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Objectives

• To increase quality and yield of high-
value products from marine biomass

• Expand product spectrum from algal
biomass (fucoidan, laminaran)

• Chemoenzymatic modification of
polysaccharides to create new high-
value products

• Reduce the use of energy, water and 
harsh/toxic chemicals in biomass
processing

• Increased recovery from waste streams

Mar3Bio
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Why this project and partnership?

Mar3Bio
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Why this project and partnership?

Laminara hyperborea stipe

Alginate

Laminaran

Fucoidan

Mannitol

Polyphenols & Pigments

Cellulose

Minerals

Proteins

Mar3Bio
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Why this project and partnership?

Chitin/Chitosan

Pigments
Minerals
Proteins

Mar3Bio
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Why this project and partnership?

 Current technology for marine biomass processing  not useful 
for cost efficient separation/recovery of multiple products

 The knowledge about structure and composition of marine 
biomass not good enough to suggest good enzyme assisted 
strategies for treatment and fractionation

 The enzyme toolbox for processing of marine biomass is not yet 
developed for industrial utilization

 Products are poorly characterised

 Some of the products lack good applications  

Mar3Bio

needs/gaps 
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Why this project and partnership?

Fresh raw materials

Mar3Bio
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Why this project and partnership?

Access to samples and waste streams from 
large scale macroalga processing plant

Mar3Bio
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Why this project and partnership?

Novel enzymes 
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Why this project and partnership?
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Progress to date - examples

L. Hyperborea leaf

WP 2 – Characterization
of biomass process

streams and products
(NTNU)

WP 1 – Upstream biorefinery of
marine biomass (DuPont)

WP 3 – Production of polysaccharide
products targeting multisectorial

applications (UNITS)

WP 4 – Enzyme and 
substrate production

(KTH) 

Mar3Bio

WP5 Management, coordination 
and training (SINTEF)
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WP 1 – Upstream biorefinery of marine biomass

Shrimp shells

Crab shells

Chitin/Chitosan production
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• New  Chemical pre-treatment methods
• Enzymes for deproteination
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WP 1 – Upstream biorefinery of marine biomass

New  Chemical pre-
treatment metodes for 

chitosan production

Mar3Bio

Non-thermal
plasma

Use of deep eutectic 
solvents (DES)

Deacetylation (DES)
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Demineralisation
Acid

Deproteinisation
NaOH, heat

Deacetylation
NaOH, heatCHITIN CHITOSAN

WP 1 – Upstream biorefinery of marine biomass

Enzyme assisted chitosan manufacturing

One step chemoenzymatic
procedure
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WP 2 – Characterisation of biomass process
streams and products

Biomass
anlayses

Fractions
Waste streams Products

Processing Isolation/purification

Structure
Composition
Distribution
Interactions

Composition
Quantification

Purity 
Structure (linkages)
True biological effects 

A wide range of analytical tools and analytical infrastructure necessary
Lack of good standards is a challenge
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WP 2 – Characterization of biomass process
streams and products

Strategies for chemoenzymatic biomass fractionation and enzymatic 
modifications based on detailed understanding of 
structure/composition  of the biomass and derived products
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WP 2 – Characterization of biomass process
streams and products

Laminaria hyperborea stipe

Epidermis

Meristoderm

Outer Cortex

Inner Cortex
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WP 2 – Characterization of biomass process
streams and products

MRI of  Laminaria digitate 

FT-ICR-MS ultra high resolution
MS-identification. 

Laminaria hyperborean stipe 

S

Laminaria hyperborean stipe 

Alginat

Fucoidan
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WP 4 – Enzyme and substrate production

Thermostable enzymes in Mar3Bio
Biomass Application Enzyme 1 Enzyme 2 Enzyme 3

Laminarin degradation β-1,3 endoglucanase 
(Amo176)

β-1,3 exoglucanase
(Amo305)

β-1,6 endoglucanase 
(Cel136)

Laminarin branching and 
degradation

Beta-transglucosidase 
Glt20 (GH17)

Beta-transglucosidase 
Glt20 (GH17)

Fucoidan degradation α-L-fucanases (aFuc) Novel putative endo-
fucosidases

Fucose desulfation Sulfatase (SulA)

Alginate degradation Endo alginate lyases 
AlyRm1, 2 and 3 (PL6 and 
unknown)

Exo alginate lyase 
AlyRm4 (PL17)

Alginate extraction Putative laccases

Protein degradation Aqualysin (AQUI)

Chitin degradation Chitinases ChiM6 and 
two domain ChiM7 
(GH18)
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WP 4 – Enzyme and substrate production

Available expression systems

Bacteria Yeast Insect cells Mammalian cells

Cells for production

http://www.google.no/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=GsmP_ggq4Np8xM&tbnid=9WPYR4MA_kBRZM:&ved=0CAUQjRw&url=http://nikon2.magnet.fsu.edu/galleries/phasecontrast/chocellssmall.html&ei=ZWp5UvbqFpT24QS-14CoCw&bvm=bv.55980276,d.bGE&psig=AFQjCNGWieaveBKLRERA1IrTY1zCnU1CCA&ust=1383775175887573
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WP 3 – Production of polysaccharide products
targeting multisectorial applications

WP 4 – Enzyme and substrate production

Alginate epimerases

Time-resolved NMR

TAILORED ALGINATES



23-11-2017 www.marinebiotech.eu 23

High added value modified polysaccharides from chitosan

Chitlac
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WP 3 – Production of polysaccharide products
targeting multisectorial applications
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Chitlac. A bioactive molecule with applications in biomaterials

Coatings for hard 
tissue applications

Chitlac Ti6Al4V

BIC           72%                46%

Ag-containing 
antimicrobial 
coatings

Antimicrobial In vitro In vivo

Hippocampal cultures

Chitosan Chitlac

Spontaneous Post-Synaptic currents

Neural tissue
regeneration
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Chitlac. Large scale production in medical grade

Endotoxin free

Production up to 1 Kg per batch according to ISO 9001 biopolLife
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Mar3bio - Roadmap

Mar3Bio
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Five thematic areas of the strategic research and innovation

Chitlac
Chito-oligomers
Marine - peptides
Alginates
Fucoidan
Laminaran
……
……

Enzymes

Enzymes
Marine Biomasses

Chemoenzymatic
methods for processing
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Future perspectives
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Mar3bio activities
highly relevant for future 
biorefineries utilizing 
cultivated seaweed

Mar3bio technology will 
support further development 
of European industry 
companies utilizing marine 
biomass

Mar3bio will train young scientists and 
contribute to increased focus on Marine 
Biotechnology in the partners institutions
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