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Abstract
Marine environments account for more than 90% of the biosphere and thus hold
tremendous potential for marine bioproducts. To fully exploit this potential and develop
interesting new discoveries into useful research tools and successful commercial
products a multidisciplinary approach is indispensable. Hence, the European Marine
Biological Research Infrastructure Cluster (EMBRIC) aims at bringing together six
European Research Infrastructures (RIs) covering diverse scientific research areas in
order to facilitate translational marine science and remove existing bottlenecks, which
are currently impeding blue innovation. To this end, work package 3 (WP3) is setting
up harmonized and coherent experimental pipelines of high quality services, which
guide scientists from within and outside the network through the marine discovery
workflows offered by the EMBRIC cluster. This report introduces the implementation
plan for those discovery pipelines, and describes means to ensure long-term
sustainability of the collected expertise, which is meant to assist scientists on the way
to discovery—from the initial sourcing of novel interesting marine organisms all the way
to the novel research tool or marine product.
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Introduction
The European Marine Biological Research Infrastructure Cluster
EMBRIC is a cluster that combines the expertise of six European Research
Infrastructures in order to facilitate the development of a knowledge-based blue
bioeconomy (Figure 1). Herein, the underlying idea is simple: each individual
Research Infrastructure usually combines expertise and expensive instrumentation
used in a specific research area and makes its assets available to the scientific
community. This in turn allows non-specialist users to enhance their projects with
experiments outside their immediate core competencies or capacities. The focus of
EMBRIC is on the exploitation of marine natural products and on aquaculture breeding
procedures (Piña et al.).

Figure 1 | The six partners of EMBRIC. Each of the partners in Figure 1 has a specific
role within EMBRIC. EMBRC (European Marine Biological Research Centre): Covers
all steps involved in isolation, characterization, cultivation and cataloguing of diverse
marine organisms; MIRRI (Microbial Resource Research Infrastructure): Covers all
steps in the isolation, characterization, cultivation, cataloguing, preservation and
supply of marine microorganisms; EU-OPENSCREEN: Provides support for highthroughput screening, bioprofiling of small molecules and natural products, and
medicinal chemistry (MedChem); Elixir: Assists with the storage of experimental data
and handling of diverse data formats; AQUAEXCEL2020: Aquaculture research,
integration and standardisation of relevant aquaculture tools; RISIS (Research
infrastructure for research and innovation policy studies): Science and innovation
studies, investigation of research and innovation dynamics and policies.

Objectives of WP3 - Concepts for the discovery and exploitation of marine products
and biomolecules.
The overall objective of WP3 is to assemble existing expertise and capacities within
the EMBRIC network into consolidated and coherent service-oriented workflows. To
this end, WP3 has to link expertise, technologies and skills present at the participating
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RIs and associated centres of excellence in order to efficiently assist academic and
private-sector users in the discovery and exploitation of marine bioproducts. Scouting,
assembling and making existing expertise accessible is an ongoing task of WP3, and
Deliverable D3.1 provides a first comprehensive summary of expertise and best
practices present within the participating partner institutions of the EMBRIC network
(http://www.embric.eu/sites/default/files/deliverables/D%203.1.pdf). It also represents
an invaluable resource for the development of the EMBRIC discovery pipelines.
However, due to constant user feedback (e.g., from the transnational access (TNA)
user projects coordinated by WP10) and ongoing technological advances, D3.1 is
considered an evolving document and will thus be updated at the end of the project
(Month 48) to ensure that all received feedback is made available to the scientific
community. Feedback is expected from external users (e.g., TNA, WP10) as well as
the internal case studies from WP6, WP7 and WP8). The pipelines described in this
document will thus be kept updated as well as user feedback and new technologies
and methods become available.
In summary, in the context of the EMBRIC goal —namely to facilitate the development
of a knowledge-based blue bioeconomy—, WP3 is responsible for providing a
guidance framework for internal and external users who approach EMBRIC with their
respective scientific questions, which they want to answer. WP3 will connect
prospective users from academia and industry with the suitable experts within the
EMBRIC network—thereby fostering novel interdisciplinary collaborations.

Structure of WP3
Task 3.1: Community supported identification of gaps and bottlenecks
CABI, FVB, CCMAR, CRBIP, USTAN, HCMR, TAU, UPMC and DSMZ engaged
in this task to analyse the EMBRIC discovery pipeline to identify available
mechanisms of service delivery and to explore potential problems in the workflow.
The goal of this mapping exercise was to optimise and increase outputs from marine
biodiscovery processes. Deliverable (D3.1) maps the specific expertise and
resources within the participating RIs and partner institutions of EMBRIC,
examines the completeness of the necessary workflows for key types of marine
bioproducts
and
identifies
crucial
bottlenecks existing in the workflows
(http://www.embric.eu/sites/default/files/deliverables/D%203.1.pdf).

Task 3.2: Improve the throughput and efficiency of workflows for discovery of novel marine
secondary metabolites
In this task FVB, HZI, CCMAR, USTAN, UPMC jointly focussed on accelerating the
discovery of new, chemically distinct natural products from untapped marine sources
by designing integrating workflows of services and expertise in natural product
chemistry. For this task close collaboration with the internal case studies WP6
(Microbial pipeline from environment to active compounds) and WP7 (Microalgae for
blue biotechnological applications) was required. Deliverable (D3.2), described in this
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document, represents a plan for the organised and catalogued EMBRIC services and
facilities (e.g., extract preparation, fractionation, bioprofiling of marine extracts,
dereplication, chemical structure elucidation, chemical hit optimisation via MedChem
approaches, heterologous expression, and distribution of distribution of pure isolated
marine secondary metabolites for seamless incorporation into open-source European
chemical compound collections). References to standard operating procedures and
best practices are also made by this deliverable. As external users (e.g., TNA) and the
ongoing internal case studies in WP6 and WP7 7 continuously provide feedback, the
outcomes of this task are updated as appropriate until the end of the project.
Task 3.3: Improve the throughput and efficiency of workflows for discovery of novel marine
proteins
Task 3.3 is analogous to Task 3.2, and here CCMAR, FVB, USTAN, UPMC jointly
focussed on accelerating the discovery of marine enzymes/proteins and their
development into high value resources for academic research and industry. This
includes for example the mapping of existing capacities for protein prediction from
genomic data, structural modelling, heterologous expression, protein isolation,
purification and structural characterization (biophysical and biochemical),
reconstruction of biosynthetic pathways from marine organisms in vitro, advanced high
throughput gene-cloning pipelines based on prokaryotic and eukaryotic vector
systems, and protein and synthetic pathway engineering. Task 3.3 contributes to D3.2
as well, and also collaborates with WP6, WP7 and the TNA work package WP10.
Therefore, due to continuous feedback from internal and external users, the outcomes
of this task will be updated as appropriate until the end of the project.

