Doktor- und Masterarbeiten in der Abteilung Medizinische
und Biologische Physik
www.nature.com/scientificreports/

Physical Principles of Biological Communication

Figure 7. Specific acoustic communication at biological interfaces: (a) Specific pulse excitation: An enzyme
creates a local change in proton concentration. Only if the resulting local pH ~ pKa of the lipids a pulse is
We areexcited.
exploring
theis illustrated
idea of
how
principles
are
to explain
This scenario
in the
lowerphysical
part of the figure,
where the lipids
(red)able
are susceptible
to the Life. How
pH change. As a result pulses propagate along the interfaces (indicated by blue arrows). In
are all enzyme-induced
the
local
entities
of
a
cell,
a
cell
network,
organ
or
the
entire
body
the upper part, the pKa of the surrounding lipids is too acidic and the enzyme-induced change in local pH is integrated?
insufficientthem
to evoke function
a protonation transition
crossing the local
pK) and hence
a propagating perturbation.
What makes
like an(i.e.orchestra
instead
of individuals
and the strongly
(b) Specific protein interaction: Enzymes exhibit a maximum activity at a certain pH (pHopt). Only if the
related propagating
questionpH-pulse
whatcarries
drives
theirenvironment
adaptation?
The
goal of
this project is to
the enzyme
into or out
of theparticular
pHopt regime, significant
pulse-enzyme
interaction is observed and the enzyme can be either “switched-on” or “off ”. In this cartoon the activity of the
study how
2D-sound pulses that propagate in membranes can regulate the activity of
yellow enzyme is switched on, while the activity of the blue enzyme is hardly affected by the pH-pulse (blue and
yellow enzymesand
have how
differentthe
pHoptorchestration
). The interplay between
specific
excitation
pKa of the
single enzymes
and
hence
thedepending
originonoftheindividual
parts of a
interface and the specific interaction depending on the pHopt of the enzyme results in specific signaling between
cell or atwomulticellular
system
to
ONE
takes
place.
enzymes. Of course, coupling of pulses to proteins can also take place electrically via charged groups or
mechanically and are expected to be particularly increased near the lipid phase transition (Idea from MFS,
Figure drawn by SS and BF).
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the liberty to briefly outline our ideas. We imagine an (membrane-bound) enzyme, which – as we will explain Please Contact:
will first serve as stimulus and in the next step as receptor for specific pulses:
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Specific Interaction. Due to its mechanical, electrical and in particular chemical properties, the propagating
pulses will affect proteins at the interface (e.g. enzymatic activity) in the same way it changes the emission propermatschnei@gmail.com
ties of the dye here. In Fig. 7(b) two possible interactions of a pH-pulse with an enzyme are shown: If the local pH
(pHloc) is far from the enzyme’s pH optimum (pHopt), the pH-pulse will have only minor impact on the enzyme’s
activity. If, however, the surrounding pH is close to the pHopt of the enzyme, the enzyme activity could change
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enormously: Increasing, if the local pH is shifted towards pHopt or decreasing when the local-pH is shifted away,
i.e. (pHloc − pHopt) decreasing or increasing, respectively.
Taken together, only if i) the stimulus of enzyme A leads to a propagating pulse across the interface and ii)
the pulse shifts the local pH at enzyme B towards or away from its pHopt, effective and specific communication
between enzyme A and B will take place.
It has to be stressed, that in contrast to earlier models, here specificity arises from two (nonlinear) transitions
and thus from physical principles rather than structural considerations. This also implies, that the mechanism of
enzymatic regulation is not simply mechano-enyzmatic coupling, but is thermodynamic in nature and “exploits”
the existence of transitions (order-disorder as well as protonation transitions). Clearly, specificity can be further
enhanced if nonlinear relations between activity and other physical parameters, e.g. compressibility, heat capacity, electrical capacity etc. exist. Such relations have indeed been observed extensively and the maximal activity
of phospholipase A2 and phospholipase C at the lipid phase transitions are excellent examples40–43. Along the
same lines it may turn out that only nonlinear (e.g. solitary) waves are sufficiently strong in amplitude to induce
changes at a distance remote from the excitation. We have shown, that interfacial solitary waves create 10–100
fold stronger local changes in pressure and voltage when compared to linear waves26. The existence of such solitary waves, however, requires a range of specific conditions, for instance the vicinity of a phase transition as
well as a threshold strength of excitation. It seems obvious, that the simultaneous appearance of solitary waves,
local protonation-transitions represent a very unique and rare combination of conditions, which would make the
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