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DESCRIPTION OF THE COST ACTION
1.

S&T EXCELLENCE

1.1.

Challenge

1.1.1. Description of the Challenge (Main Aim)
Many organisms, from bacteria, fungi and single cells to
much larger marine algae and animals use chemical and
mechanical mechanisms for attachment. These
bioadhesive systems are unusual, because they are able
to function over wide range of temperatures, in different
environments, and form stable bonds within milliseconds
to all sorts of substrates, often with complex surface
chemistries and/or immersed in water. In addition, many
bonding contacts are reversible and can be formed and
released on demand by the organisms. Understanding
these attachment and detachment principles, their
chemical
composition,
physical
and
molecular
organisation will be helpful in reaching a fundamental
understanding of adhesive systems in nature.
The European Network Bioadhesion ENBA Action
aims to specifically address the fundamental knowledge
gaps that exist at all scales of bioadhesion
characterization (Fig. 1), and which must be understood
before significant progress can be made. The Action will
bring together experts from the different scientific fields
and technical sectors with common interests; (1) to
identify and characterize a wide range of bioadhesive
systems, (2) to evaluate bonding properties and
performance from macro- down to nano-scale from Fig.1: Contribution of the COST Action
different perspectives (adhesive side, interphase, ENBA
in
the
interdisciplinary
adherend side) and, in the long term, also (3) aim to characterization of biological adhesive
design artificial blueprints to test these principles in system
vitro.
The scientific and technological activities of the Action will be devoted to improving the divided
European Research Area in this field, overcoming the bottlenecks in bioadhesive identification and
characterisation, developing and sharing the specific technical resources required for investigation of
bioadhesion, and thus accelerating scientific and technological progress for the European research
community.
1.1.2. Relevance and timeliness
Synthetic adhesives and sealants such as epoxy, cyanoacrylate, polyurethane or polyimide have
become a significant part of our lives. Their applications range from the transportation (cars, trains, and
aircrafts), electronics, clothing, food and pharmaceutical packaging to safety products in the medical
sector (Fig. 2).
Despite the multi-functionality of synthetic adhesives they are not simple products and often the use of
toxic components is required. In particular areas where these substances may come in direct contact
with the human immune system (e.g. such as dental filler, medical adhesives and sealants, but also

cosmetic and beauty products, baby
toys
and
numerous
house-care
products,
school and stationery
products, clothing, wood construction,
etc),
epoxy,
formaldehyde
and
cyanoacrylate resins are inappropriate,
yet still used despite their known toxic
and carcinogenic side-effects.
In the medical sector a few
biocompatible alternatives such as
fibrin and serum-based adhesives
(Fig.3) exist, but are limited to a few
applications (Blume and Schwotzer,
2010).
In nanotechnology, 3D printing,
nanomedicine, robotics, regenerative
medicine,
microelectronics
and
nanosensors, the requirements for
adhesives and sealants (small particle Fig.2: List of major markets in which synthetic adhesives
size, temporary fastening systems, lack and sealants are widely used
of
chemical
cross-reaction,
low
temperature, self-assembly, nanolayer thickness) are much higher than today's synthetic adhesives
could reach.
With increased interest for biocompatible and biodegradable components in human-focused fields such
as biomedicine, nanotechnology and tissue engineering, bioadhesives are a relevant and credible
alternative to the current toxic or weakly bonding adhesives. Bioadhesives could fulfil the demands
and requirements of established and emerging areas, such as:
biodegradable
non-toxic in nature
providing a strong adhesive bond in dry, moist
and/or wet environment
adhering to different surfaces/materials and
bridging materials of varying modulus
achieving permanent or temporary fastening
mechanisms
consisting of different viscosity grades and
bonding forces
useful for manipulation at the nano-scale
self-assembling after secretion
lack
of
exothermic
reaction
during
polymerization
Fig.3: Medical adhesives and their negative
are
of natural origin and provide low chemical
side effects to the human body
reactivity to most other biomaterials
To develop new biomaterials, therapies and technological approaches including bioadhesive systems
or components, it is necessary and timely to understand first the fundamental mechanisms that
govern and control bioadhesion. Comparison of diverse adhesive structures, chemical compositions
and physical properties in relation to their natural context will lead to a comprehensive view of bonding
strategies and mechanisms in nature and identify unifying principles and function-specific adaptations.
In this way the research community can overcome current scientific and technical bottlenecks of
bioadhesion research and provide progress in a field that has potential to revolutionise diverse
sectors, industrial applications and commercial products.
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1.2.

