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Scientific programme

About the lab
The scientific community is a global community, in which our
PhD students are eager to participate. To broaden their horizons, our PhD students organize a PhD trip once per two years,
in which a number of University labs and companies are visited.
This year's trip goes to UK, and I hope that it will contribute to
their growth as scientists, that it will lead to many interesting
meetings and discussions, and that it may form the starting
point of new collaborations.
The science of colloids, surfactants, (bio)polymers and other
'soft' objects is a cross-road of life science, chemistry, physics
and biology, nowadays often denoted as 'Soft Matter' science.
The research programme of Physical Chemistry and Soft Matter
at Wageningen University deals with a broad range of topics in
soft matter science and indeed reflects this multidisciplinary
nature in various ways. However, despite the wide scope of
topics, there is an underlying texture of basic concepts which
guides us in finding answers to the scientific questions that we
pose.
One could characterize the central theme of our research as the
collective behaviour of molecules and particles that arises from
the properties of the entities and their interactions. This covers
a wide range of phenomena and systems, and we distinguish a
number of research lines, each lead by one of the scientific staff
members:
1.
2.
3.
4.
5.
6.
7.

Self-consistent field theory and its applications (Frans
Leermakers)
Self-assembling protein structures (Renko de Vries)
Surface forces and self-assembly (Mieke Kleijn)
Bioinspired functional polymers (Marleen Kamperman)
Resonsive colloidal systems (Joris Sprakel)
Jammed granular systems (Joshua Dijksman)
Self-assembled polymer networks (Jasper van der Gucht)

Within these general themes, we work on a large variation of
topics, e.g. structures formed by (biosynthetic) block copolymers (micelles, capsules, fibers, gels), and their response to
5

chemical or physical triggers, bio-inspired adhesives, wetting
phenomena, colloidal self-assembly, rheology and flow of various complex fluids, mechanical instabilities in colloidal or polymeric materials, and many more. In all these cases, it is the
interplay between all the various interparticle forces, thermal
motion and external forces which conspire to make or destroy
all sorts of microscopic objects or sometimes macroscopic phases. It is this rich diversity of shapes and processes which is
always exciting and intellectually stimulating which drives our
scientific curiosity.
This year, the PhD trip is joined by the Laboratory of BioNanoTechnology. The research interests of the BioNT group range
from dynamic supramolecular chemistry in solution and on surfaces, to biomedical use of nanomaterials and microfluidic technologies.
Applications are the development of for example multimodal
diagnostic and theragnostic agents, and the fabrication of microfluidic sensing systems based on optical/fluorescence and
NMR spectroscopy.
Jasper van der Gucht
Head, Physical Chemistry and Soft Matter, Wageningen UR

Contact details
www.pcc.wur.nl
Prof.dr.ir. J. van der Gucht

www.biont.wur.nl
Prof.dr. A.H. Velders
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Project Descriptions
Jeroen Appel
Composite microgel particles; versatile
tools in colloid science

Employing a simple two-step synthesis, composite microgels are
synthesized with a fluorescent latex core and a responsive microgel shell. This method is optimized to synthesize a variety of
composite microgels with low polydispersity, in a size range of
100–1500 nm.
The fluorescent latex core allows for good confocal microscopy
imaging of individual particles and the variety of microgel shells
allow for tuned thermoresponsive characteristics of the particles. These particles have been successfully used to study the
organization of particles on curved interfaces; stabilize oil in
water emulsions; study the effect of impurities on the glass
transition and gel a colloidal dispersion in a sequential manner.
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Contact details
E-mail: jeroen.appel@wur.nl
Supervisor: dr.ir. J. Sprakel
Project funding: NWO
Project term: 01-2012 – 01-2016
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Merve Cetintas
Responsive and self-healing membranes
with well-defined nanopores using block
copolymers

