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 Bioenergetics means study of the transformation of energy
in living organisms

 The goal of bioenergetics is to describe how living 
organisms acquire and transform energy in order to perform 
biological work

 The study of metabolic pathways is thus essential to 
bioenergetics - In a living organism, chemical bonds are 
broken and made as part of the exchange and transformation 
of energy

 Energy is available for work (such as mechanical work) or 
for other processes (such as chemical synthesis and 
anabolic processes in growth), when weak bonds are 
broken and stronger bonds are made

 The production of stronger bonds allows release of usable 
energy



 Living organisms produce ATP from energy sources 

via oxidative phosphorylation

 The terminal phosphate bonds of ATP are relatively 

weak compared with the stronger bonds formed when 

ATP is hydrolyzed (broken down by water) to 

adenosine diphosphate and inorganic phosphate



1. Exergonic Reaction - Exergonic implies the 

release of energy from a spontaneous chemical 

reaction without any concomitant utilization of 

energy

 Most of these reactions involve the breaking of 

bonds during the formation of reaction 

intermediates as is evidently observed during 

respiratory pathways

 The release of free energy, G, in an exergonic

reaction (at constant pressure and temperature) is 

denoted as ΔG = Gproducts – Greactants



2. Endergonic Reactions - Endergonic in turn is the 

opposite of exergonic in being non-spontaneous 

and requires an input of free energy

 Most of the anabolic reactions like photosynthesis 

and DNA and protein synthesis are endergonic in 

nature

 The release of free energy, G, in an exergonic

reaction (at constant pressure and temperature) is 

denoted as ΔG = Gproducts – Greactants



3. Activation Energy - Activation energy is the 

energy which must be available to a chemical 

system with potential reactants to result in a 

chemical reaction

 Activation energy may also be defined as the 

minimum energy required starting a chemical 

reaction





Thermodynamics is the study of energy changes, 

that is, the conversion of energy from one form 

into another

 Such changes obey the first two laws of thermo-

dynamics



Energy cannot be created or destroyed but can be 

converted from one form into another: during 

such a conversion, the total amount of the energy 

of the system remains constant





 Energy transfer will  always proceed in the  direction of 

increased  entropy, and the release  of “free energy”.



The important state functions for the study of 

biological systems are

 The Gibbs free energy (G) which is equal to the 

total amount of energy capable of doing work 

during a process at constant temperature and 

pressure

 If ∆G is negative, then the process is 

spontaneous and termed exergonic

 If ∆G is positive, then the process is 

nonspontaneous and termed endergonic

 If ∆G is equal to zero, then the process has 

reached equilibrium



The Enthalpy (H) which is the heat content of the 

system

 Enthalpy is the amount of heat energy transferred 

(heat absorbed or emitted) in a chemical process 

under constant pressure

 When ∆H is negative the process produces heat 

and is termed exothermic

 When ∆H is positive the process absorbs heat and 

is termed endothermic



The Entropy (S) is a quantitative expression of 

the degree of randomness or disorder of the system

 Entropy measures the amount of heat dispersed or 

transferred during a chemical process

 When ∆S is positive then the disorder of the 

system has increased

 When ∆S is negative then the disorder of the 

system has decreased

 The conditions of biological systems are constant 

temperature and pressure



Under such conditions the relationships between 

the change in free energy, enthalpy and entropy 

can be described by the expression where T is the 

temperature of the system in Kelvin

∆G = ∆H − T∆S

[∆G = Gibbs Free Energy

∆H = Change in Enthalpy

T = Temperature in K

∆S = Change in Entropy] 





• When a substance exists in the reduced state & 

oxidized state the pair is called as a redox couple 

NAD+ is oxidized form

NADH is reduced form

• Redox potential is a measures of tendency of a 

redox couple to donate or accept electrons under 

standard condition





 Glycogenesis – Biosynthesis of glycogen from glucose

 Glycogenolysis-Breakdown of glycogen into glucose

 Glycolysis- Breakdown of glucose into pyruvate

 Citric acid cycle-Oxidation of pyruvic acid into CO2  & 

water

 Pentose phosphate pathway-Oxidation of glucose with 

the production of CO2 and pentoses

 Gluconeogenesis- Synthesis  of carbohydrates from non 

carbohydrates

 Glucoronic acid path way-Conversion of glucose to 

glucoronic acid



Glycolysis is a series of reactions for the 

breakdown of Glucose (a 6-carbon molecule) into 

two molecules of pyruvate (a 3-carbon molecule) 

under aerobic conditions; or lactate under 

anaerobic conditions along with the production of 

a small amount of energy.



