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Citric Acid Cycle

The central role is the oxidation of acetyl
CoA to CO2 and H20. It accounts for 2/3
of all the oxygen consumption and ATP
production. It occurs in the mitochondria.

After glycolysis pyruvate needs to be
converted to acetyl CoA so that it could be
oxidized through the citric acid cycle. This

oxidative decarboxylation of pyruvate is
performed by the pyruvate dehydrogenase
complex.
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The oxidation of pyruvate to
form Acetyl CoA and CO,
and NADH is carried out by
an enzyme complex which
contains three ( ) different
enzymatic activities and
requires different cofactors.
This reaction takes place in
the mitochondria. This

reaction 1s . This
explains why glucose can not
be formed from acetyl CoA
in gluconeogenesis. This
reaction 1s the major source
of acetyl CoA for the cycle.
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Like pyruvate, acetyl CoA 1s a key metabolic intermediate which

interacts with carbohydrate, fatty acid and amino acid metabolism.
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Pyruvate is decarboxylated to form
a hydroxyethyl derivative bound to
the reactive carbon of thiamine
pyrophosphate, the coenzyme of
pyruvate dehydrogenase (E;).

The hydroxyethyl intermediate is oxidized
by transfer to the disulfide form of lipoic
acid covalently bound to dihydrolipoyl
transacetylase (E ).
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lipoic acid, is transferred to CoA.

The sulfhydryl form of lipoic

acid is oxidized by FAD-dependent
dihydrolipoyl dehydrogenase (E;)
leading to the regeneration of

NADH + H* oxidized lipoic acid.

FADH, on E, is reoxidized to FAD by
dihydrolipoyl dehydrogenase as NAD*

is reduced.




Pyruvate is decarboxylated to form a

by transfer to the disulfide form of lipoic
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! . . Dityoroloy! lipoyl dehydrogenase, leading to the |
The hydroxyethyl intermediate is oxidized dehyoirogenase regeneration of oxidized lipoic acid.

Reduced flavoprotein is reoxidized to
FAD by dihydrolipoyl dehydrogenase.




| The Pyruvate Dehwdrogenase Reaction |

Pyruvate + NAD" + CoASH > acetyl CoA + CQ NADH +H

This IS an irreversible reaction

This reaction is catalyzed by a multifunctional enzyme complex
which requires 5 different coenzymes or cofactors and cat ayzes three

discrete reactions.

1. pyruvate dehydrogenase PyTwvate dehydrogenase
2. dilmdrolipod transacetyl ase compl ex (mitochondrion)
J. dilwdrolipod dehydrogenase

A covalent intermediate is Tormed with the release of COZ and
ultimately the two remaining carbons are transferred to CoASH to form
acetd CoAA and regenerate the enzyme. This is ahighby requlated
enzyme. The Scofactors or coenzymes imvolved are NADH, Thiamin
pyrophosphate, ipoic acid, FAD and CoASH. This is a Key enzyme in
metabolism and on EXAMS.
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The pyruvate dehydrogenase
complex 1s subject to complex
control by means of phospho.
and dephosphorylation. The

primary control 1s on the
PDH kinase enzyme which

inactivates the complex. Note
that several required
cofactors and one of the
products, acetyl CoA, are
effectors of this system.
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| The citric acid or TCA cycle is one of the core

pathways in metabolism. It begins with the
condensation of oxaloacetate and acetyl CoA to
form the tricarboxylic acid, citric acid (citrate)
after which the cycle 1s named. The reaction 1s
catalyzed by . Citrate provides
Acetyl CoA for fatty acid synthesis. Citrate (-)
PFK-1. The second discrete step in the
tricarboxylic acid cycle is the conversion of
citrate to 1socitrate. cis-aconitrate has been shown
to be an enzyme bound intermediate 1n this

conversion. The reaction is catalyzed by the

enzyme . The third step in the
tricarboxylic acid cycle is the conversion of
isocitrate to a-ketoglutarate with the loss of CO,
and the production of an NADH. Oxalosuccinate
has been 1dentified as an intermediate 1n this
conversion. The reaction is catalyzed by
. Notice that it 1s the

second 1rreversible reaction of the cycle. It 1s one

of the rate limiting steps of the cycle.
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a-ketoglutarate is next converted to succinyl CoA again

m with the loss of the second production of CO, and NADH.
oo This reaction requires CoASH and is similar in mechanism
Juon °§§§;‘a‘:ﬁ’;§:‘:‘E e to the reaction. This step in the
Z‘: cycle 1s catalyzed by
2 l e Coenzymes required lipoic acid, tiamine
G pyrophosphate, FAD,NAD, and CoASH. (-) ATP, GTP,
o NADH & succinyl CoA. Not reg. by phosphor Cleavage o
S{WNT o succinyl CoA yields a substrate level phosphorylation
o gﬂ' (GTP) and CoA. Oxidation of succinate to fumarate yields
FADH2.
Siiceinate o Succinate Dehydrogenase Hydrati()n of
M?&”KFADH isc- FAD FADH 'uuchcf H fumarate to
W2 I A c. malate.
of too- A H® coo-”
O:.,,.,:,, Succinate Fumarate
FumaraseTr) I'.%CICI -
¥,
HO c c o cCO0"
o) ‘:l:a:'; Mal onate {an inhibitor of this enzyme and the TCA cycle)
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Malate 1s oxidized to Oxaloacetate by
produces the third and final NADH of the cycle.



Energy producing | Number of ATP
reaction produced

3 NADH —> 3 NAD*
FADH, —> FAD
GDP + P, —> GTP 1

12 ATP/acetyl CoA
oxidized
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Summary of reactions. Two carbon atoms enter the cycle as Acetyl
CoA and leave as CO,. No net consumption or production of
oxaloacetate or other intermediates. Four pairs of electrons are

transferred during one turn (3 NAD to NADH) (1 FAD to FADH,).
NADH = 3ATP, FADH,= 2ATP



The acetyl CoA produced by the pyruvate
dehydrogenase reaction or derived from fatty acid
degradation or amino acid degradation can feed its two
carbons into the Tricarboxylic acid cycle, resulting in
Il the release of 2CO,, the generation of a GTP and
w4l reduced coenzymes which can supply electrons to the
mitochondrial electron ¢ transport. Inducers and
inhibitors of enzymes in the cycle are illustrated.
Regulation of the TCA cycle (8 rxs)
A. Activation and 1nhibition of enzymes: the cycle is
regulated by several enzymes (highly — AG, citrate
synthase, 1socitrate dehydrogenase, ketoglutarate
dehydrogenase complex. B. Effects by the availability
\/w\.\ of ADP : high ADP accelerates rxs that use ADP. ATP
- sociite increases until production equal consumption. Low
#eﬂ;;:;w ADP decreases oxidative phosphorylation due to lack
il of acceptor. Oxidation and phosphorylation are
coupled, therefore, NAD and FAD are depleted

because NADH and FADH are accumulated.




Function of the TCA cycle

I Regulation of the TCA cycle
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Veamos la animacion

Summary TCA cycle
From glycolysis and
pyruvate oxidation
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Veamos la animacion

First reactions of the TCA cycle




Veamos la animacion

Middle reactions of the TCA cycle




Veamos la animacion

Final three reactions of TCA cycle