Task 3.4: Improve the throughput and efficiency of workflows for discovery of novel marine
carbohydrates
Task 3.4 is analogous to Task 3.2, and here UPMC, FVB, CCMAR, USTAN teamed
up to improve services for deciphering the structural and biological functions of marine
carbohydrates, mainly from algal biomass (seaweeds and microalgae). The main
application targets include health care and nutrition for humans, as well as use in
agriculture and aquaculture. Task 3.4 contributes to D3.2 by mapping and
consolidating services for isolation and characterization of marine carbohydrates,
procedures to control quality and ensure production of marine carbohydrates, archiving
and distribution of newly isolated carbohydrate products, and bioinformatics prediction
of metabolic pathways involved in carbohydrate synthesis, and discovery,
characterization and upscaling of production of specific Carbohydrate Active Enzymes
(CAZymes). As for Tasks 3.2 and 3.3, the mapping will be refined and updated as
appropriate by analysis and implementation of feedback coming from case studies
(WP6 and WP7) and TNA (WP10).
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Description of EMBRIC discovery pipelines
Overview of the existing EMBRIC discovery pipelines
As a collaborative initiative, which aims to facilitate translational marine science,
EMBRIC has focussed on two main areas: (i) the discovery and exploitation of marine
natural products (namely secondary metabolites, proteins and carbohydrates), and (ii)
marker-assisted selection of desirable traits in aquaculture. Expertise for both areas is
present within the EMBRIC network, and the following discovery pipelines are offered
by the network to internal and external users:






Secondary Metabolite Discovery Pipeline (WP3)
Protein Discovery Pipeline (WP3)
Carbohydrate Discovery Pipeline (WP3)
Aquaculture Breeding Pipeline (WP8)

The marine Secondary Metabolite Discovery Pipeline, the Protein Discovery Pipeline,
and the Carbohydrate Discovery Pipeline have been developed and will be updated
based on user feedback as needed by WP3. The Aquacultural Breeding pipeline,
which is developed by WP8, is listed in D3.2 as well for completeness. Figure 2 has
been adopted from a recently submitted manuscript (Brennecke et al., submitted),
and depicts the four pipelines and their interconnection visually. For the three marine
natural product discovery pipelines (marine secondary metabolites, marine proteins
and marine carbohydrates) it is important to mention that Figure 2 also depicts the
efforts upstream of the isolation and characterisation of the respective natural
products. This includes the selection and isolation of candidate organisms, the
development of suitable culture conditions as well as the subsequent deposition in
culture collections and determination of the organism’s potential. These important
upstream steps are covered by WP6 for the marine bacteria and by WP7 for the
microalgae. Hence, a close collaboration between WP3, WP6 and WP7 was
indispensable during the pipeline setup phase, and will continue to stay important for
the updating of the pipelines until the end of the EMBRIC project.
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Figure 2 | The four discovery pipelines present within EMBRIC. The Aquaculture
Breeding Pipeline (left panel) is developed by WP8 and covers all aspects of
aquaculture breeding of both finfish and shellfish. The three Natural Product Pipelines
(right panel) use either marine bacteria (e.g., case study of WP6) or microalgae (e.g.,
case study of WP7) as starting material for experimental exploitation. Depending on
the user’s interest, the input material can be used to discover and exploit (i) marine
proteins, (ii) marine carbohydrates or (iii) marine secondary metabolites. Blue squares:
challenges; red squares: actions; brown squares: outcomes. This figure was adopted
from a recently submitted manuscript describing the EMBRIC pipelines (Brennecke et
al., submitted).

Involvement of Research Infrastructures and public sector partners in the discovery pipelines
Figure 3 depicts the detailed involvement of the six Research Infrastructures and the
three private sector companies in the EMBRIC pipelines. The Natural Product
Discovery Pipelines (i.e., marine secondary metabolites, proteins and carbohydrates)
are depicted individually for the microalgae and the marine bacteria. As described
above, all three natural product classes can be isolated either from microalgae or
marine bacteria. The Aquaculture Breeding Pipeline covers finfish as well as shellfish.
EMBRIC – D3.2 Implementation plan for the discovery pipelines for marine products
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Figure 3 | Involvement of Research Infrastructures and private-sector partners in the
EMBRIC discovery pipelines. Depicted is the involvement of Research Infrastructures
(blue circles) and SMEs (red circles) in the respective EMBRIC discovery pipelines
(turquoise rectangles). The Aquaculture Breeding pipeline covers finfish and shellfish.
Both the Microalgal Pipeline and the Bacterial Pipeline cover the three classes of
natural products, namely secondary metabolites, proteins and carbohydrates. This
figure was adopted from a recently submitted manuscript describing the EMBRIC
pipelines (Brennecke et al., submitted).

