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The doctor started with a short summary of the previous
lecture. Nothing new was mentioned, so we will give some
questions for review.
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What is the function of E1in the a-ketoacid
dehydrogenase complex?
A)Decarboxylase

B) Transacylase

C) Dehydrogenase

D) Oxidase

What is a key advantage of the a-

ketoacid dehydrogenase complex structure?
A) Higher reaction rate

B) Lower energy requirement

C) Increased substrate specificity

D) Reduced enzyme production

Ans:
1-a
2-a



Before you start, make sure you have studied the previous lecture well:

1-The enzyme succinate dehydrogenase is unique in the Krebs cycle because: 5- FAD is reduced in which of the reaction of the Kreb’s cycle?
A) Itrequires ATP as a cofactor A) lIsocitrate to oxaloacetate
B) Itislocated in both the mitochondrial matrix and inner membrane B) Succinyl CoA to Succinate
C) It produces NADH directly C) Fumarate to malate
D) It converts oxaloacetate to citrate D) Succinate to fumarate
2-Which of the following enzymes is requlated by calcium ions (Ca2‘) to 6-In Kreb's cycle, a molecule of GTP is produced during
increase its activity in the Krebs cycle? the conversion of:
A) Citrate synthase A) Citrate into Ketoglutarate
B) Isocitrate dehydrogenase B) Succinyl-CoA into succinate
C) Fumarase C) Succinate into malate
D) Succinate dehydrogenase D) Malate into oxaloacetate
7-What are the three main components of a-ketoacid dehydrogenase
3-How many CO2 molecules are released per turn of the Krebs cycle? complexes?
A) 1CO2 A) Decarboxylase, transacylase, & dehydrogenase
B) 2CO2 B) TPP, lipoate, & FAD
C) 3cCo02 c) a-ketoglutarate, pyruvate, & branched chain a-keto acid
D) 4CO2 Ans:
1-b
4-Acetyl CoA is formed from pyruvate by reaction 2-b
A) Dehydration 3-b
B) Reduction 4-c
C) Oxidative decarboxylation 5-d
D) Dephosphorylation 6-b

Now you can start.. 7-a



TABLE 19.1: ATP generation steps
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Cycles like the Krebs cycle do not form large concentrations of
intermediates. Instead, a steady supply of these intermediates is
maintained to keep the cycle running efficiently. If the levels of
intermediates, such as oxaloacetate (OAA), drop too low (not enough),
the cycle cannot run . OAA is essential because it combines with acetyl-
CoA to form citrate in the first step of the Krebs cycle. Without
sufficient OAA, the entire cycle would be disrupted.

A

Remember

\ 4

Malonate (toxic)

1 = Citrate synthase

2 = Aconitase

3 = Isocitrate dehydrogenase

4 = Alpha ketoglutarate
dehydrogenase

5 = Succinic thiokinase

6 = Succinate dehydrogenase

7= Fumarase

8 = Malate dehydrogenase

Physiological inhibitors/ activators are naturally occurring molecules
within the body that regulate enzyme activity in metabolic pathways
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Unphysiological Inhibitors / activator :These refer to inhibitors that are not
naturally found in the body under normal conditions and often result from

external factors, Ex: toxins, drugs, Fluoroacetate is a toxic compound that acts
as an inhibitor of aconitase (Children may be exposed to it.)

Recall : ATP acts as an inhibitor of citrate synthase, When ATP levels are high, it signals
that the cell has sufficient energy, reducing the need for further energy production. As a
result, ATP inhibits citrate synthase to prevent the cycle from starting, ensuring that
energy and Acetal Co-A are not wasted when they are not needed.
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Isocitrate dehydrogenaseis an important enzyme in the Krebs cycle that is regulated by several factors:

1.

2.

Inhibition by ATP: it’s indicates a high-energy state in the cell. When ATP levels are elevated, there is

less need for further energy production, so the enzyme activity is reduced.

Activation by ADP: it’s signals a low-energy state. High ADP levels indicate that the cell needs to

produce more ATP, prompting the cycle to run and generate energy.
Inhibition by NADH: because it is a product of the reaction catalyzed by the enzyme. High levels of

NADH suggest that the cell has enough reducing equivalents and does not require more NADH for
energy production. The Krebs cycle requires NAD+ to proceed with other oxidation reactions, so an
excess of NADH means that the concentration of NAD+ is low. This balance is crucial, as multiple
reactions in the cycle depend on NAD+ being available to accept electrons.

