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Transport of CO2 

We have talked previously about the role of hemoglobin in the transport of oxygen 

and how it is regulated by various allosteric effectors, mainly: 2,3-BPG, CO2, and H+. 

Hemoglobin also has an important role in the transport ofCO2and H+.Hemoglobin is 

responsible, directly and indirectly, for the transport of more than 85% of CO2. 

CO2 is the byproduct of catabolism. It is generated in tissues and then excreted by the 

lungs. How is CO2 transported in blood?  

1. Small amount of CO2is dissolved in plasma. This is responsible for 10% of 

CO2transported. 

2. Deoxyhemoglobin reacts with CO2to a small extent non-enzymatically. 

CO2binds covalently with the –NH2 terminal of deoxyhemoglobin. The affinity 

of deoxyhemoglobin to CO2is more than that of oxyhemoglobin. The resulting 

molecule is called carbaminohemoglobin.  

When hemoglobin reaches the lungs, it undergoes oxygenation. And because 

hemoglobin in this reaction has less affinity than deoxyhemoglobin, 

hemoglobin will release some CO2. The amount of CO2that is released 

corresponds to about 15-20% of the total CO2that has been transported by 

the virtue of the difference in affinity between deoxyhemoglobin and 

oxyhemoglobin in this reaction. 

3. The bulk of CO2 that is being produced is transported as bicarbonate. 

CO2dissolves in the plasma, it then enters the RBC. In the RBC, carbonic 

anhydrase hydrates CO2forming carbonic acid which then undergoes 

dissociation forming a proton (H+) and bicarbonate (HCO3
-). 

CO2 + H2O ↔ H2CO3 ↔ H+ + HCO3
- [in the RBC] 

Much of the produced HCO3
- diffuses into the plasma. This causes a 

disturbance in the electrical balance. So, some chloride (Cl-) diffuses from the 

plasma into the RBC to counter the effect of the negative charge. This is called 

chloride shift.  
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A proton is also produced from the hydration of CO2and dissociation of 

carbonic acid. This proton doesn't affect our acid-base status or our pH 

because around 50% of protons are being buffered as they are formed inside 

the RBC by hemoglobin, while 10% are buffered by other buffers in the RBC. 

Hemoglobin is the major buffer inside the RBC. 32% of hemoglobin is inside 

RBCs. 

This proton is being buffered or taken up by a mechanism unique to 

hemoglobin; the isohydric mechanism. 

The isohydric mechanism 

Deoxyhemoglobin is more basic and has a higher pKa than oxyhemoglobin. So, it can 

accept some protons. This proton will be released later on, as we’ll see. 

The isohydric mechanism is responsible for the buffer of 40% of these protons. 

CO2 is produced during catabolism mainly from Krebs cycle. Each cycle produces 2 

CO2 molecules. In the RBC, carbonic anhydrase forms carbonic acid which dissociates 

forming bicarbonate (which diffuses into the plasma) and protons. Hemoglobin goes 

to the peripheral tissues where CO2 is being produced, and it carries O2 to the tissue 
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environment where there is low O2. Also, acidity (protons) favors the dissociation of 

O2; so O2is released. 

Hemoglobin, which is now in the deoxy form, becomes more basic and its pKa 

becomes higher. What does this mean?? This means that it has more tendency to 

accept protons.  

When every molecule of hemoglobin releases 4 O2molecules, it can accept 1.2-2.7 

protons (2 protons as an average). [Apart from the protons that are being produced 

and buffered by different buffers] 

Then, hemoglobin goes back to the pulmonary environment. There, it undergoes 

oxygenation. When hemoglobin is oxygenated, it becomes more acidic. So, protons 

that were accepted will be released here. 

In the alveoli, the partial pressure of CO2is lower. CO2diffuses from the plasma, and 

as it diffuses from the plasma it drags CO2from inside the RBC. This means that the 

CO2in the RBC is now lower and this will drag the reaction to the left.  

CO2 + H2O ↔ H2CO3 ↔ H+ + HCO3
-; H2CO3 will dissociate giving CO2, and protons will 

combine with bicarbonate forming H2CO3. As a result, bicarbonate concentration in 

the RBC is lower, so HCO3- will enter the RBC from the plasma (and Cl- that entered 

before exits now). As more CO₂ is lost by expiration, more HCO3- enters the RBC and 

combines with protons to yield CO₂. 

Protons are being accepted by deoxyhemoglobin and then released by 

oxyhemoglobin. This is what we call the isohydric mechanism which is unique to 

hemoglobin. This mechanism is due to the changes in the pKa values between 

deoxyhemoglobin andoxyhemoglobin. 

Summary 

- CO2 that is generated in the peripheral tissues combine with water to form 

carbonic acid which dissociates giving H+ and HCO3
-.  

