymer of sickle cell anemia
· They can have an effect on the ability of red blood cells to flow
· Results in oxygen crisis throughout the body
· Variant of alpha-1-antitrypsin aggregates as a polymer
· D256V or aspartate to valine
Prions-based diseases
· Fatal familial insomnia, kuru and Creutzfeldt-Jakob diseases (human), scrapie (sheep), chronic wasting disease (deer and elk) and bovine spongiform encephalopathy (BSE or mad cow disease- neurodegenerative diseases
· Prion: infectious agent that is protein based
· However a prion protein is encoded within the host genome, PRNP gene
· PrPc protein is found on the surface of nerve cells
· PrPSc is present in the brains of people affected by CJD and is lethal
· PrPc = normal conformation
· Monomer
· Soluble
· Susceptible to proteases

· PrPSc= misfolded
· Polymer forming
· Insoluble fibrils resistant to proteases
Same amino acid sequence, different conformations

How does a prion act as an infectious agent?
Hypothesis:
· PrPSc binds to PrPC and causes the normal protein to assume the abnormal conformation (shown in vitro)
· Sporadic event: rare mis-folded protein
· Infectious: ingestion of prion form
· Chain reaction where all proteins assume abnormal conformation

Lecture 2:
Assistance in folding: chaperones and chaperonins
Protein degradation
Protein modification
Protein –ligand interactions
Enzyme kinetics
Regulating enzyme activity

· Most protein molecules fold rapidly into their correct configuration
· Incompletely folded proteins are helped to fold by chaperone proteins
· Misfolded proteins are recognized for degradation
· They can be detrimental
· Misfolded protein can cause damage to the cells
· If the proteins haven’t folded, then the cell should get rid of the cell
· If all three steps go wrong, then protein aggregates
1. Molecular Chaperones
· Heat Shock Proteins (Hsp70 family)
· Selectively bind to hydrophobic amino acids (patches) that are exposed in the non-native conformation, allowing it to fold correctly
2. Chaperonins
· Form isolation chamber into which misfolded proteins are fed and folded within chamber

Hsp70 family (Heat-shock protein)
Hsp 70 in cytosol and mitochondria
BiP in endoplasmic reticulum
DnaK in bacteria
· Bind to hydrophobic amino acid and prevent the nascent polypeptide from associating with other proteins or from folding prematurely
· If we apply heat to fruit flies, etc. then lots of proteins begin to form
· Chaperons should be present during periods of heat stress because proteins degenerate when exposed to heat
· Proteins may not be able to get back to their native conformation so chaperones help

Hsp70 family (Heat-shock protein)
1) Hsp70 (+ATP) binds to hydrophobic patch of protein
2) Hydrolysis of ATP to ADP
3) Conformational change in Hsp70, allowing protein to partially fold
4) ATP rebinds to Hsp70, allowing Hsp70 to dissociate from fully folded protein
5) Often release simple allows protein to fold spontaneously

Chaperonins
· Large cylindrical macromolecular assemblies
· Form isolation chamber for newly synthesized polypeptides that allows them to fold without interference from other macromolecules
1) Misfolded protein is initially captured by hydrophobic interactions with rim of tight barrel (GroEL)
2) ATP and cap (GroES) bind
3) Conformational change, space enlarges, releasing polypeptide into space and enclosing protein
4) ATP hydrolyses to ADP, this ejects folded protein
· If its still misfolded, it may go through the cycle again

Chaperonin: GroEL and GroES
· Conformational changes are observed in GroEL upon association with GroES
· Un-or Mis-folded protein is initially captured by hydrophobic interactions with GroEL
· GroEL shifts to relaxed conformation, releasing protein within chamber

Protein Degradation
· Intracellular proteins are selected and marked for degradation by a protein=-degrading cellular machinery called the proteasome or:
· Cells must degrade:
· Misfolded proteins
· Denatured proteins
· Proteins in too high concentration
· Proteins taken up into the cell
· Regulate levels of some proteins
Two Step process:
1) Tagging of the protein by attachment of ubiquitin molecules
2) Degradation of the tagged protein into short peptides

Step 1: Ubiquitin
Addition of Ubiquitin to a protein targets that protein for degradation by proteasome
3 Enzyme System:
E1: Ubiquitin activating enzyme
E2: Ubiquitin conjugating enzyme
E3: (specific) Ubiquitin Ligase: large family of proteins, each member recognizes a different signal

Step 2: Degradation
Proteasome: Protein Degradation Machine
· Central hollow cylinder formed from multiple protein subunits that assemble as a cylindrical stack
· Core has proteolytic activity
· Polyubiquitinated protein is unfolded as it is threaded into the proteasome

Which proteins are ubiquitinated?
2 categories:
1. Native cytosolic proteins with tightly controlled life spans: e.g. some cell cycle proteins
2. Proteins that misfold during synthesis in the ER
Both types of proteins contain particular amino acid sequences (hydrophobic: we will look at examples when we look at the cell cycle) recognized by the E2/E3 ubiquitin enzyme complex
3. Proteasome-Independent Functions of Ubiquitin in Endocytosis and Signaling

Structure-Function Relationships
There are proteins designed to bind every type of molecule from simple ions or small metabolites to large complex proteins and nucleic acids
The function of nearly all proteins depends on their ability to interact/bind other molecules+ ligands or substrates

E.g. antibodies attach to antigens (at epitope_
· Enzymes bind substrates
· Receptors bind signal molecules
· DNA binding proteins

Protein-ligand interactions
Ligand binding must demonstrate:
1) Specificity
a. Ability of a protein to preferentially bind to one or small number of molecules
2) High Affinity:
a. Strength of binding between protein and ligand

Both are dependent upon the Molecular Complementarity between the ligand and the surface of the ligand binding site
· Molecular Complementarity: non-covalent bonds mediate interactions between macromolecules