TABLE 19.1: ATP generation steps
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Each turn of the Krebs cycle produces a significant
amount of energy in various forms:

3 NADH + GTP +FADH2

1= Citrate synthase

2= Aconitase

3= Isocilrate dehydrogenase
4 = Alpha ketoglutarale

dehydrogenase
5= Succinic thiokinase
6= Succinate dehydrogenase
7= Fumarase
8= Malate dehydrogenase

v It has often been suggested that each NADH molecule could
generate up to 3 ATP during oxidative phosphorylation;
however, the actual yield is approximately 2.5 ATP per NADH.
Each run of the Krebs cycle (for each acetyl-CoA) will produce
a total of about 10 ATP equivalents: 1 GTP (produced directly)
and approximately 9 ATP (produced indirectly) through the
electron transport chain via oxidative phosphorylation
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Net Result of TEA Cycle and its significance

It’s amphibolic (Catabolic+Anabolic)

Box 19.1: S'gn ificance of citricacid ()I(|Q Acetyl-CoA is derived from the degradation of various biomolecules,
including carbohydrates, fats, and proteins. The oxidation of Acetyl-
1. Complete oxidation of acetyl COA---------------- CoA in the Krebs cycle is important because it prevents the
ATP generatlon accumulation of Acetyl-CoA, allowing the cycle to function effectively
: and maintain energy production.

2
3. Final common oxidative pathway

4. Integration of major metabolic pathways---------------
5. Fatls burned on the wick of carbohydrates
6
7
8

The intermediates of TCA cycle are connected with
so many other metabolic pathways

. Excess carbohydrates are converted as neutral fat

. No net synthesis of carbohydrates fromfat =————» WhY? L DTS

AcetylCoA ) (200, +CoASH
. Carbon skeletons of amino acids finally enter the Oxaloacetate S
cltric acid cycle A biochemical pathway, which involves FAD N > > < FADH:
9. Amphibolic pathway — both catabolism and anabolism 3NAD 3 NADH
10 Ansierotc il _ _ GDP+PIGTP L
- ANAPIErotiC rol€.  ——p Cchemical reactions that

form intermediates of a
metabolic pathway

v'  Fats are burned in the fire of carbohydrates, the efficient burning of fats for energy depends on the presence of
carbohydrates to provide the necessary oxaloacetate for the Krebs cycle

v' Fatcannot be converted to glucose because pyruvate dehydrogenase reaction is an absolutely
irreversible step



What happens in our bodies when we fast?

v During fasting, fatty acids are broken down, producing large amounts of Acetyl-CoA,

which normally enters the Krebs cycle. However, for the Krebs cycle to proceed, there
must be enough oxaloacetate available to combine with Acetyl-CoA. In fasting
conditions, some of the available OAA is diverted for gluconeogenesis (the process of
synthesizing glucose) This can limit the amount of OAA available for the Krebs cycle.As
aresult, the excess Acetyl-CoA that cannot enter the Krebs cycle is diverted into
ketogenesis, leading to the production of ketone bodies.

This is why people following a ketogenic diet, a high-protein diet, or intermittent fasting
often reach a state of ketosis. In these states, fatty acids are broken down at a rate that
exceeds the availability of OAA, leading to increased ketone body production.

The Acetyl-CoA that is released after the degradation of fatty acids cannot be converted
back to pyruvate because this reaction is irreversible. Therefore, to run the Krebs cycle
efficiently with the Acetyl-CoA from fatty acid degradation, there must be enough
oxaloacetate (OAA) available. OAA is primarily derived from the metabolism of
carbohydrates. This is why carbohydrates play an important role in supporting the Krebs
cycle, as they provide the OAA needed to combine with Acetyl-CoA (as long as your cells
have enough sugars (or carbohydrates), they will primarily use these for energy before
turning to fatty acids or other sources)

Note: During fasting, some cells are
completely dependent on glucose and
cannot use fatty acids for energy. These
include red blood cells (which lack
mitochondria) and brain cells, which
preferentially use glucose, though the
brain can adapt to use ketone bodies
during prolonged fasting, also | need to
maintain the level of glucose in the
blood within a certain range because if
it decreases, it will affect osmotic
pressure, as glucose is a solute, and this
can impact water movement.”. Other
cells, such as muscle cells and liver
cells, can oxidize fatty acids for energy,
especially during fasting or low-
carbohydrate conditions

e Glucose levels in the blood are not

stable, as it is consumed by various
tissues, such as the brain. This baseline
level of glucose is referred to as fasting
blood sugar, which is measured during
routine checks in hospitals.”




