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Training in Bio-Inspired Design
of Smart Adhesive Materials

No. 7/ March 2019
Dear All,
We are now in the final period of the project and all our excellent fellows have been successfully working on
their individual projects with creating a lot of great results. In this newsletter we would like to summarize
the great research work done in the WP 1, 2, 3 until now.
In this newsletter you will also find the detailed program about the Joint UK Network event in Cambridge from
18th-20th March 2019. We are very happy that this event allows the BioSmartTrainee project partners a strong
networking with COST ENBA.
We would like to invite you to attend the AAM2019 (Conference on Adhesion in Aqueous Media: From Biology to Synthetic Materials ) in
Dresden, Germany, which will take place from 9th-12th September 2019. The main objective of AAM2019 international conference will be to
provide an interdisciplinary forum for discussion on the recent developments and progress in understanding of adhesion phenomena in
aqueous media inspired by natural systems. This will bring up the dialog on the questions how the knowledge on biological bonding principles
and mechanisms is transferred to design of synthetic soft and multi-responsivematerials with new chemistry and architectures to
understand and target adhesion properties in wet environments. In addition, the aspects of testing and modelling of underwater adhesion as
well as material design for biomedical and technological applications will be in focus. At AAM2019 we will have 4 plenary, 11 invited and more
than 40 contributed speakers to share their most exciting results. In addition, a poster session for roughly 100 posters and a lot of time for
discussion will take place. For more details on the scope and main topics of the International Conference on Adhesion in Aqueous Media:
From Biology to Synthetic Materials, please refer to the website www.AAM2019.org. The
Call for Abstracts is open. You are invited to submit your contribution via the electronic
submission system no later than April 1, 2019.

NEWS

I am looking forward to meeting you there !
With my best wishes, Alla Synytska

UPCOMING EVENTS
Joint UK Network Event
March, 18-20, 2019
Cambridge, UK
http://biosmarttrainee.eu/index.php/events/joint-national-network-events/

www.aam2019.org
CALL FOR ABSTRACTS

EVENTS
March 2019: Joint UK Network Event
Cambridge, UK
May 2019: TELCO
Sept 2019: AAM 2019, Dresden,
Germany

AAM2019
Conference on Adhesion in Aqueous Media: From Biology to
Synthetic Materials
September, 9-12, 2019
Dresden, Germany
www.aam2019.org

Further information
are available at:

www.biosmarttrainee.eu
NEWSLETTER CONTACT
Sandra Martinka
phone: +49 351/4658-599
fax:
+49 351/4658-98599
mail:
martinka@ipfdd.de
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ESR Projects
ESR
PROJECTS
In this newsletter we would like to
summarize the research work in WP 1,
WP 2 and WP 3.

WP 1 (POLYMER SCIENCE)
I n W P 1 , we a i m at d e ve l o p i n g
bioinspired polymer-based smart
materials, able to perform with tunable
adhesion.
ESR1´s (Ugo Sidoli, IPF) project deals
with the preparation of grafted copolymer surfaces able to adhere underwater via electrostatic forces. He has
synthesized diverse model copolymer
brushes, which contain
thermoresponsive and electrically
charged units of different kinds and
present diverse architectures. He has
then characterized the resulting
surface properties like swelling,
wettability and charge, and evaluated
the adhesive properties at the microscopic level by AFM-CP force measurements. Ugo´s studies aim at revealing
the responsiveness of such properties
as a function of temperature, ionic
strength, hydrophilicity of the surface,
etc, to improve design towards
increased adhesive performance. Ugo
has cooperated with ESR4 (characterization of adhesive properties of
charged hydrogels by AFM-CP under
different ambient conditions and
crosslinking degree of hydrogel) and
with ESR10 (combined study of grafted
copolymers responsiveness by experimental and theoretical approaches).
Next steps planned are the synthesis of
other copolymer variants and the
resulting properties characterization as
well as the writing of one scientific
article.

Figure 1: molecular architectures,
adhesive interactions and adhesion
testing for smart bio-inspired thin films.

