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Chapter 3 – Bioenergenics, Enzymes, and Metabolism


BIOENERGENICS
· Bioenergenics = the study of various types of energy transformations that occur in living organisms.

The Laws of thermodynamics and the concept of entropy
· Energy: the capacity to do work (change or move something).
· Thermodynamics: is the study of the changes in energy that accompany events in the universe.
· 1st law of thermodynamics (TMD): the law of conservation of energy; energy can neither be created nor destroyed. It can be CONVERTED/transduced however.
· Transduction of electrical energy to mechanical energy occurs when we plug in a clock.
· Most important energy transduction in the biological world is the conversion of sunlight into chemical energy.
· A loss or gain must be balanced by a corresponding loss or gain in the surroundings.
· Internal energy (E); change in energy: ∆E = Q – W (Q is the heat energy and W is the work energy).
· Exothermic = reactions that LOSE heat.
· Endothermic = reactions that GAIN heat.
· 2nd law of TMD: events in the universe have direction; they tend to proceed ‘downhill’ from a state of higher energy to a state of lower energy.
· In any energy transformation, there is a decreasing availability of energy for doing additional work.
· Spontaneous events  they are thermodynamically favourable and can occur without the input of external energy.
· Entropy  a gain in randomness/disorder of the universe.
· The loss of available energy is equal to T∆S, where ∆S is the change in entropy btw the initial and final states.
· Entropy is associated with the RANDOM movements of particles of matter; cannot be made to accomplish a directed work process.
· Ex. dissolving a sugar cube into a cup of hot water  freedom of movement of particles increases as does entropy.
· At absolute 0 (0 K), the entropy is 0.
· Information = another measure of the energy state of a living organism; can be measured in terms of the ordered arrangement of a structure’s subunits. Maintaining a high information content (low entropy) requires the input of energy.
· Free energy
· J. Williard Gibbs  1878 combined the two laws into ∆H = ∆G + T∆S. 
· ∆G is the change of free energy (the change during a process in the energy available to do work.)
· ∆H is the change in enthalpy or total energy content of the system (equivalent to ∆E here).
· Will be +ve if heat is gained; -ve if heat is lost in the system.
· T is the absolute temperature (K = °C + 273)
· ∆S is the change in the entropy of system.
· Will be +ve if the system becomes more disordered and –ve if it becomes more ordered.
· Ex. ice  ∆S is –ve; ∆H is –ve.
· The total energy change is equal to the sum of the changes in useful energy (∆G) and energy that is unavailable to do further work (T∆S)
· ∆G = ∆H –T∆S
· All spontaneous energy transformations must have a negative ∆G (the process must proceed toward a state of lower free energy.
· Processes that can proceed spontaneously (have a -∆G) are EXERGONIC (thermodynamically favoured; -∆G)
· ENDERGONIC = processes that are thermodynamically Unfavourable (+ve change of free energy).
· Free-changes in chemical reactions
· All chemical reactions within the cell are reversible.
· Law of mass action: the rate of a reaction is proportional to the concentration of the reactants.
· A + B ↔ C + D.
· Rate of forward reaction is directly proportional to the product of the molar concentrations of A and B.
· Keq = 
· Keq = the equilibrium constant.
· Allows you to predict the direction (forward or reverse) in which the reaction is favoured.
· If Keq is >1, reaction proceeds at a greater rate toward the formation of products C and D than the other products.
· If Keqp is <1, A and B will rise faster.
· Standard free-energy change (∆G°’) describes the free energy released when reactants are converted to products under the standard conditions of 25°C (298 K) and  1 atm of pressure with all the reactants and products present at 1.0 M concentration (except for water which is present at 55.6M and H+ at 10-7
· Note: standard conditions do not prevail in the cell.
· To occur spontaneously under standard conditions, the reactions need to have Equilibrium constants greater than 1.0  thus –ve ∆G°’ values.
· Free-energy changes in metabolic reactions
· Hydrolysis of ATP = one of most important chemical reactions in the cell.
· To know the direction of a reaction in a cell compartment need to know ∆G.
· Coupling endergonic and exergonic reactions
· Ex. the formation of glutamine is said to be coupled with the hydrolysis of ATP
· The product of the 1st reaction becomes the reactant for the second. (the bridge = the common intermediate).
· Equilibrium vs. steady-steate metabolism
· As reactions tend toward equilibrium, the free energy available to do work decreases toward a minimum and the entropy increases toward a maximum.
· Cellular metabolism is a nonequilibrium metabolism.
· Some are there but one or more reactions in a pathway are poised far from equilibrium making them essentially irreversible.
· Cell is an open system (materials and energy continually flow into the cell from the bloodstream, etc.
· The steady flow of O2 and other materials allows cellular metabolism to exist in a steady state (metabolic conditions in which concentrations of reactants and products are essentially constant, although individual reactions may not be at equilibrium.

