Bioenergetics, Enzymes, and Metabolism
Thermodynamics
	First Law 
	 Energy can neither be created nor destroyed. Transduction is conversion of energy from one form to another
· Heat content of a reaction in a system may increase or decrease
· Lose heat, exothermic
· Gain heat, endothermic
· First law does not predict positive or negative energy change

	Second Law 
	Events in the universe tend to proceed from a state of higher energy to a state of lower energy.
· Such events can occur without input of external energy, and are called spontaneous

	Entropy
	Measure of randomness or disorder
· Living systems maintain low entropy; a state of order
· It is energy not available to do additional work
· ΔS is the change in entropy
· TΔS is the loss of available energy

	Free Energy
	The energy available to do work, ΔG, which is spontaneity
· If ΔG is < 0, the reaction is exergonic (loss of energy), if ΔG is > 0, the reaction is endergonic (gain of energy)
· ΔH = ΔG + TΔS, ΔH is enthalpy
· All chemical reactions are theoretically reversible, and spontaneously proceed toward equilibrium
· Rates of reactions are proportional to the concentration of reactants
· At equilibrium, the free energy of the products and reactants are equal, and ΔG is 0
· Free energy changes are compared under standard conditions (ΔG°)
· Non-standard conditions are corrected for prevailing conditions
· Simultaneously coupled reactions have a common intermediate
· ATP hydrolysis is often coupled to endergonic reactions in cells


 
ATP Hydrolysis
· Takes place in many biochemical processes
· Hydrolyzed to ADP often, but in some cases hydrolyzed to AMP
· ATP may be used to 
· Separate charge across membranes
· Concentrate specific solutes in the cell
· Drive an unfavourable reaction
· Contract muscles by sliding filaments across one another
· Donate a phosphate group to a protein, thus activating it
 
Equilibrium vs. Steady State Metabolism
· Cellular metabolism is non-equilibrium metabolism
· Cells are an open thermodynamic system, and cellular metabolism exists in a steady state
· Concentrations of reactants and products remain constant, but are not at equilibrium
· New substrates enter system and products are removed
· Maintaining a steady state requires energy, while maintaining an equilibrium does not
 
Activation Energy (EA)
· Small energy input required for reaction to progress
· Reactants that reach the peak of the barrier are in the transition state
 
Enzymes
· Proteins catalysts that speed up chemical reactions
· May be conjugated, or linked, with non-protein components
· Cofactors are inorganic enzyme conjugates
· Coenzymes are organic enzyme conjugates
· Present in small amounts, and are not permanently altered during reactions in cells
· Enzymes cannot affect thermodynamics, only the rates of reactions
· They are specific for their substrates, to produce only appropriate metabolic products
· Regulated to meet the needs of the cell
· Enzyme-substrate complex is formed when a substrate binds to the active site of the enzyme, which has a complementary shape to allow specificity
· Mechanisms of enzyme catalysis include
· Substrate Orientation - Multiple substrates fit into enzyme in correct orientation to catalyze reaction
· Changing Substrate Reactivity - Substrate influenced by amino acid side chains, at the active site, that change chemical properties (ex. charge) of substrate)
· Inducing Strain in the Substrate - Enzyme changes conformation of substrate, causing an induced fit, to bring it closer to transition state. Covalent bonds of the substrate are strained
· Inhibitors slow the rate of enzymatic reactions
· Irreversible inhibitors bind tightly to the enzyme
· Reversible inhibitors bind loosely to the enzyme
· Competitive inhibitors compete with the substrates for active sites, can be overcome by high substrate/ inhibitor ratios
· Non-competitive inhibitors inactivate the enzyme, cannot be overcome by high substrate/ inhibitor ratios 
 
Kinetics
· Study of rates of enzymatic reactions under various conditions
· Rates of reactions increase with increasing substrate concentrations until the enzyme is saturated
· At saturation, every enzyme is working at maximum capacity
· This saturation is called maximal velocity (Vmax)
· The turnover number is the number of substrates converted to product per minute at Vmax
· The Michaelis constant (KM) is the substrate concentration at 1/2 of Vmax.
· Units are concentration units
· May reflect enzyme affinity for the substrate
· Temperature and pH can affect enzymatic reaction rates
 
