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    The present book entitled “Enzymes Involved in Glycolysis, Fatty Acid and Amino Acid Biosynthesis: Active Site Mechanism and Inhibition” comprehends a thorough revision about the known reaction mechanism occurring between the enzymes related to the mentioned biosynthetic pathways with their substrates, cofactors and residues. Different disciplines provide a wealth of knowledge including crystallographic studies, kinetic studies, docking, genetic mutagenesis and biochemistry. The knowledge about the reaction mechanism is primordial to understand in a better way the normal functioning of the cell process, which is used as a starting point for preventing or to correct pathologies. Currently, the drug design relies strongly on the understanding of the interaction between the substrates or ligands with the amino acid residues and derived from these studies, a wealth of potent inhibitors have emerged for the treatment of several diseases such as cancer, tuberculosis, anti-parasitic, and also importantly metabolic syndrome alterations such as diabetes and obesity.




    The enzymatic reaction mechanism includes aldolase, isomerase, kinase, mutase, synthase, dehydrogenase, reductase, transferase, hydrolase, lyase etc., all of them widespread in all biochemical transformations.




    This book pretends to serve as a tool for professionals involved in pharmaceutical, health, food and other related disciplines, providing well known, and key insights of the reaction mechanism occurring at the molecular level between the biological catalyst and the chemical ligands and how the transformation occurs within the cell.
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      Abstract




      The biochemical process known as glycolysis is a fundamental pathway, which allow the glucose to be transformed into energy (ATP) and pyruvate. During this process the glucose is first phosphorylated at the 6th position, then converted to fructose by the phosphoglucose isomerase and phosphorylated to fructose 1,6-biphosphate. The next steps involve the bond cleavage by the enzyme fructose biphosphate aldolase to dihydroxyacetone phosphate and glyceraldehyde 3-phosphate, which can be converted from the keto to the aldehyde by the enzyme triose phosphate isomerase. A second phosphorylation of glyceraldehyde 3-phosphate takes place by the enzyme glyceraldehyde-3-phosphate dehydrogenase in the presence of NAD+ and Pi providing 1,3-bisphosphoglycerate. The next step was mediated by the enzyme phosphoglycerate kinase to produce ATP and 3-phosphoglycerate which undergoes phosphate migration producing 2-phosphoglycerate. Further dehydration mediated by the enzyme enolase produce phosphoenolpyruvate which is finally converted by the enzyme pyruvate kinase to pyruvate and the release of a second ATP molecule.
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    The biochemical process known as glycolysis is a fundamental pathway, which allows the glucose to be transformed into energy (ATP) and pyruvate. The glycolytic pathway occurs in either prokaryotic and eukaryotic cells, however in bacteria, the common pathway is known as the Entner-Doudoroff pathway (ED) while in eukaryotes, the glycolysis follows the Embden-Meyerhoff-Parnas (EMP) pathway (Fig. 1) [1].




    In cancer cells, the glycolytic pathway is affected significantly since tumor cells consume much higher amounts of glucose than normal cells, which is known as the Warburg effect [2]. The Embden-Meyerhof-Parnas pathway is the glycolytic pathway used by mammals, consisting of the initial phosphorylation of glucose at the 6th position, consuming the first ATP molecule to produce glucose-6- phosphate (G6P), being catalysed by the enzyme hexokinase (HK). Next, an isomerization process takes place under the catalysis of phosphoglucose isomerase (PGI) converting the pyranose into a furanose ring, resulting in the formation of fructose 6-phosphate (F6P). Then, a second phosphorylation reaction at position 1 occurs, requiring an ATP molecule, and catalysed by the enzyme ph-




    osphofructokinase (PFK), to provide fructose 1,6-diphosphate (F1,6DP) which is cleaved into dihydroxyacetone (DHAP) and glyceraldehyde 3-phospate (G3P) by the catalysis of fructose biphosphate aldolase (FBP).
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Fig. (1))


    The Embden-Meyerhof-Parnas and Entner-Doudoroff as the main glycolytic pathways in prokaryote and eukaryote cells.



