ISSN 0006-2979, Biochemistry (Moscow), 2011, Vol. 76, No. 4, pp. 491-492. © Pleiades Publishing, Ltd., 2011.
Original Russian Text © P. V. Vizheshch, 2011, published in Biokhimiya, 2011, Vol. 76, No. 4, pp. 603-605.
Originally published in Biochemistry (Moscow) On-Line Papers in Press, as Manuscript BM10-286, March 13, 2011.

Quasi- Equilibrium Assumption for Arbitrary Mechanism
of Enzymatic Reaction. Criteria for Existence
of Equilibrium Segments*

P. V. Vrzheshch!?

Department of Bioengineering and Bioinformatics, Lomonosov Moscow State University,
119992 Moscow, Russia; fax: (495) 939-4218; E-mail: peter@genebee.msu.ru
2International Biotechnological Center, Lomonosov Moscow State University, 119992 Moscow, Russia; fax: (495) 939-5022

Received September 26, 2010
Revision received December §, 2010

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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Successful application of the quasi-equilibrium e e
assumption for steady-state schemes of enzymatic reac- ~N N
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- ... X, X, X, X, (1)
eral case, general criteria for existence of equilibrium seg- N N 1 N

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

ject and doubts of correctness of the Cha method andin =" T X Ky ==

applicability of the quasi-equilibrium assumption at all N ™

[2-6]. Incorrect application of this assumption is shown
to cause serious errors [7, 8].
If intermediates X, and X are considered as the

equilibrium segment in an arbitrary enzymatic reaction ™ ™

mechanism (1), the quasi-equilibrium assumption of ... X e Xp—=—...

mechanism (1) corresponds to the quasi-equilibrium N N N 1

mechanism (2); intermediate Y designates intermediates

X, and X taken at a ratio corresponding to a state of true - Xp— ¥ —XpT— (2)
equilibrium between them. N N N N
T =X e Xy

* Supporting information for this paper will be published on the 2 M

site of Biochemistry (Moscow) (http://protein.bio.msu.ru/
biokhimiya); section Papers in Press. ...
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In accord with the Cha method [1], each rate con-
stant for reaction ¥ —X; in mechanism (2) is equal to

kB,A
A,Ai s
kA,B + kB,A

and each rate constant for reaction Y—Xj; in mechanism
(2) is equal to

k kA,B
el Y S
A,B B,A

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

2K
Ai

3 <ég
3)
ZkBJ?J'
kB,A

the ratios of values in the steady-state assumption (upper
index ss), quasi-equilibrium assumption (upper index ge),
and in the equilibrium state (upper index eq) are as fol-
lows:

[X,]7 1
[X, ] 1+¢

BEAN
(X1

[X,]7
X (I+e), 4)

[[X, 1" =[X,1" |

X T <eg, 3)

where X, is an arbitrary intermediate.

In a case when three intermediates of mechanism
(1), X\, Xg, and X, are considered as an equilibrium seg-
ment, conditions for the quasi-equilibrium assumption
and its accuracy look as follows:
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ZkA,Ai ZkB.Bf sz,B/
Ai Bj Bj

<eg, <eg, <g, & <g,
kA,B kB,A kB,C kC,B (6)
ks gD ki kye D ke
—A <y, —C ____<g;
kA,BkB,C kc,BkB,A
X ge _ X ss

[x,I"

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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