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September 4, 2008 

9.00  Andreas Taubert  Welcome 

9.15 Andreas Greiner  Electrospun nanofibers for applications in life science 

9.45 Hans G. Börner  Monodispers poly(amidoamine)s to transport DNA 

10.05 Patrick Shagaldian Calixarenes and resorcinarenes: cyclic oligomeric systems with potential      

       applications in drug delivery  
10.25 Seema Agarwal  Photo!reactive implant materials based on coumarin functionalised  

polymers 

10.45 Thomas Hirt  Hydrogel based in!situ forming medical devices and the combination 

with polymeric vesicles 

 

11.15  Coffee Break 

 

11.30 Laura Hassink  Trends and development in STM publishing 

12.00  Vincent R. Rotello Nanoparticles in biology: engineering the interface 

 

12.30  Lunch Break     

 

14.00  Kurt Ruffieux  Resorbable polymers in medical applications: state of the art and hurdles 

still to overcome  

14.30 Pieter Samyn  Bio!inspired adhesive interlayers with peptide!functional nanoparticles 

14.50  Christophe Tribet pH responsive amphiphilic copolymers open nano!channels in lipid bilayers  

15.10  Gerd Siekmeyer  From clinical needs to innovative medical implants   Polymers for the  

manufacturing and application of vascular implants from an OEM  

perspective 

 

15.40 Coffee Break 

 

16.20  Thomas Pfohl  Studies of the dynamics of natural and artificial DNA compaction by         

combininig microfluidics with µ!SAXS 

16.40 Janne Hyoetylae  Studies Nanomechanical aspects of selective gating with polyethylene glycol  

and PEG antibodies modeled after the nuclear pore complex 

17.00 Helmut Schlaad  Glycopolyoxazolines 

 

17.45  Poster Session & Beer 
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September 5, 2008 

9.00  Thomas Scheibel  Spider silk   production and processing of a fascinating biomaterial 

9.30 Job Ubbink  Structure and dynamics of carbohydrate polymers in glassy and rubbery 

states  

10.00 Sönke Petersen  Single!cell micro!arrays from surface!attached peptide!polymer monolayers 

10.20 Philip Dimitrov  Acrylamide and methacrylate based nanospheres templated by water! 

soluble thermoresponsive poly(ethoxytrietyleneglycol acrylate)s 

10.40 Cornelia Palivan Antioxidant nanoreactors:  a new way to fight superoxide radicals  in  

�� �� �� oxidative stress 

11.00  Xinqiao Jia  Synthetic extracellular matrices with controlled architectures 

and improved mechanical properties for tissue engineering 

 

11.30  Coffee Break 

 

12.00  Kirsten Severing  Publishing trends in materials and polymer science 

12.30  Robert Seckler  Structure and folding of solenoid proteins 

 

13.00 Lunch Break 

 

14.30 Stanislav Rangelov Steric stabilization of liposomes by copolymers bearing short blocks of 

lipid!mimetic units 

14.50  Caroline Fraysse  Peptide nanoparticles 

15.10 Amira Abou!Hamdan Accelerating polymers synthesis and formulation using automated high 

    output technologies

15.30 Jan van Hest                 Polymersomes: biocatalytic nanoreactors 

 

16.00 Wolfgang Meier   Closing remarks 

 

16.15 Finale: Drinking of remaining beer & discussion 
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Electrospun nano!bers for applications in life science

Andreas Greiner 

Philipps-Universit•t Marburg, Fachbereich Chemie, Hans-Meerwein-Str., D-35032 Marburg

In recent years electrospinning of polymers has been developed to a highly versatile method, 
which allows processing of polymer $ber-based nonwovens in di%erent dimensions, shapes, 
and compositions [1]. Numerous applications of electrospun $bers have been envisioned and 
some of them have been already successfully commercialized. Fiber properties can be further 
modi$ed by spinning and modi$cation of polymer blends and blockcopolymers. In addition, 
polymer nano$bers can be loaded by numerous additives such as catalysts, nanoparticles, 
enzymes etc [2]. Usually, nonwovens are obtained upon electrospinning, however, special 
design of electrodes also oriented arrangements of $bers are possible [3]. Highly porous $bers 
can be realized by suitable control of solvents and deposition conditions [4]. Core/shell $bers 
can be prepared by electrospinning [5].
Variation of $bers properties can be also accomplished by manifold chemical variations of 
functional polymers forming electrospun $bers. For new applications electrospun $bers with 
entrapped drugs and enzyme and bacteria were generated.
Electrospinning has been developed from a delicate laboratory technology to a high volume 
technique which opens challenges for novel technical applications in the area of $ltration, 
textiles, biomedicals, environmetal protection, and agriculture. In biomedical area electrospun 
$bers can be utilized for wound care, drug release, and tissue engineering applications [1]. 
In environmental $eld applications of living membranes based on electrospun nonwovens 
containing living membranes are under consideration [6]. Biotechnical plant protection by 
pheromone releasing electrospun $bers is presently under investigation.

[1] A. Greiner, J. H. Wendor%, Angew. Chem. Int. Ed. 2007, 46, 5670
[3] R. Dersch, T. Liu, A.K.Schaper, A.Greiner, J.H.Wendor%, J.Polym. Sci.: Part A Polymer   
 Chemistry 2003, 41, 545
[4] M. Bognitzki; T. Frese; M. Steinhart; A. Greiner; J.H. Wendor% Polym. Eng. Sci. 2001, 41, 982.
[5] A.L.Yarin, J.H.Wendor%, A. Greiner, Adv. Mat. 2003, 15, 1929
[6] M. Gensheimer, M. Becker, Astrid Brandis-Heep, J. H. Wendor%, R. K. Thauer, A. Greiner,  
 Adv. Mat. 2007, 19, 2480-2482
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MONODISPERS POLY(AMIDOAMINE)S TO TRANSPORT DNA 
 

Hans G. Börner* and Laura Hartmann; Max Planck Institute of Colloids and Interfaces, Am 
Mühlenberg, D-14476 Golm; Germany; Hans.Boerner@mpikg.mpg.de 

 
Recently, linear poly(amido amines) (PAAs) have received considerable attention due to their 
excellent biocompatibility.1 PAAs are multifunctional polyamides, which often exhibit low 
immunogenicity and reduced toxicity. 

The full potential of the PAAs, however, can not be accessed because the synthesis 
proceeds via an uncontrolled polyaddition reaction.1 This makes on the one hand the rational 
design of polymer properties and the precise positioning of functionalities along the polymer 
backbone difficult. On the other hand product registration becomes complicated because 
legislation requires increasingly more defined products.  

Here we present a novel synthesis route towards multifunctional, sequence-defined 
polyamides.2 A fully automated, solid-phase supported polymer synthesis was developed and 
utilized to obtain linear PAA segments. These exhibit the absence of molecular weight and 
chemical distributions as well as a controlled monomer sequence. The compatibility of the 
PAA-synthesis with peptide synthesis protocols has been preserved, allowing the synthesis of 
poly(ethylene oxide)-block-PAAs and peptide-PAA conjugates.2 

A set of poly(ethylene oxide)-PAA conjugates was synthesized, exhibiting different PAA 
segments with precisely tuned cationic nature.3 The PEO-block-PAAs, show no cytotoxicity 
and were applied as polymeric complexation agents for plasmid-DNA (cf. Figure). The 
monodisperse definition of the PAA-segments provides the possibility to correlate the carrier 
chemistry with the DNA complexation behaviour,3 and thus contributes to the fundamental 
understanding of the interactions between polycations and DNA.  

Moreover, polymeric carrier systems allowing a two-phase release process could be 
realized. The sequence specific positioning of digestible functionalities in the carrier 
backbone enables one to predetermine the decomposition of the carrier. This might be utilized 
for controlled intracellular fragmentation of the carrier e. g. relevant for an effective release of 
the cargo DNA after successful delivery into a cell.4 

 
Figure. Schematic presentation of advanced carrier systems, allowing to program packing and unpacking 
of plasmid DNA, by specific interactions of the dsDNA with the PEO-block-PAA carrier. 
 

1. Ferruti, P.; Marchisio, M.A.; Duncan, R., Macrom. Rapid Commun. 2002, 23, 332. 
2. Hartmann, L.; Krause, E.; Antonietti, M.; Börner, H. G., Biomacromolecules 2006, 7, 1239. 
3. Hartmann, L.; Häfele, S.; Peschka-Süss, R.; Antonietti, M.; Börner, H.G. Chem. Europ. J. 2008, 14 2025. 
4. Hartmann, L.; Häfele S; Peschka-Süss, R.; Antonietti, M.; Börner, H. G. Macromolecules 2007, 40, 7771. 
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Calixarenes and Resorcinarenes

Cyclic Oligomeric Systems with Potential Applications in Drug Delivery. 

Patrick Shahgaldian

Institute of Chemistry and Bioanalytics, University of Applied Science Northwestern Switzerland
Gr!ndenstrasse 40, 4132 Muttenz, Switzerland

The calix-arenes are perhaps the major class of organic macrocyclic molecules in supramolecular 
chemistry.1 They have been widely used for their molecular recognition properties in 
applications ranging from enzyme mimetic, through ion sensitive sensors and selective 
membranes, to non-linear optical materials and medical diagnostics. They are produced by 
the base-catalyzed reaction of p-tert-butyl-phenol and formaldehyde; their speci$c properties 
can be tailored by functionalizing either the ̀ upper rim' or ̀ lower rim' of the so-produced cone 
shaped macrocycle. 

Over the last years, taking advantage of the chemical structure of these macrocycles, we have 
designed a series of amphiphilic calixarenes and resorcinarenes able to self-assemble in the 
solid-state, at interfaces and in water as solid lipid nanoparticles (SLNs). 

In this presentation, after a short description of the di%erent possible synthetic strategies to 
produce amphiphilic calixarenes, the focus will be done on the self-assembling properties 
of these amphiphiles as SLNs. It will be demonstrated that they can be produced, with 
the absence of a co-surfactant, as stable colloidal suspensions.2 These systems have been 
demonstrated to possess remarkable properties such as high physico-chemical stability, 
possibility of freeze-drying, lack of aggregation in contact with the most abundant blood 
protein (serum albumin), high loading capabilities, no hemato-toxycity  and stability in gels 
used for cosmetic purposes.3 

Because of their high stability, even if their structure is held only under the in"uence of 
weak force interactions, calix-arene-based SLNs can be further chemically modi$ed in 
order to introduce targeting functions at their surface.4 An example where the possibility to 
chemically attach a protein on the surface of resorcinarene-based SLNs will be given, it will be 
demonstrated that this protein does keep it structural integrity and may still act as an antigen 
for antibody/antigen recognitions. 

