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02b Basic equations two substrates

reaction that uses one substrate and generates three products is called a. â€œuni-terâ€� .... But there are simple graphical ways to distinguish between these reaction. 

















 Télécharger le PDF 






 1MB taille
 88 téléchargements
 577 vues






 commentaire





 Report
























Enzyme Kinetics Continued – 2 substrates Bisubstrate Enzymes • Most enzymatic reactions involve two substrates where many of these are either transferase reactions or oxidation/reduction reactions. A+B



P+Q



• Terminology (W.W. Cleland): – Substrates are designated A, B, C, and D in the order they bind to the enzyme. – Products are designated P, Q, R, and S in the order they leave the enzyme. – Stable enzyme forms are designated E, F, G with E being the free enzyme.



• The number of reactants and products in the reaction are specified by the terms Uni (one), Bi (two), Ter (three) and Quad (four). For example, a reaction that uses one substrate and generates three products is called a “uni-ter” reaction.



Enzyme Kinetics Continued – 2 substrates Bi Bi reactions



• These reactions fall into two groups, Sequential and Ping Pong • These names indicate whether the reactants must bind to the enzyme at the same time for the reaction to occur (Sequential) or if a product must leave before the second reactant can bind (Ping Pong) • Sequential reactions: In these reactions, both reactants must be on the enzyme for the reaction to occur. If this is a group transfer, the implication is that the group is transferred directly between the two reactants. These reactions are subclassified as “ordered” or “random” based on the binding of the substrates to the enzyme.



Sequential Ordered Bi Bi



line diagram



•



•



In Cleland notation, the enzyme is represented by a horizontal line. Addition of substrate and release of product is represented by a vertical line. Enzyme intermediate species are indicated below the horizontal line and the rate constant for each step is indicated. In sequential ordered Bi Bi reactions, the substrates A and B are termed “leading” and “following”, respectively. This type of reaction is seen in many dehydrogenases where NAD+ or NADP+ binds first followed by the binding of the second substrate. The sequential binding is a consequence of the orientation of the substrates in the active site.



Kinetic Mechanisms forward V1 ; reverse V2 Michaelis complexes Ka, Kb inhibition constants(thermodynamic) Kia, Kib Sequential mechanism: All substrates bind before chemical events. 1. Order: Enzyme binds in different order with substrates. If the mechanism is ordered, the substrates will add to the enzyme as A first, B second, etc., and the first product to dissociate from the enzyme will be P, followed by Q etc. Order sequential mechanism: NAD+-dependent dehydrogenases k9 k1A k3B k5 k7 EQ E EAB EPQ E E⋅A k10P k2 k4 k6 k8P



Order sequential mechanism: A



B



P



Q



E EA (EAB EAP) EQ E *It may be impossible for B to bind until after A binds and promotes a conformational change in the enzyme that exposes the B binding site. (b). Theorell-Chance mechanism:steady state concentration of central complexs are low. A



E



B



EA



P



EA



example: liver alcohol dehydrogenase.



Q



E



Sequential Ordered Bi Bi



Alcohol dehydrogenase:



The ethanol analog lies on top of the NAD+ and towards the solvent-side of the active site binding pocket. It could not bind first. Binding is also accompanied with a conformational change that closes the active site.



Sequential Ordered Bi Bi Réaction catalysée par la lactate deshydrogénase



Le lactate se fixe au Complexe LDH-NAD Forte affinité pour le NAD Faible affinité pour le lactate



Sequential Ordered Bi Bi



Sequential Ordered Bi Bi



1978



1ig8 for the open form, and entry 1bdg (which is a similar form from a blood fluke) for the glucose-bound form.



Sequential Random Bi Bi



Random Bi Bi



•



The order of binding is not important, indicating that the binding sites for each substrate and product are fundamentally independent of each other.



