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Objectives:

By the end of this lecture, the student should be able to:

Explain the biochemical basis of G6PD deficiency anemia

Recognize the precipitating factors for G6PD deficiency anemia
Classify various classes of G6PD deficiency anemia (variant enzymes)

Describe the diagnostic methods for G6PD deficiency anemia




Background

Hexose monophosphate pathway (HMP) or
Pentose Phosphate Pathway (PPP):

An alternative oxidative pathway for
glucose “happens in RBCs mostly”

No ATP production

Major pathway for NADPH production,

Produces ribose-5-phosphate for
nucleotide synthesis

-The body will enter this shunt when the conc
of NADPH is low.

-We have another way for production of the
NADPH(MINOR) ,but not in RBC why?
Because it doesn't have any mitochondria to
enter the kryps cycle.

Pentose Phosphate
Pathway (PPP)

Oxidative reactions Nonoxidative reactions
(irreversible) (reversible)
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lose 5- Fructose.
mﬂm 3-phosphate  phosphate  3-phosphate

2 reactions :

1- conversion of glucose 6-phosphate to ribulose

5 - phosphate

Results in Release of co2 and NADPH
“reduced NADP”

2- ribulose 5-phosphate either continue to
glycolytic pathway to give co2 and energy OR
helps in nucleic acid biosynthesis , according to
the needs of the body, this reaction is reversible
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Uses of NADPH

1. Reductive biosynthesis in the liver
ex: fatty acid biosynthesis
2. Antioxidant (part of glutathione
system) prevents cancer
3. Oxygen dependent phagocytosis
by WBCs*
4. Synthesis of nitric oxide (NO)
|H HI o " Z
O=Ff§- ° g *The enzymes that is
<|) HO OH NH, -U required for
. a8 phagocytosis need
o\ o N/) I NADPH as coenzyme
to work.
HO OPO32~

: o
Reactive Oxygen
Species

0, 3‘* 0, e—\*-» 0, l Ok e—.\‘-»ﬂzo

Oxygen Superoxide Hydrogen peroxide Hydroxyl radical Water

Oxygen-derived free radicals ex: superoxide
and hydroxyl radicals.
Non-free radical: Hydrogen peroxide

To keep the body healthy, we need to have a Some Antioxidants
balance between oxidants and antioxidants in our body:
Imbalance between them causes oxidative -Glutathione
stress. system
Everything we have around us like foods, toxins, -vitamins:
radiatio all lead to generation of oxidants VitA, Vit C, Vit E

Reactive O2 species are normally produced in
our body as a byproduct of metabolism or
through some reactions with drugs and toxins,
to counteract their effect, our bodies have
special antioxidant machinery.

Some ROS have a free electron called a free
radical which damages the cells. 4

-minerals: zinc,
cellenium



Oxidative stress
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Oxidative stress is an imbalance between oxidant production and antioxidant mechanisms.

Oxidative damage to Oxidative stress diseases

1. DNA 1. Inflammatory conditions e.g.,

2. Proteins Rheumatoid arthritis

3. Lipids (unsaturated fatty acids) 2. Atherosclerosis and coronary heart
diseases

Cancers

Obesity

G6PD deficiency hemolytic anemia
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Antioxidant Mechanisms
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Let's say that hydrogen peroxide [H202] is accumulated, how will the body get rid of itt?

- Hydrogen peroxide will react with 2 Molecules of reduced glutathione [G-SH] by the enzyme glutathione peroxidase. This enzyme requires selenium as a
cofactor

- Due to this reaction, the hydrogen peroxide will be reduced to Water “becomes safe with no oxidative activity” and glutathione will become oxidized [G-S-S-G].
This reaction is considered oxidation reduction reaction.