Finally, the possibility to tune the surface charge of calix-arene-based nanoparticles will be 
discussed. It will be shown that positively charged SLNs may be surface-loaded with DNA 
which opens up the possibility to use them as gene transporting vehicles.5 

  

1 Gutsche, C. D. Calixarenes Revisited: Monographs in Supramolecular Chemistry; The Royal Society of  
 Chemistry: Cambridge, 1998
2 Shahgaldian, P.; Cesario, M.; Gorelo•, P.; Coleman, A. W.; Chem. Commun. 2002, 326
3 Coleman, A. W.; Jebors, S.; Shahgaldian, P.; Ananchenko, G. S.; Ripmeester, J. A.; Chem. Commun. 2008,  
 2291; and references therein
4 Ehrler, S.; Pieles, U.; Wirth-Heller, A.; Shahgaldian, P.; Chem. Commun.; 2007, 2605
5 Shahgaldian, P.; Scio!, M. A.; Pieles, U.; Langmuir 2008, 24, 8522
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Photo-reactive implant materials based on coumarin 
functionalised polymers

Carsten Sinkel, Andreas Greiner, Seema Agarwal

Philipps-Universit!t Marburg, Fachbereich Chemie und Wissenschaftliches Zentrum f"r
Materialwissenschaften, Hans-Meerwein-Strasse, 35043 Marburg

seema@chemie.uni-marburg.de

Earlier the synthesis of a polymeric implant material for intraocular lenses (IOLs) equipped 
with a multi-dose drug depot for photo-triggered release was reported. The cell-toxic 
pro-drug 1-heptanoyl-5-#uorouracil (Hep-5-FU) has been immobilised on a coumarin 
multifunctionalised acrylic copolymer. A major drawback of this approach is the high degree  
of mainly intramolecular cross linking and therefore a decline in the mechanical properties, 
polymer processibility as well as transparency of lens precursors.
Here we report the synthesis of a novel coumarin monofunctionalised acrylic polymer 
with low molecular weight by atom transfer radical polymerisation (ATRP). By reducing the 
functionalisation to one linker-unit per polymer chain we avoid intramolecular cross linking 
and limit intermolecular cross linking to chain dimerisation during the photochemical drug 
loading process. Processing properties and optical transparency are highly enhanced due 
to improved mixing behaviour of the polymer chains in blends with high molecular weight 
PMMA.
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BioCure is a medical device company based around fast 
crosslinking hydrogels (PVA) and hollow polymeric vesicles.

Thomas Hirt, BioCure

The fast crosslinking hydrogels (PVA) are used to manufacture and develop preformed or in-situ 
forming devices for wound dressings, load bearing implants, embolotherapy and degradable 
devices. Recently we also started successfully to add actives to the wound dressing, such as 
antimicrobial agents or small peptides.

The hollow polymeric vesicles are still at an early stage, whereas stability data in blood plasma 
and bu$er have been established, %rst exiting results for in-vitro delivery of siRNA and in-vitro 
diagnostic exist as well.

Examples of di$erent product- or technology developments will illustrate our use of polymers 
in life science.
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Innovation in Science Technical & Medical (STM) Publishing
  

Laura Hassink ter Haar,  Elsevier, Radarweg 29, 1043 NX, Amsterdam, The Netherlands 

 
The Internet has changed the Science, Technical and Medical (STM) publishing industry 
fundamentally. Online availability and distribution in combination with new ªWeb 2.0º features 
o$er numerous bene%ts to authors and readers of scholarly peer reviewed information as well 
as to editors and reviewers involved in the peer review process. During this talk some of the 
most important market changes and market implications will be explained. Examples will be 
shown of how publishers work with the research community (researchers, academics, policy-
makers, librarians, funding bodies) to test new approaches, services and products that can 
deliver sustainable bene%ts.
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Nanoparticles in Biology: Engineering the Interface
 

Vincent M. Rotello Department of Chemistry, University of Massachusetts, 
Amherst MA 01003 

A key issue in the use of nanomaterials is controlling the interfacial interactions of  
these systems. Our research program focuses on the tailoring of interfaces by coupling  
the atomic-level control provided by organic synthesis with the fundamental principles of  
supramolecular chemistry. Using these tailored monolayers, we are developing particles  
for biological applications in particular delivery and sensing. This talk will focus on  
the interfacing of nanoparticles with biosystems, and will discuss our use of  
nanoparticles for delivery applications as well as our use of polymer-nanoparticle  
systems for sensing and identi%cation of proteins and bacteria.
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Resorbable polymers in medical applications: state of the art and 
hurdles still to overcome

K.Ru&eux
Degradable Solutions AG, Wagistrasse 23, 8952 Schlieren/Zurich, Switzerland

Resorbable implants have been used in implantology for several decades. These bio materials 
became known when self-dissolving sutures based on synthetically pro duced polylactides and 
polyglycolides appeared on the market in the 70s. In the next stage of development, implants 
such as plates and screws to %x bony tissue were produced from the same biomaterials.  
Initially there was scepticism whether bone fragments would be stabilised su&ciently by 
polymeric implants because of their low mechanical properties when compared to the state 
of art, which was titanium. Therefore, highly crystalline polymers were used to provide a 
maximum of sti$ness and strength. Successful stabilization of bone fractures in non loaded 
areas were demonstrated in animal studies when this material in combination with a suitable 
operating was applied. The degradation products were, however, not biocompatible and 
caused late stage clinical problems [1] when the materials were used in humans. With 
increasing knowledge about the material characteristics and degradation behavior of 
resorbable polymers, the %rst successfully resorbable tissue %xation implants were applied 
clinically in the 90s. Since then, the number of products has multiplied and new resorbable 
implants are continuously being launched on the market. 

Fields of applications moved from cranio-maxillofacial surgery towards trau ma to lo-
gy, shoulder and knee surgery, foot surgery and lately even spinal surgery. However, the 
application of resorbable polymeric implants is still limited to non or low load bearing 
indications. Compared to metal implants, sti$ness and resistance toward creep behavior are 
not su&cient. Developments to reinforce the implants with %bers and particles did not lead 
to a break-through so far. 
 
The presentation will attempt to show in which areas resorbable implants are used today, 
discuss the problems associated and give an outlook towards the need for resorbable polymers 
with improved mechanical properties. 

Figure 1: Overview of resorbable polymer implants used today in medical appliations

[1] Bergsma, J.E., et al., Late degradation tissue response to poly(L-lactide) bone plates and 
screws, Biomaterials, 1995, Vol. 16 (1), pp. 25-31.
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Bio-inspired adhesive interlayers with peptide-functional nanoparticles 

Pieter Samyn1, Jürgen Rühe1, Markus Biesalski1,2* 

1Albert-Ludwigs-University Freiburg, Department of Microsystems Engineering (IMTEK) 
Division of Chemistry and Physics of Interfaces,  

Georges-Köller Allee 103, D-79110 Freiburg - Germany  

2Technical University Darmstadt, Ernst-Berl-Institute of Techn. & Macromol. Chemistry                                                  
Chair for Macromolecular Chemistry and Paper Chemistry,                                      

Petersenstr. 22, 64278 Darmstadt - Germany                                                                                
*contact : biesalski@tu-darmstadt.de  

 

The synthesis, characterisation and mechanical performance of nano-adhesive interlayers is 
evaluated in this research. Our approach is inspired by the adhesion of the byssal thread of 
mussels onto various surfaces, which is attributed to mussel adhesive proteins (MAP’s) 
containing dihydroxy-phenylalanine (DOPA) as the main adhesive component. Peptide 
amphiphiles are synthesised with adhesive DOPA-functional groups attached to a cross-
linkable diacetylenic tail and a spacing group in between. The peptide amphiphiles are 
organized into vesicles and subsequently stabilized by UV-light induced solid state 
polymerization (Figure 1). The chemical structure and morphology of the bio-inspired 
adhesive nanoparticles is studied by NMR, FT-IR, TEM and AFM. Depending on the molar 
composition of the matrix amphiphile and the peptide-functional amphiphiles, they arrange 
into spheres, fibrils or (bi-)layers. The adhesive properties of the peptides nanoparticles are 
evaluated for different substrate types, amount of adhesive DOPA-groups, nanoparticle 
concentrations and different photo-polymerisation times. The adhesive strength was further 
optimised after thermal curing. It is concluded that there is an important relation between the 
nanoparticle morphology, the surface topography and the adhesive properties.  

Functional adhesive surfaces are designed by the arrangement of nanoparticles into micro-
arrays (Figure 2). The micro-patterning of the substrates is done by lithographical processes 
and evaluated by contact angle measurements. The adhesive spots are sensitive to local 
mechanical stress, contact pressure or temperature. The response can be visually noticed from 
a color change and is evaluated by fluorescence microscopy and UV-Vis spectroscopy.  

 

Figure 1. Schematic illustration of 
adhesive nanoparticles 

Figure 2. Fluorescense microscopy image of a 
microarray of surface-confined nanoparticles  
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pH responsive amphiphilic copolymers open nano-channels in 
lipid bilayers.

F. Vial1, L. Auvray2, D. Massotte3, C. Tribet1.

  1Physico-Chimie des Polym'res et des Milieux Dispers*s (PPMD), UPMC-ESPCI-CNRS, UMR 
7615, 10 rue Vauquelin 75231 PARIS Cedex 05

  2Mat*riaux Polym'res aux Interfaces, University of EVRY and CNRS UMR 7581, Bd F. 
Mitterrand, 91025 Evry, France.

  3IGBMC, UMR 7104, 1 rue Laurent Fries BP 10142, 67404 Illkirch cedex, France

Amphiphilic macromolecules spontaneously bind onto model biomembranes (e.g. thetered 
lipid bilayers and giant unilamelar vesicles) due to hydrophobic association. It is now recognized 
that upon binding of such macromolecules, most properties of the model biomembranes are 
signi%cantly a$ected, including the curvature energy, bilayer #uidity, rate of lipid #ip-#op, 
lateral lipid segregation, and membrane permeability.(1) Non covalent binding of synthetic 
polymers can accordingly provide a simple tool for the control of membranes.
We used short alkyl-modi%ed polyacrylic acids of varying lengths and n-alkyl densities. 
The apparent hydrophobicity of these weak polyacids increases with decreasing pH and 
increasing ionic strength, which in turn a$ects their interaction with lipids and ultimately the 
bilayer organization. Conductivity measurements on black lipid %lms show that polydisperse 
copolymers devoid of any secondary structure can open transient and well-de%ned channels 
with e$ective radii of 2-10 nm. Investigations on giant vesicles by optical microscopy provided 
evidence for polymer-triggered leakage of a variety of encapsulated probes with radii below 
12 nm (protein, Dextran, iron oxyde nanoparticles), and with no membrane breakage. 
Applications include drug release, synthetic channels, and mild permeabilization of living 
cells as illustrated by preliminary experiments on mammal cell permeability.

