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Pyruvate Dehydrogenase Complex:
E1 E2 E3

CoEnzymes:
e Thiamine pyrophosphate (TPP) a prosthetic group of
e Lipoic acid (lipoamide) a prosthetic group of E2
e Flavin adenine dinucleotide (FAD) a prosthetic group of E3
e Coenzyme A (CoA or CoA-SH)
e Nicotinamide adenine dinucleotide (NAD+)
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The Goal of the ETC is to pass the electrons From The FAD and NAD molecules to the innner
miochondrial membrane where there is 4 complexes that the electrons pass from 1st to the
4th complex. then the 4th complex gives the electrons to the 02 forming H20.

Oxiditave Phosphorylation: when FAD-and NAD molecules loses their electrons-in the chain,
the free energy is lost too, so it got captured and stored by the production of ATP from ADP
and inorganic phosphate. The remainder of the free energy which isn't trapped as ATP is
released-as-heat

Remember: NADH made in cytosol, it Can't get into mitochondrial matrix.
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Cytosolic side

Glucose 6- |
phosphatase

-The overall reactions of gluconeogenesis are:

ER lumen

2 Pyruvate +2 NAD + 4 H+ + 4 ATP + 2 GTP + 6 H20

Glucose + 2 NAD++ 4 ADP + 2 GDP + 4 Pj
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-The increase in Oxaloacetate Concent.Tthe activity of TCA cycle.
- Acetyl coA is an allosteric activator of pyruvate Carboxylase (Gluconeogenisis).
- ATP and NADH concetrations are increased --> Oxaloacetate goes into TCA cycle.



Allosteric activation by acetyl CoA

— accumulation of acetyl CoA - activation of pyruvate carboxylase - activation of
gluconeogenesis.

Substrate availability:
- The availability of gluconeogenic precursors like glucogenic amino acids — t the hepatic

glueoneogenesis:
- | Insulin / glucagon ratio favor the mobilization of amino acids from muscle protein to
provide their skeletons for gluconeogenesis.

Substrates for gluconeogenesis:

- Include all intermediates of glycolysis and TCA cycle, glycerol, lactate and the a-keto acids

- Glycerol: obtained from the hydrolysis of the triglycerides in adipose tissue, travels to liver

which is phosphorylated and metabolized.

-Lactate: released from the RBC and exercising muscle, carried to the liver by the blood and
converted to glucose and released again to blood through Cori cycle.

to join TCA cycle.
a-keto acids: like pyruvate and a-ketoglutarate derived from amino acids alanine and
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- All amino acids can feed into gluconeogenesis except leucine and lysine.

nature of PDH that converts pyruvate to acetyl CoA.

e  The Alanine cycle:

Theli I I , 4 atanine similarv-tol

- Following transamination to pyruvate, gluconeogenesis allows the liver to convert it to
glucose for secretion into the blood
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Diagram: Steps of glycogenesis

- Glycogen is mainly found in the skeletal muscle and the liver.
- Glycogen is senthesized when blood glucose level is high.

- GLUT4 is mainly found on adipose tissues, skeletal and cardiac muscles. it is insulin
dependent!! so the insulin stimualate the synthesis of more GLUTSs.

—GLUT3-innedrons:

- GLUT 2 is bidirectional transporter expressed mainly in the liver and pancreatic B cells. and
goes with Fascilitated diffusion.

- The insulin hormone stimulate the Glycogenesis proccess
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the first glucose is attached to tyrosine residue of a protein called

glycogenin

° glycogenin forms a tight complex with glycogen synthase

° the chain is extended by sequential addition of up to 7 glucose residues
autocatalyzed by glycogenin itself (a-1,4-glycosidic bond)

° at this point, glycogen synthase dissociates and starts to extend the linear

glycogen chain
the combined action of glycogen synthase and branching enzyme completes
the glycogen particle
° : glycogen synthase dissociates from the newly synthesized glycogen
molecule while the glycogenin remains covalently attached to reducing end

—Formation-of branches:

the (a1 - 6) bonds found at the branch points of glycogen are formed by glycogen branching
enzyme which catalyzes the transfer of small fragment (6-7 glucosyl residues) from the non-
reducing-end-of a-branch-having-atleastelevenresidues:

Glycogen

Glycogen d
Nonreducing end ycog n-1
S CH,OH CH,0H CH,OH

5 O, O, O,
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OH H OH H OH H
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& { - . y " |  PENTOSE
mNE o Lo TN A N o PHOSPHATE
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H OH
Glucose 1-phosphate Glycogen shortened rain
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(glucose),, 4

PATHWAY

Pyruvate Ribose + NADPH

Lactate CO, + H,0

Glycolysis

- the first step is to make the phsphorylase enzyme catalyzes the phosphorolysis step " the
cleavage of the bond by the addition of inorganic phosphate”.

