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Last lecture we’ve talked about the main antioxidant system which are the enzymes found in 

our body, mainly: 

1. Glutathione peroxidase 

2. Super oxide dismutase(SOD) 

3. Catalase. 

-------------------------------------------------------------------------------------------------------------------- 

Uses of NADPH 
 

1. Lipid metabolism (reductive biosynthesis). 

2. Source of electrons for the antioxidant mechanisms. 

3. Used in the cytochrome p450 monooxygenase system. 

4. Phagocytosis of foreign bodies by WBC’s. 

5. Synthesis of nitric oxide (which is a neurotransmitter and free radical) 

NADPH is used as an electron source to defend against reactive oxygen species (ROS) which 

are normally produced in the body by metabolic reactions, the production of ROS increases 

upon exposure to chemicals (Drugs, Pollutions, etc.). 

 

Sources of ROS in our Cells: 
 

1- Oxidases: In our cells we have oxidases that use oxygen, and the product is either water 

or hydrogen peroxide (H2O2) 

In case hydrogen peroxide is the product, we call the enzyme oxidase. 

In case water is the product we call the enzyme peroxidase. 
 

Those oxidases are usually confined to sites/organelles (such as peroxisomes and 

mitochondria) which are equipped with protective/antioxidant enzymes. So that when 

ROS are produced they are quickly managed. 

 

2- Oxygenases: We have other types of enzymes called Oxygenases, these could be: 
 

a- Monooxygenases (Hydroxylases): incorporate one oxygen atom into the substrate 

and another oxygen to produce water. 
 

b- Dioxygenases: incorporate both oxygen atoms into the substrate and participates in 

the synthesis of Prostaglandins, Thromboxanes and Leukotrienes. 
 

3- Coenzyme Q (in the respiratory chain): Some electrons accidentally escape from this chain 

and go to O2 forming superoxide ions. However, in complex 4 (where H2O is produced by 

partial reduction of O2) no free radicals are produced because they are confined in a 

binuclear center which prevents the release of these free radicals. 

 

1+2 are in sheet 18 

3+4+5 are discussed in this sheet 
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4- Phagocytosis: Happens to foreign bodies by WBCs. It is a rich source of ROS such as 

O2• , H2O2 , OH• and HOCl- , as a result of respiratory bursts (the rapid release of ROS). 

 

5- Ionizing radiation: like X-Rays, which mainly produce hydroxyl free radical (OH-•). 

 

-------------------------------------------------------------------------------------------------------------------- 

 

Cytochrome p450 Monooxygenase 

also called mixed function Oxygenases 

 

- Monooxygenases are found in: 
 

1. Mitochondrial system: (inner mitochondrial membrane) 

     Functions of these enzymes : 

a- In testis, ovaries, placenta and adrenal cortex:                                                                    

Hydroxylation of steroids to make different derivatives 
 

b- In the liver: Formation of bile compounds. 
 

 

c- In kidneys: Activation of vitamin D by hydroxylation. 

 

2. Microsomal ER system: (SER, mainly in the liver) 

           Functions of these enzymes : 

a- Detoxifications of foreign compounds. 
 

b- Solubilizing (inactivating) by hydroxylation so it 

is excreted with urine or feces. 
 

 

c- Activation and inactivation of some drugs. 
 

 
 

- The P450 in the name indicates that the heme absorbs light at 450nm. 

 

- Their electron source is NADPH. 

 

 

 

Recall: In Bio-101 the first 

thing we took about SER was 

DETOXIFICATION. 
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- Mechanism of action: 

 

R-H + O2 + NADPH + H+
→ ROH + H2O + NADP+ 

 

1- Cytochrome is coupled to a reductase enzyme 

that carries an electron from the NADPH into 

the Cytochrome P450.  
 

This reductase has electron carriers (FAD, 

FMN and sometimes an iron-sulfur complex). 
 

 

In the Microsomal System: The electron moves 

from the NADPH to the FAD → FMN of the reductase → Heme iron.  
 

In the Mitochondrial System: The electron moves from FAD in the reductase → Iron-

sulfur complex → Heme iron of the Cytochrome P450 
 

2- The iron in the heme is in the ferric state (Fe+3). When the electron donated from 

NADPH reaches it, it reduces the ferric into ferrous (Fe+2). 

 

3- O2 binds to the enzyme-substrate complex and 

gains an electron from the iron to become O2
- . 

The iron then goes back to the ferric state.  

 

4- Another electron is donated by NADPH, but 

this time it reduces the O₂ not the iron, so it 

becomes O₂= . 

 

5- One oxygen atom is reduced to water and the 

other is incorporated into the substrate 

creating a hydroxyl group (ROH) and the 

cytochrome goes back to normal.  

During this cycle, electrons may escape accidentally and form Superoxides from O2.  

 

Note: Exposure to more chemicals and drugs increases the accidental release of ROS. 

 

 

-------------------------------------------------------------------------------------------------------------------- 
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Phagocytosis by WBCs  

 

White blood cells kill microbes and foreign bodies by two ways:  

1- Oxygen-dependent way: In this mechanism the microbe is degraded in the macrophage.  

When the bacteria enter the body, it is attacked by an antibody. The antibody is now holding the 

bacteria. The antibody binds to the receptor on the macrophage surface and enters the cell with 

the bacteria it caught. A phagosome is formed and it combines with a lysosome to form a 

phagolysosome. (Recall Patho sheet 7) 

 

The Numbers correspond to the reactions in the picture 

 

1) The phagolysosome uses an enzyme 

called NADPH oxidase which converts 

O2 into superoxide ion by oxidizing 

NADPH.  
 

2) This ion is converted spontaneously or 

by SOD into hydrogen peroxide.  
  