Specific Objectives

1.2.1. Research Coordination Objectives
„There are therefore agents in nature able to make the particles of bodies stick together by very strong
attractions. And it is the business of experimental philosophy to find them out“
Following the direction of Isaac Newton, the central objective of the COST Action ENBA will be to
develop a profound multi-disciplinary understanding of adhesion in nature and the fundamental
chemical and mechanical principles involved. This objective necessitates (1) the characterization of
bioadhesion phenomena at multiple scales, (2) understanding bonding principles at the molecular level
as well as (3) similar adhesive performances in artificial systems.
1.2.2. Capacity-building Objectives
While the US and South Korea are leaders in bioadhesion research, their focus is mostly directed
towards the adhesive system of marine mussels and geckos and the contributions to the field stem
from a very small number of institutes and persons.
Europe, by contrast, is very diverse with respect to the variety of organisms (plants/animals,
marine/terrestrial, dry/wet adhesives, temporary/permanent bonding), basic and interdisciplinary
research fields (nanoscience, theoretical and applied mechanics, physical chemistry, zoology, botany,
chemistry, engineering, material science, biophysics), and objectives (fouling avoidance, medical
sealants, biomolecular phylogeny, nanomaterial linkage, soft robotics, hybrid design, etc.) under
investigation. This diversity presents a highly conducive environment for innovation in Europe, with
huge potential for future implementation of scientific outcomes in the commercial sector. Despite this,
the many scientists and companies involved in adhesion research, and the diversity of end-users,
remain poorly networked. In the absence of large, integrated, Action projects, effective knowledge
exchange and coordination of research/technical approaches is restricted to small subsets, hampering
comparative studies and impeding identification of fundamental principles.
Moreover, common communication platforms and dedicated meetings which exist for academics in the
US (e.g. Annual Meeting of the Adhesion Society, Gordon Conference Science of Adhesion) and
European bonding industry (e.g. FEICA European Adhesive & Sealant Conference, European Coatings
Show) are missing for European academics.
The broad aims of the COST Action ENBA are as follows:
Within the scientific community, to stimulate communication, collaboration and networking
between European researchers in the fields of adhesion and biologically-inspired adhesion, as
well as in related fields (e.g. Tissue Engineering, Nanotechnology, Robotics, Microelectronics).
To pool together resources in this new technical network, in particular specialist methods and
analytical techniques independently developed in different laboratories in Europe as well as to
share samples, organisms and instruments for comparative analyses. Novel methods will be
adapted for adhesives research and standardized.
A training network will be dedicated to educating young researchers by cross-cutting exposure to
all aspects of adhesion and its applications i.e. in biomedicine, construction, cosmetics and
electronics.
From a quantitative point of view the achievements of these research and capacity-building objectives
can be evaluated by the following parameters:
• Number of presentations, publications and patents originating from collaborative research, the
latter representing experimental achievements generated in the COST Action
• Number of trans-national collaborative research proposals prepared
• Number of institutes and companies participating actively in the network
• Number of Short-Term Scientific Missions (STSMs) supported by the Action
• Number and diversity of training activities, and number of people trained
7

1.3.

