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Hb Structure 
• Normal level 14-16 g/dL (male)

• Around 67,000 Dalton

• Many types: A1(most common), A2, F, D and 

Gowers

• Two family genes: 

– alpha 141 a.a (Chromosome 16) 

– beta 146 a.a. (Chromosome 11)

• 36 His residues/Hb

• 4% of total mass is heme



يجماعةهدولمش حفظ 



Ring structure with the centre of iron.

Why we choose iron to be in this structure?

because it's able to form 6 bonds,4 of them are bind 

with heme.



Oxygenation and Oxidation

• When hemoglobin carries oxygen, the Hb is 

oxygenated. The iron atom in Hb is still in 

the ferrous state. 

• Oxidized Hemoglobin is called Met-

Hb;(oxidized Hb without oxygen) then iron is in 

ferric state and the oxygen carrying capacity is lost.

• We have normal concentration of met-Hb if it's 

access, it should be returned by certain treatments, 

to return it back to its normal concentration, in 

order to be able to bind oxygen again.



TRANSPORT OF OXYGEN 

BY HEMOGLOBIN
• Oxygen Dissociation Curve 

(ODC)

In fact, it is association of 

oxygen, (increase the 

concentration of oxygen and 

notice the saturation)

* The Hb behavior is by 4 

sections:

A- the theortical how is the Hb

will behave if you increase the 

oxygen concentration

B- the sigmoidal curve: almost 

similar to the normal one 

C-shift to the right 

D- more shifting



Heme-heme Interaction 

and Cooperativity
• Homotropic interaction (positive cooperativity)

• 97% saturated with oxygen at lung

• Hb saturation is 60% saturated in the tissue 

capillaries

Highest affinity    



Apomyoglobin Provides a Hindered 

Environment for the Heme Iron



*Once you have something in the middle, it will pulled up 

the heme to be more planer , this change will lead all of 

the subunits to move, this movement will do 

conformational change, so the next subunite will be 

accessible to the oxygen.

*This we called allosteric effects: (you are making 

something in one side and its effect the other side)

---------------------------------------------------------------------------

Why is the carbon monoxide more toxicity than other 

molecules?

because it is more stable, we have high affinity to bind 

carbon monoxide than oxygen. So the dissociation of 

carbon monoxide is harder. We need 250 molecule of 

oxygen to dissociate one carbon monoxide.



Isolated heme binds carbon monoxide (CO) 25,000 times

more strongly than oxygen.

The affinity of CO to Hb is 200 times more 

than that of oxygen.



means that carbon 

monoxide has the 

same effect of anemia.

(low supply)



50% COHb: toxicity with carbon monoxide the curve 

is in depletion to the half, means as you increase the 

oxygen concentration in hospital, there will be no 

saturation, but you have to keep the patient and the 

oxygen, but it is not treatment to recover (as you will not 

affect the affinity).

* you have to wait until carbon monoxide release itself, 

depend on partial pressure, (partial pressure of carbon 

monoxide in the environment is less carbon monoxide 

release)



THE OXYGEN DISSOCIATION CURVES FOR MYOGLOBIN & 

HEMOGLOBIN SUIT THEIR PHYSIOLOGIC ROLES

*hemoglobin:

-sigmoidal

-4 subunits

-has allosteric cooberative.

*myoglobin:

-hyperpolic.

-one unit

-has no allosteric

cooberative. (saturation is 

faster). 



Why we have other types o Hb(F,D,…)?

They are doing certain oxygen transportation 

mech. to certain tissue (depending on the need).

***F has more affinity than A.

Apoprptein:  الهيمبدون البروتينيالجزء



الشغلاتمن شغلةهي الفا

ة ما بتكون شغالة في بدايال

شهور 3الحمل لحد ال

ولقدام

.بتتكون

*Hb F

(2alpha, 2gamma)

At the end we will have A, 

F, D, A2(A1C).



اليمن قبل حكيناهكل هاد 

هو موضوع تغير شكل 

لمن يرتبط ب الهستدين

الاكسجين



O2, CO  bind with heme

CO2  bind to unterminal of alpha chain.

*Hb can carry 4 O2, 2 CO2.



Effect of pH and pCO2, Bohr Effect and Chloride Shift (Hamburger effect) 

Bohr Effect: formation of H+ from H2CO3, the H will bind with Hb at certain 

histidine other than the distal and proximal one.

)ركز عليها الدكتوروهالمعلومة(ولا بحل محله الاكسجينمن الموضوع بس انه الهيدروجين ما بنافس الزبدة





*At the site of the 

tissue:

-acidic conditions

-high CO2 

-high 2,3-BPG

decreasing the 

affinity of Hb to oxygen

*At the site of lungs:

-less acidity

-less CO2

-less 2,3-BPG

increasing the affinity 

of Hb to oxygen.

All of this in order to the main factor 

which is partial pressure of oxygen.





1. Increase in the number of RBCs

2. Increase in concentration of Hb inside RBCs

3. Increase in BPG.



TRANSPORT OF CARBON 

DIOXIDE
1. Dissolved Form

– 10% of CO2 

2. Isohydric Transport

– 75% 

– Haldane effect (Hb buffering of H ions)

– Oxy-Hb is More Negatively Charged Than 

Deoxy-Hb

3. Carriage as Carbamino-Hemoglobin

– 15 %



The heme iron is ferric (Fe3+) rather than ferrous (Fe2+)

Normal blood has only less than 1% 

Thus can neither bind nor transport O2

Corrected by methemoglobin reductase

In hemoglobin M, histidine F8 (His F8) has been replaced by tyrosine. 

Congenital Met-Hb

Can be treated by  oral administration of methylene blue(will reduce the met-

Hb), or ascorbic acid

Acquired or Toxic Methemoglobinemia

Nitrates.

Aniline dyes

Cetaminophen, phenacetin, sulphanilamide, amyl nitrite, and sodium 

nitroprusside



Hb M



Due to the mutation in amino acid 6 in ß chain



153

141

146



While it acidic it will 

shift to the right



cherry red 

brown

brown

brown



Glycated

Hb









We can separate it by gel electrophoresis 

(from negative to the positive pole):

A is negative, so it is the faster.

B is neutral.

C is positive charge.



Population is 

more risk to 

have beta type 

, because it 

has2 alleles 

while alpha has 

4.



You have 

very low 

concentration 

of alpha

You have 

no alpha





More than 1100

More than 7% of the 

globe’s population



السستملهاد البيوكمبكون كملت معكم هيك

اخطاءايعسامحوني 

فمن نفسياخطأتفمن الله وإن احسنتإن 

نعدلهامشانتعديلات خبرونا ايفي اذا+

(لابد منهاالاملائية, العلميةللاخطاءالتعديلات )

كل التوفيق للجميع

دعواتكم#
It’s finished


