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WELCOME MESSAGE
By Sylvia Colliec-Jouault and Iain U. Allan

Dear colleagues, students and friends,
It is a great pleasure to warmly welcome you to the "BioCare marine" final event that is taking
place in the 2 Seas area (North Sea and Channel) in Brest, France.
The event will feature an introduction to our research project that is a cross-border research and
development consortium from the EU Interreg 2 Seas area.
A special topic-orientated programme will offer the opportunity to learn more about the marine
environment, marine biotechnology, polymers for biomedical applications and for regenerative
medicine, thanks to the four invited speakers selected by the Scientific Committee.
All participants have the opportunity for active involvement during the poster pitch session and
a chance to share ideas between participants coming from private companies and public research
teams.
We invite you to discover the fantastic Oceanopolis Temperate Pavilion and exchange with the
marine and healthcare community during a convivial evening.
We wish you all a happy and fruitful visit to Brest.
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Argument of the conference
BioCare marine is a cross-border research and development consortium from the EU Interreg 2
Seas area. Our consortium consists of the University of Brighton (UK), University of Ghent
(Belgium), Ifremer (a French governmental institute, France) and Polymaris Biotechnology (a
marine biotech company, France).
Our objectives are to isolate, characterise and sustainably utilise marine biomolecules
applicable to human healthcare for the social and economic benefit of the region.
The ocean represents a vast and relatively untapped resource where the organisms therein have
evolved a myriad of mechanisms to survive in this changing and demanding environment. These
include:
• antimicrobial substances to help out-compete neighbouring organisms for space on
rocks,
• gelatinous polysaccharides to prevent dehydration, provide structure, and to protect
against external threats e.g. shielding against toxic metal poisoning:
The scientific objectives of Biocare marine are to:
1. Discover and functionalise new antimicrobial agents isolated from the marine
environment to help combat the growing threat of broad spectrum antibiotic resistant
bacterial infections.
2. Construct novel wound dressings and tissue regeneration scaffolds using marine
biomolecules that hold great promise for the treatment of chronic wounds, and for the
remodeling and reconstruction of skin in burns victims.
3. Utilise the specialised polysaccharides produced by marine bacteria to construct heavy
metal capture-systems. Toxic heavy metals cause environmental and health damages
and present a significant threat to human wellbeing. By developing ways to capture and
remove these metals (as marine creatures do) we can help address these threats.

Main theme
During this event, the BioCare marine consortium will showcase its initial objectives, the key
results obtained and its outreach activities in the field of the biotechnology and regenerative
medicine. Furthermore, it will provide you with an insight to future initiatives. The meeting
objectives will be reached by a combination of talks and posters and the possibility to network
with the marine and healthcare community.
We invite and challenge you to discover BioCare marine at Océanopolis Temperate Pavilion in
Brest !This one-day event is free of charge and is supported by Interreg IVA 2 Seas,
Département du Finistère, Région Bretagne and Brest Métropole Océane BMO.
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SYMPOSIUM PROGRAMME

13:30

Opening & Welcome

14:00

Introduction
Dr. Sylvia Colliec-Jouault, PhD, BioCare marine Partner, Ifremer, France

14:15

Exploring marine resources: from small molecule to the living cell
Dr. Johan Robbens, PhD, Invited Speaker, ILVO Visserij, Ostende, Belgium

14:45

Understanding of the mechanisms leading to marine biofilm development and their
control: a surmountable challenge?
Dr. Chantal Compère, PhD, Invited Speaker, Ifremer, France

15:15

Poster Pitch Session
Iain Allan, University of Brighton, U.K. ; Lydie Auger, BMO, France ; Catherine
Dreanno, Ifremer, France ; Claire Boisset, CERMAV, France ; Cressida Bowyer,
University of Brighton, U.K. ; Stéphane Rioual, UBO, France ; Diana-Maria
Dragusin, University of Ghent, Belgium ; Cressida Bowyer, University of Brighton,
U.K. ; Xavier Guillory, Ifremer, France ; Matthew Illsley, University of Brighton,
U.K. ; Fabienne Guérard, UBO, France ; Paul-Alain Jaffrès, UBO, France ; Agata
Zykwinska, Ifremer & Mélanie Marquis, INRA, France.

16:15

Coffee Break

16:30

Biomedical polymers as ‘personalized medicine’ enablers: utopia or reality?
Pr; Peter Dubruel, PhD, Invited Speaker, Ghent University, Ghent, Belgium

17:00

Regenerative Medicine approaches to treating burns and other wounds
Pr. Anthony Metcalfe, PhD, Invited Speaker, Brighton Center for Regenerative
Medicine, University of Brighton & Blond McIndoe Research Foundation, United
Kingdom

17:30

Conclusion and Perspectives
Dr. Iain U. Allan, PhD, BioCare marine Lead Partner, University of Brighton,
United Kingdom

17:45

The Pôle Mer Bretagne Global Economic Competitiveness Cluster

18:00

Breton coasts discovery in Temperate Pavilion

19:30

Gala Evening

22:00

Closure
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Dr. Johan Robbens
Exploring marine resources: from small molecule to the living cell
Johan Robbens, Caroline De Tender, Lisa Devriese
Institute for Agricultural and Fisheries Research (ILVO)
Ankerstraat 1, B-8400 Ostend, Belgium

