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•• Unique family of heme proteins present in Unique family of heme proteins present in 
bacteria, fungi, insects, plants, fish, bacteria, fungi, insects, plants, fish, 
mammals and primates.mammals and primates.

•• Universal oxygenases (oxygenUniversal oxygenases (oxygen--utilizing utilizing 
enzymes)enzymes)

•• Substrates for this enzyme system include :Substrates for this enzyme system include :
–– Endogenous synthesized compounds : Endogenous synthesized compounds : 

cholesterol,steroid hormones,fatty acids.cholesterol,steroid hormones,fatty acids.
–– Exogenous compounds : drugs, food Exogenous compounds : drugs, food 

addictives,components of cigarette smoke, addictives,components of cigarette smoke, 
pesticides and chemicals used for industry pesticides and chemicals used for industry 
that enter the body by ingestion of foods, that enter the body by ingestion of foods, 
inhalation or absorption through the skin.inhalation or absorption through the skin.



•• CYP 450 involved in :CYP 450 involved in :
–– 1. Inactivation or activation of therapeutic 1. Inactivation or activation of therapeutic 

agents.agents.
–– 2. Conversion of chemicals to highly reactive 2. Conversion of chemicals to highly reactive 

molecules, which may produce unwanted molecules, which may produce unwanted 
cellular damage,cell death or mutations.cellular damage,cell death or mutations.

–– 3. Production of steroid hormones3. Production of steroid hormones
–– 4. Metabolism of fatty acids, prostaglandins, 4. Metabolism of fatty acids, prostaglandins, 

leukotriens, and retinoids.leukotriens, and retinoids.
–– 5. Enzyme inhibition or induction that results 5. Enzyme inhibition or induction that results 

in drugin drug--drug  interactions and adverse effects.drug  interactions and adverse effects.



•• General reaction catalyzed by a CYP450 is General reaction catalyzed by a CYP450 is 
written as follows :written as follows :
–– NADPH + HNADPH + H ++ + O+ O 2 2 +SH +SH  NADPNADP + + + H+ H 22O O 

+SOH+SOH
–– This is a monooxygenastion and the enzyme This is a monooxygenastion and the enzyme 

is a monooxygenase. is a monooxygenase. 
–– CYP 450 serves as terminal electron acceptors CYP 450 serves as terminal electron acceptors 

in electron transport systemin electron transport system
–– CYP 450 present in : CYP 450 present in : 

••Endoplasmic reticulum (microsomal)Endoplasmic reticulum (microsomal)
••Inner mitochondrial membrane.Inner mitochondrial membrane.





•• CYP 450 proteins contains single iron CYP 450 proteins contains single iron 
protoporphyrin IX (heme) which binds oxygen protoporphyrin IX (heme) which binds oxygen 
and contains binding sites for substractes.and contains binding sites for substractes.

•• In order for hydroxylation (monooxygenation) to In order for hydroxylation (monooxygenation) to 
occur, heme iron must be reduced from ferric to occur, heme iron must be reduced from ferric to 
ferrous,so that oxygen may bind to heme iron.ferrous,so that oxygen may bind to heme iron.

•• Two electrons are required,first to allow oxygen Two electrons are required,first to allow oxygen 
binding and second to cleave the oxygen.binding and second to cleave the oxygen.

•• These are provided by NADPHThese are provided by NADPH



•• NADPHNADPH-- CYP 450 reductase is the protein CYP 450 reductase is the protein 
electron donor in the endoplasmic reticulum electron donor in the endoplasmic reticulum 
(microsomal)(microsomal)
–– Contains FAD (entry point) and FMN (exit Contains FAD (entry point) and FMN (exit 

point) point) 
–– Transferring electrons individually to CYP 450Transferring electrons individually to CYP 450

•• NADPHNADPH--Adrenodoxin reductase is the Adrenodoxin reductase is the 
flavoprotein electron donor in mitochondria.flavoprotein electron donor in mitochondria.
-- isolated  from adrenal gland.isolated  from adrenal gland.
-- weakly associated with inner mitochondrial weakly associated with inner mitochondrial 
membrane.membrane.