-another enzyme; Debrancher enzyme then causes:

1) Transferase activity: removes intact trisaccharide moiety (3 Glucose units) and transfer it
to the end of some other branch.

2) Second “the (a1 =6) glucosidase activity": the enzyme removes the tast glucose unit
attached to the chain by (a1 - 6) glycosidic bond.

- The end result of this debranching process is the release of one glucose moiety each time.
- The end products of glycogenolysis are GTP (the major product) and glucose.
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A. Nonessential unsaturat ed fatty acids:

1. These are fatty acids which contain-one double bond e.g. palmitoleic acid (16: 1)
and oleic acid (18:1).

2. Synthesis of oleic acid (oleyl CoA) : It is synthesized - in the microsomes - from
stearyl CoA (active stearic acid)

B. Essential fatty acid:

These are unsaturated fatty acids which contain more than one double bond.
Examples:-linoleic-acid-andinolenic-and-arachidonic-acid:

Functions:

a- They are Important for normal growth.

b--Synthesis-of phospholipids

c- Prevention of atherosclerosis: Essential fatty acids combine with cholesterol forming
esters which are rapidly metabolized by the liver. This prevents precipitation of free
cholesterol along the endothelium of blood vessels ~ prevents atherosclerosis.

d- Synthesis of eicosanoid.

Regulation-ef-lipolysis:

The key enzyme controlling lipolysis is Hormone sensitive triacylglycerol

lipase (HSL):

-This-enzyme-is-activated when phosphorylated by 3 5-cyclic AMPdependent protein kinase.
- In the presence of high plasma level of insulin and glucose, HSL is dephosphorylated, and
become inactive. So during fasting - stimulation of lipolysis.

- Coffee contains caffeine-and tea contains theophylline. Both-inhibit phosphodiesterase
enzyme - stimulation of lipolysis.

- Causes of excessive lipolysis: where there is a need for energy; starvation, diabetes
mellitus, low carbohydrate diet, and in certain infectious disease as in tuberculosis ( due to
high catabolic state).

ypes of fatty acid oxidation
- Fatty acids can be oxidized by:
1- - oxidation- major mechanism, occurs i
mitochondrial matrix. 2-C units are released as acetyl CoA per cycle.

2- ¢- oxidation- predominantly takes place in brain and liver,
one carbon is lost in the form of CO2 per cycle.

3- - oxidation- minor mechanism, but becomes important in
conditions of impaired p-oxidation

4- Peroxisomal oxidation- mainly for the trimming of very
long chain fatty acids.

The remaining of the Lecture are the Oxidations (some few details) and the last few slides.
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-Also-known-as FAVISM

- itis X - Linked recessive genetic condition

- Inborn Error

- Congenital

- Inherited Disorder

- results in reduced intracellular NADPH level which participates in the glutathione cycle to
protect cells against hydrogen peroxide.

Reduced Glutathione
(2 GSH)

NADP*

Glutathione reductase Glutathione peroxidase

S ANEA YA

(GSSG)
Oxidized Glutathione

e NADPH in RBCs is important to keep a high ratio of the reduced glutathione which is
vital to protect cells from damaging effect of ROS (detoxification process)

e  G6PD enzyme prevents oxidative damage

e  G6PD deficiency is characterized by hemolytic anemia, especially in state of
oxidative stress such as exposure to infection, some medications and certain foods
(e.g. broad or fava beans).

is-due-to-imbalance betweenthe generation-of ROS-or freeradieals
(e.g. H202, .0OH,...) and the removal by specific cellular enzymes (antioxidants) like
glutathione peroxidase (enzyme abundant in cells).

e  Oxidative stress depletes the reduced form of glutathione (GSH) and G6P
dehydrogenase deficiency disorder can not supply enough NADPH to regenerate

GSH from the oxidized one (GSSG) .

e Damaged RBCs are recycled to the spleen. The hemoglobin is metabolized to
bilirubin causing jaundice in high concentration .

THE END
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