ESR2´s (Maria Villiou, INM) project
focuses in developing biomedical adhesives that can reverse their adhesion on
demand. She has synthesized polymers
carrying catechol groups (for simultaneous hydrogel crosslinking and tissue
binding under mild basic conditions) and
photodegradable linkers (that enable
material depolymerization upon light
irradiation). She has characterized the
curing process followed by light-triggered
depolymerization by in situ rheological
measurements. The system has shown
better photodegradable properties than
previously reported designs. Her goal is to
i d e nt i f y ex p o s u re co n d i t i o n s fo r
photolysis which are compatible with
living cells, and therefore transferrable to
a clinical scenario. Maria has also performed cell culture studies in 2D and 3D
hydrogels to find the proper conditions of
crosslinking medium (buffer type and
concentration, pH, temperature) to keep
high viability on cultured cells.
In the future, the rheological characterization of the system will be completed and
results in terms of photodegradation at
low doses will be compared to state-ofthe-art systems, functional cell assays
after irradiation will be performed, and
writing of a scientific article is expected
soon.

sive chains and studied the complex
coacervation between them. The
mechanical properties have been tested
using dynamic rheology and adhesive
properties by probe-tack testing,
showing promising underwater adhesion properties on different surfaces.
The effect of diverse parameters (ionic
strength, concentration of
thermoresponsive units, introduction of
nanofillers), on the mechanical and
adhesive properties of the material was
characterized. Marco aims at understanding the best conditions to prepare
injectable complex-coacervate based
underwater adhesives. He has cooperated with ESR5 (study of the effect of the
topology of the polymer chains on the
non-linear mechanical properties). One
article has been submitted. Next steps
include refining materials design to
increase the modulus and the toughness, as well as writing a couple of
scientific articles.

Figure 3: Underwater probe-tack test
performed at 50 °C on a complexcoacervate based adhesive using Teflon
as countersurface.
Figure 2: Time sweep of PEG-catchol
hydrogels. They cure under oxidative mild
conditions and depolymerize under light
irridiation.

The main goal of ESR3´s (Marco Dompé,
WU) project is to build an adhesive which
can display tunable viscoelasticity and
self-assembly providing better mechanical properties, driven by complex
coacervation between hydrophobically
modified polyelectrolytes. He has
synthesized oppositely charged
polyelectrolytes bearing thermorespon-

The project leading to this application has
received funding from the European Union’s
Horizon 2020 research and innovation
programme under the Marie SkłodowskaCurie grant agreement No. 642861.
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WP 2 (ADHESION)
The workpackage 2 focusing on
adhesive properties has been very
productive as hoped in these later
stages of the project. The key materials
have all been synthesized by our
dynamic and productive students and
some excellent results on adhesive
properties have been reported. ESR 4
(Francisco Cedano, ESPCI) and ESR 1
(Ugo Sidoli, IPF) worked very closely
together to investigate the adhesive
properties of his charged gels with the
AFM colloidal probe technique and
found very encouragingly that the
results were fully consistent with the
probe tack measurements (Figure 4).
The effect of adding salt on the
screening of the electrostatic
interactions shows very clearly on the
macroscopic adhesion. ESR 5 (Mehdi
Vahdati, ESPCI) and ESR 3 (Marco
Domp é , WU) have now developed
some functional adhesives based on
the combination of a thermoresponsive poly-NiPam and oppositely
charged polyelectrolyte grafts forming
a coacervate. By tuning the molecular
weights of the polymer injectable
solutions of low viscosity can switch
properties from the liquid state to a
viscoelastic adhesive state after a salt
and temperature switch.

Figure 4 (above): Underwater probe-tack
test performed at room temperature on a
complex-coacervate based adhesive after
immersing the material in a lower ionic
strength medium.
Figure 5 (beside): Lectin-based fluorescent
staining of limpet pedal sole tissue sections
using Lens culinaris agglutinin (LCA)
confirms the presence of sugar residues
containing (α-Man, α-Fuc linked to Nacetylchitobiose) within specific glands.
White arrows point to adhesive mucus that
have been secreted onto the pedal sole. ps:
pedal sole.