Molecular Complementarity:
1) Shape and fit are important
The non-covalent bonds that mediate the interaction are weak and are only effective when the interacting molecules are very close together
	Protein Structure (primary, secondary, tertiary, quaternary)

2) The accumulated effect of many interactions
The effect is additive making for a strong association
	How many non-covalent interactions?
· Molecular complementarity permits specific binding between macromolecules (proteins)
· All proteins bind other molecules: protein ligand interactions are dependent upon molecular complementarity
· The shape of the protein is important
· And the specific amino acid residues are important
· Molecular complementarity in terms of shape, and chemical design

Binding Affinity
· The free energy of interaction between a protein and its ligand can vary greatly
· Some affinities for ligands can be so high that dissociation never occurs
· Binding affinity is measured by the association constant for the binding equilibrium
More generally, equilibrium constant
· Keq= 
· KEq is a direct measure of the affinity
· Low Keq – high affinity
· More commonly, binding reactions are described in terms of the dissociation constant

Summary
· Function of most proteins depends on ability to bind ligands
· Affinity of a protein for a ligand: strength of ligand binding
· Specificity: preferential binding of one or a few related ligands
· Ligand binding sites on proteins and the ligands show molecular complementarity with one another that is dependent upon shape/fit and accumulated non covalent interactions

Enzymes and the chemical work of the cell
· Enzymes bind their ligands (called substrates) and promote a chemical reaction between them: catalysis
· Enzyme is going ot change the change in free energy of the reaction
· Between the reactants and some sort of transition state
· Bring substrates close to one another

Enzymes
· Increase the reaction rate
· Lower the energy of activation

Enzymes must demonstrate:
· High catalytic power
· High specificity
· Determined by certain amino acid side chains within the enzymes active site

Two functional regions of the active site
1) Binding site/pocket- determines specificity
2) Catalytic site: promotes reaction

Enzyme Kinetics
· The catalytic activity of an enzyme described by Vmax and Km
· Vmax is the maximal velocity of a reaction at saturating substrate concentrations
· Km (Michaelis constant) = concentration of susbstrate at which reaction velocity is half maximal
· Km is a measure of the affinity of an enzyme for the substrate
· Higher Km, lower affinity attraction

Calculate Km of enzyme catalyzed reaction
Sucrose Synthase:
Substrate to product
Product to substrate

Sucrose to glucose + fructose
Glucose+ fructose to sucrose

Proteins function dependent upon their ability to bind to other molecules (ligands)
Ligand binding demonstrates specificity and affinity
Enzymes are catalytic proteins that accelerate celluar reactions
Enzyme active sit: substrate binding and catalytic domain

Protein Kinase: A conformational change induced by substrate binding (ATP and peptide)
Active site comprises residues from both domains

Phosphorylation by Protein Kinase A (PKA)
Molecular complementarity regulates binding of substrates
ATP:
· Structure of ATP binding site in catalytic kinase core complements structure of nucleotide substrate
Target Peptide:
· Specific peptides are recognized by several glutamic acid residues in PKA large domain via specific amino acid residues in peptide
Phosphorylation by Protein Kinase A (PKA)
Closed conformation
· Overhanging glycine rich lid (blue) traps ATP in a deep cleft
· Brings peptide close to ATP to allow phosphate transfer to peptide
· And reopening:
· After reopening:
· After phosphorylation, reopens: ADP and P-protein released

Mechanisms for regulating protein function
· Average cell? 4000 enzymes, >10000 proteins
· Many operate at the same time in the same compartment
· Many act on the same substrates or products of another enzyme

Mechanisms for regulation
1) Allosteric: changing shape of enzyme: one active, one un-active site
2) Covalent modification: methylation, phosphorylation, etc.
3) Synthesis of precursor forms (proteolytic cleavage: this is not reversible!)
4) Signal Induced regulation of protein levels
5) Compartmentalization
6) Enzyme complexes

Allosteric Regulation
· Regulation of protein function by conformational changes mediated through binding of an allosteric modulator
· Allosteric modulators:
· Small metabolites or cofactors that bind to sites OTHER THAN THE ACTIVE SITE of enzymes
· Result in conformational changes that can increase or reduce enzyme activity
· Positive modulators/allosteric activators increase activity
· Negative modulators/allosteric
· Allosteric Enzymes
· Multiple subunits
· Multiple active sites
· Active and inactive conformations differing in 3D structure
· Often have multiple inhibitor or activator binding sites involved in switching between active and inactive shapes
· KINASE A 
· Ligand binding induces allosteric relaease of catalytic subunits
· Inactice form: tetrameric protein
· Active form: two monomers
· Allosteric activator (cAMP) binds to regulatory subunits, (R), produces conformational change and release of active catalytic subunit.

Allosteric inhibition: Aspartate transcarbamoylase (ATCase)
· Binding of allosteric modulator alters the relationship of subunits if multimeric enzymes with one another
· 6 catalytic subunits and 6 regulatory subunits
· Cytosine triphosphate (CTP) is an allosteric inhibitor binding
· Binds to regulatory subunit, shifts complex from active to inactive
· As CTP binds, it already starts the change the shape of the complex
· One CTP binds, and then the rest bind very quickly
· Allosteric regulation is a good way of providing Negative Feedback: turning off a metabolic pathway using the end product as a cue
· An enzyme that catalyzes an early step in a multistep pathway is inhibited by the final product of the pathway
· Why is this useful?	
· Elegant way of regulating pathway
· If we don’t have enough CTP, we want the trans to be on, to make more
· If we have too much, then we turn the switch off
· Wed be wasting energy by making intermediate products not useful to the cell
· CTP is our negative modulator
· ATP is acting as an allosteric activator of the pathway
· CTP: allosteric inhibitor: increased Km (reduced affinity)
· ATP: allosteric activator: decreased Km (increased affinity)
· There is no change in Vmax because were changing the affinity, but were not adding more enzyme
· Always limited by the number of substrate binding sites

