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                9 : Tricarboxylic Acid Cycle
   OVERVIEW :
     * 
       TCA cycle is the final pathway where the oxidative metabolism of
       carbohydrates , amino acids , and fatty acids converge .
     * 
       It is Important for production of the majority of ATP .
     * 
       Occurs totally in mitochondria , and considered aerobic pathway .
     * 
       TCA cycle functions in formation of glucose from some amino acids
       and provides building blocks for synthesis of some amino acid and
       heme .
     * 
       In TCA cycle , oxaloacetate is first condensed with acetyl group
       from acetyl CoA and then It is regenerated as the cycle is
       completed .
   REACTIONS OF TCA CYCLE :
   1- Oxidative decarboxylation of pyruvate :
     * 
       Pyruvate by specific pyruvate transporter cross the inner
       mitochondrial membrane . In the matrix , pyruvate is converted to
       acetyl CoA by pyruvate dehydrogenase complex .
     * 
       This reaction is irreversible , pyruvate dehydrogenase complex is
       NOT part of TCA cycle proper , but is major source of acetyl coA [
       two carbon substrate for the cycle ] .
     * 
       pyruvate dehydrogenase complex contains 3 enzymes :
   A- E1: pyruvate dehydrogenase requires (thiamine pyrophosphate) as a
   coenzyme .
   B- E2 : dihydrolipoyl transacetylase requires (lipoic acid and
   coenzyme A ) as a coenzymes .
   C- E3 : dihydrolipoyl dehydrogenase requires ( FAD and NAD+ ) as a
   coenzymes .
     * 
       protein kinase inhibits E1 :
   - protein Kinase allosterically activated by ATP , acetyl CoA , NADH 
   inhibits E1
   - acetyl CoA , and NADH also inhibit E1 DIRECTLY
   - protein Kinase allosterically Inactivated by NAD , Coenzyme A,
   pyruvate  active E1
     * 
       phosphoprotein phosphatase activates E1 :
     * 
       Calcium is strong activator of protein phosphatase [ particularly
       in skeletal muscle ]
       * 
         The deficiency in the pyruvate dehydrogenase complex is the most
         common biochemical cause of congenital lactic acidosis and this
         causes problems for the brain , the most severe form of this
         deficiency causes overwhelming lactic acidosis with neonatal
         death . [ The E1 defect is classified as X-linked dominant ] .
       * 
         Arsenic poisoning inhibit some enzymes such as pyruvate
         dehydrogenase , which require lipoic acid as acofactor and
         causing neurologic disturbances and death .
   2- synthesis of citrate from acetyl CoA and oxaloacetate :
     * 
       This reaction catalyzed by citrate synthase .
     * 
       Activated by Ca++ and ADP
     * 
       Inhibited by ATP , NADH , succinyl CoA , and fatty acyl CoA
       derivatives .
   Note : citrate inhibits PFK-1 of glycolysis … and activates acetyl CoA
   carboxylase of fatty acid synthesis .
   3- Isomerization of citrate :
     * 
       To isocitrate by aconitase
     * 
       This enzyme inhibits by fluoroacetate then results citrate
       accumulation .
   4- Oxidation and decarboxylation of isocitrate :
     * 
       To α-ketoglutarate By isocitrate dehydrogenase .
     * 
       One of the rate-limiting steps of TCA . irreversible reaction .
     * 
       Produce the first NADH and first release of co2 in TCA cycle .
     * 
       Activated by ADP , Ca++ .
     * 
       Inhibited by ATP and NADH .
   5- oxidative decarboxylation of α-ketoglutarate :
     * 
       To succinyl CoA by α-ketoglutarate dehydrogenase complex [ 3
       enzymes ]
     * 
       Required thiamine pyrophosphate , lipoic acid , FAD , NAD+ and
       coenzyme A as coenzymes .
     * 
       The reaction produces the second CO2 and second NADH in TCA cycle
       .
     * 
       α-ketoglutarate dehydrogenase complex inhibited by
       ATP,GTP,NADH,and succinyl CoA .
     * 
       activated by Ca++ .
   6- cleavage of succinyl CoA :
     * 
       To succinate by succinate thiokinase
     * 
       This reaction is coupled to phosphorylation of GDP to GTP then
       produce one ATP .
     * 
       Another example for substrate-level phosphorylation .
   7- Oxidation of succinate :
     * 
       To fumarate By succinate dehydrogenase
     * 
       Produces the reduced coenzyme FADH2
     * 
       succinate dehydrogenase inhibited by oxaloacetate
   8- Hydration of fumarate To Malate By fumarase
   9- Oxidation of malate To oxaloacetate By malate dehydrogenase and
   produces the Third NADH .
   ENERGY PRODUCED BY TCA CYCLE :
   3 NADH  9 ATP
   FADH2  2 ATP
   GDP+Pi  1 ATP
   THE NET PRODUCTION IS = 12 ATP / 1 acetyl CoA oxidized
   The net ATP-yield of aerobic glycolysis is = 8 ATP
   One molecule of glucose will produce = (8 + 24 + 6* ) = 38 ATP
   * from 2 NADH produced from pyruvate dehydrogenase complex
   REGULATION OF THE TCA CYCLE :
     * 
       Regulation by activation and inhibition of several enzymes such as
       citrate synthase , isocitrate dehydrogenase ,and α-ketoglutarate
       dehydrogenase complex [ unlike glycolysis which regulated
       primarily by PFK-1 ]
     * 
       Energy consumption leads to increase [ADP and pi] which
       accelerates the rate of reactions that use ADP to generate ATP
       until matches the rate of ATP consumption .
     * 
       The rate of oxidative phosphorylation is proportional to {{ [ADP][
       pi] / [ATP] }} which is known as respiratory control of energy
       production .
   victorIOUS
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