The adhesive properties were
characterized with the probe test and
the results are really encouraging and
demonstrate the proof of concept; They
now need to show what the important
parameters are to tune the adhesive
properties and the magnitude of the
switch.ESR 6 (Vaishali Chopra, INM) has
now developed some patterned
adhesive surfaces that can be activated
by an electric field of a few kV and show
an increase of up to 100% of adhesive
strength when the electric filed is
activated making a promising proof of
concept for adhesion and release on
c o m m a n d fo r a p i c k a n d p l a c e
application. She collaborated with ESR 9
(Maciej Chudak, TUe) in Eindhoven to
combine experiments with numerical
simulations and works now on
optimizing the pattern with a high
resolution 3D printer. ESR 7 (Justine
Taver, BASF) has been successful in
developing new waterborne and
solution pressure-sensitive adhesive
based on ionic crosslinking to replace
more traditional covalent crosslinking.
The adhesive properties have been
characterized and at this stage it is a an
optimization work that is being carried
out to find the best compromise of
synthetic parameters to obtain both a
high peel force and a high resistance to
static shear.

WP 3 (FLUID BIOMECHANICS)
The most interesting compositions are
also investigated for potential patenting
WP3 focuses on the mechanisms of wet
adhesion. ESR8 (Victor Kang, CAM)
studies the adhesion of limpets which
are gastropods that attach to rocks in
marine intertidal zones with immense
strengths up to 1 MPa, or over 10
kg/cm2 thus resisting powerful forces
from crashing waves and predation.
Unlike sessile marine animals like
barnacles and mussels, limpets are
mobile and need to locomote to feed,
sometimes locomoting several metres
from their preferred spots called home
scars. Victor isolates, identifies and
characterises the molecular
composition of limpet adhesive mucus
using modern molecular biology
techniques such as proteomics,
transcriptomics, lectin-based staining,
and in situ hybridisation. By applying
these techniques, he discovered around
200 candidate adhesive proteins within
limpet mucus, many of which contain
sequences also found in bioadhesive
proteins from other such as sea stars,
flatworms, sea cucumbers, and
terrestrial slugs. In addition, ESR8
conducted a comprehensive lectinbased staining study to confirm the
presence and locality of specific sugar
residues within the pedal sole (Figure
5 ) . U s i n g t h i s a p p ro a c h , V i c to r
discovered a highly complex system of
glands containing sugar residues,
highlighting the sophisticated delivery
network involved in releasing adhesive
compounds into the contact zone.
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ESR9 (Maciej Chudak, TUe) studies
dynamical properties of liquid films
squeezed between elastomeric layers,
a p ro b l e m re l e va n t t o c o a t i n g
processes or bio-adhesion. Panel (a) of
Figure 6 shows a cross-sectional sketch
of the geometry of his experimental
setup. Film thickness is observed in
real-time using reflection interference
contrast microscopy. Panels (b) and (c)
of Figure 6 show an example of a
dewetting process studied by Maciej
where a dry-spot is nucleated within
the contact spot and grows in time. The
dewetting process can lead to an
entirely dry contact spot or the
occurrence of (temporarily) trapped
droplets, with the dewetting speed
being strongly anisotropic, much faster
along the perimeter of the contact
spot. The trapped droplets tend to be
expelled from the contact spot by the
radial contact pressure gradient.
Maciej has also developed a numerical
finite-element-based model that
reproduces many of the nice features
observed in his experiments.

of various free energy calculation
techniques/methods for the purpose of
validating their accuracy. The main
focus of his current research is on the
calculation of the binodal composition
of complex coacervates (CC) formed
between poly(acrylic acid) (PAA) and
poly(N,N-dimethylaminoethyl
methacrylate) (PDMAEMA) from allatomistic MD and the comparison
against experiment and theory. So far,
he has calculated the binodal composition of such a CC for a 0.2M concentration in salt and as it can be seen from
Figure 3 his result is in remarkable
agreement with experiment and
theory.

Figure 7: Computed phase diagram of the
CC formed between PAA and PDAEMA by
ESR10.

Figure 6: Geometry of the experimental
set-up employed by ESR9 in his study of
the dynamics of liquid films squeezed
between elastomeric layers and an
example of a dewetting process.