Cooperative Allostery
· Binding of one ligand molecule affects binding of subsequent ligand molecules
· S shaped curve for reaction rate vs. ligand concentration
· Binding of first ligand enhances binding of a second ligand (Changes conformation and Km)= Positive Cooperativity
· Binding of the first ligand to an allosteric enzyme with two subunits: allosteric change promotes binding of second ligand and enhances activity of the complex
· The affinity increases, and another ligand can bind (steeper curve and will max out at Vmax)


Result:
· Small changes in ligand concentration lead to protein activation by changing Km (increasing affinity)
· Allostery, not just for enzymes:
· Hemoglobin: allosteric activator: oxygen is the substrate and the activator
· When one oxygen binds there is a conformational change, and the affinity for oxygen increases
· Hemoglobin picks up oxygen in the lungs
· Then we need to drop off the oxygen somewhere else in the body
· We have a low concentration of oxygen
· We want to pick up a ton of oxygen near the lungs, and very quickly
· Haemoglobin
· Allosteric inhibitor: 2,3-BPG binds to an allosteric site on hemoglobin, the affinity for oxygen of all subunits decreases
· Fetal hemoglobin has a low affinity for 2,3-BPG
· 2,3-BPG binds in central cavity where it interacts with 3 positively charged groups on each B-chain
· Moulators needed for proteins to work properly

Covalent Modification
· An on-off switch for enzymes via the addition or removal of chemical groups
· E.g. Phospho-regulation
· Reversible addition or removal of phosphate groups to amino acid residues on an enzyme that either activates or inactivates the enzyme by inducing a conformational change
· Amino Acids targeted: Serine, Threonine, Tyrosine
· We can cycle between the on and off states
· Not a permanent switch, but a cyclical switch
· Phosphorylation results in addition of 2 negative charges
· Cdk protein: inactive
· Cdk protein: active
· Because phosphorylated amino acid reissue is on the loop it shifted due to the phosphorylation even
· Significance of phosphorylation
· Nearly 3% of yeast proteins are protein kinases or phosphatase
· Every type of protein in all cells can be regulated by phosphorylation
· In plants phosphorylation is even more important as plants can’t run away from trouble (stress), they have to respond in the appropriate way
Proteolytic Cleavage:
· A one time irreversible removal of a portion o the polypeptide chain resulting in conversion of an inactive precursor
· Chymotrypsinongen is converted to chymotrypsin activating the digestive enzyme
· The newly formed amino acid terminal group is Ile 16 turns inward and forms an ionic bond with Asp 194 in the interior of the chymotrypsin molecule
· Not reversible
· Once you have cut the peptide bond you can’t reform it
· You’d have to degrade the enzyme and reform it

Signal Induced Regulation of protein levels via regulation of Transcription and/or Translation and/or degradation

Increasing efficiency: multi-enzyme complexes
A. Enzymes are separate
· Reaction is dependent upon diffusion
· Substrates Products
B. Enzymes are associated-reducing diffusion
· Multimeric complex
· Enzymes are associate- reducing diffusion
· Assembly on a scaffold: does not itself have any catalytic domain
· Rather than depending on diffusion, you can just go to the next catalytic domain
C. Multiple catalytic domains exist on a single protein
· One polypeptide coded by a single gene
· As soon as folding has occurred, we have a complex that can form a series of reactions

In vitro we don’t have to worry about this modification
Series of catalytic steps happening one after another
Rate of our reaction can be limited 

Protein Purification
Why purify proteins?
· Structural analysis
· Functional analysis
· Determination of amino acid sequence
· Development of an antibody to the protein
How to purify proteins?
1) Develop a good assay
2) Select protein source
3) Break open cells- protein extract
4) Solubilize protein
5) Stabilize protein
6) Fractionate
7) Determine purity


Protein Assay: a way of monitoring yur protein
· Method of determining the presence of a specific protein and estimating the concentration of the protein
· The assay should be based upon a unique characteristic o the protein of interest
Protein Source
· The protein source should be:
· Easily obtainable in large amounts (e.g. tissue, cultured cells, production in E.coli, yeast, other cells)
· Contain a high concentration of the protein of interest
· Low in proteins that may co-purify
· Low in proteases that may destroy the protein of interest
Lyse Open the Cell
· Physically break open cells
· Or use detergent or enzyme to break the cell
· Break membrane of nucleus
Protein Solubilization
· Soluble proteins: some cytosolic proteins, serum proteins secreted proteins
· What makes the proteins soluble?
· Insoluble proteins: transmembrane or membrane associated proteins aggregate in aqueous solutions
· What properties make a protein insoluble
· Protein solubility is affected by:
· pH, detergents, salt concentration
Protein Stabilization
· Protein must be stabilized at all purification steps
· Important Parameters
· Temperature
· Protease inhibitors
· Ligands
· Salts
· Metal ions
· Concentration or pH
Protein Fractionation
· Now the problem is isolation of a single protein from an estimated 10000 different proteins in a cell
· What criteria can be used to separate the protein of interest from other proteins
· How do proteins differ from one another?
· Proteins vary in:
· Size
· Polarity
· Charge
· Overall water solubility
· Shape
Protein of interest can be separated from other proteins by:
· Size
· Gel electrophoresis
· Gel filtration chromatography
· Ultracentrifugation
· Charge
· Ion exchange chromatography
· Gel electrophoresis
· Polarity
· Adsorption chromatography
· Hydrophobic interaction chromatography

Centrifugation
Good first step that uses different speeds and duration o centrifugation to ensure that insoluble material sediments. Separates mixtures by mass and density

Ras: monomeric GTP-binding or GTPase
How would you use chromatography to separate this small protein from others?
Design a bead

· Vary not the surface of the bead, but change the density of the matrix, so small proteins will move through a dense matrix, where larger proteins would be slowed down

Gel filtration chromatography
· Molecules small enough to travel into surface bead depressions are delayed and travel more slowly
Chromatography
(generally) separates proteins in folded form

