Cellular Biochemistry Notes


Chapter 16 "Citric Acid Cycle"





Cycle Overview Figures 16.1, 16.2





-The citric acid cycle is a series of reactions that oxidizes the 


   acetyl group of acetyl-CoA to two molecules of CO2 with the


   generation of three NADHs, one FADH2, and one GTP in a  


   manner that conserves the liberated free energy for utilization in 


   ATP generation


-elucidated by Hans Krebs in 1937


-known as the Krebs cycle or the tricarboxylic acid (TCA) cycle


-in the mitochondria





Overall Reaction





3NAD+ + FAD + GDP + Pi + acetyl-CoA ( ( 3NADH + FADH2 + GTP + CoA + 2 CO2





-CAC (citric acid cycle) functions catalytically as a consequence 


   of its regeneration of oxaloacetate; an endless # of acetyl


   groups can be oxidized through the agency of a single 


   oxaloacetate molecule


-NADH and FADH2 are vital products in that their oxidation by O2 


     through the mediation of the electron transport chain and


   oxidative phosphorylation completes the breakdown of   


   metabolic fuel in a manner that drives the synthesis of ATP


-acetyl groups enter the CAC as acetyl-CoA which is the common 


   product of carbohydrate, fatty acid, and amino acid breakdown














Pyruvate Dehydrogenase Multienzyme Complex





-the multienzyme complex pyruvate dehydrogenase forms acetyl-


   CoA through oxidative decarboxylation of pyruvate


-consists of these three enzymes: Pyruvate dehyrogenase (E1), 


   dihydrolipoyl transacetylase (E2), and dihydrolipoyl


   dehyrogenase (E3)


-multienzyme complexes are groups of two or more noncovalently 


   associated enzymes that catalyze two or more sequential


   steps in a metabolic pathway





Advantages of multienzyme complexes





1) Enzymatic reaction rates are limited by the frequency that enzymes collide w/ their substrates; in a MEC, the distance that


substrates must diffuse between active sites is minimized, thereby achieving a rate enhancement





2)  Complex formation provides the means for channeling metabolic intermediates between successive enzymes in a metabolic pathway, thereby minimizing side reactions





3) The reactions catalyzed by a MEC may be coordinately controlled





Overall reaction





Pyruvate + CoA + NAD+ ( ( acetyl-CoA + CO2 + NADH





-series of five reactions














-requires coenzymes and prosthetic groups:





1. Thiamine pyrophosphatate (TPP): decarboxylates pyruvate 


2. Flavin adenine dinucleotide: reduced by lipoamide


3. Nicotinamide adenine dinucleotide: reduced by FADH2


Lipoamide: Accepts the hydroxyethyl carbanion from TPP as an acetyl group


5. CoA: Accepts acetyl group from lipoamide





Control of Pyruvate Dehydrogenase





Two regulatory systems





1)  Product inhibition by NADH and acetyl-CoA: NADH and acetyl-CoA compete with NAD+ and CoA for binding sites on


their respective enzymes; drives reversible E2 and E3 reactions backwards; ties up TPP decreasing the rate of pyruvate decarboxylation





2)  Covalent modifcation by phosphorylation/dephosphorylation of E1 subunit: occurs only in eukaryotic enzyme complexes;


kinase inactivates E1 subunit; hydrolysis of phospho-Ser residue by a phosphatase reactivates the complex; insulin in response to increases in blood [glucose] is seen promoting the synthesis of acetyl-CoA as well as glycogen





