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The Future of the Ocean Economy: Exploring the prospects for emerging ocean industries to 2030
Workshop: The long-term potential of marine biotechnology; Plentzia, 29-30 September 2015
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Workshop on

The long-term potential of marine biotechnology
Organised within the framework of the OECD project on
The Future of the Ocean Economy
Plentzia Marine Station PiE-UPV/EHU; Plentzia-Bizkaia, Basque Country, Spain
29-30 September 2015

Agenda

Co-chairs: Torgeir Edvardsen, @ystein Lie and Ionan Marigémez
(OECD, Norwegian University of Life Sciences and University of the Basque Country)

Tuesday, 29 September 2015

12,30  Arrival and welcome by Ifiaki Goirizelaia (Rector, UPV/EHU) and Barrie
Stevens (OECD)

13.00 Towards a Marine Biotechnology framework for sustainability by Torgeir

Edvardsen and Kathleen D'Hondt (OECD)
Brief overview of recent works addressing the contribution of Marine

Biotechnology for sustainability
Overview of the Future of the Ocean Economy PI’O}eCt‘

Objectives of the meeting

13.30 Lunch
14.30 Lead experts’ introduction - @ystein Lie and Ionan Marigémez

14.45 Low Footprint Bio-production

fi r
Introductory presentation by Odd Magne Rodseth, AquaGen AS and NMBU,

Norway - followed by roundtable discussion

i - i
Introductory presentation by Zhenming Chi, UNESCO Chinese Center of
Marine Biotechnology), China - followed by roundtable discussion

Engineeri hnol
Introductory presentation by Choul-Gyun Lee, Inha University, Korea -
followed by roundtable discussion

Discussion points:
o Enabling Marine Biotechnology for Food Production (Feed and feed

technology, molecular approaches for aquaculture, nutrion science,
genetics/genomics, breeding, pharma, genetic traceability,
bioprocessing)
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o Industrial Marine Biotechnology (non-food) (biodiscovery, proteomics,
drug discovery, screening, drug design, synthetic biology, experimental
assays, protein/enzyme engineering, biorefinery, fermentation,
enzymology b

o Gene resources exploration: biodiversity and discovery of marine natural
compounds applications (gene resources engineering: biomimicry, bio-
process engineering, and bioengineering Bioenergy, Biomaterials,
Engineering & design)

18.50 Wrap up of the day by Ionan Marigémez

19.15 End of first day

20.30 Dinner

Wednesday, 30 September 2015

09.00 Brief remarks on previous day’s proceedings by @ystein Lie

09.10 Ocean & Human Health
Protection and management of the ocean health: biosensors, biomarkers,
bioassays, bioremediation and biorestoration
Introductory presentation by Laura Giuliano, Institute for Coastal Marine
Environment (IAMC-CNR), Italy - followed by roundtable discussion
Discussion points:

o Horizen scanning - What Priorities for Future Marine Industrial
Biotechnology

o Protecting the oceans by addressing various parameters and living
resources,

o Bio sensors, xenobiotics, etc, genetic markers and whole genome based
population mapping/structure and eco dynamics, bio remediation, bio
restoration, etc :

11.00 Coffee break

11.30
This topic will deal with improving health and wealth in aging; understanding
disease, clinical applications, new analytical technologies, etc; bioethical
compliance (3Rs)
Introductory presentation by Dominic Poccia, Amherst College, USA -
followed by roundtable discussion
Discussion Points:

a) Sustainable food supply: seafood quality, safety and processing

b) Marine bioactive compounds to be used in the manufacture of
functional foods (Seafood and nutraceutica addressing life style
diseases (molecular nutrition science)

c) Biomedicine - Human health research: marine or aquatic models for
systems disease biology studies and drug discovery

13.20 Workshop wrap up
13.30 Lunch

Ws b - BO..
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Research Centre for Experimental

Marine Biology & Biotechnology

PiE

eman ta zabal zazu
Universidad  Euskal Herriko ‘ Plentziako Itsas Estazioa

del Pais Vasco Unibertsitatea Estacion Marina de Plentzia

l Res Ctr Exp Mar Biol & Biotech
“Plentziako Itsas Estazioa” (PiE)
University of the Basque Country UPV/EHU
Areatza, E-48620 - Plentzia-Bizkaia
Basque Country (Spain)

www.ehu.eus/PiE

~ Ocean & Health
Healthy marine ecosystems support human well-being.
Nananmna ava caassnan AfFlhiirnaan haalth wacArivA Ao
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OVERVIEW

The Research Centre for Experimental
Marine Biology and Biotechnology
“Plentziako Itsas Estazioa” (PiE; Plentzia
Marine Station) is an institution without
juridical entity created by the University of
the Basque Country (UPV/EHU).

