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¢ Porphyrins are cyclic compounds 
that readily bind metal ions usually 
ferrous or ferric forms of iron.

¢ Heme is a tightly bound prosthetic 
group of hemoglobin, myoglobin, 
cytochromes and other proteins. 

¢ These hemeproteins are rapidly 
synthesized and degraded. 



¢ Porphyrins are cyclic molecules formed by linkage of four pyrrole rings through 
methenyl bridges.

¢ Side Chains: Different porphyrins vary in the nature of the side chains that are 
attached to each of the 4 pyrrole rings. For example: protoporphyrin IX (and heme) 
contains vinyl, methyl and propionate groups.

PHORPHYRIN STRUCTURE



SITES OF HEME SYNTHESIS

¢ The major sites of heme biosynthesis are the liver which 
synthesizes a number of heme proteins and the erthrocyte-
producing cells of the bone marrow which are active in 
hemoglobin synthesis.

¢ Over 85% of all heme synthesis occurs in erythroid tissue.

¢ In the liver rate of heme synthesis is highly variable, in contrast 
heme synthesis in erythroid cells is relatively constant and is 
matched to the rate of globin synthesis.

¢ The first and the last three steps in the formation of porphyrins 
occur in mitochondria whereas the intermediate steps occur in 
the cytosol.

¢ Mature RBCs lack mitochondria so no synthesis of heme.



BIOSYNTHESIS OF HEME
¢ Formation of d-aminolevulinic acid: All the 

carbon and nitrogen atoms of the porphyrin 
molecule are provided by glycine and succinyl 
CoA, that condense together to form d-
aminolevulinic acid (ALA) catalyzed by ALA 
synthase (ALAS).

¢ It is a committed and rate-limiting step in 
porphyrin biosynthesis.

¢ There are 2 isoforms of ALAS 1 and ALAS 2.

¢ ALAS1 present in all tissues whereas ALAS 2 is 
erythroid specific.

¢ Formation of porphobilinogen: The
condensation of 2 molecules of ALA to form 
porphobilinogen by ALA-dehydrase.



¢ Formation of uroporphyrinogen: The 
condensation of four porphobilinogens 
produce the linear tetrapyrrole which is 
cyclized and isomerized to produce the 
assymetric uroporphyrinogen III. 

¢ Uroporphyrinogen III then converts to 
coprophyrinogen III.

¢ These reactions occur in the cytosol.

¢ Formation of heme: Coporphyrinogen III 
enters the mitochondria and converts to
protoporphyrin IX.

¢ The introduction of iron into protoporphyrin IX 
can occur spontaneously, but the rate is 
enhanced by ferrochelatase

BIOSYNTHESIS OF HEME

HEME



DEGRADATION OF HEME

¢ After approximately 120 days in the circulation, red blood cells 
are taken up and degraded by the reticuloendothelial system 
particularly in the liver and spleen.

¢ About 85% of heme destined for degradation comes from old 
RBCs.

¢ The remainder is from the degradation of heme proteins other 
than hemoglobin.



DEGRADATION OF HEME

¢ Formation of Bilirubin: The first reaction is catalysed 
by microsomal heme oxygenase system of the 
reticuloendothelial cells.

¢ The enzyme catalyzes 3 successive oxygenations 
resulting in opening of the porphyrin ring forming 
biliverdin.

¢ Biliverdin a green pigment is reduced forming red-
orange bilirubin by biliverdin reductase.

¢ Bilirubin and its derivatives are collectively called as 
bile pigments.

¢ Uptake of bilirubin by the liver: Bilirubin is highly 
insoluble so it binds to a carrier albumin to be 
transported to liver.

¢ Bilirubin enters a hepatocyte via facilitated diffusion 
and binds to intracellular proteins.



DEGRADATION OF HEME
¢ Formation of bilirubin diglucuronide: In the 

hepatocyte, solubility of bilirubin is increased by 
addition of 2 molecules of glucuronic acid, producing 
bilirubin diglucuronide.

¢ The reaction is catalyzed by bilirubin UDP-
glucuronosyltransferase (bilirubin UGT).

¢ Secretion of bilirubin into bile: Bilirubin diglucuronide 
is actively transported into the bile.



DEGRADATION OF HEME

¢ Formation of  urobilins in the intestine: Bilirubin diglucuronide is hydrolyzed
by bacteria in the gut to yield urobilinogen.

¢ Most of the urobilinogen is oxidized by intestinal bacteria to stercobilin which 
gives feces the characteristic brown colour.

¢ Some urobilinogen is reabsorbed from the gut and enters the portal blood.

¢ A portion of this urobilinogen is taken up by liver and resecreted into bile.

¢ The remainder of urobilinogen is transported by the blood to the kidney 
where it is converted to yellow urobilin and excreted giving urine its 
characteristic yellow colour.



LEAD POISONING
¢ Two enzymes of heme synthesis, ALA dehydratase and 

ferrochelatase, are sensitive to inhibition by lead. 

¢ This results in increased levels of urinary ALA and an 
increased concentration of protoporphyrin IX in erythrocytes. 

¢ Some of the neurological impairments in lead poisoning are 
attributed to the accumulation of these metabolites in 
nervous tissue.



JAUNDICE

¢ Jaundice refers to the yellow color of 
skin, nail bads and whites of the eyes 
caused by deposition of bilirubin, 
secondary to increased bilirubin levels 
in the blood.

¢ Jaundice is not a disease but a 
symptom of an underlying disorder.

¢ Blood bilirubin levels are normally about 
1 mg/dl, in jaundice it becomes 2-3 
mg/dl.

¢ Hemolytic Jaundice: Caused due to 
Extensive hemolysis in patients with 
sickle cell anemia or G6PD deficiency.



JAUNDICE
¢ Hepatocellular Jaundice: Due to Damage to liver cells 
¢ Obstructive Jaundice: results from obstruction of the common bile duct.
¢ Obstruction can be a tumor or bile stones may block the duct preventing 

passage bilirubin into the intestine.
¢ Neonatal jaundice:Majority of newborn infants show a rise in bilirubin in the 

first postnatal week because the activity of hepatic bilirubin UDP-
glucuronosyltransferase is low at birth but reaches adult levels in about 4 
weeks.