Next generation membranes require nanopores with welldefined tuneable size and shape translating into better control
of transport and separation. Periodic structures on the nanometer length scale are difficult to achieve using conventional topdown approaches; thus making block copolymers very interesting for nanoporous membrane applications [1].
In this research project, stimuli-responsive and self-healing
nanoporous membranes will be developed using block copolymer self-assembly. The monodisperse pores, the self-cleaning
properties and the ease of healing of the advanced materials
developed in this research bode well for potential membrane
systems. These properties will be achieved by producing diblock
copolymers containing a responsive block and a block that is
physically cross-linked by metal complexation. The responsive
block is swollen with an additive that creates pores upon removal (Figure 1(1)). The block copolymers polystyrene-blockpoly(N-isopropylacrylamide) (PS-b-PNIPAM) and polystyreneblock-poly(4-vinylpyridine) (PS-b-P4VP) are selected, because
PNIPAM is a thermoresponsive polymer (transition temperature
32 °C) and P4VP is a pH-responsive polymer (transition at pH
4.7). The additives that will be removed to obtain the pores are
PNIPAM homopolymer for PS-b-PNIPAM and 3-pentadecylphenol
(PDP) for PS-b-P4VP copolymer.
The responsive block undergoes a reversible phase transition
from a swollen to a shrunken state upon a change in temperature or pH, thereby controllably changing the pore size (Figure
1(2)). The change in pore size aids in removal of contaminants,
rendering the membrane self-cleaning upon application of a
stimulus. The metal complexes in the second block mechanically reinforce the material and provide intrinsic self-healing properties, because the metal-ligand bonds can spontaneously reform after breaking. Inspired by the cuticle of mussel byssal
threads catecholato-iron chelate complexes will be used, which
have been shown to form near-covalent bond strengths [2].
9

We will target the self-assembly either perpendicular cylindrical
morphology or 3D interpenetrating network structure (so-called
gyroid phase), in which all channels are fully interconnected,
having pore diameters between 10 – 50 nm dictated by the
molecular weight and composition of the diblock copolymer and
of the additive.
Achieving continuous connectivity in the membrane is challenging since the window of gyroid phase structures in phase diagrams of diblock copolymers is relatively narrow and diblock
copolymers with different composition or molecular weights
must be prepared in order to tune the size of the bicontinuous
structure. Therefore, we plan to use self-consistent field theory
to predict for which diblock polymer/additive composition range
a gyroid morphology will be found in collaboration with Prof.
Frans Leermakers.

[1] M. A. Hillmyer, Adv Polym Sci (2005) 190, 137.
[2] N. Holten-Andersen et al., PNAS (2011) 108, 2651.

Contact details
E-mail: merve.cetintas@wur.nl
Supervisor: dr. M.M.G. Kamperman
Project funding: DPI
Project term: 03-2013 – 03-2017
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Natalia Domeradzka
Clicking together self-assembled structures. A unique technology for producing
biocompatible hydrogels

The healthcare/biomedical industry is developing rapidly and so
is research into materials used in these industries. Specific
types of materials for which expectations are extremely high are
hydrogels for cell growth, to be applied as scaffolds in regenerative medicine. Ultimately, scientists hope to be able to grow
whole organs outside the context of the human body...
This project showcase a very efficient technology used for producing biocompatible and even bioactive polymers that form
hydrogels. Long polypeptides with unique sequences of amino
acids are designed and produced by fermentation of recombinant yeast. Amino acid sequences of these polypeptides are
inspired by proteins present in nature. A library of amino-acid
sequence "blocks" is continuously extended by the new variants.
These blocks can be combined in various ways to make blockcoploymers that self-assemble into hydrogels with precisely
defined architecture.

Figure 1: Self-assembly of a tri-block
that
contains
heterodimer-forming
blocks (red/ blue), triple helix-forming
block (green) and random coil spacer
(navy).

Figure 2: The hydrogel that is
formed by tri-block presented in the
figure 1. At N-terminus selfassembly by triple helix- formation,
at C-terminus by heterodimer formation.
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This research project has been started to increase control over
materials that can be made with protein block-copolymers.
The idea of the project is to exploit the specificity of biological
interactions to create "click" modules that can be used to connect different self-assembled objects together, into larger functional structures (Figure 1, 2). The "click" modules consist of
natural and bioinspired sequences that in solution form strong
heterodimers.
Several pairs of heterodimerization blocks have already been
produced. The project is in the phase of the interaction studies.
The blocks with low potential were excluded from further studies. The blocks with the best properties are being explored.
After that they can be used in the new designs for selfassembling polypeptides, for example to make very dilute and
strong protein hydrogels as scaffolds for cell growth.