The contributions of the six Research Infrastructures listed in Figure 3 to the individual
EMBRIC discovery pipelines are described below:

EMBRC:
In the context of the EMBRIC discovery pipelines, EMBRC (see http://www.embrc.eu/)
is involved in isolating, characterizing and cataloguing novel marine species. EMBRC
is covering all types of marine organisms, and therefore provides access to marine and
coastal ecosystems, marine model organisms as well as to culture collections. Besides
making novel marine organisms available for downstream applications, EMBRC
partner institutions are also involved in accessing and exploiting marine proteins,
secondary metabolites and carbohydrates in the EMBRIC natural product discovery
pipelines.
EMBRIC – D3.2 Implementation plan for the discovery pipelines for marine products
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MIRRI:
Like EMBRC, MIRRI (see http://www.mirri.org) is also providing access to marine and
coastal ecosystems and marine organisms. Herein, MIRRI has a clear focus on marine
bacteria (in the broader context MIRRI covers all groups of microorganism) and is thus
particularly involved isolating, characterizing and cataloguing novel marine
microorganisms, and thereby ensures a maximum coverage of marine biodiversity
within the EMBRIC cluster (Schüngel et al.). Moreover, MIRRI partners are also
involved in exploiting marine natural products in the EMBRIC natural product discovery
pipelines.

Both EMBRC and MIRRI partners have ready access to state of the art instrumentation
such as, for example, novel ‘omics- and imaging- technologies. This allows both
Research Infrastructures to perform comprehensive characterization of novel marine
organisms. Moreover, longstanding expertise in cultivation and cataloguing
approaches for of marine species ensures that organisms that turn out to have
interesting properties are readily accessible and respective biomaterial is available in
appropriate quantities for downstream experiments (e.g., Natural Product Discovery
Pipelines).

EU-OPENSCREEN:
In the EMBRIC context, EU-OPENSCREEN (see http://www.eu-openscreen.eu/), the
European Research Infrastructure for high throughput screening and medicinal
chemistry, provides assistance for marine biologists interested in extracting and
subsequently profiling marine secondary metabolites for interesting and novel
bioactivities. Expertise of EU-OPENSCREEN includes but is not restricted to,
assistance during extraction preparation and fractionation of secondary metabolites
extracts form marine sources. Bioprofiling of newly isolated marine secondary
metabolites is also offered to internal and external EMBRIC users. Moreover, EUOPENSCREEN is actively sourcing natural products from scientists with the aim to
incorporate newly discovered compounds into the EU-OPENSCREEN compound
library. Once a new natural product enters this library, it will be used in all subsequent
high throughput screens, which are performed at a total of more than 20 European EUOPENSCREEN partner institutions. The marine biologist who donated the marine
compound receives automated updates whenever the donated secondary metabolite
comes up as a hit in a high throughput screen. Thus, the donating marine biologist gets
a better understanding of the chemical properties as well as the bioactivity profile of
his compound over time. Medicinal chemistry approaches for hit-to-lead optimization
is also offered for EMBRIC users. This allows optimization and enhancement of desired
properties.

ELIXIR:
ELIXIR (see https://www.elixir-europe.org/) is managing and safeguarding scientific
results and data that are being produced on the route to discovery within the EMBRIC
consortium. Appropriate data handling is of very high importance to ensure
reproducibility of experiments and successful translation of research results into
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marketable marine products. Elixir is specialized in handling large amounts of data and
ensures collection, quality control and storage of data. Access to data according to the
FAIR principles (Findable, Accessible, Interoperable, Reusable) is also covered by the
Elixir Research Infrastructure (Durinx et al.). In this particular context, it is important
to make as much data available for use by the scientific community while, restricting
public access to those EMBRIC datasets that can potentially be used for generation of
intellectual property.

AQUAEXCEL2020:
AQUAEXCEL2020 (see http://www.aquaexcel2020.eu/) provides a European
association of aquaculture research facilities. In the EMBRIC context,
AQUAEXCEL2020 focuses on marker-assisted genetic selection in aquaculture and
provides the EMBRIC scientific community with biological resources (finfish and
shellfish). Moreover, access to a wide range of state-of-the-art production systems
(including for example recirculation, flow-through, hatchery, cage, and pond systems)
is provided by this Research Infrastructure.

RISIS:
RISIS (see http://risis.eu/) has been initiated as a Research Infrastructure that
addresses research and innovation dynamics. This Integrating Activity project has
specialized in analysing innovation ecosystems across Europe. Within EMBRIC, RISIS
works together with the Technology Transfer Officers (TTOs) of EMBRIC partners, and
is thereby involved in the establishment of the EMBRIC technology transfer identity
(coordinated by WP5). Generation of intellectual property (IP) is a multi-layered task,
and scientists normally do get exposed to issues related to IP only to a very limited
extent. Thus, in order to assist marine scientists at more advanced project stages,
EMBRIC combines expertise and best practices regarding intellectual property. In the
context of EMBRIC WP5, EMBRIC TTOs meet regularly to exchange Tech Transfer
(TT) expertise and establish guidelines intellectual property generation. These
guidelines together with the network of TTOs within EMBRIC build a solid foundation
for efficient and effective handling of TT related issues.
Description of individual EMBRIC Discovery Pipelines
In order to efficiently disseminate the information on the EMBRIC Discovery Pipelines
to the marine scientific community, flyers have been designed for each individual
Discovery Pipeline. These flyers are distributed on a regular basis at scientific
conferences, meetings and at relevant institutes in order to attract external users to the
EMBRIC pipelines. They are available for download from the EMBRIC website and all
partners of the EMBRIC network are encouraged to distribute them on appropriate
occasions. The complete set of flyers is presented in Annex 1 at the end of this
document, and a summary of the individual EMBRIC discovery pipelines is given
below. It is important to mention that each flyer lists a contact person in charge of the
pipelines. This person is an expert in the respective research area. Upon being
contacted, this person is in charge of evaluating the external project request and
directing the external scientist to the best possible collaboration partner(s) within the
EMBRIC – D3.2 Implementation plan for the discovery pipelines for marine products
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network. EMBRIC ensures that the contact details of these persons are up to date at
all times, and informational material is adjusted in case responsibilities are changing
within the cluster. This way the user will get expert advice at all times. Figure 4 gives
an overview of the contact persons for the four EMBRIC pipelines as represented on
the respective flyers. Moreover, posters describing the EMBRIC Discovery Pipelines
(secondary metabolites, proteins and carbohydrates) have been designed and are
presented regularly at poster sessions of scientific conferences to further disseminate
information on the EMBRIC expertise.
It is also important to mention that all EMBRIC discovery pipelines try to cover the
typical workflow from organism-to-molecule comprehensively. However, EMBRIC is
well aware of the fact that in many cases there is no one-size-fits-all solution.
Therefore, the contact person will try to find a tailored solution for non-standard
inquires—given that the expertise is present in the network. If this is not the case, the
contact person will try to find a solution for the prospective user outside the immediate
EMBRIC network. Such non-standard solutions will also feed back into the existing
pipelines alongside the commonly received user feedback. Hence, the Discovery
Pipelines should be considered as evolving entities that are adjusted to changing user
needs in order to remain timely and relevant for the scientific community.

