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BIOENERGETICS AND BIOENERGETICS AND BIOLOGICAL OXIDATIONBIOLOGICAL OXIDATION

Page 2
                        

BIOENERGETICS BIOENERGETICS
 • High energy phosphate compounds – Role of ATP– Free energy → chemical energy
 • Biological oxidation – Individual components of respiratory chain
 • Respiratory chain and– Oxidative phosphorylation – Inhibitors of respiration
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The three stages of
 biological oxidation
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Nutriment materials
 Building block molecules
 Acetyl coenzyme A
 tricarboxylic acid cycle
 Oxidative phosphorylation
 Stage 1
 Stage 2
 Stage 3
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the structure of
 mitochondrion
 Out membrane
 Inner membrane
 matrix
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BIOENERGETICSBIOENERGETICSthe Role of ATPthe Role of ATP
 • Energy changes occurring in biochemical reactions are known as bioenergetics
 • First law of thermodynamics • Total energy of the system or universe remains constant • Enthalpy: It is a measure of HEAT Contents of
 Reactants and Products • Entropy : It is a measure of randomness or disorder of
 reactants and products for example: ICE : has high degree of order than water Entropy of ice is less than water (Energy is either transferred from one part to other or transformed to other form like chemical energy to heat energy)
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BIOENERGETICSBIOENERGETICSthe Role of ATPthe Role of ATP
 • Second law of thermodynamics
 – Physical and chemical processes proceed in
 such a way direction that the total entropy of
 the universe must increases to the maximum
 and then equilibrium is established
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• Free energy ( G) (Chemical potential)
 • It is that part of the total energy of the
 reaction components available to do work
 at constant pressure and temperatures
 G = H- T S or G= E - T S
 G = Change in fee energy
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H = Change in entropy T = Absolute temperature in degree
 Kelvin (K)
 • K = C + 273 S = Change in entropy H = E (total Change in Internal
 energy of reaction)
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• At equilibrium – Entropy is maximum – Free energy is minimum G -ve i.e. (-) these will be net loss of energy
 and reaction will proceed spontaneously. (excergonic reaction)
 G + ve ie (=) – there will be not gain of energy. Reaction needs input of energy to proceed (endergonic reaction)
 G = 0 , the reaction is at equilibrium & no net change takes place
 G0 = Standard free energy change at PH-7 : reactants are at 1 mole / litre
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Compound G0
 KJ / mol KCAL / mol
 Phosphoenolpyruvate Carbamol phosphate 1,3 Bisphosphoglycerate (To 3-phosphoglycerate) Creatinine phosphate
 - 61.9 - 51 .4- 49.3
 - 43.1
 -14.8 -12.3-111.8
 -10.3
 ATP → ADP + P1 - 30.5 - 7.3
 ADP → AMP = P1PyrophosphateGlucose 1-phosphate Fructose 6-phosphateAMPGlucose 6-phosphateGlucose 3-phosphate
 -27.6-27.6 -20.9-15.9-14.2-13.8-9.2
 -6.6-6.6-5.0-3.8-3.4-3.3-2.2
 1 Pi Inorganic orthophosphate 2 values for ATP and most other taken from krebs and kornberg (1957)
 High energy phosphate compounds

Page 16
                        

• THIOL ESTERS (involving Coenzyme A)
 • Acyl carrier protein – ACP
 • Amino acid esters (protein synthesis)
 • S. adinosylmethionine (active methionine)
 • UDPGLc (Uridine diphosphate glucose)
 • PRPP – ( 5 – phosphoribosyl -1-
 pyrophosphate)

Page 17
                        

• High energy phosphates are designated by symbol ~(P)
 • High energy phosphate act as the energy currency (ATP) energy currency of the cell
 • The ATP is continuously consumed and regenerated by following three sources – Oxidative phosphorylation (enough)– Glycolysis : 2 ATP mole (anaerobic)– Substrate level (TCA) 1 ATP mole– Citric acid cycle

