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Aquaculture

• Worth €3.4 billion (Europe) in 2012

• Employs >85,000 (EU)

• Important sector for coastal/rural 
communities

• Fastest growing food sector globally 
(5% to 50% fish since 1980s)

• Huge growth potential for Europe in the 
production of sustainable and high 
quality food for growing populations

Top species produced in EU:
1. Mussel
2. Trout 
3. Salmon
4. Oyster 
5. Carp
6. Sea Bream 
7. Sea Bass
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Shellfish Industry and 

Harmful Algal Blooms

• Shellfish are filter feeders

• At certain times of the year 

phytoplankton blooms can produce 

biotoxins which can accumulate in 

shellfish

➢ Impact on mussel aquaculture 

(EU): ~ €23.2 M per annum*

*ECOHARM, 2003.
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Classification EU Regulated toxin Causative organism(s) Poisoning syndromes Regulatory detection

methods

Hydrophilic Saxitoxins Alexandrium spp.,

Gymnodinium catenatum, 

Pyrodinium bahamense, certain 

cyanobacteria

Paralytic shellfish poisoning 

– potent neurotoxin

LC-FD

Domoic Acid Pseudo-nitzschia spp., benthic 

diatoms

Amnesiac shellfish 

poisoning - neurotoxin

LC-PDA

Lipophilic Azaspiracids Azadinium spp.

Amphidoma languida

Azaspiracid shellfish 

poisoning

LC-MS/MS

Okadaic acid group Dinophysis spp. and 

Prorocentrum spp.

Diarrhetic shellfish 

poisoning – neurotoxic, 

immunotoxic and 

embyrotoxic

LC-MS/MS

Pectenotoxin 2 Dinophysis spp. and 

Protoperidinium spp.

Diarrhetic shellfish 

poisoning – toxic by i.p. but 

not orally

LC-MS/MS

Yessotoxin Lingulodinium polyedrum, 

Protoceratium reticulatum

Diarrhetic shellfish 

poisoning – toxic by i.p. but 

not orally

LC-MS/MS
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Why isolate?

• Calibration standards (for accurate quantitation and 
detection)

➢ Implementation of EU regulations

➢ Protect human health

➢ Supporting the shellfish industry (limiting losses, safe product)

• Other research – mitigation, pharmacology, 

assay development, etc

• Marketable products (RMs and CRMs)

• Limited supplies

CRM Cost (€) per µg

AZA1 120

AZA2 127

AZA3 144

OA 16

DTX1 25

DTX2 55

DA 1
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Toxin sources?
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Optimisation of cell 
growth and toxin 

production

Prorocentrum lima (OA and DTX1)

Dinophysis acuta (OA, DTX2)

Azadinium spinosum (AZA1 and AZA2)

Pseudo-nitzchia australis (DA)

Microalgae culturing
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Microalgae culturing

• Light

• Temperature

• CO2

• Nutrients
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Isolation of toxins

*Kilcoyne, J., Keogh, A., Clancy, G., LeBlanc, P., Burton, I., Quilliam, M. A., Hess, P., and Miles, C. O. (2012) J. Agric. Food Chem. 60, 2447–2455.
^Jauffrais, T., Kilcoyne, J., Séchet, V., Herrenknecht, C., Truquet, P., Hervé, F., Bérard, J. B., Nulty, C., Taylor, S., Tillmann, U., Miles, C. O., and Hess, P. (2012) Mar. Drugs 10, 1360–1382.
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Flash-phenyl 

hexyl

Step 7

Semi prep

C18/C8

Ethyl acetate
1M NaCl

Aq. MeOHHexane

70% 

EtOAc/MeOH

Hexane

100% EtOAc

90% EtOAc/MeOH

50% EtOAc/MeOH

100% MeOH

Purified toxins

Step 4

Flash-phenyl

hexyl

Step 5

Semi prep

C18/C8

Ethyl acetate1M NaCl

70% 

EtOAc/MeOH

Hexane

100% EtOAc

90% EtOAc/MeOH

50% EtOAc/MeOH

100% MeOH

Purified toxins

Step 3

Silica gel

Step 2

Partitioning

Step 1

Extraction
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MARBioFEED aims to replace these 
steps (increasing yields) with one step 
that uses selective stationary phases

*Shellfish method ^Microalgae method

Immunoaffinity
columns (AZAs)

Selective stationary 
phases



29-11-2017 www.marinebiotech.eu 13

In vitro production of metabolites

Accumulation

Production

Shellfish (M. edulis)

Processing, Cooking, etc.

160 µg/kg regulatory limit (AZA1, -2 and -3)

AZA1, AZA2  

Metabolism

Severe vomiting, diarrhea

Kilcoyne, J., McCarron, P., Hess, P., and Miles, C. O. (2015) Effects of heating on proportions of azaspiracids 1−10 in mussels (Mytilus edulis) and identification of carboxylated precursors for 
azaspiracids 5, 10, 13 and 15. J. Agric. Food Chem. 63, 10980–10987.

McCarron, P., Kilcoyne, J., Miles, C. O., and Hess, P. (2009) Formation of azaspiracids-3, -4, -6, and -9 via decarboxylation of carboxyazaspiracid metabolites from shellfish. J. Agric. Food Chem.
57, 160–169.

CYP P450 enzymes
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Production of isotope-labelled toxins

• Regulatory method of analysis (LC-MS) is hindered by matrix 
interferences (analysis of crude samples)

• Use of isotopically labelled standards would correct for the 
inaccuracies caused by these interferences

• No supplies for isotopically labelled marine biotoxins (DA, AZAs and 
OA group) available 

Small/ medium scale culturing 
of A. spinosum and P. lima
using 13CO2 and/or 13CHO3

-
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Food from the Sea
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Food from the Land
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Fish Farming and Fish Feed

• Terrestrial and marine 

sourced ingredients

• Marine sourced 

ingredients typically 

include small fish e.g. 

sardines, anchovies and 

herring that are rich in 

nutrients such as 

omega-3 fatty acids

• Issues with long term 

sustainability and rising 

costs. 

http://mispint:8080/mis/Communications/Image Gallery/Aquaculture and Catchment Management/_E5T0288.jpg
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• Microalgae great 

source of nutritious 

compounds e.g. fatty 

acids, proteins and 

vitamins

• Microalgae products 

(Europe) only ~ 5% of 

global market

• Sector is in its infancy

• Requirement for more 

research – increasing 

scale and reducing costs
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Fish feed

Microalgae Fish Feed

Phaeodactylum Nannochloropsis Tetraselmis
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Microalgae Fish Feed
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Thanks for listening!

This project is supported by the First Call for 
Transnational Research Projects within the 

Marine Biotechnology ERA-NET


