Molecular Mechanisms of Disease

Lecture 1: Introduction to Molecular Biology

What is molecular biology?
· How molecules control a cell’s activity and growth
· Cellular processes/pathways that provide energy, pass messages, generate proteins, replicated DNA
· Understanding the interactions between the various systems of a cell
· Molecular biology attempts to understand how a healthy cell functions and how disease begins to manifest in a cell at the molecular level
Example: taking a biopsy and using techniques to determine a cancer diagnosis, gene therapy

Review of Cellular Biology
Cells: the smallest unit of life (whole cells can be removed from an organism and grown in a lab)
· Henrietta Lacks: the first human immortal cell line (HeLa cell line)

1. Have highly controlled and remarkably precise cellular activities 
· <1 mistake/10 million nucleotides
2. They possess a genetic program 
· Are built according to a collection of genes 
· These build the blueprint for cell structure, directions for running cellular activities and the program for cellular replication 
· They also allow for mutations, which leads to variation
3. Reproduce by mitosis or meiosis
4. Carry out chemical reactions, which require enzymes 
· metabolism = sum of all chemical reactions
5. Engage in mechanical activity 
· the result of dynamic mechanical changes within a cell due to motor proteins 
· Motor proteins transport intracellular materials, assemble/deassemble structures, cellular motility)
6. Respond to stimuli
· There are receptors on the cell surface that respond to substances in their environment in a specific way (they can be hormones, growth factors or extracellular material)
· Receptors provide pathways through which external stimuli can evoke specific responses in target cells (they can alter metabolic activities, cellular movement, cell death)
7. Capable of self-regulation
· Cells are robust in order to keep them protected from dangerous fluctuations in composition and behaviour
· This is important in the case of disease, which is a direct result of failed regulatory mechanisms

Two types of living cells;

1. Prokaryotes (bacteria)
2. Eukaryotes (protists, fungi, plants, animals)

	Similarities
	Differences (features of eukaryotic cells)

	Plasma membrane similar
Genetic information encoded in DNA
Similar mechanisms for transcription and translation of genetic information
Shared metabolic pathways
Similar mechanism of photosynthesis, synthesizing membrane proteins
	Division of nucleus from cytoplasm with the nuclear envelope
Chromosomes
Complex membrane organelles and cytoskeleton
Flagella and cilia
Ability to phagocytize particulates
Two copies of genes per cell
3 different RNA synthesizing enzymes (RNA polymerase) 


Eukaryotic cell biology
· Nucleus
· Rough endoplasmic reticulum
· Synthesis of proteins
· Smooth endoplasmic reticulum
· Synthesis of lipids and membrane proteins
· Golgi complex
· Packaging macromolecules for transport
· Mitochondria
· Provide the energy
· Lysosomes
· Hydrolytic enzymes for intracellular digestion
· Cytoskeleton
· Maintain cell shape, cell motility, intracellular transport
· Plasma membrane
· Controlled entry and exit of cell, interaction with environment

They can further divide into either unicellular or multicellular eukaryotes
Differentiation: less specialized cell becomes a more specialized cell type. This occurs during embryonic development.
Cell replacement therapy: using differentiation in culture to create specific cells – inducing embryonic stem cells to differentiate into a specific adult cell

Basic properties of cells
Cells are commonly measured in micrometers and nanometers. Cell size is limited by;
· Volume of cytoplasm that can be supported by the genes in the nucleus
· Volume of cytoplasm that can be supported by exchange of nutrients
· Distance over which substances can efficiently travel through cytoplasm via diffusion

Viruses
They are pathogens, they are intracellular obligate parasites but are not technically living. Viruses require cellular machinery of the host cell to reproduce and metabolize (when they exist outside of a cell, they are called virions). They have genetic material (DNA or RNA and a protein capsule called a capsid).
· Viroids cause disease by interfering with gene expression in the host cell
· They interact with the host using surface receptors, and each one will have specificity for a certain host cell and the species in which it is found
· In gene therapy, we use viruses as vectors to introduce therapeutic genes into cells
· Encapsulate gene in an adenovirus, inject into the person















Lecture 2: Biological Molecules

Chemistry of Life
Atomic bonds
· Atoms: basic unit of matter that consists of a dense central nucleus surrounded by a cloud of negatively charged electrons
· Molecules: stable combinations of atoms held together by covalent bonds
· Compounds: molecules with more than one type of atoms
· Covalent bonds: between atoms with shared pairs of electrons

Nonpolar covalent bond: bonding electrons are shared equally between two atoms and there are no charges
Polar covalent bond: bonding electrons are shared unequally between two atoms, there are partial charges on the atoms
Ionic bond: complete transfer of one or more valence electrons, there are full charges on the resulting ions