Sequential random Bi Bi



Sequential random Bi Bi



E + produits



[E]T= [E] + [EA] + [EB] + [EAB]



INITIAL RATE: v = k[EAB]



Kia = [E][A]/[EA] Kib = [E][B]/[EB] Kb = [EA][B]/[EAB] KiaKb = KaKib !!!!!!!! VM = k[E]T



Conc A, B >> conc E:



[A]T= [A]; [B]T= [B]



The thermodynamic cycles



The thermodynamic cycles L. Thermodynamic cycles Thermodynamic functions such as Gibbs free energy G, enthalpy H, and entropy S, are functions of state. This means that they depend only on the state of the system being considered and not on how that system came into being. Changes in functions of state (e.g., ∆G, ∆H and ∆S) between two states depend only on the initial and final states and not on the route between them. It is allowed, there-fore, to set up notional schemes that contain hypothetical intermediates or ignore real ones when analyzing functions of state. A corollary of this is that one cannot determine the order of events in a kinetic scheme from measurements at equilibrium. Thermodynamic cycles provide some of the most useful manipulations in analyzing thermodynamics. These are easily understood from a series of examples.



Sequential random Bi Bi E



Kia



Voie 1 EA E + produits



Kib



Kb



EB Voie 2



EAB Ka



Kia = [E][A]/[EA]



Kia*Kb = [E][A]/[EA]* [EA][B]/[EAB] = [A][B]/[EAB]



Kib = [E][B]/[EB]



Kib*Ka = [E][B]/[EB]* [EB][A]/[EAB] = [B][A]/[EAB]



Kb = [EA][B]/[EAB] Ka = [EB][A]/[EAB]



∆G = - RT ln K ∆Gia + ∆Gb = ∆Gib + ∆Ga COUPLAGE THERMODYNAMIQUE



Sequential Bi Bi



Lineweaver-Burk Plots for Sequential Bi Bi



• The intercept for the plots occur on the left of the 1/ν0 axis. This is diagnostic of sequential Bi Bi reactions.



Ping-Pong Bi Bi



Ping-Pong mechanisms (Double Displacement)



In the second major class of bisubstrate reactions one of the products is released before the second can bind. A stable enzyme intermediate occurs in these reactions that reacts with the second substrate. Often the enzyme is transiently covalently modified in order to transfer a functional group from one substrate to the other. Note: the substrates are not in contact with each other on the enzyme. This type of mechanism is seen in serine proteases and is common in aminotransferases and some flavoenzymes. Uridylyltransferase in the Leloir pathway will be discussed in a later lecture. They provide interesting structural examples of how different substrates share the same active site.



Ping-Pong Bi Bi



Rate Equations For Bisubstrate Enzymes •



Rate equations can be developed for each of the preceding kinetic schemes and lead to very complicated expressions (no need to remember or derive).



•



It is possible to distinguish Ping Pong from Sequential reaction types based on their distinct kinetic behavior.



•



Example of a rate equation for a bisubstrate reaction: Ping Pong Bi Bi



A B KM KM 1 = + + ν 0 Vmax [A] Vmax [B] Vmax



1



But there are simple graphical ways to distinguish between these reaction schemes.



Ping-Pong Bi Bi



Lineweaver-Burk Plots for Ping Pong Bi Bi



• •



•



Parallel lines are characteristic of Ping Pong mechanisms. The kinetic meanings of KAM and KAB are similar to those of single substrate reactions. Vmax is the maximal rate for saturating concentration of A and B. KAM is the concentration of A necessary to achieve Vmax/2. The kinetics do not prove a mechanism A B 1 KM KM 1 = + + ν 0 Vmax [A] Vmax [B] Vmax



Distinguishing between kinetic mechanisms



• It is possible to distinguish between kinetic schemes using product inhibition studies: • In the case of ordered vs random, the final product (Q) will be competitive for A in ordered, but mixed with B. • Conversely in the scheme for random sequential, the products Q and P will be competitive with both substrates.



Distinguishing between kinetic mechanisms



Ping-pong mechanism: one intermediate Sequential mechanism: no intermediate



Detection of Intermediates in Enzymatic Reactions



What is a proof? The intermediate is isolated and characterized The intermediate is formed sufficiently rapidly to be on the reaction pathway The intermediate reacts sufficiently rapidly to be on the reaction pathway



The nucleoside diphosphate kinase: a Ping-Pong mechanism Mg2+



ATP + GDP



ADP + GTP



The nucleoside diphosphate kinase: a Ping-Pong mechanism



The nucleoside diphosphate kinase: a Ping-Pong mechanism



P



Crystal structure of the active site δN-phosphohistidine (Drosophila NDP kinase). Moréra et al, Biochemistry 34, 11062 (1995).



