
LECTURE 1 APPLIED BIOLOGY1
20



LECTURE 1 APPLIED BIOLOGY1
20

BIOLOGICAL OXIDATION

The Flow of Electrons (emf) Can Do Biological Work
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Four types of electron transfer occur in cells

1. Directly as electrons:

2.  As hydrogen atoms:
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3. As a hydride ion (:H+) which has two electrons:
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4. Through direct combination with oxygen:
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Reduction potentials measure affinity for electrons (measure in volts)

The standard reduction potential, E0
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Standard reference

H+ +  e-  ½  H2

Test cell containing 1M (Oxidised/Reduced species)
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Standard reduction potentials can be used to calculate the free-energy change

F= Faraday constant (96.5 kJ/V. mol or 23 kJ/V. mol)
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Consider the reaction in which acetaldehyde is reduced by the biological electron carrier NADH:

Acetaldehyde + NADH + H+
 ethanol + NAD+

The relevant half-reactions and their E0’ values are:

(1) Acetaldehyde + 2H+ + 2e-
 ethanol     E0’= - 0.2 V

(2) NAD + 2H+ + 2e-
 NADH + H+ E0’= - 0.3 V

Calculate ∆Go’ (Given F = 96.5 kJ/V.mol)?
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Nerst Equation:
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Electron  Transport Chain

Location: 
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ELECTRON TRANSPORT CHAIN COMPONENTS 
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NADH-Q reductase (Complex I): 
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Complex II: Succinate dehydrogenase complex
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Q-cytochrome c reductase (Complex III): 
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Cytochrome c oxidase (Complex IV): 
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Electron transport chain inhibitors:

Phenformin

Dimercaprol

Antimycin A

BAL

Malonate

Carboxin

Rotenone

Amytal

Barbiturates

Piercidin

Cyanide

Azide

CO

H2S
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Formation of electrochemical (H+) gradient
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Oxidative phosphorylation:
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ATP Synthase Is Driven by the Flow of Protons

The F1 Component Has Pseudo-Threefold Symmetry

The Fo Component Includes a Transmembrane Ring
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ATP Is Synthesized by the Binding Change Mechanism.
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.
Each of the β (nucleotide binding sites) three subunits cycle through 3 different conformations due to rotation 

of Υ subunit:

(O)pen: little affinity; ADP and Pi are free to enter (ATP is free to leave) the catalytic site 

(L)oose: higher affinity; lose binding of ADP and Pi

(T)ight: Packing the ADP and Pi together tightly; facilitating the condensation 
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The free energy from NADH to O2 can drive the synthesis of approximately 2.5 ATP

The free energy from FADH2 to O2 can drive the synthesis of approximately 1.5 ATP
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ATP synthase Inhibitors

Oligomycin

Dicyclohexylcarbodiimide (DCCD)
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Reactive Oxygen Species Are Generated during Oxidative Phosphorylation
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ADP/ATP transport systems

Atractyloside and bongkrekic acid/ bongkrekate
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Coupling of ETC with ATP synthesis:
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Uncouplers 

Brown adipose tissue

Thermogenin (or uncoupling protein). 
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Physiological uncouplers (ion carriers)

Thyroxine

Bilirubin
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Synthetic uncouplers (Ion carriers): 

2,4-dinitrophenol:  proton carrier

Dinitro cresol,

Penta chlorophenol, 

Trifluoro carbonylcyanide phenyl hydrazone (FCCP). 

Aspirin
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lonophores

Antibiotics valinomycin and nigercin act as ionophores for K+ ion
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Study of effect of various molecules on electron transport chain
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Malate-Aspartate Shuttle (Heart, liver and kidney):



LECTURE 1 APPLIED BIOLOGY1
20

The glycerophosphate shuttle (brain and muscles):
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