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Electron transport inhibitors::- 

Components  order determination electron transport chain  specific electron carriers  several 
inhibitors   

  
Components  order determination electron transport chain  specific electron carriers  
inhibitors 

For example: 

*  Cyanide (CN), azide (N3) and carbon monoxide (CO)  cytochrome oxidase  inhibit 
  

Oxidative phosphorylation 

Oxidative phosphorylation  ATP synthesis (Phosphorylation) NADH  FADH2  oxidation 
electron transport  respiratory chain  Unlike substrate level phosphorylation,  phosphorylated 
chemical intermediates  involve  Rather,  different mechanism  chemiosmotic 
hypothsis 

 1961  Peter Mitchell  propose   mitochondrial inner membrane   electron transport 
 proton gradient   ATP  synthesis   chemical intermediate 

ATP   enzyme ATP synthase  inner mitochondrial membrane    
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, respiratory chain  NADH  oxidation  three H+ pump (NADH dehydrogenase, the cytochrome bc1 and 
cytochrome oxidase) mitochondrial matrix  inner mitochondrial membrane  intermembrane space  
H+ ions  pumped out   [  FADH2  reoxidized ubiquinone  H+ ions  pump out only 
cytochrome bc1 complex  cytochrome oxidase ,  ATP , NADH ]  

Electrically charge ion  pump  free energy change  electrical charge  species  concentration 
 H+ ions  pump  intermembrane space  H+ ions  concentration   inner 

mitochondrial membrane  intermembrane space , positive ,  electrochemical 
proton gradient   

ATP synthase protons   mitochondrial matrix   ATP synthesis   ATP synthase  
 proton-motive force ,  pH gradient and membrane potential    

NADH  per molecule  3 ATP  FADH2  per molecule  2 ATP generation  ,  
NADH and FADH  molecule  2.5 and 1.5 ATP   

    
ATP synthase as a rotatory engine:         
 ATP synthase, inner membrane   mitochondria , 

sub-mitochhondrial vesicles ,  ATP synthase spheres    

 1960  Racker  spheres   spheres ATP  hydrolyze  
 spheres  ATPase activity (called F1 ATPase)   

 Fl ATPase   polypeptide  Stripped sub-mitochondrial vesicles  electrons  transport 
  , but ATP  synthesis ,   F1 ATPase     

  submitochondrial vesicles  ATP synthase   coupling factor O or F0 particle 
 , F0  proton channel ,  inner mitochondrial membrane   , Since ATP synthase   

major part   F0 F1 ATPase  F0 and F1   polypeptides 
  

 Electron transport   complex, energy  , ATP synthesis  , F1 component 
 electron transport coupling  ATP  hydrolyze   
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, ATP synthase F1 portion rotatory engine , ATP hydrolysis  ATP 
synthesis subunit 3 rotate rotatory 
engine 

Coupling and Respiratory Control

Electron transport, ATP synthesis tightly coupled (i.e. electron flow oxygen 
, ADP phosphorylation ATP ) ,  proton gradient ATP synthesis 

oxidative phosphorylation NADH FADH2, oxygen, ADP inorganic phosphate 
Oxidative phospharylation , ADP , ADP mitochondria 
oxygen consumption ADP phosphorylation ATP , oxygen utilization 

respiratory , ATP synthesis electrons , ATP level 
high and ADP level low electron NADH, FADH2 citrate 
glycolysis and citric acid cycle inhibit 

Uncouplers:
1. Some chemicals, such as 2,4-dinitrophenol (DNP), uncoupling agents , ATP synthesis inhibit 

, electron oxygen , DNP and other uncoupling 

agents, lipid-soluble , H+ ions bind transport, membrane (i.e. H
ionophores ). DNP, H+ ions mitochondrian proton gradient formation 

proton gradient ATP , electron transport energy release, 

2. Uncoupling nonshivering thermogenesis

For example: brown adipose tissue uncoupling tissue mitochondria, inner mitochondrial 
membranes protein thermogenin (or uncoupling protein) 

3. Thermogenin H+ ions mitochondria ATP synthase enter , electron 
transport and oxidative phosphorylation uncouple , Brown adipose tissue body 
sensitive area , 

: - animals (including humans) hibernating animals, brown adipose tissue , thermo-
genesis body temperature maintain 

SHUTTLE SYSTEM

Reoxidation of cytosolic NADH:
1. Inner mitochondrial membrane, NADH , glycolysis cytoplasm NADH 

reoxidation membrane shuttle enzyme combination, membrane impermeability 
barrier bypass 

2. Cytosol dihydroxyacetone phosphate reduction glycerol 3-phosphate , NADH reoxidation NAD+

, cytosolic glycerol 3-phosphate dehydrogenase 

3. Glycerol 3-phosphate diffusion inner mitochondrial membrane again dihydroxyacetone 
phosphate mitochondrial transmembrane protein glycerol 3-phosphate dehydrogenase convert 

Dihydroxyacetone phosphate cytosol 

4. NAD+ FAD use enzyme glycerol 3-phosphate dehydrogenase enzyme-linked FADH2

(E.FADH2) reoxidation, same inner mitochondrial membrane ubiquinone electron 

ionophores
roton gradient 

Uncoupling 

). DNP, H
roton gradient 

, H
). DNP, H+ ions 

Some chemicals, such as 2,4 dinitrophenol (DNP), 

+ ions 

dinitrophenol (DNP), dinitrophenol (DNP), 

NADH, FADH

phosphorylation ATP phosphorylation ATP 
, ADP 

ganic phosphate 
, ADP 

ganic phosphate 
mitochondria 

synthesis 

ganic phosphate 

flow oxygen 
synthesis 

(or uncoupling protein) 

ATP synthase 

(or uncoupling protein) (or uncoupling protein) 

ATP synthase 

tissue mitochondria, inner mitochondrial tissue mitochondria, inner mitochondrial 

, electron transport 
proton gradient 

energy 
proton gradient formation 

energy 
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cytoplasmic NADH transfer electron transport chain NADH two 
electron, electron transport chain FADH2

shuttle heart liver , malate-aspartate shuttle Cytoplasmic malate 

dehydrogenase, oxaloacetate malate and NADH reoxidation NAD Malate 
mitochondria malate- -ketoglutarate inner mitochondrial membrane 
Matrix malate reoxidation oxaloacetate NAD+ NADH 

Oxaloacetate inner mitochondrial membrane , aspartate transamination 
, mitrochondria cytosol oxaloacetate transamination convert 

cycle net result electron transfer, cytosol NADH mitochondrial matrix NADH 

MALATE ASPATRTAT SHUTTLE