    The next steps involve inter-conversion from DHAP to the G3P by the enzyme triose phosphate isomerase (TPI). Second phosphorylation of glyceraldehyde 3-phosphate proceeds by the enzyme glyceraldehyde-3-phosphate dehydrogenase (G3P) in the presence of NAD+ and Pi providing 1,3 diphosphoglycerate (1,3DPG). The next step is mediated by the enzyme phosphoglycerate kinase to produce the first ATP molecule and 3-phosphoglycerate which undergoes phosphate migration producing 2-phosphoglycerate. Further, dehydration mediated by the enzyme enolase produces phosphoenolpyruvate which is finally converted by the enzyme pyruvate kinase to pyruvate, leading to the generation of a second ATP molecule. It is important to notice that the overall energy yield is two ATPs, considering that one glucose consumes two ATPs to form fructose-1,6- diphosphate (F1,6DP), and then the cleavage of each F1,6DP produces two three-carbon molecules G3P and DHAP, each of them producing two ATP molecules (Fig. 2).
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Fig. (2))


    The Embden-Meyerhof-Parnas pathway showing the intermediates and the steps where ATP is consumed and produced.



    

      



      1. Enzymes and their Inhibitors Involved in the Glycolysis Pathway




      

        



        1.1. Hexokinase (HK)




        Hexokinase is a phosphorylating enzyme widespread in microorganisms, plants and vertebrates, being responsible for the first step during glycolysis and its deficiency in humans is associated with haemolytic anemia. Thus, hexokinase uses glucose as a substrate which is irreversibly phosphorylated at the 6th position to produce glucose 6-phosphate (GLc-6-P) and ADP. The phosphorylated glucose becomes an HK natural inhibitor, and if Glc-6-P is not rapidly consumed, the enzyme decreases its activity. Besides the need for ATP, the reaction requires magnesium ion (Fig. 3).
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Fig. (3))


        The hexokinase reaction catalysing the conversion of glucose and ATP into glucose-6-phosphate and ADP.



        A general mechanism for hexokinase phosphorylation reaction requires Mg2+, and proposes an initial capture of hydrogen at position 6th by aspartate residue generating an alcoxide which attacks the ATP terminal phosphate group producing an O-P cleavage bond, resulting in the formation of glucose-6-phosphate and ADP (Fig. 4) [3].




        Different hexokinases have been analysed by crystallographic studies, and their structure determined, such as human hexokinase (PDB: 1HKB), Bacillus subtilis (PDB: 1XC3), and Escherichia coli (PDB: 1RKD), and Sulfolobus tokodaii (PDB: 2E2Q) in a complex with xylose and ADP (Fig. 5). The ribbon structure shows a large α/β and a small α/β domain with the active site in a deep cleft at the central part shown by the spheres. At the catalytic site, it is possible to see the glucose as a stick model in chair conformation, aspartic acid D95 residue, the ATP molecule in orange and the Mg2+ ion as a green sphere [3, 4].
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Fig. (4))


        General mechanism of carbohydrate kinases involving aspartate residue, glucose and ATP in the presence of Mg2+ to produce glucose-6-phosphate and ADP.
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Fig. (5))


        Crystal structure of apo hexokinase from Sulfolobus tokodaii (PDB: 2E2Q), showing the large and small domains with the active site at the interphase and active site approach with the residues interacting with xylose, and ATP in the presence of Mg2+ ion.

      




      

        



        1.2. Hexokinase Inhibitors




        Lonidamine is an indazole-3-carboxilic acid (Fig. 6) and it works as a mitochondrial hexokinase inhibitor effective as anti-tumour drug affecting the bioenergetics of the cells by inhibiting glycolysis, reducing ATP levels and mitochondrial respiration [5].
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Fig. (6))


        Chemical structure of Lonidamine.



        2-Bromo pyruvate (Fig. 7) is an alkylating agent with an anti-glycolytic effect, due to its ability to inhibit mitochondrial hexokinase, inducing cell death in cultured tumour cells [6].
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Fig. (7))


        Chemical structure of 2-bromo pyruvate.



        2-Deoxyglucose (Fig. 8) is a deoxyglucose derivative which can be phosphorylated by hexokinase, inducing the accumulation of 2-deoxyglucose-phosphate within the cell, leading to inhibition of the enzyme. Studies on cancer cells have shown that 2-DG significantly suppresses proliferation, causing apoptosis and reducing migration of murine endothelial cells [7].
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Fig. (8))


        Chemical structure of 2-deoxyglucose.