Contact details
E-mail: natalia.domeradzka@wur.nl
Supervisors: dr. R.J. de Vries,
dr. F.A. de Wolf,
ing. M.W.T. Werten
Project funding: NanonextNL
Project term: 06-2012 – 06-2016
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Jan Maarten van Doorn
Fast, small and strong: probing viscoelastic properties of binary colloidal networks
with optically trapped nanoparticles

Viscoelastic materials are all around us. From bulk materials as
ketchup or paint to more delicate materials as hydrogels or the
cytoplasm of living cells.
Hydrogels usually have poor mechanical stability. Recent discoveries on improvement of the mechanical stability by using
binary polymer networks suggest a local yielding mechanism
[1]. This mechanism however lacks experimental evidence.
Traditionally viscoelastic properties are measured with bulk
rheometers. This method however requires large sample volumes and only gives macroscopic information. By employing
micrometer-sized colloidal particles as probes one can locally
measure viscoelastic responses in microliter sample volumes.
The inertia of these particles can be neglected up to 100 kHz.
This allows for viscoelastic characterization far beyond the frequency range of classic rheometers. As driving forces one can
use either Brownian motion or external forces exerted with, for
example, optical tweezers [2].
The aim of this project is to characterize microscopic deformation and yielding of binary networks. For this binary colloidal
networks will be made of micrometer-sized particles. This allows
to visualize the microscopic structure and measure mechanical
properties directly with optical methods such as high-speed
confocal microscopy and optical tweezers. The direct visualization of all elements in these networks enables to observe and
quantify local deformations and local yielding directly.
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[1] Gong, J.P. et al., 2003. Double-Network Hydrogels with
Extremely High Mechanical Strength. Advanced Materials,
15(14), pp.1155–1158. Available at:
http://dx.doi.org/10.1002/adma.200304907.
[2] Lee, H. et al., 2010. Passive and active microrheology for
cross-linked F-actin networks in vitro. Acta Biomaterialia, 6(4),
pp.1207–1218. Available at:
http://www.sciencedirect.com/science/article/pii/S17427061090
04796.

Contact details
E-mail: janmaarten.vandoorn@wur.nl
Supervisors: prof.dr.ir. J. van der Gucht
Project funding: FOM/Unilever
Project term: 02-2014 – 02-2018
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Maarten van Heek
Colloid dynamics at anisotropically curved
interfaces

Spheres love to pack as hexagons. You can see this in any grocery shop where oranges are sold. This hexagonal packing is
most efficient with regards to space (Figure 1).

Figure 1: Hexagonal packing
of oranges

Figure 2: Typical 2D confocal image of
spherical colloidal particles (red) on a cylindrical oil/water interface (green)

When colloids (at an interface) undergo attractive interaction,
they also pack in a 2D hexagonal crystal at the interface.
However, this is no longer the case if either the colloids have an
anisotropic shape, or the interface has an anisotropic curvature.
Earlier work in our lab, by Ershov et al., reports that particles
pack in square crystalline conformations in this case [1].
In this project we continue with a systematic investigation of
colloid behaviour at anisotropically curved interfaces. The interface is readily made by the deposition of oil and water on a
surface that confines the oil phase to a certain geometry. We
focus on channel-like geometries to create cylindrically curved
oil-water interfaces (Figure 2).
Particle positions are determined with standard tracking algorithms. We identify free particles and particles that form
pairs/clusters (Figure 3). The approach curves of particle pairs
give information about the long-range interaction energy. The
15

vibration of particle pairs in equilibrium is used to determine the
interaction energy near the equilibrium distance.

t=0

t = 6.5 min
Figure 3: Time series of packing of spherical colloids on a cylindrical oil/water
interface. This montage took ca. 6.5 minutes.

[1] http://www.pnas.org/content/110/23/9220

Contact details
E-mail: maarten.vanheek@wur.nl
Supervisors: dr.ir. J. Sprakel,
Prof.dr.ir. J. van der Gucht
Project funding: PCC
Project term: 04-2012 – 04-2016
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Ilse van Hees
Sticky when wet: bioinspired nanostructured complex coacervate adhesives for
wet environments

Nature provides us with a lot of different materials with specific
properties. These materials can be a source of inspiration for
the development of new artificial materials with unique capacities. This research program, which will start in May 2015, is
inspired by materials of marine organisms like mussels. Mussels
secrete adhesive proteins that bind their soft body to hard
rocks. It is suggested that the processing of these proteins and
similar natural marine adhesives is based on complex coacervation.