— PiE is devoted to scientific and
technological research;

— PiE carries out teaching activities of
specialised education (e.g., postgraduate
studies and doctorates), science
dissemination;

— PiE provides technical advice in the
field of its expertise in order to transfer
to industry and administration those
scientific and technological outcomes
developed in the areas of interaction
between the Ocean and ecosystem and
human health and in related disciplines.

PiE’s research focuses upon:

— conducting high quality experimentation
under controlled lab and field conditions;

— studying phenomena in the areas of cell
biology, molecular biology and genetics,
experimental physiology, toxicology and

Small but wide-scoped,
well-defined but flexible, ad

hoc designed for its purposes
but modular, dynamic but
long-lasting, with strict controls
necessary for excellence but
wide windows open towards
people, and homeland rooted but
open-to-globe.

pathology, stress biology, systems biology
and biopharmacy; and

— applying advanced methodologies of
manipulation and experimentation
with marine organisms, in vitro assays,
genomics, proteomics, antibody
technology, cryotechnology, spectroscopy,
microscopy, image analysis and data
treatment.

— offers environmental programs of
spreading, awareness and education

PiE’s research approach resembles the
one that embodies Biomedicine and Clinic
Research:

— marine ecosystems and living beings
inhabiting the oceans are reckoned as
patients, so that its major goals are the
development of early warning strategies,
the application of non-invasive and
non-destructive techniques, and the
understanding of the mechanisms
underneath the environmental
syndromes;

— the Ocean is perceived as a potential
source of health and wealth for our XXI
century’s society.

MISSION

University R&D Center that:

— conducts innovative scientific research
(basic, strategic and applied) of excellence
whose paradigm is the study of the health
of the marine ecosystems by means
of a bio(techno)logical experimental
approach,

— develops (biotechnological) diagnosis
tools to analyze and to quantify the health
of the marine ecosystems,

— explores marine resources that contribute |
to the protection of the human well-being

— promotes internationalization by means
of networking and attracting junior (PhD
candidates) and senior (Ikerbasque, EU-

People) researchers,

— offers high level postgraduate and
doctorate formation and specialization
and continuous formation, and

— offers environmental programs of
spreading, awareness and education




VISION

R&D and Higher Education Center:

— leader at European and world-wide
scale, recognized by the excellence of its
research in the field of ecosystem health
science, the quality of the diagnosis
tools of developed and applied to assess
ocean health, and its contribution to the
exploration of marine resources with
applications in biomedicine;

— of reference for international institutions
and networks, and for talented senior
and junior (e.g., doctoral candidates)
researchers; and

— recognized within the European Higher
Education Area as an excellence center
as regards postgraduate, doctoral and
of specialist (LLL) education, of science
dissemination and environmental
awareness.

OCEAN & HEALTH
RESEARCH UNIT

ENVIRONMENTAL HUMAN
HEALTH RESEARCH FOCUS

With two main Research Programmes:

— The Seafood Safety and Quality Research
Programme (DELICATESseaN) covers
diverse but related aspects such as fish
and shellfish wellbeing, pathogens,
biotoxins and chemical pollutants in
seafood, and environmental factors
affecting seafood quality.

— The Marine Resources for Biomedicine
Research Programme (BIOMEDIseaN) is
gaining promising relevance. It includes
biodiversity exploration, marine chemical
ecology and identification, cloning
of genes of pharmaceutical interest,
characterisation and risk assessment of
biologically active natural compounds
(biotoxins, biodrugs, bioprobes) of
biomedical interest, and the use of
alternative animal models in biomedical
research and environmental risk
assessment.

ORGANISATION

Ocean & Health Research Unit

The Ocean & Health Research Unit is

aimed at knowing and developing tools
(biotechnology) for marine ecosystem
health assessment (biomarkers, bioassays,
biosensors, and biodiversity) and seafood
quality and safety assurance, and at
exploring marine resources of interest in
biomedicine (biotoxins, biodrugs, alternative
bioassay models).




