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Myoglobin and	Hemoglobin

-Myoglobin and Hemoglobin are hemeproteins
(metalloprotein containing a heme prosthetic group).

- Function as transporters of oxygen .

-Myoglobin (monomeric) binds 1 oxygen molecule.

-Hemoglobin is tetrameric (4 subunits) composed of 2a and 2b globin
chains, held together by non covalent interactions, and binds 4 molecules
of oxygen.

Myoglobin



• found	in	the muscle	tissue

• A	monomer that	folds	into	8	separate	right-handed	
a-helices	(A	through	H)	connected	by	short	non	
helical	regions.

• It	contains	1	heme group

• Most	of	the	hydrophobic	amino	acids	are	located	

in	the	core	(inside	the	protein),	while	hydropholic

amino	acids	are	on	the	surface	except	for	two	

histidines side	chains,	one	on	each	side	of	heme:	

His	93	(F8)	close	to	the	heme and	binds	the	iron and	His	

64	(E7)The	other	is	far	away

Myoglobin structure

The 'hole' between the iron heme and Histidine E7 is where the oxygen (O2) binds,
to form oxymyoglobin



• Found	exclusively in	Red	blood	cells	(RBCs)

• It	is	a	tetramer composed	of	
– Two	α-subunits and	two β-subunits	(globins)
– Structure?
– Each	globin contains	1heme	group	with	a	central	Fe2+	ion	(ferrous	

ion)	

Hemoglobin

Quaternary	structure



• Hb exist in 2 different forms: T-form and R-form

• T-form (T=“tense”) has a much lower affinity to O2 than the R-form.

• The subunits of Hb are held together by non-covalent bonds. The binding of the first
O2 molecule to subunit of the T-form leads to local conformational change that
weakens the association between the subunits R-form (“Relaxed).

• Cooperative process: The binding of the first O2 to Hb enhances the binding of
further O2molecules until all 4 are saturated Allosteric effect (Defined as
change in the shape and activity of an enzyme, resulting from binding of a
regulatory substance).

Hemoglobin



Oxygen	Dissociation	Curve

•A	plot	of	%	of	degree	of	saturation	measured	at	different	partial	pressure	of	O2	(PO2)	is	

called: oxygen dissociation curve

• Myoglobin:		hyperbolic	shape:	myoglobin take	up	O2	at	a	lower	pressure	than	Hb.	It	has	a	
higher	affinity	for	O2	at	all	O2	levels	compared	with	Hb (low	O2	but	saturation	is	high)

•Hemoglobin:	 sigmoidal	shape	(S-shape)	shows	that	subunits	co-operate	in	binding	of	O2:	
when	1	subunit	has	bound	O2	the	other	subunits	has	greater	affinity.



Oxygen	Dissociation	Curves	
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• P50 is the	partial	pressure	of	oxygen	in	the	blood	at	which	the	hemoglobin	
is	50%	saturated .	

• The	P50	for	Mb	is	1	mm	Hg	and	26	mm	Hg	for	Hb



Agents	that	influence	O2 binding	

•These	regulatory	substances	are	called	allosteric	effectors:	

- pCO2

- pH	of	the	environment,	

- 2,3	biphosphoglycerate (2,	3-BPG)

Is	Myoglobin is	influenced	by	allosteric effect?	 NO



The	Bohr	Effect

Discovered	by	Christian	Bohr

The	change	in	oxygen	affinity	with	pH	is	known	as	
the	Bohr	effect



The	Bohr	Effect

-When pH is low: decrease in O2 affinity to Hb

stabilize “T” form

and the curve shift to the right

- Conversely, High pH will increase the affinity and stabilize the “R” form



Carbon	dioxide	diminishes	oxygen	binding	

§ Tissues	produce	CO2 that	reacts	with	
water	to	form	the	weak	carbonic	acid

§ Carbonic	acid	dissociates spontanously
and	generate	protons	(H+)(pH				)	and	
bicarbonate	(major	blood	buffer)
CO2 +	H2O	⇄ H2CO3 ⇄ HCO3

- +	H+

§ These	protons	are	taken	up	by	
HbO2	releasing	oxygen

HbO2 +	H+ ⇄ HbH +	O2

§ Shift	of	the	dissociation	curve	to	right	by	 PCO2	
to	enhance	oxygenation	of	blood	and	the	release	
of	O2	in	the	tissues



¯ in	H2CO3 concà H+	conc ¯ )	à Shift	of	O2-Hb	curve	to	left	
&	more	avid	binding	of		O2	to	Hbà  in	quantity	of	O2	bound	
to	Hbà  O2	transport	to	tissues.	