Figure 1. Mussel, one of the adhesive protein secreting marine
organisms.

Complex coacervates are a water insoluble phase of positively
and negatively charged polymers, formed upon mixing of the
polymers under the right conditions. Complex coacervates are
very viscous materials and contain between 60 and 85% water.
The use of complex coacervates in adhesives in aquatic systems
has several advantages. The immiscibility of the complex coacervate and water prevents the (fast) inversion into the water. In
17

addition, complex coacervates exhibit low interfacial tensions,
which enables prompt wetting of the surface and thus easy
application and use of the product. Another advantage is the
high density of the complex coacervate which provides many
functional groups at the interface which enable strong adhesion.

Figure 2. Schematic representation of the complex coacervate
structure (a) and the polymers to be synthesized, (b) and (c).

The aim of this research is the synthesis of triblock polymers
with hydrophobic outer blocks and an either positively or negatively charged middle block. Complex coacervates can be
formed upon mixing polymers with oppositely charged middle
blocks, as is schematically represented in Figure 2. The hydrophobic outer blocks of the polymers will function as physical
cross-links and will lead to the self-assembly of a material with
a well-controlled nano-structure. It is believed that the selfassembled materials will be strong and tough.

Contact details
E-mail: ilse.vanhees@wur.nl
Supervisors: dr. M.M.G Kamperman
Prof.dr.ir. J. van der Gucht
Project funding: NWO
Project term: 05-2015 – 04-2019
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Jan Bart ten Hove
Controlling the synthesis and surface
functionality of metal nanoparticles using dendrimer nanotemplates

Nanoparticles (NPs) are particles with a size between 1-100 nm
that have some properties that make them useful as reporters
for biomedical applications. Among many, one type of nanoparticles with unique properties is metal NPs, such as gold, silver
and palladium NPs. Their properties include a.o. catalytic activity and size-dependent spectral properties. Like, gold nanoparticles have a so-called plasmon band which is strongly affected
the size of the nanoparticle and the ligands on the surface. A
shift of this plasmon band can easily be visualized using optical
methods. Because of their sensitivity gold NPs find extensive
applications, for instance in commercially available pregnancy
tests, or in the detection of enzymes.

Figure 1: The spectral properties of quantum dots render
them highly suitable as sensor
in biomedical applications

Figure 2: Monodisperse gold nanoparticles
can be synthesized by carefully choosing
synthesis conditions.

One of the challenges lies in the controlled synthesis of these
NPs, to get monodisperse particles. We use dendrimers, hyperbranched polymers that can be used as a nanoreactor, for the
controlled synthesis of metal nanoparticles. We use
poly(amidoamine) (PAMAM) dendrimers of different generations
19

as a template to first complex metal ions to the inner amines of
PAMAM. Reduction of the formed metal-dendrimer complexes
results in dendrimer-encapsulated nanoparticles or DENs. We
follow the synthesis using a wide variety of techniques, including Transmission Electron Microscopy, NMR spectroscopy and
UV-Vis spectroscopy. By combining these, we can show that we
indeed form DENs, as opposed to Dendrimer Stabilized NP’s
(DSNPs). After synthesis, we can extract the formed NPs from
the dendrimer cavity by the simple addition of a desired capping
agent. By using dendrimers as a nanotemplate, we have control
over both the synthesis of the nanoparticles as well as over
their surface groups. We use 1H-NMR spectroscopy to confirm
the extraction of NPs from the dendrimer interior, and DiffusionOrdered Spectroscopy (DOSY) to determine their size and the
presence of the capping agent on the NP surface.