Progress beyond the state-of-the-art and Innovation Potential

1.3.1. Description of the state-of-the-art
Bioadhesives from plants and animals have proven their efficacy for 500 million years and been
adapted throughout to suit the needs and requirements of the organism producing them. However, still
very little is known about the composition, production, secretion and mechanical properties of the vast
majority of these systems. Generally speaking, bioadhesion tends to be based on two principles:
(i) Attachment via mechanical systems and interfacial forces, i.e. by van-der-Waals-forces or
capillary interactions as seen in geckos, flies, beetles, tree frogs and ivy, or by reduced-pressure
systems (Federle et al., 2006; Gorb et al., 2007). Among these systems, hairy and smooth toe pads
have been studied most extensively, and the structures present on gecko and tree frog feet have
become model systems with successful prototypes and applications.
(ii) Adhesion via glues and chemical bonds. This principle allows many algae and numerous
invertebrates like molluscs, crustaceans (barnacles), insects as well as vertebrates (salamanders,
frogs) to adhere strongly, either permanently or temporarily (Smith and Callow, 2006; von Byern
and Grunwald, 2010) by the use of specialized proteins or other macromolecules. These glues may
not only be used for an organism attachment to the substratum but also for other strategies such as
prey capture or as defence.
This diversity of organisms, adhesive systems and their specific functions makes bioadhesion research
challenging, not least because both of the above principles are commonly involved in biological
adhesion processes. Further, many species have optimized their adhesive structures and systems for
different purposes, under different conditions/environments and the specific requirements of the
particular organism producing them. As a consequence even closely related species may differ in their
adhesive production, morphology and composition,
To date, only around 30-40 marine and terrestrial organisms are described generally to adhere by
chemical substances (see contributions in Smith and Callow, 2006; von Byern and Grunwald, 2010)
and of these only 5-6 organisms have already been characterized in detail or implemented into
functional prototypes. However, there is a huge number of species, for which the process of adhesion
has been observed, but for which the functional principles and/or broad composition of the adhesives
remain unknown. This primarily may be due to a historic lack of access to advanced technological
approaches and financial support. Despite these obstacles, the diversity of nature is clearly a blessing
from a bio-prospecting perspective, providing countless opportunities to identify commonalities and
functional principles, thereby developing a better understanding of adhesive mechanisms, evolutionary
origin and adaptations to specific environments.
The key to unlocking this lies in comparative analysis with innovative research approaches based on
intellectual and technical exchange. Key requirements, previously lacking, are the necessary personnel
and financial capacity to perform such multidisciplinary studies. First however, a cohesive community of
dedicated expertise must be consolidated.
1.3.2. Progress beyond the state-of-the-art
In terms of public awareness the “gecko foot” is surely the most recognisable natural adhesion system.
In recent years several groups worldwide have made good progress in developing inspired
adhesives by mimicking the geometry of ‘hairy’ systems at different scales (Geim et al., 2003;
Peressadko and Gorb, 2004; Crosby et al., 2005), leading to applications as GeckSkin
 and Gecko®
Nanoplast®. Bio-inspired patterned adhesives have already been tested successfully on small robots,
allowing them to climb vertical smooth walls for engineering applications, and on living soft tissues for
medical applications (Daltorio et al., 2007; Mahdavi et al., 2008). Winter tyres with honeycomb profiles
(Continental) were also inspired by biological attachment systems, such as smooth tarsal pads of
grasshoppers and the toes of tree frogs (Barnes, 2007).
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The biomimetic adhesive “Geckel” was the first attempt at combining hierarchically the respective
bonding systems of gecko and mussels. Bivalve molluscs, such as the mussel Mytilus edulis rely on
the so-called byssal thread system for adhesion; providing a tight and permanent bond (tensile strength
0.3 MPa) on a wide range of natural substrata (rocks, wood, seaweed or other animals) and even on
man-made surfaces as Teflon®. Six different mussel adhesive proteins (MAP) and collagen form and
maintain the holdfast. The tissue adhesive Cell-Tak (USA) was the first example (year 1986, TM-No.
73604754) of a marine-derived sealant, based on MAP only. With the produc
tion of recombinant MAPs since 2006, new scientific and technological opportunities as well as tailored
products (MAPTrix, Mgfp-5 analogues, LAAC, etc.) for the tissue engineering and cosmetic
applications arose. Recently, expertise in recombinant MAP production has increased but, in parallel,
progress has become centred more and more towards the Asian region as it is evident from the
growing number of patents, publications and in particular applications in the nanomaterials, tissue
engineering and biomaterial sectors.
The four examples described above show clearly that bioadhesives could yield meaningful and
practical applications. However, as these systems only work under specific environmental conditions,
e.g. the mussel adhesive proteins bond well under wet conditions but weakly on dry surfaces, these
adhesives are predestined for selected market sectors and could not be applied universally.
Other gluing systems in the future could be based on the secretions of frogs, barnacles, glowworms,
sea cucumbers or yet unknown organisms, and lead to a completely new fastening systems with novel
capabilities, opening up new markets, advancing existing sectors and inspiring new products from
surgical sealants to microelectronics.
1.3.3. Innovation in tackling the challenge
Although micro- and nanotechniques (scanning electron microscopy (SEM), atomic force microscope
(AFM), microarrays, molding, microthermoforming, photo-activated localization microscopy, stochastic
optical reconstruction microscopy, etc.) are well established and allow the characterization and
development of small structures and components, their applicability to bioadhesives research is still
limited. The 3D complexity, heterogeneity in composition and inaccessibility of biological structures
present challenges for reproducible measurements (i.e. AFM) and existing molecular protocols and
tests are designed principally for model organisms, requiring large amounts of pure material. In reality,
most organisms of interest produce tiny amounts of material or present challenges to handling.
Although applicable, therefore, most cutting edge analytical techniques require significant optimisation if
their potential in bioadhesion research is to be realised.
Working Group structure
In Working Group (WG) 1 “Learning from nature – structure-function relationships” the
participants aims to gain sufficient knowledge of the organisms’ bonding mechanisms and determine
under which circumstances and surface properties bonding takes place. Due to the diversity and
uniqueness of bonding systems in different marine and terrestrial organisms, many of which differ
greatly from the two well-known models (geckos and mussels), the characterization and understanding
of these requires an interdisciplinary effort and a holistic strategy, identifying as many organisms as
possible, performing bioadhesion measurements and characterizing the biological systems as well as
at the macro, micro and nano level:
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Organism side

Interface

Macro

Surface geometry (i.e. stereo/light
Secretions: rheology,
microscope level, microcomputer
wettability on different
tomography/µCT), surface
substrates, time and strength
properties,
of bonding, detachment
attachment/detachment behaviour strategies, 3D structure (µCT)

Micro

Ultrastructure of attachment/gland
area (i.e. electron microscopy,
immunolabelling) and surface
energy (i.e. wettability)

Physical and chemical
interactions of bonding
area/glue with the substrate
surface, mechanical
properties of the glue and its
bonding strength at small
scale (microforce tester)

Nano

Chemical composition, protein
sequencing and gene profiling
(biochemistry ; molecular biology),
nanostructure and molecular
organisation of the bonding area

Orientation/arrangement of
specific molecules and
functional groups of dry and
wet adhesives on surfaces