- To keep this reaction going, | need to reduce glutathione again, or else the cycle will stop and the antioxidant machinery will fail

- To reduce glutathione, we need the enzyme glutathione reductase, and NADPH “reduced NADP”

- In this reaction, glutathione will be reduced by glutathione reductase and NADPH will be oxidized to NADP

- Now we have another problem, we need to restore NADPH for this reaction to continue.

- Through the HMP/PPP pathway “revise the first slide” glucose-6-phosphate “GSP” is converted to 6-phosphogluconate by the enzyme G6PD
“glucose-6-phosphate dehydrogenase” and NADP will be reduced to NADPH, which we can use again in the glutathione system.



Glutathione System
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0 goo
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HONme [S'Utmate composition of G-Sh is
\ coo not important just know

(B | that there is a sulfhydryl
group of cysteine(SH)

HMP (PPP)
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In Summary:
HMP provides NADPH which is required for the reduction of G-S-S-G to 2 molecules of

2G-SH( reduced) ;these two molecules of reduced glutathione will be used by glutathione
peroxidase + selenium (coenzyme) to convert hydrogen peroxide into 2 molecules of water

Remember, PPP/HMP pathway is the main glycolysis pathway in the RBSc, If G6PD was
deficient , PPP will not work and NADPH is not going to be produced — the glutathione
system will fail — increased oxidative stress in the RBCs — hemolytic anemia



G6PD Deficiency
Hemolytic Anemia

Inherited X-linked recessive disease

Most common enzyme-related
hemolytic anemia*

Highest prevalence: Middle East,
Tropical Africa Asia and
Mediterranean '

~400 different mutations affect
G6PD gene, but only some can
cause clinical hemolytic anemia
G6PD deficient patients have
increased resistance to infestation
by falciparum malaria 2

1- Most severe

2- Because the short life of the G6PD deficient RBCs will not

allow the malaria to grow and become fully mature.
*more common than pyruvate kinase deficiency.

Precipitating Factors for
= G6PD Deficiency
Hemolytic Anemia

G6PD deficient patients will develop
hemolytic attack upon:
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1.Intake of oxidant drugs (AAA):
Antibiotics. e.g.,sulfa preparation  Antimalarial. e.g.,Primaquine
Antipyretics.

2.Ingestion of fava beans: ;”-EXP?SUVE to
(favism, Mediterranean variant) infection

Because they lead to increase in the production
of ROS which Increase hemolysis

Chronic nonspherocytic anemia: Hemolytic
attack in absence of precipitating factors. Severe

form due to class | mutation



Biochemical Basis of G6PD Deficiency
Hemolytic Anemia

Gh P b dehydrogenase
deficiency impairs the ability of an
erythrocyte to form NADPH, i

This reaction happen everywhere

s in the body but if its happened in
ertain drugs o .

Infections RBCs it will lead to hemolytic
Fava beans anemia why? Because the RBCs
don't have any other resources of
NADPH like glycolysis so it's only
Giutathione depend on this pathway and if we
have G6PD deficiency this will lead
to hemolytic anemia

simply no
G6PD =>no G,6.PD
NADPH => no deficiency

-G6PD convert G6P to 6-phosphogluconate and make NADPH So if | don't have this enzyme “G6PD” reduced ;Eﬁ?lrgftphz
I will not have NADPH and | will not have reduced glutathione thus | can not convert hydrogen glutathione => or thr{)c e to
peroxide”H202" to H20 no converting Y it

of H202 to form NADPH
-Accumulation of H202 will cause oxidative stress that will damage the proteins and this include the H20 => rﬁzumlglngSil:
cell membrane of the RBCs which is protein leading to hemolysis hemolysis y



Biochemical Basis of G6PD Deficiency
Hemolytic Anemia

Oxidation of sulfhydryl (SH) groups of proteins inside RBCs
causes protein denaturation and formation of insoluble
masses (Heinz bodies)* that attach to RBCs membranes

Normally the RBCs are flexible but when we have denaturation

protein attached to the cell membrane of RBCs "Heinz body" it *Help in detection of
will be rigid so when it pass throw the blood vessels it will hemolytic anemia
breakdown / rupture and that leads to hemolysis due to G6PD

“So simply the present of Heinz bodies will lead to deficiency
hemolysis”

Although G6PD deficiency affects all cells,it is most severe in RBCs ...... Why?

