Unit 2 For interna 1 circulation only

Metabolism of Carbohydrates

Dr Sairindhri Tripathy



Metabolism:

The entire spectrum of chemical reactions, occurring ingh@ livihgysystem, are
collectively referred to as metabolism.

There are two categories

1. Catabolism : The degradative processes concerned with the breakdown of
complex molecules to simpler ones, with a concomitant release of energy.

2. Anabolism : The biosynthetic reactions involving the formation of Complex
molecules from simple precursors.




Major pathways of carbohydrate metabolism

The important pathways of carbohydrate metabolism aregisted

1. Glycolysis (Embden-Meyerhof pathway): TheGXSSNGRROREIEROSse to pyruvate
and lactate.

2. Citric acid cycle (Krebs cycle or tricarboXliCEaCItiEVEISRRIEND X (dation of acetyl
CoA to CO2. Krebs cycle is the final common oxidative pathway for carbohydrates,
fats or amino acids, through acetyl CoA.

3. Gluconeogenesis : The synthesis of Glucose from non-carbohydrate precursors(
e.g. amino acids, glycerol etc.).

4. Glycogenesis: The formation of glycogen from glucose.
5. Glycogenolysis : The breakdown of glycogen to glucose.
6. Uronic acid pathway :

Glucose is converted to glucuronic acid, pentoses and, in some animals to ascorbic
acid (not in man) .This Pathway is also an alternative oxidative pathway for glucose.




7. Hexose monophosphate shunt (pentose Phosphate pathway or
direxidative pathway):

This pathway is an alternative to glycolysis and TCA cy¢€le for the oxidation
glucose( directly to carbon dioxide and water).

8. Galactose metabolism :

The pathways concerned with the conversion of [galactose to glucose and t
synthesis of lactose.

9. Fructose metabolism :

The oxidation of fructose to pyruvate and the relation between fructose an
glucose metabolism.

10. Amino sugar and mucopolysaccharides meta boNSIE

The synthesi®f amino sugarand othersugarsfor the formation of
mucopolysaccharides and glycoproteins.
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From every
glucose molecule,
glycolysis nets
two molecules of
ATP and two

molecules of the

electron carrier
NADH. Two

molecules of

pyruvate are

produced.
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1.Acetyl-CoA enters the Kreb’s cycle when it is joined toexaleacetate by
citrate synthase to produce citrate. This process requgires the inputief wate
Oxaloacetate is the final metabolite of the Kreb Cycle and It joins again to

start the cycle over again,
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2. Citrate is then converted into isocitrate by the enzym@ a€emitase. This is
accomplished by the removal and addition of water to yield an 1Isomer
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3. Isocitrateis convertedinto alpha-ketogluterate by isogcitkate
dehydrogenase. The byproducts of which are NADH and CO
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4. Apha-ketogluterate is then converted into succynl-CoA. by alpha-
ketogluterate dehydrogenase. NADH and CO, are ongé again prodeced.

CH
+ NAD* + CoA —— 2 4+ CO, + NADH

a-kefoglutarate CH,

dehydrogenase
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5. Succynl-CoA is then converted into succinate by succynl-CoA synthetase
which yields one ATP per succynl-CoA.
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6. Succinate coveriato fumerate byway of the enzyme succinate
dehydrogenase and [FAD] is reduced to [FADH] which |ssag@r@sthetic group
of succinate dehydrogenase. Succinate dehydrogenpéase Is a direct part of
ETC. It is also known as electron carrfemtierate is then converted to

malate by hydration with the use of fumerase.
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7. Malateis converted in oxaloacetate by malate dehydrogenase the
byproducts of which are NADH. Oxaloacetate is the final_metabelite of the

Kreb’s Cycle and it joins again to start the cycle ove@gain to start the cyc
over again.

COO™ NAD® NADH + H'
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Electron Transport Chain

The finalstage ofaerobic respiration is the electron trafngparh,which is
located on the inner mitochonan&inbranelThe electwon transport chain is
where most of the energy cells need to operate is generated. This chainis
a series ofprotein complexes and electron camrctecules within the inner
membrane of eukaryotic cell mitochondria.

Oxidative phosphorylation occurs over a number of distinct steps:
Step 1: Generating a Proton Motive Force
Step Two: ATP Synthesis via Chemiosmosis

Step Three: Reduction of Oxygen



Step 1: Generating a Proton Motive Force

The hydrogen carriers (NADH and EABié oxidized and releasefigh

energy electrons and protons. The electrons are transfernéd to the eleatron
transport chaiwhich consists of sevérahs-membrane cafrier proteins.

As electrons pass through the chain, they lose energy = which IS used by the
chain to pump protons (H+ ions) from the matrix.

Step One: Generating a Proton Motive Force (PMF)

H High H* Concentration

Low H* Conceniration

High energy electrons released by hydrogen carriers are shuttied through the electron transport chain
The released energy is used to translocate H* ions from the matrix, creating an electrochemical gradient




Step Two: ATP Synthesis via Chemiosmosis

The proton motive force will cause H+ ions to move down_their
electrochemicgtadientand diffuse back into matriXhis diffusion of

protons is called chemiosmosis and is facilitated bysthe trans-membranhe
enzyme ATP synthase. As the H+ ions move through ATP synthase they trig
the molecular rotation of the enzyme, synthesizing ATP.

Step Two: Chemiosmosis and ATP Synthase Activity

H* ions are transported down their electrochemical gradient by ATP synthase (chemiosmosis)
ATP synthase uses this flow of protons back into the matrix (o catalyse the synthesis of ATP




Step Three: Reduction of Oxygen

In order for the electron transport chain to continue functhonaes

energized electrons mbetremovedOxygen acts as the finglectron
acceptomemoving the de-energized electrons to ptéeeaiiain from

becoming blocked. Oxygen also binds with free protons in the matrix to form
water - removing matrix protons maintains the hydnogen gradient

Step Three: Oxygen Acts as the Final Electron Acceptor

Oxygen acls as the final electron acceptor, removing the de-energised electrons from the chain
Oxygen also maintains the electrochemical gradient by binding to H* ions in the maltrix to form water







Energy vield

Glycolysis 2 ATP 2 NADH 8 ATP
Pyruvate > NADH Hy—
oxidation

Kreb’s 6 NADH % 24 ATP

Cycle 2 ATP FADH

NADH = 3 ATP 59 g

FADH= 2 ATP



Adenosine diphosphate (ADP) + Phosphale = Adenosine triphosphate (ATP)
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Gluconeogenesis
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