Unit L  : Gas Exchange Summary  Pages 290-292 – 
"BECOME ONE WITH THE COURSE.…. I know I did!"
Gas exchange happens both in the lungs, referred to as external respiration and in the tissues, referred to as internal respiration.
The key player for this process is Hemoglobin (Hb), a respiratory pigment found in red blood cells.

Hemoglobin can exist in several different forms, depending on what it is bound to:
· If it is carrying H+ ions, it is called reduced hemoglobin, (HHb).  HHb is dark maroon in color.
· If it is carrying oxygen, it is called oxyhemoglobin (HbO2).     HbO2 is bright red in color.

· If it is carrying carbon dioxide, it is called carbaminohemoglobin (HbCO2).

WHAT HAPPENS IN THE LUNGS:
There is a high concentration of O2 in the air in the alveoli and a low concentration of O2 in the blood in the capillaries that surrounds the alveoli.  You can also say that oxygen has a high partial pressure in the air, and a low partial pressure in the blood.

The difference in partial pressure will cause the oxygen to diffuse into the blood.

When hemoglobin arrives to the lungs, it is in its reduced form.

When the oxygen goes into the blood, it will kick the H+ off of the HHb by attaching to the hemoglobin to form HbO2.  The lungs are cooler and have a higher pH, which causes the hemoglobin to have a shape that is perfect to bind oxygen. 

Eg.    HHb ( H+ and Hb

And then:

Eg.     Hb + O2 ( HbO2
Note: This is the ONLY way that oxygen can be transported in the blood.

The H+ does not accumulate because as soon as it is released from HHb, it combines with HCO3- to form carbonic acid, which then changes into carbon dioxide, which can now diffuse out of the blood into the alveoli. 

Eg.     H+   + HCO3-    (      H2CO3     (     H2O  +  CO2                                      "Everyday I'm BUFFERING!"
This reaction is catalysed by the enzyme CARBONIC ANHYDRASE.  This reaction is later reversed by the same enzyme as blood enters the tissues. 
No further changes occur until the blood reaches the tissues.

WHAT HAPPENS IN THE TISSUES (Internal Respiration)
Each time blood passes through the tissues; it picks up large quantities of carbon dioxide.  
There are three ways that carbon dioxide can be transported.

· A very small amount (~10%) of CO2 is transported as CO2 free in the blood plasma.

· A very small amount (~30%) of CO2 is carried by hemoglobin as carbaminohemoglobin.

· The remaining 60-70% of CO2 had combined with water to form carbonic acid (H2CO3) , which then dissociates into bicarbonate (HCO3-) ions and hydrogen (H+) ions.   This reaction is catalysed by the enzyme carbonic anhydrase.

Eg.     CO2  + H2O ( H2CO3-( H+   + HCO3-
Once the oxyhemoglobin (HbO2) arrives in the capillaries in the tissues, the O2 is released.  The environment in the tissues is different than in the lungs – the tissues have a higher temperature and a lower pH.  The hemoglobin shifts its shape and no longer binds the oxygen as tightly.  
Eg.    HbO2 (     Hb  +  O2    (deoxyhemoglobin)
Most of the hydrogen ions are now picked up by deoxyhemoglobin to form reduced hemoglobin (HHb).
Eg.   H+  + Hb ( HHb

Because the partial pressure of O2 is now higher in the blood than in the tissues, it diffuses out of the blood and into the tissues.
Binding Capacity of Hemoglobin
Partial pressure, temperature and pH all affect how much oxygen the hemoglobin can carry!

Hemoglobin changes its shape to bind to oxygen.   A slightly basic pH and slightly cooler temperatures cause hemoglobin to bind oxygen very tightly.  These are the conditions that are found in the lungs.  

 When the hemoglobin arrives in the tissues, it changes its shape slightly because the temperature is slightly warmer and the pH is slightly lower.  The oxygen is no longer as tightly bound and it is released.