- Deoxyhemoglobin acts as a buffer by binding protons produced and delivering 

them back in the lungs.  

- In the lungs, the uptake of oxygen by hemoglobin causes the release of these 

protons that recombine back with HCO3
- forming carbonic acid which is then 

dehydrated by carbonic anhydrase producing CO2which is then exhaled. 

00:00-11:00 
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The Bohr Effect:hemoglobin's oxygen binding affinity is inversely related both to 

acidity and to the concentration of carbon dioxide [source: Wikipedia] 

The cause of the Bohr Effect is that the pKa value of certain groups in hemoglobin is 

being increased upon deoxygenation of these groups. The biggest effect results from 

the pKa value of a histidine residue (β146 residue), the increase in its pKa value 

accounts for about 50% of the effect. The rest is due to some amino groups and due 

to other groups we don't know of. 

Altogether, the pKa of hemoglobin is being increased upon deoxygenation from 7.3 

to 7.7. This increase resulted in the protonation of hemoglobin.  

When the histidine accepts a proton it becomes charged and it then can form an ion 

pair with sp94 for example within the hemoglobin in the T state. But in the R state, 

the proton won't bind, so this bond is not formed.

 

Heterogeneity of Hemoglobin 

When we talk about heterogeneity of hemoglobin we talk about 3 aspects: 

I- Developmental 

II- Minor components of hemoglobin in the adult's life 

III- Genetic variants of hemoglobin. Some of these variants are associated with 

symptoms and others are not. 

 

I- Developmental: 

a. In the early embryonic life (the first 3 months): 

Instead of the α chain there is a ζ (zeta) chain. The 

gene of zeta is found next to the gene of α chain. 

Also, Instead of the β chain there is a ε (epsilon) chain 

and its gene is next to the gene of the β chain. The 

product is this tetramer: ζ2ε2 and it is called 

hemoglobin Gower which is an embryonic 

hemoglobin. 

b. Then, ζ is being replaced byα chain and ε is being 

replaced by the γ (gamma) chain producingHbF (fetal 

11:00-20:00 
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hemoglobin:α2γ2). HbF remains during the fetal life and just before birth γ 

declines and β starts replacing it to produce the normal adult hemoglobin 

(HbA: α2β2). 

The gamma chain differs in about 37 residues from the β chain. This 

difference affects the binding of 2,3-BPG which affects oxygen affinity as we 

took last time.  

 

The genes of β-family chains (β, ε, γ, δ) are on chromosome 11 and those of the 

α-family (α, ζ) are on chromosome 16. 

 

II- Minor components of hemoglobin 

1. HbA2:There is also the δ (delta) chain that appears around birth and makes 

around 2.5% of hemoglobin that persists during life. This chain replaces the β 

chain and its gene is next to that of the β gene. The product is a hemoglobin 

minor called HbA2, it is of unknown function.  

2. HbA1c (glycosylated hemoglobin): it is similar to the 

adult hemoglobin but it is modified by glucose. This 

hemoglobin is very important in diagnosis and it is 

known as cumulative sugar. It is the result of a non-

enzymatic reaction between glucose and the N-

terminal of the β chain. It makes up to 6% of total 

hemoglobin. There are some hemoglobins 

produced from the reaction with glucose-6-

phosphate and fructose-1,6-bisphosphate but are 

only about 1%. 

HbA1c is more accurate as a monitor for diabetes 

because blood sugar normally fluctuates; it can 

sometimes be high at certain physiological 

conditions! So, you don't want to give them insulin 

and end up with hypoglycemia. That's why we use 

the glycosylated hemoglobin, because it remains in the circulation for about 

120 days. So it is exposed to the real state or the actual level of sugar; it gives 

a better reflection on the sugar level. 
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Its normal range is between 3-6% and it depends on the glucose 

concentration. If glucose concentration gets lower, it will dissociate from 

hemoglobin. 

 
 

 
 

 

 

 

The distribution of the globin genes: 

The α-family is on chromosome 16. There are 2 genes for the α chain (each can 

combine with β chains) and one for ζ (zeta). 

The β-family is on chromosome 11: 

- There is the epsilon gene (ε). The ε chain with ζ gives us the embryonic 

hemoglobin (Hb Gower). 

- 2 gamma genes. Both chains can combine with the α to give us HbF.  

- δ gene: the δ chain can combine with either of the α chains to give HbA2. 

- β gene: the β chain combine with any of the α chains to give HbA. 

III- Genetic variants of hemoglobin 

Some Genetic abnormalities can produce symptoms and others do not. Those 

that produce symptoms are called hemoglobin variants. The abnormality can 

involve the structure of hemoglobin. Sometimes the structure is normal but the 

quantity is reduced. This can affect the α chain so we call it α-thalassemia or theβ 

chain so we call it β-thalassemia. We will discuss it next time  

THE END 

20:00-30:00 