SDS-PAGE Electrophoresis
· Addition of a negatively charged detergent that associates with all proteins
· Eliminates the effect of shape (denatures protein) and charge density (all acquire the same charge density)

With a combination of techniques you can take a single protein out from the mix
· Different ways of forming gel electrophoresis
· Can separate size from charge
· Simple way of separating proteins: looking at the weight of the protein
· Eliminating shape as a characteristic (denaturing proteins)
· Eliminating charge: all will be negative
· Al we know is the size of the protein
· We can go to the gel and physically extract the protein out of the gel


Western Blot
· Superior resolving power of gel electrophoresis 
· The specificity of antibodies
· Commonly used to separate proteins in a complex mixture and then identify the protein of interest using specific antibodies

Multiple step purification
· Crude cellular extract
· Precipitation with ammonium sulfate
· Ion-exchange chromatography
· Size-exchange chromatography
· Affinity chromatography

Visualizing the cell: microscopy
· Bio-membranes: composition and structure
· Bio-membranes: protein components and function
Cytoplasm
· Cytosol, cytoskeleton, and organelles of the Eukaryotic cell (organelles, for you to review)
What do the different types of microscopy detect and when are they use?
What determines resolution
Can you recognize different microscopic images?

The illuminating wavelength sets a limit on the smallest object that can be seen
Types of microscopy
· Light microscopy: conventional and fluorescent (visible light)
· Electron microscopy: transmission nd scanning beam of electrons

D= resolution or limit of resolution
D= minimum distance between two objects that can be distinguished from one another
Wavelength: shorter wavelengths of light give higher resolution
Numerical Aperature (NA): which is based upon the angle of the light entering the objective and the ability of a medium to bend the light

Smaller wavelength: D goes down: better resolution
Light microscopy: visible light (wavelength= 400nm to 700nm)
D= 0.61(wavelength)/NA= 0.61(450)/0.94
Limit of resolution is about 300 nm
Electron microscopy: beam of electrons, shorter wavelength therefore much lower D= better resolution

Viewing Tissues:
· Brightfield: stained or unstained
· Viewing the whole cell: light microscopy phase contrast versus DIC/Nomarski
· Blue-green algae, Buccal Epithelial Cells
· HeLa Cells
· Complementary information can be gained from each type of light microscopy

Florescence Microscopy
· Shows the locations of specific molecules in the cell
· Achieved by tagging the molecules of interest with fluorescent molecules (stains, antibodies)
· Primary antibody recognizes an antigen specifically (peptide, carbohydrate, other molecules)
· Secondary antibody recognizes the primary antibody based upon the animal source and is labeled fluorescently

· Antibody has a high specificity: recognizes a specific antigen
· Making antigens in vivo
· Isolate protein B, purified it, and then physically inject that protein into an animal
· The animal will respond to the foreign protein
· At some point, you sacrifice its animal, take all of its blood, and have the antibody
· We can’t see the antibody
· We tag the primary antibody with fluorophore
· Attach a secondary antibody that recognizes primary antibody

Use of Fluorescent proteins to monitor location of proteins of interest
Green Fluorescent Protein (GFP)
· Naturally fluorescent protein of Jelly Fish
· Use recombinant DNA technology to fuse gene of interest to GFP gene, re-introduce into organism of interest fusion protein will be expressed in organism, Protein-GFP

Confocal Scanning Microscopy
· Single point and depth of the sample is illuminate with exciting wavelength from a focused laser beam
· Hela cells: confocal
· Deconvolution: 3 dimensional images
· Computer algorithms create optical sections that can be reassembled into 3D images

Electron Microscopy
Transmission Electron Microscopy (TE)
Beam of electrons directed at sectioned specimen
Scanning Electron Microscopy
· Produces an image of the three dimensional structure of the surface of a sample, low resolution, 10nm
· SEM uses electrons that are scattered by metal coated sample surface

Biomembranes
Defining boundaries in a cell with a biomembrane:

Plasma membrane: Functions
· Encloses the cell and define its boundaries
· Maintain the essential differences between internal and external environment
· Selectively permeable barrier transports molecules into the cell and prevents unwanted entry
· Sense the environment (receptros)
· Anchors cytoskeletal structures

The faces of cellular membranes: plasma membrane and membranes of the organelles

Biomembranes have a bilayer structure: TEM stained with osmium tetroxide
Each layer of membrane is called a leaflet

Membrane structure
The basic structural unit of all biomembranes in the phospholipid bilayer: 5nm thick film of lipid and proteins
Phospholipids are amphipathic:

Phospholipid components:
· Phosphoglycerides (phospholipids)
· Sphingolipids (phospholipids)
· Different biomembranes will have a different representation of phospholipids
· Steroids (cholesterol)

Protein components
· All biomembranes have some basic structure, but each has distinctive activities due to its complement of proteins
· E.g. inner mitochondrial membrane is 76% protein myelin membrane surrounding nerve cells is 18% protein

Biomembranes are fluid
· Allows fusion of biomembranes
· Biomembranes can be deformed
· Allows movement within the biomembrane= lateral mobility of proteins and phospholipids

Quantification of lateral movement of proteins and lipids in plasma membrane (FRAP-fluorescence recovery after photobleaching)
· Membrane proteins are fluorescently labeled
· Diffusion of fluorescent proteins back into bleached area
· Results of a FRAP experiment
· Human hepatoma cells


Protein targeting and organelle biogenesis
Two pathways:
· Post translational
· Co-translational

Part 1: protein transport to the mitochondria and peroxisome
Objectives:
· Describe the five steps characteristic of transport pathways
· Identify these steps in the mitochondrial and peroxisomal pathways
· Interpret experimental evidence that support the model of transport
· Define the terms necessary and sufficient

What are some of the characteristics of peroxisome?
1) Bound by a single membrane
2) Oxidative and synthetic reactions
3) Do not have a genome
4) Reproduction by fission

Function of peroxisome
· Animal cells: cholesterol synthesis, oxidation of fatty acids
· Neural cells: plasmalogen synthesis
· Liver: oxidation of toxins such as alcohol
· Plant cells: oxidation of fatty acids
· Seeds: conversion of fatty acids to carbohydrates
Breakdown/oxidation of fatty acids to acetyl CoA produces metabolic energy (plants and animals)
Bi-product hydrogen peroxide, which is toxic to the cell
Catalase converts H2O2 to O2 and H2O

Peroxisomal proteins are synthesized in the cytosol and transported to a peroxisome

Luciferase is also found in the peroxisome
Luciferase expressed in mammalian cells and it went to the peroxisome… pathway is conserved
Isolated a Peroxisome Targeting sequence (PTS) in the amino acid sequence of luciferase
    
How does a peroxisomal protein move from the cytosol to the correct location within a peroxisome?