Ions: some atoms are so strongly electronegative that they capture electrons from other atoms during a chemical reaction. Cations have lost electros and anions have gained them. However, ions are still stable because they are atoms that have filled their outer electron shell
Free radicals: unstable atoms or molecules with unpaired electrons, they are highly reactive. They are formed during normal metabolism and will damage macromolecules (DNA)
· Free radicals are one of the biggest threats to our health

Hydrogen bonds
Covalently bound hydrogen has a partial positive charge and attracts electrons of a second atom. 
H bonds will occur in biological molecules, such as between the strands of DNA.
They determine the structure and properties of water

Hydrophilic and hydrophobic interactions
· Hydrophilic: water-loving, participate in hydrogen bonding. They enhance solubility and interact with water. Examples are amino acids and sugars
· Hydrophobic: water-fearing, they are nonpolar molecules and are essentially insoluble in water. They will form into aggregates to minimize their exposure to polar surroundings. Example: fats, steroids
· Van der Waals interaction: weak bonds between hydrophobic molecules based on electrostatic interactions. Transient charge asymmetries result in momentary charge separations called dipoles. An example is the interaction between antibodies and viral antigens

Chemistry of life: water
Asymmetric, with covalent O-H bonds both highly polarized. All three atoms form H bonds.
Water requires a lot of heat to evaporate, and serves as an excellent solvent

Acids, bases, and buffers
· Acids release protons
· Bases accept protons
· Amphoteric molecules can act as either acids or bases
Biological processes are sensitive to pH, and changes affect the ion state and function of proteins
Buffers in living systems resist changes in pH

Carbon is central to organic compounds. Its size and structure allow it to generate many molecules (binds up to 4 other atoms, can be linear/branched/cyclic)
Hydrocarbons contain only carbon and hydrogen (they are the simplest group of organic molecules, but do not occur often in living cells)

Functional groups (R) replace hydrogens on a carbon skeleton. They are groups of atoms giving organic molecules different characteristics and properties
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1. Carbohydrates: simple sugars and sugar polymers, an energy source. Have ketose on an internal carbon and aldose on a terminal carbon
· Glycosidic bonds: -C-O-C- links between sugars
· Disaccharides: 2 sugars, used as a source of readily available energy
· Oligosaccharides: chains of a few sugars (2-10) found bound to cells surface proteins and lipids, used for cell recognition
· Polysaccharides: a polymer of many sugar units (glycogen, starch, GAGs)
· *Functions are energy storage and a structural building material

*Glycogen: animal product of branched glucose polymers (the animal’s method of storing chemical energy)
*Starch: the plant’s product of both branched and un-branched glucose polymers, plant surplus
*Glycosaminoglycans (GAGs): structural un-branched polysaccharides, they are composed of two different sugars and are found in extracellular space


2. Lipids: nonpolar molecules consisting of fatty acids, an energy store with structural and hormonal function
· Fats: glycerol linked by three ester bonds to three fatty acids, purpose of long term storage of energy
· Fatty acids: Long un-branched hydrocarbon chains with a single carboxyl group. Can be saturated (no double bonds) or unsaturated (contains double bonds) – and further, cis and trans are terms that describe whether the hydrogen atoms are on the same or opposite sides of the double bond
· Steroids: built around 4 ringed hydrocarbon skeleton, non polar
· Phospholipids: resembles a fat but only 2 fatty acid chains and a phosphate group bound to glycerol which is then bound to a small polar group. Its primary function is in cell membranes

3. Nucleic acids: polymers of nucleotides that store and transmit genetic information
· Deoxyribonucleic acid (DNA): storage of genetic information
· Ribonucleic acid (RNA): transmission of genetic information into proteins
· A nucleotide is composed of a ribose sugar, a phosphate group and a nitrogenous base 
· Nucleotides are connected by the 3’ to 5’ phosphodiester bonds between the phosphate of one nucleotide and the 3’ carbon of the next
· There are also alternate functions of nucleotides (utilizing ATP into cellular energy, and GTP to activate G proteins within a cell)

4. Proteins: polymers of amino acids, perform virtually all of a cell’s activities
· Enzymes, transporters, hormones, growth factors, regulators of cell function (gene transcription), structural/movement machinery, antibodies, toxins, etc.
· Each protein has a unique and defined structure that enables its function and allows it to selectively interact with other molecules
· They are created from amino acids, which have an α carbon, amino group, carboxyl group, and a variable R group (which differentiate the 20 different ones)
· Amino acids in a polypeptide chain are joined together by peptide bonds
· Many proteins also contain other components which are added following polypeptide synthesis; carbohydrates (glycoproteins), metal containing groups and organic groups (flavoproteins)

