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Knowledge transfer from environmental genomic science  
to marine biotechnology – big data, big challenges
Johanna B. Wesnigk | EMPA Bremen, Germany

Genomic sequence data are increasing exponentially, also for 
marine organisms and metagenomic data sets. These include 
information for novel functions and promising variety of known 
and utilised enzymes. While costs for the sequencing are de-
creasing, it still constitutes a major effort to obtain and maintain 
samples. Therefore cooperation between science and industry 
is necessary.

Several EU-funded projects address how to facilitate access to 
data, samples and expertise. A dedicated focus on knowledge 
transfer to industry is provided by the CSA project “Marine 
Genomics for Users”, which deals with training, a knowledge 
output database and with establishing direct contacts between 
genomic scientists and marine biotechnologists. Several ele-
ments of this knowledge transfer strategy and a short overview 
on related projects and their outputs are given in the following. 

Furthermore, the emerging large collaborative project Micro B3 
“Marine Biodiversity, Bioinformatics and Biotechnology” will be 
presented. It concentrates on integrating genetic and ecological 
information in one open-access system for linking (meta)genom-
ic prediction to ecosystem biology and to biotechnological as-
pects. Related training will focus on bioinformatic needs by 
these two user groups, including also governance and IPR as-
pects.

The ultimate objective is to learn from marine diversity – from 
fishing bio-active molecules to cultivating organisms and maybe 
soon synthesizing genes – to decipher and apply novel functions 
found in the marine environment.

Marine Genomics for Users
A consortium of seven partners was created to enable wise use 
of the Marine Genomics potential for innovative socio-econom-
ic development. Members are CNRS (Station Biologique de Ro-
scoff), France, as coordinator; UCC (Environmental Research 
Institute) and AquaTT, Ireland; UGOT (Sven Lovén Center), Swe-
den; Dr. Johanna B. Wesnigk, EMPA Bremen, Germany; IRTA, 
Spain; CCMAR, Portugal.

One of the work packages (WP4) focuses especially on the trans-
fer of marine genomics knowledge to industry. It is defining ef-
ficient methods to establish contacts and designing products for 
transfer of MG information to target relevant industrial sectors 
for (joint) development of marine genomics applications. 

Means for the transfer of marine genomics knowledge are direct 
contacts, (e.g. via partnering), dedicated MG sessions at indus-
try conventions, focussed industry workshops (WP3), and a MG 
knowledge output database (WP2). Finally uptake of knowledge 
and its further usage will be evaluated, in WP4 especially in the 
light of enhanced planning of future industry-academia collabo-
rations.

Methodology (for more detail see www.MG4U.eu): 

1. Short questionnaires were distributed electronically and 
during partnering meetings to industry contacts at several 
events (BioMarine, Biotechnica) to help define the needs of 
industry sectors, selected from white, green and red bio-
technologies, fisheries and aquaculture. 

2. Relevant events were chosen for promoting Marine Genom-
ics in dedicated sessions, for example BioMarine and Bio-
technica 2011, Achema June 2012 with a focus on the Bio-
Based Economy and BioMarine October 24-25 2012 in Lon-
don, where marine genomics will be featured in two think 
tanks (www.BioMarine.org)
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Figure 1: Overall approach of the MG4U project. The target 
groups are the marine scientific community, biotech industry 
sectors including aquaculture and fisheries, related govern-
ance and other stakeholders.

The aquaculture sector is among the target groups of the 
“Marine Genomics for Users” project

(plant or enthomopatogenic species) or mutualistic symbiosis 
(lichenicolous fungi) with different organisms. Further studies 
will be necessary to understand their role in marine environ-
ments.

As regard the potential biotechnological applications, about 100 
strains mainly isolated from P. oceanica were screened for the 
capability to produce laccases, peroxidases and tannases in ab-
sence/presence of different NaCl concentrations (15 and 30 g/l). 
Most of the strains were able to produce the tested enzymes; 
many of these enzymes are “extremozymes” since they are trig-
gered only by high salts concentrations. These enzymes could be 
new isoforms very useful in various industrial applications. 