Other cells have other sources for NADPH production:
e.g., Malic enzyme that converts malate into pyruvate
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Different Classes of G6PD
Deficiency Hemolytic Anemia ”

e [1This classification is based on the residual enzyme activity 1(Least in class
|, and Highest in class IV)

e There are 4 different classes:![]

D II (Severe, e.g. Mediterranean) R R R R

© 1- How much of the enzyme is still active

....................................................................................................... 2_ symptoms appear Wlth precipitating
] ! . factors, Especially infection and some
llIl: (Moderate: G6PD A-)  ldgs .

R RRRn: | 1



e
Variant Enzymes of G6PD Deficiency

Hemolytic Anemia

Although the activity of the normal
enzyme declines as red cells age,
even the oldest cells have a
sufficient level of activity to
provide protection against
oxidative damage and hemolysis.

G6PD A- (class IID:
Moderate, young RBCs
contain enzymatic activity.

Unstable enzyme, but
kinetically normal

G6PD Mediterranean (II) Pd
Enzyme with decreased
stability Resulting in

By contrast, very few G6PD
Mediterranean red cells have
sufficient enzyme activity to
prevent oxidative damage, whereas
a substantial fraction of young
G6PD A~ red cells are able

| to provide protection.

decreased activity (severe).
Affect all RBCs
(both young and old)
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Diagnosis of G6PD Deficiency Hemolytic Anemia

Diagnosis of hemolytic anemia:

Screening:

Confirmatory test:

Molecular test:

Complete Blood Count (CBC) &
reticulocyte count

“we will find hemolysis + Heinz bodies “

Qualitative assessment of G6PD
enzymatic activity (UV-based test)

“Old technique, by fluorescence in a dark room”

Quantitative measurement of G6PD
enzymatic activity

Detection of G6PD gene mutation

Biochemistry437
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o Reductive biosynthesis.

o + Antioxidant (part of glutathione system).
S @ SR . + Oxygen-dependent phagocytosis by WBCs.

o + Synthesis of nitric oxide (NO)

Oxidative Stress: Oxidative damage to: DNA ,Proteins and Lipids (unsaturated fatty acids)
Imbalance between oxidant diseases: Inflammatory conditions - Atherosclerosis and coronary heart
RIegHCHIkand dnbezlgants diseases - Obesity - Cancers - G6PD deficiency hemolytic anemia

SN Oxidant : Hydrogen peroxide , Superoxide , hydroxyl radical.

Antioxidants: glutathione system

¢ Biochemical Basis: Oxidation of sulfhydryl (SH) groups of proteins inside RBCs causes : 1- protein
denaturation. 2- formation of insoluble masses (Heinz bodies)
.. . » most severe in RBCs because Other cells have other sources for NADPH production
GGPD DefICIency e - Precipitating Factors: 1-Intake of oxidant drugs. 2-Exposure to infection 3-Ingestion of fava beans
. . . « Different Classes: | (Very severe)/ Il (Severe) / lll: (Moderate) /  IV: (Normal)
Hemolytlc Anemia ¢ - Diagnosis: 1-Complete Blood Count (CBC) & reticulocytic count. 2-Qualitative assessment of G6PD
enzymatic activity (UV-based test).  3- Quantitative measurement of G6PD enzymatic activity
4-Detection of G6PD gene mutation.
Inheritance: Inherited X-linked recessive disease
Benefit: increase resistance to infection by falciparum malaria
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Summary of pathways

© Galactokinase (mild galactoseria)
€ Galactose-1-phosphate
urnidyltransferase
(severe galactosermia)
© Hexokinase/glucokinase

