
Successful application of the quasi-equilibrium

assumption for steady-state schemes of enzymatic reac-

tions crucially depends on a proper choice of the equilib-

rium segment. The Cha method [1] of calculation of

schemes of enzymatic reactions under the conditions of

the quasi-equilibrium assumption is not proved in a gen-

eral case, general criteria for existence of equilibrium seg-

ments are absent, and this raises discussions on the sub-

ject and doubts of correctness of the Cha method and in

applicability of the quasi-equilibrium assumption at all

[2-6]. Incorrect application of this assumption is shown

to cause serious errors [7, 8].

If intermediates XA and XB are considered as the

equilibrium segment in an arbitrary enzymatic reaction

mechanism (1), the quasi-equilibrium assumption of

mechanism (1) corresponds to the quasi-equilibrium

mechanism (2); intermediate Y designates intermediates

XA and XB taken at a ratio corresponding to a state of true

equilibrium between them.

(1)

(2)
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Abstract—The possible application of the quasi-equilibrium assumption for an arbitrary mechanism of enzymatic reaction

is considered. It is shown at what ratios of kinetic constants a segment consisting of two, three, and four intermediates may

be considered as an equilibrium one. Expressions for evaluation of accuracy of distribution of intermediate concentrations

inside the equilibrium segment and accuracy of determination of intermediate concentrations inside and outside the equi-

librium segment as a function of the ratio of kinetic constants are derived. A method for determination of the limitations on

the ratio of rate constants for an equilibrium segment of arbitrary structure is suggested.
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In accord with the Cha method [1], each rate con-

stant for reaction Y →XAi in mechanism (2) is equal to

and each rate constant for reaction Y→XBj in mechanism

(2) is equal to

All other rate constants in mechanism (2) are equal to the

corresponding rate constants in mechanism (1).

In this work it is shown that accuracy of the quasi-

equilibrium assumption depends on the ratio of rate con-

stants of reactions outside the equilibrium segment and

rate constants inside this segment: the lesser this ratio the

higher is the accuracy of the quasi-equilibrium assump-

tion. For mechanism (1), under condition

(3)

the ratios of values in the steady-state assumption (upper

index ss), quasi-equilibrium assumption (upper index qe),

and in the equilibrium state (upper index eq) are as fol-

lows:

(4)

,                                    (5)

where Xm is an arbitrary intermediate.

In a case when three intermediates of mechanism

(1), XA, XB, and XC, are considered as an equilibrium seg-

ment, conditions for the quasi-equilibrium assumption

and its accuracy look as follows:

(6)

.                  (7)

Analogous ratios were obtained for equilibrium seg-

ments consisting of four intermediates (open and closed

segments) and the algorithm for evaluation of accuracy of

the quasi-equilibrium assumption in a case of arbitrary

equilibrium segment (see Supporting information for the

paper on the site of Biochemistry (Moscow) (http://protein.

bio.msu.ru/biokhimiya)). Exact proofs for the above men-

tioned statements are also given there.
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