§ The	reverse	mechanism	occurs	in	
the	lungs:

- where	O2 concentration	is	
high and	

- CO2 concentration	is	low	



• 2,3-bisphosphoglycerate (2,3-BPG), generated from glucose
degradation in RBC.

• 2,3-BPG only binds to deoxyhemoglobin deoxyHb is thus
stabilized.

2,3-Bisphosphoglycerate

The	binding	of	2,3-bisphosphoglycerate	to	the	β-subunits of	
deoxyhemoglobin



Oxyhemoglobin Dissociation	Curves

Increases	in	CO2,	H+ or	BPG	 shift	the	curve	to	the	right,	
i.e.	decrease	the	affinity	for	oxygen
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Human	Hemoglobins

-HbA or	HbA1:	(2a and 2b), major	hemoglobin	in	human
-HbA2:	(2a and 2g), minor	component	of	normal	adult	Hb (2%)
-HbF:	(2a and 2g chains), synthesized	only	during	fetal	development
-HBA1c:	(2a and 2b-glucose),	a	glucose	residue	is	attached	to	the	b-
chain;	increase	amount	in	RBC	of	diabetes	mellitus	patient



Fetal Hemoglobin (Hb F)
• In	the	fetus	the	β-subunit	of	hemoglobin	is	replaced	with	a	g-

subunit.	In	children	and	adults,	HbF is	replaced	mainly	by	HbA (α2β2)	

and	a	small	amount	of	HbA2 (α2d2).

• Adult	hemoglobin	(Hb A)	can	bind	to	2,3	BPG,	but	Hb F	cannot									

therefore	Hb F	has	higher	affinity	for	O2	than	the	mother,	so	oxygen	

is	transferred	to	the	fetus



Glycohemoglobin
(HbA1c)

• Is	formed	spontaneously		(by	
non	enzymatic	reaction)	with	
glucose.

• People	with	DM	have	more	
HbA1c THAN	NORMAL	(>7%).

• Measurement	of	HbA1c	in	blood		
gives	an	indication	of	the	level	of	
glucose	over	the	past	120	days	
(RBC	lifespan)	



HEMOGLOBINOPATHIES
(mutations	in	hemoglobin)



sickle	cell	disease
• It’s a	genetic	disorder	caused	by	mutation	in	b-globin chain.

• The	mutation	occurs	in	the	6th position	of	b-chain	where	Glutamic acid is	
replaced	by	Valine,	(A	negative	charge	will	be	replaced	by	a	hydrophobic	
group	that	will	appear	on	the	surface)	.

• Valine residues	aggregate	together	by	hydrophobic	interactions	rather	
than	with	the	cellular	environment	of	red	blood	cells	(similar	to	water)
leading	to	precipitation	of	Hb within	RBCs.		And	then

• RBCs	assume	a	sickle shaped	leading	to	fragility	of	their	walls	and	high	
rate	of	hemolysis



Thalassemia
A	group	of	genetic	diseases	in	which	a	defect	occur	in	the	rate	of	synthesis	of	one	or	more	Hb
chains but	the	chains	are	structurally	normal.

This	is	due	to	a	defect	or	absence	of	one	or	more	of	genes	responsible	of	a and	b chains	
leading	to	premature	death	of	RBCs.

b-thalassemia:	when	synthesis	of	b-chains	is	decreased	or	absent.	Individuals	with	b-globin
gene	defects	have	either:

- b-thalassemia minor	(b-thalassemia trait):		when	the	synthesis	of	only	one	b-globin
gene	is	defective	or	absent.	Those	person	make	some	b chains	and	usually	don’t	need	specific	
treatment.

- b-thalassemia major:	when	both	genes	are	defective.

a-thalassemia:	in	which	synthesis	of	a globin chain	is	defective	or	absent.	There	are	4	copies	
of	gene	responsible	for	synthesis	of	a	globin chains	so	patients	may	have:

- silent	carrier	of	a-thalassemia with	no	symptoms:	if	one	gene	is	defective
- a-thalassemia trait:	if	2	genes	are	defective	.	Minor	anemia	present
- HbH disease:	if	3	genes	are	defectives.	Moderate	anemia	present
- Hydrops fetalis:	lacks all	4	genes.	Fetus	may	survive	till	birth	then	dies.



THE END!
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Heme is	a cofactor consisting	of	an	Fe2+ (ferrous) ion contained	in	the	centre	of	
a heterocyclic macrocycle organic	compound called	a porphyrin,	made	up	of	
four pyrrolic groups	joined	together	by methine bridges