(1) C. Tribet, F. Vial, Soft Matter 2008, 4, 68-81.
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From Clinical Needs to Innovative Medical Implants

Polymers in Life Sciences for the Manufacturing and Application of Vascular 
Implants from an Original Equipment Manufacturer (OEM) Perspective

Gerd Siekmeyer, Admedes Schuessler GmbH
Pforzheim, Germany

http://www.admedes.com

Admedes Schuessler GmbH is a high-tech and medium sized company which manufactures ultra 
precision vascular implant components as global acting original equipment manufacturer (OEM). 
OEMs don+t own individual product designs or medical application solutions. However, they 
maintain proprietary, intimate and in-depth knowledge for dedicated manufacturing processes 
and technologies to realize new product ideas and concepts. They have a strong partnership with 
medical device customers (MDC) and therefore take a key role in the overall innovation process. In 
this presentation we will provide insight into the identi%cation and acquisition of new technologies, 
implementation and management of R;D program for an OEM company and review considerations 
and needs to advance into polymers for life sciences.  Design processes which have to balance a number 
of requirements during the initial feasibility, product and technology de%nition phase for new long-
term implant products will be systematically evaluated. These evaluations cover product and clinical 
applications, biomedical needs, major legal and regulatory framework to be followed, intellectual 
properties, prototyping and possible manufacturing technologies for a %nal implementation. Further 
on, typical overall design and project framework with todays time lines from the %rst prototype to the 
%nal medical implant product will be exempli%ed.

To date, only a few biomaterials have the necessary attributes for successful, long-term use in the human 
body. After a brief review of various constructions from minimal-invasive vascular implant systems - 
which incorporate partly polymer materials - we will show typical selection criteria and decision routes 
for certain biomaterials, future applications and opportunities. Key biomaterial attributes as to current 
biomedical limitations and new possibilities will be presented in detail. 

Also, throughout todays manufacturing processes advanced polymer technologies have a good 
potential for new directions and may result in innovative implants, too. We will review di$erent 
examples for complex and extremely di&cult processes throughout ultra precision implant production 
that may be good candidates for cutting-edge polymer applications. At the end of this presentation 
we will look at a number of unsolved functional features in current vascular implants and designs. How 
polymers might enhance functionalities and future trends in polymers for life sciences e.g. by using 
textile technology or medical adhesives will be openly and further assessed.
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Studies of the Dynamics of Natural and Arti!cial DNA 

Compaction by Combininig Micro"uidics with #-SAXS

Rolf Dootz and Thomas Pfohl

Max Planck Institute for Dynamics and Self-Organization, Bunsenstraûe 10,

 D-37073 G!ttingen

The relationships between biological polymers such as DNA and proteins, as well as their 
inherent individual properties, are complex and provide endless intricate, unresolved scienti%c 
questions. Micro#uidic devices, which are amenable to online physical characterization 
techniques such as microscopy and small angle X-ray scattering (SAXS), are utilized in our 
approach since they have commensurate length scales with biological polymers and 
allow %ne control of experimental parameters. The in#uence of con%nement, imposed by 
speci%c geometries and micro#ow, on the dynamic properties of polymeric biomaterials ± 
whether single %laments or supramolecular assemblies ± is explored in situ using a variety 
of experimental techniques. Time-resolved reaction dynamics as well as non-equilibrium 
dynamics of the self assembly of biopolymers can be analyzed by the marriage of micro#uidics 
with spatially resolved microdi$raction. The characterization of these complex materials, 
which are typically liquid-crystalline at ambient conditions, is signi%cantly improved owing 
to a concurrent orientation during the self assembly process. Moreover, the in#uence of 
external stress on the biological materials can be studied. Here, we present experiments on 
the dynamics of the compaction of DNA by linker-histone proteins and arti%cial polyimine 
dendrimers. 
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Nanomechanical aspects of selective gating with polyethylene 
glycol and PEG antibodies modeled after the nuclear pore 

complex

Janne Hyoetylae

M.E. M"ller Institute for Structural Biology (MSB) Basel, Klingelbergstr. 70, CH-4056 Basel, 
Switzerland

Nucleocytoplasmic transport is regulated by perforations in the nuclear envelope known 
as nuclear pore complexes (NPCs). As a cellular nanomachine, the NPC selectively gates 
macromolecular transport to and from the nucleus. The key NPC components involved in 
gating consist of natively unfolded protein domains, which form a polymer brush to sterically 
impede the passage of non-speci%c macromolecules. Only transport receptor molecules 
which interact speci%cally with the unfolded domains can cause a reversible collapse of the 
brush, thus allowing selective transport to proceed through the pore. Using the NPC gating 
mechanism as a model, we have grafted polyethylene glycol (PEG) chains to Au nanorings 
in order to mimic the NPC topography. Atomic force microscopy (AFM) measurements 
show that the PEG chains form a brush over the nanoring, giving rise to a long-ranged steric 
repulsive force, i.e. barrier. To show that selective gating can be generalized using synthetic 
polymer brushes, we employed #uorescently labeled PEG antibodies as a model for receptor 
molecules. By integrating the AFM with an optical microscope, we are able to monitor 
biochemical and subsequent nanomechanical changes in the PEG-brush. Our measurements 
indicate that localized binding of the antibodies to the PEG brush induces a change in the 
physical properties of the brush and that binding can lead to a collapse of the brush. This 
serves as proof of principle for selective gating using polymer brushes where gating does 
not rely solely on size exclusion but instead on speci%c biochemical interactions between 
molecules. This principle may lend a new paradigm to %ltering and sieving applications using 
polymer brush-gated nanoporous membranes.
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Glycopolyoxazolines

Helmut Schlaad

Max Planck Institute of Colloids and Interfaces, Colloid Department, 
Research Campus Golm, 14424 Potsdam, Germany

E-mail: schlaad@mpikg.mpg.de

The combination of living/controlled cationic isomerization polymerization of 2-alkyl-2-
oxazolines and ªthio-clickº chemistry enables one to generate a toolbox of well-de% ned 
biohybrid polymers,[1] for instance of thermo-responsive glycopolymers for applications in life 
sciences.
Poly(2-{isopropyl/3-butenyl}-2-oxazoline) statistical copolymers exhibit a lower critical 
solution behavior in aqueous solution with cloud points in the range of room to human body 
temperature. The subsequent photoaddition of a 1-thio-glucose derivative onto the vinyl 
units provides a series of glycopolymers with adjustable cloud points in the whole accessible 
temperature range for water (Figure 1).

Figure 1. Cloud points of poly(2-{isopropyl/3-butenyl}-2-oxazoline) (<) and acetylated (<) / 
deprotected (<) glycopolyoxazolines at 0.1 wt = in 150 mM NaCl solution.

The glycopolymers can form large aggregates in dilute aqueous solution at temperatures 
below the cloud point. It is supposed that the aggregation occurs due to hydrogen bonding 
interactions and not due to a hydrophobic e$ ect.[2] Annealing of a solution above the cloud 
point results in the formation of crystalline nano% bers, as observed earlier for poly(2-isopropyl-
2-oxazoline) homopolymers.[3] Details of aggregation and crystallization processes will be 
presented.

[1] A. Gress, A. V>lkel, H. Schlaad, Macromolecules 2007, 40, 7928-7933.
[2] A. Gress, B. Smarsly, H. Schlaad, Macromol. Rapid Commun. 2008, 29, 304-308.
[3] A. L. Demirel, M. Meyer, H. Schlaad, Angew. Chem. Int. Ed. 2007, 46, 8622-8624.
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Spider silk ± production and processing of a fascinating 
biomaterial

Prof. Dr. Thomas Scheibel

Dept. of Biomaterials / FAN / University of Bayreuth
Universit!tsstr. 30 / 95440 Bayreuth / Germany

Biological materials often exceed the characteristics and properties of man-made ones. One 
well-known example is spider silk with superior mechanical properties such as strength and 
toughness. During 400 million years of evolution spiders became outstanding silk producers. 
In contrast to insects, such as caterpillars of the mulberry moth Bombyx mori (commonly 
known as silkworms), spiders can produce di$erent silks ± orb web spiders even up to seven 
di$erent ones. Orb web spiders can precisely control their production and application. Most 
spider silks are used for building the web, which re#ects an optimized trap for #ying prey. 
Already thousands of years ago the excellent mechanical properties and low immunogenicity 
of spider webs have been acknowledged by men, employing them as %shing nets or as wound 
closure devices. During industrialization, attempts to breed spiders and to collect their silks 
have been intensi%ed. However, large-scale farming of spiders has been quickly abandoned 
due to the territorial and cannibalistic behavior of most spiders. 
In order to avoid such complication, we developed a bio-inspired system using bacteria as 
production hosts which produce silk proteins mimicking the natural spider silks. Besides the 
protein fabrication, we have developed a spinning technique to produce spider silk threads 
closely resembling natural silk %bers. Importantly, we can employ the bio-inspired silk proteins 
also in other application forms such as hydrogels, spheres or %lms. 
Our bio-inspired approach serves as a basis for new materials in a variety of medical, biological, 
or chemical applications. 
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Structure and dynamics of carbohydrate polymers in glassy and 
rubbery states

Job Ubbink

Nestl" Research Center
Vers-chez-les-Blanc, CH-1000 Lausanne 26, Switzerland.

E-mail: johan.ubbink@rdls.nestle.com

Amorphous carbohydrates and carbohydrate polymers are widely used in foods and 
pharmaceutics for the encapsulation of nutrients and drugs. In these applications, the interaction 
with water is critical as it is a strong plasticizer of amorphous carbohydrates. However, the 
sorption of water by carbohydrates and the e$ects of absorbed water on molecular mobility 
including plasticization, matrix rearrangements, crystallization and di$usion are still relatively 
poorly understood, mainly because molecular and structural analyses of the amorphous state 
are lacking. In the lecture, I will report on the results of our study with the University of Bristol 
(UK) on the molecular packing and nanostructure of amorphous carbohydrates and the 
plasticizing e$ects of water. In this study, we have combined Positron Annihilation Lifetime 
Spectroscopy (PALS) with Molecular Dynamics (MD) simulations and thermodynamic analysis. 
I will discuss four di$erent cases:

1. The e$ect of water on the molecular structure of amorphous carbohydrate matrices  and  
 molecular mobility [1, 2]<

2. The impact of low-molecular weight carbohydrates on the molecular packing of   
 carbohydrate polymers [2-4]<

3. The physics of the sorption of water by bidisperse mixtures of amorphous    
 carbohydrates [5]<

4. The organization of water in amorphous and crystalline trehalose and the  implications  
 for anhydrobiosis and biostabilization [6].

1. Kilburn, D.< Claude, J.< Mezzenga, R.< Dlubek, G.< Alam, A.< Ubbink, J. Water in Glassy    
 Carbohydrates: Opening It Up at the Nanolevel. J. Phys. Chem. B. 2004, 108, 12436.
2. Limbach, H.-J.< Ubbink, J. Conformations and Molecular Packing of Maltooligomers in  
 Carbohydrate-Water Systems: A Molecular Dynamics Study. Soft Matter (in press,  2008).
3. Kilburn, D.< Claude, J.< Schweizer, T.< Alam, A.< Ubbink, J. Carbohydrate Polymers    
 in  Amorphous  States: an integrated thermodynamic and nanostructural investigation.  
 Biomacromolecules 2005, 6, 864.
4. Townrow, S.< Kilburn, D.< Alam. A.< Ubbink, J. Molecular Packing in Amorphous Carbohydrate Matrixes. 

