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Situation in Norway

Seafood export value: € 7 billions

Three big-volume species: Cod, herring and salmon (aquaculture)

Marine raw rest materials: 950,000,000 kg
- 15 % not exploited (/dumped at sea — i.e. cod)

Commercial products from “Norwegian” rest material: € 600 million
- Dominant market: Animal feed

- Main product: Omega-3 oils; >50% of raw oil imported

+ products such as alginate from macro algae: € 150 million
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Marinerest materials — ”Norwegian challenges”
Large proportion of rest materials already exploited (although at low values)

- Higher values should come from better exploitation of existing volumes:
« secure optimal quality of rest material
« optimized process lines

* Increase product range and product quality from rest materials
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Marine biomass explotations
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Marine biomass exploitations

Commercial catch

Sea food

Non-commercial catch
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Marine biomass exploitations

Commercial catch Non-commercial catch
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NOFIMAAS — A merge between 4 sector institutes

* Target sectors: Aquaculture, Food & Seafood Industry
« Employees: 450 (app. 230 holding a Ph.D)
* Turnover 2010: 470 mill NOK (~ € 60 mill)
* Head office in Tromsg

@ offices/laboratories

O Aquaculture facilities

—— Karvik
—— R@sneshamn
L Kraknes

——— Troms@ (Head Office)

Avergy
Sunndalsgra

Bergen
Austevoll

As

Stavanger
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2012 - Nofima opens
National Pilot Facility for Marine Bioprocessing

Investments hardware: € 3 millions

Module-based process line (roll in/out - connect/disconnect units)
"Complete” process from raw material to product

Small industrial scale processes (~ 1,000 liters batches)
Approved for food supplement / ingredient production
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National Pilot Facility for Marine Bioprocessing

- Multi-purpose pilot facility for premarketing and product testing

- To facilitate process development programs

- To handle and process different types of marine raw materials

- Production of dried components from extracted or hydrolyzed products

- Unrefined marine oil (side-) products
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Prospecting and industrial processing — the challenge:
from bench to industrial scale

Lab-scale bioactivity screening - isolation of compounds
« Up-scaling to industrial processes

>

EX.: evaporation on bench and in pilot scale

ﬂNofima
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”’Bioprospecting” at Nofima:

Why rest materials?

* Biomass is sustainable - "waste” from sea food production
* Huge volumes available

- sufficient amount of material from "hit” to identification

- reliable taxonomy

- source for yielding native bioactivities

- Known but underexplored species

- bioactivities largely unknown — interesting activities revealed

JfNofima
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”’Bioprospecting” at Nofima:

Commercialised enzymes from shrimp processing ("waste”) water

« Selectively degrases dounie-stranded DNA, leaving single-siranded
OMAand AMA nfact

Totally inaztivated at 70eC wimin a 30 rin incubation

i

-

Free of contaminating RNase

« Eimmaies cancem with handing bovine-derved DMass

T

Fichia pastons condain
overprooucing cone of Fangaius boreais
Dhase i

E
Shrimp DNaze iz an endonucieass mat { -
cleaves ahozahodiester inkages in DNA -
to yield di- and aigorecieotid
S-phasphase and 2-hpdrowyl termin ¥ T > T
This Dhase has a remarkanly bigh specific L

actity towards double-siranced DNA
(e3OMAL The actity towards dsONA iz
5000-fold higher than towaros single-
stranced DHA, and thiss can be used

sctivey 10 cegrade osONA._|eaving sirgie-
ned DA imsaes. The sictiviey af this
e depends on Mg™ concenirasion
1 shmatated By C3. How
alse stimulates the AMNase actvity o imp
DOfase and should be avaided when RNA
imegrity is critical.

elective degracaton of dsDNA leaving
N and RNA intact

w o

ity tavers low ionic svengih
£ with increasing ionic

comBinart enzyme canse | 3 FEmoval of DNA temgtate ater in vitre
transcriptien.
4. Nick sansiasion wilh OMA Polymerase

atter 3 25-50 min incubasion (PHTO0TD).

5. Foolprintdelerminason of DA binging

praten.
rl

UsE Carparation @ us

25771 Mz Fmat Coevelang OH 22128

BI0:1 5202 | wrnsbweb.com Fusling innovatizn™

. Removal of DNA from SMA prior o AT-PCA.

Nilsen I.W., Sandsdalen E.and Stenberg E. (2003)
A method of removing nucleic acid contamination
in amplification reactions. US patent 6,541,204.
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Nilsen .W., @verbg K., and Lanes O. (2007) Shrimp
alkaline phosphatase. European Patent EP1326890.
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Published studies on marine enzymes - Nofima
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Thermolabile alkaline phosphatase from Northern
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The Enzyme and the cDNA Sequence of a Thermolabile

and Double-Strand Specific DNase from Northern
Shrimps (Pandalus borealis)
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Protein purification and gene isolation of chlamysin, a cold-active
lysozyme-like enzyme with antibacterial activity
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A cold-active salmon goose-type 1ysozyme
with high heat tolerance
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The gene of chlamysin, a manne invencbrate-type lysozyme.
is organized similar 10 vertebrate but different from
inverteheate chicken-type lysozyme genes
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Muluple mvertebrate lysozvmes in blue mussel (Mytalus edulis)
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Structural evidence for lack of inhibition of fish goose-type
Iysozymes by a bacterial inhibitor of lysozyme
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Research Article

Urochordates carry multiple genes for goose-type lvsozyme
and no genes for chicken- or invertebrate-type lysozymes
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Glutathione S-transferase from the Icelandic scallop (Chlamys islandica):
Isolation and partial characterization

Bjomar Mymes*, Inge W. Nilsen
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Available online at www.sciencedirect.com
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Comparsiive Bicchemistry and Physislogy, Part B 143 (2006) 315318

Deoxyribonuclease IT from the Icelandic scallop (Chlamys islandica):
Isolation and partial characterization

Kersti Overbo, Bjormar Mymes ~ /
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Current project example:

Gold from the silvery sea

5 Industry
t
t
t

Pavisning og utvinning av Bi . .
. : ioactive and functional
bioaktive og funksjonelle komponenter screening
“Drugs” Enzymer Lipider Fupr:l;sic:gglrle 1

1 Rastoffkarakterisering . . .
Raw material characterization

Unique and broad mapping of
bioactivities in one type biomass
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Gold from the silvery sea

* Projectin its second year
« Approximately 50 enzymes / classes under investigation
» Inhibitor-activities against 9 drug targets screened for / under investigation

1

» Alternative source of known enzyme activities ?

« Source of new or special feature enzyme activities ?

« Can large-scale processing be used for industrial production ?
« Templates for novel drugs ?
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Other bioprospecting projects

* Focusing on "drug’-like (small molecule) marine bioactivities
* |ncludes international collaborations

- Instituto Superior Técnico, Lisboa — PhD student research visit at Nofima:

"Drugs” to enhance efficiency of delivery systems for DNA in non-viral
gene therapy or vaccination

« Coordinated proposal to EU (KBBE2012)

SmallBlue — Small molecules with big opportunities for blue biotech industry
(new technologies for discovering drugs against 35 targets related to cancer, CNS and viral / bacterial diseases)
14 partners involved, including:
- Instituto Superior Técnico
- Instituto Politécnico de Leiria
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With greetings from Tromse - thank you !

Sun position (24 h - June)
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