In the recent era of genomics and other “–omics”, people are exploring and exploiting the tiniest
bits of natural resources. Organisms and their thousands of structures, metabolites and proteins
may become essential for innumerable commercial, medical and environmental uses. Terrestrial
organisms have been the first and most-studied model species, but the biodiversity of the sea is
far larger than that of terrestrial systems. The sea contains a plethora of organisms, each with its
own multitude of molecules, metabolites and proteins. This overwhelming number of marine
resources remains largely unexplored, however. Technical and biological reasons have been
responsible for this under exploration in the past. Recent technological advances are being
introduced into the marine “blue” biotechnology, however, and the first doors are now opening
to explore the richness of the sea.
This marine exploration ranges from the truly tiny to the merely microscopic: from small
molecules as precursor of active molecules to proteins and enzymes for direct application, all the
way up to living cells. In this perspective a living cells can be considered as a functional entities
or small factories, able to perform functions that cannot be realised by isolated molecules.
Recent advanced technologies have created breakthroughs that make multi-level marine
exploration a reality. Science, society and policy are getting ready to empower this marine
potential in a sustainable way.

_____________________________________________________________________________
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Biography Dr. Johan Robbens
Johan Robbens has a PhD in biotechnology in the genomics field
from Ghent University (Belgium).
After his PhD, he has developed both a scientific and managerial
career path. He was involved with several post-doctoral projects in
the medical and environmental field, but has also done in depth
managerial studies (MBA and Master in Finance). He has been in the
finance and investment sector as a scientific advisor for a biotech
investment fund.
Then he moved to University of Antwerp were he could combine both expertises and a position
for valorisation of research in environmental toxicology.
Now he works at ILVO-Institute for Agricultural and Fisheries research- a research institute of
the Flemish Community as head of section. He is involved with different projects around risk
assessment of anthropogenic activities in the marine environment. Amongst them MICRO,
which is an Interreg project about impact of microplastics in the marine environment, and Clean
Sea, a 7th Framework project dealing with marine litter and microplastics. Blue biotechnology,
and exploration of marine resources is one of his main interest research lines within ILVO.
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Dr. Chantal Compère
Understanding of the mechanisms leading to marine biofilm development and
their control: a surmountable challenge?
C. Compère, G. Klein, C. Leroy, F. Mazeas, C. Dreanno
IFREMER, Unité de Recherches et Développements Technologiques, Plouzané, France

Fouling on marine underwater surfaces causes critical and economic problems such as extensive
material bio-damages and industrial performance reductions. Marine biofilms have an influence
on the adhesion of marine macro-organisms leading to fouling. And to combat fouling, one
strategy is to control biofilm development during the first steps of fouling adhesion by physical
or chemical technology. The use of biocides like organometallic compounds causes
environmental problems and European regulations regarding antifouling paints are becoming
increasingly restrictive, banishing organo-stannic use on all vessels in 2008(Directive 98 ⁄ 8 ⁄
CE). The development of anti-biofilm strategies is therefore of major interest and currently
constitutes an important field of investigation, in which environmentally friendly anti-biofilm
molecules or organisms are highly valuable.
The understanding of the mechanisms leading to marine bacterial attachment and its subsequent
biofilm development are of great biological importance with obvious potential industrial
outcomes. This development is conditioned by complex processes involving bacterial
attachment to surfaces, growth, cell-to-cell communication, mobility, and production of
exoproducts. A better understanding of these mechanisms is a prerequisite to understand the
marine bacteria adhesion behaviour on solid surfaces.
To address this question, we chose as a model the marine Pseudoalteromonassp. strain D41
since it is a colonization pioneer strain that displayed strong and competitive adhesion ona wide
variety of substrates (stainless steel, glass or Teflon), promoting subsequent biofilm
development.Our previous studies suggested that the adhesion properties of this strain are
related to the high protein content within its exoproducts and in the surface enriched proteins of
D41. The control of biofilm development by hydrolysing organic compounds involved in the
first steps of adhesion using enzymatic treatments is one strategy to prevent fouling.
Moreover, the present study revealed that strain D41 also secretes an anti-biofilm activity which
impairs the biofilm development of some competitive bacteria. The originality highlighted
regarding the supernatant produced by D41 is its lack of antibacterial activity against free-living
bacteria, making its activity specifically directed against biofilms. The first results seem to
indicate that the anti-biofilm secreted molecules are likely to be enzymes.Further research to
better understand the mechanisms of D41 biofilm formation, the role of secreted products in
biofilm regulation, the identification of the secreted active moleculesare necessary.
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Biography Dr. Chantal Compère
Chantal Compère received her PhD in analytical chemistry from
Louis Pasteur University (Strasbourg- France) in 1984.
After 2 years as a post-doctoral researcher for the National Sciences
and Engineering Research Council of Canada at the National
Research Council Canada (Boucherville - Quebec), she accepted a
position as a research scientist at the NRC. Her research has been
primarily in the field of electrochemistry and corrosion and in 1990,
she continued this field of study in the University of Laval’s
Department of Mining, Metallurgical and Materials Engineering
(Quebec - Canada).
In 1992, she joined Ifremer, she is currently the head of the Research Unit “Recherches et
Développements Technologiques”.
Her research interests lies in the knowledge of fouling formation with a focus on the mechanism
of biofilm formation and the methods in order to prevent it. She has been studying the
interactions between biomolecules and surfaces, the characterization of biomolecules at
interfaces and surface modification. She has more than 20 years’ experience in antifouling
studies and has been involved since 1992 in few international and European programs: Mast II
Bros, Mast II, Brite Euram Camelia, Brimon project and several national projects: FUI Ecopaint
and Paintclean, BASIS group (Biofilm Analysis on Substrates Immerged in Seawater),
coordination of a national project (GDR 2614).... She was consultant for ANSES - French
Agency for Food, Environmental and Occupational Health & Safety who is in charge of
coordinating the national-level risk, safety and efficacy assessments of the biocidal active
substances and biocidal products (Directives biocides). She is an active member of the Biofilm
National Network.
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Pr. Peter Dubruel
Biomedical polymers as ‘personalized medicine’ enablers: utopia or reality?
Peter Dubruel, the entire PBM group and all of its collaborators (1)*
(1)