J. Phys. Chem. B. 2007, 111, 12643.
5. Ubbink, J.< Giardiello, M.-I.< Limbach, H.-J. Sorption of Water by Bidisperse Mixtures of Carbohydrates 

in Glassy and Rubbery States. Biomacromolecules 2007, 8, 2862.
6. Kilburn, D.< Townrow, S.< Meunier, V.< Richardson, R.< Alam, A.< Ubbink, J. Organization and mobility 
 of water in amorphous and crystalline trehalose. Nature Materials 2006, 5,  632.
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Single-cell micro-arrays from  
surface-attached peptide-polymer monolayers 

 
Sönke Petersen,1,2 Sidar Loschonsky,1 Markus Biesalski1,2* 

 
1 Albert-Ludwigs-University Freiburg, Department of Microsystems Engineering (IMTEK) 

Division of Chemistry and Physics of Interfaces, D-79110 Freiburg – Germany 
 

2 Technical University Darmstadt, Ernst-Berl-Institute of Technical and Macromolecular Chemistry,  
Chair for Macromolecular Chemistry & Paper Chemistry, Petersenstr. 22, 64278 Darmstadt - Germany                                                                                

*contact : biesalski@tu-darmstadt.de 
 

Abstract: We introduce the design of a chip for the controlled adhesion of anchorage-dependent cells. A novel 
peptide-polymer hybrid, comprising the cell-recognition motif RGD and protein-repellent poly(dimethylacryl-
amide) PDMAA is used in a lithography process to implement a chemical microstructure on planar surfaces. 
Here, we present first benchmark results with regard to the miniaturization of feature sizes for the 
implementation of single-cell chips. 
 
 
INTRODUCTION 
The integration of living organisms (i.e. cells) into 
microsystems offers distinct advantages over 
conventional macro-scale systems. Perhaps the 
key parameter in the design of this kind of cell-
chips is the spatially controlled attachment of 
anchorage-dependent cells on microstructured 
surfaces [1-4].  
We recently introduced the synthesis of a novel 
peptide-polymer bioconjugate that has protein-
repellent properties and yet mediates cell adhesion 
through the presentation of the cell-binding motif 
RGD [5,6]. This hybrid polymer can be covalently 
bound as a monolayer to and microstructured on 
glass in a simple but versatile two-step 
lithographical process using a photo-reactive 
anchoring group immobilized on the carrier’s 
surface (Figure 1). 

 
Figure 1. Cell-chip based on a chemical microstructure 
consisting of covalently attached  protein-repellent 
PDMAA and a cell adhesion mediating peptide-polymer 
hybrid (PDMAA-GRGDSP). 
 
In the present study, we investigated the 
performance of cells adherent on the 
microstructured surface coating with a main 
emphasis on key parameters for a successful 
design of a single-cell micro-array. 
 
RESULTS 
Adhesion assays with normal human dermal 
fibroblasts (NHDF) confirm the excellent control 
over the attachment of living cells on the modified 
surfaces.[5,6] Cells adhere exclusively to the 
designated areas when seeded in serum-
containing medium and spread normally. 

Fluorescent staining revealed the formation of a 
morphologically normal cytoskeleton and the 
assembly of stress fibers within cells adherent on 
the peptide-polymer monolayer.[6] 
 

 
Figure 2: Cells (NHDF) on microstructured peptide-
polymer monolayers one day after seeding. Left: Single-
cell array on spots with a diameter of 50 µm (pitch=100 
µm). Right: Single-cell lines on lines with a width of 
10 µm (pitch=100 µm). 
 
Furthermore, the lithographical approach allows for 
the implementation of sufficiently small and 
arbitrary features made of the cell guiding peptide-
polymer to produce single-cell arrays and single-
cell lines consistent of NHDF (Figure 2). In single-
cell-arrays, cell proliferation is mainly suppressed 
and arrays remain stable for more than 10 days, 
which is in contrast to cells proliferating under 
standard conditions (i.e. culture-plate surfaces).  
 
REFERENCES 
1. Falconnet, D., et al., Biomaterials, 2006. 

27(16): p. 3044-3063. 
2. Ochsner, M., et al., Lab on a Chip, 2007. 7(8): 

p. 1074-1077. 
3. Weibel, D.B., W.R. DiLuzio, and G.M. 

Whitesides, Nature Reviews Microbiology, 
2007. 5(3): p. 209-218. 

4. Khetani, S.R. and S.N. Bhatia, Nature 
Biotechnology, 2008. 26(1): p. 120-126. 

5. Loschonsky, S., et al., Biomacromolecules, 
2008. 9: p. 543-552. 

6. Petersen, S., et al., Physica Status Solidi, 2008. 
in press. 
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Acrylamide and Methacrylate Based Nanospheres Templated by 
Water-Soluble Thermoresponsive Poly(ethoxytrietyleneglycol 

acrylate)s

Philip Dimitrova, Natalia Tonchevaa, Stanislav Rangelovb, Barbara Trzebicka2, Andrzej 
Dworakb,  Christo B. Tsvetanova

a Institute of Polymers, BAS, So•a 1113 Bulgaria
b Center of Polymer and Carbon Materials, PAS, Zabrze 41-819 Poland

E-mail: Philip@polymer.bas.bg

Series of temperature responsive poly(ethoxytriethyleneglycol acrylate)s (PETEGAs) was 
synthesized by ATRP. Dilute aqueous solutions of PETEGAs exhibit lower critical solution 
temperature (LCST) at around 34oC1. We found that PETEGAs tend to form nano-sized uniform 
colloidal aggregates (50-200 nm) above LCST either without or in the presence of an additional 
surfactant. Therefore PETEGA nano-aggregates were used as templates for the seeded free 
radical copolymerization of acrylamides or methacrylates together with a cross-linker to form 
acrylamide or methacrylate  based core-shell particles (Scheme 1-2) in a similar way as in a 
recent study, where poly(N-isopropylacrylamide) templates were used instead2.

 
Scheme 1. Formation of core-shell (2) and hollow (3) nano-spheres via templates from PETEGA (1).

 
During the formation of the PETEGA templates enzymes, proteins or plasmid DNA potentially 
could be entrapped. After formation of the core-shell particles (Scheme 1-2) followed by 
dialysis (Scheme 1-3) nano-containers carrying only biomacromolecules would result. 
Therefore biomacromolecules can be safely stored and transported while being within the 
nano-containers which could have a signi!cant potential in the pharmaceutical and biotech 
industries.

Acknowledgments: This work has been funded by Swiss NSF joint research project 
SCOPES ªPOLYTUBEº IB7320-110726/1 and Bulgarian NSF project X-1511. PD and NT 
would like to acknowledge Operational Program ªHuman resources development - 
BG051PO001/07/3.3-02º.

1  X. Jiang, C.A. Lavender, J. W. Woodcock, B. Zhao Macromolecules 2008, 41, 2632.
2  P. Weda, B. Trzebicka, A. Dworak, Ch.B. Tsvetanov Polymer 2008, 49, 1467.
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Antioxidant nanoreactors:  A new way to ! ght superoxide 
radicals  in oxidative stress

Cornelia G. Palivan, Fabian Axthelm, Ozana Onaca, Vimalkumar Balasubramanian, Mariusz 
Grzelakowski,  David Hughes, Wolfgang Meier

Chemistry Department, Basel University, Klingelbergstrasse 80, 4056 Basel, Switzerland

Reactive oxygen species, such as the superoxide radical anion (O2
Å), are responsible for 

oxidative stress in cells, which has been implicated in various cardiovascular and pulmonary 
diseases. 
We introduce here the concept of antioxidant nanoreactors in which the antioxidant agents 
(enzymes, or mimics) are encapsulated in amphiphilic copolymer nanovesicles whose 
membranes are oxygen permeable (Figure). The membrane of our triblock copolymer 
nanovesicles plays a double role, both to shield the sensitive protein and selectively to let 
superoxide and dioxygen penetrate to its inner space.

By encapsulating Cu/Zn-superoxide dismutase, SOD in amphiphilic copolymer nanovesicles 
made of poly-(2-methyloxazoline)-poly (dimethylsiloxane)-poly (2-methyloxazoline), we 
designed and tested a nanoreactor which is able to detoxify in situ superoxide radicals. 
We developed the nanoreactor for complete detoxi! cation, by co-encapsulation of a second 
enzyme, horseradish peroxidase, as this combination of enzymes is participating in a cascade 
reaction which converts O2

Å into H2O and molecular oxygen, as ! nal step. In this way the 
antioxidant agents are both active inside the polymerosomes and protected from the vesicles 
environment, which is improving their biodisponibility. Besides, the antioxidant nanoreactors 
avoid all known disadvantages of conventional drug delivery systems which are based on 
degradation of the carrier and release of the antioxidant agent. 
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Synthetic Extracellular Matrices with Controlled Architectures 
and Improved Mechanical Properties for Tissue Engineering

Xinqiao Jia
201 DuPont Hall

Department of Materials Science and Engineering
University of Delaware, Newark, DE 19716

There is a critical need to develop synthetic extracellular matrices (sECM) that are not only 
recon!gurable and adaptable but also exhibit desired mechanical properties that are 
conductive to tissue growth. Two types of sECM have been developed in our lab recently. 
Hierarchically structured hydrogels based on hyaluronic acid (HA) were synthesized using HA 
hydrogel particles (HGPs) as the building blocks and water soluble polymer as the crosslinker. 
These hydrogels are soft and elastic, exhibiting unique frequency-dependent viscoelasticity. 
Controlled release of model drugs was achieved through their anchorage at predetermined 
locales of the hierarchical hydrogel system. The second type of sECM is multiblock hybrid 
polymers that not only capture the elasticity of native elastin, but also provide "exibility and 
tunability in a range of morphological and mechanical properties. These hybrid polymers 
were synthesized by condensation polymerization via Orthogonal Click Chemistry using 
"exible synthetic polymers and alanine-rich, lysine-containing peptides as the building 
blocks. Subsequent covalent crosslinking of the pre-registered lysin residue led to a strong 
and elastic sca#old. These novel materials are promising candidates for use as sca#olds for 
soft tissue regeneration.
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Structure and Folding of Solenoid Proteins

Robert Seckler

Physical Biochemistry, Potsdam University, Potsdam-Golm, Germany
 

In contrast to most globular proteins, solenoid proteins are characterized by a very simple 
super-helical topology. In this respect, they resemble !brous proteins, although many 
solenoid proteins are soluble enzymes. Work of our group has focused on the right-handed 
parallel $-helix fold and, in particular, on trimeric $-helical ªtailspikeº endoglycosidases 
from bacteriophages. Structures of several family members have been determined by 
crystallography, their stability, their folding and assembly, and their interaction with complex 
carbohydrates have been analyzed using solution biophysical techniques (1-6).
All tailspikes characterized are extremely thermostable and resist denaturation by urea or 
sodium dodecyl sulfate. In the framework of the PILS conference, the talk will focus on the 
origins of such extreme kinetic stability and on materials properties of parallel $-helices.

