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1. Human hemoglobin A, present in adults, consists of four
subunits: two α subunits and two β subunits.

2. The α and β subunits are homologous and have similar three-
dimensional structures.

3. The capacity of hemoglobin to bind oxygen depends on the
presence of a bound prosthetic group called heme.

4. The heme group is responsible for the distinctive red color of
blood.

5. The heme group consists of an organic component and a central
iron atom.

6. The organic component, called protoporphyrin, is made up of
four pyrrole rings linked by methene bridges to form a
tetrapyrrole ring.

7. Four methyl groups, two vinyl groups, and two propionate side
chains are attached.



1. The iron atom lies in the center of the protoporphyrin, bonded to the four pyrrole nitrogen atoms.
2. Under normal conditions, the iron is in the ferrous (Fe2+) oxidation state. The iron ion can form two additional bonds, one on

each side of the heme plane.
3. These binding sites are called the fifth and sixth coordination sites. In hemoglobin, the fifth coordination site is occupied by

the imidazole ring of a histidine residue from the protein.
4. In deoxyhemoglobin, the sixth coordination site remains unoccupied.
5. The iron ion lies approximately 0.4 Å outside the porphyrin plane because iron, in this form, is slightly too large to fit into the

well-defined hole within the porphyrin ring.
6. The binding of the oxygen molecule at the sixth coordination site of the iron ion substantially rearranges the electrons

within the iron so that the ion becomes effectively smaller, allowing it to move into the plane of the porphyrin

COOPERATIVITY MODEL
Oxygen Binding Markedly Changes the Quaternary Structure 
of Hemoglobin
The three-dimensional structure of hemoglobin is best described as a
pair of identical αβ dimers (α1β1 and α2β2) that associate to form the
hemoglobin tetramer.
The deoxyhemoglobin, corresponds to the T state in the context of
either the concerted or the sequential model for hemoglobin
cooperativity. On oxygen binding, there are substantial changes in
quaternary structure that correspond to the T-to-R state transition.
The α1β1 and α2β2 dimers rotate approximately 15 degrees with respect
to one another. The dimers themselves are relatively unchanged,
although localized conformational shifts do occur.
Consequently, the structural transition at the iron ion is directly
transmitted to the other subunits.
The rearrangement of the dimer interface provides a pathway for
communication between subunits, enabling the cooperative binding of
oxygen.
Next open binding site has an affinity for oxygen more than 20-fold as
great as that of fully deoxygenated hemoglobin binding its first oxygen.
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