Environment & Resources
Education Unit

University Seminar that offers specialization
courses for high degree technologists and
scientists, as well as postgraduate and
doctorate formation, both within the UPV/
EHU framework and international.

Facilities are also deviced to host scientific
meetings, working groups and workhops (up
to 80 people).

MBB Experimental Services Unit

The Service of Experimentation in Marine
Biotechnolegy includes facilities of special
interest like the PL3 Biosafety Aquarium
for experimentation in aquatic pathology
and experimental seawater mesocosmos;
and modern laboratories of Cell and
Molecular Biology, Histology, Microbiology,
Microscopy, Analytical Chemistry and
Multiuse laboratories in which occasional
users can set up their own instrumentation
to conduct analyses of samples obtained in
the experimentation aquaria.

OCEAN & HEALTH RESEARCH UNIT
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EDUCATION UNIT

Masters of Science
European MSc in Marine Environment
& Resources (Erasmus Mundus)
Environmental Contamination &
Toxicology

~
PhD Programmes
Marine Environment & Resources (MHE)

Environmental Contamination &
Toxicology (MHE)

LLL: International Postgraduate Courses
Cellular and Molecular Biomarkers
Histology and Histopathology of Aquatic
Animals
Fish and Shellfish Reproduction and
Endocrinology

Field Services
Mobile Laboratory
4x4 Long-Vehicle
Caging in Estuaries
Coastal & Estuarine Sampling

MBB Seawater Experimentation
Harmful Algae Surveys
Harmful Algae Assays
Fish Nursery
Invertebrate Nursery
Mesocosm Experimentation
Aquatic Biosafety (PL3) Experimentation
Long-term Seawater Experimentation
Aquatic Toxicity Assays
Sediment Toxicity Assays
Pathogenicity Assays
Environmental Risk Assessment
Environmental Monitoring
Spill Response

MBB Research & Analysis
Histotechnology
Histochemistry
Immunohistochemistry
In Situ Hybridisation

ENVIRONMENT & RESOURCES

MBB EXPERIMENTAL SERVICES UNIT
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Evaluacién de Riesgo Ambiental
Introduccién al Reglamento REACH
Environmental Specimen Banking
Technology

RiMER

LLL: Postgraduate Diplomas
Marine Biotechnology
REACH Science & Technology
Soil Pollution and Remediation
Environmental Sciences for Non-scientists

Dissemination & Awareness
Open Lab Programme
Cinema-Club Programme
HSGS Conferences
Summer Marine Science Camp
Fore-sea Get-Together
Slow Science Programme

SCIENTIFIC MEETINGS/
WORKSHOPS

Electron Microscopy
X-ray Microanalysis
Histopathology

Image analysis

In vitro assays

Biomarker determination
Food safety assays
Reproductive Cycle Analysis
Sex determination

Environmental Bioespecimen Banking
Cryogenisation
Freeze-Drying
Chemical Biobank
Tissue Biopsy Biobank
Molecular Biobank
Mineralised Tissue Biobank

Environmental Bioanalytical Chemistry




PiE has an excellent strategic location.
Plentzia (Bizkaia, Basque Country) is a

3000 people coastal village connected with
Bilbao by Metro and located at 15 min
driving distance from the UPV/EHU main
Campus (Leioa-Erandio), the Airport and the
Zamudio Technological Park.

FACILITIES

PiE has a useful surface that surpasses the
2500 square meters, distributed in five
levels:

— Floor S2: Seawater treatment and
depuration systems, and supply tanks
have been settled. These facilities allow to
use great volumes of seawater, with a flow
of 12,000 liters/hour.

— Floor S1 (and S2 extension): It consists
of a zone of experimentation aquaria,
laboratories, specimen bank, PL3
Biosafety Aquarium and, in the terrace,
two mesocosmos (20,000 liters each). The
Social Area is made up an Graduation Hall
(80 people) and several annexed rooms
(e.g. coffee room). Researchers’ and
technicians’ offices are located here.

