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Energy from Reduced Fuels is Used 
to Synthesize ATP in Animals 

•  Carbohydrates, lipids, and amino acids are the 
main reduced fuels for the cell 

•  Electrons from reduced fuels used to reduce 
NAD+ to NADH or FAD to FADH2. 

•  In oxidative phosphorylation, energy from NADH 
and FADH2 are used to make ATP 











•  Proteins that mediate e- transport & oxidative phosphorylation are 
integrally bound to the inner membrane 
–  Liver mitochondria à few cristae(  respiration) 
–  Heart mito.  à many cristae (   respiration) 

•  TCA cycle enzymes & metabolites are located in the 
matrix.  
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Oxidation of NADH by O2 is Highly Exergonic 

NADH à NAD+ + H+ + 2e-                                   E° = +0.32 
½ O2 + 2e + 2H+ à H2O                                       E° = +0.82  

½ O2 + NADH + H+                 H2O + NAD+               E° = +1.14 V 

therefore: 

∆G°    = -nFE°                                                                                                   
 = -2 x 23 kcal/mol/V   x 1.14 V                                                               
 = -53 kcal/mol 
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The Oxidation of NADH or FADH2 
by O2 is Tightly Coupled to the 
Phosphorylation of ADP 

2 NADH 
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How many moles of ATP are synthesized from the 
reduction of 1 mole O2 ? 

•  Measure the amount of O2 consumed (reduced to 2H2O) for 
 any given amount of ADP added. 

•  Experimental Conditions 

 - same as the inhibitor expt (no ADP initially, excess PO4) 

 - isolated mito’s in buffer containing excess phosphate 

 - addition of ADP + an electron donor starts electron transport 



“Artificial Respiration”: Experiments that led to 
Understanding the sequence of Electron Transport Proteins 



O2 Consumption as a function of ADP P’n 

Conditions: Isolated mitochondria in buffer containing excess 
PO4.  Reaction is initiated by addition of ADP and e- donor. 
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Interpretation of Results 

a)   β-OH-butyrate 
 Conversion of 90 umol ADP (or PO4) à ATP requires 
18 umol O2 (36 umol O) 
 P/O = 90/36 = 2.5 

 
b)    Succinate 

 Conversion of 90 umol ADP (or PO4) à ATP requires 
30 umol O2 (60 umol O) 
 P/O = 90/60 = 1.5 

 
c)    TMPD/Ascorbate 
       P/O = 90/90 = 1 
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• Oxygen is a bi-radical 
• Can accept e-s only 1 at a time 
• ETC starts with e- pairs…. 

• O2 • 
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Complex IV (cytochrome oxidase) 
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So, We’ve Reduced O2…Now What? 

•  In	  the	  process	  of	  reducing	  O2	  à	  H2O,	  the	  electron-‐
transport	  chain	  has	  created	  the	  electrochemical	  
proton	  gradient	  by	  one	  of	  three	  means:	  
–  ac>vely	  transport	  protons	  across	  the	  membrane	  	  

•  Complex	  I,	  III	  and	  Complex	  IV	  

–  Chemically	  remove	  protons	  from	  the	  matrix	  	  
•  Reduc>on	  of	  CoQ	  and	  reduc>on	  of	  oxygen	  

–  Release	  protons	  into	  the	  intermembrane	  space	  
•  Oxida>on	  of	  QH2	  



Proton Motive Force 
•  pH gradient  

–  matrix side more 
basic by ~0.75 pH 
units  

–  accounts for ~ 15% 
of proton motive 
force  

•  Membrane Potential  
–  Charge difference, 

with the matrix side 
more negative 

–  Equivalent to a free 
energy (ΔG) of -20 
kJ/mol per proton 

 



Evidence that supports the chemiosmotic 
hypothesis:  

 

1.  e- transport correlates with generation of a 
 proton gradient 

2.  An artificial pH gradient leads to ATP 
 synthesis in intact mitochondria 

3.  Complex I,III, and IV are proton pumps 
4.  A closed compartment is essential 
5.  Proton carriers (across IMM) “uncouple” 

 oxidation from P’n. 







ATP Synthase 









Inhibitors of Oxidative Phosphorylation 
1.  Inhibitors of Complexes I, III, & IV. 
2.  Oligomycin – antibiotic which binds to ATP synthase and blocks H+ 

translocation. 
3.  Uncouplers: 

  a) Dinitrophenol (DNP). 
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b) Ionophores 

  i) Valinomycin – carries charge but not H+’s.  

 - Dissipates electrical gradient.  
  ii) Nigericin – carries protons but not charge. 

  - Dissipates chemical gradient. (due to H+) 

M+ 

M+ = K+ >> Na+ 

M+ 
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c) Thermogenin – active component of brown fat. 
 - acts as a H+ channel in the IMM of brown fat mitochon. P/O 
<< 1.  

 
Regulation of Thermogenin Conductance 
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**Uncoupling (and heat generation) occur only if plenty of 
FFA substrate is available. If not, ATP synthesis prevails.  


