2.3 Respiration

Living cells require an input of free energy. Energy is required for the maintenance of highly organized

synthesis of cellular components, movement, generation of electrical currents and for many other processes. Celis
acquire free energy from the oxidation of organic compounds that are rich in potential energy.

Respiration is an oxidative process, in which free energy released from organic compounds is used in the formatio
of ATP. The compounds that are oxidized during the process of respiration are known as respiratory Substrates,
which may be carbohydrates, fats, proteins or organic acids. Carbohydrates are most commonly used as respiratory

substrates.

During oxidation within a cell, all the energy contained in respiratory substrates is not released free in 2 single step.
Free energy is released in multiple steps in a controlled manner and used to synthesise ATP, which is broken down
whenever (and wherever) energy is needed. Hence, ATP acts as the energy currency of the cell,

During cellular respiration, respiratory substrates such as glucose may undergo complete or incomplete oxidation.
The complete oxidation of substrates occurs in the presence of oxygen, which releases CO,, water and a large
amount of energy present in the substrate. A complete oxidation of respiratory substrates in the presence of
oxygen is termed as aerobic respiration.

Although carbohydrates, fats and proteins can all be oxidized as fuel, but here processes have been described by
taking glucose as a respiratory substrate. Oxidation of glucose is an exergonic process. An exergonic reaction
proceeds with a net release of free energy. When one mole of glucose (180 g) is completely oxidized into CO, and
water, approximately 2870 kJ or 686 kcal energy is liberated. Part of this energy is used for synthesis of ATR. For
each molecule of glucose degraded to carbon dioxide and water by respiration, the cell makes up to about 30 or 32

ATP molecules, each with 7.3 kcal/mol of free energy.
CeH1,06 + 60, — 6CO, + 6H,0 + Energy (ATP + Heat)

The incomplete oxidation of respiratory substye

As the substrate is never totally oxidize
d, the ener , '
during aerobic respiration. 9Y generated through this type of respiration is lesser thas v
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2.3.1 Aerobic respiration

Enzyme catalyzed reactions during aerobic respiration can be grouped into three major processes: glycolysis Citric
acid cycle and oxidative phosphorylation. Glycolysis takes place in the cytosol of cells in all living organisms. The
citric acid cycle takes place within the mitochondrial matrix of eukaryotic cells and in the cytosol of prokaryotic
cells. The oxidative phosphorylation takes place in the inner mitochondrial membrane. However, in prokaryotes

oxidative phosphorylation takes place in the plasma membrane.

Table 2.3 Intracellular location of major processes of aerobic respiration

In eukaryotes,

Glycolysis - Cytosol

Citric acid cycle - Mitochondrial matrix
Oxidative phosphorylation

In prokaryotes,

Inner mitochondrial membrane

Glycolysis - Cytosol
Citric acid cycle - Cytosol
Oxidative phosphorylation - Plasma membrane
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3.2 Glycolysis

Bioenergetics and Metabolism

’/WONSIS'(fmm the Greek glykys, meaning sweet, and lysis, meaning splitting) also known as Embden-Meyerhof
’*’“’“"’Yr IS an oxidative process in which one mole of glucose is partially oxidized into the two moles of pyruvate
n a series of enzyme-catalyzed reactions, Glycolysis occurs in the cytosol of all cells. It is a unigue pathway that
ccurs in both aerobic as well as anaerobic conditions and does not involve molecular oxygen.

Preparatory phase (Energy investment phase)

