
Bioenergetics and Oxidative 
Phosphorylation 

 Bioenergetics : describes the transfer and utilization 
of energy in biological system. 

 Electron Transport: Electrons carried by reduced 
coenzymes are passed through a chain of proteins 
and coenzymes to drive the generation of a proton 
gradient across the inner mitochondrial membrane. 

 Oxidative Phosphorylation: The proton gradient runs 
downhill to drive the synthesis of ATP from ADP+Pi.  

 It all happens in or at the inner mitochondrial 
membrane. 

 



Bioenergetics and Oxidative 
Phosphorylation 

 

 Free energy is the energy in a system available to 
do useful work. 

 Free energy  is stored within the structure of the 
molecule. 

 Free energy is the capacity of the molecule to 
release energy in a chemical reaction. 

 Caloric value of food is the amount of free energy 
derived from complete oxidation of food to 
CO2+H2O. 



Free Energy Change of a 
Reaction 

 The change in free energy (Δ G) can be used 

to predict the direction of a reaction. 

 - Δ G means loss of energy and reaction goes 
spontaneously. The reaction is exergonic. 

 + Δ G means gain of energy and reaction is 

not spontaneously going. The reaction is 

endergonic. 

 If Δ G is zero, reaction is in equilibrium.   

 



 



 Coupling of exergonic reaction to 
endergonic reaction occurs, e.g. 
oxidative reactions that produce energy 
are coupled with reactions that need 
energy e.g. synthetic reactions, active 
transport, muscular contraction. 

 



ATP as Energy Carrier 

 



ATP 

 Many coupled reaction use ATP to generate common 
intermediate. 

 ATPADPAMP 

 Each PO4 group released generate : ΔG=-7300 calorie/mol 

 ATP is called high energy phosphate compound. 

 ATP forms Mg2+ complex in the cell. 

 ATP cannot be used as a storage form of energy due to its 
high turnover rate. 

 Every 24 hr, the amount of ATP that is formed and broken 
equals the body wt.  

 



Other High Energy Phosphate 
Compounds  







Low Energy Phosphate Comps 

 Are compounds that have ΔG less than       -
4Kcal e.g. G-6-P, glycerol-3-P and AMP. 

 ATP is in the middle between high energy 
phosphate and low energy phosphate 
compounds. 

 ADP accept PO4 group from high energy 
phosphate comps to form ATP which gives 
PO4 to low energy phosphate compounds. 

 No enzymes that can transfer PO4  from high 
energy to low energy compounds without 
being transferred  to ATP. 



Electron Transport Chain ETC 

 ETC is present in the inner mitochondrial 
membrane. 

 Electrons carried by reduced coenzymes are 
passed through a chain of proteins and 
coenzymes to drive the generation of a 
proton gradient across the inner 
mitochondrial membrane. 

 

 

 

 



 



 Electrons lose their free energy as they 
pass down ETC. 

 Part of this energy is captured for the 
production of ATP from ADP+PO4 

(oxidative phosphorylation). 

 Remainder of ΔG is released as heat. 

 ETC and ATP synthesis occur in all 
tissues that contain mitochondria.  



 



 Outer membrane is permeable to most 
ions. 

 Inner membrane is impermeable to 
most ions & molecules: H ,Na ,K ,ATP, 
ADP, Pyr.  

 Matrix contains enzymes for oxidation 
of Pyr., AA , FA and TCA, NAD,FAD,ADP   



Component of ETC 

 Four protein complexes (complex I - IV) in the 

inner mitochondrial membrane  

 A lipid soluble coenzyme (Co Q) and a water 
soluble protein (cyt c) shuttle between protein 

complexes 

 Electrons generally fall in energy through the 

chain, from complexes I and II to complex IV  

 Complex V catalyzes the synthesis of ATP. 

 



 



Component of ETC 

 Complex I: NADH dehydrogenase, FMN and iron-
sulfur centers. This complex accept H+ and Hydride 
ion from reduced NAD. 

 Complex II: Succinate-CoQ Reductase that contains 
FAD and iron-sulfur centers.  

 Co Q: Lipid soluble Ubiquinone called Coenzyme Q 
that accept H atoms from complex I and II. 

 Complex III: contains cytochromes, b and c. 

 cyt c: is a water-soluble electron carrier. 

 Complex IV: contains cytochrome oxidases, a+a3 
and copper center. 

     



 



 Components of ETC are arranged in order of 
increasing redox potential(E0). 

 Electron pass on from electronegative NADH to 
electropositive O2. 

 Electron transfer to O2 is highly exergonic. 

 Called respiratory chain because of the reduction of 
O2 from respiration into H2O. 

 95% of oxygen consumed by humans is reduced to 
H2O by cytochrome oxidase (300ml H2O/day) and 
called metabolic water.    



 



Reduction Potential E0 

High Eo indicates a strong tendency to be reduced  
 Crucial equation: Go = -nF Eo  
 Eo = Eo (acceptor) – Eo (donor)  

 Electrons are donated by the half reaction with the more 
negative reduction potential and are accepted by the reaction 
with the more positive reduction potential: Eo positive, Go 
negative. 

 N=no. of electrons transferred (one for cytochrome and two 
for NADH, FADH2 and CoQ. 

 F Faraday constant. 
 Transport of 2E from NADH to O2produces almost 52 

Cal.which is sufficient to produce 3ATP(3x7300=21,9 cal. The 
remainder cal. are released as heat. 

 Transport of 2E from FADH2 to O2 produces 2ATP 

 
 



Oxidative Phosphorylation 

 Chemiosmotic Hypothesis: 

 Mitchell proposed that a proton gradient across the 
inner membrane could be used to drive ATP 
synthesis.  

 More +ve on the outside of the membrane than on 
the inside pH gradient. 

 Energy generated by pH gradient is sufficient to 
drive ATP synthesis i.e. couples oxidation to 
phosphorylation. 

 Complexes I, III and IV pump proton while complex 
II does not.     

 



 



ATP Synthase 

 ATP enzyme is complex V in ETC. 

 Energy of proton gradient generated by ETC is 

capable for ATP synthase to synthesize ATP from 
ADP+Pi. 

 Protons reenter the matrix by passing through the 

channel in complex V. 

 ATP Synthase is called ATPase because it hydrolyze 
ATPADP+Pi. 

 

   





Inhibitors of ETC 

 Rotenone inhibits Complex I. 

 Cyanide, azide and CO inhibit Complex IV, 
binding tightly to the ferric form (Fe3+) of a3 . 

 Oligomycin is ATP synthase inhibitor. 

 All complexes before block are reduced & 
those after block are oxidized. 

 Inhibitors of ETC also inhibit ATP synthesis. 

 



 



Uncouplers 

 Uncouplers disrupt the tight coupling between 

electron transport and oxidative phosphorylation by 

dissipating the proton gradient.  

 Uncouplers are hydrophobic molecules with a 

dissociable proton.  

 They shuttle back and forth across the membrane, 

carrying protons to dissipate the gradient i.e. proton 

leak. 

 Energy is released as heat.  

 



Types of Uncouplers 

 Uncoupling protein (UCP): found in inner 

mitochondrial membrane of mammals including 

humans.  

 Thermogenin (UCP1) in the brown adipocytes of 

mammals in newborn babies and hibernating 
animals is responsible for the heat production due 

to uncoupling of oxidation to phosphorylation. 

 Synthetic uncouplers: 2,4-dinitrophenol. 

 Toxic overdoses of aspirin.   



 