Moreover 98 fungal strains isolated from the analyzed seagrass 
and algae were screened for the presence of two types of pol-
yketide synthases genes (PKS) whose presence is considered 
predictive of the capability to produce useful pharmaceutical 
metabolites. The same strains were also used in an antimicro-
bial screening towards algae, fungi and bacteria potentially 
pathogen for human beings and animals.

About half of the fungal strains showed the genes involved in 
the PKS production. Most of fungi positive for PKS genes come 
from the two algae. This intriguing result may find an explana-

tion from the ecological point of view: P. oceanica is a seagrass 
very rich in tannins, molecules which display high antimicrobial 
activity and involved in competitive interactions with other al-
gae (i.e. Caulerpa taxiflora). On the other hand, it is perhaps pos-
sible to assume that the two algae P. pavonica and F. petiolata 
use the fungi associated with them to defend themselves 
against predators and biofouling.

As regard the antimicrobial screening, several strains display re-
markable antimicrobial properties towards bacterial and fungal 
strains while only a few strains showed antialgal activity. 

References:
1 Jones 2011a. Fungal. Divers. 50: 73–112.
2 Jones 2011b. Bot. Mar. 54: 343–354.
3 Rateb & Eleb, 2011. nat. Prod. Rep 28. 290–344.
4 Imhoff et al., 2011. Biotechnol. Adv. 29: 468–482.
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Marine Biodiversity, Bioinformatics and  
Biotechnology (MicroB3)
With a budget of 9 Mio Euro for 4 years (2012–2015) Micro B3 
will develop innovative bioinformatics approaches and a legal 
framework to make large-scale data on marine viral, bacteria, 
archaeal and protists genomes and metagenomes accessible for 
marine ecosystems biology and to define new targets for bio-
technological applications. 

Micro B3 will build upon a highly interdisciplinary consortium of 
32 academic and industrial partners, comprising world-leading 
experts in bioinformatics, computer science, biology, ecology, 
oceanography, bio-prospecting and biotechnology, as well as 
legal aspects.

The work package focussing on marine biotechnology will deal 
with the exploration of integrated datasets looking at genes of 
unknown functions, as well as biosynthetic gene clusters in ma-
rine organisms and new genes from metagenomes. Laboratory 
experiments will be used to further confirm functions through 
pre-enrichments, functional screening of large-insert libraries, 
micro-colonies and micro-cultures as well as heterologous ex-
pression and bioassays.

The work package on intellectual property rights will develop 
documents and run workshops concentrating on 

 · Model agreements for pre-competitive access to microbial 
materials and exchange of materials and data within re-
searchers. 

 · IP model agreements for pre-competitive access to large-
scale microbial genomic research databases and 

 · Outreach workshop on topics like IPR, scientific potential, 
biotech options, environmental impact to discuss applica-
tion and protection options with stakeholders from region-
al, national and international policy-making bodies.

Finally the work-package on dissemination, training and out-
reach will address the timely dissemination of relevant informa-
tion via course, workshops and a programme of outreach to an 
interested public. Three expert workshops with industrial sector 
including SMEs as well as stakeholder workshops with policy 
makers & advisors in field of biodiversity protection are planned.

Another aspect of this package is capacity building through 
training of the next generation of scientists. For more detail in-
cluding registration to the workshops and courses, follow our 
tweet and visit the website www.microb3.eu

	  

Figure 2: Map of geographical distribution of the 32 partners of 
Micro B3 large collaborative project
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Figure 3: Work package structure of Micro B3, showing also the 
three pillars biodiversity, bioinformatics and biotechnology

Analysis of cell powder from in vitro cultured fish cells
Marina Gebert | Fraunhofer Research Institution for Marine Biotechnology (EMB), Germany

Seafood is considered to be important for a healthy diet, as it 
contains valuable proteins and high quality fats as related to the 
omega-6 to omega-3 ratio1. Additionally, the food market pro-
vides us with omega-3 enhanced food, in particular with func-
tional food. The sources of highly unsaturated fatty acids are 
exclusively derived from the marine ecosystem. Beside algal 
sources of omega-3 fatty acids, predominantly cold water ma-
rine fish - especially oily species such as tuna, herring, trout or 
salmon - contain large amounts of highly unsaturated omega-3 
fatty acids. The most important highly unsaturated fatty acids 
are eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA). These have been proven to be beneficial for human 
health. 