Adherence side
Surfaces: types,
topography,
mechanical properties
Surface microtexture
(i.e. profilometry,
white-light
interferometry) and
surface free energy
(contact angle
measurements)
Nanostructure and
molecular organisation
of the specific
substrates (SEM,
AFM)

It is not always possible to study and perform extensive tests with organisms in vivo due to limitations
on sample numbers, repeatability and instrument specifications. To address this approach, Working
Group 2 “Artificial Models – understanding bioadhesion in vitro” will design artificial structures
and chemical analogue biomolecules based on the original bioadhesive system to provide a
technological alternative and offer additional possibilities in studying the biological model.
Characterization and evaluation of the analogous structures and biomolecules at the macro, micro and
nano level serve i) to characterize their performance and properties in relation to the biological system,
ii) to provide a better understanding the influence of key characteristics and iii) to establish protocols
and technological systems suitable for a continuing production for further investigations.
Sharing of Knowledge and Technology:
It is anticipated that large national/multi-national grants will be secured over the Action period to support
the research efforts of the network. However, even if this is not the case, significant progress can still
be made using resources currently available in Action participants’ labs. It will nevertheless be essential
for both WGs to engage in comparative and cooperative studies, information and data sharing to avoid
duplication of effort and ensure scientific and technological progress with or without additional funding,
i) by testing and optimising new methods and techniques for different organisms, ii) by establishing and
sharing successful protocols and techniques, iii) by joint use of infrastructure and instruments and iv)
by integrating different research fields, other COST Actions (e.g MP1301, MP1303) and coordinating
European projects (e.g. Byefouling, SeaFront) and researchers worldwide into ENBA, providing
scientific and technical support and expertise in relevant topics and research disciplines:
In the field of mechanical systems, different techniques and nanotools (i.e. UV, electron beam or deep
X-ray lithography, 3D printing, hot embossing, etc.) are well established, enabling to design and
fabrication of 3D structures based on a biological templates (e.g. beetle feet). Specialists from different
fields (e.g. microfabrication, tribology, materials & polymer science, robotics, biotechnology,
nanoscience, protein biosynthesis, etc.) as well as other COST Actions, EU or national projects will be
invited and encouraged to participate in the design and fabrication of artificial microstructures varying in
key physical properties.
From what is known to date, most natural glues contain relatively few types of biomolecule (proteins,
sugars or lipids) and these molecules often require only a few key components for a secure bonding,
e.g. L-DOPA in the mussel system. However, to fully understand the mechanism of action, it is not
sufficient to simply identify the molecular units present. Modelling studies and detailed characterization
are necessary to determine structural and functional elements within the biomolecules and by this
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understand their interaction and bonding mechanisms to different surfaces and materials.

1.4.

Added value of networking

1.4.1. In relation to the Challenge
Current education practices largely still follow the classic disciplinary curriculum including biology,
chemistry and physics, usually with limited cross-pollination. Since the variety of topics in bioadhesion
research requires a broad range of techniques and practical competences (which cannot be developed
in every individual laboratory), it is necessary to pool knowledge in general and infrastructure and
technical diversity in particular to convert biological adhesives into biomimetic industrially applications.
Through ENBA the participants will significantly profit from the continuous flow and input of scientific
and technological knowledge, expanding their methodological skills and able to incorporate data and
methods from different research fields into their own studies.
The journal “Adhesion, Adhesives and Sealants” has specified a growing need and urgent demand
for skilled employees and trainees for European companies. Interdisciplinary projects involving
industrial participation are indispensable, not to only to attract junior scientists for such complex studies
but also to promote the transfer of research into technology and thus keeping Europe at the leading
edge of bonding technology. Intersectoral co-operation through industrial-academic partnerships and
STSMs between institutions from different participating COST Countries are the best way for young
researchers to acquire analytical and advanced research expertise, integrating these into a highly
active European-wide research network, advantageous for career development and providing academic
study with socio-economic context.
1.4.2. In relation to existing efforts at European and/or international levels
At the European level, the use of adhesives from marine organisms for novel applications in the
industrial, medical, cosmetic and biomaterials sectors has so far been considered ‘beyond reach’. The
thematic focus in the EU frameworks has been centred mostly on the Avoidance/Blockage of marine
adhesives and financially sponsored (≈ 30 Million Euro) in numerous projects (AMBIO,
ULTRACLEANPIPE, CLEANSHIP, BIOFOULCONTROL, FOUL-X-SPEL, SEAFRONT, BYEFOULING,
etc.). Only 2 projects (FP5 Algal Bioadhesives and FP6 BLUE4GLUE, with a total EU contribution ≈ 3
Million Euro) have addressed the issue of bioadhesion. Despite this limited funding, the start-up
company Sealantis Ltd. from Israel successfully demonstrate the potential impact of EU-funding,
offering algae-mimetic adhesives and gels (i.e. Seal-V) for surgical applications.
The first and only bioadhesion relevant COST Action (TD0906 “Biological adhesives: from biology to
biomimetics”) was funded from 2010 to 2014. This communication platform catalysed the formation of a
brand new natural adhesives community in Europe and demonstrated that productive collaboration in
this field is required. Around 180 participants, comprising 44% female and 51% male researchers
participated in this Action network, > 90 joint publications and 6 national and European research
projects (focusing on biological adhesives systems) were delivered.
The present ENBA proposal builds from the foundation of Action TD0906, identifying its strengths
and learning from its weaknesses. Indeed, although this former Action had two goals, i) the
characterization of natural adhesives and ii) the development of bio-inspired counterparts, by the end of
the Action it was clear that only the first goal had been fulfilled with the latter remaining out of reach due
to lack of sufficient fundamental knowledge. This conclusion is further corroborated by the fact that
the only effective biomimetic adhesives produced to date are inspired by geckos and mussels, for
which there was tremendous (decades) prior research effort upstream. In the present ENBA the Action
members therefore aim to take a step back and focus on the fundamentals - techniques and basic
principles that will serve to underpin research into the various bioadhesive systems. This thematic
approach therefore differs significantly from TD0906, being more realistic in terms of its objective to
provide key underpinning knowledge and capabilities, rather than developing new products from
scratch.
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At an international level, US, Korean and recently Chinese groups/companies are in the lead by far,
developing functional biomaterials and products based on MAP. This has been made possible, due to
their ability to produce MAP recombinantly in large quantities and engineer highly sophisticated
application methods.