What do all protein transport pathways have in common?
1) Signal sequence on transported protein
2) Receptors for signal sequences
3) Translocation channels
4) Coupling to ATP hydrolysis
5) A way of targeting proteins to the different locations within an organelle

Is there a peptide signal sequence?
PTS1+ Ser-Lys-Leu or SKL at extreme C- terminus

Is PTS1 necessary for import of proteins into the peroxisome?
If Ser-Lys-Leu tripeptide is converted to Ser-Asn-Leu, luciferase no longer goes to peroxisome
Yes, PTS1 is necessary

Is PTS1 sufficient for import of proteins into the peroxisome?
Green fluorescent protein (GFP) is cytosolic
Ser-Lys-Leu-GFP
PTS1 + GFP
… all GFP Is transported into the peroxisomes

Is there a signal receptor?
Cytosolic protein Pex5 recognizes PTS1 via TPR motif
Pex5 Associates with peroxisomal membrane protein, Pex14
Is there a translocation channel?
Protein is transferred to translocon= Pex10, 2, 12
Pex5 and protein move through channel
Pex5 dissociates from protein, Protein now within peroxisome
Translation requires ATP hydrolysis

Mutations in Pex transport proteins prevent targeting
PTS1-GFP, a; mutants in transport, b-d

Can proteins go to different compartments? Yes
Do they use the same pathway? No



What are some of the characteristics of mitochondria?
1) Bound by a double membrane
2) Involved in ATP production
3) Have their own DNA
4) Reproduction by fission

Outer membrane is simple, and inner membrane is more intricate
Much greater surface area
Matrix in the interior
Inner membrane space
Inner membrane convolutions: cristae

Mitochondria are the sites of energy conversion
Nutrients are converted into cellular energy = ATP

Cells requiring lots of ATP have many mitochondria
Mitochondria fill a lot of the cytoplasm
On the end of the sperm tail there are winding mitochondria
Completely surrounding the axoneme
Mitochondria are dynamic and expansive organelles
Moving along network of cytoskeleton

Biogenesis of mitrochondria
· New mitochondria are created through fission
· Growth requires the synthesis and import of new proteins
· Huge tubules: not small organelles
· There are many genomes in each organelle

Where are proteins going?
Four destinations:
· Outer membrane
· Inter-membrane space
· Inner membrane (This will include the electron transport proteins and ATPase)
· Matrix 

Where do proteins come from?
Mitochondria genome  Mitochondrial ribosomes

Where does protein synthesis occur?
ER associated ribosomes
· Transport and translation occur simultaneously
Free cytosolic ribosomes
· Transport occurs after translation

Question: are proteins targeted to the mitochondria co-translationally or post-translationally?  

Hypothesis: Fully translated proteins can be transported into mitochondria (mt)

Observation: Only proteins protected within mitochondria are not digested
The proteins were fully translated prior to import

How does a mitochondrial protein move from the cytosol to the correct location within a mitochondrion?
Five Characteristics:

1) Is there a peptide signal sequence?
Matrix Targeting Motif:
	N-terminal 18-50 amino acids
Amphipathic helix: hydrophobic amino acids on one side, and positively charged basic amino acids on other helix side
Yellow: hydrophobic
Red: positively charged
Is the matrix-targeting motif necessary for import of proteins into the mitochondria?
Mutations in the motif that disrupt the amphipathic nature of the helix fail to deliver proteins to the mitochondria
Yes, matrix-targeting motif is necessary
If the wild-type motif is altered of absent a mitochondrial protein will no longer go to its destination

Is the matrix-targeting motif sufficient for import of proteins into the mitochondria?
Green fluorescent protein (GFP)is cytosolic
Motif+ GFP
All GFP is transported into the mitochondria
Yes, matrix-targeting motif is sufficient
The wild-type motif can target a cytosolic protein to the mitochondria

Is there a signal receptor?
Found on outer membrane of mitochondria
Specifically recognizes our matrix targeting protein
Hydrophobic face of amphipathic helix interacts with hydrophobic pocket of receptor
High affinity interaction

Is there a translocation channel?
Has many different subunits
Outer membrane has collection of proteins that makes translocon of outer membrane
Tom= outer membrane
Tim= translocon of the inner membrane

Is there a requirement for ATP?
Mitochondrial precursor proteins are imported as unfolded polypeptide chains
Chaperon Hsc70 keeps the polypeptide unfolded
Binding is ATP dependent
Matrix Hsc7- binds to polypeptide (ATP-dependent) and helps to pull the polypeptide through the channel

How to get a functional matrix protein:
Protease: cleavage of matrix targeting signal
Chaperonins assist in folding mitochondrial matrix proteins rendering it into its functional tertiary structure

Can proteins get to different compartments?
Targeting to Mitochondrial Inner Membrane
Finish from lecture slides

We need the Hsc70 to keep the protein unfolded, and then later folded
Protein is extrude into matrix
· We need Hsc70 in the matrix
· We also need the protease

Can proteins get the different compartments?
Targeting to Mitochondrial Inner Membrane

This requires two targeting motifs:
· N terminal matrix targeting motif
· Amphipathic helix
· Hydrophobic stop-transfer sequence
· Stops translocation of protein through membrane
· Allows transfer of protein out of translocon ad into surrounding 