Recent references:

Barbirz, S., J. J. M%ller, C. Uetrecht, A. J. Clark, U. Heinemann, and R. Seckler (2008) Crystal structure 
of  E. coli phage HK620 tailspike: Podoviral tailspike endoglycosidase modules are evolutionarily  
related. Molecular Microbiology, 69(2), 303±316. 
Landstr&m, J., E.-L. Nordmark, R. Eklund, A. Weintraub, R. Seckler and G. Widmalm (2008) Interaction  
of a Salmonella enteritidis O-antigen octasaccharide with the phage P22 tailspike protein by  N M R 
spectroscopy and docking studies. Glycoconj. J., 25, 137±143.
Mishra, R., R. Bhat and R. Seckler (2007) Chemical chaperone mediated protein folding: Stabilization of 
P22 tailspike folding intermediates by glycerol. Biological Chemistry 388, 797-804.
M%ller, J. J., S. Barbirz, K. Heinle, A. Freiberg, R. Seckler, and U. Heinemann (2008) An intersubunit 
active  site between supercoiled parallel $-helices in the trimeric tailspike endorhamnosidase of 
Shigella !exneri phage Sf6. Structure 16, 766-775.
Walter, M., C. Fiedler, R. Grassl, M. Biebl, R. Rachel, L. Hermo-Parrado, A. L. Llamas-Saiz, R. Seckler*, S. 
Miller, and M. J. van Raaij (2008) Structure of the receptor-binding protein of bacteriophage Det7: A 
podoviral tailspike in a myovirus. J. Virology 82(5), 2265±2273.
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Steric Stabilization of Liposomes by Copolymers Bearing Short 

Blocks of Lipid-Mimetic Units

Stanislav Rangelov

Institute of Polymers, Bulgarian Academy of Sciences

Acad. G. Bonchev 103-A, So•a, Bulgaria

A number of PEG-based non-ionic block copolymers bearing short blocks of lipid-mimetic 
units have been prepared. Their ability to sterically stabilize liposomes based on various 
dialkylphosphatidylcholines and dialkylphosphatidyletahnolamines has been studied by 
means of light scattering, cryogenic transmission electron microscopy, and "uorescence 
spectroscopy. The investigations reveal that the maximum amount of the copolymer that can 
be incorporated in the membrane without a#ecting the liposome integrity and their properties 
increases with increasing number of the lipid-mimetic anchors per single copolymer chain. 
This helps the formation of a dense and thick PEG protective layer around the liposomes which, 
in turn, is expected to enhance the liposome longevity. The pharmacokinetics and organ 
distribution of selected formulations has been investigated in comparison to plain liposomes 
and liposomes stabilized by commercially available PEG-lipids. The blood clearance curves 
and the calculated pharmacokinetic parameters show that the present block copolymers 
confer superior longevity in vivo.
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Peptide nanoparticles for biomedical uses

Caroline Fraysse

M.E. M%ller Institute for Structural Biology (MSB) Basel, Klingelbergstr. 70, CH-4056 Basel, 
Switzerland

Bio-nanotechnology has opened a wide range of applications for drug delivery systems 
and cancer therapy. In particular, it is possible to design new systems able to deliver in a 
speci!c and non-cytotoxic manner a therapeutic compound that would normally be rapidly 
degraded in the blood plasma [1]. To overcome this problem we recently designed a novel 
type of functional nanoparticles with regular icosahedral symmetry, mimicking small and 
rigid viral capsids. These particles have a diameter of about 22nm and self-assemble from 
single polypeptide chains, produced by using a recombinant protein expression system (E. 
coli).

Fig. 1: Functionalized nanoparticles (right) formed by self-assembly of peptides (right). The trimeric 
domain can be modi•ed by a ligand or by a drug.

At either end, the peptide chain can be extended by peptide sequences with a speci!c 
function (targeting peptides, cell penetration peptides). In addition, drugs or molecular 
markers (radionuclides, "uorescent probes, etc.) can be covalently attached and hence be 
presented at the particles surface (see Fig.1).The nanoparticles assembly properties were 
analyzed by various techniques like: transmission electron microscopy (TEM), "uorescence 
correlation spectroscopy (FCS) and dynamic light scattering (DLS).
Because of the variety of targeting peptides that can be easily introduced into the sequence 
of the nanoparticles forming peptide, this new technology can be regarded as a platform for 
the design of tumor-targeting motifs.

1 M.L Thakur (1995) Nuclear medicine communications 16:724.
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Accelerating Polymers Synthesis and Formulation using  
Automated High Output Technologies

Amira Abou-Hamdan, Ph.D.*

Chemspeed Technologies, Rheinstrasse 32, CH 4302 Augst (BL),
* amira.abou-hamdan@chemspeed.com

The use of automated High Output Technologies has expanded from its origins in Biotech 
and CombiChe. New approaches in Polymer- and Material Sciences strongly a#ect the Life 
Sciences R'D in a signi!cant increase of innovation and productivity.

High Output research instrumentation had originated from the goal of accelerating the 
drug development process. Now technology has progressed and enhanced instrumentation 
capabilities led to widespread use in Polymer and Material Sciences laboratories. There, the 
chemical engineering core requirements are multiple dispensing and mixing of liquids, solids 
as well as gases under controlled conditions.

Additional instrument requirements to the conduct of experimentation strongly depend on 
the particular work"ow, the sequence and nature of both physical and handling steps from the 
provision of starting materials to the isolation of the desired research entities. Thus, the set of 
speci!c application requirements spans over a broad and complex range of unit operations.

Figure 1:
Unattended R&D !exible, modular and scalable equipment embedded into open architecture data 
management and control software [Chemspeed Technologies] 

As of late, the emergence of "exible, modular and scalable equipment embedded into open architecture 
data management and control software spread the use of high output technologies out to cover the 
entire R'D process within polymer and material sciences industries (Figure 1). It delivers increased 
output ' e+ciency, unites data recording and storage and provides R'D information, which can be 
traced, tracked and reproduced.

With the aid of selected applications we will show how a variety of challenging parallel work"ows 
have been automated, namely: automated synthesis of dendritic core-shell architectures with click 
chemistry for controlled drug delievery; polymer bushes as potential vascular graft material; automated 
synthesis in the exploration of polymethacrylates as cell growth substrata and a formulation example 
from the cosmetics industry.
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Bio-inspired composite materials based on glass fibers 

Annabelle Bertina, Helmut Schlaada, Ingo Burgertb

Max Planck Institute of Colloids and Interfaces, aColloid Chemistry & bBiomaterials,
Research Campus Golm, 14424 Potsdam, Germany 

We have developed a convenient method to construct polymer/inorganic nanocomposites mimicking 
cell walls of plants (fairly rigid layer surrounding a cell which provides structural support to the cell) 
in order to get fibre composite materials with enhanced mechanical properties. The major components 
of the primary cell walls are cellulose, hemicelluloses and pectins. The cellulose microfibrils are 
linked via hemicellulosic tethers to form the cellulose-hemicellulose network, which is embedded in 
the pectin matrix. While cellulose is crystalline, strong, and resistant to hydrolysis (  glass fibers), 
hemicellulose has a random, amorphous structure with little strength (  polymer). Pectin fills the 
space between the fibrous network (  epoxy resin). 
 
Glass fibers are utilized as polymer fillers in order to obtain composite materials with better properties 
(mechanical, thermal, electric and magnetic). It has been demonstrated that the surface modification of 
these fibers can improve the compatibility and adhesion between the inorganic fibers and the polymer 
matrix. Silylation is the most commonly used method for surface modification. We have decided to 
use siloxanes that carry a thiol group. Once these  thiol groups are deposited on the surface of the glass 
fibers and irradiated in presence of any kind of polymer (or low molecular weight reagent) containing 
a double bound, a photochemical reaction is triggered that leads to the chemical attachment of some of 
the polymer chains to coat the surface (Figure 1). All other chains can be washed off and a covalently 
bound film is left behind. As polymer systems can be varied, a precise fine-tuning of the chemical 
surface structure of the glass fibers can be obtained. The use of polymer chains attached at the fiber 
surface and a polymeric matrix of the same nature will insure miscibility at the interface, thus better 
mechanical properties.  
a) b)
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Figure 1. a) Synthesis strategy; b) SEM images of non coated glass fibers after cleaning, silylation and 
covalent coating with polybutadiene. 

The fibers were characterized using FT-IR, ATR, elemental analysis, TGA, AFM, SEM, and EDX. 
Mechanical testing is under progress. 
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Calcium phosphate plates with a unique channel morphology by 
polymer templating

Andriy Shkilnyy,1,2 Alwin Friedrich,1 Jessica Brandt,2 Helmut Schlaad,2 and
Andreas Taubert1,2

1 Institute of Chemistry, University of Potsdam, D-14476 Golm, Germany
2 Max-Planck-Institute of Colloids and Interfaces, D-14476, Golm, Germany.

Email: Shkilnyy@uni-potsdam.de

Calcium phosphate (CaP) growth from aqueous solution in the presence of organic growth 
modi!ers has in the recent past been studied extensively. Among others, polymers, polymer 
gels, polymer surfaces, and polymer capsules have been used for the fabrication of a wide 
variety of di#erent CaP products. Especially synthetic polyelectrolytes have been shown 
to be e#ective growth modi!ers for CaP from aqueous solutions. Although less intensively 
studied, amino acids and poly(amino acids) have also been shown to serve as e+cient CaP 
growth modi!ers. In this work we have studied the formation of calcium phosphate in the 
presence of relatively high concentrations (up to 12 mg/mL) of poly(ethylene oxide)-block-
poly(L-glutamic acid) (PEOPLE) and poly(ethylene oxide)-block-poly(L-lysine) (PEOPLK) block 
copolymers. Precipitation at pH 8 yields small, rod or needle like particles that are very similar to 
the control samples grown in the absence of polymer. Precipitation at pH 5 yields large plates. 
Annealing of these plates at only 85 <C results in plates with a unique channel morphology 
(with PEOPLK). This behavior can be explained by the interaction of the block copolymer with 
the growing particles. 

Figure 1. CaP plates grown in presence of PEOPLK and annealed at 85oC



36

P
O

S
T

E
R

 -
 P

3

Sponge-like calcium phosphate/poly(ethylene imine) hydrogel 
composites

Andriy Shkilnyy,1,2Alwin Friedrich,1Andreas Taubert1,2

1 Institute of Chemistry, University of Potsdam, D-14476 Golm, Germany.
2 Max-Planck-Institute of Colloids and Interfaces, D-14476, Golm, Germany.

