Pentose Phosphate Pathway
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The pentose pathway Is a shunt.

- The pathway begins with the glycolytic intermediate glucose 6-P.

- It reconnects with glycolysi s because two of the end products of
the pentose pathway are glyceraldehyde 3-P and fructose 6-P;
further down in the glycolytic pathway.

- It isfor this reason that the pentose pathway is often referred to
as ashunt.

- The pathway yiddsreducing potential in the form of NADPH to
be used in anabolic reactionsrequiring electrons, also, it yields
ribose 5-phosphate for nucleic acids (DNA, RNA), and various
cofactors including (CoA, FAD, SAM, NAD+/NADP+).



- NADPH isa
phosphorylated form of
NADH.

- In general, with some
exceptions, NADH is
used to drive the
phosphorylation of ADP
toATP. NADPH isused
where reducing potential
ISsrequired for synthetic
reactions.
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It’s a shunt
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TABLE 20.4 Tissues with active pentose phosphate pathways

Tissue Function

Adrenal gland Steroid synthesis

Liver Fatty acid and cholesterol synthesis
Testes Steroid synthesis

Adipose tissue Fatty acid synthesis

Owvary Steroid synthesis

Mammary gland Fatty acid synthesis

Red blood cells Maintenance of reduced glutathione

TABLE 20.2 Pathways requiring
NADPH

Synthesis

Fatty acid biosynthesis
Cholesterol biosynthesis
Neurotransmaitter biosynthesis
Nucleotide biosynthesis

Detoxification
Reduction of oxidized glutathione
Cytochrome P450 monooxygenases




The pentose pathway can be
divided into two phases.

1- Oxidative irreversible

2- Non-oxidative reversible
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- NADPH + H* isformed from two separate reactions, catalyzed by
glucose 6-phosphate dehydr ogenase and 6-phosphogluconate
dehydrogenase

- The glucose 6-phosphate dehydrogenase reaction is the rate limiting
step and isessentialy irreversible.

- Cells have a greater need for NADPH than ribose 5-phosphate.
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- The enzyme is highly specific for NADP+; the Km for NAD+ is 1000

greater than for NADP+.



TABLE 20.3 Pentose phosphate pathway

Reaction Enzyme

Oxidative phase

Glucose 6-phosphate + NADP* — 6-phosphoglucono-8-lactone + NADPH + H*  Glucose 6-phosphate dehydrogenase
f-Phosphoglucono-8-lactone + H,0 — 6-phosphogluconate + H™ Lactonase

6-Phosphogluconate + NADP* — nbulose 3-phosphate + CO, + NADPH ~ 6-Phosphogluconate dehydrogenase

Nonoxidative Phase
Ribulose 5-phosphate == ribose 5-phosphate Phosphopentose 1somerase
Ribulose 5-phosphate = xylulose 5-phosphate Phosphopentose epimerase
Xylulose 5-phosphate + ribose 5-phosphate = Transketolase

sedoheptulose 7-phosphate + glyceraldehyde 3-phosphate
Sedoheptulose 7-phosphate + glyceraldehyde 3-phosphate == Transaldolase

fructose 6-phosphate + erythrose 4-phosphate

Xylulose 5-phosphate + erythrose 4-phosphate =—= Transketolase

fructose 6-phosphate + glyceraldehyde 3-phosphate




The non-oxidative phase of the pentose pathway

oxidative reactions of
pentose phosphate pathway
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- Transketolase requires the coenzyme TPP, the transal dolase does not.
- Transketolase and transaldolase are the link back to glycolysis.
Glyceraldehyde 3-phosphate and Fructose 6-phosphate

Net result: 3C5 — 2C6 + C3



Regulation of the Pentose Pathway

- Glucose 6-phosphate dehydrogenase is the regulatory
enzyme.

- NADPH isa potent competitive inhibitor of the enzyme.

- Usually the ratio NADPH/NADP* is high so the enzymeis
Inhibited.

- But, with increased demand for NADPH, the ratio decreases
and enzyme activity is stimul ated.

- The reactions of the non-oxidative portion of the pentose
pathway are readily reversible.

- The concentrations of the products and reactants can shift
depending on the metabolic needs of a particular cell or
tissue.

- Insulin (enhances expression of the enzyme leading to
enhanced flux through pathway in the well-fed state)



Glutathioneand NADPH

Glutathione is atripeptide
composed of glutamate,

cysteine, glycine.

Reduced glutathione
(GSH) maintains the
normal reduced state of

the cell.
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Glutathione Functions

- It serves as a reductant.

- Conjugates to drugs making them water soluble.

- Involved in amino acid transport across cell membranes.

- Cofactor in some enzymatic reactions.

- The sulfhydryl of GSH is used to reduce peroxides (ROS)
formed during oxygen transport.

- ROS can affect DNA, RNA, and proteins leading to cell
death.

- Theresulting oxidized form of GSH is two moleculeslinked
by adisulfide bridge (GSSG).
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Glutathione and Erythrocytes

- GSH 1sextremely important particularly in the highly oxidizing
environment of the red blood cell.

- Mature RBCs have no mitochondria and are totally dependent on
NADPH from the pentose phosphate pathway to regenerate GSH
from GSSG via glutathione reductase.

- In fact, as much as 10% of glucose consumption, by
erythrocytes, is mediated by the pentose pathway.

- The reduced form of glutathione serves as a sulfhydryl buffer, it
maintains cysteine residues in hemoglobin and other proteinsin a
reduced state.

- GSH isessential for normal RBC structure and keeping
hemoglobin in Fe++ state.




| mportance of PPPin RBC

- When erythrocytes are exposed to
chemicals that generate high levels
of superoxide radicals, GSH
(Reduced Glutathione) isrequired
to reduce these damaging compounds

- Glutathione Peroxidase catalyzes
degradation of organic hydroperoxides
by reduction, astwo glutathione
mol ecules are oxidized to a disulfide
GSSG

- The PPP isresponsible for maintaining
high levels of NADPH in red blood
cells for use as areductant in the
glutathione reductase reaction.

0

Mitochondrial respiration, jonizing
radiation, sulfa drugs, herbicides,

v antimalarials, divicine
Superoxide *(,
radical
2H ')""
Y
Hydrogen ¢ sl > 9H.0
peroxide A \ ‘
H'Y ,
)‘4‘. “we I'
H,0¢ e GSSG
Hydroxyl ., " /
free radical P
" 4 /du \'\‘
' y
Oxidative damage to NADP NADPH + H
lipids, proteing, DNA f
Glucose "R 6-Phospho-

6-phosphate glucono-4-lactone




- Reduced glutathione a so detoxifies peroxides.
2GSH + ROOH — GSSG + H,0O + ROH
- Céllswith low levels of GSH are susceptible hemolyss.
- Individua s with reduced GSH are subject to hemolysis.
- Thisis often clinically seen as black urine under certain
conditions.

Conditions for hemolytic anemiareated G6PD deficiency

- The ingestion of oxidative agents that generate peroxides or
reactive oxygen species (ROS), such as antimaaria drugs, purine
glycoside from fava beans, aspirin and sulfa drugs

- Individuals with G6PD deficiency can not produce sufficient
GSH to cope with the ROS.

- Proteins become cross linked |eading to Heinz body formation
and cell lysis.
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African American population is . 0 QQO o
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- [t 1salso seen In Caucag ans from the Medlterranean Bagn.

- People with the disorder are not normally anemic and display no
evidence of the disease until the red cells are exposed to an
oxidant or stress.
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