2. IMPACT
2.1.

Expected Impact

2.1.1. Short-term and long-term scientific, technological, and/or socioeconomic impacts
The present COST Action will continue to unite the widespread European expertise and activities in
the many disciplines associated to bonding technology, streamlining and pooling knowledge, methods
and techniques as well as fostering close alliances with other research sectors and industries in which
bioadhesives could provide technological alternatives and facilitate new possibilities.
Short-term impacts (within the COST Action period)
ENBA will be multidisciplinary, welcoming researchers and industrial participants from different fields,
sectors, and backgrounds to identify and characterise novel, previously uncharacterized structures and
materials using holistic approach. The involvement of different research fields with their diverse
methods will not only provide for the Action members a world-leading scientific and technological
resource, but also bring benefit to external researchers through the results and technological innovation.
Furthermore, with the multilingual websites, ENBA will provide the interested public, industry and policy
makers with an information hub demonstrating the potential reach of bioadhesives
Long-term impacts (beyond the COST Action period)
In the long term ENBA will enhance many-fold the existing cooperation and research in this field. The
network will strengthen the position of researchers and companies alike for future implementation of
product ideas and a wealth of novel materials spanning industry and biomedicine. With detailed
knowledge of glue composition and genetic/biochemical profile of glands or microstructures, the
scientific community will have an invaluable resource to draw upon.
Technological impacts
Development, adaptation and standardization of new and existing methods (i.e. molecular biology,
biochemistry, tribology, friction) for bioadhesive research will be useful for other research areas dealing
with the identification of substances (i.e. biomaterials, toxins, proteins, etc.) and structures (i.e. soft
robotics, fastening systems). The technical impact in terms of understanding adhesive systems will
provide the basis for the development of new, alternative mechanical or chemical bonding systems.
Socioeconomic impacts
The achievements of ENBA will surely provide in the long term novel biomimetic solutions with broad
societal, environmental and economic impacts. Stakeholders such as a) adhesive and sealant
industries could profit through the development and production of environmentally- and eco-friendly
adhesives; b) biotechnology & bioproduct companies could implement novel biomaterial and
composites with adhesive biomolecules and c) the robotics and electronics industries will be able to
develop novel products and applications drawing upon novel attachment strategies.
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2.2.

Measures to Maximise Impact

2.2.1.

Plan for involving the most relevant stakeholders
Stakeholder

ENBA outcome

Expected impact

Research community
New knowledge on bioadhesive systems
Standardisation of techniques and methods
for the bioadhesive community
All European scientists
Characterization of
New inspiration for the material science and
and institutes working in
diverse adhesive model
applied research institutes
the field of bioadhesion
organisms
Technological progress also useful for other
or biomaterial
research areas and fields
Increase of scientific publications, grants &
protocols in this field
All interested
researchers/persons/
companies

Bioadhesive website
platform

Exchange of data and publications
Showing presence in Europe
Public Communication and Engagement
Networking of national researchers &
knowledge exchange

General Public, Consumers & Policy makers
Raise public awareness of given commercial
Health products
adhesives side effects
All persons interested in
science and biological
Highlight the diversity of bioadhesives and
Bioadhesion
phenomena
their prospective benefit
characterization
Meaningfulness and need of such research
Aware of necessity to support and promote
Adhesion societies;
Bioadhesion research &
bioadhesion research in Europe
national and European
networking
Appearance as European Bioadhesion
agencies
community
SMEs & industry
Private public
partnerships, spin-off