Page 18
                        

• Other nucleoside triphosphates participate• In the transfer of high energy phosphate• UTP uridine triphosphate• GTP guanidine triphosphate• CTP cytidine triphosphate• ATP + UDP Nuclioside ADP + UTP• ATP + GDP diphosphate ADP + GTP• ATP + CDP Kinase ADP + CTP• All these triplhosphates are used for phosphorylation in
 cell• Similarly nucleoside monophosphate kinases catalyze
 the formation of nucleoside diphosphate • ATP + Nucleoside – P Specific nucleoside

Page 19
                        

REDOX POTENTIAL REDOX POTENTIAL
 • Tendency of reactants to donate or accept electron
 • Enzymes involved in oxidation and reduction are oxidoreductase

Page 20
                        

System E0 Volts
 Succinate / alpha ketoglutarate - 0.67
 H+ / H 2 - 0.42
 NAD + / NADH - 0.32
 Lipoate ; Ox / red - 0. 29
 Acetoacetate / beta ydroxybutyrate - 0.27
 Pyruvate / lactate - 0.19
 Oxaloacetate / malate - 0.17
 Flavoprotein – old yellow enzyme ; ox / red
 - 0.12
 Fumarate / succinate + 0.03
 Cytochrome B; Fe + / Fc2+ + 0.08
 Ubiquinone ; Ox / red + 0.10
 Cytochrome + 0.22
 Ctyochrome + 0.29
 Oxygen / water + 0.82
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• Oxidases
 – Cytochrome oxidase (aa3)
 – Flavoproteins (FMN & FAD)
 • L-amino acid oxidase – FMN linked
 • Xanthine oxidase – Mol
 • Aldehyde dehydrogenase – FAD e.g. glucose oxidase
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– Dehydorgenases (can not use O2 as h-acceptor)• Nicatinamide Co-enzyme dehydrogenasis• NAD + → Oxidative pathways e.g.
 glycolysis• NADP + → reductive synthesis – FA
 synthesis • NADP+ AND Zn – alcohol dehydrogenase
 –Glyceroldehydo – 3- dehydrogenase • Ribolavin Co enzyme dehydrogenases
 –Respiratory chain –Lipoate dehydrogenase
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• Enzymes in outer membrane
 – Monoamine oxidase
 – Acyl CoA synthetase
 – Glycero phosphate acyltransferase
 – Monoacyl glycerophosphate acyl transferase
 – Phospholipase – A2

Page 24
                        

• Enzymes in intermembrane space
 – Adenylate kinase
 – Creatine kinase
 • Enzymes in inner mitochondrial memb
 – Phospholipid cardiolopin
 – Soluble enzyme of the TCA
 – Enzymes of of B oxidation
 – Succinate dehydrogenase
 – 3 – hydroxy butyrate dehydrogenase
 – Glycerol 3 – phosphate dehydrogenase
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Conditions limiting the rate of respiration
 State - I Availability of ADP and substrate
 State - 2 Availability of substrate only
 State - 3 The capacity of the respiratory chain itself when all substrate and components are presenting saturating amounts
 State - 4 Availability of only ADP (resting state]
 State - 5 Availability of oxygen only
 STATES OF RESPIRATORY CONTROL
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PHOSPHAGENS PHOSPHAGENS • Storage forms of high energy phosphates
 • Creatinine phosphate muscles and brain
 • Maintain ATP conc, during it utilization
 • Build up itself when ATP / ADP ratio is high and act as store hours of
 • Act as creatinine phosphate shuttle from mitochondria to sarcolemma acts as immediate buffer against effects of M-infarction
 • Arginine phosphates (in invertebrate muscle)
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• ATP allows coupling of thermodynamically unfavorable reactions to favourable ones – Glycolysis first reaction
 – Glc + Pi → GLc – 6- P + H2O ( G0 = +
 13.8 KJ mol)
 – ATP → ADP + Pi (( G0 = - 30.5 KJ mol)
 – Glucose + ATP + Pi → Glc – 6P + ADP ( G0’ = - 16.7 KJ mol)
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