Figure 4 | Contact persons for the four EMBRIC pipelines. This information is part of
the respective Discovery Pipeline flyers and ensures that prospective users are being
directed to an expert in the relevant research field for their questions and inquiries.
Contact can be established by email or phone. After initial contact is established, the
contact person directs the user to the most suitable collaborator within the EMBRIC
Network. Contact information is always kept up to date and flyer material is adjusted
as needed in case a contact person changes.
EMBRIC – D3.2 Implementation plan for the discovery pipelines for marine products
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Secondary Metabolite Discovery Pipeline (Also see Pipeline flyer and poster in Annex
1):
The Secondary Metabolite Pipeline starts with assistance in the field of compound
extraction from marine sources and thus requires sufficient amounts of starting
material. Extract generation is followed by testing for interesting bioactivities. If such
activities are found, re-testing for these activities after fractionation of the extracts is
the next step. Interesting properties such as antibacterial, antifungal or cytotoxic
activities will be followed up in collaboration with the external user. Secondary
metabolites are isolated and purified, and support for structural characterisation is
offered as well. Access to databases at very early stages of the discovery process
facilitates comparison of identified compounds with known analytical signatures and
chemical structures, thus allowing rapid identification of new chemical entities.
New chemical entities can be optimised using Medicinal Chemistry expertise present
within the network. Moreover, support for the setup of novel production pipelines can
be provided. This is meant to ensure reliable supply of secondary metabolites from
marine organisms that are hard to culture (e.g., heterologous expression of synthesis
gene clusters).
Importantly, marine scientists who successfully isolated and characterized marine
secondary metabolites from marine sources, can submit their newly identified chemical
entity to the EU-OPENSCREEN compound collection. This collection is currently being
set up and aims at collecting up to 40,000 academic compounds from scientists from
all over Europe (in addition to 100,000 commercially available compounds). IP stays
with the submitting scientists and submitted chemicals are being tested in biological
assays at EU-OPENSCREEN partner sites. This way the marine biologist gets a
comprehensive understanding of the biological activities of the submitted secondary
metabolite over time.
This service of receiving, registering and screening marine natural products will be
offered by EU-OPENSCREEN on a permanent basis, and marine biologist can thus
still submit novel marine secondary metabolites after the EMBRIC project has been
completed. This will help foster the connection between Marine Biology and Chemical
Biology in the future. EU-OPENSCREEN is actively sourcing natural products by
advertising its academic compound collection at relevant scientific conferences.
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Protein Discovery Pipeline (Also see Pipeline flyer and poster in Annex 1):
The potential of marine proteins is tremendous, as demonstrated, for example, by the
2008 Nobel Prize in Chemistry, which was awarded for the discovery and development
of the green fluorescent protein (GFP), a protein from the jellyfish Aequorea victoria.
To help harness this potential and accelerate blue bio-economy, the focus of the
EMBRIC Protein Pipeline is on the discovery and development of tools and
technologies for the production and exploitation of novel marine proteins.
The protein expertise within EMBRIC is present at multiple sites, and collectively these
sites cover the entire workflow from marine organism to usable marine protein.
Bioinformatics support is offered to the prospective user in order to learn as much as
possible about the user’s protein and made available from the very early stages of the
project. Medium and high throughput cloning and expression systems are available,
and the choice of system and the experimental strategy is made collectively by the
user, the Protein Pipeline contact person and the dedicated EMBRIC scientists
collaborating with the user. Moreover, protein purification, crystallisation and structure
determination facilities are available for external and internal users of EMBRIC.
Common tagging systems (e.g., HisTEV/GFP) and expression hosts for heterologous
expression (e.g., E. coli or insect cells) are available, and all classes of proteins can
be handled including membrane proteins and protein complexes comprising several
subunits.
As for the Secondary Metabolite Pipeline, custom-made approaches are also possible
where needed, and the Protein Pipeline contact person (see Figure 4) will try to find
solutions for the user’s research question outside the EMBRIC network where deemed
necessary. Feedback from Transnational Access projects as well as from internal case
studies will be incorporated into the evolving protein discovery workflows until the end
of the EMBRIC project. Those updates will also be presented in the updated D3.1,
which is due at the end of the project (M48).