Email: Shkilnyy@uni-potsdam.de

Calcium phosphate (CaP)/organic hybrid materials are of great interest to the biotechnology 
and biomaterials industries. CaP and CaP/polymer composites have been widely used for 
bone substitutes and a variety of fabrication processes for CaP with di#erent properties are 
available. In the recent past, especially the biomimetic synthesis of CaP hybrid materials has 
attracted increasing attention due to the ease of synthesis and the wide variety of accessible 
morphologies. Surfactants, polyelectrolytes, and block copolymers have been used as additives 
in biomimetic CaP synthesis and these approaches have yielded a large number of di#erent 
CaP/organic hybrids with di#erent properties. Unlike soluble polymers, (some) hydrogels can 
in principle be implanted in a bone defect and act as a matrix for cell and bone growth. As a 
result, hydrogels that are easily made, implanted, and mineralized are of particular interest 
to the biomaterials community. The current study shows that in the cross linked form, where 
PEI is not soluble anymore, it may promote CaP nucleation and growth. Similar to the case 
where PEI is adsorbed on existing CaP crystals, which favors heterogeneous nucleation, the 
PEI hydrogel acts a heterogeneous nucleation site, from where crystal growth can proceed. 
Figure 1 shows the microscopy analysis of obtained hybrid material. Our data suggest that 
the current system could be a simple model for implantable hydrogels. Obviously, it will have 
to be evaluated for its cytotoxic potential; these experiments and modi!cations to render the 
hybrids less cytotoxic are underway.

Figure 1. Main morphology of obtained hybrid material.



37

P
O

S
T

E
R

 - P
4

Polyelectrolyte multilayers on Nitinol 
S.Schweizer1, A. Taubert2, G. Siekmeyer3

1Departement of Chemistry, University of Basel, Klingelbergstrasse 80, 4056 Basel, Switzerland 

2Institute of Chemistry, University of Potsdam, 14476 Golm, Germany 

3 Admedes Schuessler GmbH, Pforzheim, Germany. 

INTRODUCTION: Surface treatment plays an 
important role for increasing the overall 
biocompatibility of devices as stents or implants. 
Unlike restenosis, which is fairly common, stent 
thrombosis is a rare but much more dangerous 
complication after coronary stent placement. It 
usually occurs before endothelialisation has been 
completed. To improve the risk of stent trombosis 
fast endothelialisation is necessary. For that reason, 
we deposited and mineralized Calcium Phosphate 
on Nitinol stent devices in a polyelectrolyte 
multilayer film from Chitosan and Heparin. 

METHODS: Nitinol (an acronym for Nickel
Titanium Naval Ordnance Laboratory) is a shape 
memory alloy and is already used for stents and 
implants. 

The multilayer films are constructed by using the 
layer-by-layer (LbL) technique as shown in figure 
1 [1, 2]. During LbL deposition, Nitinol, a solid 
substrate bearing negative charges on the surface, 
was initially immersed into a cationic 
polyelectrolyte solution. The substrate containing 
the cationic layer was subsequently immersed in 
the anionic polyelectrolyte solution. We used the 
two natural polysaccharides Chitosan and Heparin 
as polycation and polyanion respectively. Chitosan 
is a linear polysaccharide produced commercially 
by deacetylation of chitin. Heparin, also a linear 
polysaccharide, is widely used as an injectable 
anticoagulant.

After LbL deposition Calcium Phosphate was 
mineralized on the new surface. Hydroxyapatite 
may have advantageous effects for 
endothelialisation.

Fig. 1: Layer-by-Layer (LbL) deposition technique. 
Step 1 and 3 represent the adsoption of a 
polyanion and polycation, respectively, step 2 and 
4 are washing steps [1]. 

RESULTS: The deposition of Calcium Phosphate 
on Nitinol substrate in general is possible even 
without a polymer. With the use of the polymer 
matrix, however, Calcium Phosphates deposits 
faster. On SEM images we can see explicitly more 
Calcium Phosphate crystals. 

If we bend the Nitinol substrates we cannot see any 
deformation in the coating. The Calcium 
Phosphate layer remains intact.  

REFERENCES: 1 G. Decher, Science 1997, 227, 
1232. 2 F. N. Crespilho, Int. J. Electrochem. Sci.
2006, 1, 194. 
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Responsive core-shell silica nanoparticles

Lucy Kind1, Axel M%ller2, Uwe Pieles3, Andreas Taubert4 , Wolfgang Meier1

1University of Basel; Basel; Switzerland
2University of Bayreuth; Bayreuth; Germany

3University of Life Sciences; Muttenz; Switzerland
4University of Potsdam; Golm; Germany

Silica nanoparticles gain increasing interest because of their excellent properties such as low 
density, high speci!c surface area, adsorption capacity, and the ability for encapsulation. 
These characteristics can be combined in a hybrid particle where star shaped polyelectrolytes 
like poly(N,N-dimethylaminoethyl methacrylate) (PDMAEMA) or poly(2-methacryloyloxy)
ethyl trimethylammonium iodide (PMETAI) form a template for the condensation of tetraethyl 
orthosilicate (TEOS), which leads to the formation of a silica shell around the polymer 
molecules.
Here we investigated the morphology of the silica nanoparticles. The core shell structure of 
the particles makes them highly interesting for host / guest encapsulation that is relevant for 
general biological applications, bioimaging or triggered release. Furthermore it is particularly 
interesting that the PDMAEMA core of the particles shows a pH and temperature dependant 
solution behavior contrary to the PMETAI core. That fact can be utilized depending on the 
application area of the particles. Either the particles are build for a release system (triggered 
release by pH and temperature sensitive PDMAEMA) or they should act as a storage container 
(PMETAI).

Core shell silica nanoparticles with PMETAI as a template. A: TEM micrograph. B: SEM micrograph
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Modi!ed azo-polysiloxanes as photo-sensible micelle  

Moleavin Ioana, Hurduc Nicolae, Luiza Epure, Nor Iulian 
Technical University of Iasi, Department of Natural and Synthetic Polymers, 

Bd. Mangeron 71, 700050-Iasi, Romania 
Fax : + 40232 271311 ; E-mail : nhurduc@ch.tuiasi.ro

Here we report the synthesis of some amphiphilic azo-polysiloxane modi!ed with quaternary 
ammonium groups, the idea being to generate photosensitive micelles, capable to aggregate/
disaggregate under UV irradiation. The amphiphilic azo-polysiloxanes contain 40-50 = azo 
and 57- 47 = quaternary ammonium groups. The investigated polymers were obtained in 
two-step reaction, starting from polysiloxane containing chlorobenzyl groups in the side-
chain. In the !rst step, the polymer was modi!ed with azobenzene (40-50 = substitution 
degree) and in the second one, unreacted chlorobenzyl groups were modi!ed with ternary 
amines, in agreement with the reaction scheme.
To evaluate the aggregation polysiloxane capacity, the classical method using pyrene 
"uorescence spectroscopy was used. The critical aggregation concentration (cac) value 
was calculated based, on the !rst (named I1) and the third (named I3) absorption peaks 
corresponding to the "uorescence pyrene spectrum.  For concentrations lower than 10-3 
g/L, no aggregation process was evidenced, the I1/I3 ratio being ~ 1.7. By increasing the 
polysiloxane concentration, the pyrene was progressively incorporated in the hydrophobic 
core of the aggregates that begin to form in the aqueous solution, the result being re"ected 
by the diminution of the I1/I3 ratio value. This diminution is not sudden, as in the case of low-
molecular amphiphiles.       

                                                           
                                                                      

R: N(CH2CH3)3, N(CH2CH2CH2CH3)3

The cac values were estimated as the !rst in"exion point from the curves and they are equal to 
: 2 x 10-3  g/L for sample 1 and 10-2 g/L for sample 2, respectively. These relatively low values can 
be explained by the presence on the polysiloxane side-chain of the azobenzenic hydrophobic 
groups with a high aggregation tendency (H-type or J-type). Taking into consideration the 
high "exibility of the polysiloxanic main-chain and the hydrophobic/hydrophilic separation 
tendency of the side groups (of azobenzenic and quaternary ammonium type) an azobenzenic 
core formation of the micelles, with J-type aggregation arrangement is expected. This 
assumption concerning the J-type aggregation process is asserted by the UV-VIS spectral 
studies that show a slight slow red-shift displacement of the maximum absorption peak from 
336 to 342 nm, as a function of the azo-polysiloxane concentration in water.

The •nancial support was assured by the Romania Minister of Education (grant CNCSIS 277/2007) 
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Smart azo-polysiloxanes with potential applications in biology  

Hurduc Nicolae, Moleavin Ioana, Enea Ramona, Resmerita Ana-Maria, Scutaru Dan.
Technical University of Iasi, Department of Natural and Synthetic Polymers, 

Bd.Mangeron 71, 700050-Iasi, Romania 
Fax : + 40232 271311 ;  E-mail : nhurduc@ch.tuiasi.ro

Here we show the possibility to obtain azo-polysiloxanes modi!ed with nucleobases or 
donor-acceptor groups, with a potential interest in the !eld of biomolecules nano-manipulation 
or surface nano-structuration processes. The nano-manipulation capacity is due to the 
material "uidisation process, as a consequence of the azobenzene cis-trans isomerization (UV-
VIS irradiation). If the UV irradiation source is polarized, a directional "owing process is present 
[1]. We propose the concept of conformational instability to explain the possibility to generate 
a photo-"uid phase for azobenzenic materials, during the UV irradiation. The polymers were 
characterised by 1H-NMR, GPC, DSC, TGA, AFM, UV spectroscopy and molecular simulations.  

The investigated polymers were obtained in a two-step reaction, starting from a 
polysiloxane containing chlorobenzyl groups in the side-chain [2]. In the !rst step, the 
polysiloxane was modi!ed with 4-hydroxyazobenzene (40-70= substitution degree) and, 
in the second one, the unreacted chlorobenzyl groups were modi!ed with nucleobases 
(adenine, thymine, cytosine, uracil) in the presence of K2CO3 or Na, or with donor/acceptor 
systems (nitro-phenol, dinitro-phenol, naphthalene, anthracene):
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The photochromic behaviour of the synthesized materials was investigated in solution 
or in solid state, using thin !lms deposed on the surface of the quartz cellule. As a function 
of the substituent connected to the polysiloxanic chain, the !lm surface can be structured 
in di#erent ways, probably due to di#erent aggregation ways at supramolecular level. In the 
case of azo-polysiloxanes modi!ed with nucleobases, one can anticipate some di+culties 
concerning the photo-induced "uid state apparition, [3]. We have demonstrated that the 
operational conditions (presence or absence of natural visible light) can in"uence in a critical 
way the occurrence of the photo-induced "uid state. The chain architecture and rigidity (by 
comparing with azo-polyimidic chains [4]) concerning the surface structuration capacity was 
e#ectuated.   