Polymer Chemistry and Biomaterials Research Group, Ghent University, Krijgslaan 281 (Building S4),
B-9000 Ghent, Belgium.
*Corresponding author: Peter.Dubruel@ugent.be
Follow us on http://www.pbm.UGent.be and https://twitter.com/PBMUGENT

Medicine has witnessed several revolutions in the last decade. New therapies as well as new
drugs have been implemented in the medical practice at a high pace. One revolution witnessed
includes the application of patient specific implants. The concept is straightforward. When a
certain organ or part of it is malfunctioning, a medical imaging technique is applied to map the
defect and its extent. Using an automated CAD CAM approach (Computer Aided Design Computer Aided Manufacturing), a perfect copy of the original defect can be produced.
Depending on the application, the scaffold can be combined with human cells (by seeding
and/or encapsulation).
During the presentation, proof will be delivered that various types of polymers (biodegradable
polymers and nature-inspired proteins) can be printed in a patient-specific format using the
BioplotterTM as rapid prototyping technique [1, 2]. An example of a printed polyester scaffold is
shown in the below image.

For enabling personalized medicine to become reality, various disciplines have to be seamlessly
merged: chemistry, engineering, biology and medicine. The do’s and don’ts of the technology as
well as the huge remaining challenges will be highlighted during the presentation.
[1] Billiet et al., Biomaterials 35 (2014), 49-62. [2] Kersemans et al., J Mater Sci: Mater Med (2012), 23
(8), 1961-1969

Key-words: polymers, hydrogels, polyesters, 3D printing, personalized medicine, biomaterials
_____________________________________________________________________________
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Biography Pr. Peter Dubruel
Pr. Dr. Peter Dubruel, obtained his PhD at University of Ghent in
early 2003.
After that, he was post-doc at University of Ghent until 2004. In
2005, he was awarded an Alexander von Humboldt Research
Fellowship to perform scientific work at the Johannes Gutenberg
University in Mainz. At the end of 2006, he was appointed
professor at University of Ghent where he is heading since then the
PBM group.
The group is constantly involved in a large variety of national and international research projects
dealing with polymers for medical and bio-photonic applications.
Peter Dubruel has been awarded the Excellence Award 2010 and the Jean Leray Award 2012
from respectively the Romanian Society for Biomaterials and the European Society for
Biomaterials. Since various years, he is member of the High Council of Health in Belgium. As
of October 1st, he will be member of the Belgian Reach Commission.

_____________________________________________________________________
17

Brest, September 16, 2014
_____________________________________________________________________________

Pr. Anthony Metcalfe
Regenerative Medicine approaches to treating burns and other wounds
Burn injuries leads to almost 300 000 emergency department attendances and over 13000
hospital admissions in the UK. Over 300 people a year die from burns injury and many
thousands have significant scarring and functional problems that affect their daily life. Burns
injury affects all age groups from the very young to the elderly. Burns survivors often have to
receive lifelong treatment in the form of scar therapy and reconstructive surgery.
The effects of burn injury not only affect physical function and appearance but can have
devastating psychological effects such as post-traumatic stress disorder and depression. This can
have an effect on employment, relationships and coping with daily life.
Our translational research aims to improve the lives of paediatric burns patients, adult burns
patients, those suffering from tissue loss due to trauma and for people with skin cancers such as
melanoma. Natural biomaterials are being used as cell scaffolds upon which skin cells taken
from the patient’s own body can be grown. These cell-laden scaffolds can either be implanted to
replace lost soft tissue, or formulated as a spray for burns to enhance the body’s own
regenerative processes.

_____________________________________________________________________________
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Biography Pr. Anthony D. Metcalfe
Tony Metcalfe graduated from the University of Lancaster with a BSc
(Hons) degree in Biochemistry and a PhD in Molecular Genetics. His
postdoctoral research at the University of Manchester, UK
characterised apoptotic mechanisms in mammary gland biology,
cancer and pre-implantation development. As Team Leader at the
United Kingdom Centre for Tissue Engineering he developed
techniques for creating novel skin substitutes, skin grafting,
characterised mammalian tissue regeneration and skin stem cells and
investigated scar reduction technologies.
Tony then joined Renovo Ltd in Manchester, where he became Head of Research and Scientific
Opportunities developing scar reduction, wound repair and regeneration therapies and
translation of preclinical and clinical research strategies in Phase I-III clinical trials. He also
helped oversee the Patent portfolio of the company. His most recent appointment was as
Director of Biology at a bispecific antibody engineering company in Cambridge, UK.
Professor Metcalfe is Director of Research at the Blond McIndoe Research Foundation (BMRF).
This is a joint appointment with the University of Brighton which also appointed him a
Professorship in Burns and Wound Healing Research. At the BMRF, Professor Metcalfe is
developing this exciting new partnership with colleagues at the Brighton Centre for
Regenerative Medicine (BCRM) at the University of Brighton and with clinical colleagues at the
Queen Victoria Hospital (QVH). The aim is to translate science into medical applications and to
create and develop novel technologies and therapies for patient care.
Tony’s research interests include wound healing, tissue repair and regeneration, fibrosis and
scarring, adhesions, burns, nerve, tendon and ocular regeneration, angiogenesis,
neovascularisation, developmental mechanisms, embryology, stem cells, mammary gland
biology, cancer and apoptosis.
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Preparation of agarose and activated carbon cryogel for the adsorption of
malodorous molecules
A Akhmetova11*, M Illsley2, S Mikhalovsky1, T Nurgozhin1, Z Zhumadilov3 and I Allan2
1