· The R group can make the amino acid polar charged, polar uncharged, nonpolar, or other



	Polar charged
	Polar uncharged

	R groups act as strong organic acids/bases
Almost always fully charged at pH 7
Can form ionic bonds
	R groups are weakly acidic or basic
Not fully charged at pH 7
Can form H bonds with other molecules since they have atoms with a partial negative or positive charge

	Nonpolar
	Unique properties/other

	R groups are hydrophobic and generally lack oxygen and nitrogen
Cannot interact with water of from electrostatic bonds
Vary primarily in size and shape, which allows them to pack tightly
	Glycine: side chain consists of only hydrogen atom and can fit into either a hydrophilic or hydrophobic environment
Cysteine: polar uncharged side chain, but can form covalent bonds with another cysteine to form a disulfide link
Proline: hydrophobic side chain, but can create kinks in polypeptide chains which disrupts the secondary structure
















Structure of proteins
· Primary structure: sequence of amino acids in the polymer – critical to protein function
· Secondary structure: conformation of adjacent amino acids into alpha helix, beta pleated sheets, hinges, turns, loops, extensions, etc.
· Tertiary structure: conformation of the entire polymer – stabilized by non covalent bonds between R groups and determined using crystallography. The protein is categorized as either fibrous (with elongated shape such as keratin or elastin) or globular (with a compact shape such as myoglobin)
· Domains: two or more distinct regions in a polypeptide, each with a specific function
· Conformational changes: dynamic movement of regions of a protein, triggered by binding
· Quaternary structure: for proteins composed of subunits, it refers to the manner in which subunits interact, they may be linked by covalent disulfide bonds or non-covalent bonds. Subunits may or may not be identical;
· Homodimer: 2 identical subunits
· Heterodimer: 2 different subunits

· Multi-protein complexes: different proteins, each with specific function, physically associate
· Pyruvate dehydrogenase is a complex made of 60 polypeptide chains that make up 3 different enzymes
· These interactions are highly dynamic

· Denaturation: the unfolding or disorganization of a protein, usually associated with a loss of function
· Caused by detergents, reducing agents, organic solvents, radiation, and heat – these all interfere with various interactions that stabilize a protein’s tertiary structure
· Most proteins are capable of spontaneous self-assembly
· Mutations in amino acid sequence can negatively impact protein folding and function

· Protein misfolding: can cause Creutzfeld-Jakob disease, a rare and fatal disorder that causes lesions in the brain, leading to loss of motor coordination and dementia

· Molecular chaperones (helper proteins): prevent non-selective interactions during protein folding in order to achieve the proper 3D conformation 
· Proteome: entire inventory of proteins produced by a specific cell, tissue, organ or organism
· Proteomics: field of protein biochemistry




Lecture 3: Bioenergetics, enzymes, and metabolism

Enzymes
Complex protein architecture with purpose of increasing rates of biological reactions.
Bioenergetics
A living cell bustles with activity and must therefore acquire and expend energy. Bioenergetics is the study of energy transformations in a living organism
Energy
Capacity to do work, change or move things

Thermodynamics
Study of changes of energy – the flow of energy in a chemical reaction
1. The first law of thermodynamics
· Energy can be neither created or destroyed but can be converted into different forms
· Example: chemical energy can be converted to mechanical and thermal energy
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E= internal energy E=Q-W 

			Q= heat energy
W= work energy

2. The second law of thermodynamics
· Energetic events in the universe have direction and tend to proceed from a state of higher energy to a state of lower energy
· Spontaneous: can occur without the input of external energy (thermodynamically favorable)
· Loss of available energy during a process leads to a tendency for randomness or disorder to increase, which is referred to as an increase In entropy

Entropy
Every event is accompanied by an increase in the entropy of the universe. Living systems maintain a state of system order (low entropy) at the expense of a higher universe disorder (high entropy). It describes energy that is no longer available to do additional work

Gibbs free energy (ΔG)
Energy available to do work, the equation provides a measure of the spontaneity of a particular reaction;
· ΔG<0 	exergonic, spontaneous towards state of lower energy  
· ΔG>0 	endergonic, cannot occur spontaneously, require energy input or coupling  

Rates of chemical reactions
· All chemical reactions are theoretically reversible: A+B C+D  
· The rates of chemical reactions are proportional to the concentration of reactants
· All reactions spontaneously proceed towards equilibrium : (Keq = [C][D]/[A][B])  
· At equilibrium, the free energies of the products and reactants are equal