TCA Cycle Intermediates Interactions with Other Pathways

> 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
_________________________ Go to the next slide for
' Amino acid - _ . Fatty acid - more details
| synthesis <+ ---- Oxaloacetate Citrate --------hE synthesis
r TCA \'
sussssssssnnans == cycle
* Gluconeogenesis « #------ Malate J A """ '_d_ L
------------------ : —Ketoglutarate -r#: " 0> 89
o ‘/ P synthesis
I A -
Succmlyl CoA """'; Neurotransmitter
' : rain) ;
T
Heme (bledll ol 5o s 581 09)



The interaction with each pathway:

* Thecitrate: it can be used to make acetyl CoA to use it in fatty acids synthesis, it’s also used
as an inhibitor to regulate glycolysis

« Alpha ketoglutarate: participates in the synthesis of amino acids as it’s the alpha keto acid

of glutamate (it’s used as an excitatory neurotransmitter(brain) and as an inhibitory Alpha
neurotransmitter by forming GABA) ﬁ ketoglutarate +
. o . amino group =
* Succinyl CoA: we use it with glycine to form the heme group glutamate

e Oxaloacetate:

1.  It’sused in gluconeogenesis which is the formation of glucose but it can’t be used directly
as it’s present inside the mitochondria and the sugar is formed in the cytosol, however we
don’t have transporters for oxaloacetate so we reduce it to malate that can leave to the
cytosol and be oxidized again

2. It’s also the alpha keto acid of aspartate so it makes aspartate amino acid that can be used
to make asparagine

11



Anapleiotropic Routes

> Pathways or reactions that replenish -
] ) egulatory
the intermediates of theTCA cycle and other pathways COOH molecule as it
e | activates pyruvate
ATP + HCO3 '+ C=0 carboxylase but it’s
. . r . - notan
> Pyruvate Carboxylase is a major CHa i termediate for
I I 10t the krebs cycle, it
anaplerotic enzyme (requires biotin) Pyruvate ol ittt

> Found in many tissues, liver, kidneys,
brain, adipocytes, and fibroblasts

> Very high conc. in liver and kidney
(gluconeogenic pathway) v Gluconeogenic pathway is the opposite of

glycolysis (degradation of glucose).
v 90% of the reactions in both glycolysis

biotin
pyruvate
carboxylase l{}] Acetyl CoA ;

(II'DDH
f|3=El + ADP + P,

and gluconeogenesis are reversible except _ , Oxgloacetate

> ACtivated (a cetyl Co A) one reaction which needs two separate

steps instead of one to reverse it in
gluconoeogensis ( ex: pyruvate to
Oxaloacetate)

«



Other Anapleiotropic Routes (amino Acid Degradation)

« All amino acids have alpha carbon, carboxyl group, hydrogen atom and amino group but they differ in theR

group.

* In the metabolism, we will work on the amino group as it’s a source of ammonia which is toxic so we need to
get rid of it safely, so in their degradative pathway amino acids share the degradative pathway of the backbone
groups especially the amino group, and they have different pathways for the R chains (carbon skeleton) which
have a different final product.

* We can classify amino acids based on their final product which can be Krebs cycle intermediate, pyruvate,

acetyl CoA or Acetoacetyl CoA (the last two are ketogenic amino acids)

Note: the doctor said
some examples on
amino acids
degradation but they
are not required for
now so if you want to
know them check the
min 30 of the lecture
https://youtu.be/xSCQj
BGSq3U?si=Vm_ugnX7J
L-AwLyM
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https://youtu.be/xSCQjBGSq3U?si=Vm_vgnX7JL-AwLyM
https://youtu.be/xSCQjBGSq3U?si=Vm_vgnX7JL-AwLyM
https://youtu.be/xSCQjBGSq3U?si=Vm_vgnX7JL-AwLyM

For any feedback, scan the code or click on it.

Corrections from previous versions:

Versions Slide # and Place of Error Before Correction After Correction
3 It is Iocate_d in bc?th the mitochondrial It is located onIy in the inner
matrix and Inner membrane
membrane
VO 2> V1
11 Oxaloacetate is used in

Oxaloacetate is used in
glycogenesis

gluconeogenesis

V1> V2
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