Enzymes of the Citric Acid Cycle





1) Citrate Synthase


-catalyzes the condensation of the acetyl-CoA and oxaloacetate














2) Aconitase


-catalyzes the reversible isomerization of citrate to isocitrate with 


   cis-aconitate as an intermediate


-contains a covalently bound iron-sulfur cluster which is required 


   for catalytic activity


-dehydration to from cis-aconitase and rehydration of cis-


   aconitate's double bond to form isocitrate





3) NAD+-Dependent Isocitrate Dehydrogenase


-catalyzes the oxidative decarboxylation of isocitrate to 


   a-ketoglutarate to produce the CAC's first CO2 and NADH


-requires a Mn or Mg cofactor 





4) a-Ketoglutarate Dehydrogenase


-catalyzes the oxidative decarboxylation of an -keto acid releasing 


   the CAC's 2nd CO2 and NADH


-involves MEC consisting of E1, E2, and E3


-succinyl group is transferred to CoA


-very similar (E3 is identical) to pyruvate dehdrogenase





5) Succinyl-CoA Synthetase


-hydrolyzes the high-energy compound succinyl-CoA with the 


   coupled synthesis of a high energy nucleoside triphosphate


-produces succinate





6) Succinate Dehydrogenase


-catalyzes the stereospcific dehydrogenation of succinate to 


   fumarate


-enzyme is strongly inhibited by malonate (competitive)


-SD contains an FAD, the reaction's electron acceptor to produce 


   FADH2


-SD is reoxidized by the electron-transport chain


-SD is the only membrane bound CAC enzyme





7) Fumarase


-catalyzes the hydration of fumarate's double bond to form L-


   malate





8) Malate Dehydrogenase


-catalyzes the final reaction of the CAC--the regeneration of 


   oxaloacetate


-oxidation of malate's hydroxyl group to a ketone is an NAD+-


   dependent reaction, producing NADH


-highly exergonic nature of the reaction is necessary in order for 


   citrate formation to be exergonic with the resultant initiation of 


   another turn of the cycle





Regulation of the Citric Acid Cycle





-Citrate synthase, Isocitrate dehydrogenase, and a-Ketoglutarate 


   dehydrogenase are the citric acid cycle's rate-controlling 


   enzymes; these are the enzymes that operate far from equilibrium 


   under normal physiological conditions


-since oxygen consumption, NADH reoxidation, and ATP 


   production are tightly coupled, the CAC must be regulated by


   feedback mechanisms that coordinate its NADH production 


-the most crucial regulators of the CAC are its substrates: acetyl-


   CoA and oxaloacetate, and its product: NADH Figure 16-14





Regulatory Mechanisms the CAC





1) Citrate is a competitive inhibitor of oxaloacetate for citrate synthase; the fall in [citrate] caused by increased isocitrate


dehydrogenase activity increased the rate of citrate formation





2) a-ketoglutarate dehydrogenase is also strongly inhibited by its products, NADH and succinyl-CoA; activity is increased when


[NADH] decreases


Succinyl-CoA also competes with acetyl-CoA in the citrate 


synthase reaction





4) ADP, ATP, and Ca2+ are allosteric regulators of CAC enzymes


   -ADP is an allosteric activator of isocitrate dehydrogenase  


   -Ca2+ activates the pyruvate dehydrogenase complex to produce  


       acetyl-CoA; activates both isocitrate dehydrogenase and


       a-ketoglutarate dehydrogenase


   -ATP inhibits isocitrate





The Amphibolic Nature of the Citric Acid Cycle





Amphibolic: A pathway that is both anabolic and catabolic





Pathways that utilize CAC intermediates Figure 16-15





1) Glucose biosynthesis (glucogenesis): occurs in the cytosol utilizes oxaloacetate; malate that has been transported across


the mitochondrial membrane is converted to oxaloacetate in the cytosol for glucogenesis





2) Lipid biosynthesis: is a cytosolic process that requires acetyl-CoA; cytosolic acetyl-CoA is generated by the breakdown


of citrate which can cross mitochondrial membrane





3) Amino Acid biosynthesis: utilizes a-ketoglutarate to synthesize glutamate catalyzed by glutamate dehydrogenase; oxaloacetate is also used to synthesize aspartate 





4). Porphyrin biosynthesis: utilizes succinyl-CoA as a starting material











Anaplerotic reactions





-reactions that replenish CAC intermediates  


-main reaction of this type is catalyzed by pyruvate carboxylase 


   which produces oxaloacetate


-oxidation of odd-chain fatty acids leads to the production of 


   succinyl-CoA


-breakdown of the amino acids isoleucine, methionine, and valine 


   leads to the production of succinyl-CoA


-transamination and deamination of amino acids leads to the 


   production of a-ketoglutarate and oxaloacetate; these reactions


   are reversible and serve to remove or replenish these CAC   


   intermediates depending on metabolic demand
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