Innovative concepts for
biomimetic applications

Strengthen of the collaboration with the
industrial sector

Applied research
institutes; SME

Bioadhesive website
platform

Inspiration for new applications in the
industrial sector
Information about the progress and activities
of the European Bioadhesion community

2.2.2. Dissemination and/or Exploitation Plan
Dissemination and exploitation of the Action results (WG3) are an integral part of ENBA and will be the
particular responsibility of the Dissemination & Exploitation Board (DEB), consisting of three elected
MC members. The dissemination activities of DEB include:
set-up and maintain continuous performance throughout the COST Action, enabling an efficient
communication between the Action members
coordinate, evaluate and disseminate all National, European and International D&E activities
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scientific, technological and public outreaches within the network and towards external stakeholders
organise Pan-European dissemination activities, i.e. providing a European “Adhesion Day” and
support local and national dissemination and exploitations campaigns
participate at international meetings (World Biomaterials Congress 2016 Canada; Annual Meeting
of the Adhesion Society USA; Annual Meeting of the Society for Adhesion & Adhesives), industrial
road shows, trade fairs and launches to promote ENBA and discuss synergies
set-up and run Action website
pursue contact and cooperation with relevant thematic COST Actions, European and national
projects, researchers and companies
prepare multilingual press releases & public relation material for all ENBA members for effective
promotion during national public outreach activities
create a corporate identity within the Network (e.g. logo and ENBA poster) presenting the COST
Action aims and outcomes at the different conferences and symposia
In addition to this dedicated Pan-European activities, all MC and Action members will be encouraged
to perform local and national activities, publicity campaigns and, by this, promote ENBA as well as its
thematic outreach. The members, may they be academic, private, RTD, SME or industrial participants,
will be encouraged to use their business and scientific networks, participate in research societies
and publish in industrial journals and magazines to promote ENBA and to inform not only
stakeholders, customers and the general public but also national coatings, adhesives and sealants
manufacturers about ENBA and its objectives. All Action members should take part and refer to the
COST Action in:
lectures and laboratory courses within the academia and for public
science correspondence in national and international newspapers and magazines (e.g.
Universum, Geo, National Geographic, Scientific American)
popular media (radio, newspaper and TV interviews) and social networks (Twitter, Facebook,
scienceblogs, LinkedIn, Youtube) to make the Action more accessible for different audiences
different national activities such as high school science fairs, student’s and children’s universities,
“university meets public”, “long night of science”, exhibitions, etc.
at conferences, meetings and in publications
Exploitation activities
The DEB will take an integrative overview of the exploitation of ENBA results and technologies
across the whole Action and take care of:
• Identify funds, grants and other useful resources suitable to support research in the COST Action
and, in particular, the more resource-intensive WGs 1 and 2
• Identifying knowledge that could be subject matter for protection through patents or publications
• Developing and distributing standardized methods and successful protocols within the Network
General guidelines with regard to intellectual property and confidentiality (also in view of publication
authorship & patent applications) are subject to the agreement between the MC members and these
will be set up at the outset of the COST Action, containing arrangements about the management of
foreground and background knowledge, Intellectual Property Rights during and beyond the Action.

2.3.

Potential for Innovation versus Risk Level

2.3.1. Potential for scientific, technological and/or socioeconomic innovation breakthroughs
Scientific breakthroughs
It can be assumed that the potential for scientific innovations within ENBA is high (indicating a low risk
level) since each and every bioadhesive system characterized will represent a stand-alone contribution
to understanding. The impact of these contributions will be compound, with every piece of information
adding to the greater picture. In the long-term, every finding that will emerge from the network through
collaboration and information sharing will improve understanding of structures and biomolecules
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involved and, thus, the likelihood of impact.
Technological breakthroughs
The design and testing of artificial and hybrid models in WG 2 will demonstrate the understanding of the
bioadhesive templates and the ability of the network to implement this knowledge. Although some
attempts will fail, these will contribute clearly to the technological understanding and appreciation of
knowledge deficiencies. Artificial models which correspond functionally and/or technologically to the
biological original will constitute breakthroughs to inspire new innovations.
Socioeconomic breakthroughs
Novel products and materials based on bioadhesives could provide huge socio-economic advantages
as shown above, and progress will raise awareness of human-friendly alternatives to current
technologies. Nevertheless, the Research & Development of any biomimetic products, may it be a
bioadhesive or other, is still risky in view of regulatory aspects, environmental safety and its failure in
practice. Yet, products such as MAPTrix, Cell-Tak , GeckSkin, Seal-V and others show clearly
the possibility and potential of bioadhesives, as long as the knowledge of the adhesive system, bonding
mechanism and function is properly understood.

3. IMPLEMENTATION
3.1.

Description of the Work Plan

3.1.1.