Contact details
E-mail: janbart.tenhove@wur.nl
Supervisors: prof.dr. A.H. Velders,
dr. F.W.B. van Leeuwen
Project funding: NWO
Project term: 11-2014 – 10-2018
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Kris van ‘t Klooster
Spatial regulation of cell wall deposition
during xylem formation in Arabidopsis
thaliana

The xylem of plants facilitates evaporation driven water
transport from the roots throughout the plant. To resist the
large negative pressures that can occur in the xylem, localized
secondary cell wall thickenings are formed during xylem formation. These cell wall thickenings can be present in rings, spirals, reticulate or pitted, depending on the developmental stage
of the plant. The patterning of the wall thickenings is mediated
by the cytoskeleton. Here, we study how the cytoskeleton selforganizes during xylogenesis and which signalling pathways are
involved.
The combination of life cell imaging (Figure 1) with automated
image processing, and a theoretical approach (Figure 2) is powerful. The prospects are to quantify microtubules parameters
automatically and to improve the simulation model in order to
incorporate self-organizing principles. The experimental work
can serve as input for the model. The model can serve as a
hypothesis tester and guide which experiments will be fruitful.
This will be an iterative process in which in vivo and in silico
experiments will alternate. Both will teach us how xylem formation works at the plant cell level.

Figure 1: Microtubules in plants are
highly patterned during xylem formation.

Figure 2: Computer simulation of
microtubules mimicking the patterns
observed in plants.
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Contact details
E-mail: kris.vantklooster@wur.nl
Supervisors: prof.dr. M.E. Janson,
prof.dr. B.M. Mulder,
dr.ir. M.J. Ketelaar,
prof.dr.ir. J. van der Gucht
Project funding: SRON (Space Research
Organisation Netherlands)
Project term: 01-2012 – 01-2016
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Hanne van der Kooij
Film formation in complex colloidal coatings

Coatings are an essential part of everyday life. Their applications range from low-tech surfaces such as paper and furniture
to high-performance technologies such as cars and airplanes.
Over the past few decades, the market share of waterborne
coatings has been increasing at the expense of solvent-borne
formulations. These water-based systems are more environmentally friendly and healthier for consumers. However, purely
water-based coatings cannot yet compete with their solventbased counterparts in terms of durability and performance. The
main bottleneck is the process of film formation: for waterbased coatings, forming a homogeneous film not only requires
evaporation of the solvent but also deformation and coalescence
of the dispersed polymer particles (Figures 1 and 2). Improving
the quality of waterborne paints and inks to allow for the ultimate replacement of all solvent-borne systems requires a deep
understanding of the film formation process at all scales.
A simplified scheme of film formation is shown in Figure 1.
However, the reality is much more complex and involves many
interrelated processes, including fluid flow, particle packing and
deformation, coalescence, and cracking. Understanding this
multidimensional problem has proven challenging, precluding a
clear understanding of film formation to date. In this project we
aim to shed new light on the interplay between the governing
processes and their implications for the film homogeneity.
We will investigate a variety of key parameters, such as the
particle viscosity, size and surface chemistry, and the presence
of surfactants and pigments. To this aim we combine optical
measurements (light and confocal microscopy) with structural
measurements (scanning electron and atomic force microscopy)
and dynamical measurements; for the latter an advanced lightscattering set-up is being developed. These techniques allow us
23

to resolve the film formation process from the macroscopic
down to the single-particle level, both qualitatively and quantitatively, over times ranging from milliseconds to days.

Figure 1: Schematic of the process of
film formation in a waterborne colloidal coating. During drying, three
successive steps lead to the formation of a continuous film from the
initially dispersed polymer phase.

Figure 2: Scanning electron microscopy images of deformed (top) and
coalesced (bottom) particles at the
edge of a coating. Particle diameter
ca. 400 nm.

Contact details
E-mail: hanne.vanderkooij@wur.nl
Supervisors: dr.ir. J. Sprakel,
prof.dr.ir. J. van der Gucht
Project funding: Dutch Polymer Institute
Project term: 09-2013 – 09-2018
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Maria Oikonomou
Diffusion ordered spectroscopy NMR as a
quantitative analytical tool in complex
chemical systems

Diffusion Ordered SpectroscopY (DOSY) is a widely applied
technique in life sciences for complex mixture analysis, solution
dynamics and molecular association phenomena. DOSY is a NMR
chromatographic technique, separating components in a mixture
spectroscopically according to their translational diffusion. A
DOSY experiment consists of a series of spin echo or stimulated
echo spectra recorded with increasing gradient field strength.
In our group we use DOSY NMR as a quantitative tool to study
complex reacting mixtures (e.g. isomerization reactions), in-situ
functionalization reactions of nanoparticles, multivalent interactions of nanoparticles with biomolecules (Figure 1), estimation
of binding constants of supramolecular complexes (Figure 2)
etc.
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Figure 1: Trivalent binding of peptide
to nanoparticles decorated with
three different ligands

