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The 4 types of globulin chains found in an adult are alpha, beta, delta, gamma.  The globin chains combine in identical pairs such as αα,ββ,бб,yy.  The pairs then bind with other pairs of globin chains to form the types of hemoglobin.  The most common type of hemoglobin is Hemoglobin A which is α2β2.  Hemoglobin A2 is α2б2.  Hemoglobin F is α2y2,Hemoglobin F is the most abundant hemoglobin in the fetus and is called fetal hemoglobin  some is retained in the adult.  Mutations in the globin chains can alter the hemoglobin-oxygen affinity or stability of the molecule.   You will find zeta and epsilon chains in the embryonic stage and they are replaced by birth.  Hemoglobin composition changes are due to the activation and deactivation of switching of globulin genes.

Glycosylated hemoglobin is formed when glucose is attached to the β chain.  This happens over the life time of the red blood cell and is thus an average of the amount of glucose in the body over 120 days. The higher the glucose levels the higher the glycosylated level HgbA1c.

α – Alpha, β – Beta, ƴ –gamma, σ – delta, ɛ - epsilon, ϑ – zeta, ϴ - theta
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Heme is formed in the mitochondria of the red blood cell precursors found in the bone marrow using glycine and succinyl coenzyme A (CoA) to form 5-aminolevulinic acid (ALA) and eventually forms coroporphyrinogen which returns to the mitochondria and makes the protoporphyrin ring.  Transferrin a plasma protein carries ferric iron Fe3+ to developing RBCs.   Iron is then chelated with the protoporphyin ring and forms heme.  Heme then leaves the mitochondria and combines with the globin chains to form hemoglobin.  The globin chains are synthesized in the polyribosomes of the cytoplasm.  Heme is inserted in the pocket near the surface of the globin chains.  Mature erythrocytes do not produce hemoglobin because they do not have mitochrondria.

ϑ becomes α, ɛ becomes ƴ,σ,β
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Hemoglobin synthesis is regulated by a variety of things some are :

The enzyme ALAS (5-aminolevulinate synthase)  controls the reaction of glycine and succinyl-CoA to produce ALA (5-aminolevulinic acid) in Heme production.

 Negative feedback of heme - If there are high amounts of heme the enzyme ALAS that is produced in the ribosomes will not be transported to the mitochondria to make more hemoglobin.

Concentration of Iron – Iron is responsible for coordinating synthesis of ferritin (storage iron) and synthesis of ALAS.  Increased iron result in increased ferritin and ALAS.  Decreased iron shows decreased ferritin and ALAS.

If heme synthesis decreases the globin chain synthesis decreases.  A balanced globin chain and heme synthesis is important because excess components of hemoglobin (unpaired chains, protoporphyrin, and iron) can decrease RBC survival
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The function of hemoglobin is to transport oxygen to the tissues and carbon dioxide from the tissues.  Oxygen affinity is the ease at which hemoglobin binds and releases oxygen.  High oxygen affinity causes the hemoglobin molecule to hold on to the oxygen and not release it.   Low oxygen affinity allows the hemoglobin molecule to release the oxygen.  The picture shows a oxygen dissociation curve.  The curve shifts either to the left or right based on changes in the pH, amount of DPG ( 2,3-diphosphoglycerate) and temperature.  If the pH increases (more basic), a decrease in the amount of DPG, or a decrease in the temperature will cause the curve to shift to the left and increase the oxygen saturation of the hemoglobin or keep the oxygen from being released.  On the other hand if the pH decreases (becomes acidic, increased H+ ions), and increase in DPG or an increase in temperature will result in the oxygen saturation to decrease or the hemoglobin will release the oxygen that it has bound.  The Bohr effect is the relationship of the pH level and the amount of oxygen affinity.  Increased pH = Increased oxygen affinity , a shift to the left of the dissociation curve and less oxygen to the tissues.  Decreased pH = Low oxygen affinity, a shift to the right, and more oxygen to the tissues.  DPG affects the release of the oxygen the less DPG the less release and increased oxygen affinity; increased DPG causes more release of oxygen a shift to the right and decreased oxygen affinity.  Altitude can also affect the oxygen dissociation.  Increases in altitude result in decreased PO2 (atmospheric pressure) more oxygen to the tissues and less affinity.  Exercise cause and increase in body temperature and increase in lactic acid which results in a decreased pH and less oxygen affinity so more oxygen is released to the tissues.  Carbon dioxide is the byproduct released from the tissues and transported by the hemoglobin to be released through the lungs.  Co2 combines with water to form carbonic acid.  Hydrogen ions are liberated from the carbonic acid to leave free bicarbonate that combines with deoxygenated hemoglobin = a decrease in oxygen affinity.



