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Models of noise activated and diffusion controlled rate processes with fluctuating
energy barriers are discussed. In doing so, newly developed path integral forma-
lisms that account for correlated Gaussian and non-Gaussian environmental forces
are presented. A common feature is the non-monotonic dependence of the escape
time scale on the characteristic time scale of barrier fluctuations. We discuss this
phenomenon of Resonant Activation and investigate whether this mechanism is at
work for gated reaction processes proposed for binding ligands in proteins, and/or
for ion transport in membranes. Finally, we elaborate on the connection with other
timely topics, including noise driven directed transport in Brownian motors and
Stochastic Resonance.

1 Surmounting Fluctating Barriers: Its scope

The thermally activated escape of a Brownian particle over a potential barrier
plays an important role in a wide variety of physical, chemical, and biological
contexts !. Correspondingly, with the word ‘Brownian particle’ one may refer
either to a true physical particle but also to a chemical reaction coordinate,
or some other relevant state variable or collective coordinate of the problem
under investigation. In many cases, the potential experienced by the Brownian
particle cannot be regarded as static but as subjected to random fluctuations
with a characteristic time scale that is comparable with one of the time s-
cales governing the escape problem itself. An example is the escape of a O,
or CO ligand molecule out of a myoglobin ‘pocket’ after photodissociation 2.
Further, a model for the ion channel kinetics in the lipid cell membrane based
on fluctuations in the activation energy barriers has been proposed in3. In a
new paradigm for the intracellular motion of a molecular motor along a mi-
crotubule put forward in Ref.[4], the binding of ATP and the release of ADP
serve to randomly modulate the potential experienced by the motor protein
as it travels along the biopolymer backbone. Also in other strongly coupled
chemical systems %°, the dynamics of dye lasers 7, and even for some aspects
of protein folding and relaxation in glasses, fluctuating potentials are likely to
be of relevance?®°. In all those examples one has in mind the picture that the
potential fluctuations experienced by the Brownian particle are controlled by
some collective motion of the environment with a much larger real or effective
mass, such that back-coupling effects can be neglected. On top of that, this col-
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lective environmental fluctuations must be far from thermal equilibrium since
otherwise they would be negligibly small due to their large (effective) mass. In
the abovementioned example of a ligand escaping from the (‘heavy’) myoglobin
the far from equilibrium situation is created by the sudden photodissociation,
while in the ion channel kinetics and the molecular motors it is maintained
by permanent chemical reactions which are themselves far from thermal equi-
librium. Finally, besides those examples of complex nonequilibrium systems,
potential fluctuations without back-coupling, as we will study them here, can
obviously be realized also by means of external noise imposed on a suitably
designed experiment 10:11,

Note that a somewhat related phenomenon occurring for deterministic,
time-periodic potential oscillations is presently much discussed under the label
of ‘stochastic resonance’ 2. While such periodic oscillations might in first
priority be of interest in technical applications, random fluctuations may be
more typical in natural or laboratory systems. Potential fluctuations mediating
between the purely random and periodic cases (aperiodic stochastic resonance)
have been studied in Refs.[13]. It is not surprising that in all these models many
qualitatively similar features are observed.

By now, the literature on the fluctuating barrier problem is substantiual
— especially since its application to the function of Brownian machinery 1415
and molecular motors!®, and we refer the interested reader to a recent review!7.

In this proceedings article we shall not develop the detailed theory any fur-
ther. The state of the art of a theoretical approach which uses path integration
for systems not obeying detailed balance (because we are far from thermal e-
quilibrium) in combination with singular pertubation theory has recently been
reported already by the authors in Ref.[18].
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