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Electron (energy) Carrying Molecules

(NAD+, FAD)

> FAD
Single electrons (He), different sources >
Succinate to fumarate, lipoate to lipoate disulfide >
In -KG
FAD must remain tightly, sometimes covalently,
attached to its enzyme >
E° for enzyme-bound FAD varies

> NAD
Pair of electrons (H-), same source
Alcohols to ketones by malate
dehydrogenase & isocitrate
dehydrogenase
NADH plays a regulatory role in
balancing energy metabolism
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Components & stepwise reactions
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Does Acetyl-CoA exit as 2 CO2?
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Enzymes of the TCA Cycle

> Citrate cynthase /(<. mluacetm&
> Aconitase \yp NADH  acetyl-CoA
> Isocitrate dehydrogenase . citrate
> a-ketoglutarate dehydrogenase _
> Succinate thiokinase
> Succinate dehydrogenase —
fumarate TCA c}fﬂe Isocitrate
> Fumarase - —
"ADH, NAI
> Malate dehydrogenase |
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e GTP NAD | 0-ketoglutarate

\[<“, NADH

succinyl CoA




Fatty acid Fatty acid
Formation of citrate liﬁéfao ok v CYTgmssq

What drives the reaction forward?
Is it reversible orirreversible?
Can it be reversed?

ATP-Citrate lyase or ATP-Citratase!
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Formation and Oxidation of

> Oxidative
decarboxylation

Isocitrate

Control at the committed step of glycolysis
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a-Ketoglutarate to Succinyl CoA

> Oxidative decarboxylation

> Thiamine pyrophosphate, lipoic
acid, and FAD

> Keto group oxidized to acid, CoA-
SH, succinyl CoA

> Energy conserved as NADH,
thioester bond

> The only irreversible step in the
whole reaction cycle
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a-Ketoacid Dehydrogenase Complexes

(TLCFN)

> (a-ketoglutarate, pyruvate, and branched chain a-keto acid)

& COO™
dehydrogenase complexes v CH,
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> Huge enzyme complexes, multiple subunits of 3 different enzymes (no B CH,
o C=0

loss of energy, substrates for E2 and E3 remain bound — higher rate) e
> Ea1, E2, & E3 are a decarboxylase (TPP), a transacylase (lipoate), & a
dehydrogenase (FAD)
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Thiamine Pyrophosphate

> Thiamine deficiency, a-ketoglutarate, pyruvate, & branched chain a-keto acids
accumulate in the blood

OH
|
Dissociable 0—CH —TF}P
prn:ut::-n--ﬁ_ Reactive carbon  Coenzyme . I'{Ein
I binding site -
| ¢ ‘/ o | - | : '-'3':'2 AR acid DH
Cu —g - -
=C—CHy—CH,—0—P—0—P-0" . o e;
HSC—C%Nfé C 2 TE I f ‘|’ .
EH, 0O O [ -
| | | | | ' ] ;'_T_"_’_ a-Keto
§ R "COO-:  acid DH

Thiamine pyrophosphate (TPP) mssmas - |
- Keto acid TPP



Oxidative decarboxylation

of pyruvate

Component enzymes
Coenzymes

Regulation of the pyruvate
dehydrogenase complex

Pyruvate dehydrogenase
deficiency: A deficiency in E,
component is the most common
biochemical cause of congenital
lactic acidosis (X-linked, no
treatment)

Mechanism of arsenic poisoning
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CoA

> Forms a thioester bond,

A. CoASH
CoASH & an acyl group (e.q.,
acetyl CoA, succinyl CoA)
> Sulfur vs. oxygen (carbon can
be activated, -13kcal, GTP,
keeps the reaction going) Phospho-
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Oxidation of Succinate to

Oxaloacetate

> Oxidation of succinate to fumarate,

succinate dehydrogenase, FAD _
> Fumarase, OH + H* from water, fumarate to QL
m a I a t e .I. 2 S cocitrate

> Alcohol group of malate oxidized to a keto
group, NADH

Oxaloacetate as a Junction Point

Glucoi:e Fatty acid
> ViEWEd as a CataIYSt Phosphoenolpyruvate Pyruvate
» An important junction pointin / \ [
meta bo | is m Oi<aloacetaltet + Acetyl CoA
Aspa;;ate Malate Cit‘r’ate
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TABLE 19.1: ATP generation steps

Step  Reactions Co-enzyme ATPs(old-  ATPs (new
n b f I No calculation) = calculation)
Bioenergetics of TCA CycCle | s
alpha keto
glutarate
. 4 Alpha keto NADH 3 25
Like all pathways, overall net -AG (-228 Slutarate >
succinyl CoA
kcal/mole), not 100%
5 Succinyl GTP 1 1
NADH, FAD(H2), and GTP (10ATP), 207 CoA->Succinate
kcal/mole 6 Succinate —» FADH 2 15
Kcal, 90% Cumarat :
_ 3 NADH: 3 % 53 = 159 umarate
Three reactions have large (-ve) values 1FaD2H) = 41 8 Malate>Oxalo NADH 3 25
Physiologically i ible, | Som Ly —
ysiologically irreversible, low Surm — 207 13 0
Acetyl CoA 7y Acetyl CoA inhibi
products oo o i
Oxaloacetate NADH 1 regulation)
NADH + H* Y Citrate Malate Citrate
NAD*
ACEH +1.5 kk\ £351F % Fluorc:.
Malate Isocitrate ;:uma.-ate Aconita (atg(:g)e
Malonate (toxic) Total 10 ATP
NAD* FADH, 1. 5ATP per cycle
0 keal 5.3 kea NADH + H* Isocitrat
H-O socitrate
: CDE Succinate / 7‘%\”\[}{
Fumarate u—Ketoglutarate ; . 22;&::§assinthase & GTP 2.5ATP xgggégc::i;;
0 kcal : NAD* 3 = Isocitrate dehydrogenase Oxalosuccinate (physiological)
FAD(2H) ca —é)d;kcal CoA NADH + H* 45 gg;:;z:‘:;‘;gg’stgrate Succinyl CoA
FAD"syccinate . cO 5 = Succinic thiokinase 4 NABH
Sugc::wl 2 ? 5 guccinate dehydrogenase il CO Alpha 0,
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Net result of the cycle & its significance

