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Abstract

The temperature behavior of the Oregonator has be

en investigated and compared with experimental data.

Conditions that lead to temperature-compensation in the Oregonator model are presented and some implications t0

biological systems are discussed.

1. Introduction

Chemical and biochemical oscillatory systems
[1-8] are often considered as ‘“‘simple” ex-
perimental models for biological rhythms.
Among biological oscillations, circadian rhythms
[9-18] are considered to have physiological clock
functions (for example measurement of day
length in order to induce important physiological
processes as flowering, hibernation, etc. at the
correct time). As a consequence, circadian
thythms show temperature-compensation. Tem-
perature-compensation, discovered by Pitten-
drigh during the early 1950s, [19] implies that the
oscillator period, within a physiological range, is
little affected by variation in temperature, as
long as the temperature is kept constant.

However, temperature-compensation obser-
ved in biological rhythms stands in marked
contrast to the temperature behavior found in
most of the purely chemical or biochemical

oscillators. These latter systems are highly de-

pendent on temperature, and in fact, they are
often illustrative examples of Van’t Hoff’s rule.
Van’t Hoff’s rule [20] is an empirical statement
saying that when the temperature of a chemical
system is increased by 10 centigrades, the reac-
tion rate normally increases with a factor (Q40)
of 2 to 4.

The Belousov[21]-Zhabotinsky[22] (BZ) reac-
tion [23,24] is a typical example. Fig. 1 shows the
increase in frequency of a batch BZ system as
temperature is increased. It is seen that the BZ
system follows the Arrhenius equation with high
precision. From this Arrhenius plot a Q,, value
of 2.5 has been calculated together with an
overall activation energy of 73 kJ/mol.

If the component processes in biological oscil-
lations are (bio)chemical reactions that follow
Van’t Hoff’s rule, how then can temperature-
compensation in circadian rhythms be explained?
Several suggestions to solve this problem have
been proposed earlier. Hastings and Sweeney
[25] postulated the existence of “opposing reac-
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Fig. 1. Arrhenius plot (here: natural logarithm of inverse of
period length versus inverse of absolute temperature) of a
batch Belousov—Zhabotinsky reaction. Reaction volume is
100 mL. Initial reagent concentrations: malonic acid 0.3 M,
potassium bromate 0.1M, (NH,),Ce(NO,), 2.1x 107> M,
sulfuric acid 1.0M. The calculated Q,, = (P,/P,)'*" """ jg
2.5, where P, and P, are period lengths at temperatures T,
and T,, respectively. The calculated activation energy is
73 kJ/mol.

tions” which somehow influence the period,
while Pavlidis and Kauzmann [26] introduced the
involvement of diffusion-controlled reactions and
the existence of temperature-independent rate
constant ratios. Later, Hastings and coworkers
[27] suggested that certain membrane processes
may be responsible for temperature-compensa-
tion,

In the following we show how temperature-
compensation can be explained as the balance
between two groups of antagonistic (opposing)
reactions that are present in any physico-chemi-
cal oscillator. The derived concept, which we call
“antagonistic balance” [28,29] can be considered
as a quantitative formulation of a suggestion by
Hasting and Sweeney more than 30 years ago
[25]. Our approach also shows that any physico-
chemical oscillator has already all the necessary
clements to obtain temperature-compensation.
There is no need to postulate additional control-
ling reactions other than the component pro-
cesses of the oscillator.

The BZ reaction is a “simple” chemcial non-
living system with most complex dynamic be-
haviors, including oscillations, excitability, multi-
stability, chaos, chemical (wave) signal transmis-
sion and light signal storage capabilities. The
author therefore wondered whether the BZ
reaction could also exhibit temperature-com-
pensation.

2. Antagonistic balance: conditions for
temperature-compensation in the Oregonator
model

The component processes of a physico-chemi-
cal oscillator can be divided into 2 classes: those
reactions that increase the period P when the
rate constant of the process is increased (“P-
positive processes”) and those reactions that
decrease the period when the rate constant of
those reactions are increased (“‘P-negative pro-
cesses’’).

The Oregonator [30] represents a skeleton
scheme of the Field-K6ros—-Noyes (FKN) mech-
anism [23]. Many phenomena observed in the
BZ reaction can be at least semiquantitatively
simulated with this model. The Oregonator con-
sists of the five pseudo-elementary processes
01-05:

k
A+Y->X+P (01)
ko '
X+Y—2P (02)
k
A+X52X+7Z (03)
ky '
2X—A+P ‘ (04)
ks
Z-fY , (05)

where A=BrO;, X=HBrO,, Y=Br , Z=
2Ce(IV), P=HOBEr, and f is a stoichiometric
factor. X, Y, and Z are the kinetic variables.
Rate constant values are those suggested by
Field and Forsterling [31] (Table 1) and are
assumed to refer to 20°C. The influence of






