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Ligand: molecule bound reversibly to a protein. 

Binding site: the site to which the ligand binds, complementary to 

ligand in size, shape , charge, hydrophobic/philic character. 

- Interaction is specific: selective binding to one/few ligands 

among thousands.

- Interaction coupled to conformational changes tighter binding.

- Structural adaptation= induced fit = Proteins undergo a 

conformational change upon ligand binding.

- In a multisubunit protein the binding of a ligand to one subunit 

affects ligand binding to other subunits.



Structure of myoglobin:

- Single polypeptide (153a.a)

- 8 cylinders  A-H 

-Nonhelical residues AB,CD …

segments that interconnect

-The heme pocket made up

largely from E and F helices.

Myoglobin: 

Simple oxygen-binding protein in all mammals primarily in muscle 

tissue.  



Myoglobin’s function depends on protein’s ability not only to bind 

oxygen but also to release it.

Reversible binding of a protein P to a ligand L :

P + L   PL

Ka =  [PL]

--------

[P] [L]

Ka= affinity of L to its P .

Ka= association constant = M-1

Kd = dissociation constant= 1/Ka = M

Binding equilibrium. ( increase in L but ligand binding sites limited)

 (Theta) = binding sites occupied/ total binding sites

 = [PL]

---------

[PL]+[P]



The more tightly a protein binds a ligand  the lower [ligand] required for the 

binding sites to be occupied lower Kd.



Graphical representation of ligand binding:

The fraction of ligand binding sites occupied, θ plotted against [free ligand] 

Kd = 1/Ka =

[L] at which half the

available ligand binding

sites are occupied.



A curve describing O2 binding to myoglobin:

O2 is a gas, conc. described by partial pressure of O2 expressed in kilopascals 

(Kpa).  

O2 binds tightly to 

myoglobin with P50 

of only 0.26KPa. 

O2 dissociation curve of 

myoglobin  hyperbolic



Hemoglobin binding O2=A sigmoid / cooperative binding curve:

a curve reflects transition 

from low to high affinity. 

Cooperative binding renders 

Hemoglobin more sensitive to 

small differences in O2 conc. 

bw tissues & lungs allowing 

hemoglobin to bind O2 in 

lungs (high pO2) & release 

it in tissue (low pO2).

O2 dissociation curve of 

hemoglobin  sigmoidal



Allosteric protein: binding of a ligand to one site affects the binding 

properties of another site on the same protein.

allos greek = other.

stereos = solid / shape.

Allosteric protein = having “other shapes” / conformation 

induced by binding of ligand= modulator (inhibitor or activator).

Conformational changes more/less active.

Homotropic= normal ligand and modulator are identical.

Heterotropic= modulator other molecule than normal ligand.

One protein have several modulators homotropic/heterotropic.

O2 binding to hemoglobin : O2 ligand + homotropic modulator.



Two models for the interconversions of inactive and active forms of cooperative 

ligand binding proteins to multisubunit proteins. 

a) Concerted model “all or none”: all subunits in the same conformation 

b) Sequential model: each individual subunit can be either ○(inactive) or  □

(active) large # of conformations is possible.

4 subunits= hemoglobin



- Hemoglobin carries end products of respiration H+ and CO2 that 

stabilize T state.

CO2 + H2O   ↔    H+ + HCO3
-

carbonic anhydrase ( abundant in RBC) 

CO2 insoluble in blood  formation of bubbles in blood and tissues if not 

converted to bicarbonate. 

CO2 Hydration to bicarbonate  [H+ ]  decrease in pH .

Affinity of hemoglobin to O2 ↓ as pH ↓ in peripheral tissue.

In lungs capillaries CO2 is excreted. 

Bohr effect = effect of pH and [CO2 ] on O2 binding to hemoglobin  

Hb + O2 ↔ HbO2  (oxygen binds to iron in Heme).

HHb + O2 ↔ HbO2  + H+  (proton binds to any of the a.a). 

His149 (His HC3) of B subunit when protonated ion pair- Asp94
 stabilize T 

state (tensed =inactive) in deoxyhemoglobin.



The general features of the Bohr effect:

In actively metabolizing tissue, hemoglobin releases oxygen and binds both CO2 

and H+. In the lungs, hemoglobin releases both CO2 and H+ and binds oxygen.  



Effect of pH on O2 binding to hemoglobin.

pH of blood in lungs = 7.6

In tissues 7.2

Higher [H+]

Lower affinity to O2



CO2 binds hemoglobin inversely to O2 

Binds as a carbamate group to the N-terminal end of each globin

chain  carbaminohemoglobin. 

H+ produced contribute to Bohr effect. 



Oxygen binding to hemoglobin is modulated by 2,3-

bisphosphoglycerate which binds to and stabilize T state/ inactive.

Heterotropic allosteric effect:

Reduce affinity of Hb to O2.

- Physiological adaptation to 

the lower pO2 in high altitudes.

[BPG ] ↑ , affinity to O2 ↓ .

- O2 delivered to tissues >> 40%.



Effect of BPG on hemoglobin

binding to O2 :

BPG conc in normal human 

blood= 5nm at sea level, 

8nm at high altitudes.

Hemoglobin binds O2 tightly 

when BPG is entirely absent,

At sea level hemoglobin is 

nearly saturated with O2 in 

lungs.

But only 60% in other tissues.

At high altitudes O2 delivery

declines by one fourth.



Regulation of O2 binding to hemoglobin by BPG important in fetal development:

Fetus has α2γ2 hemoglobin. 

This tetramer has ↓ affinity to BPG than adult hemoglobin  ↑ affinity to O2.

Fetus can extract O2 from maternal blood. 