All initial steps are identical to the matrix targeting pathway
N-terminus enters matrix and is removed y the protease
C-terminal translocation blocked by stop-transfer sequence interacting with Tim23/17 Pore
Membrane anchored protein transferred laterally into inner membrane

A protein targeted to the inner membrane has two signal sequences
How might you test whether the stop-transfer sequence is necessary for transport to the inner membrane?
· Necessary: without that sequence the process is disrupted
· Fuse GFP to chimeric protein
· The protein is going to the inner membrane
· Add an enzyme that cleaves of cell transfer sequence
· The protein might end up 
How might you test whether the stop transfer sequence is sufficient for transport to the inner membrane?
· No it isn’t
· We need both sequences to get proteins to the inner membrane

Must the protein be unfolded for transport?
Methotrexate: chemical that maintains folded conformation of DHFR
Hybrid protein cannot be transported into matrix
Protein can be trapped as an intermediate spanning two translocons at contact sites

 Mitochondrial Protein transport and disease
Defective import of mitochondrial proteins can arise from:
· Mutations in the targeting signals within precursor proteins
· Mutations that disrupt the proper functioning of the import machinery
· Deficiencies in the chaperones involved in the proper folding and assembly of proteins once they are imported

Defects in steps of successful import have been shown to lead to oxidative stress, euro-generative diseases, and metabolic disorders
e.g. Parkinson’s disease
· Mitochondria in the dopamine neurns produce less ATP
· Contributes to cell death of dopamine neurons in specific regions of the brain that control motor functions

Summary of Protein Post translational Targetng
General Required steps
1) Signal sequence on transported protein
2) Receptors for signal sequences
3) Translocation channels
4) ATP hydrolysis required
5) A way of targeting differentially targeting soluble and membrane-associated proteins
Specific Characteristics
· Transport is post translational
· Polypeptide is unfolded (mit.) or folded (per) during transport

Other destinations?
Post-translational targeting to organelles

Part 2: Protein transport to the ER
Objectives:
· Identify the five steps characteristic of transport pathways in the co-translational or secretory pathway
· Interpret experimental evidence that supports the model of transport
What are some of the characteristics of the rough endoplasmic reticulum?
1) Single membrane bound organelle
2) Single membrane continuous with outer membrane of nucleus
3) Studded with ribosomes: associated with membrane of ER
4) Has no genome
5) Divides: undergoes fission and fusion in order to reproduce
6) First destination for secreted proteins

Free ribosomes and attached ribosomes are the same thing
Question: Are proteins targeting during translation?
Hypothesis: Newly synthesized proteins will be in microsomes
Observation: Newly synthesized proteins are protected within microsome
Conclusion: Newly synthesized proteins move directly into microsome

Homogenization: and look at the microsomes
We have to label the protein: radioactively activate
Left: treat with detergent
Then add protease
See what happens to proteins after the addition of the protease
Proteins are targeting to the ER during the translation process

How are proteins transported co-transationally?
Five characteristics:
1) Signal sequence on transported protein
2) Receptors for signal sequences
3) Translocation channels
4) Coupling to GTP hydrolysis
5) A way of targeting proteins to the different locations within an organelle

Is there a peptide singal sequence?
16-30 N-terminus residues containing a 
1) Short positively charged domain
2) Central hydrophobic domain
3) Polar C-terminal domain

ER single sequence on protein being synthesized directs ribosome to ER membrane
Sequence is removed during or after translation
	
Is there a signal receptor?
Signal Recognition Particle (SRP)
Cytosolic ribonucleoprotein particle is composed of 6 proteins and 300 nucleotide long RNA
It transiently binds:
1) ER Signal Sequence on protein
2) Large ribosomal subunit
Signal recognition particle Receptor
(ER integral membrane protein, alpha and beta subunits)
Alpha subunit of SRP receptor interacts with SRP/nascent chain/ribosome complex

Is there a translocon?
GTP hydrolysed by SRP and SRP receptor (alpha) powers transfer of nascent chain and ribosome to Translocon (open Translocon gate)
Members of GTP binding proteins or G-proteins family

GTP hydrolysis required
Dissociation of SRP ad SRP receptor- dissociation of SRP allows translational to continue

Growing polypeptide passes through translocon into ER lumen, signal peptidase cleaves off signal sequence
Translocon Protein: lined gated channel opens and closes within ER membrane
Pore diameter: ~ 2nm

The translocon: A dynamic gateway at the ER Membrane

Alternate destinations in ER
Soluble proteins are targeted to the lumen of the ER by the ER signal sequence
The final desination may be the lumen of the ER, Golgi, lysosome, or secretion out of the cell
In contrast, there are proteins that are embedded in the plasma membrane and other cellular membranes

Insertion f Membrane Proteins into ER Membrane
Topogenic Sequence: ~25 aa residues forming hydrophobic alpha helix
Topology of membrane protein is preserved during transport: the same segments of the protein always face the cytoplasm

Topology= # of spans and orientation

SRP and SRP receptor bring Type I protein to ER
Stop-transfer anchor (STA) sequence
1) STOP
2) Lateral Transfer

Detergent solubilized Sec61 complex was determined by X-ray crystallography

Type II Integral membrane proteins
SRP binds SA-sequence to bring protein to ER

Type III Integral membrane proteins
SRP binds SA sequence t bring protein to ER
N-terminus enters into ER lumen
SA becomes embedded in membrane
+++ Charged residues C-terminal to SA-Sequence stop
C-terminal part of protein from entering Translocon
Always short (N-terminus)

Multipass membrane protein
Type IV Integral membrane proteins
Even #/Odd number

Hydropathy profiles
Trying to figure out if they pass through profiles

Protein targeting
Co-translational pathway
Golgi apparatus lysosome
Plasma membrane
ER

Post-translational
Mitochondria
Chloroplast
Peroxisome
Nucleus

Summary of Co-translational Transport
Soluble proteins require an ER-signal sequence, is it necessary and sufficient for transport?