      




      

        



        1.3. Phosphoglucose Isomerase (PGI)




        Phosphoglucose isomerase (Fig. 9) is a cytosolic enzyme that catalyses the second step of glycolysis, consisting of the reversible conversion of D-glucose-6-phosphate (G6P) into D-fructose-6-phosphate (F6P). Its deficiency leads to the Satoyoshi disease characterised by haemolytic anemia and muscle pain.
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Fig. (9))


        The phosphoglucose isomerase reaction that catalyses the conversion of glucose-6-phosphate to fructose-6-phosphate.



        The role of this enzyme is to promote the interconversion from pyranoside to furanoside rings, by series of steps involving ring-opening, isomerization and ring closure. In order to explain how the conversion takes place, a proposed mechanism considers ring opening assisted by lysine residue, followed by the formation of a cis-enediol intermediate, which isomerises to the ketone form at the C-1 position. Subsequent nucleophilic addition to the ketone at C-1 will result in the ribose ring formation according to Fig. (10) [8].
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Fig. (10))


        Proposed phosphoglucose isomerase reaction mechanism involving amino acid residues to convert D-glucose-6-phosphate (G6P) to D-fructose-6-phosphate (F6P).



        Different phosphoglucose isomerase (PGIs) structures have been reported, among them, pig (PDB: 1GZD), Trypanosoma brucei (PDB: 2O2C), and human (PDB: 1NUH), exhibiting high homology. The human PGI is a homodimeric structure composed by a large N-terminal domain, a second smaller domain, an extended C-terminal arm, with the active site located between the large and the small domains (Fig. 11). Inhibition studies comparing human (hPGI) and trypanosome brucei (tPGI) demonstrate that inhibitors suramin, agaricic acid and 5PAH inhibit more strongly the parasitic enzyme than human, and to clarify such inhibitory variability, a superimposed analysis on the active site was performed showing the residues and conformations with high overlapping (parasite in black and human in white) although the residues 258-264 and 299-313 in tPGI are in closed conformation [8-10].
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Fig. (11))


        a) Crystal structure of human phosphoglucose isomerase as a homodimer with a large, small side arm domains and the active site (PDB: 1NUH) b) Superimposed active sites of Trypanosoma brucei and human phosphoglucose isomerase.

      




      

        



        1.4. Phosphoglucose isomerase Inhibitors




        Structurally diverse compounds have shown to be potent inhibitors such as suramin Ki = 0.29 mM, agaricic acid IC50 value of 10 µM, 5-phosphoarabinonohydroxamic acid (5PAH) Ki = 0.05 µM, cis-enediol 6-phosphoarabinate with Ki = 0.20 µM, D-arabinonohydroxamic acid 5-phosphate with Ki = 0.50 nM, and D-arabinonate 5-phosphate with Ki = 0.23 µM (Fig. 12). Despite their effectiveness in protozoan infections, some side effects and toxicity may appear since they can also inhibit other enzymes such as phosphoglycerate kinase, tyrosine phosphatase and glucose 6-phosphate dehydrogenase [10, 11].
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Fig. (12))


        Chemical structure of phosphoglucose isomerase inhibitors suramin, agaricic acid and phosphoarabinate analogues.

      




      

        



        1.5. Phosphofructokinase (PFK)




        Phosphofructokinase is an allosteric enzyme considered the main regulator of glycolysis and catalyses the formation of fructose 1,6-bisphosphate from fructose 6-phosphate (Fig. 13). It is controlled by ATP and ADP or AMP in a way that high ATP concentration reduces the enzyme activity, and low ADP or AMP increases. Its deficiency is associated with muscle disorders such as the Tarui disease characterised by fatigue, exercise intolerance and muscle cramps.
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Fig. (13))


        The phosphofructokinase reaction.



        A basic mechanism considers a proton transfer from F-6P to aspartate residue (Asp256) and the alkoxide formed at position 1 attacking the ATPs terminal phosphate group stabilized by Mg2+, to yield fructose 1,6 diphosphate and ADP (Fig. 14) [12].
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Fig. (14))


        Proposed reaction mechanism for the conversion of fructose-6-phosphate to fructose-1,6- diphosphate.



        The preliminary crystallographic analysis of human muscle phosphofructokinase has been described showing a tetrameric enzyme dissociated into a dimer [13]. The packing and quaternary structure of one monomer were compared with rabbit muscle PFK (PDB 3O8N) obtaining more than 90% sequence identity. Superimposed active site regions of Saccharomyces cereviciae (ScPFK) and Escherichia coli (EcPFK) showing the key residues participating in the binding with Fru6-P and the cofactor (Fig. 15) [14].
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Fig. (15))


        Crystal structure of human muscle phosphofructokinase (PDB: 4OMT) and superimposed active site regions of Saccharomyces cereviciae and Escherichia coli showing the residues interacting with fructose 6-phosphate.