Chemical reactions using ATP
One of the most important chemical reactions in a cell is the hydrolysis of ATP (adenosine triphosphate) – it is synthesized in mitochondria and is the end product of cellular respiration.
· The liberation of one phosphate group produces ADP and releases energy
· The downhill ATP hydrolysis reaction is used to drive most uphill chemical reactions and processes

Active transport
The pumping of molecules or ions through a membrane against their concentration gradient. It requires a transmembrane protein and ATP. But, ATP may be used directly or indirectly;
· Direct active transport: ATP binds directly to transporter and energy from ATP hydrolysis drives transport across a membrane (against the concentration gradient)
· Na+/K+ ATPase – the sodium potassium pump
· In the cellular cytoplasm, the concentrations of K+ are very high, and Na+ very low
· By this mechanism, gradients are established by Na+/K+ ATPase
· Almost one third of the ATP in animal cells is used for this

Equilibrium vs. Steady state
Cellular metabolism is not at equilibrium, but instead at a steady state. 
· Cells are an open thermodynamic system – there is an exchange of matter between the system and its surroundings (substrates enter and products are removed)
· To maintain this steady state, there must be a constant input of energy
· Equilibrium: forward chemical reactions produce at the same rate of reverse chemical reactions, and therefore there are no net changes in the concentrations of the reactants and products
· Steady state: reactants and products are constant  in spite of external/internal processes (this only works because constant energy use drives reactions). 
· This method leads the cells to homeostasis – intracellular ion distributions, osmotic balance, pH, etc.

Rates of chemical reactions in a cell
Rates are dependent on the relative concentrations of reagents, and environmental conditions such as;
· Temperature/ pH
· Pressure, location within a cell
· Effects of enzymes (presence of enzyme cofactors or catalysts)

Enzymes are catalysts that speed up chemical reactions – they are required for metabolism and are almost always proteins. They may be conjugated with non-protein components;
· Cofactors are inorganic enzyme conjugates (metal ions like iron, magnesium, copper)
· Coenzymes are organic enzyme conjugates (vitamins, NAD, FAD, ATP)

Enzymes are present in all cells in small amounts. They are not permanently altered during the course of a reaction and cannot affect the thermodynamics of reactions (only the rate at which they occur).
· Substrates: target reactants that cause highly specific interactions. The enzyme and substrate will bind together into a complex to cause the catalytic reaction
· The active site: the region where the substrate binds to the enzyme; there is a complementary shape like a puzzle piece that allows this conformation
The activation energy (EA) is a small energy input that is required for any chemical transformation. It acts as a barrier to slow the progress of thermodynamically unstable reacts. An enzyme acts to reduce the required EA. 




Mechanism of enzyme action
· Substrate orientation: multiple substrates brought together in correct orientation to catalyze reaction
· Changing substrate reactivity: substrate influenced by amino acid side chains at active site that alter chemical properties of the substrate
· [bookmark: _GoBack]Inducing strain in the substrate: enzyme changes conformation of substrate to bring closer to conformation of transition state
· Catalysts can change the reactivity of the substrate and temporarily stabilize the transition state: acidic or basic R groups on the enzyme may change the charge of the substrate. Charged R groups may attract the substrate. Cofactors increase reactivity by removing or donating electrons
· Inducing strain: shifts in the conformation after binding cause an induced fit between enzyme and substrate
· Conformational changes and catalytic intermediates: various changes in atomic and electronic structure occur in both the enzyme and substrate during a reaction. Using time-resolved crystallography, researchers have determined the three-dimensional structure of an enzyme at successive stages during a reaction

Enzyme kinetics
The study of rates of enzymatic reactions under various conditions. Rates will increase with increasing substrate until the enzyme is saturated; at this point every enzyme is working at maximum capacity.
· Velocity of reaction at saturation = maximal velocity (Vmax)
Michaelis constant (KM) = substrate concentration when the reaction is at half-maximal velocity (Vmax/2)
· Constant, independent of substrate or enzyme concentration
· Reflects the affinity of the enzyme for the substrate
· Temperature and pH can affect enzymatic reaction rates

Enzyme inhibitors – slow the rates of enzymatic reactions
· Irreversible inhibitors bind tightly to the enzyme
· Reversible inhibitors bind loosely to the enzyme
· Competitive inhibitors compete with the enzyme for active sites (resemble the substrate structure and will overcome with high substrate/inhibitor ratios)
· Noncompetitive inhibitors bind to sites other than active sites and inactivate the enzyme (the maximum velocity of enzyme molecules cannot be reached, cannot be overcome with high substrate/inhibitor ratios)