Figure 2: DOSY NMR measurements
for comparison of peptide affinity to
monovalent (blue), divalent (purple)
and trivalent (red) nanoparticles
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Contact details
E-mail: maria.oikonomou@wur.nl
Supervisor: prof.dr. A.H. Velders
Project funding: FP7-PEOPLE-2010-ITN Marie-Curie Action-DYNAMOL
Project term: 11-2011 – 10-2015
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Wolf Rombouts
Tough and smart: mechanical and structural properties of composite networks
formed by bioinspired protein polymers

Nature is the perfect source of inspiration for materials suitable
for medical applications. Several modular protein polymers
based on natural collagen, silk and elastin have been biosynthetically produced in our group. There is a high demand for
biomaterials which are suitable for load-bearing conditions.
However, most hydrogels have a poor mechanical stability,
which limits possible applications of these materials.
Several years ago Gong and co-workers showed that by combining two polymers, a soft and more rigid-like polymer, that
both form separate networks, resulted in a composite material
with greatly improved mechanical properties [1].
Based on this discovery, this project aims at the investigation of
the mechanical and structural properties of composite hydrogels
formed by combining different protein polymers.
One of the topics in my project is the composite networks
formed by combining two fiber-forming molecules: FMOC-LG
and CSSC. FMOC-LG is a relatively simple aromatic dipeptide
with a low molecular weight, which is able to form stiff fibers if
the pH is lowered sufficiently. CSSC is a silk-like block copolymer produced in our lab, in which the S-block contains eight
GAGAGAGE octapeptide repeats. If the pH is lowered beyond
the pKa of the glutamic acid residue in the turn, the S-block can
fold into beta-rolls and this results in ribbon-like fibers.
AFM and cryo-TEM experiments show that both FMOC-LG and
CSSC are able to form fibers simultaneously. Rheological analysis of single and composite networks formed by FMOC-LG and
CSSC show that the mechanical strength is significantly improved in the composite networks.
27

Figure 1: AFM and cryo-TEM images
of FMOC-LG and CSSC single networks (SN) and composite networks
(CN). AFM images in the left column,
cryo-TEM images in the right column.

Figure 2: Rheological measurements
of FMOC-LG and CSSC single networks (SN) and composite networks
(CN).(A) Development of the networks in time. (B) Storage modulus
as a function of CSSC concentration.

Contact details
E-mail: wolf.rombouts@wur.nl
Supervisor: prof.dr.ir. J. van der Gucht
Project funding: NWO
Project term: 09-2011 – 08-2015
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Inge Storm
Self-assembled bottlebrush polymers

So-called bottlebrush polymers consist of a main chain with
grafted side-chains. Nature in particular exploits the extreme
water-holding capacity of bottle-brush polymers with very hydrophilic side chains, in order to achieve optimal lubrication in
joints and when eating food. Another use of the bottlebrush
architecture in nature is to provide a hydrophilic layer that controls the spacing in bundles of protein filaments such as neurofilaments. Creating bottlebrushes with long main chains and
densly packed long side chains is a challenge that has been
picked up by many synthetic chemists, but typically synthetic
bottlebrushes can only be prepared with relatively short main
chains and side chains. We have developed diblock polypeptides
with a very short cationic binding block and very long net uncharged hydrophilic block, that can coat a variety of semiflexible
negatively charged polyelectrolytes (DNA) to form selfassembled bottlebrushes with extremely long main chains and
very long side chains. The bottlebrush corona leads to significant main chain stiffening, and inspired by the formation of
liquid crystals in biological bottlebrushes such as neurofilaments, we have started looking into liquid crystals formed by
our self-assembled bottlebrushes. We will introduce the selfassembled bottlebrushes, provide evidence for the main-chain
stiffening effect, and present results on the lyotropic liquid crystals that they form.

29

Figure 1: Liquid crystals of selfassembled DNA-Bottlebrushes

Contact details
E-mail: inge.storm@wur.nl
Supervisors: dr. R.J. de Vries,
prof.dr.ir. F.A.M. Leermakers,
prof.dr. M.A. Cohen Stuart
Project funding: ERC
Project term: 01-2012 – 01-2016
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Figure 2: AFM image of 2000 bp
dsDNA coated with protein polymers.

