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•• Marine drugsMarine drugsgg

–– Ocean as source of novel bioactive compoundsOcean as source of novel bioactive compounds
–– Unique chemistry (anti cancer drugs  new Unique chemistry (anti cancer drugs  new –– Unique chemistry (anti cancer drugs, new Unique chemistry (anti cancer drugs, new 

antibiotics (against MRSA)antibiotics (against MRSA)
Bi l i l d ti  th dsBi l i l d ti  th ds–– Biological production methodsBiological production methods

•• Food and FuelFood and Fuel
–– Marine biomass (seaweed, microalgae...)Marine biomass (seaweed, microalgae...)
–– No use of fresh water for productionNo use of fresh water for productionNo use of fresh water for productionNo use of fresh water for production
–– Separation processes for bulk products: Separation processes for bulk products: 

biorefinerybiorefinerybiorefinerybiorefinery
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The “potential” of marine biotechnologyThe “potential” of marine biotechnology

Colwell (2002): Colwell (2002): 
-- “Marine Biotechnology is poised on the edge of “Marine Biotechnology is poised on the edge of Marine Biotechnology is poised on the edge of Marine Biotechnology is poised on the edge of 

a period of tremendous potential” a period of tremendous potential” 
potential for drug discoverypotential for drug discovery–– potential for drug discoverypotential for drug discovery

-- potential for drug developmentpotential for drug development
-- potential for drug designpotential for drug design
Initial focus on drugs; now the potential is much Initial focus on drugs; now the potential is much f g ; p mf g ; p m

larger: food larger: food andand fuel!fuel!
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Several marine drugs have been available Several marine drugs have been available 
for decadesfor decadesfor decadesfor decades

-- Bergmann (1950): extracted novel nucleosides Bergmann (1950): extracted novel nucleosides Bergmann (1950): extracted novel nucleosides Bergmann (1950): extracted novel nucleosides 
from sponges (from sponges (Cryptothetya cryptaCryptothetya crypta))
Synthesis of antiviral drugs and anticancer Synthesis of antiviral drugs and anticancer -- Synthesis of antiviral drugs and anticancer Synthesis of antiviral drugs and anticancer 
drugsdrugs
AZT ( id di  T iAZT ( id di  T i ®) ti HIV-- AZT (zidovudine, TerovirAZT (zidovudine, Terovir®): anti HIV

-- Acyclovir (ZoviraxAcyclovir (Zovirax®): anti herpes
-- AraAra--A (VidarabineA (Vidarabine®): antiviral
-- Ara C (CystosarAra C (Cystosar--UU®): anti leukemias
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The “potential” of marine biotechnologyThe “potential” of marine biotechnology

An early discovery from the 1950’s — an antiviral chemical derived from 
 m i  s  s d t  t t h s i f ti s
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Synthetic or “natural” drugs?Synthetic or “natural” drugs?

-- Major effort from Major effort from -- Major effort from Major effort from 
pharmaceuticl companies to pharmaceuticl companies to 
develop synthetic drugsdevelop synthetic drugs OAC
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•• PrialtPrialt  (aka (aka ZiconitideZiconitide, SNX, SNX--111) is a synthetic 111) is a synthetic PrialtPrialt (aka (aka ZiconitideZiconitide, SNX, SNX 111) is a synthetic 111) is a synthetic 
analog of the analog of the omegaomega--conotoxinconotoxin MVIIAMVIIA

•• 100100--1000x more potent than morphine1000x more potent than morphine
•• It has been approved for use by the FDA for chronic It has been approved for use by the FDA for chronic 

pain associated with AIDS and cancerpain associated with AIDS and cancer
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YondelisYondelis®®YondelisYondelis®®

•• Antitumor drug derived from the colonial Antitumor drug derived from the colonial 
tunicate tunicate EcteinascidiaEcteinascidia turbinataturbinata and now and now tunicate tunicate EcteinascidiaEcteinascidia turbinataturbinata and now and now 
produced produced semisemi--syntheticallysynthetically

•• Developed by Developed by PharmaMarPharmaMar in partnership with in partnership with Developed by Developed by PharmaMarPharmaMar in partnership with in partnership with 
Johnson & Johnson Pharmaceutical R&D Johnson & Johnson Pharmaceutical R&D 