Antibiotic resistance
Target enzymes are involved in;
· Synthesis of the bacterial cell wall
· Penicillin: irreversible enzyme inhibitor
· Vancomycin: targets substrate terminus
· Components of bacteria duplication, transcription, and translation
· Quinolone: targets bacterial DNA Gyrase
· Bacteria-specific metabolic reactions specific to bacteria
· Sulfa drugs: required folic acid coenzyme that competitively inhibits this reaction (resembles PABA)

Antibiotics have often been misused with dire consequences; susceptible cells are destroyed which leaves resistant cells to survive and replicate. This is the basis of bacterial resistance to antibiotics – they acquire genes from other bacteria

Metabolism
The collection of biochemical reactions that occur within a cell
Metabolic pathways are sequences of chemical reaction, where each reaction in the sequence is catalyzed by a specific enzyme. Pathways convert substrates into end products with the use of metabolic intermediates




Catabolic pathways break down complex substrates into simple end products
· This provides raw materials and chemical energy for the cell
Anabolic pathways synthesize complex end products from simple substrates
· This requires energy, using ATP and NADPH produced in the catabolic pathways
However, anabolic and catabolic pathways are interconnected
· Stage I: macromolecules are hydrolyzed into their building blocks
· Stage II: building blocks are further degraded into a few common metabolites
· Stage III: small molecular weight metabolites into acetyl-CoA are degraded yielding ATP
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Oxidation-reduction (redox) reactions
Involve a change in the electronic state of reactants

· Substrate gains electrons: reduction
· Substrate loses electrons: oxidized

· When one substrate gains or loses electrons, another must donate or accept these electrons
· The substrate that donates is the reducing agent
· The substrate that accepts is the oxidizing agent

Glycolysis
[image: Macintosh HD:Users:charlotte:Desktop:Screen Shot 2018-09-26 at 5.20.26 PM.png]Glycolysis can generate a net of 2 ATPs for each glucose. The process occurs in the absence of oxygen (anaerobic pathway). The end product is pyruvate, which can enter aerobic or anaerobic catabolic pathways









Anaerobic metabolism of pyruvate (called fermentation)
Fermentation: anaerobic reduction of pyruvate
NAD+ is reduced to NADH in glycolysis, which is then oxidized back to NAD+ in fermentation when pyruvate is reduced
· In muscle and tumor cells, pyruvate produces lactate
· In yeast and other microbes, pyruvate produces ethanol
· Fermentation produces only 8% of the energy of glucose captured as ATP

Anabolic metabolism – Reducing power
Anabolic pathways require a constant source of electrons

1. NAD+ in the cell accepts two electrons from incoming H+ atoms to become NADH
2. NADH carries the electrons to a later stage of respiration and drops them off, then is once again oxidized to NAD+

· NADPH and NADH are interconvertible, but have metabolic roles
· NADPH is oxidized in anabolic pathways, and NAD+ reduced in catabolic pathways
· The enzyme transhydrogenase catalyzes the transfer of hydrogen atoms from one cofactor to the other
· NADPH is favored when energy is abundant
· NADH is used to make ATP when energy is scarce

Metabolic regulation
Enzymes are controlled by alteration in active sites;
· Covalent modification of enzymes with addition of P: protein kinases
· Allosteric modulation of enzymes by compounds binding to allosteric sites (feedback inhibition is when the product of the pathway inhibits enzymes of the pathway)
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Aerobic Respiration
Species evolved to be protected from molecular oxygen, and could then utilize oxygen to produce energy. They became known as aerobes. 
Mitochondria: A specialized organelle that utilizes oxygen to generate cellular energy
· Cellular power plants
· Size and number of mitochondria reflect the energy requirements of the cell
· Involved in calcium regulation, programmed cell death

 Mitochondria Membranes
1. Mitochondrial membranes
· The outer membrane contains a large pore-forming protein called porin (permeable)
· The inner membrane is mostly impermeable
2. Mitochondrial matrix
· Contains enzymes and ribosomes
· Contains genetic material in the form of mtDNA – it encodes for 13 different proteins. The mtDNA is passed on from mother via oocyte mitochondria, and can be used to track human migration and evolution
Mitochondria fusion: fuse with one another
Mitochondrial fission: split in two, induced by endoplasmic reticulum
The balance between fusion and fission is a determinant of mitochondrial number, length, and degree of interconnection.
Metabolism in the mitochondria
· Pyruvate is transported across the inner mitochondrial membrane and into the matrix
· Decarboxylated to form a 2 carbon acetyl group
· Acetyl group transferred to coenzyme A to produce Acetyl CoA
· Pyruvate + HS-CoA + NAD+ > acetyl CoA + CO2 + NADH + H+
· Completed by multienzyme complex (pyruvate dehydrogenase)