Department of Translational Medicine, Healthy Aging and Global Health, Centre for Life Sciences,
Nazarbayev University, Astana, Kazakhstan;
2
School of Pharmacy and Biomolecular Sciences, University of Brighton, Brighton, UK;
3
School of Engineering, Nazarbayev University, Astana, Kazakhstan.
*Corresponding author : alma.akhmetova@nu.edu.kz

Introduction Malodorous wounds, such as chronic ulcers, can greatly affect patient quality of
life causing depression and social isolation. We developed an agarose (AGR) cryogel with
incorporated activated carbon (AC) particulates to absorb would fluid exudates and adsorb
malodorous constituents. AGR is self cross-linking, and is not prone to microbial spoilage.
Cryogel is a sponge-like, macroporous material with a large surface area to volume ratio. AGR
cryogel can be used to absorb exudate leaving the highly adsorptive internalised AC particles to
sequester odorous molecules.
Methods 1% AGR solutions with or without AC beads were formulated into cryogels or
hydrogels using standard methods. Gels were immersed into crystal violet (CV) solution (as a
model of small odorous molecules) and CV removal was measured versus time. Odour
adsorption was monitored by measuring the concentration of thiol vapour in a defined head
space above the AC-containing hydrogels and cryogels (or AC between wetted filter paper).
concentration of escaped thiol following derivatisation was determined using HPLC.
Results In comparison to AGR hydrogels and cryogels, AGR-AC formulations removed
significantly more CV from solution, with the cryogel form removing the most. Results
indicated that the additional barrier function of the AC hydrogel and AC cryogel was sufficient
to prevent the passing of thiol over a 1-hour period. AC alone did not block the thiol vapour.
Conclusions AGR-AC cryogel formulation has a potential for controlling wound malodour.
This was evidenced by a high efficiency in removing ionic particles from solution and to
sequester malodorous molecules.

Acknowledgments Funded by the Ministry of Education and Science of the Republic of Kazakhstan.
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Atlantic Blue Tech, Imagine the marine bio-resources' sector for 2014-2020
L. Auger (1)*, J. Bazin (2), A.M. Cabon (1),
(1)
(2)

Brest métropole océane (urban council), coat ar gueven, F-29222 Brest, France
Technopôle Brest-Iroise (science park), CS 83809,F- 29238, Brest, France

*Corresponding author: lydie.auger@brest-metropole-oceane.fr

The ocean is a source of innovation, growth and jobs. Marine bio-resources constitute a sector
with high growth potential but still largely unexploited by businesses. These latter have to face
many constraints and barriers (legal, environmental, economic and social).
The ATLANTIC BLUE TECH project thus aims at promoting and developing at the Atlantic
level and in a joint and concerted manner, the marine bio-resources’ sector. Gathering economic
and innovation development agencies, local authorities and scientific organisations, the project
aims at capitalizing projects and initiatives previously developed under this thematic. Project
partners will identify the main obstacles to the development of the sector and will define
corrective measures.
Finally, through the identification of transnational structuring projects, the project will represent
an essential link to the future 2014-2020 programming period. It will also contribute to the
operational implementation of the Action Plan recently adopted in the framework of the EU
Maritime Strategy for the Atlantic region.

Key-words: Biotechnology, marine bio-resources, innovation, economy.
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Genome sequence of a marine pioneer bacterium in biofouling formation.
Bienvenu B.1, Goudenège D.2, Le Roux F.2, Quintric L.3, Compère C.1, Dreanno C.1*
1

IFREMER, RDT/LDCM, Centre de Bretagne, technopole, 29280 Plouzané, France
IFREMER-UPMC « Genomic of vibrios », Station Biologique de Roscoff, Pl Georges Teissier, 29688
Roscoff, France
3
IFREMER, RIC, Centre de Bretagne, technopole, 29280 Plouzané, France
2

*Corresponding author: Catherine.dreanno@ifremer.fr

The surface colonisation by microorganisms is described as one of the first steps in marine
fouling formation. At the beginning of adhesion, bacteria colonize the surface and then build up
a biofilm. In the frame of a long term study of biofilm formation in marine environment few
species were isolated from stainless, steel, glass coupons immersed in seawater in the bay of
Brest (France).
A novel pioneer species, Pseudoalteromonas sp. D41, was selected for its high adhesion
capacity on any types of material and its ability to inhibit the biofilm formation of competitive
bacteria. In order to study the singularities of this new species, its genome was de novo
sequenced.
Here we report an inter-specific genome comparison based on available Pseudoalteromonas
genomes. 3865 open reading frames (ORF) were identified and five genomic islands were
detected. Interestingly, among them, an integrative and conjugative element (ICE) was for the
first time identified, it belongs to the SXT/R391 family and carries antibiotic and mercury
resistance genes. A phylogenetic tree of the genus based on the 16S RNA genes was built and
compared to the phylogenomic tree established with the alignment of all 578 proteins present in
all considered species. The comparative study reveals that P. sp. D41 has 519 singular ORFs;
they include proteases and sensor proteins. The secretome was then predicted, 490 ORFs
including 36 peptidases were identified. Careful consideration should notably be given to
elucidating the potential roles of the predicted secreted proteases and peptidases in biofilm
regulation.
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What tools to analyze polysaccharides ?
A. Claire Boisset (1)*, B. Laurine Buon(1), C. Philippe Colin-Morel(1)
(1)