•• Marketing authorization from the EC for the Marketing authorization from the EC for the gg
treatment of soft tissue sarcoma and ovarian treatment of soft tissue sarcoma and ovarian 
cancercancer
Ph MPh M i  k ti  i  k ti  Y d liY d li i  E  i  E  •• PharmaMarPharmaMar is marketing is marketing YondelisYondelis in Europe; in Europe; 
Ortho Biotech Products, L.P. will market it in the Ortho Biotech Products, L.P. will market it in the 
U S  and the rest of the world  once approved  U S  and the rest of the world  once approved  
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NonNon--pharma applicationspharma applicationsNonNon pharma applicationspharma applications

Nutritional 
supplementssupplements

Cosmetics

Deep VentR™ 
DNA Polymerase

Biomedical research probes 

DNA Polymerase
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Bi di l f  lBi di l f  lBiodiesel from algaeBiodiesel from algae

•• High productivityHigh productivity
–– 20,00020,000--80,000 l/ha/year80,000 l/ha/year
–– Palm oil: 6,000 l/ha/yearPalm oil: 6,000 l/ha/yearPalm oil  6,000 l/ha/yearPalm oil  6,000 l/ha/year
–– Salt waterSalt water

N  N  titititi i h f di h f d–– No No competitioncompetition with foodwith food
•• Many activities in US and EuropeMany activities in US and Europey py p

–– ExxonMobil, Sapphire, Aurora, NREL...ExxonMobil, Sapphire, Aurora, NREL...
Shell  AlgaePARC  Carbon TrustShell  AlgaePARC  Carbon Trust–– Shell, AlgaePARC, Carbon Trust...Shell, AlgaePARC, Carbon Trust...



Economical Viability: biorefinery
Bulk chemicals and Bulk chemicals and biofuelsbiofuels in 1,000 kg microalgaein 1,000 kg microalgae
•• 400 kg lipids400 kg lipids

Economical Viability: biorefinery

–– 100 kg as feedstock chemical 100 kg as feedstock chemical 
industry (2 industry (2 €€/kg lipids)/kg lipids)

–– 300 kg as transport fuel (0.50 300 kg as transport fuel (0.50 
€€/k  li id )/k  li id )€€/kg lipids)/kg lipids)

•• 500 kg proteins500 kg proteins
–– 100 kg for food (5 100 kg for food (5 €€/kg /kg 

t i )t i )protein)protein)
–– 400 kg for feed (0.75 400 kg for feed (0.75 €€/kg /kg 

protein)protein)
•• 100 k  p lysaccharides100 k  p lysaccharides•• 100 kg polysaccharides100 kg polysaccharides

–– 1 1 €€/kg polysaccharides/kg polysaccharides
•• 70 kg of N removed70 kg of N removed

2 2 €€/k  i/k  i
N removal

140 €

Oxygen
 256 €

Chemicals 
200 €

Biofuels
150  €

Food proteins 
500 €–– 2 2 €€/kg nitrogen/kg nitrogen

•• 1,600 kg oxygen produced1,600 kg oxygen produced
–– 0.16 0.16 €€/kg oxygen/kg oxygen

Sugars
100 €

140 €500 €

Feed proteins 
300 €

•• Production costs: 0.40 Production costs: 0.40 €€/kg /kg 
biomassbiomass

•• Value: 1.65 Value: 1.65 €€/kg biomass/kg biomass



To replace all transport fuel in To replace all transport fuel in p pp p
EuropeEurope
•• 400 million m400 million m33 lipids neededlipids needed
•• 9 25 million ha surface area9 25 million ha surface area•• 9.25 million ha surface area9.25 million ha surface area
•• Equivalent to surface area of PortugalEquivalent to surface area of Portugalq gq g
•• 400 million tons of proteins produced400 million tons of proteins produced

20 ti th t f t i20 ti th t f t i•• 20 times the amount of soy protein 20 times the amount of soy protein 
imported in Europeimported in Europe



Light dilution in the labLight dilution in the labLight dilution in the labLight dilution in the lab

•• Dilution of lightDilution of light
B  i l fl  B  i l fl  •• By vertical flat By vertical flat 
panelspanels

•• Imitation of Imitation of •• Imitation of Imitation of 
day/night cyclesday/night cycles

•• Model system:Model system:Model system:Model system:
Chlorella Chlorella sorokinianasorokiniana

•• 1.4 cm panel reactor1.4 cm panel reactorm pm p



Li ht dil ti  i  th  l bLi ht dil ti  i  th  l bLight dilution in the labLight dilution in the lab
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Li ht dil ti  i  tiLi ht dil ti  i  tiLight dilution in practiceLight dilution in practice