— Floor PB: It is destined to postgraduate,
doctorate and LLL teaching, with
administration and direction, 2
classrooms and 3 laboratories for
practicals. Classrooms are technically
equipped as Computer rooms and for
video-conference. Master students’
room, offices for visiting teaching staff
and researchers and PhD candidates’s
offices are located in this floor. The
two classrooms can become one single
meeting-room for 60-80 attendants
around a round table.

— Floor P1: It hosts research laboratories
(9) and services, and the library
(in addition to its own resources,
it is possible to be acceded to the
bibliographical collection of the Central
Library of the UPV/EHU). Researchers’
offices are located here.

— Loft: Technical facilities of air
conditioning, ventilation, etc. Workshop.
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EXPERIMENTAL AQUARIA

— All the e)'(perimental aquaria facilities

are provided with independently
regulated photoperiod and
temperature, high quality seawater
continuous supply

(up to 300000 L/day), air supply, and
residual seawater separate treatment
for metals, organic chemicals and
organic matter.

— Algae and plankton culture room to

produce food for experimental fish
and invertebrates.

— All the facilities are metal free, both

outside and inside instrumentation.

— Field Equipment: sampling and caging

devices; equipped mobile laboratory;
4x4 large vehicle
Quarantine Aquaria Room
Toxic Algae Aquarium
PL3 Biosafety Aquarium Room
Invertebrate Nursery
Fish Nursery
Fish Embryo Toxicity Testing Unit
Microscale Toxicity Testing Aquarium
Low Capacity Aquaria
(10-15 units of 500 1)
Medium capacity aquaria
(10-15 units of 1000-15001)
High capacity aquaria
(4-8 units of 2500-4000 1)
Outdoor mesocosms
(2 units of 20000 1 + 2 units of 10000)
Fully Equipped Dissection Room




MBB RESEARCH LABS

All the laboratories are fully equipped and
provided with independently conditioned air,
darkening, internet, air extraction, disposal
systems, etc.

Molecular Biology Lab
Biochemistry and Proteomics Lab
Histology Lab

Cell Culture Lab

Microbiology Lab

Preparatory Analytical Chemistry Lab
Microscopy & Image Analysis
Multiuse Lab

Cold Room

Freezer Safe Room

Washing Room

The Research Centre for Experimental Marine
Biology and Biotechnology “Plentziako Itsas
Estazioa” (PiE; Plentzia Marine Station) is an
institution without juridical entity created by the
University of the Basque Country

(UPV/EHU).

The centre is devoted to scientific and
technological research; it also carries out
teaching activities of specialised education (e.g.
postgraduate studies and doctorates), science
dissemination; and it might provide technical
advice in the field of its expertise in order to
transfer to industry and administration those
scientific and technological outcomes developed
in the areas of interaction between the Ocean
and ecosystem and human health and in related
disciplines.
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BISCAY BAY
ENVIRONMENTAL

BIOSPECIMEN BANK
(BBEBB)

Cryo-Preparation Laboratory
Cryogenic Storage Room
Eco-Clone Bank

Eco-Biopsy Bank
Shell/Otolith Bank

Archival Management Unit

SCIENTIFIC & ACADEMIC BACKGROUND

The promoters of this initiative in the UPV/EHU
have been conducting research of excellence

in diverse aspects (Cellular Biology, Ecology,
Analytical Chemistry, etc.) of the interactions
between environment (chemical substances and
other environmental agents) and living organisms
over the last 20 years. Two of these research
groups have been recognised as Consolidated
Groups “A” and two as Consolidated Groups “B”
(BOPV 27-11-07), and are integrated in two
Formation and Research Units (UFls: UF111 /37
“Ecosystem Health Protection (UFIPSE)" and
UFI11/26 “Global Change and Heritage").

In parallel to the research work carried out,

big efforts have been addressed to formation
(postgraduate and doctorate education,



specialization courses, etc.) and dissemination

on diverse aspects related to terrestrial and
marine ecosystems’ health. Thus, two Official
Postgraduate Masters with Mention of Quality
(“European MSc in Marine Environment and
Resources”-Erasmus Mundus-and “Environmental
Contamination and Toxicology”) are offered as a
part of the UPV/EHU Postgraduate Programme.
In addition, the Doctoral Programmes “Marine
Environment and Resources” and “Environmental
Contamination and Toxicology" have been
recognized with the Mention towards Excellence
of the Ministry of Education (2011-to date).
Finally, given the increasing general interest on
these subjects and their repercussion on human
welfare, a program of dissemination activities
has been designed, addressed to master students,
doctoral candidates, professionals, secondary
school students and overall citizens.