Service of Chromatography, CERMAV/CNRS, 601 rue de la Chimie,38041 Grenoble cedex 9, France

*Corresponding author: Claire.boisset-Helbert@cermav.cnrs.fr

The structural characteristics of a polysaccharide govern its specific functional properties
(chemical, physico-chemical, biological), as these are related to the nature of the constituent
residues, in their sequence, length and degree of branching of the chain as well as their
conformation in solution. To better control and understand its properties, it is necessary to
chemically and structurally characterize the polysaccharide of interest, whether in the native or
modified form.
Depending on the desired level of information, analysis of a polysaccharide is to determine, by
different methods : (1) the average molecular weight of the polymer, (2) the glycosidic
composition of the residues, (3) the nature of glycosidic bonds, (4) the sequence of the
glycosidic residues, (5) the absolute configuration L or D of each glycosidic residue, (6) the
cyclic form, pyranose or furanose, for each monosaccharide, (7) the anomeric configuration α or
β of each monosaccharide and (8) the nature and the binding sites of possible substituents.
Access to such chemical and structural information is through the use of a whole range of
chromatographic techniques for the purification and structural characterization of
oligosaccharides and polysaccharides, in combination with other characterization techniques of
macromolecules as Nuclear Magnetic Resonance and Mass Spectrometry. The Service of
Chromatography Centre for Research on Macromolecules (CERMAV/CNRS) proposes and
performs analysis of monosaccharides, oligosaccharides and polysaccharides in the context of
scientific collaborations, or analytical services with academic and industrial laboratories.
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Lethal Photosensitisation of methicillin-resistant Staphylococcus aureus and
small-colony variant strains using a toluidine blue loaded hydrogel
C. Bowyer (1)*, J. Farrer(2), I. Savina(1), I.U. Allan(1).
(1)

College of Life, Health and Physical Sciences, University of Brighton, Lewes Rd, Brighton, UK.
College of Arts and Humanities, University of Brighton, Grand Parade, Brighton, UK

(2)

*Corresponding author: c.j.bowyer@brighton.ac.uk

Antibiotic resistant bacteria are a therapeutic challenge to which new solutions must be found.
Staphylococcus aureus is a human pathogen that causes local and systemic infections which can
be life-threatening. Methicillin-resistant S. aureus (MRSA) is well known as a principal cause of
nosocomial infection characterised by broad spectrum resistance to most antibiotics [1].
Recalcitrance to antibiotic therapy in S. aureus is also associated with a certain sub-population
of cells known as small-colony variants (SCVs). SCVs are known to reside intracellularly in a
quiescent state where they evade host defences and antimicrobial therapy and are a reservoir for
recurrent infections [2, 3]. Photodynamic therapy (PDT) is a potential alternative to antibiotic
therapy. PDT utilises the application of non-toxic photosensitiser dyes in combination with light
of a specific wavelength resulting in the generation of reactive oxygen species which are lethal
to bacterial cells. PDT is especially suited to the killing of bacteria in chronically infected, nonhealing dermal ulcers [4, 5].
Here we show that PDT using toluidine blue (TBO) is effective against both MRSA and
genetically modified SCV strains, with kills of up to 6 logs observed. We also demonstrate
effective delivery and activation of TBO from a pre-loaded hydrogel.
[1]. Otto, M., Cell Microbiol, 14 (10), 1513-21, 2012. [2]. Proctor, R.A. et al., Infect Agents Dis, 3 (6),
302-12, 1994. [3]. von Eiff, C., Int J Antimicrob Agents, 31 (6), 507-10, 2008. [4]. Hamblin, M.R. and T.
Hasan, Photochem Photobiol Sci, 3 (5), 436-50, 2004. [5]. Kharkwal, G.B., et al., Lasers Surg Med, 43
(7), 755-67, 2011.

Key-words: Antimicrobial resistance, Staphylococcus aureus, small colony variants,
photodynamic therapy.
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Characterization of exopolysaccharides after sorption of silver ions
M. Dechatre(1,2), B. Lescop(3), C. Simon Colin(2), F. Ghillebaert(4), J.Guezennec(5) , and S. Rioual(3)*
(1)

Mexel Industries SAS, Route de Compiègne, 60410 Verberie, France
Laboratoire de Microbiologie des Environnements Extrêmes, UMR 6197 Ifremer/UBO/CNRS, Centre
de Brest, Plouzané, France
(3)
Groupe surfaces et interfaces, LMB, Université de Brest, EA 4522, 6 av. Le Gorgeu, 29285 Brest
Cedex, France
(4)
Ecotox, 11 rue Principale, 62380 Affringues, France
(5)
AiMB : Advices in Marine Biotechnology, 29280 Plouzané, France
(2)