Membrane associated proteins require a topogenic sequence= hydrophobic alpha helix? Which signals are necessary and sufficient for proper transport.

What happens to these proteins next?
What modifications occur in the ER?
Where do the proteins go next?
How do the proteins get to the next destination?

 Cytoplasmic membranes: structure and function
· Protein processing and folding
· Protein trafficking through ER and Golgi via vesicles

Part 1: Protein processing and folding
Objectives:
· Describe the structure of the RER
· Describe protein modifications that occur in the RER
· Describe the unfolded protein response

Endoplasmic reticulum (ER) in cultured epithelial cells:
Immunoflourescence 
Green= ER
Phase contrast
· Can see membranous components
· Cannot distinguish golgi from ER
Immunoflourescence
· Can look at live cells

Endoplasmic Reticulum
Rough ER (RER)
· Associated ribosomes
· Transport occurs between RER and Golgi apparatus
· RER and Golgi apparatus target new proteins to specific destinations = secretory pathway or co-translational pathway
TEM of ER in liver cell
SMOOTH ER (SER)
· Synthesis of fatty acids and phospholipids
· Metabolism of carbohydrates
· Calcium concentration
Secretory pathway and co-translational pathway is exactly the same

Post-translational Modifications and Quality control
Modifications:
1) Glycosylation: covalent addition of carbohydrates
2) Disulphide bond formation
3) Folding
4) Proteolytic cleavage
Quality Control:
Unfolded protein response

1) Protein glycosylation
Primarily found on secretory proteins or exoplasmic domain of plasma membrane proteins
N-linked:
· Most common form of glycosylation
· Addition of oligosaccharide ‘block’ to NH2 group of Asn
O-linked:
· Addition of 1-4 sugar residues 
As a polypeptide chain enters the ER lumen, it is glycosylated by addition of an oligosaccharide chain that is transferred as an intact unit to the asparagines from lipid called dilichol


Functions include:
· Proper folding
· Trafficking
· Stability
· Cell-cell adhesion
· Cell identity
2) Disulphide bond formation occurs in ER
· Intra- and intermolecular disulfide bonds can stabilize tertiary and quaternary structures
· Oxidative linkage of sulfhydryl groups (-SH) on 2 cysteine residues
· Spontaneous reaction In oxidizing environment
· Cytoplasm reducing environment 
· ER-oxidizing environment
· Primarily proteins that pass through ER contain disulfide bonds 
Protein Disulfide Isomerase (PDI)
· ER-resident protein
· PDI forms disulfide bonded substrate-enzyme intermediate
· Accelerates disulfide bond formation 
· (Via two thiol-disulfide transfer reactions)
· PDI can correct mistakes
3) Protein folding in ER
Accelerated by resident ER proteins:
Disulfide isomerases (S-S)
Chaperones (Hsp70-BiP)
Lectins (carbohydrate binding proteins, calnexin, calreticulin) bind unfolded or misfolded polypeptides

4) Proteolytic Cleavage
Removal of signal sequences

Quality Control:
Unfolded Protein Response in ER

Excess unfolded protein leads to
Unfolded Protein Response (UPR)
· Unfolded proteins present
· BiP dissociates from Ire1
· BiP binds to unfolded proteins
· BiP has 2 jobs
· Chaperone
· UPR

Unbound Ire1 dimerizes, becomes an active endonuclease
Cleaves Hac1 mRNA, HAC1 (transcription factor) spliced and translated
Hac1 goes to nucleus and up-regulates genes involved in UPR (ER lumen chaperones, lectins, PDIs, etc)

Reasons for excess unfolded proteins:
· Cells making lots of secreted proteins, need extra chapersones
· Cell has been heat stressed, proteins denature
What happens to unfolded/misfolded proteins in the ER?
· Recent studies show that they are transported into the cytoplasm backwards through the translocon

Part 2: Protein Trafficking via Vesicles
Objectives:
· Describe the steps in vesicle formation and deposition
· Interpret experiments used to create and test models of vesicle transport

Vesicles in protein transport:
While some proteins are resident in ER and Golgi, others are targeting to the plasma membrane, or to the lysosome in vesicles
Other proteins leave the cell, secreted via secretory vesicles= exocytosis
Vesicle transport is also involved in endocytosis- bringing components into the cell via membrane bound endosomes

Golgi complex:
A series of flat membrane sacs (cisternae) and associated spherical vesicles

Golgi apparatus:
Fluorescently labeled wheat germ agglutin, specific for N-linked polysaccharides
DIC/Nomarski

Molecular mechanisms of vesicular trafficking
Transport of membrane and soluble proteins between membrane bound compartments is mediated by Transport Vesicles
1) Vesicles form by a process called budding; buds arise from the membrane of the ‘donor’ compartment
2) Cargo proteins are loaded into buds via cargo signal sequences and receptors
3) Vesicles form and are released
4) Vesicles fuse to membrane of the ‘recipient’ compartment

There are three types of coated vesicles
Vesicle formation is driven by the polymerization of protein complexes on the donor membrane to form a vesicle coat
Vesicles are named by the protein that form a coat:
1) Clathrin vesicles
2) COP I vesicles
3) COP II vesicles
Small GTP binding protein (G-protein) with GRPase activity controls coat assembly

1) Clathrin vesicles: plasma membrane and trans Golgi to endosomes
2) COP I vesicles: retrograde transport between golgi and back to ER
Vesicles can move in a forward or backward direction
Forward: anterograde transport: (ER to GOLGI)
Backwards