UPV/EHU and, in general, for the technological
agents of the Basque Country that work in the
area of Marine and Environmental Bio(tecno)
logy; to whom the PiE gives an opportunity to
settle at the front line of research and university
education at international level.

Since this date, the project begins to embody,
thanks to the support provided by institutions
(Bizkaia Province Government, Bilbao Bizkaia
Kutxa, City council of Plentzia, UPV/EHU,
Basque Government), and becomes into today’s
reality. Besides the building remodeling, a
Strategic Plan has been designed and alliances
and collaborations have been settled down to
sustain the PiE’s functioning and to pursue that

it develops into a center of excellence in scientific
research, high level university education, science

dissemination and environmental awareness.
The origin of this initiative is very much earlier;
it is the result of the restlessness and needs of
UPV/EHU teaching staff and researchers that in

the mid 90’s perceived the possibilities offered by

the building of the Plentzia Sanatorium. In 2001,
a proposal is made for the first time to the City
council of Plentzia, the BBK and the UPV/EHU;

and although it is considered seriously it does not
come about. Two years later, the Prestige oil spill
wakes up the interest by the initiative that finally

HISTORY OF THE PiE INITIATIVE

In July 23rd 2007, the Vice-rector of the Campus
of Bizkaia of the UPV/EHU declares the interest
of the Universidad del Pafs Vasco /Euskal Herriko
Unibertsitatea to support the project “Plentziako

Itsas Estazioa /Estacion Marina de Plentzia” (PiE).

Such declaration is aimed at enhancing research
and education activities in the framework of
Marine and Environmental Bio(techno)logy and
at facilitating the dissemination of scientific
knowledge. Concretely, the interest to launch a
service of experimentation in marine Biology

is recognised: PiE provides the possibility to
handle great volumes of seawater, which allows
the accomplishment of experiments otherwise
unthinkable but necessary for consolidated
research groups of excellence. Remarkable
mention is made to the inclusion in the project of
a permanent seminar of environmental education
including postgraduate formation (international
official masters of quality), congresses, university
specialist courses (LLL), dissemination activities,
etc.; which, together with research, shape the
marine station as an extension of the university.
In summary, the project of the PiE marine station
is considered of great strategic interest for the
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would take off throughout 2006-2007.

o

The building that hosts the Plentzia Marine
Station was constructed by 1923, when the
former Caja de Ahorros Vizcaina turned it a
heliotherapy sanatorium for bone tuberculosis
patients. During decades it was owned by BBK,
now incorporated to Kutxabank. The financial
entity granted the building to the City council of
Plentzia that finally transfers it to the UPV/EHU
to carry out this project. The investment carried
out for remodeling, conditioning and equipment
of the building has been financed almost in its
totality by the Province Government of Bizkaia.
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Industrial Development for Marine

Biotechnology in Taiwan

Dr. Jen-Leih Wu

Distinguished Research Fellow
Institute of Cellular and Organismic Biology, Academia Sinica, Taipei

Director
Development Program of Industrialization for Agricultural Biotechnolgy (DPIAB)
Council of Agriculture, Executive Yuan, Taipei

SET=1

Workshop on the Long-Term potential of Marine Biotechnology

Plentzia Marine Station PiE-UPV/EHU ; Plentzia-Bizkaia, Basque Country, Spain DP’AB
29-30 September 2015

' Taiwan DPIAB Planning Scheme®

Work Scope of DPIAB
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Fig. 3 YB-1 expression is positively correlated with
feeding ratio and igf1 expression pattern.

Fast growth St GHy tion
1. Y-box binding protein 1 1. Y-box binding protein 1
2. CN470835 2. Chr. 20 ORF 149 homolog
3. Chr. 20 ORF 149 homolog 3. CN470835
4. Ubiquitin binding protein 4. Histone acetyltransferase type B
5. Glycerol-3-phosphate dehydrogenase 5. Inter-alpha trypsin inhibitor
6. Histone acetyltransferase type B 6. Chr. 15, clone RP11-154B12
7. Inter-alpha trypsin inhibitor 7. Glycerol-3-phosphate dehydrogenase
8. Fibrinogen beta chain precursor 8. Ubiquitin binding protein
9. Plasma retinol-binding protein I 9. Fibrinogen beta chain precursor
10. Nucleolar GTP-binding protein 1 10. Plasma retinol-binding protein I
Total 25 EST up-regulation Total 40 EST up-regulation
Fig. 2 Biochip establishment and applications. Fig. 4 Feeding ratio and igf1 expression pattern. 3

Development of gain-in-weight technique by
oral immunization in grouper
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Fig. 3 Average weight gain of grouper by oral immunization.