Antibiotics
· Target metabolism without harming the host
· Target enzymes involved in bacterial cell wall synthesis
· Target mechanisms by which bacteria reproduce their genetic information
· Target enzymes that catalyze metabolic reactions specific to bacteria
· Have been misused; bacteria build resistance by acquiring genes from other bacteria
· Examples of bacterial antibiotics
· Vancomycin - Inhibits biosynthesis of peptidoglycan cell walls
· Linezolid - Interferes with protein translation
· Trimethoprim - Inhibits bacterial metabolism
 
Metabolism
· The collection of biochemical reactions that occur within a cell
· Catabolic pathways break down complex substrates into simpler products to provide energy and raw materials to the cell
· Anabolic pathways build simple substrates into complex products, which requires energy (ATP and NADPH from catabolic pathways)
· Pathways are interconnected in stages
· Stage 1 - Macromolecules are hydrolyzed into building blocks
· Stage 2 - Building blocks are degraded into common metabolites
· Stage 3 - Molecular weight metabolites are degraded yielding ATP
· Glycolysis is the first stage in the catabolism of glucose, taking place in the cytoplasm
· The tricarboxylic (TCA) cycle is the second stage, taking place in the mitochondria
 
Glycolysis
· Generates a net of 2 ATPs for each glucose molecule
· Anaerobic pathway
· The end product, pyruvate, can enter aerobic or anaerobic pathways
· Glucose phosphorylated into
·  Glucose-6-phosphate isomerized into
· Fructose-6-phosphate phosphorylated into
· Fructose-1,6-biphosphate split into
· Two, three-carbon compounds
 
Fermentation
· Restores NAD+ from NADH
· Glycolysis depletes NAD+ by reducing it to NADH
· Fermentation replenishes NAD+ by reducing pyruvate
· In muscle and tumor cells, pyruvate is reduced to lactate
· In yeast and other microbe cells, pyruvate is reduced to ethanol
· Fermentation is inefficient; 8% of glucose is harnessed as ATP
 
Reducing power
· Anabolic pathways require electrons to form larger molecules
· NADPH donates these electrons
· NADPH is a non-protein cofactor
· Supply of NADPH represents the cell's reducing power
· NADP+ is formed from phosphate transfer from ATP
· NADPH and NADH are similar
· NADPH oxidized in anabolic pathways
· NAD+ is reduced in catabolic pathways
· The enzyme transhydrogenase catalyzes the transfer of hydrogen from one cofactor to another
· NADPH is favoured when energy is abundant
· NADH is favoured when energy is scarce
 
Metabolic Regulation
· Enzymes are controlled to regulate cell metabolism
· Enzymes are controlled by active site alteration
· Protein kinases phosphorylate enzymes, covalent modification
· Compounds bind to enzyme allosteric sites, allosteric modulation
· When a product of a pathway allosterically inhibits one of the first enzymes in the pathway, feedback inhibition
 
Contrast of Catabolic and Anabolic
· Glycolysis is catabolic, gluconeogenesis is anabolic
· Three irreversible reactions that drive glycolysis, carried out by hexokinase, phosphofructokinase, and pyruvate kinase
· Glucose-6-phosphate , via hexokinase
· Fructose-1,6-biphosphate, via phosphofructokinase
· Phosphoenolpyruvate, via pyruvate kinase
·  Pyruvate
· Three reactions replaced by different, thermodynamically favored reactions in gluconeogenesis
· ATP levels are highly regulated
· Anabolic pathways do not proceed in the same reactions as catabolic pathways
4. Some catabolic reactions are irreversible due to drastic changes in free energy
4. These steps are catalyzed by different enzymes than those in anabolic pathways
 
 
 
 
 
 
 
 
 