CYP 450 Nomenclature and terminologyCYP 450 Nomenclature and terminology

•• Individual cytochrome PIndividual cytochrome P--450 enzymes are 450 enzymes are 
classified by their amino acid similarities and are classified by their amino acid similarities and are 
designated by a family number, a subfamily designated by a family number, a subfamily 
letter, a number for an individual enzyme within letter, a number for an individual enzyme within 
the subfamily, and an asterisk followed by a the subfamily, and an asterisk followed by a 
number and a letter for each genetic (allelic) number and a letter for each genetic (allelic) 
variant (more information is available at variant (more information is available at 
www.imm.ki.se/CYPalleles/). For example :www.imm.ki.se/CYPalleles/). For example :
CYP2D6*1aCYP2D6*1agene,identified in 1989,4 encodes gene,identified in 1989,4 encodes 

the wildthe wild--type protein CYP2D6.1. type protein CYP2D6.1. 



Genetic polymorphisms  of P 450  Genetic polymorphisms  of P 450  
enzymes   enzymes   defective P 450 proteins       defective P 450 proteins       
defective drug metabolism.defective drug metabolism.



Why CYP 450 hot topics?Why CYP 450 hot topics?
•• Metabolic roles of these various enzymes in Metabolic roles of these various enzymes in 

organs in which they function.organs in which they function.
•• CYP 450 oxidized exogenous lipophilic substrates CYP 450 oxidized exogenous lipophilic substrates 

: drugs,chemicals used in workplace,industrial : drugs,chemicals used in workplace,industrial 
byproducts,food addictives,environmental byproducts,food addictives,environmental 
contaminants.contaminants.

•• CYP 450 inhibitors : prevent metabolism of CYP 450 inhibitors : prevent metabolism of 
endogenous  and exogenous compounds.endogenous  and exogenous compounds.

•• Inhibition may altered the metabolism of drug Inhibition may altered the metabolism of drug 
from its predicted rate from its predicted rate ------ drug drug 
accumulation,adverse effect.accumulation,adverse effect.



•• Consequences of CYP 450 inhibition : drugConsequences of CYP 450 inhibition : drug--drug drug 
interaction and adverse effects.interaction and adverse effects.
–– Terfenadine and cisapride  Terfenadine and cisapride   cardiac cardiac 

problemsproblems
Induction of P450 enzymes.Induction of P450 enzymes.
-- Decrease the therapeutic effects of drugs.Decrease the therapeutic effects of drugs.
-- Adverse effect : due to increased formation of Adverse effect : due to increased formation of 

toxic metabolites.toxic metabolites.



•• Superoxide dismutaseSuperoxide dismutase
–– Protects aerobic organisms against potential Protects aerobic organisms against potential 

deleterious effects of superoxide.deleterious effects of superoxide.
–– The enzyme occurs in all major aerobic The enzyme occurs in all major aerobic 

tissues in the mitochondrial and cytosol.tissues in the mitochondrial and cytosol.



Superoxide free radicals (OSuperoxide free radicals (O22
--))

•• Generated from transfer of a single electron Generated from transfer of a single electron 
to Oto O22

•• It is formed It is formed  reduced flavin, are reoxidized reduced flavin, are reoxidized 
univalently by molecular oxygenunivalently by molecular oxygen

•• Superoxide dismutase Superoxide dismutase  in aerobic in aerobic 
organisms organisms  removal removal OO22

-- , ,  the reaction:the reaction:
OO22

-- + O+ O22
-- + 2H+ 2H++  HH22OO22 + O+ O22

•• Superoxide can reduce oxidized cyt c:Superoxide can reduce oxidized cyt c:
OO22

-- + cyt c (Fe+ cyt c (Fe3+3+) )  OO2 2 + cyt c (Fe+ cyt c (Fe2+2+))
•• Exposure to an atmosphere of 100% Exposure to an atmosphere of 100% oxygen oxygen 

causes an adaptive increase in causes an adaptive increase in superoxide superoxide 
dismutase dismutase 



•• Excessive production and/or inadequate Excessive production and/or inadequate 
removal of reactive oxygen species, removal of reactive oxygen species, 
especially superoxide anion (O2•especially superoxide anion (O2•––)the )the 
pathogenesis of many cardiovascular pathogenesis of many cardiovascular 
diseases, including atherosclerosis, diseases, including atherosclerosis, 
hypertension, diabetes.  hypertension, diabetes.  