Aerobic Glycolysis

 Aerobic means in the presence of oxygen

 Aerobic glycolysis occurs when oxygen is sufficient

 First, glucose is converted into pyruvate, and then 

pyruvate will be oxidized to the final products CO2 

and H2O

Anaerobic Glycolysis

 Anaerobic means in the absence of oxygen

 First, glucose is converted into pyruvate and then 

pyruvate into lactate



The energy-requiring phase (Preparatory phase)

The energy-releasing phase (Payoff phase)



Glucose-requiring phase (Preparatory Phase)

This phase is also called the glucose activation 

phase

 In this phase of glycolysis, two molecules of ATP 

are invested, and the hexose chain is cleaved into 

two triose phosphates

During this phase, the phosphorylation of glucose 

and its conversion to glyceraldehyde-3-phosphate 

occurs



Energy-releasing phase (Payoff Phase)

This phase is also called the energy extraction 

phase

 During this phase, the conversion of 

glyceraldehyde-3-phosphate to pyruvate takes 

place

 In this process, one NADH and two ATP molecules 

are formed



https://laboratoryinfo.com/wp-content/uploads/2016/02/glycolysis.png
https://laboratoryinfo.com/wp-content/uploads/2016/02/glycolysis.png




Glycolysis occurs in the cytoplasm and 

during the process oxygen is not used up

 It is common pathway between anaerobic 

and aerobic phases of cellular respiration

 In glycolysis one molecule of glucose is used 

up to form two molecules of pyruvic acid

 In the process two molecules of ATP are 

used in activation of glucose and four 

molecules of ATP are formed hence there is 

net gain of ATP molecules 



One ATP molecule produces nearly 8000 

calories and 2x8000=16000 cal means the 

amount of energy produced in glycolysis is 

16000 cal or 16 k.cal .This is about 2.3% of 

total energy contents of a glucose molecule

 In glycolysis 4 hydrogen atoms are also 

liberetaed which are accepted by NAD and is 

then reduced into NADH



Step Enzyme Source No. of ATP

1 Hexokinase – -1

3 Phosphofructokinase – -1

6

Glyceraldehyde-3-

phosphate 

dehydrogenase

NADH (+3) x 2 = +6

7
Phosphoglycerate 

kinase
ATP (+1) x 2 = +2

10 Pyruvate kinase ATP (+1) x 2 = +2

Net 

Yield
8 ATPs

Energy Yield in Aerobic Glycolysis



Step Enzyme Source
No. of ATP 

Formed/consumed

1 Hexokinase – -1

3 Phosphofructokinase – -1

7 Phosphoglycerate kinase ATP (+1) x 2 = +2

10 Pyruvate kinase ATP (+1) x 2 = +2

Net 

Yield
2 ATPs



 The oxidation of pyruvic acid into carbondioxide and 

water is called Krebs cycle or citric acid cycle

 Because the cycle begins with the formation of citric 

acid

 It is a carboxylic acid contains three COOH group-

tricarboxylic acid cycle

 Cycle was first described by Krebs in 1936

 This cycle occurs only in the presence of oxygen –

aerobic process

 Mainly in mitochondria







 https://www.youtube.com/watch?v=rSPUYA3

gWK8

 https://www.youtube.com/watch?v=BO0zL03

CtDs

 https://www.youtube.com/watch?v=_SkPwV

O9BFI

 https://www.youtube.com/watch?v=LQmTKx

I4Wn4



 Oxidative phosphorylation, also known as electron 

transport-linked phosphorylation

 Refers to the metabolic pathway in which the energy 

released by nutrients during oxidation is utilized to 

generate ATP through electrical transport chain

 And it is an important cellular energy conversion 

process and the final process of cell respiration in 

eukaryotes

 Oxidative phosphorylation occurs in the mitochondrial 

inner membrane of eukaryotic cells or the cytoplasm of 

prokaryotes





https://www.cusabio.com/statics/images/pathway/Oxidative-phosphorylation-picture.png
https://www.cusabio.com/statics/images/pathway/Oxidative-phosphorylation-picture.png


Under normal conditions, electron transfer and 

phosphorylation are tightly coupled

 Some compounds can affect electron transport or 

interfere with phosphorylation reactions, all of 

which cause oxidative phosphorylation

abnormalities

 Here introduce four factors affecting oxidative 

phosphorylation



A substance that blocks electron transport at a 

certain part of the respiratory chain and inhibits the 

oxidation process

 Some substances inhibit the electron transfer 

between Cytb and Cytc1, such as antimycin A and 

dimercaptopropanol

 Cyanide, azide, H2S, and C0 inhibit cytochrome

oxidase, making electrons unable to pass to 

oxygen

https://www.cusabio.com/Recombinant-Protein/Recombinant-Dictyostelium-citrinum-Cytochrome-b-cytB-partial-12767960.html
https://www.cusabio.com/Recombinant-Protein/Recombinant-Helianthus-annuus-Cytochrome-cCYTC1-141660.html


These reagents directly interfere with the formation 

of ATP and also prevent electron transfer

 The combination of oligomycin and di cyclo hexyl

carbonyl di imide with the F0 unit of ATP synthase

prevents the hydrogen ions from flowing back from 

the proton channel, rendering the phosphorylation

process incomplete, thus blocking the oxidative 

phosphorylation of intact mitochondria



This pathway of oxidation of glucose  occurs in 

certain tissues ,liver, mammary gland, adrenal 

cortex and adipose tissue

 It is an alternative respiratory path which involves 

neither glycolysis nor the kerbs cycle

This pathway occurs in the cytosol

This path way divided into 2 phase

Oxidative phase 

Non oxidative phase





 Alternative oxidative pathway for glucose

 Concern with synthesis of glucuronic acid 

 This is an oxidative pathway of glucose where glucose 

is converted into glucoronic acid, pentoses,vitamin & 

ascorbic acid 

 but in primates ,guinea pigs , birds and bats ascorbic 

acid cannot be synthesized 

 Instead of gluconic acid is converted to L-xylulose





Thank you