ENZYMES AS BIOLOGICAL CATALYSTS
· James Sumner  gave the first evidence that enzymes are proteins
· Enzyme = protein catalysts, Ribozyme = RNA catalyst.
· Cofactors : the nonprotein  component of an enzyme; can be organic or inorganic.
· Inorganic = metals
· Organic = coenzymes.
· Coenzyme: an organic, nonprotein component of an enzyme.
· The properties of enzymes
· (1) they are required only in small amounts
· (2) they are not altered irreversibly during the course of the reaction; can be used multiple times.
· (3) have no effect on the thermodynamics of the reaction.
· Substrate: the reactant bound by an enzyme.
· Overcoming the activation energy barrier
· Why are some favourable reactions stable until an enzyme helps? Ex. ATP.
· There is a barrier of activation energy (EA) = the minimal kinetic energy needed for a reactant to undergo a chemical reaction.
· Transition state: the point during a chemical reaction at which bonds are being broken and reformed to yield products.
· At the crest of the energy hump and ready to be converted to products.
· Compounds that resemble the transition state of a reaction tend to be very effective inhibitors of that reaction b/c they are able to bind so tightly to the catalytic region of the enzyme.
· The active site
· An enzyme-substrate (ES) complex: the physical association btw an enzyme and its substrate(s), during which catalysis of the reaction takes place.
· Active site = the part of the enzyme that is directly involved in binding the substrate.
· Mechanisms of enzyme catalysts (3 mechanisms by which enzymes accelerate reactions)
· (1) Substrate orientation  enzymes help orient/guide and lower the entropy of their substrates (much like a hand guiding a nut to a bolt).
· (2) Changing substrate reactivity by altering its electrostatic configuration.
· (3) Exerting physical stress on bonds in the substrate to be broken.
· Cause an induced fit.
· Time-resolved crystallography  observe the fleeting structural changes that take place in the active site while an enzyme is catalyzing a single reaction cycle.
· Approach can include  high-density x-ray beams; cooling enzyme crystals 20-40 degrees above absolute 0...
· Enzyme kinetics
· Kinetics  the rate at which it catalyzes a reaction under various experimental conditions.
· Leonor Michaelis & Maud Menten  reported on the mathematical relationship btw substrate concentration and the velocity of enzyme reactions measured by the amount of product formed in a given amount of time.
· As a greater and greater concentration of substrate is present in the reaction mixture, the enzyme approaches a state of saturation.
· The initial velocity at this theoretical saturation point is the maximal velocity (Vmax)  the highest rate achieved for a given enzymatically catalyzed reaction; occurs when the enzyme is saturated with substrate).
· Turnover number  is the maximum number of molecs of substrate that can be converted to product by one enzyme molec per unit tim.
· Michaelis constant (KM)  is the substrate concentration when the reaction veolocity is one-half of Vmax)
· Enzyme inhibitors: molecs that are able to bind to an enzyme and dec. Activity.
· Irreversible inhibitors: bind very tightly to an enzyme, often by forming a covalent bond.
· Reversible inhibitors  bind only loosely to an enzyme.
· Competitive Inhibitors: are reversible inhibitors that compete with a substrate for access to the active site of an enzyme
· Noncompetitive inhibition: the inhibitor does not compete for the same binding site but acts at a site other than the enzyme’s active site.

Growing problem of antibiotic resistance
· Targets of antibiotics:
· Enzymes involved in the synthesis of the bacterial cell wall.
· Components of the system by which bacteria duplicate, transcribe, and translate their genetic information.
· Enzymes that catalyze metabolic reactions specifically in bacteria.


