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Transport Reaction Coupling, Periodic Concentration Profiles

For autocatalysis coupled with diffusion the local periodic
concentration profiles are influenced essentially by electrical
transport and convection.

When diffusion is negligible for Michaelis-Menten-kinetics
equations are given to determine the kinetic parameters
Vinax and K, from transport measurements.

Concentration profiles of substrate and product
in enzyme membranes have been computed for dif-
fusion and chemical reaction of zero or first order
as well as Michaelis-Menten kinetics ' 7% A mathe-
matical treatment considering other transport pro-
cesses (electrical transport, convection) is not known
till now, but the consideration of these phenomena
can lead to additional parameters valuable for in-
fluencing and optimizing the systems.

If the substrate is transported by diffusion, elec-
trical current and volume flow and the following
assumptions are made: steady state; electrical field
intensity E, electrical mobility u, diffusion coef-
ficient D and convective velocity v.y,.. are indepen-
dent of the local coordinate; coupling of the trans-
port processes negligible, the mass balance
gives
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(¢ = substrate concentration, z=local coordinate,
r = reaction rate).
With the boundary conditions
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the concentration profiles of the substrate are com-
puted in? for reactions of zero and first order.
They are complicated functions of the parameters
K, K,
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(K, , K =rate constants).
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Assuming that the reaction includes an auto-
catalytic step, for instance

K

A+C——>2C

with a second substrate A of constant concentration
a, the reaction rate is given by

r=—Kaec=—Kec.

It can be shown that now — depending on the
sign of the discriminant — various solutions are
possible. It must be emphasized that a negative
discriminant leads to periodic solutions

c(x) = eg-x(A cosb x +Bsinb z)
where
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The onset ((I —b<0) and the wave length

. 20
(/.: b:[) of the spatial periodic concentration

distributions are now dependent on diffusion and
reaction as well as on charge and volume transport.

It is important that the latter phenomena inhibit
the occurence of the periodicity, because if a=0
there is always a periodical profile 7!, When dif-
fusion is negligible compared to the other transport

ukl vn'nn\'.l > 1) ,Eq (1]

and

processes (: e p D
can be simplified.

Integration gives linear profiles for zero order
reaction and exponential profiles for first order
reaction 7.

The shape of the concentration profiles depends

above all on the parameters
K, Ky
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For Michaelis-Menten kinetics it follows:
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(K, = turnover number, E,=enzyme concentration,
K,, = Michaelis-constant).
Eq. (2)gives the following implicite relation for
the concentration profile:
Kpolnc+e=—apx+Kylney+c (3)
where
K, E,

Ay = -~
uk+ Veonv.

Using Eq. (3) it is possible to determine the im-
portant kinetic parameters v,..=K,E, and K,
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by measuring the substrate concentrations ¢, and ¢;
in the compartments on both sides of the membrane.

Provided that ¢, , ¢; > K,,, K, E, is given by

. cy—C .
1\2 Eo = 2 l 1 (H E + vru]l\‘,)
and provided that ¢; + ¢, K,, is given by
K.E,1
Ky = H'CE + Yeonv. 3
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An experimental verification of these equations is
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not yet done. This procedure is similar 1o that of
Selegny et al. *? for reaction and diffusion alone.

Summarizing it can be stated that

1. the spatial periodic concentration profiles for

autocatalysis are influenced essentially by elec-
trical and volume transport. If charge and
volume transport occurs, the dynamic patterns in
membranes — first observed by de Simone, Beil
and Scriven'! — should show characteristical

changes e. g. of wave length and onset.

. It is possible to determine the kinetic parameters

Vpax and K, if diffusion is negligible and a
superposition of electrical and/or volume trans-
port with Michaelis-Menten kinetics occurs.
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