
Electron transport chain
(Respiratory chain)

Biochemistry - 2017

Hayder A. Giha

Bioenergetics and Oxidative 
phosphorylation



Bioenergetics 

n Reactions are associated with change in free 
energy ( DG)

n In reactions that generate energy (exergonic), 
the DG is negative

n In reactions that consume (use) energy 
(endergoic), the DG is positive

n In metabolism exergonic and endergonic are 
coupled





ATP (Adenosine 
Triphosphate)

n Reactions uses ATP are endergonic
n Hydrolysis of one phosphate bond from ATP or 

ADP, BUT not AMP, release energy (7.3 kcal/mol).
n Molecules with similar or higher bond energy are 

known as high-energy compounds 
n Metabolism of major nutrients transfer electrons to 

co-enzymes NAD+ and FAD to form energy-rich 
NADH+H and FADH2

n These are reoxidized by transfer of electrons to 
respiratory chain to produce ATP 





Mitochondria 
n Have two membranes, inner 

and outer
n The inner membrane a. 

folded to form cristae b. not 
permeable to most ions and 
intermediates, so they have 
specific carriers  



Introduction
ØThe energy liberated from oxidation of amino 

acids, fats and carbohydrates are collected in the 
mitochondria in a form reducing equivalents (H- or 
electrons)

ØEnergy captured by the chain is much greater than 
energy produced under anaerobic situation

ØPoisons like cyanide and carbon monoxide inhibit 
the chain with fatal consequences 





Electron transport chain 
Characteristics 
Ø Is a set of specialized electron carriers arranged 

along the cristae into 4 complexes (I, II, III and IV) 
followed by ATP synthase

ØThe final acceptor of electrons is oxygen
ØALL electron carriers of the chain are fixed to the 

inner membrane except coenzyme Q (ubiquinone, 
or Q) and cytochrome c are mobile (free)

ØUbiquinone or coenzyme Q (Q), is a non-protein
lipid-constituents of the mitochondria. 



Electron transport chain 
Characteristics 
ØElectron carriers are arranged according to their 

oxidation-reduction (redox) potentials, from high
(NADH) to low (Oxygen), through, flavoproteins
(FAD) and cytochromes (Cyt) to O2.

ØAs electron transported down the gradient, protons
(H+) are pumped into the inter-membrane space, 
generate electrical gradient across the membrane

ØH+ can only re-enter through the ATP-synthase
protein  







ØArranged in an increasing redox potential in the 
chain as; Cyt b, Cyt c1, Cyt c and Cyt aa3

ØCyt C, is the only soluble cyt, and with Q are the 
most mobile components of the chain

ØCytochrome oxidase (Cyt aa3):
- Is the terminal cyt, (H and O2).
- The only irreversible reaction in the chain
- Has very high affinity for O2

- Inhibit by cyanide and carbon monoxide (Co) 
Poisons with fatal consequences 

About cytochromes (Cyt)
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Energy production of the respiratory chain

Ø Substrates oxidized via NAD-linked 
dehydrogenases to the respiratory chain yield      
3 ATP (from 3 ADP + 3 Pi) for each NADH
oxidized per ½ mol of O2

Ø While, substrates oxidized via FAD-linked
dehydrogenases to the chain yield only 2 ATP.

Ø These reactions are termed oxidative 
phosphorylation at the respiratory chain level.  



Mechanisms of oxidative phosphorylation 
ØThe chain components form 4 protein-lipid 

complexes, termed complex I, II, III and IV, which 
span the inner mitochondrial membrane

ØChemiosmotic theory:  
- It postulate that the energy of oxidation drives the 

chain complexes to act as proton pump.
- This, generate electrochemical potential difference 

across the mitochondria membrane, that stimulate
a membrane located ATP-synthase, which in 
presence of ADP and Pi, form ATP.





Oxidation of extramitochondrial NADH

ØNADH generated in glycolysis can not penetrate 
the mitochondrial membrane.
Two shuttles are used:

Ø1. Glycerophosphate shuttle 
Ø2. Malate shuttle      



Oxidation of extra-mitochondrial NADH
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Transport of ATP from the mitochondria

ØTransport of ATP from mitochondria to cytosol
ØATP leave the mitochondria in exchange with 

ADP plus iP
ØADP + iP is converted to ATP by ATP synthase

using the energy of translocation of protons 
through ATP synthase

ØAtractyloside, is a plant poison, inhibit adenine 
nucleotide translocase, ADP and ATP transport 
across the inner mitochondrial membrane 
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Inhibitors of the respiratory chain

ØH2S, carbon monoxide & cyanide: inhibit Cyt
oxidase, totally arrest respiration

Ø2,4-dinitrophenol (lipophilic) is un-coupler of 
oxidative phosphorylation.

ØIn brown adipose tissue, there is uncoupling  
protein (UCP), result in physiological un-
coupling (heat)

ØUn-couplers act by dissociating oxidation from 
phosphorylation, thus, respiration no longer 
limited by ADP and Pi concentration.




