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Summary 

 

The cell, the basic building block of every living organism, is surrounded by a 
membrane which defines it. In order to sustain the cell alive, a constant flow of 
molecules into the cell through the membrane is necessary; on the other hand active 
transport of unwanted molecules out of the cell is also required. To do so, pores and 
channels were formed in long time of evolution. To this end, cells evolved to contain 
such pores and channels. 

 Organic chemists have long been inspired by the sophistication of natural 
pores/channels and the synthesis of artificial pores and channels has been developed to 
mimic those in nature. The effort to mimic natural pores/channels has two main goals. 
Firstly, the synthesis and study of simpler analogs of natural systems can bring about a 
better understanding of the function of those in nature and secondly, the certain 
functions of natural systems may have potential applications in a pharmaceutical or 
technological context. 

 This thesis focuses on both aspects of this effort to build artificial pores and 
channels. In the first chapter, a short overview is given on the efforts to date to 
successfully build an artificial system. A variety of different methods for synthesis of 
artificial pores/channels as well as the requirements for the construction of artificial 
channels is discussed. 

 The second chapter focuses on the modification of the naturally occurring 
pore forming molecule, alamethicin. An azobenzene molecule was attached at a 
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Scheme 1 The switching process of azobenzene switch. The switch undergoes cis-trans isomerization
around the nitrogen-nitrogen double bond after irradiation with UV or visible light.  
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specific position in the -aminoacid sequence of the protein and the activity of the 
newly prepared peptide was monitored using the planar lipid bilayer technique. The 
azobenzene molecule was subsequently irradiated with different wavelength of light to 
obtain the two isomeric forms of this switch (cis/trans isomerization, Scheme 1). 
Considerable differences in pore formation were observed between alamethicin protein 
with two forms of azobenzene attached. 

The third chapter focuses on the study of SecYEG transport protein 
responsible for transport and insertion of proteins through or into the membrane. 
Unique spherical molecules (Fig. 1) were designed, synthesized and subsequently 
attached to the specific protein (proOmpA) in order to translocate them through the 
SecYEG protein. Our study suggested that the active diameter of the translocation 
pore of SecYEG is as large as 29 Å.  

Fig. 1 Overview of the structures of the different tetraarylmethanes used to label proOmpA S254C.
Compounds 3.2a (8.5 Å), 3.2b (15Å), 3.2c (hydrophilic, 18 Å), 3.2d (hydrophobic, 18 Å) and
3.10 (29 Å). 
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 The fourth chapter deals with the modification of the Mechanosensitive 
Channel of Large Conductance (MscL). Two different molecules (thiaxanthylidene 
and spermine) were prepared and attached at a specific position in the restriction area 
of MscL channel. Studies with spermine suggested that after protonation of three 
nitrogen atoms in the spermine molecule (Scheme 2) the threshold for channel 
opening can be reduced. 

  

 The fifth chapter of this thesis focuses on the synthesis of artificial channels 
from simple organic molecules. Carbazole and phenanthrene molecules were used as a 
simple building block for this synthesis. It was discovered that a carbazole molecule 
(Fig. 2) containing a long alkyl chain and a protected amine can form tubular and disc 
like structures. Black lipid membrane studies suggested that these structures generate 
temporary defects in the lipid bilayer. These defects are characterized by unitary 
conductance; hence the pore size can be estimated. 

  

 The last chapter of this thesis focuses on the synthesis of diarylethene switches 
as optoelectronic storage systems. The complex of iron(II) and a diarylethene 
containing a pyridyl moiety was synthesized in order to obtain a complex which 
magnetic properties can be controlled by light. This was achieved by combination of 
the spin-crossover complex (iron(II)) and a photoresponsive ligand (the diarylethene 
switch). 
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Scheme 2 A spermine molecule attached to MscL channel protein. After decreasing pH, the
nitrogen atoms can be protonated resulting in opening the MscL channel. 
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Fig. 2 The structure of a carbazole molecule which is forming tubular and disc like structures. 