The •nancial support was assured by the Romania Minister of Education (grant CNCSIS 277/2007) 

[1]. Karageorgiev,P., Neher,D., Schulz,B., Stiller,B., Pietsch,U., Brehmer,L., Nature Materials, 4, 699 2005. 
[2].  Kazmierski, K., Hurduc, N., Sauvet, G., Chojnowski, J., J. Polym. Sci. Part A: Polym. Chem., 42, 1682, 2004. 
[3]. Hurduc N., Enea R., Scutaru D., Donose B., Nguyen  A., J. Polym. Sci. Part A: Polym. Chem.- 45, 4240, 2007.
[4].  Sava I., Rezmerita A.-M., Lisa G., Damian V.,  Hurduc N., Polymer , 49, 1475, 2008.
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PROTEIN REFOLDING ASSISTED BY PHOTO -SENSITIVE POLYMERS.

JULIETTE RUCHMANN a, AGNESPALLIER a, CHRISTOPHE TRIBET a
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Vauquelin 75231 PARIS Cedex 05 

juliette.ruchmann@espci.fr
 
KEYWORDS: polymer, photo-sensitive, carbonic anhydrase, refolding. 

 
Protein folding is a central problem in biotechnologies. Many proteins of therapeutic interest are nowadays over-
expressed in engineered cells, a process that may produce misfolded species or proteins under the form of insoluble 
inclusion bodies. Protein solubilization and refolding into an active conformation in high yield and at high concentrations 
is one bottle-neck for this technology. Small molecules such as amino acids, sugars or surfactants [1] are classically used 
to limit aggregation during refolding in dilute solutions. Formation of complexes with synthetic macromolecules has also 
been recently proposed to help refolding, in a manner that was compared to chaperon-like effect [2, 3]. Compared to 
small molecules, polymers and specifically copolymers bring the advantage of multiple associations with proteins, 
involving a variety of functional groups whose nature and density along the chain are easily adjusted. Controlled 
cooperativity of association with polymers can also amplify the association/dissociation, which is basically the aim of 
chaperonin-like systems (Fig. 1).
We study the effect of photo-sensitive polymers on urea-denatured carbonic anhydrase (CAB). We synthesized polymers 
with an acrylic acid back-bone and different side groups: azobenzene bring light-responsive hydrophobic association [4, 
5], arginine forms hydrogen bonds with peptides (Fig. 2). Refolding is studied by enzymatic activity measurements and 
intrinsic fluorescence. The polymers play the role of a chaperone because they prevent aggregation (the radii of 
protein/polymer complexes were measured by light scattering) and allow refolding into the active form (as judged by 
measurements of enzymatic activity). Quenching of fluorescence indicates that light can trigger the association (achieved 
under blue irradiation) and the dissociation (UV irradiation) of the azobenzenes from the protein.  
The present polymers can be considered as effective chaperones for the refolding of CAB. It appears then highly desirable 
to achieve the control of the release of the refolded proteins by a clean trigger such as light, an issue under current 
investigation in our group. 

soluble complexes 

Fig. 1: Schematic representation of the ideal behavior 
of the polymer-chaperone effect on the folding of a 

protein. 

HN O HN
O

(CH 2)5

N
N

x y

NHO

HN
O
z

O
O
100-x-y-z

O

O

O

O

HN

NH 2

NH 2

N
N

UV

Bleu

trans cis

Fig. 2: General structure of the polymers synthesized. 
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Block copolymer nano-reactors

Mariusz Grzelakowski, Ozana Onaca, Per Rigler and Wolfgang Meier

Department of Chemisty
University of Basel

Klingelbergstrasse 80
Basel, Switzerland

m.grzelakowski@unibas.ch

Amphiphilic block copolymers aggregate in water forming di!erent morphologies [1]. 
The interest in vesicular structures arises from the potential applications in di!erent "elds like 
delivery-release, biomineralization, sensors or nanoreactors [2].

By combination of di!erent techniques like NMR, GPC, DLS, LSM, FCS, LB, BAM, AFM and 
TEM, we investigated the ABA block copolymers (A ± polyoxazoline, B - polydimethylsiloxane) 
concerning the composition and self-assembly into vesicular structures. [3]

The major aim of this study was to establish nano-reactor system, based on enzymatic 
turnover of the substrate inside of the polymeric vesicles immobilized on the surface. Product 
of the enzymatic turnover is #uorescent specie, thus such observations are feasible with the 
use of laser scanning microscopy.[4] This approach will be further applied to investigate micro-
contact printing of nanoreactors on the surfaces. 

This poster will present the characterization of the amphiphilic ABA triblock copolymer, 
self assembled into vesicles immobilized on the substrate in patterned way and the enzymatic 
turnover of the substrate inside of nanoreactors. 

References 

[1] A. Taubert, A. Napoli, W. Meier, Current Opinion in Chemical Biology 8, 598-603 (2004).
[2] K. Kita-Tokarczyk, J. Grumelard, T. Haefele, W. Meier, Polymer, 46, 3540-3563 (2005).
[3] W. Meier, C. Nardin and M. Winterhalter, Angew. Chem. 112 , 4747 (2000). Angew. Chem. Int. Ed. 
39, 4599 (2000).
[4] P. Rigler, W.Meier, JACS. 128(1),367-73 (2006)
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Polymeric Drug Delivery Devices

Stefan Egli1, Per Rigler1, Patrick Hunziker2, Wolfgang Meier1

1Department of Chemistry, University of Basel, Klingelbergstrasse 80, 4056 Basel, Switzerland
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Switzerland

Vesicular nanocontainers (NCs) prepared from amphiphilic ABA triblock copolymers have 
great potential for applications in areas such as drug delivery and pharmacology. 

We prepared vesicle-like NCs from the amphiphilic poly(2-methyloxazoline)-block-
poly(dimethylsiloxane)-block-poly(2-methyloxazoline) triblock copolymer with an average 
molecular weight of 6.8 kDa. NCs were prepared by "lm rehydration method. To investigate 
their ability to encapsulate hydrophilic substances, a small molecular weight #uorophore, 
sulforhodamine B, was encapsulated. The resulting NCs were characterized using di!erent 
techniques, such as #uorescence correlation spectroscopy (FCS) and confocal #uorescence 
microscopy (CFM). NC size determination calculated from FCS di!usion times result in an 
average diameter of 200 nm. This size was con"rmed by CFM as well as transmission electron 
micrographs (TEM) and dynamic light scattering (DLS) data. The high emission intensity of 
NC's measured by FCS suggested that the encapsulation e$ciency is considerably high. We 
also proved that there is no aggregation or disassembly of the NCs over several weeks. 

Targeted delivery experiments with cells expressing speci"c receptors will be performed in 
future. Therefore, a ligand-polymer conjugation approach by click-chemistry is in progress.
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Nucleo-copolymers: synthesis and self-assembly of 
oligonucleotide-based amphiphilic diblock copolymers

F. Teixeira Jr.1, K. de Fran%a1, M. Ledergerber1, C. Cattin1, A.H.E. M&ller2, C. Vebert-Nardin1
1 Chemistry Department, University of Basel, Basel, Switzerland

2 Macromolecular Chemistry, University Bayreuth, Bayreuth, Germany

Hybrid materials bearing biologically active segments are increasingly regarded as 
substitutes of purely synthetic materials in many applications. Nucleotides are among the most 
promising biological moieties due to the speci"city of the interactions which can be achieved 
via hydrogen bond pairing between the four bases and their polyelectrolyte-like behaviour. 
Aside from those properties, nucleotide sequences may also be recognized by biological 
systems, rendering nucleotide-based materials extremely versatile from fundamental, 
experimental and technological aspects. In order to take advantage of these characteristics, 
amphiphilic block copolymers bearing an oligonucleotide sequence as the hydrophile and a 
synthetic polymer as hydrophobe were synthesized. These nucleo-copolymers were obtained 
by solid phase coupling between an amino-terminated polymer and an oligonucleotide via 
an amide bond. The syntheses were performed by coupling di!erent 12-nucleotide long 
sequences (Guanosine ± G12, Cytidine ± C12, Guanosine-Adenosine ± A5G7 and Cytidine-
Thymidine ± C7T5), bearing a terminal carboxylic group, to amino-terminated polybutadiene 
(PB, Mw = 3500 Da, kindly provided by Prof. M&ller, Bayreuth, Germany). These copolymers 
self-assemble spontaneously in aqueous solution, as a result of their amphiphilicity, and 
the size of the self-assemblies depends strongly on both the composition and on the ionic 
strength of the medium in which they were solubilized.
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Due to the dramatic bacterial infections that bio"lms may cause upon development onto medical implants for 
instance, bio"lm control is a burning subject. The topography of the surface onto which the bacteria adhere and 
the bio"lm grows is among the factors, which are known to a!ect the growth initiation of the bio"lm. In spite of 
several studies focusing on this subject, the impact of the nano- and submicron- topography in particular, has 
never been solved comprehensively, mainly because the e!ect of this parameter is usually being studied in the 
frame of speci"c applications. Apart from the fact that chemistry and roughness of the material can not be 
decoupled, questions rise from the di$culty in precisely characterize the surface of these materials and in particular, 
concerns on how the surface topography and the chemical properties correlate and modify the features of the 
bio"lm. For studying these fundamental aspects of bio"lm growth, model-surfaces are needed, with varied but 
controlled topographical and chemical properties.

Within this framework, we developed surfaces of highly controlled chemical composition that allow the preparation 
of model-substrates either smooth or structured at the nanometer length scale. On the basis of the self assembly 
ability of a nucleotide-base amphiphilic diblock copolymer composed of a hydrophobic poly(butadiene) block 
covalently bond to a nucleotide sequence, we developed structured surfaces constituted of polymer vesicles 
immobilized on a smooth surface modi"ed with the oligonucleotide sequence composing the copolymer, while 
reference surfaces with the same chemistry but a smooth topography are indeed obtained by simply grafting the 
same oligonucleotide than that composing the nucleo-copolymers onto silicon substrate. This approach allows the 
investigation of the e!ect of the size and surface concentration of the oligomersomes onto the bacterial response. 
Besides, the versatility of the chemistry of oligonucleotides allows varying the composition with high precision 
and control, down to one nucleotide, to di!erentiate the in#uence of chemistry and topographical feature of the 
surface on the bacterial response. These surfaces thus o!er in addition a large choice of strategies for coupling the 
various aspects of the "ght against bio"lm. 