•• Vertical panelsVertical panels
Submerged (Submerged (SolixSolix–– Submerged (Submerged (SolixSolix
BiofuelsBiofuels): US): US
I fl t bl  b  I fl t bl  b  –– Inflatable bags Inflatable bags 
((ProvironProviron): EU ): EU 
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World map of algae biomass productivity (t ha-1 year-1) World map of algae biomass productivity (t ha 1 year 1) 
(at 5% photosynthetic efficiency and 20 MJ kg-1 dry biomass)

Source: Prof. Mario Tredici (Italy)



Not only production system Not only production system Not only production system Not only production system 
needs to be improvedneeds to be improved
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Wh t  i  tWh t  i  tWhat we aim atWhat we aim at

•• We are developing a new We are developing a new 
t h l  f  tt h l  f  t ff ti  ff ti  

Design
Systems

Biology

technology for costtechnology for cost--effective effective 
production of fuels, foods and production of fuels, foods and 
chemicals from algaechemicals from algae

Application

development

Systems 

Design

Metabolic

Modelling

chemicals from algaechemicals from algae
•• Requires a multidisciplinary Requires a multidisciplinary 

approachapproach

Product

processing

Fermentation

technology
Chains

Strain 

Development

approachapproach
•• We should be active and We should be active and 

collaborate in all these collaborate in all these 
A l ti

Bioprocess

Engineering

S l

Biorefinery

disciplinesdisciplines
AnalyticsScale-up



SummarySummarySummarySummary
•• Marine drugsMarine drugsgg

–– SSource for novel bioactive compoundsource for novel bioactive compounds
–– Unique chemistry (anti cancer drugs  new Unique chemistry (anti cancer drugs  new –– Unique chemistry (anti cancer drugs, new Unique chemistry (anti cancer drugs, new 

antibiotics (against MRSA)antibiotics (against MRSA)
Bi l i l d ti  th dsBi l i l d ti  th ds–– Biological production methodsBiological production methods

•• Food and FuelFood and Fuel
–– Marine biomass (seaweed, microalgae...)Marine biomass (seaweed, microalgae...)
–– No use of fresh water for productionNo use of fresh water for productionNo use of fresh water for productionNo use of fresh water for production
–– Separation processes for bulk products: Separation processes for bulk products: 

biorefinerybiorefinerybiorefinerybiorefinery
Biotechnology Research for a Complex WorldBiotechnology Research for a Complex World

Barcelona, June 2, 2010Barcelona, June 2, 2010



USUS--EU Collaboration EU Collaboration 
i  M i  Bi t h li  M i  Bi t h lin Marine Biotechnology:in Marine Biotechnology:
the Past Two Decadesthe Past Two DecadesDD

•• Collaborations:Collaborations:
M i  l d  d  di  d d l   M i  l d  d  di  d d l   –– Marine natural products drug discovery and development;  Marine natural products drug discovery and development;  
sustainable development of marine resourcessustainable development of marine resources
Uni siti s  s h instit t s  p i t  s tUni siti s  s h instit t s  p i t  s t–– Universities, research institutes, private sectorUniversities, research institutes, private sector

•• Funding: Funding: 
–– Developed independently by PI’s Developed independently by PI’s 

•• EU scientists funded from EU member state science foundations EU scientists funded from EU member state science foundations 
and/or from ECand/or from ECand/or from ECand/or from EC

•• U.S. participation funded independently by U.S. agenciesU.S. participation funded independently by U.S. agencies
•• Programs to support workshops and travel, but not linked R&DPrograms to support workshops and travel, but not linked R&D
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USUS--EU Collaboration EU Collaboration 
i  M i  Bi t h li  M i  Bi t h lin Marine Biotechnology:in Marine Biotechnology:
the Next Two Decadesthe Next Two Decades

•• Explore new mechanisms for collaborationExplore new mechanisms for collaboration
DD

–– U.S. agency programs for matching support for  U.S. agency programs for matching support for  
U.S. participation in linked EUU.S. participation in linked EU--US projectsUS projectsp pp p p jp j

–– Facilitate nonFacilitate non--conventional collaborations & conventional collaborations & 
interdisciplinary approachesinterdisciplinary approachesp y ppp y pp

–– Provide funding for high risk research that  Provide funding for high risk research that  
could lead to innovative and transformative could lead to innovative and transformative could lead to innovative and transformative could lead to innovative and transformative 
technologiestechnologies
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