Box 19.1: Significance of citricaad cyde

TABLE 19.2: Stoichiometry of the TCA cycle

Acetyl CoA " 2C0,+CoA-SH 1

Oxaloacetate Oxaloacetate 2

FAD > » < FADH, 3.

3NAD* 3 NADH

GDP + Pi GTP 4.
- 5

Why? 7

v Fats are burned in the fire of carbohydrates

*
10.

. Complete oxidation of acetyl CoA
. ATP generation

Final common oxidative pathway
Integration of major metabolic pathways
Fat Is burned on the wick of carbohydrates

6. Excess carbohydrates are converted as neutral fat
. No net synthesis of carbohydrates from fat
8.

Carbon skeletons of amino acids finally enter the
citric acid cycle

Amphibolic pathway

Anaplerotic role.

v Fat cannot be converted to glucose because pyruvate
dehydrogenase reaction is an absolutely irreversible step



TCA Cycle Intermediates

> Intermediates are Precursors for Biosynthetic Pathways (citrate, acetyl CoA, fatty acid
synthesis, liver) (fasting, malate, gluconeogenesis, liver) (Succinyl CoA, heme
biosynthesis, bone marrow) (a-ketoglutarate, glutamate, GABA, a neurotransmitter,
brain) (a-ketoglutarate, glutamine, skeletal muscle to other tissues for protein

synthesis) Acetyl CoA
:”Amino acid : .  Fatty acid :
| synthesis <+ ---- Oxaloacetate Citrate --------hE synthesis
( TCA \'

peessmssssaasaaay cycle
* Gluconeogenesis « #------ Malate J gummmm———
______ . . Amino acid
............ \ a—Ketoglutarate -r» synthesis

Succinyl CoA Ly Neurotransmitter -
v e
Heme



Other Anaplerotic Routes

(Amino Acid Degradation)

Glucose =  Pyruvate

Tryptophan=—Alanine | \
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Anaplerotic Reactions

> Pathways or reactions that replenish
the intermediates of the TCA cycle

_______ COOK
> Pyruvate Carboxylase is a major ATP + {HCO; | + C=0
anaplerotic enzyme (requires biotin) CHa
Pyruvate
> Found in many tissues, liver, kidneys, pyruvate | 21"
brain, adipocytes, and fibroblasts Gam“ylaﬁel‘f’l%em woA
COOH
> Very high conc. In liver and kidney 4::=.::. + ADP + P
(gluconeogenic pathway) OHp
.C00”

> Activated (acetyl CoA) Oxaloacetate



Regulation of the TCA Cycle

> COI’TESpOnd tO ETC Fuel oxidation

(ATP/ADP) Aoty Cot

> TWO major messengers Oxaloacetate (=) Citrate

+ 4 . _.Citrate MNADH
(feedback): (a) " NADHF cirate o t\ NAD*
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Regulation — Citrate & Citrate Synthase

> Rate regulated by oxaloacetate &
citrate (inhibitor) g

> ATP acts as an allosteric inhibitor of NG

citrate synthase se
> Effect of citrate: Ty \l\
> Allosterically inhibits PFK, the key enzyme ({ m"g: NAD*
of glycolysis oA\ S et
» Stimulates fructose-1,6-bisphosphatase,a FD{F:;‘ R o s
key enzyme of gluconeogenesis %‘;}?"” FAD— N S G

S — Succinyl Coa €Oz

> Activates acetyl CoA carboxylase, a key Co
enzyme of fatty acid synthesis

GTP B @pp



Fuel oxidation
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Acetyl CoA

Isocitrate DH
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Inhibitors of TCA Cycle (Physiological?)

v A. Aconitase (citrate to aconitate) is

: "y Oxalo- Roatylnok ATP inhibits
inhibited by fluoroacetate (non- / st \)/ (physiclogca
NAD

H 1 regulation)
competitive inhibition) vaite Shate
v B. Alpha ketoglutarate / - : W
umarate Aconita (toxic)
dehyd rogenase (alpha kEtO Malonate (toxic) ; | Total 10 ATP 2 |
v glutarate to succinyl CoA) is = LA e,
InthItEd by Arsenlte (nOn- Succinate A O‘MADH
competitive inhibition) \( -
p zenase Oxalosuccinate (physiological)
v C. Succinate dehydrogenase 3 S“°°'"V'°'°“4 i /
igenase a
(succinate to fumarate) is inhibited ... il E.'ptht s

by malonate (competitive inhibition)