However, natural fish sources face two major problems: fish 
stocks stagnate or continuously decrease and heavy metals as 
well as lipophilic toxins like PCBs and PAHs tend to accumulate 
in fat tissue of fishes along the food chain. These lipophilic com-
ponents, which are harmful to human health, are extracted 
along with fatty acids and lower their quality. Aquaculture, 
which is the strongest growing agricultural sector since the late 
1970s, is using aquafeed containing fish meal and fish oil. These 
are as well produced from marine resources, thus putting even 
more pressure on the ecosystem ocean. Already in 2006, 56 % 
of fish meal and 87 % of fish oil was exclusively used for aqua-
feed production2. As aquaculture industry continues to grow, the 
exploitation of novel sources for proteins and omega-3 fatty ac-
ids far from marine ecosystems is ever gaining more importance.

We investigated the ability of a highly proliferative in vitro fish 
cell culture from Sturgeon larvae (Acipenser oxyrinchus) estab-
lished in our laboratory3, which can be converted into “fish cell 
meal”, to produce nutraceutical grade omega-3 fatty acids. We 
found that these cells convert short chain polyunsaturated fatty 
acids into long chain highly unsaturated fatty acids during cell 
cultivation. Figure 1 shows the comparison of fatty acid compo-
sitions from the cell culture medium and the in vitro cell culture 
after harvesting and freeze drying. It is obvious that some fatty 
acids, amongst them DHA, are present in the freeze dried cells 

(green bars) which are not supplemented by the cell culture me-
dium (purple bars).

Encouraged by these findings, we tried to optimize the content 
of omega-3 fatty acids in the freeze dried fish cells. An increase 
of the total amount of EPA and DHA could be achieved by the 
addition of α-linolenic acid (ALA) to the cell culture medium and 
the subsequent reduction of cell culture temperature. In Fig-
ure 2 we compare the fish cells shown in figure 1 with the opti-
mized culture (orange bars). The uptake of ALA was enhanced 17 
fold and the content of EPA and DHA increased 17.3 x and 2.5 x, 
respectively.

References
1 Larsen, R., Eilertsen, K.-E. Elvevoll, O. 2011. Health benefits 

of marine foods and ingredients. Biotechnology Advances 
29 (5), pp. 508–518.

2 FAO, 2008. The state of world fisheries and aquaculture. 
FAO Fisheries and Aquaculture Department, FOOD AND 
AGRICULTURE ORGANIZATION OF THE UNITED NATIONS 
Rome, ISBN 978-92-5-106029-2.

3 Grunow, B., Noglick, S., Kruse, C., Gebert, M. Isolation of 
cells from Atlantic sturgeon Acipenser oxyrinchus 
oxyrinchus and optimization of culture conditions. Aquatic 
Biology 14, pp. 67–75.

Figure 1: Fatty acid composition of freeze dried fish cells (green 
bars) compared with the cell culture medium used during in vitro 
cultivation (purple bars) in percent of total fat.

Figure 2: Fatty acid compositions of freeze dried fish cells. Un-
treated fish cells (green bars) compared with fish cells treated 
with α-linolenic acid (ALA) and subsequent reduction of the cell 
culture temperature (orange bars) in percent total fat.

However, an industrial production is not yet feasible, as in vitro 
culture of large quantities of anchorage dependent cells is cur-
rently cost-intensive. A scale-up of biomass production, as ac-
complished e.g. in bioreactors (Figure 3), faces some important 
challenges: (i) the discovery of appropriate carriers or scaffolds 
for cell growth, (ii) the achievement of high expansion rates for 
cells and (iii) the reduction of costs, manly through mass pro-
duction and enhanced technology. Resolving these problems in 
future years will enable access to fish derived products under 
controlled conditions, without contaminants and with low eco-
logical damage.
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