
 �� Energetic� of Lif� 
 Lecture 1 

 Describe proton gradients, reducing power and ATP action. 
 Proton gradients  : 
 It is an energy-coupling mechanism that uses energy stored in the form of an H+ gradient 
 across a membrane to drive cellular work 
 It allows flow of protons in cells to generate energy/let them do work (metabolism) 

 Locations  :  Mitochondria  Bacteria  Chloroplasts 

 Energy for 
 gradient  : 

 Food  Nutrients  Light 

 Proton gradient 
 concentrated in  : 

 Intramembranous 
 space 

 Intramembranous 
 space 

 Thylakoid 
 lumen 

 Reducing power: 
 A reducing agent supplied electrons to an acceptor (oxidising agent) 
 In animals, oxygen is the ultimate electron acceptor in the ETC 
 FAD/FADH; NAD  +  /NADH; Fe  2+  /Fe  3+  ; Iron sulphur compounds 

 Our body generates reducing power to generate a battery, electrons do work while converting 
 from high energy to low energy states 
 NAD  +  , NADP  +  and FAD are like batteries, they become  ‘charged’ when they accept electrons 

 Iron sulphur compounds 
 ➔  Involves at least an (could have plenty) iron atom bonded to four sulphur atoms 
 ➔  Ferredoxin is an example of an iron sulphur compound that is in LUCA 

 ATP  : 
 ❖  As an energy currency 
 ❖  Do not undergo oxidation or reduction 
 ❖  Used to do things within a cell 
 ❖  Cash: readily available to be used immediately 
 ❖  Structurally similar to NAD 
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 Lecture 2 
 Connection between proton gradients and climate change 

 -  In some cells of cows, the reduction of CO  2  produces  excess methane 
 -  The metabolic pathway that maintains the proton gradient in archaea produces methane 

 as an “waste product” that is released by the cell. 

 Free Energy Concepts 
 Describe the relationship with entropy and enthalpy 

 Metabolism 
 -  All chemical reactions that occur in the cells of our bodies 

 Catabolic reactions  Anabolic reactions 

 Break down large molecules 
 Provide energy for ATP 

 Use small molecules to build large ones 
 Require energy 

 Enthalpy (H) 
 -  Energy changing from one form to another 
 -  1  st  Law of Thermodynamics  ~  ΔH is negative 

 Entropy (S) 
 -  Disorder or any closed system not in thermal equilibrium almost always increases 
 -  2  nd  Law of Thermodynamics  ~  ΔS is positive 
 -  Degree of freedom of a molecule (no of spaces the molecule can go) 
 -  Temperature: as T decreases, S decreases, cause T increases, molecules will be able to 

 move around within an energy state increases 

 Explain the free energy change defines the direction of a reaction 
 Gibbs Free Energy (G) 
 The energy that can be converted into work at a uniform temperature and pressure throughout a 
 system 

 -  In a chemical reaction both the change in “internal energy” (H) and entropy (S) 
 determine whether it proceeds forwards or backwards. 

 ΔG = ΔH - TΔS 
 ΔG is negative (reaction proceeds in forward direction) 

 Spontaneous if ΔG<0 

 A reaction towards “more organised” can only proceed if the enthalpy change (ΔH) overrides 
 the decrease in entropy. 

 Describe how the cell uses ATP in metabolism 
 Cell uses ATP for energy and to drive work 
 ATP converts to ADP with a large negative  ΔG (  spontaneous  ) 

 -  More orthophosphates in the molecules -> higher repulsive negative charge density 
 -  Less orthophosphates in molecule -> lower repulsive charge density 
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 2)  Each pyruvate molecule generates 1 NADH 
 3)  6 NADH and 2 FADH  2  are formed from Krebs cycle, and  2 ATP. 
 4)  The ETC forms 26-28 ATP molecules. (oxidative phosphorylation) 

 There is a range of ATP molecules because the 2 NADH molecules generated from glycolysis will 
 either stay as NADH molecules and head to ETC where maximum ATP is formed (28) or FADH is 
 formed which results in 2 less ATP formed (26). 

 Cellular respiration is remarkably e�cient in energy conversion. 

 Lecture 6 
 Explain the three reactions that gluconeogenesis uses to bypass glycolysis. 

 Cori cycle  : 

 In animals and under anaerobic conditions (limited oxygen so 2ATP are used),  lactate is 
 produced in the muscles  in order to replenish NAD  for glycolysis 

 The waste product, lactate in blood, may cause muscle fatigue, but ultimately it is  converted 
 back to pyruvate  in the liver (using 6 ATP) 

 Gluconeogenesis  : 

 Generation of glucose from other organic molecules, takes place in the liver and requires 
 investment of energy (ATP and NADH) 

 The synthesis of  glucose from pyruvat  e utilises many  same enzymes as glycolysis, however, 3 
 irreversible steps in glycolysis are  bypassed 

 Glycolysis and gluconeogenesis are “  reciprocally  ”  regulated so that both pathways do not 
 operate at the same time 

 Regulation of both processes  : 

 1)  Local allosteric control 
 -  Determined by the cell’s energy status (e.g. ATP) 

 2)  Global control 
 -  Through circulating hormones to activate cellular signalling cascades that override 

 local metabolic conditions 

 Bypass 1  : corresponds to the pyruvate kinase reaction 

 1)  Pyruvate Carboxylas  e: pyruvate enters the mitochondria  and converts to oxaloacetate 
 (4C) by adding a CO  2  , ATP to ADP 

 2)  Reverse reaction in one step of Krebs Cycle: oxaloacetate converts into malate (NADH to 
 NAD), reversible 

 3)  Malate heads out of the mitochondria, converts back to oxaloacetate (NAD to NADH) 
 4)  Phosphoenolpyruvate Carboxykinase (PEPCK)  : oxaloacetate  converts to 

 phosphoenolpyruvate (GTP to GDP) 

 Bypass 2  : corresponds to phosphofructokinase 

 1)  Fructose-1,6-bisphosphate is converted to fructose-6-phosphate (F6P) 
 phosphofructokinase (PFK). This reaction is catalysed by fructose-1,6-bisphosphatase 

13 of 14




