Biology 1000
Chapter 4 Readings and Notes

4.1 Energy and the Laws of Thermodynamic
· Life is an energy driven process 
· Energy: capacity to do work
· Cannot be weighed or measured directly 
· Can only detect through ability to do work

4.1a Energy Exists in Different Forms and States
· Energy can exist in different forms such as heat, chemical, electrical, and mechanical 
· Electromagnetic radiation is also a type of energy
· Energy can be converted from one form to another
· I.e. battery in flash light (electrical  light and heat energy) 
· All energy can be grouped to 
· 1. Kinetic Energy: energy possessed in object b/c it is in motion 
· Performs by making other objects move 
· 2. Potential Energy: stored energy
· Energy an object has b/c o its location or chemical structure 

4.1b The Laws of Thermodynamics Describe the Energy Flow in Natural Systems
· Thermodynamics: study of energy and its transformation
· System, is the object being studied 
· 1. Closed: exchange energy but not matter with its surroundings 
· 2. Isolated: does not exchange matter or energy with surroundings 
· 3. Opened: exchange energy and matter with its surroundings 
· everything around system is called surroundings

4.1c The First Law of Thermodynamics 
· 1st law of thermodynamics or principle of conservation of energy 
· Energy can be transformed from one form to another or transferred from one place to another, but it cannot be created or destroyed

4.1d The Second Law of Thermodynamics
· 2nd law of thermodynamics
· Each time energy is transformed, some of the energy is lost and unavailable to do work 
· I.e. heat transferred to lap when using laptop 
· Unusable energy that is produced during energy transformation results in disorder/randomness in the universe known as entropy
· Able to reverse it, however it requires work and energy 

4.1e Life and the Second Law of Thermodynamics 
· Life is highly ordered
· Living cells have the ability to create ordered structures out of less ordered starting materials (things don't become more random but more ordered) 
· Living things take in energy and matter from the surrounding to generate order out of disorder (it takes energy to maintain low entropy)
· I.e. Humans continuously eat food to maintain our cells in their highly ordered state by providing sufficient energy to build new cells to replace old damaged ones  (eat to maintain low entropy) 

4.2a Energy Content and Entropy Contribute to Making a Reaction Spontaneous  
· Spontaneous Reactions: any chemical/physical reactions that occur without an input of energy 
· The change in energy content of a system and its change in entropy determines whether a reaction is spontaneous 
· 1. Reactions tend to be spontaneous if products have less potential energy than reactants 
· Potential Energy of Products < Potential Energy of reactants
· Enthalpy (H): potential energy in a system 
· Endothermic: Reactions that absorb energy (product > reactant)
· Exothermic: Reactions that release energy 
· 2. Reactions tend to be spontaneous when the products are less ordered than reactants 
· Entropy of products > Entropy of Reactants 
· [bookmark: _GoBack]Phase changes results in increase in entropy (Solid  Liquid  Gas) 

4.2b The Change in Free Energy Indicates Whether a Reaction is Spontaneous 
· Free energy (G): portion of system’s energy that is available to do work 
· Accomplishes the chemical and physical work such as synthesis of molecules, movement, and reproduction 
· G must be negative in order for reaction to be spontaneous 
· Entropy and enthalpy can both influence overall G of reaction 
· G is the difference of free energy of product compared to reactant 
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· Systems that have high free energy are less stable than systems with low free energy 
· High energy  Less stable                  Lower energy  More stable 

4.2c Life and Equilibrium 
· Equilibrium = Maximum stability 
· Point of lowest free energy but max stability
· To move away from equilibrium requires free energy 
· Equilibrium in living organisms is never 0 because they are opened systems
· Supply of reactants is constant and products of reactions tend to be reactants in another reaction
· Free energy is always 0 b/c they constantly take in energy-rich molecules and use them to do work. Only reach equilibrium when we die 