6 CH,OH
5 o)
Glucose (G) 4 OH 1
HO \NE_2/' OH
Hexokinase, Mgz+ (ATP OH
1
AG® (k3/mol) = -16.7 ADP CH,OP
(0]
Glucose-6-phosphate (GGP)1 OH
HO OH
Phosphoglucoisomerase OH
2
AG® (kl/mol) = +1.7
POH,C o CH,OH
Fructose-6-phosphate (F6P)l HO
OH
Phosphofructokinase, Mg2+ 2 Gy OH
AG® (kI/mol) = -14.2 ADP
POH.C 0 CH,OP
Fructose-1,6-bisphosphate (FBP) l ;E‘
OH
Aldolase, zn** a OH
AG® (kJ/mol) = +23.9
OH
blyceraldehyde-}phosphate (G3P)J POH,C — CH— CHO
Trivse phosphate isomerase
5
AG® (k)/mol) = +7.6 0
Dihydroxyacetone phosph_ate HOM,C — C— CH, 0P
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step 1 : (Phosphorylation) Glucose is phosphorylated by ATP to form a glucose 6-phosphate. The negative
charge of the phosphate prevents the passage of the glucose 6-phosphate through the plasma membrane, trapping
glucose inside the cell. This irreversible reaction is catalyzed by hexokinase. Hexokinase is present in all cells of all
organisms. Hexokinase requires divalent metal ions such as Mg2* or Mn?* for activity. Hepatocytes and p-cells of
the pancreas also contain a form of hexokinase called glucokinase (hexokinase D). Hexokinase and glucokinase

zre isozymes. Glucokinase is present in liver and beta-cells of the pancreas and has a high K_ and V__ as
compared to hexokinase.

Step 2 : (Isomerization) A readily reversible rearrangement of the chemical structure (isomerization) moves the
carbony! oxygen from carbon 1 to carbon 2, forming a ketose from an aldose sugar. Thus, the isomerization of
glucose 6-phosphate to fructose 6-phosphate is a conversion of an aldose into a ketose.
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Payoff phase (Energy generation)

2 Glyceraldehyde-3-phosphate

Glyceraldehyde-3-phosphate 2NAD" + 2P,
dehydrogenase 6
2NADH + 2H"

AG® (k)/mol) = +12.6

1,3-bisphosphog|ycerate (BPG)
2 ADP

q
2 ATP

2 3-phosphoglycerate (3PG)

2

Phosphoglycerate kinase
Substrate level phosphorylation
AG® (kJ/mol) = -37.6

Phosphoglycerate mutase
AG® (ki/mol) = +8.8

2 2-phosphoglycerate (2PG)

Enolase, Mg™* or Mn>* Z

AG® (k)/mol) = +3.4 2H,0

2|  Phosphoenolpyruvate (PEP)
Pyruvate kinase, Mg™, K*

2 ADP
2 ATP

Substrate level phosphorylation 10

AG® (k/mol) = ~62.8

e
POH,C — CH—CHO
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Step 3 : (Phosphorylation) Fructose 6-phosphate is phosphorylated by ATP to fructose 1,6‘bisphosphate_ The
prefix bis- in bisphosphate means that two separate monophosphate groups are pr.esent, whereas the Prefiy
Id/'— means that two phosphate groups are present and are connected by an anhydride bond. This irreve,-s,'b,e
reaction is catalyzed by an allosteric enzyme phosphofructokinase-1 (PFK-1).

Step 4 : (Cleavage) The fructose 1,6-bisphosphate is cleaved to produce two three-carbon molecules -
glyceraldehyde 3-phosphate (G3P) and dihydroxyacetone phosphate (DHAP). This reaction is catalyzed by aldojage,

Step 5 : (Isomerization) Dihydroxyacetone phosphate is isomerized to form glyceraldehyde 3-phosphate. The
Isomerization of these three-carbon phosphorylated sugars is catalyzed by triose phosphate isomerase.

Step 6 : The two molecules of glyceraldehyde 3-phosphate are oxidized. Enzyme glyceraldehyde 3-phosphate
dehydrogenase catalyzes the conversion of glyceraldehyde 3-phosphate into 1,3-bisphosphoglycerate (1,3-BPG).
The reaction occurs in two steps: first the oxidation of the aldehyde to a carboxylic acid by NAD*
joining of the carboxylic acid and orthophosphate to form the acyl-phosphate product. Iodoace
inhibitor of glyceraldehyde-3 phosphate dehydrogenase because i
group of the enzyme active site, rendering it inactive.

and second the

tate is a potent
t forms a covalent derivative of the essential -SH
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