      




      

        



        1.6. Phosphofructokinase (PFK) Inhibitors




        A sulfonamide isoxazole and thiadiazole analogues (Fig. 16) were described as potent inhibitors, displaying IC50 values of 370 nM, although some toxicity against cultured T. brucei ED50 = 16.3 μM and Ki of 52 nM were encountered [15].
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Fig. (16))


        Chemical structure of sulfonamide isoxazole and thiadiazole analogues as phosphofructokinase inhibitors.

      




      

        



        1.7. Fructose Biphosphate Aldolase (FBP Aldolase)




        Human aldolase FBP exist in three isoforms aldolase A, B and C present in muscle and blood cells, liver and brain respectively. It is responsible for the cleavage reaction of fructose 1,6-biphosphate to yield D-glyceraldehyde 3-phosphate, and dihydroxyacetone phosphate (Fig. 17). Its deficiency has been correlated to hereditary fructose intolerance which can trigger haemolytic anemia and myopathy.
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Fig. (17))


        The fructose biphosphate aldolase reaction leading to the formation of dihydroxyacetone phosphate and D-glyceraldehyde 3-phosphate.



        The proposed mechanism (Fig. 18) involves the furanose ring opening at the anomeric position to furnish a ketone which suffers a nucleophilic attack from a lysine residue producing and amino acid imine. Next a retro Claisen type reaction lead to the diol cleavage giving D-glyceraldehyde 3-phosphate and the enamine which tautomerize to the iminiun salt providing after hydrolysis dihydroxyacetone phosphate [16].
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Fig. (18))


        Proposed reaction mechanism catalysed by fructose biphosphate aldolase leading to ring opening, imine formation and retro Claise aldol reaction to yield dihydroxyacetone phosphate and D-glyceraldehyde 3-phosphate.



        Mammalian FBP aldolase from muscle tissue has higher substrate specificity for fructose 1,6-bisphosphate over fructose 1-phosphate. Human muscle aldolase bisphosphate complexed with fructose 1,6-bisphosphate was determined by crystallographic studies, and the residues localized at the catalytic site assigned. The residues involved in the interactions with the substrate are Glu187 in the proximity with C-3, Lys146 establishing contacts with C-3 and C-4, Glu189, Lys146 and Arg148 close to the cleavage point of the substrate and Lys229 was determined to be responsible for the Schiff´s formation with the ketone group (Fig. 19) [17].
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Fig. (19))


        Crystal structure of mammalian FBP aldolase from muscle tissue (PDB: 4ALD) and residue interacting with fructose 1,6-bisphosphate.

      




      

        



        1.8. Fructose Biphosphate Aldolase Inhibitors




        Hydroxynaphthaldehyde phosphate (Fig. 20) has been evaluated as selective inhibitor against the glycolytic fructose 1,6-bisphosphate aldolase from Trypanosoma brucei, observing Ki values of 23.03 ± 2.31 µM [18].
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Fig. (20))


        Chemical structure of hydroxynaphthaldehyde phosphate.



        A potent FBP aldolase class II inhibitor is the DHAP analogue phosphoglycolic hydroxamic acid (Fig. 21) with Ki of 10 nM in yeast and much less active in FBP aldolase class I (mammalian aldolase) with Ki of 1 µM [19].
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Fig. (21))


        Chemical structure of phosphoglycolic hydroxamic acid.

      




      

        



        1.9. Triosephosphate Isomerase (TIM)




        This enzyme is considered the most active in glycolysis and catalyses an isomerization process, converting dihydroxyacetone phosphate into glyceraldehyde 3-phosphate (Fig. 22). Its malfunction produce accumulation of dihydroxyacetone phosphate mainly in red blood cells resulting in serious damage including haemolytic anemia and neurologic dysfunction.
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Fig. (22))


        The triosephosphate isomerase reaction converting dihydroxyacetone phosphate into glyceraldehyde 3-phsphate.



