Feedback in Enzyme Kinetics


(Allosteric Enzymes)





Michaelis-Menten kinetics


The basic enzyme kinetics analysis of Michaelis and Menten (and of Briggs and Haldane) assumes a single enzyme unit E that binds reversibly with a substrate S forming a complex ES which can then dissociate into products P + free enzyme:


(1)		�EMBED Equation.3���


A steady-state analysis on the complex, combined with the conservation condition [E] + [ES] = [E]0 where [E]0 is the total enzyme concentration, yields to following expression for the reaction rate in terms of the substrate concentration:


(2)		�EMBED Equation.3���


with Vmax = k2[E]0 and �EMBED Equation.3��� being the Michaelis constant.





A plot of V as a function of [S] yields a hyperbolic curve, with V increasing approximately linearly as [S] increases from zero, but tending to a flat maximum, limiting value (corresponding to Vmax) as [S] ( (.








Allosteric enzymes


Enzymes typically have more than one active site. For many enzymes, the binding of one ligand at a given site may lead to a significant conformational change in shape or folding of the enzyme as a whole, so that the catalytic activity of other sites is changed. If the activity of other sites is increased, then the effect is one of allosteric activation; if the activity of other sites is reduced due to binding at the first, the effect is that of allosteric inhibition. Note that activator or inhibitor need not be the same chemical species as the substrate. The ligand that binds in this way is frequently termed an effector or modifier and the sites to which it binds known as regulatory sites. A related phenomenon is that of cooperativity in which substrate and modifier are generally the same species, and the enzyme can bind several substrate molecules at any given time, with the binding coefficients k1 and k(1 for subsequent binding dependent on the number of substrates bound.


For a simple two-site model, the reaction scheme can be represented as:


(3a)		�EMBED Equation.3���


(3b)		�EMBED Equation.3���


where ES1 and ES2 represent complexes with one and two substrates bound respectively. 


A similar steady-state analysis using the conservation condition on the total enzyme concentration can be performed. If we assume that k1 << k3, i.e. that the binding of the first substrate to the naked enzyme is slow but the cooperative effect is strong so that binding of the second substrate to the modified enzyme is fast, then we obtain


(4)		�EMBED Equation.3���


where Vmax = k4[E]0 and �EMBED Equation.3��� with K1 and K2 being the Michaelis constants for the first and second steps respectively. This can be generalised for an n-site model to give


(5)		�EMBED Equation.3���


under similar assumptions. In practice, n is treated as an empirical parameter (the Hill parameter) and is frequently taken to be non-integer.


Negative cooperativity occurs if binding of the first molecule decreases the binding coefficient k3 for the second (and so on). The dependence of the reaction rate on the substrate concentration for these two cases is compared with the standard Michaelis-Menten form below. For the positive cooperative effect, eqn (5), the curve has a sigmoidal shape. For negative cooperativity, the curve has a similar shape to the Michaelis-Menten form and is mainly just shifted to a lower maximum limit.





An example of an important reaction which exhibits cooperativity is the adsorption of O2 by haemoglobin (Hb): an Hb molecule has 4 binding sites for O2. The Michaelis constant K1 for binding the first O2 molecule is relatively high, indicating that the binding coefficient k1 is small, but the values of K2, K3 and K4 for the second, third and fourth bindings decrease, with K4 being notably smaller than the others, indicating an increasing binding strength as the Hb “fills up”.