4.2d Metabolic Pathways Consist of Exergonic and Endergonic Reactions 
· In metabolism, individual reactions tend to be part of metabolic pathway (series of sequential reactions in which products of one reaction are used immediately as the reactants for the next) 
· Catabolic Pathway: release of energy as a result of breakdown of complex molecules to simpler ones
· I.e. Cellular Respiration 
· Anabolic Pathways (biosynthetic): consume energy to build complicated molecules from simpler ones
4.3a ATP Hydrolysis Releases Free Energy 
· ATP consist of 5 carbon sugar, ribose, linked to the adenine and a chain of 3 phosphates
· Contains large amounts of free energy (in phosphate bonds)
· Negative charges of phosphate groups causes molecule to be unstable 
· Breakdown of ATP is a hydrolysis reaction 
· ATP + H2O  ADP + Pi ( G = -7.3kcal/mol) 

4.3b ATP and Energy Coupling
· ATP is brought in close contact with a reactant molecule which is then phosphorylated by ATP causing it to be more reactive  (more energy) 
· In energy coupling, enzymes are required to bring ATP and reactant molecules to close contact
· Also, contains binding sites for both ATP and reactant, allowing for transfer of phosphate 
· Coupling system works by joining an exergonic reaction (hydrolysis of ATP) to an endergonic reaction 

4.3c Regeneration of ATP
· ATP is a renewable resource that is synthesized by recombining ADP and Pi
· Synthesis of ATP is an endergonic reaction
· Energy for ATP synthesis comes from the exergonic breakdown of complex molecules that contain an abundance of free energy  (i.e. food, carbohydrates, fats, and proteins) 
· ATP cycle: continuous breakdown and synthesis of ATP 

4.4a The Activation Energy Represents a Kinetic Barrier 
· Reaction that is spontaneous does not mean it’ll proceed rapidly 
· In any reaction, whether it is spontaneous or not, requires a minimal amount of energy, called activation energy, to cause molecules to become unstable in order to initiate the reaction 
· Transition State: Molecules that gain the necessary activation where its bonds are unstable and ready to be broken 
· However, periodically, reacting molecules may gain enough energy to reach transition state 
· Heat is routinely used to provide sufficient energy for reactant molecules to get to transition state
· However, in biology, this is problematic b/c high temperatures destroy structural components of cells, particularly proteins, resulting in cell death. Also, increase in temperature would speed up all possible reactions in a cell not just the specific reactions that are part of metabolism 

4.4b Enzymes Accelerate Reactions by Reducing the Activation Energy
· Catalyst:  chemical agent that speeds up the arte of reaction w/out being part of the reaction itself 
· Most common type of catalyst are enzymes 
· Activation energy represents a kinetic barrier preventing spontaneous reactions from proceeding quickly 
· Greater the activation barrier, slower reaction will occur 
· Enzymes increase rate of reaction by lowering activation energy of reaction 
· Causes greater proportion of reactant molecules to enter the transition state 
· Does not change amount of free energy of the reaction 
· Speed up rate of reaction but does not supply free energy to a reaction 

4.4c Enzymes Combine with Reactants and Are Released Unchanged 
· Enzymes binds briefly with reactants, remained unchanged until reaction is complete
· Reactant enzyme acts on is called a Substrate
· Each enzyme only catalyzes reactions of a single type of molecule or group of closely related molecules 
· Explains why cells need around 4000 different enzymes to function properly 
· Substrate reacts with only a portion of the enzyme called active site, place where catalysis occurs 
· Enzyme are not rigid objects but are flexible prior to substrate binding
· Changes shape/conformation to become more precise in binding to substrates 
· Substrate-Enzyme Complex: when enzymes bind onto the substrate
· Catalysis occurs when enzyme coverts substrate to one or more products 
· Rate of catalysis on a reaction depends on the specifics of the enzyme and substrates involved 
· Most enzymes require a cofactor, non-protein group that binds very precisely to enzyme
· Are often metals
· Organic co-factors are called FEs 
· Enzyme Cycle: because enzymes don’t change shape, they can be reused 