        The reaction mechanism involves an initial attack of glutamate residue to the α- carbonyl position to produce an enediol intermediate, which further interacts with a histidine residue following a hydrogen transfer step to produce glyceraldehyde 3-phosphate (Fig. 23).
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Fig. (23))


        Proposed reaction mechanism for the conversion of dihydroxyacetone phosphate into glyceraldehyde-3-phosphate.



        Crystallographic studies of triosephosphate isomerase from different species have been described, among them Giardia lamblia in an effort to find novel therapeutic agents against giardiasis. The ribbon structure shows a homodimer with each monomer formed by eight β-strands and eight α-helices. Directed mutagenesis on cysteine222 residue has been directed to understand the stability and structure of TIM enzyme, leading to the conclusion that Cys222 residue is required for activity. On the other hand the active site region has been identified showing the residues in the proximity of 2-phosphoglycolate as ligand are Glu98, His96, Glu174, Ile175, Ser170, Gly214, Val236, Leu235 and Lys13 (Fig. 24) [20].
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Fig. (24))


        Crystal structure of triosephosphate isomerase from Giardia lamblia and active site region of interacting residues with the ligand (PBD: 4B15).

      




      

        



        1.10. Triosephosphate Isomerase (TPI) Inhibitors




        A recent study on glycolysis describes the natural pyruvate kinase (PK) substrate phosphoenolpyruvate (Fig. 25) as an important TPI inhibitor, which can alter oxidative stress in cancer cells and actively respiring cells. Crystal studies reveals that PEP competitively inhibits the interconversion of glyceraldehyde-3- phosphate and dihydroxyacetone phosphate [21].
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Fig. (25))


        Chemical structure of phosphoenolpyruvate.

      




      

        



        1.11. Glyceraldehyde Phosphate Dehydrogenase (GAPDH)




        This enzyme is involved in the 6th step of glycolysis consisting in the oxidative phosphorylation of D-glyceraldehyde 3-phosphate (D-G3P) to give 1,3-diphosphoglycerate (1,3-DPG), requiring NAD(P)+ or NAD+ as cofactor and phosphate (Fig. 26).
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Fig. (26))


        The glyceraldehyde phosphate dehydrogenase reaction converting D-glyceraldehyde 3-phosphate to 1,3-diphosphoglycerate.



        The mechanism involves a two-step sequence, the first implying the binding of D-G3P with the binary complex GAPDH.NAD, through the thiol group to form a thiohemiacetal and after hydride transfer assisted by NAD+ to give a thioester. The second step consisting in the nucleophilic attack of the phosphate group to the thioacylenzyme intermediate to yield after enzyme displacement the substrate 1,3-dPG (Fig. 27) [22].




        Chloroplast GAPDH has been solved as hetero tetramer A2B2, with B subunits having a small C-terminal extension, and 80% identical in sequence to A subunits. The active site amplification allows identifying in detail the residues located around NADP in green, sulphate ions as gold spheres, and a disulfide bond between Cys349 and Cys358 in yellow. A schematic illustration shows the interactions between the residues of GAPDH with NADP+ and sulphate ion (Fig. 28) [23].


      




      

        



        1.12. Glyceraldehyde Phosphate Dehydrogenase (GAPDH) Inhibitors




        The preparation of the ψGAPDH peptide (Fig. 29) with sequence Leu-Gly-Glu Val-Ile-Gly that selectively inhibits the phosphorylation of GAPDH has been described, observing after inhibition assays the reduction of GAPDH activity in vitro [24].
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Fig. (27))


        Proposed reaction mechanism of D-glyceraldehyde 3-phosphate (D-G3P) phosphorylation.



        Pentalenolactone and koningic acid (Fig. 30) are known antibiotics having potent inhibition of the glycolytic enzyme glyceraldehyde-3-phosphate dehydrogenase, and therefore were used as synthons for preparing glyceraldehyde-3-phosphate analogues mimicking some of the functionalities present in the natural products [25].




        2-Phenoxy naphthoquinone (Fig. 31) has been described as a potent GAPDH inhibitor and cytotoxic compound, displaying its inhibitory activity against Trypanosoma brucei with EC50 values of 80nM [26].
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Fig. (28))


        A) Crystal structure of chloroplast glyceraldehyde phosphate dehydrogenase as hetero tetramer A2B2 (PDB: 2PKR). B) Model diagram of active site region with cofactor NADP. C) Interaction diagram between the ligands and cofactor NADP.
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Fig. (29))


        Chemical structure of the ψGAPDH peptide.
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Fig. (30))


        Chemical structure of entalenolactone and koningic acid.
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Fig. (31))


        Chemical structure of 2-phenoxy naphthoquinone.