Step 1) Vesicle formation or Budding
Model: COPII vesicle formation

Sar1 membrane binding, GTP exchange
Sar1 binds Sec12, GTP exchanged for GDP. GTP binding induces conformational change in Sar1 and it becomes anchored to membrane
ARF and Sar1 are both members of the GTPase superfamily also known as G-proteins
COPII coat proteins (Sec 23.24.12.31) associate with Sar1 GTP
 In vitro budding reaction
· Isolated ER vesicles incubated with purified COPII coat proteins
· COPII proteins form a coat on vesicle surface leading to curving and bud formation
Step 2: Loading cargo
-Vesicle coat proteins recognize target proteins via short amino acid sequences and sequester appropriate targets (cargo) into forming vesicle
cargo may be soluble or membrane associated

Step 4: Vesicle formation or release
After vesicle coat is completed and vesicle is released
GTP hydrolyzed by Sar1, which is a GTPase

Accumulation of coated vesicles: no coat disassembly
COPI vesicles
How?: non hydrolysable GTP or mutation in G-protein
Sar1 (CopII) or ARF (CopI , CopII)

Vesicle Release
Model: the clathrin coated vesicles
Clathrin coat: 
· Clathrin heavy chains
· Clathrin light chains
· Adaptor proteins (AP)
Dynamin: G-protein required to release vesicle

Popping and the pinching model
Pinchase, or Poppase

Step 4: Vesicle fusion or docking
Model: secretory vesicle with plasma membrane

Rab GTPase controls vesicle docking
Rab-GDP found free in the cytosol
Rab-GTP binds to vesicle

Interacts with Rab effector protein on target membrane
 
SNARE complex:
v-SNARE
e.g. VAMP

t-SNARE
e.g. Syntaxin and SNAP25 (a peripheral membrane protein)
v-SNARE interacts with t-SNAREs (coiled coil motif)= SNARE complex
Helices are not stable: but they do achieve stable conformation once 4 helices have associated together 

Speculative transition state: a water filled cavity forms at the center of the transmembrane helix bundle
All helices now reside within a continuous membrane and a pore opens

Disassembly of SNARE complex:
Cytosolic SNARE binding proteins require to disociate NSARE complexes, NSF and alpha-SNAP
This frees SNARES for other rounds of vesicle fusion

Overview:
Transport between EER and Golgi uses vesicles
Anterograde Transport: COPII
Vesicle-mediated protein trafficking from the ER to the cis-Golgi

Retrograde Transport: COPI
Vesicle transport backwards through Golgi and back to ER
Why is there retrograde transport?

Proteins that must return to ER:
· Recycle membrane v-SNARES
· Unfolded proteins to be translocated to cytosol
· Return incorrectly sorted ER-resident proteins
· Exit of proteins without correct targeting signal occurs passively as proteins diffuse into vesicle during udding
· Signals:
· Asp-X-Glu Membrane Cargo Acceptor from COPII vesicle
· Lys-Asp-Glu-Leu (KDEL) 

A response to cyclic AMP, and the single celled amoeba is aggregating at the point with the cAMP is released
· Intricate response: the plasma membrane changes shape and allows the amoeba to move
· Three dimensional direct image reconstruction of a Dictyostelium cell lacking a functional clathrin heavy chain
· There is no net movement in the mutant amoeba
· Why?
· There are no receptors on the membrane because there is no clathrin
· Disrupted the transport of proteins to the plasma membrane
· Neutrophil moving towards bacterium

Signal Transduction
What is signaling?
· Cell-cell signaling: transmitting information from one cell to another and inducing a change in behavior (response)

Signal Transduction
· Process of converting extracellular signals into a cellular response: interpreting the signal
Signaling molecules and cell-surface receptors
Signaling cells: source of signal or ligand
Target cells: receptors that receive signal
Ligand + receptor: specificity and affinity are determined by molecular complementarity
Signal: cellular response= signal transduction pathway

Types of Intercellular Signaling:
a) Endocrine signaling
Signaling molecule: hormone
Target: distant
b) Paracrine signaling
Signaling molecule= e.g. growth factors, neurotransmitters
Target= proximate
c) Autocrine signaling
Signaling molecule

Mechanisms of signal transductiona re highly conserved: see common themes
1) signal synthesis
2) release
3) transport
4) receptor binding- activation
5) Initiation of a single transduction pathway (STP)
6) Changes in cellular function
Two major types of responses:
· Changes in protein activity
· Change in protein levels (via transcription)
· There may be more than one response
7) Removal of signal

Example 1: Signalling growth and differentiation: Formation of red blood cells
1) Cytokine receptors and JAK-STAT pathway
Cytokines: small secreted signal proteins
Erthropoietin (Epo) signals erythroid progenitor cells in the blood marrow to reproduce. Without Epo, erythroid progenitors undergo apoptosis (cell death): because they are not needed
· We can go back to original stem cells if we need more
Leads to increase in RBCs
Low O2 levels cause sntehsis and release of Epo
How is low O2 detected? Oxygen sensitive transcription factor in kidneys
How do we turn off and on the production pf red blood cells?

Cytokine receptors and JAK-STAT
Ligand: cytokine, Epo
Receptor: Epo receptor (EpoR)
Intracellular transduction: JAK kinases and STAT transcription factors
Cellular response: transcription of STAT target genes

Dimerization and phosphorylation are key steps in activation of the cytokine pathway
Phosphorylation: conformational change in activation lip of JAK kinase that increases enzyme activity. Phosphorylation of tyrosines on EpoR occurs
Activation lip down: inactive
Activation lip down: active
Conformational change with JAK-kinase

· We need high level of kinase activity 

Phosphorylation of tyrosines on EpoR at docking sites allow bonding of the STAT transcription factor to Phos-EpoR
STAT is phosphorylated allowing dimerization and nuclear localizations sequence (NLS) is exposed
SH2 domain: can recognize phosphorylated tyrosines
Our STAT protein will bind to these docking sites on the receptor when the recptr is phosphorylated

SH2 domain: recognizes phosphorylated tyrosine
P-Tyr containing peptide: Pro-Asn-pTyr-Glu-Glu-Ile-Pro
Backbone is yellow, R-groups are green, Phosphate is blue
Tight fit (molecular complementarity) is only achieved when tyrosine…
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