H₂O₂  either: 
 

3) Combines with Cl- catalyzed by an 

enzyme called myeloperoxidase 

producing HOCL.  
 

4) Or undergo Fenton Reaction where Fe+2 is used as a catalyst converting it to a very 

deadly free radical (OH•). That’s why we don’t like to have free iron folding in our 

body. 

 

 

 

 

 

 

6) NO reacts with superoxide to from Peroxynitrite (ONOO-). 

 

In summary: O2
- → Becomes H2O2 or combine with NO forming ONOO-. 

                  H2O2 → Form HOCL by MPO or undergoes Fenton Reaction forming OH• 

 

 lysosomaland  pHhe phagolysosome kills the bacteria using T independent:-Oxygen -2

enzymes. 

Note 1: H2O2 is a ROS, not a free radicle :) . 

Note 2: Respiratory burst is the rapid production of ROS by consuming oxygen which happens in 

phagocytosis to digest the foreign organism. 
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All of the mentioned ROS digest bacteria membranes and their proteins → degrade it 

They also can affect the host cells causing diseases (cancer, inflammation, reperfusion injury) if 

not controlled. 

-------------------------------------------------------------------------------------------------------------------- 

 

Nitric Acid (NO) Synthesis  

 

- NO is synthesized from Arginine by NO synthase (iNOS) 

which uses Arginine, oxygen and NADPH as substrates.  

Arginine is then converted to another amino acid                  

(non-essential) called citrulline. 

 

- NOS has 3 isoforms, 2 are constitutive (synthesized at a 

constant rate) and produce small amounts of NO just enough 

for vasodilation and neurotransmission: 

 

1)  nNOS (neural) 

2) eNOS (endothelial) 

 

- The 3rd form is not constitutive: 

 

3) iNOS (inducible): Microorganisms induces the production of iNOS producing high 

amounts of NO. With high concentration, the NO reacts with the superoxide or O2 

and forms Reactive nitrogen oxygen species (RNOS) to kill bacteria. RNOS are 

involved in neurodegenerative diseases and inflammatory diseases. 

 

- NO is essential for life by using it as a: 
 

a- Neurotransmitter 
 

b- Inhibitor of platelet aggregation. 
 

 

c- Vasodilator  
 

d- Muscle relaxant in vascular endothelium through activating guanylyl cyclase which 

produces cGMP → activates kinase G → phosphorylation Ca+2 channels making it 

inactive → decrease Ca+2 entry into the cells  → muscle relaxation.  

 

-------------------------------------------------------------------------------------------------------------------- 
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G6PD deficiency 

- This enzyme is the rate limiting enzyme in the PPP. Its deficiency is the most common 

intracellular enzyme deficiency amongst all enzymes (Lactase is also the most common 

but its extracellular). 
 

- It affects 200-400 million people worldwide. Mainly in the Middle East, Africa, Asia and 

parts of the Mediterranean. 
 

- The gene of this protein is X-linked. Males are more affected but females can also be 

affected if she were homozygous (having two of the same allele). 
 

 

- One advantage to G6PD deficiency is that it increases resistance to Falciparum 

Malaria (People with G6PD deficiency are more protective to malaria). 
 

- The most affected cell by this deficiency is the RBC because it has no other source of 

NADPH except the pentose-phosphate pathway, other cells have more than one source. 

 

- G6PD deficiency → No NADPH production → GSSG cannot be reduced again and 

eliminate ROS→ Oxidation of membrane proteins causes RBC to be rigid and with a 

short half-life → Removal by macrophages → Heme is broken and bilirubin is formed 

→ Hemolytic Anemia and Jaundice Neonatal appear. 
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- Hemolysis due to G6PD deficiency is asymptomatic, unless it is exposed to 

precipitating factors such as: 

 

a- Infection, the most common in G6PD deficiency. 
 

b- Increase in ROS by macrophages causing a lot of damage. 
 

 

c- Oxidant Drugs: 

o Antibiotics e.g. Sulfamethoxazole. 

o Anti-malaria Primaquine. 

o Antipyretics Acetanilide. 
 

d- Favism the Mediterranean variant are particularly vulnerable to the hemolytic 

effect of the fava bean. Favism, the hemolytic effect of ingesting fava beans is 

not observed in all individuals with G6PD deficiency, but all patients with 

favism have G6PD deficiency. 

 

----------------------------------------------------------------------------------------------------------- 

 

G6PD Deficiency Variants 
 

There are over than 400 mutations for this gene causing variants, most mutations are one point 

or two-point mutation whom still have some enzymatic activity unlike frameshift which loses 

all the enzymatic activity. 

 

1- Class I: Very severe deficiency. They 

cause chronic hemolytic anemia 
 

2- Class II: Mediterranean Variant B 

(nucleotide: 563 C T), it is the most 

common. It causes acute hemolytic 

anemia. 
 

3- Class III: African Variant A, two point 

mutation.  
 

4- Class IV: Wild type B (normal) 

 
 

 

Note: The less the residual enzyme activity, the more severe the disease is. 
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- Normal enzyme (black): As the red 

blood cell ages, the G6PD activity 

decreases. However, even when you 

reach 100 day the activity is enough to 

provide protection against oxidative 

damage and hemolysis.  
 

- African (green): young cells are able to 

prevent oxidative damage because the 

enzyme activity is high in young cells. 
 

- Mediterranean (red): Most young cells 

are not able to prevent oxidative damage 

because the enzyme activity is low in 

young cells.  

 

Diagnosis of deficiencies: 

- Mediterranean: it is easily diagnosed because the activity is low from the start.  
 

- African: it is hard to diagnose from the start because the enzyme activity is high at the 

beginning, like the normal enzyme, so you have to wait 2 to 3 weeks and ask for another 

diagnostic test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Good Luck 