Carbohydrate Discovery Pipeline (Also see Pipeline flyer and poster in Annex 1):
The ocean represents a largely untapped source of functional marine carbohydrates.
The myriad of sugar structures present in marine environments, that often mimic
human, medically relevant glycans, thus provide excellent opportunities to develop
high-value industrial chemicals based on marine carbohydrates.
Knowledge about the sugar structures and diversity is lagging behind those of other
biomolecules because of the lack of polysaccharide sequencing methods to decipher
naturally occurring carbohydrates. Hence, the EMBRIC Carbohydrate Pipeline assists
users who want to use Carbohydrate Active Enzymes (CAZymes) to elucidate the
structure of their respective marine polysaccharides. Support for the extraction of
marine polysaccharides is offered, and methods to monitor the enzymatic degradation
of marine glycans by existing CAZymes (e.g., MS, NMR and FT-IR) are also accessible
for external users.
In addition, as polysaccharide sequencing based on CAZymes is a relatively new area
of research, a particular emphasis is put on tailored solutions in order to potentially find
new CAZymes for bonds that cannot yet be degraded enzymatically. Because of this
EMBRIC – D3.2 Implementation plan for the discovery pipelines for marine products
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highly collaborative approach and the close interaction with the user, the Carbohydrate
Discovery Pipeline will be updated with newly identified CAZymes.
Once the structure of a marine polysaccharide has been elucidated, the biological
function can be assessed by in vivo and in vitro approaches. For both approaches,
marine polysaccharide specific monoclonal antibodies are developed for either in situ
identification of sugar structures or for polysaccharide microarray experiments
respectively. Newly developed antibodies are available upon request for EMBRIC
users as soon as they have been generated and tested successfully for specificity.
The EMBRIC Carbohydrate Discovery Pipeline also encourages marine scientists to
submit quality-controlled new carbohydrates into European carbohydrate libraries in
order to make them accessible to the broader scientific community. These efforts of
collecting and setting up European carbohydrate libraries will be continued beyond the
lifetime of the EMBRIC project.

Aquaculture Breeding Pipeline (Also see Pipeline flyer in Annex 1):
The Aquaculture Breeding pipeline is set up as a case study work package within the
EMBRIC cluster (WP8)—meaning that the workflow is not fully in place yet, but rather
has to be developed and put together. Nonetheless, the Aquaculture Breeding Pipeline
is listed here for completeness.
The partners of the EMBRIC Aquaculture Breeding Pipeline provide longstanding
expertise (including three small to medium sized enterprises (SMEs), see Figure 3) in
genetics, genomics, bioinformatics as well as in handling of large data sets. Moreover,
the biology of aquaculture species as well as access to cost-intensive instrumentation
such as, for example DNA sequencers, genotyping platforms and experimental
aquaculture facilities is provided within this pipeline.
Based on this expertise, the following key aspects of aquaculture breeding are being
addressed by the Aquaculture Breeding Pipeline: Next Generation Sequencing with
the aim to develop genomic resources (e.g., novel genetic markers), subsequent
development of marker-based breeding pedigrees, pipelines for SNP panel
development, quantification of genetic variability, recording of precise phenotypes
including standards and ontologies, and linking of phenotypic and genetic information.

The Online Visualisation Tool for the EMBRIC Discovery Pipelines
In addition to the printed flyer material, which is handed out to the scientific community
on appropriate occasions (e.g., scientific conferences or workshops), the EMBRIC
website has also been updated to contain an advanced Online Visualisation Tool
(OVT)
for
the
three
natural
product-based
EMBRIC
pipelines
(http://www.embric.eu/node/891). This tool has evolved from Deliverable 3.1, in which
a first prototype of the tool had already been presented (see Figure 5). Since then, the
tool has been further refined and simplified in order to make it more user-friendly. The
new version of the OVT is depicted in Figure 6. The rationale behind this tool is that a
user gets asked a set of questions, and thereby gets directed to the appropriate
EMBRIC expert based on the answers provided. The interactive OVT starts by asking
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the user which type of natural product he is working with (see Figure 6A), and
subsequently queries the user in order to identify the status of the project. The
identified status is then used to suggest a specific “next step” experiment, which meant
to progress the user’s project (an example is given in Figure 6B). Importantly, the
suggested experiment is always provided in conjunction with suitable EMBRIC partner
institutions at which the proposed experiments can be conducted and supervised
appropriately (Figure 6B).
In addition to listing the EMBRIC partner institutes suitable for the suggested
experiment, a “Contact / Help” button is provided at every step of the Pipeline workflow.
This ensures that the prospective user can switch to “free text” in case his specific
research question is not covered appropriately by the Online Visualisation tool and
needs a tailored experimental approach. Figure 7 depicts the questionnaire linked to
this “Help / Contact” button. Request will be forwarded to the most suitable person in
the EMBRIC network and this person will establish contact with the scientist.

Figure 5 | Version 1.0 of the EMBRIC Online Visualisation Tool. The tool has been
based on the information gathered in Deliverable 3.1 and has been introduced in D3.1.
It constitutes the basis for Version 2.0, which is presented in D3.2 and depicted in
Figure 6.
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Figure 6 | Version 2.0 of the EMBRIC Online Visualisation Tool. (A) At the beginning
of the natural product discovery workflows, the user is asked which natural product he
is interested in (secondary metabolites, proteins or carbohydrates). (B) After the class
of natural products has been chosen, a series of questions identifies the project status
and suggests follow-up experiments to the user. The tool also lists the EMBRIC partner
institutions with the expertise required for the suggested experiment. In the example
given both the Helmholtz Centre for Infection Research and the Leibniz Institute for
Molecular Pharmacology have the expertise required to perform bioprofiling and
screening experiments on fractionated extracts. Moreover, a “Contact / Help” button
opens a contact form which allows “free text” in case the user request is not adequately
described in the EMBRIC pipeline.
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Figure 7 | Contact form linked to the Pipeline help button. The contact form allows
prospective users to describe experimental setups that do not fit any of the standard
experiments presented in the Online Visualisation tool. The user has to select the
pipeline node that best describes his experimental design. After the email address has
been provided a “free text” field allows for a detailed description of the planned
experiment. The request is forwarded to a centralised email address, and, after review,
will subsequently be forwarded to the most suitable expert within the EMBRIC network.
The expert will then establish contact with the prospective user and discuss
possibilities for a tailored experimental setup.