ESR10 (Dimitris Mintis, UPatras)
focuses on the modelling of polymer
chain conformations using powerful
molecular dynamics (MD) techniques
and theory. He studies the effect of
ionic strength, molecular weight,
temperature and pH on the structural
and dynamical behaviour of various
weak polyelectrolytes in dilute and
semi-dilute solution. More recently,
ESR10 carried out a thorough analysis

Information to TRAINING inside the
project:
The Fellows were and are well trained
during the BioSmartTrainee project.
Based on the Career Development Plan
which was annually updated by the
fellows and its supervisor all fellows
were participate in local doctorate
training programs and attended
training courses provided regularly at
their host institution. Practical work and
collaboration were done by the fellows
continuously. This training was added
by the 4 Training Schools inside the
project as well as the Joint Network
events in Dresden (Germany),
Wageningen (Netherlands) and the
upcoming Joint Network Event in

Cambridge (UK) which is connected
with ENBA COST.
Two project conferences could be used
by the fellows to present their results
reached in BioSmartTrainee. The first
conference took place in Wageningen
(Netherlands) and the other conference
(AAM2019) will take place from 9-12
September 2019 in Dresden, Germany.
The main objective of AAM2019
international conference will be to
provide an interdisciplinary forum for
discussion on the recent developments
and progress in understanding of
adhesion phenomena in aqueous
media inspired by natural systems. This
will bring up the dialog on the questions
how the knowledge on biological
bonding principles and mechanisms is
transferred to design of synthetic soft
and multi-responsive materials with
new chemistry and architectures to
understand and target adhesion
properties in wet environments. In
addition, the aspects of testing and
modelling of underwater adhesion as
well as material design for biomedical
and technological applications will be in
focus. At AAM2019 we will have 4
plenary, 11 invited and more than 40
contributed speakers to share their
most exciting results. In addition, a
poster session for roughly 100 posters
and a lot of time for discussion will take
place. For more details on the scope and
main topics of the International
Conference on Adhesion in Aqueous
Media: From Biology to Synthetic
Materials, please refer to the website
www.AAM2019.org.

17 publications and 2 patents are under
preparation.
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Training in Bio-Inspired Design of
Smart Adhesive Materials
PROJECT
BioSmartTrainee with 10 partners
from 5 different EU-countries will provide a training to 11 Early-Stage
Researchers by a combination of
three complementary scientific fields:
POLYMER SCIENCE, ADHESION and
(FLUID)Biomechanics/Modelling.

www.biosmarttrainee.eu

Motivation
The last half century has seen a tremendous advancement in adhesives technology and has led to widespread replacement of mechanical fasteners with adhesive bonds (e.g. aircraft, automobile, construction, etc.). Bonding to wet,
rough and fouled surfaces, however, remains challenging and adhesive technology is rarely applied for bonding in wet
conditions, such as in (orthopaedic) medicine. Therefore young researchers are trained in this interdisciplinary
research field of controlling adhesion under wet conditions and to bridge the gap between the fundamentals of
underwater adhesives and their practice.
We aim to
(I)

extract principles from biological systems and mimic them to design synthetic materials

(II)

experimentally test their adhesion properties in wet conditions

PARTNERS

(III)

Leibniz-Institut für
Polymerforschung Dresden e.V.
(Project Coordinator)

clarify the adhesion mechanisms based on natural examples, theoretical modelling and detailed computer
simulations

Application

Dresden | Germany
www.ipfdd.de

Wageningen University
The Netherlands
www.wageningenur.nl

École Supérieure de Physique et
de Chimie Industrielles
Paris | France
www.espci.fr

Leibniz-Institut für Neue
Materialien gGmbH
Saarbrücken | Germany
www.leibniz-inm.de

These innovative materials will be useful for reversible attachment to a variety of surfaces in wet environments and,
therefore, be highly relevant for products from European industry such as technological adhesives, coatings, tissue
adhesives, wound dressings or transdermal delivery devices.
WP 1: Polymer Science

WP 2: Adhesion

MATERIAL SYNTHESIS

ADHESION TESTING

ESR 1: Ugo Giovanni SIDOLI

ESR 4: FRANCISCO J. CEDANO

Leibniz-Institut für Polymerforschung Dresden e.V.

