Metabolism of
Ketone Bodies
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Whatis Ketogenesis?
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When the level of acetyl-CoA from (-

oxidation exceeds the requirement for
the citric acid cycle, it is converted into
ketone bodies.
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| Site: Mitochondria of liver cells.
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Interactive Question1

Where exactly inside liver cells are ketone bodies synthesized?
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Liver Mitochondria | S L ,ueSgine

Great job! Let's explore the compounds.
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The Three Ketone Bodies
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] | 1. Acetoacetate
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| 2. B-Hydroxybutyrate
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Interactive Question 2

What are the names of the three compounds known as ketone
bodies?



I 1. Acetoacetate
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I 2. f-Hydroxybutyrate
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| 3. Acetone
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Conditions for Synthesis
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| Ketogenesis occurs mainly during:
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Severe starvation (aall g ).
Uncontrolled diabetes mellitus (ade sl e o Sull).

| The body depends on stored triacylglycerols for energy.



Interactive Question 3

In which two clinical or physiological states does ketone production
increase significantly?
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Synthesis Step 1: Condensation
ailaill: | grinill dlghi
| Two molecules of acetyl-CoA condense to form acetoacetyl-CoA.

Acetoacetyl-CoA. (HgailAcetyl-CoA (jo lillja cailafi

2 Acetyl-CoA = Acetoacetyl-CoA

| Catalyzed by the enzyme: Thiolase.
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Step 2: HMG-CoA Formation
HMG-CoA Jug4ai: I dghall

I A third acetyl-CoA combines with acetoacetyl-CoA to form HMG-CoA.

HMG-CoA. (150 (ugailAcetoacetyl-CoA gnAcetyl-CoA (jo &lli ¢ sja Jelaiy

Acetoacetyl-CoA + Acetyl-CoA - HMG-CoA




The Rate-Limiting Step
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Enzyme: HMG-CoA Synthase
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| Cytosol = Cholesterol synthesis. Mitochondria = Ketone body
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Interactive Question 4

What is the name of the enzyme that acts as the "rate-limiting
step” in ketogenesis?



HMG-CoA Synthase
HMG-CoA synthase pijil
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Step 3: Cleavage (HMG-CoA Lyase)
ruuaill: P Aghall

| HMG-CoA is cleaved by HMG-CoA lyase to produce acetoacetate.

Acetoacetate. (J1gailHMG-CoA lyase pijil dhwlgiHMG-CoA juunai pil

HMG-CoA > Acetoacetate + Acetyl-CoA




Acetone Formation
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When concentration is high, Acetoacetate undergoes spontaneous

decarboxylation to form Acetone.
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Clinical Note: The smell of acetone can be detected in the breath of diabetic

patients.
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=Hydroxybutyrate Formation
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Acetoacetate can be converted to -hydroxybutyrate by a dehydrogenase
enzyme.

Dehydrogenase pijil dhuwlgif-Hydroxybutyrate (llIAcetoacetate dga_'l'__l_ui JAani

Acetoacetate + NADH & B-Hydroxybutyrate + NAD+




Interactive Question5

Why do we smell a “fruity” odor in the breath of diabetic patients?



Spontaneous production of Acetone

Jgivndll jlol LAkl gigaill ciu

—
X



Utilization of Ketone Bodies
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During starvation, peripheral tissues
depend on ketones as a major energy
source.
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| Tissues: Heart and Brain.
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The Liver Paradox
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| The liver cannot utilize ketone bodies!
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| Reason: It lacks the enzyme Thiophorase required for their activation.
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Interactive Question 6

Why can't the liver use ketone bodies for energy even though it
makes them?



Lack of Thiophorase enzyme

Thiophorase pyjill ojlaial ciuy




Activation Mechanisms
dwiill _a hniill aldl

| Acetoacetate is activated by two methods:

I 1. Acetoacetate + ATP + CoA - Acetoacetyl-CoA + AMP (Enzyme: Synthase).

ATP. ¢lllpgilgSynthase pujil dhuwlgt huniill. |

2. Acetoacetate + Succinyl-CoA - Acetoacetyl-CoA + Succinate (Enzyme:

Thiophorase). |
)a1all A 3gagn picThiophorase ( puji] dauwlgy huniill.



Energy Production

dligihll o adlall gliil

| Acetoacetyl-CoA is split into two molecules of acetyl-CoA.

Acetyl-CoA. (o (il ja JlAcetoacetyl-CoA (Jlni)

| These enter the citric acid cycle to produce energy (ATP).
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Acetoacetyl-CoA = 2 Acetyl-CoA - TCA Cycle




T ———
Regulation of Synthesis
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" Rate of p-oxidation of fatty acids (o sl s2.S1).

- Availability of TCA cycle substrates (5.2l 2 sall i 53),

- Mobilization of carbohydrate stores (il Sl ebgiul )



Interactive Question?

Mention two factors that regulate ketone body synthesis.



1. Rate of f-oxidation

2. Substrate availability for TCA
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Causes of Ketosis
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| 1. Prolonged starvation - Depletion of carbohydrates = Ketosis.

atgisll alall= aljaagyall alaituwl=> Jighll g¢gall. |

| 2. Lactating mothers with low carbohydrate intake.
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Diabetes and Ketosis
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| Lack of insulin = Increased lipolysis = Increased free fatty acids.
Jugwill pdi= ggaall Jlai dalj=> apll diaall alaaill dalj
| This produces high levels of Acetyl-CoA, NADH, and ATP.
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The Role of Oxaloacetate
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| Acetyl-CoA requires Oxaloacetate to enter the TCA cycle.
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If Oxaloacetate is depleted (diverted to gluconeogenesis), Acetyl-CoA is
forced into ketone body synthesis.
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Lecture Summary
dmalanll jpaln
* Produced in liver mitochondria. AL )5S gile A il

" HMG-CoA Synthase is the regulator. L)l aHMG-CoA Synthase

" Used by brain and heart during hunger. sl AR L ol s e
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Liver cannot use them (No Thiophorase). 25 ot leessin ¥ 2



The Final Challenge

Why does Acetyl-CoA go to ketone synthesis instead of the TCA
cycle during starvation?



Due to Oxaloacetate Depletion
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