TCA cycle – Krebs cycle (the citric acid cycle)
· A stepwise cycle – the substrate is oxidized and its energy conserved
· Acetyl CoA is condensed with the oxaloacetate (OAA) to form a citrate
· During the cycle, two carbons are oxidized to CO2, regenerating the four-carbon oxoacetate needed to continue the cycle
· 5 pairs of electrons are removed and transported to the electron transport chain for use in ATP production
Oxidative phosphorylation – the electron transport chain
· As electrons move through the ETC, H+ are pumped out across the inner membrane
· ATP is formed by the controlled movement of H+ back across the membrane through the ATP synthase (chemiosmosis)
· 2 or 3 ATP are formed from each NADH, 2 ATP are formed from each FADH2
· 1 molecule of glucose produces 36 molecules of ATP

Adenosine Triphosphate – ATP
The molecular unit of currency that provides intracellular energy. It powers most of the energy-consuming activities of cells;
· Active transport of molecules and ions
· Nerve impulses
· Maintenance of cell volume by osmosis
· Adding phosphate groups to many different proteins 
· Muscle contraction, beating of cilia and flagella
· Bioluminescence 
ATP regulates many biochemical pathways. It acts as a substrate in signal transduction pathways by kinases that phosphorylate proteins and lipids. It is also used by adenylate cyclase to produce the second messenger molecule cyclic AMP. 

Role of mitochondria in calcium regulation
· Free calcium in a cell is important for signal transduction
· Mitochondria can transiently store calcium that helps with cellular homeostasis of calcium
· They are cytosolic buffers for calcium
· Calcium taken up into the matric by a calcium uniporter driven by the mitochondrial membrane potential
· Release of calcium back into cytosol occurs via a sodium-calcium exchange protein

Role of mitochondria in apoptosis (programmed cell death)
Apoptosis is a massive inflammatory reaction of the cell that is caused by the mitochondria
Intrinsic (coming from within the cell) Apoptotic Pathway;
· The dephosphorylation of Bad causes it to bind to Bcl2 (and therefore its dissociation from Bax)
· Now that there is a surplus of independent Bax, it creates a pore through which  Cytochrome c is released can and activate Apaf-1 – which creates the apoptosome and activates the caspase cascade
Reactive Oxygen Species (ROS)  are produced by mitochondria as they age, and grow less functional. These ROS can cause cellular damage such as;
· Impaired calcium homeostasis
· Abnormal fission/fusion
· Insufficient ATP production
An increase in ROS may cause the cell to undergo apoptosis, or there can simply be inhibition of ROS.
Autophagy: getting rid of organelles by releasing them to lysosomes to be digested
Mitophagy: autophagy for mitochondria that becomes disfunctional

Importance of the mitochondria for human health
Cellular respiration provides energy
Calcium homeostasis aids in signal transduction
Apoptosis controls the cell life cycle


Mitochondrial diseases 
Refers to a group of disorders, where the result of a genetic mutation in the mitochondrial DNA of nuclear-encoded mitochondrial proteins results in mitochondrial failure;
· Insufficient ATP production
· Impaired calcium homeostasis
· Abnormal cell signalling and function
· Increased cell death
Symptoms can range from mild to severe, there is currently no cure for these diseases

Heteroplasmy: presence of more than one type of mtDNA within a cell or individual
Mitochondrial DNA can present with mutations: there are about 1500 proteons from the nucleus that affect the mitochondria, so plenty of room for error. However, one mutation’s effect can be diluted by the large amount of mtDNA

Sometimes mutated mitochondria get replicated at a faster rate than others, which results in a mitochondrial disease that presents or gets worse as the individual ages

3 parent IVF
· Was successfully conducted in mice in 1990. 
· In 2008, successful transfer of pronuclear DNA between day 1 single cell human embryo. Embryos develop normally to blastocyst stage with minimal carryover of maternal mtDNA.
· In 2009, successful conduction on primates results in offspring with no detectable carryover of maternal mtDNA
· 2015: approved for use in UK
· Mitochondrial replacement therapy (MRT) is illegal in Canada
· The Assisted Human Reproduction Act states that no person can knowingly “alter the genome of a cell of a human being or in vitro embryo such that the alteration is capable of being transmitted to descendants”
Potential benefits;
· Parents can have children that are genetically related to them
· Children potentially born free from mitochondrial disorders
· Protection that is carried on in all future descendants

Method of action: We begin with a fertilized egg and remove the parent’s nuclei. These nuclei are implanted into another parent’s embryo that has healthy mitochondria.