CNRS/ESPCI, Paris, France

Responsive polymeric surfaces
with controllable underwater
adhesion properties

BASF SE
Ludwigshafen | Germany
www.standort-ludwigshafen.basf.de

University of Cambridge
United Kingdom
www.cam.ac.uk

Eindhoven University of
Technology
The Netherlands
www.tue.nl

Polymer brushes

Underwater adhesion between
model gels and functionalized
surfaces: from molecular
interactions to
macroscopic
adhesion
Underwater adhesion

WP 3: (Fluid)biomechanics/Modelling

MODEL DEVELOPMENT
ESR 10: DIMITRIS MINTIS
University of Patras, Greece

Molecular modelling and simulation of polymers and polypeptides
with controllable
and adaptive adhesion properties in
wet environments
Simulations

ESR 3: MARCO DOMPÉ

ESR 5: MEHDI VAHDATI

ESR 9: MACIEJ K. CHUDAK

Wageningen University, The Netherlands

CNRS/ESPCI, Paris, France

Technical University Eindhoven, The Netherlands

Bioinspired underwater adhesives
using complex coacervation

Adhesive properties of injectable
hydrogels

The physics of adhesion to wet
and icy surfaces

F
+ -+

+ -+

Polyelectrolyte hydrogels

2r
Test development

Fluid mechanics

University of Patras
Greece
www.upatras.gr

Imperial Chemical Industries
Limited

ESR 2: MARIA VILLIOU

ESR 6: VAISHALI CHOPRA

Leibniz-Institut für Neue Materialien gGmbH,
Saarbrücken, Germany

Leibniz-Institut für Neue Materialien gGmbH,
Saarbrücken, Germany

Bioinspired medical adhesives

Adhesion of bioinspired
micropatterned adhesives on soft
substrates

Slough |
United Kingdom
www.akzonobel.com

URGO Recherche Innovation et
Développement
Chenove CEDEX |
France
www.laboratoiresurgo.com

COORDINATOR
SCIENTIFIC CONTACT
Dr. Alla Synytska
phone: 00493514658- 475
00493514658- 281
fax:
mail: synytska@ipfdd.de
ADMINISTRATIVE CONTACT
Sandra Martinka
phone: 00493514658- 599
00493514658- 98599
fax:
mail: martinka@ipfdd.de

ESR 8: KI WOONG (VICTOR)
KANG
Cambridge University, UK

Biomechanics of animal adhesion
in wet environments
Force

Pressure

Actuated (responsive) systems

Soft Substrates

Biomechanics

ESR 11: AURÉLIE FÉAT

ESR 7: JUSTINE TAVERA

URGO

Imperial Chemical Industries Limited, ICI, UK

BASF SE, Ludwigshafen/Saarland University

associated partner

Advanced adhesion paints

Functional Polymers and Latex
particles for improved adhesion
on fouled surfaces

Biomedical surfaces

Design principles

Fouled surfaces

Industry perspective
Leibniz-Institut
für Polymerforschung
Dresden e. V.

The BioSmartTrainee project has received funding from the European Union‘s Horizon 2020 research
and innovation programme under the Marie Skłodowska-Curie grant agreement No. 642861.
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BioSmartTrainee-ENBA
COST Action
Joint UK Networking
Event
18 - 20 March 2019
Jesus College
University of Cambridge

With generous support from our sponsors:

P ROGRAMME
Monday 18 March 2019
08:00
08:30

Registration
Alla Synytska, Janek von Byern
Introducing BioSmartTrainee and COST ENBA

Session 1: Biological and Bio-inspired Glues
08:50
09:15

09:40
10:05

10:30

Peter Ladurner
Temporary adhesion of flatworms
Patrick Flammang
How does the Cuvierian tubule glue of sea cucumbers compare to other
biological adhesives?
Victor Kang
Limpet transitory adhesion: insights from molecular biology and lectin staining
Claire Hellio
Targeting enzymes involved in bioadhesion for the development of new
antifouling solutions
Morning tea break
Tea, coﬀee, and biscuits