4.4d Enzymes Reduce the Activation Energy by Inducing the Transition State
· 3 ways where enzymes increase number of reactants molecules to reach transition state
· 1. Bringing Molecules Together
· Reactants can only reach transition state when they collide, thus active site brings reactants together in the right orientation for catalysis to occur 
· 2. Exposing the reactant molecule to altered charge environments that promote catalysis
· Active site of enzyme may sometimes contain ionic groups who’s charges alter substrate in a way that favours catalysis 
· 3. Changing the shape of a substrate molecule
· Strain or distort substrate molecule into a conformation that copies the transition state 

4.5a The Influence of Enzyme and Substrate Concentrations on the Rate of Catalysis
· As enzyme concentration increases, rate of product formation increase
· Rate limiting component is amount of enzyme in the reaction mixture 
· Low concentration of substrate with a fixed amount of substrate 
· As substrate concentration increases, the reaction rate increase as enzyme and substrate molecules collide more frequently,
· However as enzyme molecules approach a maximum rate at which they can combine with reactants and release products, increasing substrate concentration, rate of reaction will eventually reach a plateau 
· Enzymes are said to be saturated with substrates 

4.5b Enzyme Inhibitors Have Characteristic Effects on Enzyme Activity 
· Rate at which enzyme catalyzes a reaction can be lowered by enzyme inhibitors
· Bind onto enzyme and reduces activity 
· Binds onto either active site or critical sites located elsewhere on enzyme 
· Competitive Inhibition: when enzyme inhibitors compete with substrates to fit in the active site of enzyme, potentially causing reaction to completely stop if concentration is high enough 
· Non-competitive Inhibition: Do not compete with substrate for active site, however binds onto another location of the enzyme changing its conformation, reducing ability of active site to efficiently bind to substrate
· Reversible Inhibition: where inhibitors to enzyme is weak and eventually comes off active site
· Irreversible Inhibition: inhibitors to enzyme is so strong it forms covalent bonds, disabling the enzyme
· Commonly toxic to cells (I.e. Drugs and Pesticides) 
· Can only be overcome by the cell synthesizing more enzymes

4.5c Allosteric Control of Enzyme Activity
· Futile Cycling: two metabolic pathways run simultaneously in opposite directions and have no overall effect other than wasting energy 
· Cell controls this by not having all enzymes active at once 
· Many enzymes are controlled by natural inhibitors that work either competitively or noncompetitively 
· Concentration of inhibitors changes to meet cell needs, either increasing/decreasing cell function 
· Allosteric Regulation: binding of a regulatory molecule to the allosteric site which either increases or decreases enzyme activity (action is non-competitive)  
· Enzymes typically have two conformations controlled from allosteric site
· 1. High affinity state (active form)
· Enzyme binds strongly to substrate
· Caused by binding to allosteric activator (low  high affinity) 
· 2. Low affinity State (inactive form)
· Enzyme binds weakly or not at all to substrate
· Caused by binding to allosteric inhibitor  (high  low affinity)
· Product of metabolic pathway that they regulate
· Activates when product accumulates in excess 
· If product is too little, concentration decreases 
· Known as Feedback Inhibition

4.5d Temperature and pH are Key Factors Affecting Enzyme Activity 
· Enzyme reaches maximal activity within narrow range of temperature or pH
· Levels outside the range, activity drops 
· Effects of pH
· On either side of pH optimum, rate of the catalyzed reaction decreases b/c of the resulting alterations in charged groups
· Occurs until rate drops to 0
· Most enzyme works around pH of 7 
· Various enzymes work at various maximal activity  
· Effects of Temperature
· As temperature increases, rate of chemical reactions typically increase 
· Has effect on all proteins, including enzymes
· Causes increase in collision, eventually collision become so strong it denatures the enzyme
· Forces of attraction that maintain the structure begin to break, unfolding the enzyme and causing it to lose its function 
· Most enzyme works around 0-40oC and anything over, reaction rate decreases, eventually peaking to 0 when enzyme denatures 
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