La nucléoside diphosphate kinase: identification de l’intermédiaire



The nucleoside diphosphate kinase: a Ping-Pong mechanism



The nucleoside diphosphate kinase: a Ping-Pong mechanism



Phosphoamino acid analysis of phosphorylated rNm23-H1 and STK. Porcine STK was phosphorylated with 32P-rNm23-H1, and both proteins were separated by SDS-PAGE, transferred to a PVDF membrane, and subjected to alkaline hydrolysis. The alkaline hydrolysates were analyzed by thin layer chromatography and autoradiography. The positions of phosphoamino acid standards are indicated.



The nucleoside diphosphate kinase: a Ping-Pong mechanism



The nucleoside diphosphate kinase: a Ping-Pong mechanism



A phosphohistidine intermediate in Phospholipase D mechanism Catalytic mechanism of the phospholipase D superfamily proceeds via a covalent phosphohistidine intermediate Elizabeth B. Gottlin,*† Amy E. Rudolph,*† Yi Zhao,* Harry R. Matthews,‡ and Jack E. Dixon*§ Proc Natl Acad Sci U S A. 1998 August 4; 95(16): 9202–9207. *Department of Biological Chemistry, University of Michigan Medical School, Ann Arbor, MI 48109; and ‡Department of Biological Chemistry, University of



California School of Medicine, Davis, CA 95616



A phosphohistidine intermediate in Phospholipase D mechanism



Phosphoamino acid analysis. Chromatography of 32P-labeled amino acids after alkaline hydrolysis of 32P-labeled endonuclease. The position of inorganic phosphate (Pi), phosphoarginine, phospholysine, phosphothreonine, phosphohistidine, and phosphotyrosine are noted on the chromatogram. Phosphoserine elutes 30 sec after phosphothreonine. Fluorescence is plotted on the right axis and is represented by a continuous line. Radioactivity is plotted on the left axis and is represented by the data points.



A phosphohistidine intermediate in Phospholipase D mechanism Confirmation du site de phosphorylation par mutagenèse dirigée



Formation and analysis of a covalent phosphoenzyme intermediate. (A) Wild-type, K96S, H94N, H140N, or S109A Nuc (50 µM) was mixed with 1 mM [32P]phosphate at pH 4.5 and incubated for the indicated times at room temperature, where upon the reactions were quenched and subjected to SDS/PAGE and autoradiography. (B) Nuc was phosphorylated for 1 min with [32P]phosphate, followed by the addition of 100 mM unlabeled potassium phosphate. The reaction was quenched at the indicated time points, and samples were subjected to SDS/PAGE and autoradiography.



A phosphohistidine intermediate in Phospholipase D mechanism A) Chemical properties of the phosphoenzyme intermediate. 32P-labeled, phosphorylated Nuc was transferred to Immobilon P. Filter strips were counted, then incubated in: (i) 1 M HCl; (ii) 1 M NaOH; (iii) 1 M hydroxylamine in 200 mM Tris Cl, pH 7.4; and (iv)1 M Tris Cl, pH 7.4, for 45 min at 37°C. Radioactivity remaining on each filter strip was visualized by autoradiography and quantitated by counting. (B) Filter strips were incubated in 50 mM sodium citrate, pH 2.5, or in solutions of 25 mM Tris, 25 mM Bis·Tris, and 50 mM acetic acid at pH values ranging from 3.5 to 8.8, for 30 min at 80°C. The amount of radioactivity on each filter strip before and after incubation was quantitated by scintillation spectrometry.



Hydroxylamine NH2-OH Proc Natl Acad Sci U S A. 1998 August 4; 95(16): 9202– 9207.



The transaminase reaction (Ping Pong) Autres exemples de réactions ping-pong Les protéases à sérine (seront discutées plus tard en détail) Les transaminases



Alanine aminotransférase



Aspartate aminotransférase



Transaminases: Mécanisme Ping-Pong



Modifications post-traductionnelles des protéines



P



Crystal structure of the active site δN-phosphohistidine (Drosophila NDP kinase). Moréra et al, Biochemistry 34, 11062 (1995).
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