In this study, model-surfaces designed by the covalent immobilization of oligonucleotides and immobilization 
of oligomersomes were realised and characterized prior to investigate the growth of the bio"lm. Combining 
#uorescence microscopy, XPS, ellipsometry, AFM and wettability at each step of the process of oligonucleotide 
grafting, the model-surfaces were comprehensively validated for subsequent biological investigations. The impact 
of bacterial organelles of adhesion (curli) on the substrate-bacteria interactions was studied using three di!erent 
mutant strains of E.coli. Adherent bacteria were quanti"ed in a static bio"lm growth mode onto these substrates. 

As a "rst result, silicon substrates modi"ed by the covalent immobilization of oligonucleotides provide convincing 
evidence of an enhanced curli expression without increase of the number of adherent bacteria, compared to a 
glass control. As a second result, immobilization of oligomersomes on oligonucleotide grafted surfaces, composed 
of the same sequence than that constituting the vesicular structures, provides a topography feature at the sub-
micrometer length scale which does not a!ect the response of E.coli compared to the #at oligonucleotide grafted 
surface. Both results lead to convincing evidence that oligonucleotide-modi"ed surfaces, independently of the 
topographical feature used in this study, enhanced curli expression without increasing number of adherent 
bacteria.1

This study provides interesting bases for further work in which we are developing bioactive surfaces via their 
surface properties and their ability to entrap and release active molecules.

1  N. Cottenye et al. Macromol. Biosci. 2008, 8, DOI: 10.1002/mabi.200800081

Oligonucleotide nanostructured surfaces: e!ect on Escherichia coli 
curli expression
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1Institut de Chimie des Surfaces et Interfaces (CNRS UPR 9069), 15 rue Jean Starcky, BP 2488, 68057 
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2Department of Chemistry, University of Basel, Klingelbergstrasse 80, CH-4056 Basel, Switzerland
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Biotransformation on polymer-peptide conjugates: A versatile tool to control 
microstructure formation 

Hans Kühnle and Hans G. Börner* 
Max Planck Institute of Colloids and Interfaces, Am Mühlenberg, D-14476 Golm; Germany, 

Hans.Boerner@mpikg.mpg.de 

The phosphorylation state of a variety of proteins has been implicated in a multitude of 
biological pathways as well as in the regulation of many basic cellular processes, including: 
early stages of embryonic development, cell death and cancer.1 In this context, the 
combination of polymer-pepide conjugates and posttranslational modification princples is an 
appealing setting, offering macromolecules with a high degree of specific functionality.  

Here we feature a novel strategy to control self-assembly of polymer-peptide conjugates 
via enzymatic modifications of the sequence-defined oligopeptide. 

Peptides can be enzymatically modified in a large number of different means, including 
acetylation, sulfation, methylation or phosphorylation. It is a fact that amino acid side-chain 
modifications contribute strongly to the folding processes in proteins.2 The recent results 
evidence that the introduction of phosphate-threonine-ester moieties into (VT)x peptide 
aggregation domains suppresses the formation of secondary structures e. g. the adoption of the 
 -sheet motif and hence can be exploited to effectively regulate the self-organization of 
polymer-peptide conjugates (Figure left).3  

The enzymatic dephosphorylation of these phosphate-threonine-ester moieties 
reconstitutes the native threonine side-chains, inducing the aggregation tendency and thus 
triggering the assembly process.4 The self-assembly was controlled with an acid phosphatase 
from potato as an inexpensive enzyme, specifically catalyzing the hydrolysis of phosphate 
esters.  

Among existing strategies for obtaining fiber-like structures, the presented !BioSwitch" 
methodology additionally allows for the specific manipulation of polymer-conjugates by 
introducing peptide segments, which can be enzymatically switched4, clipped5, transformed or 
cross linked. 

                        

Figure. Peptide-guided self-assembly controlled by modified peptides: i (Soff, AFM height image, z-
range 3 nm) and ii triggered with acid phosphatase in citrate buffer (Son, AFM phase image).  
 
1. M. Gallego and D. M. Virshup, Current Opinion in Cell Biology, 2005, 17, 197-202. 
2. Y. W. Bai and S. W. Englander, Proteins, 1994, 18, 262-266. 
3. J.-F. Lutz and H. G. Börner, Progress in Polymer Science, 2008, 33, 1-39. 
4. H. Kühnle and H. G. Börner, Manuscript submitted, 2008. 
5. H. Kühnle and H. G. Börner, Manuscript submitted, 2008. 
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Short D, L - Helical Peptides in Solution and on Surfaces

Thomas Schuster, Dirk de Bruyn Ouboter, Christian Dittrich, Wolfgang Meier

Department of Chemistry, Klingelbergstrasse 80, 4056 Basel, Switzerland

Gramicidin A (gA) is a 15-mer peptide antibiotic, originally derived from soil living bacterial 
species Bacillus brevis. It consists exclusively of hydrophobic amino acids alternating in d- and 
l-conformation which results in helical secondary structure and dimerized molecules1

We attached three acetylated lysines to the N-terminus of truncated gramicidin (H-lC-lK3-(lW-
dL)3-lW-NH2) and yielded short amphiphilic peptides with the ability to form monodisperse 
spherical aggregates in aqueous solution.
All peptides were synthesized on solid phase using Fmoc chemistry. Puri"cation was performed 
by preparative RP-HPLC. Analysis was carried out using BAM, LB, AFM, TEM, SEM, QCM and LS 
techniques.
Figure 1 shows spherical assemblies of d,l-helical peptides after lyophilization from aqueous 
solution. d,l-sequence of amino acids is crucial to spherical aggregates since an identical 
sequence with l-amino acids is not soluble in organic solution . The objects are massive (no 
vesicles), investigations about molecular organization are in progress.
In addition to supramolecular studies in solution *-A isotherms of peptide thin "lms were 
investigated; peptide monolayers were transferred to gold support which resulted in 
homogeneous thin "lms as con"rmed by atomic force microscopy. Our aim is to quantify the 
property of d,l-helical peptides to speci"cally dimerize2 in solution and on surfaces which we 
want to apply as a versatile anchoring system.

Figure 1: SEM image of dialysed Ac-C-(K-Ac)3-(lW-dL)3-lW-NH2

   
References: 

1. Wallace, B. A., Recent advances in the high resolution structures of bacterial channels:   
 gramicidin
 A. Journal of Structural Biology 1998, 121, (2), 123-141.
2. Braco, L.; Bano, C.; Chillaron, F.; Abad, C., Dimer-monomer conformational equilibrium   
 of gramicidin A in 1-alkanols as studied by H..P..L..C. and !uorescence spectroscopy.   
 International  Journal of Biological Macromolecules 1988, 10, (6), 343-8.



48

P
O

S
T

E
R

 -
 P

1
5

Copolymers on the Basis of Novel Saccharide Containing 
Surfmers and Initiators

L.Vuytsyk, O.Hevus, R.Fleychuk*, S.Voronov 

Lviv Polytechnic National University, Lviv, Ukraine
E-mail: !eychuk@polynet.lviv.ua

Saccharide containing functional polymers "nd an application for modi"cation 
on interface of colloidal systems, as well as for obtaining functional nanoparticles, for 
transportation of drugs to cell membranes, etc.

The present work is devoted to synthesis of saccharide containing polymers of medical 
destination on the basis of novel saccharide containing monomers.

On basis of 6-glycidyl-l,2,3,4-O-diisopropylidene-#-D-galactopyranose (1) and 
carboxyl containing compounds novel saccharide containing monomers (2,3) ± derivatives of 
galactopyranose were obtained.
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R  = H, C16H33, Me-O-PEG, Me-O-PPG, (CH2)3SO2OH  NR3, (CH2)2NMe2CH2PhCl, OBu-t, (CH2)2CMe2OOBu-t.  R1 = H, Me.
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Acrylic (methacrylic) monomers (2) were synthesized by interaction of glycidyl 
derivative (1) with acrylic and methacrylic acids. The reaction was carried out over a catalytic 
quantity of benzyltriethylammonium chloride during 12 hours at 80$%. The same route by 
processing of glycidilgalactopyranose (1) with maleic acid and her monoderivatives ± esters 
of highest aliphatic alcohols, monoblock polyethylene glycol and polypropylene glycol, tert-
butylperoxy- and &-tert-butylperoxyalkylmaleate with quantitative yield were obtained 
maleic monomers (3).

Hybrid copolymers, with saccharide fragment and others functional groups ± carboxylic, 
tetraalkylammonium, sulphonic, peroxidic in side chains were obtained by copolymerization 
with others monomers (styrene, acrylic/methacrylic acide and their esters)

O O
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p

Received copolymers possess surface-active properties, are able to sorb on the surface 
of bio- and synthetic polymers, as well as on metallic and mineral nanoparticles. Due to 
availability of peroxy groups they initiate from the surface grafting copolymerization di'erent 
monomers.
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Nanocompartments: Tools for Triggering, Delivering, Enzymatic 
Conversion and Selective Product Recovery

Marco Fioroni, Arcan G*ven, Saskia Ihle Noor Muhammad, Pravin Shinde and Ulrich 
Schwaneberg

Jacobs University Bremen, School of Engineering and Science, Bremen, GERMANY

Nanocompartments based on polymer vesicles (Polymersomes) show exceptional 
technological properties such as mechanical stability, organic solvent, substrate and product 
tolerance coupled with permeation resistance that are out of reach for biologically derived 
vesicles (Liposomes) [1,2,3]. By de"nition, a Synthosome is a self-assembly result of a copolymer 
with an engineered embedded outer membrane protein, i.e. bacterial FhuA mutants, acting 
as a selective gate able to control chemical !ux across the membrane. A main advantage of 
Synthosomes over Polymersomes is that through protein engineering it is possible to design 
functionalized protein channels. In one of our latest results, we have been able to ¹triggerª the 
release of a reporter molecule like calcein trapped into the Synthosome[4] upon addition of 
a reducing agent with the release of the pyridine or biotin ¹cork-plugª previously closing the 
channel of the engineered transmembrane FhuA. (lower "gure)

Other results show the use of the nanocontainers delivering, selective recovery and enzymatic 
conversion[1,2,3].

[1]  M. Nallani, S. Benito, O. Onaca, A. Gra', M. Lindemann, M. Winterhalter, W. Meier, U. Schwaneberg, J.   
 Biotechnol. 2006, 123: 50-59
[2]  M. Nallani, O. Onaca, N. Gera, K. Hildenbrand, W. Hoheisel, U. Schwaneberg, Biotechnol. J. 2006, 1: 828-834
[3]  O. Onaca, M. Nallani, S. Ihle, A. Schenk, U. Schwaneberg, Biotechnol. J. 2006, 1: 795-805
[4] O. Onaca, P. Sarkar, D. Roccatano, T. Friedrich, B. Hauer, M. Grzelakowski, A. G*ven, M. Fioroni, U.   
 Schwaneberg, Angew. Chemie. Int. Ed. 2008, on-line article
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9.00  Andreas Taubert  Welcome 

9.15 Andreas Greiner  Electrospun nanofibers for applications in life science 

9.45 Hans G. Börner  Monodispers poly(amidoamine)s to transport DNA 
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