
Selective Reconstitution of Biomolecules in Polymer-Lipid Membranes 

Wolfgang Meier, Department of Chemistry, University of Basel (UniBas), Klingelbergstrasse 80, 4056 Basel. 
Uwe Pieles, School of Life Sciences, Institute for Chemistry and Bioanalytics, University of Applied Sciences 
Northwestern Switzerland (FHNW), Grundenstrasse 40, 4132 Muttenz 

Understanding of the structural organization of cell membranes is highly relevant for the development 
of pharmaceutical drugs and functional combination with biomolecules (e.g. proteins, enzymes, etc.). 
Amphiphilic block copolymers are interesting as model systems that can self-assemble in aqueous 
media to membranes with high stability, and properties that can be optimized by varying their molar 
mass, and  hydrophilic-to-hydrophobic block length ratio.1 In previous studies we have shown that 
mixtures of amphiphilic block copolymers and lipids form membranes of distinct domains: lipid- (3-5 
nm thickness), and copolymer-  (5-20 nm thickness) phases, with enhanced stability of the polymer 
domains and enhanced mobility in the lipid domains 2. Interestingly the phase behavior of the polymer 
and lipid domains significantly triggers the insertion of membrane proteins. For example, below the 
glass transition temperature of the lipid domains membrane proteins selectively insert only into the 
polymer domains.3  

In this proposal, we plan to synthesize functionalized amphiphilic block copolymers (and lipids) to 
further modulate the polymer-lipid hybrid membrane for a spontaneous, selective  combination with 
more than one type of biomolecules. We selected poly(dimethylsiloxane)-block-poly(2-methyl-2-
oxazoline) (PDMS-b-PMOXA) copolymers and saturated- (e.g. similar to DPPC or DPPE) or 
unsaturated- (e.g. similar to DOPC) lipids to form model membranes for selective 
insertion/attachment of biomolecules. A selective (partial) crosslinking of functional lipid- or 
polymer- domains will locally fix the biomolecules1, so that in a second step, another type of 
biomolecule will decorate the second type of membrane domain. As model membrane protein we will 
use a mutant of OmpF (with stimuli-triggered property),4 which allows diffusion of molecules through 
the membrane under pH trigger. As a second biomolecule type we plan to insert arginylglycylaspartic 
acid (RGD peptides) for adhesion of cells into the second domain (Figure). We are interested to 
evaluate the desired selective distribution and function of the two types of biomolecules in the 
polymer-lipid membranes. This approach will serve as a model for further insertion of different types 
of membrane proteins with high industrial and medical interest. 

        

Figure. BAM of a polymer-lipid hybrid membrane and a scheme for selective and spontaneous 
reconstitution of pH triggered OmpF in the block copolymer domains and RGD peptide attached to lipid 
domains for cell adhesion.  

The project is divided into three milestones.  

In the first milestone we will synthesize the functionalized building blocks for the membrane 
assembly. Chemically functionalized amphiphilic copolymers and lipids will be synthesized with 
different functional groups, e.g. –NH2, -SH, -N3. The modified polymers and lipids will be 
characterized by NMR, GPC and IR. We will study three polymer-lipid hybrid systems: i) copolymer 
with functional end groups and non-functionalized lipids, ii) lipid with functional groups and non-
functionalized copolymers, and iii) both polymer and lipid with functional end groups. The resulting 



membranes will be characterized by a combination of Langmuir isotherms, BAM, AFM, XPS, and 
CLSM. 

In the second milestone we will establish where pH triggered OmpF will be inserted into the hybrid 
membranes, and control a desired position as function of the properties of the membrane. By 
combining biochemical, physical, and spectroscopic techniques (i.e. AFM, CLSM, XPS, ATR-FTIR, 
EIS, conductance measurements), the distribution and function of the pH triggered OmpF will be 
investigated. Protein insertion will be optimized by varying block copolymer parameters, lipid 
chemical nature, polymer to lipid ratio, protein to polymer-lipid ratio, and the reconstitution strategy. 
Furthermore, crosslinkers will stabilize the domains containing the reconstituted proteins. 

In the third milestone we will bind a second biomolecule, RGD peptides to the polymer-lipid hybrid 
membrane. The distribution and function of the RGD will be evaluated with similar techniques as 
OmpF (see the second milestone). We will investigate the triggered transport efficiency of OmpF, and 
the cell adhesion properties of RGD. The different properties of the lipid and polymer domains of the 
hybrid membrane will induce a selective interaction with the biomolecules. Systematic investigation 
of the effect of different domains on simultaneous biomolecules functionality will allow the 
optimization of the hybrid membranes. 

Time schedule for the interdisciplinary project. Each milestone will require a hard working PhD 
student about 12 months. Altogether, the project will take about 36 months for a PhD student. 

Necessity of interdisciplinary collaboration. This challenging project requires combining expertise in 
polymer chemistry, nanotechnology, nanobiology, and nanochemistry. W. Meier (UniBas) is the co-
inventor of block copolymer membranes and successfully reconstituted various membrane proteins 
(OmpF, AqpZ) in nanoscopic copolymer membranes. The main research activities of U. Pieles 
(FHNW) are on surface chemistry/functionalization, bioconjugation of materials and cell biology 
imaging, and biosensors which are complementary aspects for hosting a joint PhD thesis with W. 
Meier. 

Organization of the interdisciplinary PhD. The student requires the input and know-how of both 
research groups located in Basel. Therefore, the student will be formally inscribed at UniBas and co-
inscribed at FHNW In addition, the PhD will be a full member of the Meier and Pieles research 
groups. We estimate that, during his PhD, the student will spend half time at UniBas and half-time at 
FHNW. 
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