O Glucose- 6-phosphatase

{von Gierke disease)

Glucose-6-phos|
e dehydrogevgase sadd

O Transketolase

€) Phosphofructokinase-1

O Fructose-1 6-bisphosphatase

Q) Fructokinase fessential fructosuria)
@ Aldolase B fiructose intoierance)
@ Aldolase B ffver) A (muscie)

(D Triose phosphate isomerase

B Pyrwate kinase

(D Pyrvate dehydrogenase

@ Pyruvate carboxylase

D PEP carboxykinase

() Cirate synthase

(D Isocitrate dehydrogenase

D o ketoglutarate defydrogenase
€2 Carbamoyl phosphate synthetase |
€2 Omithine transcarbamylase

#2) Propionyl- CoA carbay lzse

=) HMG-Col reductase

Galactose metabolisir
Galactose (B Requires biotin cofactor
(1] @ Requires thiamine cofactor (TPP)
m‘l_m Glycolysis ©) irreversible, important point of reguiation
. |0 olle o HMP shunt
UDP-ghicose «—— Glucose-1-phosphate *J— Glucose-6-phosphate —— 6-phosphogluconolactone.
Glycogenesis / glycogenolysis u o ) —
Fructose-6-phosph Ribulose-5-phosph
Gluconeogenesis OHO
mmwmphm FTUCTOSe metapousm
N o o
c.ymmm p+—; DHAP ‘—chlos&l—pinsphate — Fructose
Il @3y o
ubbphospt[ogvm \\ Glyceraldehyde
3-phosphoglycerate Gycerol Lipid metabolism
2_ Trigh ik
"'ﬂm" delu'ls
Alanine “.ZP;MM'_—. Lactate LCoA Cholesterol
,, : |
Amyl-CnA umbnu
Acetoacetyl CoA—— HMG-CA —<
Acetoacetate
le'ne m [ hydrocybutyrate
Carbamoy phosphate % g rante m Ao )0 Ketogenesis
Or Odd-chain fatty acids,
Urea cycle a-ketoglunarate branched-chain amino acids,
Fumarate @ methionine, and threonine

Succinate  Succinyl-CoA = Methylmalony-CoA <+~ Propiony -CoA

Biochemistry437
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Take Home Messages

e (G6PD deficiency impairs the ability of cells to form NADPH.

e RBCs are particularly affected because they do not have other sources of NADPH.

e [ NADPH is essential for the anti-oxidant activity of Glutathione
peroxidase/reductase system.

e GO6PD deficiency is an X-linked disease characterized by hemolytic anemia.

e [] The precipitating factors of hemolysis includes administration of oxidant drugs,
ingestion of fava beans or sever infections. [

e (G6PD deficiency is classified according to the residual activity of the G6PD.

e C(lass I variant (the most severe) class is associated with chronic nonspherocytic
hemolytic anemia.



1 Which one of the following is not a use of NADPH?
A carbohydrates biosynthesis

B fatty acid biosynthesis

C Antioxidant

D Synthesis of nitric oxide

2 Which one of the following cause Heinz bodies?
A Reduction of disulfide

B Oxidation of disulfide

C Reduction of sulfhydryl

D Oxidation of sulfhydryl

3 Mediterranean considered as

A Class | of G6PD Deficiency Hemolytic Anemia
B Class Il G6PD Deficiency Hemolytic Anemia
C Class lll G6PD Deficiency Hemolytic Anemia
D Class IV G6PD Deficiency Hemolytic Anemia
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4 G6PD deficient patients will develop hemolytic attack If he take
A diuretics

B antihypertensive

C NSAID

D Antibiotics

5 Which one of the following enzymes converts H202 to H207? (ihis Q from
436 team)

A Glutathione Peroxidase
B Glutathione Reductase
C Glutathione Synthetase
D None of them

<OmAO <
- NS
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