Hemoglobin synthesis is normally stimulated by tissue hypoxia.  Hypoxia causes the kidney to produce erythropoietin which stimulates RBC production.
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Hemoglobin can be alter by different substances and produce hemoglobins that compromise oxygen transport.  The decrease in oxygen transport can result in cyanosis – the bluish color to the skin and hypoxia – inadequate oxygen at the tissue level. 

 Methehemoglobin is when the iron in the hemoglobin molecule stays in the ferric state (F3) and can not bind oxygen.  Certain oxidizing chemicals and drugs can cause an increase in methehemoglobin. These cases can be treated by removing the causative agent and reduce the methehemoglobin with methylene blue of ascorbic acid.   There are also congenital cases of methehemoglobin.  These can not be treated.  People with increases in methehemoglobin have a chocolate brown color to their blood.  Greater than 30% methemoglobin can cause cyanosis and hypoxia.

Sulfhemoglobin happens when sulfur combines with the heme in hemoglobin. Although iron is still in the ferrous state the oxygen affinity is 1/100 of normal.  Sulfhemoglobin may be formed with exposure to trinitrolene, acetanilid, phenacetin, and sulfonamides.  It can also be seen in severe constipation and infections with Clostridium welchii.  The blood can appear green in color.  An increase in sulfhemoglobin will result in cyanosis.  A CSI episode described these symptoms. 

Carboxyhemoglobin is formed when carbon monoxide combines with hemoglobin.  CO has 200x the affinity of oxygen.  May be treated in a hyperbaric oxygen chambers.  Blood can be cherry red in color.  Smokers and city dwellers have higher levels.  10-15% = headaches and dizziness, 50% coma convulsions  This is an odorless and colorless gas.
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Hemoglobin is measured using cyanmethemoglobin.  A lysing agent frees the hemoglobin.  The Hgb then combines with the potassium ferricyanide.  The Fe+2 to the Fe+3 to form methemoglobin.  This combines with the Potassium cyanide to form a stable pigment cyanomehemoglobin. The absorbance of amount of cyanmethemoglobin is directly proportional to concentration of hemoglobin.  Some instruments now use Sodium Lauryl sulfate.  This converts Hgb to SLS methemoglobin which does not generate toxic waste.

Men usually have higher levels than women.  Newborns have high levels and people who live in high altitudes have higher hemoglobins.



Review:

Hemoglobin is responsible for the transport of oxygen to the tissues.  Hemoglobin has 4 subunits and each unit has a porphorin ring with an iron molecule and a globin chain.  It is regulated by the iron concentration, negative heme feedback, activity and synthesis of the ALAS.  Oxygen affinity of hemoglobin is dependent on PO2, pH, Pco2, 2,3-DPG, and temperature.  A shift to the left of the oxygen dissociation curve represents oxygen affinity, a shift to the right is decreased oxygen affinity.  Altered forms of hemoglobin can cause decreased oxygen transport and result in hypoxia and cyanosis. 
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Hemoglobin is a protein in the red blood cells that carry oxygen to the tissues and CO2 to the lungs in the body.  The oxygen binds to the heme portion of the hemoglobin molecule.
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The hemoglobin molecule is made up of four globular protein subunits and is referred to as a tetramer.  Each of the four subunits consist of a  heme group and a globulin chain.  Two pairs of unlike polypeptide chains that have variations in amino acids.  Each different chain is designated with a Greek letter. The heme group is a tetrapyrrole ring with a ferrous iron located in the center.  Each Heme group can carry 1 molecule of oxygen, so each hemoglobin molecule can carry 4 molecules of oxygen.  The globin chains are responsible for the functional and physical properties of the hemoglobin molecule.  
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