Lecture 5: Interactions between cells and their environment
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The extracellular space
All space and any element outside of the plasma membrane. Portions of the integral membrane proteins and membrane lipids project into the extracellular space
Glycocalyx: cell coat formed from carbohydrate projections
· Mediate cell to cell and cell to substrate interactions
· Provide mechanical protection
· Serve as a barrier and bind regulatory factors
The extracellular matric (ECM): organized network of extracellular material that provides physical and biochemical signals that regulate shape and activities of the cell.
[image: Macintosh HD:Users:charlotte:Desktop:Screen Shot 2018-09-26 at 7.58.18 PM.png]Basement membrane: Highly defined extracellular matrices that underlies the epithelial tissue and surrounds blood vessels. Role;
· Provides mechanical support
· Generates signals to maintain cell survival
· Serves as substratum for cell migration
· Separates adjacent tissues within an organ
· Barrier to macromolecules
· Acts as a base for cells to attach to

Collagen
Fibrous glycoproteins that are only found in the ECM. They are the most abundant protein in the 
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Collagen is produced by fibroblasts, SMC and epithelial cells.
There are 27 different types of collagen fibers which are restricted to particular locations.
Collagen is a trimmer of polypeptide chains wound around each other in a helix.
· Fibrillar collagens: assemble into rigid, cable-like fibrils which get packaged into thicker fibers (type 1, 2 and 3). The mechanical framework found in tendons and the cornea
· Non-fibrillar collagens: non-helical lattice arrangement of collagens with globular domains. Found in basement membranes (type 4), mechanical support with flexibility
Collagen is composed of proline and hydroxyproline molecules wound around eachother to form a helix. Vitamin C is an essential component to creating this compound, and gets used up in the process of the reaction. This is the basis for scurvy

Fibronectin: glycoprotein of ECM that binds to membrane-spanning receptor proteins (integrins), collagen, fibrin, and proteoglycans. It exists as a protein dimer (2 nearly identical monomers linked by a pair of disulphide bonds). Each polypeptide monomer is composed of distinct modules (Fn), organized into several functional units.
· Secreted primarily by fibroblasts as a soluble protein dimer
· Assembled into insoluble matrix in a cell-mediated process
· Plays a major role in cell adhesion, growth, migration, and differentiation
· Very important in wound healing and embryonic development – because the it allows the cells to grow in the correct direction to heal the wound

Laminin: family of glycoproteins that consist of 3 polypeptide chains linked by di-sulfide bonds organized into a molecule that resembles a cross. It binds tightly to cell-surface receptors, laminin, proteoglycans, and collagen of the basement membrane.
· Greatly influences a cell’s potential for migration, growth, and differentiation
· Because of this, plays a role in the migration of primordial germ cells
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An extracellular matrix residing protein-polysaccharide complex. It is the core protein molecule to which glycoaminoglycans (GAGs) are covalently attached.
· They may assemble into gigantic complexes by linkage of their core proteins to a molecule of hyaluronic acid
· Bind a large number of cations, which in turn will bind water molecules
· This step forms a porous, hydrated gel which acts as packing material that resists crushing forces
· Along with collagen, proteoglycans give cartilage and other ECM strength and resistance to deformation
· Sulfated and nonsulfated GAGs are taken as health supplements to improve skin and joints

The extracellular matrix
Components of the ECM are continuously subject to degradation and reconstruction. So, the matrix is constantly under construction and allowing for remodelling (embryonic development, wound healing)

Matrix metalloproteinases  (MMPs)
Family of zinc containing enzymes which are secreted into the ECM or anchored to plasma membranes. 
· They digest nearly all ECM components
· Actively involved in tissue remodelling, cell migration/invasion, wound healing and neovasculogenesis

Integration of cells with extracellular materials
Integrin: family of membrane proteins play a key role in integrating extracellular and intracellular environments. They will bind fibronectin, laminin, proteoglycans, collagen
· 2 membrane spanning polypeptide chains that are non covalently linked
· 18 different alpha subunits and 8 different beta subunits
Functions;
· Adhesion of cells to their substratum (inside out signalling) – this type of signalling means that a molecule (talin) tells the integrin to interact with collagen on the outside of the cell
· Transmission of signals between external environment and cell interior (outside in signalling) – for differentiation, motility, growth, survival. This type of signalling means that the integrin sends a signal inside

Focal adhesions
Dynamic structures that anchor a cell to a substratum, large clusters of integrins. They can be disassembled for movement or cell replication.
· Sensory structure, information about physical/chemical properties
· Cell adhesion, proliferation, survival, locomotion
· Common in cells grown in vitro (muscle, tendon)
Focal adhesions are large clusters of integrins that are able to send sensory info depending on how well things bind to them

