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Living cells and organisms must perform 

work to stay alive, to grow, and to 

reproduce

they require energy for

- maintaining their highly organized 

structures; 

- synthesizing cellular components,

- generation of a concentration and 

electrical gradients

- motion, heat production and many other 

processes.



Bioenergetics is the 

quantitative study of energy 

relationships and energy 

conversions in biological 

systems







Living cells and organism are open 

systems exchanging both material and 

energy with their surroundings







The energy changes occurring in a chemical reaction
are described by three thermodynamic quantities

• Gibbs’ free energy, (∆G), expresses the amount of 
energy which can be used to perform work at the 
constant temperature and pressure.

• Enthalpy (∆H), is the total energy (or heat content) 
which may be available from any system, or molecule, 
or chemical reaction.

• Entropy, (∆S), is a quantitative expression for disorder 
in a system

The portion of energy which cannot be converted to 
work is called bound energy (T∆S) 



Biological energy transformations obey 

the laws of thermodynamics.



The first law is the principle of the 

conservation of energy:

for any physical or chemical change, the

total amount of energy in the universe

remains constant; energy may change form

or it may be transported from one region to

another; but it cannot be created or

destroyed.





The second law of thermodynamics 

says that the universe always tends 

toward increasing disorder: 

in all natural processes, the 

entropy of the universe increases.

? ?





Under the conditions existing in 

biological systems (including constant 

temperature and pressure), changes in 

free energy, enthalpy, and entropy are 

related to each other quantitatively by 

the equation:

∆G = ∆H – T∆S



• If ΔG is negative (─ΔG), the reaction will proceed 
spontaneously with the release of energy, and the 
reaction is called exergonic reaction.

• If ΔG is positive (+ΔG), the reaction will not proceed 
spontaneously and has to be supplied with energy from 
outside; such a reaction is called endergonic reaction.



Coupling of an exergonic and endergonic reaction



Living systems must transfer energy from 

one molecule to another without losing all of 

it as heat. 

Some of the energy must be conserved in a 

chemical form in order to drive 

nonspontaneous biosynthetic reactions.





High-energy compounds (macroergic compounds)

Macroergic compounds contain energy-rich 
chemical bond, or macroergic bond. Macroergic 

bond is the bond which hydrolysis is 
accompanied by the release of free energy 
(─ΔG) greater than 5 kcal/mol (21 kJ/mol). 

High-energy bond is designated as the sign 

“  ~ “ (tilda). 



There are two types of macroergic compounds.

• Phosphate-containing macroergic compounds: 
creatine phosphate, 1,3-bisphosphoglycerate, 
phosphoenolpyruvate, carbamoyl phosphate, 
ATP.

• Sulfur-containing macroergic compounds 
(thioesters): acetyl CoA, acyl CoA, succinyl CoA



ATP
ATP is universal energy currency because only 

this compound can immediately give its energy 
(accumulated in the macroergic bond) for the 
performing any type of work in the living cell. 

When ATP is used for metabolic work, high-energy 
bonds  are broken and it is converted to ADP or to 

AMP.



ATP



Ways of the ATP formation and its use

ATP

Muscle contraction

Non

Activation of substrates
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Osmotic process
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Oxidative

phosphorilation

(90%)

Substrate-level

phosphorilation
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Generation of  nervous impulse

Regulation

Release of energy as heat



Biological oxidation

is the cellular process in which the organic 
substances release energy (ATP), 

produce CO2 and H2O 

through oxidative-reductive reactions



• It refers to cellular oxidation of various 
metabolic fuels by

– addition of oxygen

– removal of electrons

– removal of hydrogen

• Usually takes place with the help of enzymes

Biological oxidationBiological oxidation



Cellular respiration

• is a set of metabolic reactions that take place in 
the cells to convert chemical energy from 
nutrients into ATP, and then release waste 
products.

• oxidizing agent (electron acceptor) 
is oxygen

• last stage occurs in mitochondria
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Oxidation is the loss of two electrons or two hydrogen atoms; 

reduction is the gain of them



Oxidation of metabolic fuels is essential to life

In higher organisms, fuels, such as 
carbohydrates and lipids are metabolized to 

carbon dioxide and water. 



About 40% of 

food energy is 

conserved as 

ATP, and the 

remaining 

60% is 

liberated as 

heat.



Most metabolic energy is provided by 
oxidation-reduction reactions in 

mitochondria



Mitochondria

Mitochondria are subcellular organelles, about the size of 

bacteria. They are essential for aerobic metabolism in 

eukaryotes. Their main function is to oxidize metabolic 

fuels and conserve free energy by synthesizing ATP



Mitochondrion

Double membrane, 

with inner 

membrane very 

impermeable

TCA occurs 

in the matrix

ETC in the 

inner membrane



The ETC consists of several components 
(carriers) which follow one another in the 

definite sequence.



 Electrons flow from carriers with low 

to high reduction potential.

Succinate 

dehydrogenase

Electron Transport Chain

 This is energetically downhill.



The components of the ETC transfer protons 
and electrons (or only electrons) from 

reduced substrates (SH2) or from reduced 
coenzymes (such as NADH or FADH2) to 

oxygen (O2) with the resultant formation of 
water. 



Electron transport 

chain



Thus, in the ETC, a number of oxidative-
reduction reactions take place. (Oxidation is 

the loss of two electrons or two hydrogen 
atoms; reduction is the gain of them). Due to 
consecutive oxidation-reduction reactions in 
the ETC, free energy is produced. A portion of 
this energy (about 50-75%) is accumulated in 
the phosphate bonds of ATP, and the other 

portion of the free energy is released as heat.





NAD (nicotinamide adenine dinucleotide)

ETC carriers: NAD 

+H+

+H+

+2H

-2H



ETC carriers: FMN 

Prosthetic group of 

ETC protein 

(complex I)

1- or 2-electron 

acceptor



ETC carriers: Coenzyme Q 

Mobile electron 

carrier within 

the bilayer

1- or 2-electron 

acceptor



ETC carriers: Cytochromes 

Heme proteins

Cytochrome c is a 

soluble peripheral 

protein

Most are integral proteins



ETC carriers: Iron-sulfur proteins 



ETC carriers: Copper centers

 CuA center  CuB center



Electron Transport Chain: Proteins





Complex I

NADH-CoQ

oxidoreductase



Complex II: 

succinate-CoQ

oxidoreductase

Complex II 

(succinate 

dehydrogenase)



Complex III: 

CoQH2-cyt c 

oxidoreductase



Complex IV: 

cyt c oxidase



Complex V: 

ATP synthase





Some carriers 

pump protons

Succinate 

dehydrogenase

Electron Transport Chain
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Chemiosmotic

Mechanism

Electron transport 

chain sets up an H+

gradient (proton 

motive force).

Energy of the pmf is 

harnessed to make ATP.