Malgorzata (Gosia) Wlodarczyk-Biegun
Recombinant protein polymers for use in
regenerative medicine

Hydrogels have found many different applications in modern
medicine, among others in tissue engineering. In the design of
new materials for tissue regeneration biomedical engineers
commonly take inspiration from nature. Successful examples
include materials inspired by natural proteins such as collagen,
elastin or silk. Recombinant DNA techniques can be used to
produce these so-called artificial proteins and allow the synthesis of custom peptides, with high reproducibility and welldefined properties.
The aim of our research is to design and recombinantly produce
copolymer gels, inspired by natural collagen and silk, that can
be used for bone cell scaffolds.
We produced in recombinant way and characterized a selfassembling silk-collagen-like block copolymer (CSHC). This polymer is composed of two connected silk-like blocks (SH) middle
blocks and two collagen-like (C) end blocks. The SH block is
responsible for self-assembly and gelation: at high pH the SH
domain is charged and soluble, whereas at low pH it is uncharged and insoluble. To improve material performance for
biomedical use, we recombinantly added peptides responsible
for cell adhesion and attachment: (a) integrin binding RGD domain and (b) heparin binding KRSR domain.

Figure 1: CSHC self-assembly into fibers and gelation.
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On the obtained pH-responsive hydrogel matrices we performed
cell culture study to evaluate biological response. MG-63 cells
were seeded onto 150µl disc-shaped hydrogel samples with
20mg/ml protein content. Non-functionalized and functionalized
materials were mixed at different ratios to analyze the influence
of bioactive peptides on cells behaviour.

Figure 2: MG-63 cells shape after 5 days of cell culture on non-functionalized
(left) and functionalized with 50% KRSR and 50% RGD domains (right) protein scaffolds.

According to obtained results addition of both: KRSR and RGD
domains increased cell spreading. Cells proliferate fastest on
scaffolds containing both bioactive domains. Recombinant incorporation of specific bioactive domains was successful and
appeared to be a promising way to regulate cells behaviour.
Our future plans include improving mechanical properties of
protein gels (1) and obtaining porous scaffolds for 3D culture
(2). Material with heparin binding domains will be tested for
drug delivery (3). Moreover, production of nanoparticles from
recombinant protein will be studied and developed (4).

Contact details
E-mail: gosia.wlodarczyk-biegun@wur.nl
Supervisors: prof.dr. M.A. Cohen Stuart,
dr. M.M.G. Kamperman
Project funding: NIRM
Project term: 09-2011 – 09-2015
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Marcel Workamp
Anisotropic rheology in suspensions

We encounter granular materials on a daily basis: sand, coffee
beans, rice and even Lego bricks belong to this interesting class
of materials. Despite their relevance, the behaviour of these
materials remains poorly understood.
In particular, a puzzling observation is that suspension viscosity
diverges well below a solid fraction that would be necessary to
form a rigid structure in the fluid, while on the other hand,
shear resistance in isotropically compressed frictionless sphere
packings only emerges at the random close packing density. An
important question then arises: what makes the rigidity in
sheared frictional bead packings inside a fluid different from the
rigidity of isotropically compressed frictionless bead packings?
To answer this question, we investigate the microstructure of
the suspension in two ways: both structure and forces are
probed. Imaging structure can be done with established techniques that rely on index-matching [1].

Figure 1: Force networks in a 2D
packing [2].

Figure 2: Photoelastic hydrogel
spheres. Scale bar denotes 1 cm.
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Current work focusses on visualizing stress distributions in a
sheared suspension, which requires stress-sensitive birefringent
particles. Such methods have already proven to be successful in
two- dimensional packings (Figure 1)[3]. We plan to expand this
method to 3D sheared suspensions. Apart from being photoelastic, the particles should ideally have a low friction coefficient to
study the research question. Therefore, we have recently developed a method to produce photoelastic hydrogel spheres (Figure
2).
We use a custom-made Couette cell and simple optics to image
the stress distribution in the suspension, while simultaneously
probing the rheology. This technique thus gives access to the
anisotropy of the force structures that are likely responsible for
generating the rigidity.

[1] http://dx.doi.org/10.1063/1.3674173
[2] http://dx.doi.org/10.1063/1.3664407
[3] http://dx.doi.org/10.1103/PhysRevLett.110.018302
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