Fig. 1 Model for immuno-inhibition. (A) Control. (B) Experiment.

HE |
I\ ] i EFJE 3 i |

gene Bacteria
Anerma

Grouper

Fig. 2 Oral delivery system.
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Fig. 1 Green fluorescent

angelfish (Pterophyllum scalare

var.) and convict cichlid

(Archocentrus nigrofasciatus).

Aquaculture Biotechnology ‘}

Fluorescent Ornamental Fish

The world’s first medium-sized fluorescent fish, angelfish
(Pterophyllum scalare var.) and convict cichlid (Archocentrus
nigrofasciatus var.), jointly developed by Academia Sinica and Jy Lin
Trading Co. Ltd. They are not only the first instances of fluorescent
fish in the family Cichlidae, but also the biggest fluorescent
ornamental fish in the world!

The green fluorescent gene was inserted into the convict cichlid’s
embryo and angelfish’s ovaries, allowing it to integrate into the fish's
genome. The green fluorescent protein was expressed under mylz2
promoter in fish muscle.

establishment of academic and
scientific cooperation between
Russian Academy of Sciences and JY
LIN trading company.

Fig. 1 Shrimp gene

Aquaculture Biotechnology ‘}

Fig. 2 Nanostring analysis-The Fig. 3 Shrimp microsatellite DNA

microarray analysis platform third-generation markers platform

gene expression kit
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uaculture

Magnetic particle
Bioprobe >
Biotarget

Grouper Nervous Necrosis Virus (NNV) Kit
Immuno-magnetic Reduction (IMR) Platform

5%

Fig. 1 Immuno-Magnetic Reduction (IMR).
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~10 TCIDgy/ml
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Fig. 2 Comparing the correlation of the IMR with qPCR.

Opaey Via IMR (TCID,/ml)

.

© Magnetic particles rotates under ac magnetic
fields to generate signals.

@ By adding biotarget, the nanoparticles will
become larger or form clusters.

@ The magnetoreduction caused by clustered or
enlarged particles are measured to detect the
amounts of biotarget.
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Fig. 3 Grouper nervous necrosis virus
(NNV) kit.

Fig. 1 1Q2000 shrimp white spot syndrome (WSSV)

detection reagent

sess for purpose validated and certified by OIE
gister number: 20080304

Fig. 2 Innovative smart handheld pathogen
detection equipment development -Fast
and accurate screening shrimp virus
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BL10, the strain with the highest DHA yield among these
strains, was chosen for further manipulation.

60

Relative intensity
8 8 & 38

o B

1. Biomass = 42.5 gL
2. TFA=17.1gL"
3.DHA=8.1gL"

Strain  Biomass (gL')  DHA (gL")

Schizochytrium sp. G13/28 63
S.sp. N2 13
S.sp. $31 6
S. limacinum SR21 35
Thraustochytrium sp. ONC-T18 26
Labyrinthulid sp. L72 ?

6.1
27
0.3
42
45
0.7

and capsule products

Development of DHA-rich algae oil

Fig. 1 Antimicrobial spectrum of different

pathogens on surfactin
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Marine Natural Produsts

Metabolic engineering of Omega3
synthesis in fishes

Liver specific overexpress
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ega s e ... | =¥ Improve survival and growth of fish at low
55 temperature.
3 = Anti-inflammatory and anti-bacterial activities.
|
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Fisheries Research Institute,
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| Organization

Marine Fisheries

. ) Aquatic Product Processing Technology
Aquaculture : and Application Development
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Functional aquatic products

Seaweed based produc

Keelung headquater

Fishery Inspection Service
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DPFAB

REEVEMERCRRGR

Development Program of Industrialization
for Agricultural Biotechnology

Thank You for
Your Attention
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