Hemidesmesomes
Specialized integrin adhesive structure in epithelial cells in vivo.
· Bullous pemphigoid is an autoimmune blistering skin disease that occurs in the space between the epidermis and dermis skin layers

Interaction of cells with other cells
Selective interaction between cells allows to recognize surfaces of cells and choose which to interact with.
Distinct integral membrane proteins mediate cell-cell adhesion

Selectins
Integral membrane glycoproteins that recognize and bind sugars in oligosaccharides that project from the surfaces of other cells. They are calcium dependent.
Mediates transient interactions between circulating leukocytes and vessel walls
· L selectin for leukocytes (white blood cells)
· E selectin for endothelial cells
· P selectin for platelets and endothelial cells

Immunoglobulins
Polypeptide chains organized into a folded structure.
The entire group is an immunoglobulin superfamily (IgSF) – most involved in aspects of immune function (antibodies, cell antigen presenting molecules), others mediate calcium independent cell-cell adhesion.
· Most mediate interactions between lymphocytes and cells required for immune response

Cadherins
Family of glycoproteins that mediate calcium-dependent cell-cell adhesion
Typically join cells of similar type (where same cadherin exists on the neighbouring cell)
· E cadherins – epithelial
· N cadherins – neural
· P cadherins – placental
Catenin is a cytosolic protein that tethers to the cytoskeleton to transmit signals.

Cadherins play a pivotal role in embryonic development (morphogenesis)
The epithelial-mesenchymal transition (EMT);
· Epithelial cells lose their cell polarity and cell-cell adhesion, and gain migratory and invasive properties to become mesenchymal stem cells
· These cells differentiate into various types of cells such as epithelial or mesenchyme

Anchoring junctions

Adherens junctions
Cells held together by calcium dependent cadherin clusters. Common in epithelia as a band around the cell. Catenin-actin intracellular interactions and signalling. 
Desmosomes
Disk shaped adhesive junctions in tissues with mechanical stress as it one of the stronger cell to cell adherens. Contain non-classical cadherins (desmogleins, desmocollins)

Cell-adhesion receptors
All cell-ECM and cell-cell interactions can take part in transmembrane signalling
· Protein kinases (phosphorylation)
· G proteins (physical interaction)
· Gene expression?

Tight junctions
Specialized contacts between epithelial cells. They are located at the apical (top) of the junctional complex between adjacent cells. Tight junctions serve as a barrier to free diffusion of water and solutes from the extracellular compartment. Some are permeable to specific ions or solutes.
· Occludins and Claudins: major structural proteins of tight junctions, account for selective differences in tight junction permeability

Gap junctions
Specialized sites between cells that allow for intercellular communication. Molecular pipeline that pass through adjoining plasma membranes and open into cytoplasm of adjoining cells.
They are composed of 6 connexin subunits surrounding a central opening (the connexon)
· Allows for nonselective passage of ionic currents or low-molecular weight molecules
· Channels can be closed via phosphorylation, changes in voltage, high calcium































1

image2.png
Endothermic (AE>0) - reactions that GAIN heat
Exothermic (A E<0) - reactions that LOSE heat




image3.jpeg
(()xidation
ompound A
loses electrons

Reduction
Compound B
gains electrons

Oxidizing agent Reduced





image4.jpeg




image5.png




image6.png




image7.jpeg
Collagen Fibronectin. Laminin
g 3 vV Proteoglycan





image8.png
Collagen type [

Type | ‘most abundant Osteogenesis
« found in tendons, skin, vessel imperfecta
walls, fibrocartiage, bones, teeth
- _presentin scar tissue
Type Il « hyaline cartiage, makes up 50% of Dwarfism
all cartiage protein
« vitreous humour of the eye

Type i « wound healing, often repiaced by _ Ehlers-Danlos
typel Syndrome
« vessel walls, skin, intestines and
the uterus.
TypelV - primary colagen of basement Alport Syndrome

membrane in glomerulus,
capillaries, eye lens




image9.png




image1.jpeg
COMPLEX CARBS = GOOD

¥ o 89

bk aRE THEY Gooo?

1 on o & kNS
4 Low uvcoue woex s seom

14 L9 YOU ESLFLL WITH FEWGR CLORES
4 TR STILATES METABUSM

SIMPLE CARBS = BAD

o 1 U

b [ i ey saor g

 tow e TmewTs
PET————
PR ———
P ————————





e sttt s

[Re—
i et o s -
1 iy A A o 8 4 e 35 e 3

LI e S -

e e st b s o 00

et bt et s
oy i SO —

[ NPT T—

[—
A
R e e
e T
Pl o —eee
- "