*Corresponding author: rioual@univ-brest.fr

During the last decades, silver ions were extensively used in many industrial activities resulting
in increasing contamination of waste water. Considering the serious environmental problems
and the damage to human health caused by this toxic metal, great attention has been paid in its
removal from water. Different methods do exist to recover metal ions. Among these methods,
biosorption by biomaterials is becoming an emerging technique due to its simplicity, low cost
and efficiency. Bacterial exopolysaccharides (EPS) are considered as promising biosorbents.
In the present study, biosorption of silver ions by several EPS differing from each other in their
chemical composition and functional groups was investigated. EPS were characterized before
and after Ag(I) biosorption by comprehensively using X-ray photoelectron spectroscopy (XPS),
Fourier transform infrared spectroscopy (FTIR), X-ray diffraction, transmission electron
microscopy (TEM). The role of the different functional groups in the biosorption process was
observed. In particular, sulfate groups were seen to play a major role. XPS and FTIR methods
showed that the composition of lowest efficient EPS changed after Ag(I) biosorption with a
relative increase of the carboxylate ions content. This change was accompanied by the formation
of mainly silver oxide nanoparticles. In contrast, the change in composition of the most efficient
EPS was notably reduced. In this case, mainly metallic nanoparticles were observed after
sorption. These results demonstrate that silver sorption by EPS is a rather complex process. In
particular, the reducing character of the EPS is expected to influence their silver sorption
capability and has consequently to be considered for an improvement of this type of functional
materials.

Key-words: Exo-polysaccharide; Silver ions; Biosorption; XPS analysis
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Synthesis and characterization of in situ cross-linkable exopolysaccharides for
wound treatment applications
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Introduction
Microbial extracellular polysaccharides (EPS) are biosynthetic polymers defined as extracellular
polymeric substances of biological origin that participate in the formation of microbial
aggregates [1]. Marine EPS hold great promise for the treatment of chronic wounds and
reconstruction of burn injuries due to their good antimicrobial properties, prevention of
dehydration and provision of structure and defence against toxic metal poisoning. Therefore, the
aim of this study was to synthesize a series of photo-cross-linkable hydrogels using different
EPS and gelatin as starting materials. The hydrogel precursors studied included two types of
EPS modified with methacrylic anhydride (EPS-MA) and glycidyl methacrylate (EPS-GMA)
and methacrylamide modified gelatin.
Experimental
In order to obtain the cross-linkable hydrogels precursors, the EPS were chemically modified
using two different routes. The first method used methacrylic anhydride (MA) for introducing
methacrylate moieties onto the EPS chains. The reaction was performed in water at room
temperature for two days. The second method used glycidyl methacrylate, (N,Ndimethylamino)pyridine and tetrabutylammonium bromide. The reaction was conducted in
water using a polymer concentration of 5 mg/mL. Gelatin type B was chemically modified with
methacrylamide side groups (GelMod), resulting in a degree of substitution (DS) of 56%, as
described in previous work [2]. Two series of hydrogel films were synthesized via photoinitiated
cross-linking using GelMod and EPS-MA/EPS-GMA (GelMod as major component). 1H-NMR
spectra were recorded in D2O at elevated temperature to determine the degree of cross-linkable
moieties onto the EPS chains and gelatin. In depth characterization, including gel fraction (GF)
evaluation, rheology, ATR FT-IR and swelling tests, was performed in order to investigate the
properties of the resulting hydrogels.
Conclusions
This study presents the potential to control the properties of the resulting hydrogels by the
proper selection of the modification method and the ratio between components. These tunable
properties will influence the techniques further used to obtain novel wound dressings.
[1] O. Roger et al., Carbohydr. Res., 2004, 339, 2371. [2] D. Dragusin et al., Soft Matter, 2012, 8, 9589.
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Hydrogel-rapid prototyping techniques: elegant processing methods for tissue
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The combined potential of hydrogels and rapid prototyping technologies has been an exciting
route in developing tissue engineering scaffolds for the past decade. Hydrogels represent
interesting starting materials for soft tissue regeneration. Rapid prototyping techniques have
become an elegant tool capable to control the porous characteristics (i.e. porosity degree, pore
size or shape). Lately specialized methods, such as electrospinning or Bioplotter technology
evolved as scaffold manufacturing techniques. These methods are often accompanied by
computational methods (i.e. computational fluid dynamics) and induce a specific design via
imaging data modeling from computed tomography (CT), magnetic resonance imaging (MRI)
and specific software in order to produce a patient specific implant.
Electrospinning is a multipotent electrostatic polymer fiber fabrication technique gaining
prodigious interest among researchers and industry due to the ability to produce fibers with a
diameter ranging from a few micrometers down to nanometers. This results in nonwoven fiber
mats with interesting properties including high specific surface area, flexibility in surface
functionalities and superior mechanical properties. The intensive research in the field of
electrospinning has already resulted in numerous innovative applications [1].
The Bioplotter technology enabled researchers to generate hydrogel-based constructs. The
technique was specifically developed to produce scaffolds for soft tissue engineering purposes,
and simplifying hydrogel manufacturing [2]. The three-dimensional construction of objects
occurs in a laminar fashion by the computer-controlled deposition of material on a surface. The
dispensing head moves in three dimensions, while the fabrication platform is stationary. It is
possible to perform either a continuous dispensing of microstrands or a discontinuous
dispensing of microdots.
[1] Q. P. Pham et al., Tissue Engineering, 2006, 12(5), 1197. [2] T. Billiet et al., Biomaterials, 2012,
33(26), 6020.
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Barrier Solutions: creation of aesthetically designed prototypes for skin cancer
prevention
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Skin cancer and related illnesses are an increasing cause of disfigurement and death worldwide.
EU melanoma incident rates are c.69,000 new cases each year, while in the UK, melanoma
cases are above the EU average. Approximately 100,000 cases of non-melanoma skin cancers
are reported in the UK annually, resulting in approximately 1600 deaths mainly caused by
exposure to the sun and sunburn. The highest rate of sun related skin cancers occur in fairskinned northern Europeans with a 650% increase between 1975 and 1994 in Britons holidaying
in warmer climates. Skin cancer prevention (as opposed to treatment) attracts significant funding
from the medical sector, and continues to excite growing commercial interest from the cosmetic
and sun screen industries.
The design of desirable and wearable barrier solutions and early warning technology are used to
develop a new field for investigation through ergonomically and aesthetically designed
functional and communicative prototype garments and range of technical fabric design samples
demonstrating the possibilities of integrating smart and interactive textiles, computer
intelligence and digital communications as ‘early warning systems’ for sun over-exposure.