Description of Working Groups

WG 1: Learning from nature – structure-function relationships
Objectives
to identify bonding organisms and provide insight into the adhesive structures and secretions
to determine physical properties in terms of adhesion strength, rheology, wetting capabilities
to develop a platform for sharing knowledge, procedures, specimen and instrument analyses
Task 1.1: Morphology/Structure
Adhesive systems possess complex hierarchical structures from the macro- to the nanometric scale.
Their structural organization and synthesis is important for their function and structural composition.
Therefore, broad comparative studies using e.g. different life science imaging techniques (i.e. SEM,
AFM, Confocal Laser Scanning Microscope, Energy dispersive X-ray spectroscopy) will be carried out
in order to understand essential structural principles behind their functions and determine changes
during development.
Task 1.2: Composition/Profiling
The focus is (i) to identify and characterize structures of dry and wet adhesives chemically, (ii) to
develop sample preparation and extraction procedures for wet adhesives, (iii) to discuss and adapt
general chemical characterization approaches of the different glues including their biomolecular
composition, amino acid/monosaccharide sequence and spectral features and (iv) to optimise the
identification of the most abundant (glyco-) proteins and peptides.
Understanding the underlying molecular network and genes controlling glue synthesis is a crucial step
towards understanding glue formation, bonding and curing mechanisms, as well as providing
knowledge of the relevant key molecules.
State-of-the-art technologies will include chromatography (i.e. High-performance liquid
chromatography), biochemical techniques (i.e. SDS-Page Gel electrophoreses, Matrix-assisted laser
desorption/ionization time-of-flight mass spectrometer/imaging) as well as molecular tools (i.e. de novo
transcriptome/genome sequencing), which are available in the different labs of the ENBA participants.
Task 1.3: Properties/Performance
To understand the detailed function of biological adhesives, it is essential to observe the process of
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attachment and release with high spatial and temporal resolution, as well as to measure the adhesive
performance under natural and standardised conditions. Relevant experimental approaches include
force and contact area measurements, surface energy estimation, and roughness characterisation. The
data on the mechanical performance of adhesives will be used to test theoretical models of adhesion,
to prove possible correlations between different organisms and systems and to identify new principles
or new combinations of principles that result in strong adhesion.
Activities: Research coordination, Publications, Conference Proceedings, STSMs, Training Schools
Milestones:
M1.1: New state of the art book of “Bioadhesion methods & diversity” (Month 40)
M1.2: Final Report (M48)
Major deliverables:
D1.1: At least one Training School for each task (Annual)
D1.2: Records of dissemination and public relation activities (6-monthly)
D1.3: Progress report comprising the number of STSM and publications for each task (Annual)
WG 2: Artificial models – understanding bioadhesion in vitro
Objectives
To design and characterise artificial micro- and nanostructures supporting adhesion
To characterize and model adhesion properties of biomolecules
To determine and characterise adhesion properties in hybrid systems
Task 2.1: Topography design/evaluation
Test the role of hierarchical structures (macro- micro– nano level) defined in WG1 in combination with
biomolecules and test their contribution to adhesion at the interface. Artificial micro- and nanostructures
of similar geometry will be designed and built using lithography techniques, 3D printing, electrospinning,
Focus Ion Beam scanning electron microscopes, etc., and test their role in adhesion using a broad
range of force measurement techniques.
Task 2.2: Biomolecule characteristics/processing
The goal of this task is to understand, measure and model the ‘stickiness’ of bioadhesive molecules in
detail. Advanced molecular simulations and detailed measurements i.e. by surface plasmon resonance,
atomic force microscopy and others will be employed (according to WG 1) to the artificially developed
biomolecules to characterise substrates and the key proteins, generate in-depth information relating to
adsorption/adhesion to different chemical functionalities and the nanomechanical properties of the
molecule. As tests with purified biomolecules may not be sufficient in terms of amount or polymer
length, production of biomolecules via chemical synthesis or recombinant techniques will be discussed
with experts from other relevant disciplines and implemented into this task.
Task 2.3: Hybrid systems
To understand the mutual influence and effect of different biomolecules and bonding principles, models
from task 2.1 and 2.2 will be combined into hybrid and multi-response systems such as hydrogels
(Krogsgaard et al., 2013), polymers (Kumar Roy and Prabhakar, 2010) or other materials.
Characterization and measurement of these systems will serve to provide additional knowledge on
basic bonding principles.
Activities: Research coordination, Publications, Conference Proceedings, STSMs, Training Schools
Milestones:
M2.1: Interim report (Month 24)
M2.2: Final report (Month 48)
Major deliverables:
D2.1: At least one Training School for each task (Annual)
D2.2: Records of dissemination and public relation activities (6-monthly)
D2.3: Progress report comprising the number of STSM and publications for each task (Annual)
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WG 3: Dissemination & Exploitation
Objectives
To strengthen the International and European visibility of Bioadhesion research
To establish exchanges and collaborations within adhesion, biomaterial and other communities
To promote the dissemination of expertise, methods and results
Tasks:
WG 3 is dedicated to coordinating, monitoring and by this guaranteeing optimal visibility of ENBA at
academic, industrial and public levels. The DEB will be responsible for organisation, performing and
evaluating pan-European activities and to effect efficient communication both internally and externally.
Further details about the aimed D&E activities and strategies can be found in section 2.2.2.
Activities: Press releases, Electronic newsletters, Roadshow participation, Conference organisation,
Campaigns, Activity Days
Milestones:
M3.1: Multi-lingual Action website (Annual)
M3.2: Conference for WG 1 and WG 2 (Annual)
M3.3: Final Report (M48)
Major deliverables:
D3.1: Electronic newsletter (6-monthly)
D3.2: Progress report (Annual)
D3.3: Activity Day (Annual)