Ensuring long-term sustainability of the EMBRIC Discovery Pipelines
All measures described above collectively ensure that the EMBRIC Discovery
Pipelines are broadly visible to the Marine Biology community. Distributing the pipeline
flyers at scientific conferences and presenting the pipeline posters at scientific poster
sessions attracts marine biologists and outlines possibilities for interdisciplinary
collaborations with EMBRIC partner institutions. In addition, the Online Visualisation
Tool —which was officially opened at the EMBRIC symposium “Successful Roads from
Organisms to Molecular Tools” at the Leibniz Institute for Molecular Pharmacology in
Berlin— allows prospective users who are using the EMBRIC website to get readily
connected to the experts within the EMBRIC network.
In addition to these organisational measures, which ensure smooth access to the
EMBRIC expertise, experimental work that is using the EMBRIC Discovery Pipelines
is ongoing: The EMBRIC work packages WP6 and WP7 are in the process of
cultivating and exploiting natural products from marine bacteria and microalgae
respectively. These internal case studies are using expertise presented in the EMBRIC
discovery pipelines and are providing valuable feedback for continuous improvement
of the Discovery Pipeline representation.
To reach out to external users from the field of Marine Biology, a first transnational
access call has been conducted successfully in 2017, and a second call is about to
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start in 2018. Collectively, these calls demonstrate the interest in and the timeliness of
the EMBRIC Discovery Pipelines. Users’ experiments benefit from the comprehensive
expertise within the EMBRIC network, and users in turn provide valuable feedback for
pipeline improvement similar to the internal case studies in WP6 and WP7. To receive
such external user feedback, a designated workshop has been held at the Institute
Pasteur in Paris in March 2018. User feedback will also be collected in a similar way
after the second transnational access call has been completed.
As the EMBRIC project is finishing after four years in 2019, high-level representatives
of EMBRIC in collaboration with the Conference of Peripheral Maritime Regions
(CPMR) recently organised the event “Releasing the economic potential of marine
biotechnology” at the European Parliament. This meeting outlined and emphasised the
relevance of the EMBRIC project for the blue bioeconomy for members of the
Parliament and pointed out obstacles currently hampering blue innovation (e.g.,
standards, investment capacity and sustainability of marine bio-resources).
Importantly, the potential continuation of the EMBRIC cluster beyond its four-year
running time was also discussed.
As no final decision on the future of EMBRIC has yet been reached, alternative ways
of ensuring long-term sustainability of the EMBRIC cluster and its marine Discovery
Pipelines are currently being explored in parallel to the possible continuation of the
EMBRIC project itself. Importantly, the six Research Infrastructures participating in
EMBRIC are convinced of the EMBRIC mission —namely to accelerate the pace of
scientific discovery and innovation from marine bio-resources— and thus want to
continue collaborating in the future in any case. As stated in a recently published book
chapter by EMBRC partners (Piña et al. 2018), Marine biotechnology can currently,
due to its often remotely located infrastructure, not take full advantage of the most
recent scientific advances. Thus the need for interconnectivity between different
scientific disciplines (e.g., biology, ecology, genomics, bioanalysis, and structural and
analytical chemistry) is more critical timely than ever. Along those lines, EMBRC,
MIRRI and EU-OPENSCREEN, for instance, are particularly keen on extending their
collaborations to improve the experimental workflows from novel marine species all the
way to secondary metabolites with interesting bioactivities that can potentially be used
for commercialisation. The stated intention of continued collaborations between
European Research Infrastructures will thus be captured in the business models of the
respective RIs.
Moreover, funding opportunities such as, for example, “Integrating Activities” type
funding calls from the European Commission are being followed closely by the
EMBRIC partners. Industrial-type funding is very interesting as well, and the EMBRIC
company fora (http://www.embric.eu/companyfora) have been initiated to foster
collaboration and exchange between academic EMBRIC institutions and industrial
partners. Besides the Aquaculture Company Forum, which acted as a pioneer, the
Microalgae Company Forum was launched in December 2017 at the AlgaEurope
Meeting in Berlin. It is planned to launch a Microbial Bioindustry forum in the near
future, this is subject to a project proposal, Micro4life submitted in response Horizon
2020 Call: H2020-INFRAIA-2018-2020 (Integrating and opening research
infrastructures of European interest) Topic: INFRAIA-01-2018-2019. Such
collaborations with industry can help to receive funding either directly from the
company that is partnering with a particular EMBRIC institution or through research
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programs that aim to integrate academia and industry on a collaborative basis (e.g.,
Innovate UK).
The work of EMBRIC is not just seen as an investment in the functioning and delivery
at the Research Infrastructure level but has enabled the integration of the individual
institutions and partners in the participating Research Infrastructures. The partner
institutions have participated in a multi-disciplinary approach to workflows and can now
see how the efficiency of workflows for discovery of novel marine compounds can be
enhanced. They are prepared and eager to participate in multi-centre partnerships
leading to business opportunities impacting on their revenue lines. EMBRIC has
demonstrated that integrating workflow services and expertise in natural product
discovery can lead to new business opportunities that can benefit stakeholders at
several levels (the Institution; Bioindustry; Research Infrastructure; National and
European Bioeconomy). EMBRIC and the participating RIs can help coordinate such
business opportunities providing incentives to participate through the catalogued
services and facilities. These are outlined above and include for example:







enabling basic bioprofiling of marine extracts to assess the presence of
interesting antibacterial, antifungal, antiparasitic, cytotoxic and anti-proliferative
activities against relevant pathogens and cell lines
access to Standard Operating Procedures and best practices for downstream
processing of biological resources including extract preparation, fractionation,
advanced analytics such as high resolution mass spectroscopy and nuclear
magnetic resonance spectroscopy for compound identification, preparative
isolation, and chemical structure elucidation;
access to expert databases and tools for rapid dereplication of analytical
signatures of compounds to chemical structures in order to identify new
chemical entities and discriminate from already known molecules (in
collaboration with WP4);
discovery, characterization and upscaling of production of specific
Carbohydrate Active Enzymes (Cazymes).