Key-words: skin cancer, cancer prevention, smart textiles, digital communications
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Development of an injectable extracellular matrix for regenerative medicine by
silanization of polysaccharides in an ionic liquid medium.
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Hydroxypropylmethylcellulose (HPMC) is a biocompatible polymer and a good candidate to
make injectable hydrogels. After chemical grafting of silanolate groups under basic conditions,
the decrease of pH promotes a self-crosslinked network. Innovative Extra Cellular Matrices
(ECMs) are obtained thanks to these particular chemical groups which induce siloxane covalent
bond between HPMC chains. In regenerative medicine, these materials are currently evaluated
in animal models for tissue engineering by combining autologous stem cells, and thus producing
hybrid synthetic biologic grafts. Our group focuses in a new process of silanization in ionic
liquid (IL) media. These media used as solvents have highlighted a real improvement on the
number of linked silanolate onto the polysaccharide.
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Working in IL media with cellulose and its derivatives allow to obtain homogeneous reaction
conditions, and thus, a better access to functions. A previous work [1] on silanization of HPMC
(Colorcon®, E4M, MW≈370 kg/mol) in alkaline conditions has given high functionalization
rate. Nevertheless, it appeared to be harmful for the polysaccharide with inadequate ILs. Our
aims today are: (i) to find mild reactive conditions (ii) to obtain controlled functionalization
rates. The IL 1-allyl-2,3-dimethylimidazolium dicyanamide (AMMIM DCA) was chosen for its
good ability to solubilise HPMC, its very low viscosity at room temperature and its stability
under alkaline conditions. Sodium hydroxide was chosen as a control of good silanisation rates
with (3-glycidoxipropyl)trimethoxysilane (GPTMS). We evaluated the influence on the
resulting polysaccharide of major parameters involved in the reaction conditions such as: the
base (organic vs. inorganic), the temperature and the presence of water.
[1] J. Recho et al., Patent WO n°2010/037986A1, 2008.
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Constructing tissue regeneration scaffolds using marine biomolecules
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Severe burn injuries pose an immediate threat to life. The wound must be covered to prevent
dehydration and infection of the affected area. Following these critical measures, implantation
of dermal regeneration scaffolds following debridement of the wound site has become an
accepted means of regenerating the lost dermal tissue at the site of insult. Current dermal tissue
regeneration matrices are expensive and are generally derived from mammalian tissue, a process
which carries a small risk of prion transmission to the patient.
We have been examining the use of fish gelatin and agarose as naturally gelling materials of
marine origin as alternative ingredients in dermal tissue regeneration scaffolds. By formulating
these materials into cryogels we have produced highly macroporous, morphologically uniform
and elastic materials with a potential to rival current gold standard commercial alternatives. A
range of gel formulations with varying degrees of cross-linking were examined for their
rheological properties. The most favoured formulation was assessed for its ability to
accommodate the attachment and proliferation of human dermal fibroblasts in cell culture over a
28 day period. Confocal laser scanning microscopy revealed a great increase in cell numbers
present within the scaffolds during the incubation period.
Cryogel formulations containing cross-linked fish gelatin and agarose show promise as dermal
tissue replacement materials.