METABOLISM
· Metabolism: is the collection of biochemical reactions that occur within a cell.
· Metabolic pathways: a sequence of chemical reactions in which each reaction is catalyzed by a specific enzyme, and the product of one reaction is catalyzed by a specific enzyme, and the product of one reaction is the substrate for the next.
· Metabolic intermediates/metabolites: are the compounds that are formed in each step along the pathway.
· An overview of metabolism
· TWO BROAD TYPES:
· Catabolic Pathways: lead to the disassembly of complex molecules to form simpler products.
· two functions:
· make available the raw materials to synth other molecs.
· Provide chemical energy required for many activities of a cell.
· Energy released by these are stored in two forms: high energy phosphates (ex. ATP) and high energy electrons (NADPH).
· Anabolic pathways: lead to the synth of more complex compounds from simpler starting materials.
· Require energy; utilize chemical energy released by exergonic catabolic pathways.
· Oxidation and Reduction: A matter of electrons
· Oxidation-reduction (redox) reactions: reactions that involve a change in the electronic state of the reactants.
· Involve a gain or loss of electron.s
· OIL (Oxidation is Loss) RIG (Reduction is Gain
· Reducing agent: is the substance that is oxidized during a redox reaction (one that loses electrons).
· Oxidizing agent: is the substance that gains electrons (the one that is reduced).
· The oxidation or reduction of metals involves the COMPLETE loss or gain of electrons. The same cannot happen with organic compounds because they have covalent bonds and just drift more to one side b/c may attract more strongly.
· The capture and utilization of energy.
· The degree of reduction of a compound is also a measure of its ability to perform chemical work within the cell.
· The more H+ atoms stripped from a ‘fuel’ molec, the more ATP that will be ultimately produced.
· Two stages in the catabolism of glucose (almost the same in all aerobic organisms)
· (1) Glycolysis: occurs during the soluble phase of the cytoplasm
· (2) Tricarboxylic Acid (TCA cycle): occurs within the mito of euk cells and the cytosol of proks and leads to the final oxidation of the carbon atoms to CO2.
· Glycolysis and ATP Formation
· Dehydrogenase: an enzyme that catalyzes a redox reaction by removing a hydrogen atom from one reactant.
· Substrate-level phosphorylation: ATP formation that occurs by the transfer of a phosphate group form one of the substrates to ADP.
· Shows that ATP formation is not THAT endergonic.  ATP can readily be formed by metabolic reactions.
· Transfer potential: a measure of the ability of a molecule to transfer any group to another molecule, with molecules having a higher affinity for the group being better acceptors and molecules having a lower affinity better donors.
· Glycolysis can generate a limited number of ATP molecs in the absence of O2.
· Glycolysis can be an anerobic pathway.
· Glucose + 2ADP + Pi + 2 NAD+  2 pyruvate + 2 ATP + 2 NADH + 2H+ + 2H20
· Anaerobic Oxidation of Pyruvate: The Process of Fermentation
· Need to regenerate NAD+ from NADH to keep reaction going. Without O2 NADH cannot be oxidized to NAD+ by means of the electron-transport chain (ETC).
· However, cells can regenerate NAD+ by fermentation
· Takes place in the cytosol
· Reducing power
· Of cell’s reservoir of NADPH represents its reducing power, which is an important measure of the cell’s usable energy content.
· When energy is abundant, the production of NADPH is favoured, providing a supply of electrons needed for biosynthesis of new macromolecules that are essential for growth.
· Metabolic regulation
· Not a lot of ATP on hand in cell at any given moment.
· Two common mechanisms for altering the shape of an enzyme’s active site are covalent modification and allosteric modulation.
· Altering enzyme activity by covalent modification
· Protein kinases: enzymes that transfer phosphate groups to other proteins.
· The ‘converting’ enzyme was discovered by Krebs and Fischer was later named phosphorylaze kinase.
· Two types of protein kinases  one adds P groups to specific tyrosine residues in a substrate protein; the other adds Ps to specific serine or threonine residues in the substrate.
· Altering enzyme activity by allosteric modulation
· Allosteric modulation = a mechanism whereby the activity of an enzyme is either inhibited or stimulated by a compound that binds to a site (the allosteric site – i.e. spatially distinct from the enzyme’s active site).
· Feedback inhibition: a mechanism to shut down anabolic assembly lines (a type of allosteric modulation) where the enzyme catalyzing the first commited step in a metabolic pathway is temporarily inactivated when the concentration of the end product of that pathway (and AA, ex.) reaches a certain level.
· Separating catabolic and anabolic pathways
· Gluconeogenesis = the synthesis of glucose.
· Recall: the concentration of AMP within cells is inversely related to the concentration of ATP  when ATP is low, AMP is high and vice versa.