Due to this exploration of diverse funding opportunities, which is thoroughly pursued
by the EMBRIC coordination team, the EMBRIC partners can foresee an extended
alliance to sustain the project legacy including the EMBRIC Discovery Pipelines as
integral part and valuable resource of the EMBRIC project.
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Abbreviations
EMBRIC: European Marine Biological Research Infrastructure Cluster
RI: Research Infrastructure
WP: Work Package
MedChem: Medicinal Chemistry
TNA: Transnational Access
EMBRC: European Marine Biological Research Centre
MIRRI: Microbial Resource Research Infrastructure
RISIS: Research infrastructure for research and innovation policy studies
TTO: Technology Transfer Officer
TT: Technology Transfer
IP: Intellectual Property
NGS: Next Generation Sequencing
OVT: Online Visualisation Tool
CPMR: Conference of Peripheral Maritime Regions
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Secondary metabolite Pipeline
Discovery and exploitation of novel
marine products and biomolecules
Despite their high potential for biotechnological and

Bioprofiling of Marine Extracts

pharmaceutical applications, only a small fraction of

We offer initial profiling of marine extracts to identify

compounds that marine microbes are capable of producing

interesting properties such as antibacterial, antifungal or

have been isolated so far. Natural product discovery

cytotoxic activities. Promising results will be followed up

pipelines involve distinct technologies and expertise in

with in-depth analyses.

areas such as compound extraction, fractionation, isolation
and purification, determination of biological activities, as

Compound Identification

well as structural characterization.

Access to cutting-edge discovery pipelines required for
compound identification including extract preparation,

The expertise required for successful natural product

fractionation, MS, NMR and chemical structure

discovery from marine organisms exists in different

elucidation. Network of experts that can be contacted

European Research Infrastructure, but is often fragmented

for experimental advice.

and not always easily accessible. Hence, the EMBRIC
secondary metabolite pipeline will offer access to marine

Rapid Dereplication

microbe collections and scientific networks to facilitate

Access to expert databases early in the discovery process

exploration of novel lead compounds or bioactive

facilitates comparison of identified compounds with

molecules that can potentially be used in health care,

known analytical signatures and chemical structures, thus

nutrition, as well as in agriculture and aquaculture.

allowing rapid identification of new chemical entities.

Chemical Hit Optimization
For more information visit:

Assistance during the hit-to-lead optimization process

www.embric.eu

(e.g., ADME profiling, SAR profiling).
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Visibility in European Compound Collections

Current Bottlenecks

Quality control of discovered compounds and incorporation

• Limited access to comprehensive compound libraries

of new compounds into European compound libraries for
efficient exposure to biological assays.

and data regarding secondary metabolites
• Lack of access to chemical hit optimization facilities,
Medicinal Chemistry Experts and Natural Product Chemists

Design of Production Pipelines
Support during setup of novel production pipelines

Solutions

to ensure reliable supply of compounds from marine

• Build comprehensive libraries and facilitate

organisms that are hard to culture (e.g., heterologous
expression of synthesis gene clusters).

access to existing data
• Establish network of experts, institutions and
organisations that offer assistance for the
characterisation, optimisation and industrial
production of marine secondary metabolites

Contact person for questions and inquiries
Prof Dr Mark Brönstrup
Department of Chemical Biology
Helmholtz Centre for Infection Research
T +49 (0)531-6181-3400
E mark.broenstrup@helmholtz-hzi.de
www.helmholtz-hzi.de/en

EMBRIC Partners

For more information visit:
www.embric.eu

This project has received funding from
the European Union’s Horizon 2020
research and innovation programme
under grant agreement No 654008
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Protein Pipeline
Proteins, the building blocks of life
biodiversity and biotechnology research have a huge

Centre for Marine Science – CCMAR
(Universitdade do Algarve)

potential to contribute new knowledge for high value

• Strong competence in cloning and expression systems

Horizon 2020’s Blue Growth Strategy states that “marine

products and processes and increase marine resources and

for the production of piscine proteins

biodiversity understanding”. The bio-potential and value

• Protein expression and purification

of marine proteins is immense and the development of

• In vitro and in vivo activity screening platform

tools and technologies for the production of recombinant

Biosensor capabilities

proteins are targeted at overcoming the problems
associated with heterologous protein production.

Biomedical Sciences Research Complex – BSRC
(University of St Andrews)
• Gene cloning based on HisTEV/GFP and Gateway enables
expression in E. coli, yeast or insect cells
• Protein expression and purification

For more information visit:
www.embric.eu

• Crystallization and structure determination facility
(including membrane proteins, and complexes)

Station Biologique Roscoff – SBR
(Université Pierre-et-Marie-Curie)

The Norwegian Structural Biology Centre, NorStruct
(University of Tromsø)

• Bioinformatics platform

• In-house collections and libraries

• Medium throughput cloning and expression systems

• Protein production

• Structural characterization tools

• Struture Determination

• Carbohydrates and fucoids

• Computational biology and Bioinformatics unit
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Current Bottlenecks

Solutions

• Optimised heterologous high-yield expression systems

• Map the use of heterologous expression systems and

for marine proteins
• Advanced high-throughput gene-cloning pipelines
using prokaryote and eukaryote vector systems
• Missing or unknown capacities for structural modelling
• Structure/function characterisation assays
• Accessible and integrated pipelines with a workflow for
gene to characterised protein

their application for marine proteins
• Create a cluster of experts/institutions/organisations
with advanced high-throughput gene-cloning pipelines
optimised for marine proteins
• Develop a strategy and tools to integrate and streamline
protein prediction and modelling, and design a workflow
from protein discovery to characterisation

• Standardised operating procedures

Contact person for questions and inquiries
Prof Deborah Power or Dr Liliana Anjos
CCMAR, Universidade do Algarve
T +351 (0)289 800 051
E dpower@ualg.pt
E lanjos@ualg.pt

EMBRIC Partners

For more information visit:
www.embric.eu

This project has received funding from
the European Union’s Horizon 2020
research and innovation programme
under grant agreement No 654008
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Carbohydrate Pipeline
Discovery and exploitation of novel
marine products and biomolecules
fundamental classes of macromolecules that comprise