3.1.2. GANTT Diagram

3.1.3. Risk and Contingency Plans
Risk relevant for WG1:
Failure of adhesive characterization and/or identification of key molecules in organisms
Contingency plan:
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The network has considered this and all participants involved are aware that ENBA may not be able to
fully characterize the adhesives of all organisms. However, for several organisms preliminary results
and data are already available for further study within WG1.
Risk relevant for WG2:
Delay, failure or insufficient technological progress designing and building artificial models
Contingency plan:
To minimize this risk, several network participants will work parallel on these tasks to find optimal
specifications and set-ups. Furthermore, external and international researchers will be invited to join
WG2 and participate in the technological set-up and implementation.
Risk relevant for all three WGs:
One or more Action members show weak commitment to the network progress, task participation and
dissemination activity or leave the Action
Contingency plan:
The MC and EB will supervise the effective communication at all management levels to avoid
misunderstanding and ensure an optimal internal and external outreach. In the event of a loss of a
participant having an important role the MC will look for alternatives and discuss alternative
management structures to compensate and substitute the member lost in the relevant tasks.

3.2.

Management structures and procedures

ENBA will be managed by the Management Committee (MC). This MC will be responsible:
• To implement and set the strategic direction of the Action
• To elect the Executive Board (EB), STSM Coordinator, the WG1&2 Leaders and D&E Board
(WG3)
• To supervise, monitor and give recommendations to the boards and coordinators
• To coordinate the scientific, technical and financial progress of the Action
• To address and document all
issues
raised
by
external
regulatory and other bodies
relevant to the objectives of the
Action
• To coordinate and perform all
COST Action activities, scientific
and public outreach
• To elect and include participants
to the network
The Executive Board (EB) will be
elected from the MC members at the
first MC meeting of the Action. It will
comprise the Chair, the Vice Chair, the
STSM Coordinator and WGs Leaders.
The EB will steer and monitor the
COST Action on behalf of the MC as
formally approved by the MC.
Short-Term Scientific Missions (STSM) will be actively used to enhance information exchange, for
research trips for use of special instrumentation or know how, and to enable young researchers and
senior experts to participate in inter-group programs. STSM applications must be related to one or more
of the six tasks (1.1-1.3 & 2.1-2.3). The STSM Coordinator, elected at the first MC meeting will then
further evaluate the value of the STSM prior to approval by the EB. This procedure will be completed by
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email to avoid delays.
WG 1&2 and their tasks will be coordinated by an expert member, elected during the first MC Meeting,
while WG 3 comprises a board of three voted MC members (one of these participates also in the EB).
The Leaders of each task will be elected during the first Kick-off WG Meeting. The task meetings will be
chaired by the respective WG coordinator and regularly
review progress and timelineness of all tasks & outreaches
ensure effective coordination and implementation of each tasks and D&E activity
verify and adjust the scientific and technical progress of the tasks
proactively suggest improvements of the COST Action strategy
participate at Dissemination & Exploitation activities
communicate with the task members, invite foreign researchers & specialists relevant for their
task and guarantee with the DEB an effective dissemination of each Task/Working Group.
The MC and EB will meet physically at least once per year, in case of extraordinary issues, it may also
reach consensus by electronic communication. To ensure a simple as possible but effective and
decisive management, also the EB will meet during this time and report to the MC about the Action’s
progress.

3.3.

Network as a whole

Many researchers of the former related Action TD0906 will probably join the Action ENBA as such
multidisciplinary cooperation is essential to execute their multidisciplinary work and achieve tangible
progress in the field.
With the multilingual website and dedicated campaigns about the forthcoming Action and R&T
objectives, ENBA will spread geographically and inform & invite researchers and companies from IPCs
to join and use the available infrastructure/funding. Furthermore, with the websites ENBA also aims to
give locals, school children and limited English-speaking people the possibility to be informed about the
topic of bioadhesion and its technological potential.
Additionally, ENBA will invite international researchers and companies from IPCs such as Australia,
Japan, Republic of Korea, New Zealand, USA and Russia working in the field of bioadhesion, to attend
ENBA meetings and conferences, contribute in the Training Schools, participate on the technological
set-up and implementation in WG 1 & 2 and accept STMS to their labs for formally approved IPC
Institutions. Their experience and knowledge will be hugely beneficial to enhance European progress in
bioadhesion research, understanding and reproducing the basic bonding mechanisms and principles
involved.
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