Key-words: Tissue regeneration, cryogel, dermal fibroblasts
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Partial characterization of a high molecular weight collagen from salmon
(Salmo salar) skin before and after enzymatic cross-linking using a microbial
transglutaminase.
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Collagen, one of the most abundant proteins in the animal kingdom, can be obtained from many
sources including mammals and marine vertebrates and invertebrates. The Pesk&Co1 project
explored the extraction of a high molecular weight collagen from salmon skin (Salmo salar),
followed by an enzymatic cross-linking procedure using a microbial transglutaminase in order to
improve mechanical properties of native collagen for use as a tissue-engineering scaffold.
Results from Size Exclusion Chromatography, SDS-PAGE and amino acid pattern of native
collagen suggested a type I collagen consisted of two different α chains, as well as β and γ
chains, with an amount of imino acids of 196 per 1000 residues.
Scanning electron microscopy showed that the lyophilized cross-linked collagen is a sponge-like
scaffold, with pore size between 50 and 100 µm. FTIR spectra of both collagens were quite
similar and results suggested that cross-linking procedure did not affect the triple-helical
structure.
Additionally, the values of storage modulus (G') and loss modulus (G'') of both native and crosslinked collagens were measured to illustrate the visco-elasticity of hydrogels. Results showed
that the visco-elasticity properties of collagen hydrogel were ameliorated after cross-linking.
Moreover the viscoelastic behavior of native collagen was studied upon a temperature gradient
in order to identify the sol-gel transition temperature which is about 13.5°C. For cross-linked
collagen, it is above 90°C.
These results suggest that cross-linked salmon collagen using a microbial transglutaminase
would be an excellent material for further investigations in biomedical applications as an
alternative source of mammal’s collagen.
Key-words: Collagen, Salmon skin, transglutaminase, cross-linking, FTIR, SEM, scaffold
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Alkyl-lipids: biomolecules as a source of inspiration to design modulators of
ion channels involved in metastatic processes.
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Alkyl-lipids (compound A, figure 1) also identified as alkyl glycerol or more widely as ether
lipids[1] were initially discovered by Tsujimoto and Toyama in shark liver oil[2]. 1-O-alkylsnglycerols are mainly found in liver oil of various chondrichthyans (sharks, rays and
chimaeras). The biological role of alkyl-lipids is actually influence by the substitution at the sn2
and sn3 position of the glycerol moiety[1,3]. In our groups, and in the context of the “use of
marine products from the sea” research line of the Canceropole Grand Ouest network, we have
studied alkyl-glycero ether lipids possessing a methyl group (R1) in the position sn2 and a
saccharide[4] or disaccharide[5,6] unit in position the sn3 (R2). Among these bioinspired lipids, the
compound Ohmline (Figure 1) was identified as an efficient modulator of SK3 channel. This ion
channel, which is expressed in highly metastatic cell lines from breast and prostate cancer, is
directly involved in the migration process of cancer cells which is one part of the complex
mechanism of formation of metastasis. In this poster, some aspect of the synthesis of Ohmline
and its mechanism of action on SK3 channel[7] will be detailed.
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Figure 1 : Chemical structure of alkyl-lipid initially discovered in shark liver oil and the
structure of ohmline a bio-inspired synthetic alkyl-lipid.
[1] MAGNUSSON et al., Chem. Phys. Lipids, 164, 315-340, 2011. [2] IANNITTI et al. Marine Drugs, 8,
2267-2300, 2010. [3] GIRAULT et al., Curr. Med. Chem., 19, 697-713, 2012. [4] GIRAULT et al.,
Current Cancer Drug Target, 11, 1111-1125, 2011. [5] SEVRAIN et al.,MedChemComm., 3, 1471-1478,
2012. [6] SEVRAIN et al., Org. Biomol. Chem., 2013, 11,4479-4487. [7] CHANTOME et al., Cancer
Research, 73, 4852-61, 2013.
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Biofunctional microassemblies based on an exopolysaccharide produced by a
deep sea hydrothermal bacterium for tissue engineering applications.
Agata Zykwinska,1 Mélanie Marquis,2 Joëlle Davy,2 Corinne Sinquin,1 Jacqueline Ratiskol,1 Stéphane
Cuenot,3 Denis Renard2 and Sylvia Colliec-Jouault1
1

Ifremer, Laboratoire EM3B, Rue de l'Ile d'Yeu, BP 21105, 44311 Nantes Cedex 3, France
INRA, UR1268 Biopolymères Interactions Assemblages, F-44300 Nantes, France
3
IMN-CNRS-Université de Nantes, 2 Rue de la Houssinière, BP 32229, 44322 Nantes Cedex 3, France
2

Tissue engineering is a rapidly growing interdisciplinary field of research focused on the
development of vital autologous tissues through the use of a combination of biomaterials, cells
and bioactive molecules (e.g. growth factors) to promote tissue repair. Scaffolds play an
important role in tissue engineering strategies by providing cell structural supports to guide the
regeneration of tissues in predefined sizes and shapes. Both synthetic and natural materials have
been explored as potential scaffolds in a variety of forms (hydrogels, sponges). In peculiar,
natural polysaccharides have emerged as promising materials for various tissue engineering
applications due to their biocompatibility and biodegradability, as well as their broad range of
mechanical properties. Especially, glycosaminoglycans (GAGs) are of great interest since they
are involved in many biological functions such as cell adhesion, cell signaling and cell
interactions. Moreover, GAGs increase growth factor bioavailability and reduce their
degradation by extracellular proteases [1]. In order to enhance the biological activity of growth
factors incorporated within scaffolds and to protect them from degradation, the encapsulation
strategies are developed [2].
In this context, an exopolysaccharide (EPS) secreted by a deep-sea hydrothermal bacterium
Vibrio diabolicus was used to elaborate biofunctional microassemblies. Indeed, HE800 EPS,
composed of a linear tetrasaccharidic repeating unit consisting of equal amounts of glucuronic
acids and hexosamines (N-acetyl glucosamine and N-acetyl galactosamine), displays an
interesting GAG-like structure close to hyaluronan [3, 4]. Thus, this natural exopolysaccharide
can be considered as an innovative GAG-like compound to design biomaterials for tissue
engineering. Firstly, the ability of cross-linking between the carboxylic groups of glucuronic
acids and divalent cations was assessed. Then, the different microassemblies, such as
microparticles and microfibres based on HE800 EPS were produced by microfluidic approach
[5, 6]. A flow-focusing device was used to emulsify the coflow of aqueous solutions of the
polysaccharide and cross-linking agent. The use of HE800 EPS microassemblies as
encapsulation matrices for growth factor delivery within hydrogel scaffolds (e.g.
hydroxypropylmethylcellulose hydrogels) will further be investigated.

[1] J.J. Feige, A. Baird, Crinopexy: Extracellular regulation of growth factor action. Kidney Int. Suppl.
1995, 49, 15-18. [2] L. Bian et al., Biomaterials, 2011, 32, 6425-6434. [3] H. Rougeaux et al.,
Carbohydr. Res. 1999, 322, 40-45. [4] K. Senni et al., Mar. Drugs, 2013, 11, 1351-1369. [5] H. Zhang et
al.. J. Am. Chem. Soc. 2006, 128, 12205-12210.[6] S. Mazzitelli et al., Lab on Chip, 2011, 11, 17761785.
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