Developing an enzymatic toolbox for
marine carbohydrates

living systems, along with nucleic acids, proteins, and

A major reason why our knowledge about the sugar structures

lipids, and are made up of individual sugar units linked

and diversity is lacking behind those of other biomolecules, is

to one another in a multitude of ways. Understanding the

the lack of polysaccharide sequencing methods to decipher

structures and functions of carbohydrates is central to

naturally occurring carbohydrates. A key to developing new

understanding biology. They play diverse roles, including

methods to overcome these hurdles is the utilization of

critical functions in the areas of cell signalling, molecular

Carbohydrate Active Enzymes (or CAZymes). The diversity

recognition, immunity, and inflammation.

of these enzymes reflects the diversity of carbohydrates:

Carbohydrates are ubiquitous and one of the four

each new bond, or nature of sugar, or modification requires a
However, while the ‘language of sugars’ is constantly being

specific enzyme. They can thus efficiently be used to create

untangled concerning the carbohydrates occurring in

polysaccharide sequencing methods.

humans, domestic animals or land plants of agricultural
importance, our understanding of marine specific

Fingerprint profiling of marine cell wall extracts

carbohydrates is only at the beginning. Thus, the marine

Using specific CAZymes, the setup of a rapid method to

environment is a largely untapped source of functional

qualitatively characterize marine cell wall extracts is

sugar-based biomolecules. The myriad of sugar structures

required to be able to identify where and when significant

in marine environments, that often mimic human, medically

differences occur in polysaccharide structure, composition

relevant glycans, provide more opportunities to develop

or abundance. Promising results will be followed up with

high-value industrial chemicals than molecules extracted

in-depth analyses.

from terrestrial plant biomass.
The enzymatic degradation of marine glycans needs to be
For more information visit:

coupled to technical platforms for MS, NMR and FT-IR

www.embric.eu

for chemical structure elucidation.
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Production of marine oligosaccharide standards

Current Bottlenecks

Access is needed to already identified marine

• Missing knowledge on structural and biological

oligosaccharides and glyco-compounds with known
analytical signatures and chemical structures, thus
allowing rapid identification of novel chemical entities.

functions of marine carbohydrates
• Limited access to specific services for bioassaying of
marine carbohydrate isolates
• Access to marine specific oligosaccharides either for

Molecular probes for marine
carbohydrate characterization

glycol-arrays or for use as standards in MS, NMR and
other methods of characterization

Marine polysaccharide specific monoclonal antibodies and
binding modules are developed for in situ identification

Solutions

and microarray screening methods.

• Build comprehensive libraries and facilitate access
to existing data

Visibility in European Carbohydrate Databases

• Establish network of experts, institutions and

Quality control of discovered carbohydrates and

organisations that offer assistance for the

incorporation into European carbohydrate libraries.

characterisation and production of marine carbohydrates

Contact person for questions and inquiries
Dr Mirjam Czjzek
Marine Glycobiology
Laboratory of Integrative Biology of Marine Models
UPMC-CNRS UMR8227
Station Biologique de Roscoff
T +33 (0)298-292-375
E czjzek@sb-roscoff.fr

EMBRIC Partners

For more information visit:
www.embric.eu

This project has received funding from
the European Union’s Horizon 2020
research and innovation programme
under grant agreement No 654008
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Aquaculture Pipeline
Genetics of selective breeding
More than half of all seafood now comes from aquaculture.

The challenge is to translate the rapid advances in

Genetic selection has the potential to dramatically increase

research on genomics, sequencing technology and animal

production within current environmental constraints. The

breeding from academic institutions to the private sector

genetics of selective breeding is currently undergoing

in order to increase aquaculture production across Europe.

a transformational revolution due to the application of

Therefore, a central aim of the case study is to bring

genomic technologies. The European Marine Biological

together stakeholders involved in the management of

Resource Centre Cluster (EMBRIC) will integrate the service

genetic resources in aquaculture, including academic

provision of the three research infrastructures needed

institutions, government agencies and industry. To achieve

to support industry and academic research in this field

this goal a Company Forum has been established which is

namely, EMBRC, ELIXIR and AQUAEXCEL.

open to all interested parties see:
www.embric.eu/Company_Forum

The partners in the aquaculture pipeline are the
University of St Andrews (UK), Marine Science Scotland,

Other objectives of the case study include

INRA (France), the Hellenic Centre for Marine Research

• To survey genomic resources for key

(Greece) and three SMEs, Xelect Ltd (UK), Scalpro A/S
(Norway) and Tunatec GmbH (Germany).

aquaculture species and fill gaps
• To develop standards and ontologies for trait measurements
to facilitate large scale computational analyses

The participants provide expertise in genetics, genomics,

• To develop novel protocols for measuring complex traits

bioinformatics, handling large data sets and the biology

of major economic importance, including feed efficiency

of aquaculture species as well as access to specialist

and disease resistance

infrastructure such as DNA sequencers, genotyping
platforms and experimental aquaculture facilities.

• To develop pipelines and workflows for
genetic marker discovery

For more information visit:
www.embric.eu
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Current Bottlenecks

Solutions

• The absence of genetic tools for new species

• Next Generation Sequencing to develop

• The lack of knowledge of pedigrees in hatcheries
• The need to identify the best broodstock

genomic resources (sequence data, markers)
• Marker-based pedigrees and pipelines for
SNP panel development
• The quantification of genetic variability, recording of
precise phenotypes including standards and ontologies,
linking phenotypic and genetic information

Contact person for questions and inquiries
Professor Ian A. Johnston
University of St Andrews
T +44 (0)1334 845357
E iaj@st-andrews.ac.uk
www.st-andrews.ac.uk

EMBRIC Partners

For more information visit:
www.embric.eu

This project has received funding from
the European Union’s Horizon 2020
research and innovation programme
under grant agreement No 654008
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