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Summary and Outlook

Cell membranes are very complex systems. They contain a rich mixture of lipids which com-
position has a big impact on the properties of cell membranes and determines the functional
properties of proteins. Cell membranes are sensitive to various elements such as environmental
stress or the presence of other molecules. They are able to adjust their properties (e.g. shape and
fluidity) in response to the new surrounding. Many questions about the mechanisms by which
membranes interact with different compounds, such as peptides, drugs, or lipids or how the
properties of membranes are regulated still have to be answered.

The main focus of this thesis has been the investigations of the effects of different molecules
on biological membranes. Molecular dynamics (MD) simulations and Solvent Relaxation (SR)
experiment have been used. Atomistic molecular dynamics method is a very powerful tool to
study the processes on the molecular level. Detailed information about the system and its prop-
erties can be obtained. From the fluorescent Solvent Relaxation (SR) experiment information
about the dynamics of the solvent could be obtained.

Thermo–protective role of isoprene on phospholipid membranes

In chapter 2 the structural and dynamic properties of a DMPC lipid membrane upon insertion of
isoprene at a range of temperatures between 303K–353K were studied. The phospholipid bilayer
was formed in a spontaneous aggregation process and isoprene either at low or high concentra-
tion was placed randomly in the aqueous phase. The subsequent diffusion of isoprene molecules
into the bilayer and their accumulation at the center of the bilayer was observed. The analysis of
the order parameters of the alkyl tails of phospholipids show an increased packing of the tails
compared to a pure DMPC system. As the temperature was elevated, the order parameters of
the tails decreased. However, in the presence of isoprene in the bilayer the order parameters of
the tails were the same as order parameters of the tails in pure DMPC bilayer at a temperature 10
K lower. Analysis of the dynamics of the alkyl tails did not show significant changes, however.
These findings indicate that the membrane remains still fluid and fully functional at elevated
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temperatures, provided the presence of isoprene. Our results support the thermo–tolerance hy-
pothesis which claims that the role of isoprene could be to protect the lamellar structure of the
thylakoid membrane.

Calculation of the water–octanol partition coefficient of isoprene

In chapter 3 the force field parameters for isoprene were tested in more detail. The isoprene
molecule had been parameterized based on the density and the heat of vaporization.
In this chapter an attempt to reproduce the experimental hydration free energy and the wa-
ter/octanol partition coefficient of isoprene was taken. The hydration free energy was calculated
using the Finite Difference Thermodynamic Integration method. The water/octanol partition
coefficient has been estimated from the difference in free energies of solvation (in water satu-
rated octanol) and hydration. The MD simulations performed show that isoprene, indeed, has
a preferred partitioning into hydrophobic solvents, which is in agreement with the membrane
partitioning described in chapter 2. However, the octanol/water partition coefficient seems to
be overestimated compared to the experimental value. It appears that especially the octanol
OH–isoprene interaction requires re-parameterization in order to reproduce experimental data
more accurately.

Dual effect of resorcinolic lipids on the biological membranes

In chapter 4, the dual effect of resorcinolic lipids on biological membranes was investigated us-
ing extensive MD simulations. In order to study the stabilizing effect of resorcinols, the so-called
’cholesterol–like’ effect, systems consisting of a mixture of phospholipids (DMPC) and resorci-
nols were prepared. Three resorcinol homologs of saturated alkyl tails (11, 19, and 25 carbon
atoms in the tail) were considered. Via the process of spontaneous aggregation we showed that
each homolog in the mixture with DMPC forms a stable lamellar structure. Compared to pure
DMPC membranes, the mixed membranes are more ordered and less hydrated. The destabiliz-
ing effect, the so-called ’surfactant–like’ effect was also studied. Randomly placed in the aque-
ous phase adjacent to a DMPC bilayer, resorcinolic lipids initially formed a micelle. This micelle
subsequently adsorbed at the surface of the DMPC bilayer, followed by a gradual incorporation
into the bilayer. This incorporation process was observed to occur by different mechanisms, af-
fecting the final aggregation phase of the bilayer. In most cases a temporary marked increase in
leakiness of the membrane was observed, in some cases leading to complete bilayer rupture.

Investigations of the effect of resorcinolic lipids on the hydration level
of the phospholipid membranes

In chapter 5 we investigated the hydration properties of DMPC membranes in the presence of
resorcinols using the SR technique. The SR technique, based on the time–resolved emission
spectra of a membrane binding dye, is a good method to study the hydration level of biological



133

membranes. The dual effect of resorcinolic lipids on the phospholipid membranes was studied
by considering both pre–incorporated liposome samples and samples to which resorcinols were
added. The changes in the system were monitored by the change of the total spectral shift and
relaxation times of the fluorescent probe. The aim was to investigate the effect of resorcinolic
lipids on the hydration properties of the phospholipid vesicles, especially in the hydrophilic
region of the bilayer. For this reason the fluorescent probe Patman, having well established
properties, was chosen. The measurements of the spectral shift for the pre–incorporated sys-
tems indicate a reduced hydration of the headgroups of DMPC in the presence of resorcinols.
The observations differed for the systems where resorcinols were supplied into the solution of
DMPC vesicles. The total spectral shift increased and relaxation times shortened compared to
the pure DMPC. These results suggest a larger hydration of the headgroups and possibly the
disruption of the lamellar structure of the vesicles, in support of the results obtained from the
MD simulations.

Perspectives

The most important problems in MD simulations that still need to be improved are the force
field reliability, the accessible timescale, and size of the system. Concerning this thesis, the
force field parameters for isoprene, phospholipids and octanol need careful reparameterization
based on reproduction of experimental free energies of solvation and hydration. For instance the
Lennard-Jones interactions between water and hydroxyl groups of 1-octanol have too weak re-
pulsive interactions which could be improved by reparameterization considering the solvation
free energies. In the case of resorcinolic lipids solubility data are not readily available due to
the poor solubility of the long tail resorcinols in water. More structural information is necessary
in order to validate these parameters. In some cases the results obtained in our simulations are
influenced by the limited size of the system. This is especially clear in the case of the longest
resorcinol homolog. Also the incorporation of the resorcinols into the bilayer from the aqueous
phase seems to be a long time scale process which could not be fully sampled during the time
scales accessed in this thesis (100s of nanoseconds). The limitations due to the time scale of the
simulations and size of the system could be overcome by application of coarse grained mod-
els in combination with recently developed multiscale simulation techniques. The application
of multiscale techniques allow the simulations of larger systems for much longer time using a
coarser representation, after which representative configurations could be transformed back to
the atomistic level and studied in full detail. The studies presented in this thesis also offer start-
ing points for further exploration of the interaction of small molecules with cell membranes.
The interaction of isoprene with the phospholipid bilayer that was investigated in this thesis is
only one out of many possible interactions. Isoprene affects not only the phospholipids but also
other components of cell membranes, such as membrane proteins. Studying the interactions of
isoprene with membrane proteins could provide more information about the role of isoprene in
the cell membranes. Studies of the hydration level of biological membranes constitute another
area of continuous interest. In this thesis the influence of resorcinolic lipids on the hydration
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level in the hydrophilic region of the bilayer was studied. However, resorcinols significantly
change the properties of the hydrophobic interior of the bilayer as well, affecting for instance
the basal water permeability of the membrane. The changes in the hydration level of the hy-
drophobic region of the phospholipid bilayer, upon binding of resorcinols, could be performed
using fluorescent probes that reside in the hydrophobic interior of the bilayer.