Session 1 continued
11:00

11:25
11:50
12:15

12:45

Stephan Schmidt
Spit, spin and capture: rapid formation of sticky fibres from responsive
coacervates in the hunting slime of velvet worms
Elise Hennebert
Adhesion in sea stars: from nature to biomimetics
Marco Dompe
Thermoresponsive complex coacervate-based underwater adhesives
Ebru Toksoy Öner
Levan as a strong bioadhesive in diverse applications: from healing wounds
to resorbable electronics
Lunch
Prioress’s Room, Jesus College

Session 1 continued
14:15
14:40

Mehdi Vahdati
Bio-inspired, soft model systems for wet adhesion
Keynote address: Andrew Smith
Double networks and gastropod glue: unlocking the potential of adhesive gels
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P ROGRAMME
15:40

Afternoon tea break
Tea, coﬀee, and biscuits

Session 2: Control of Adhesion
16:10
16:35
17:00

19:00
19:30

David Labonte
Dynamic biological adhesives: the sticky feet of insects
Dimitra Dodou
Adhesion on soft substrates
Costantino Creton
Robust contact mechanics method to measure adhesion between gels
underwater and eﬀect of equilibration on adhesion
Pre-dinner drinks
Conference dinner at West Court Dining Room, Jesus College
Formal attire required

Tuesday 19 March 2019
08:00
Coﬀee (optional)
Session 2 continued
08:30
08:55

09:20
09:45
10:10

10:40

Stanislav Gorb
Structural, material, and functional gradients in biological attachment systems
Birgit Lengerer
How to let go: proposed models for voluntary detachment in temporary
adhering animals
Ugo Sidoli
Smart bio-inspired surfaces for controllable underwater adhesion
Nicola Pugno
The control of adhesion in 2D peeling
René Hensel
Micropatterned adhesives: mechanistic insight and new designs
Morning tea break
Tea, coﬀee, and biscuits

Session 3: Surface wetting & Biofouling
11:05

Nick Aldred
Bioadhesion research meets technology development for the control of marine
biofouling

BioSmartTrainee - ENBA COST Action Joint UK Networking Event | Pg 3

P ROGRAMME
11:30

11:55
12:20

12:45

Aurélie Féat
Slippery paints: how tuning polymer and pigment size can make insects slip
from walls
Thomas Ederth
Antifouling properties of zwitterionic and other charge balanced polymers
Filipe Mergulhao
Surface testing platforms to evaluate bacterial adhesion and biofilm formation
under controlled hydrodynamics
Lunch
Prioress’s Room, Jesus College

Session 3 continued
14:15
14:40

Maciej Chudak
Adhesion to wet and icy surfaces
Alla Synytska
Surfaces with controlled icing and (bio)-fouling properties based on
polymer-based Janus colloids

15:05

Afternoon tea break
Tea, coﬀee, and biscuits

15:30

Andrew Smith workshop with BioSmartTrainee Fellows
In parallel: EBM for ENBA; networking time for others

17:10
17:30

Meet for punting at Porter’s Lodge, Jesus College
Punting tour of Cambridge (sign-up required)
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P ROGRAMME
Wednesday 20 March 2019
08:30

Coﬀee (optional)

09:00

Dimitris Mintis
Detailed molecular dynamics study of weak polyelectrolytes and of the
formation of complex coacervates
Vaishali Chopra
Integration of electric fields to tune the adhesion of micropatterned adhesives
Costantino Creton (on behalf of Francisco Cedano)
Eﬀect of opposite charges at the interface on reversible macroscopic adhesion
of hydrogels

09:25
09:50

10:15

Morning tea break
Tea, coﬀee, and biscuits

10:45

Management meeting
In parallel: ESR meeting

12:30

Lunch
Prioress’s Room, Jesus College

13:30

15:00

17:30

Steve Joy
Grant-writing workshops for ESRs
In parallel: Discussions for PIs
Activities:
Tour of Museum of Zoology by Ed Turner
Rare Books in Balfour & Newton Library by Jane Acred
Insect Biomechanics Group demonstrations
Note: There will be live insects during the demonstration. Please contact Walter if
you have any allergies.
End of JUKNE
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