Carbonic Anhydrases:

Carbonic anhydrases are enzymes that catalyze the hydration of carbon dioxide and the dehydration of bicarbonate: 

CO2 + H2O <-----> HCO3- + H+
These carbonic anhydrase-driven reactions are of great importance in a number of tissues. Examples include: 

· Parietal cells in the stomach secrete massive amounts of acid (i.e. hydrogen ions or protons) into the lumen and a corresponding amount of bicarbonate ion into blood.

· Pancreatic duct cells do essentially the opposite, with bicarbonate as their main secretory product.

· Secretion of hydrogen ions by the renal tubules is a critical mechanism for maintaining acid-base and fluid balance.

· Carbon dioxide generated by metabolism in all cells is removed from the body by red blood cells that convert most of it to bicarbonate for transport, then back to carbon dioxide to be exhaled from the lungs. 

Carbonic anhydrase isozymes are metalloenzymes consisting of a single polypeptide chain (Mr ~ 29,000) complexed to an atom of zinc. They are incredibly active catalysts, with a turnover rate (kcat) of about 106 reactions per second! Catalytic activity depends on ionization of a group of pKa 7 and, as you might expect from thinking about when and where the above reactions take place, the hydration reaction depends on the ionized group being in the basic form, and for dehydration in the acidic form. 

Carbonic anhydrase inhibitors have been used theraputically. The prototype of such drugs is acetazolamide, which is still sometimes used as a diuretic to treat certain edematous conditions and for therapy of some types of glaucoma. The discovery of this drug is actually an interesting story. It is a member of the sulfonamides, a group of antibacterial agents which, when intially investigated, were shown to induce a metabolic acidosis because they inhibited excretion of hydrogen ion from the kidney. 

Carbonic anhydrase (carbonate dehydratase) catalyzes the following reaction: 

            CA

CO2 + H2O ------> H2CO3 

The enzyme is widespread in nature. In animals it plays an important role in respiration by facilitating the transport of carbon dioxide. In plants, carbonic anhydrases are involved in the photosynthetic fixation of CO2.

The carbonic anhydrases (CAs) participate in the maintenance of pH homeostasis in various tissues of the human body by catalyzing the reversible reaction CO2 + H2O ? HCO3 - + H+. Carbonic anhydrase isoenzyme VI (CA VI) is secreted into the human saliva by the serous acinar cells of the parotid and submandibular glands. The present work was undertaken in order to gain an understanding of the physiological role of CA VI in the oral cavity.

carbonic anhydrase

An enzyme, present in red blood cells and kidney cells, that catalyses the reaction between carbon dioxide with water:

CO2 + H2O 
H2CO3 [image: image1.png]


H+ + HCO3-.
 This reaction is one of the fastest known and controls the elimination of carbon dioxide from the body and the pH of urine. It also facilitates the transfer of carbon dioxide from the tissues to the blood and from the blood to the alveoli (air sacs) of the lungs. See also chloride shift.

chloride shift:

The movement of chloride ions (Cl-) into red blood cells. Carbon dioxide reacts with water to form carbonic acid in the red blood cells (see carbonic anhydrase). The carbonic acid then dissociates into hydrogencarbonate ions (HCO3-) and hydrogen ions (H+). The cell membrane is relatively permeable to negative ions. Therefore the hydrogencarbonate ions diffuse out of the cell into the plasma, leaving the hydrogen ions, which create a net positive charge; this is neutralized by the diffusion of chloride ions from the plasma into the cell.

carbonic acid:

A weak acid, H2CO3, formed in solution when carbon dioxide is dissolved in water:

CO2 + H2O [image: image2.png]


H2CO3
 The acid is in equilibrium with dissolved carbon dioxide, and also dissociates into hydrogencarbonate and hydrogen ions. These reactions, catalysed by carbonic anhydrase, take place in the red blood cells when carbon dioxide diffuses into them from the surrounding tissue cells. See also hydrogencarbonate
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