        A combination of antimycin A and sodium iodoacetate (Fig. 32) has been used to suppress ATP synthesis through irreversible inhibition of glyceraldehyde phosphate dehydrogenase [27].
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Fig. (32))


        Chemical structure of antimycin A and sodium iodoacetate.

      




      

        



        1.13. Phosphoglycerate Kinase (PGK)




        The PGK enzyme is a transferase responsible for the conversion of 1,3-diphosphoglycerate to 3-phosphoglycerate generating the first ATP molecule produced during the glycolytic pathway (Fig. 33).
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Fig. (33))


        The phosphoglycerate kinase reaction that converts 1,3-diphosphoglycerate to 3-phosphoglycerate.



        This enzyme exists in two isoforms PGK1 and PGK2 (Fig. 34), which are identical in about 97% in sequence and the active sites are essentially identical [28]. Human PGK is also responsible for the final phosphorylation of the non-natural nucleosides to the triphosphate homologues and the sequence identified under this study are Leu256, Lys215, Asp218, Lys219, Ala214, Gly238, Phe291, Leu313, Gly312, Val341, Glu343, Pro338 [29].
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Fig. (34))


        Crystal structure of phosphoglycerate kinase (PDB: 3C39).

      




      

        



        1.14. Phosphoglycerate Kinase Inhibitors




        Moderate inhibition of this enzyme can cause large changes in the glycolytic supply in parasites such as Trypanosoma brucei, Trypanosoma cruzi, and Leishmania spp without affecting host red blood cells.




        Aromatic and aliphatic fluorobisphosphonates (Fig. 35) were subjected to structure-activity relationship studies including comparative molecular field analysis (CoMFA) and docking analysis presenting as result different degrees of human PGK enzyme inhibition [30].




        
[image: ]


Fig. (35))


        Chemical structure of aromatic and aliphatic fluorobisphosphonates.

      




      

        



        1.15. Bisphosphoglycerate Mutase (BPGM)




        This is an enzyme present in erythrocytes and placental cells and catalyses the transformation of 1,3-bisphosphoglycerate to 2,3-bisphosphoglycerate (Fig. 36), which acts as allosteric effector of haemoglobin shifting the equilibrium between the oxy and deoxy conformations of haemoglobins favouring the unligated form [31].
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Fig. (36))


        The bisphosphoglycerate mutase reaction.

      




      

        



        1.16. Phosphoglycerate Mutase (PGM)




        These enzyme catalyses the internal transfer of a phosphate group from C-3 to C-2 to convert 3-phosphoglycerate to 2-phosphoglycerate (Fig. 37). There are broadly two classes of PGMs: cofactor dependent (dPGM) and cofactor independent (iPGM), and there have been reports addressing that in tumor cells the activity of dPGM is higher, suggesting tumor progression. Also its deficiency reduce muscle activity and causes premature fatigue and contractures, and is consider a metabolic myopathie aside of myophosphorylase, muscle phosphofructokinase and lactate dehydrogenase deficiencies [32].
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Fig. (37))


        The phosphoglycerate mutase reaction.



        In human B type phosphoglycerate mutase (Fig. 38) the residues found at the active site are Arg116, Arg117, Arg110, Cys23, His188, Asn17, Gly189, Glu89, Asn190, and Tyr92, interacting with 2,3-bisphosphoglycerate [33].
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Fig. (38))


        Crystal structure of human B type phosphoglycerate mutase (PDB: 1YFK) and interacting diagram with 2,3-bisphosphoglycerate.

      




      

        



        1.17. Phosphoglycerate Mutase Inhibitors




        Phosphoglycerate mutase has been identified as a potential anticancer and anti-parasitic target. Some candidates resulting as effective inhibitors are represented in Fig. (39), displaying the following IC50 values: MJE3 (IC50 = 33 µM), PGMI-004A (IC50 =13.1 µM), and EGCG (IC50 = 0.49 µM) [34]. This enzyme appear to be a good drug target, because the parasite cofactor-independent enzyme (iPGAM) and the human cofactor-dependent enzyme are not homologous and thus share no common features [35]. (-)-Epigallocatechin-3-gallate (EGCG), the major natural catechins of green tea extract, has been identified as potent PGAM1 inhibitor [36].
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