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Marine microbial diversity



Universe http://purehdwall.com





Microbes and ecosystem functioning

• Baseline
studies

• Nitrogen and
carbon fixation



Chlorophyll a 
distribution

Microbes and ecosystem functioning



Difficulties in studying microbes

Size
Diversity
Systematics
Dynamics
Distribution
Sampling



Unbalanced microbe communities

• Contamination (anthropogenic origin)
• Global changes (temperature increase, 

acidification)
• Invasive species (balast water, aquaria, 

aquaculture)
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Ostreopsis ovata

palytoxin and ovatoxin-a

Episodes in Europe
reported since 2001

Until recently confined to 
Mediterranean

Bloom in 2011 in Algarve 
(south Portugal)



Emergent risks- “new” red tides

Algarve 2011

Ostreopsis spp. – palitoxin



Palytoxin and
analogues

Organism Ostreopsis ovata

Symptoms Chest pain, respiratory distress, tachycardia, unstable 
blood pressure, hemolysis

Treatment Life support system

Toxins Palitoxin and ovatoxin-a

Mode of action Open sodium channels
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Ciguatera
Intoxication by ciguatoxins

Organism Gambierdiscus toxicus (vectors – carnivorous fish -
barracuda)

Symptoms Symptoms 6 hours after ingestion; onausea, 
diarrhoea, vomits, headache, vertigo, muscular 
weakness, prostation. Cardiovalscular symptoms, 
brachycardia or tachycardia, low blood pressure. Low
mortality following respiratory or cardiac arrest .

Treatment Life support system

Toxin ciguatoxin

Mode of action Block sodium channels
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Ciguatoxin (CTX)
C61H88O19

Mol. Wt.: 1125,34 g/mol





Gambierdiscus episodes in the Mediterranean

Samples collected from 2003-
2007 showed the occurrence
of Gambierdiscus in Greece.

(Aligizaki and Nikolaidis, 2008) 



Gambierdiscus episodes in the North Atlantic
Spain

Perez-Arellano et al. [2005] reported for the first 
time the occurrence of CFP in the Canary 
Archipelago. 

In January 2004, a 26-kg amberjack (Seriola
rivoliana) was eaten and caused human 
intoxications.

Portugal

Six patients were intoxicated after consumption of
various fish species (Seriola sp., Sparisoma
credence, Serranus atricauda, Bodianus scrofa, 
Balistes capriscus and Pagrus pagrus) captured at
the Selvagem Island (Madeira archipelago).

Otero et al (2010) established the profile of the
ciguatoxins of the fish. 
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First Report of Tetrodotoxin in Europe  (2007) 

Trumpet Shell Charonia lampas lampas

(Rodriguez et al., 2008)

C. lampas bought in Malaga market
(molusks caught in Algarve, Portugal)

49 year old man with abdominal pain 
with nausea and 
vomiting, weakness, difficulty 
articulating words and keeping the 
eyelids open, and difficulty breathing. 
Fully recovered after 72 h



Intoxication by
tetrodotoxin N
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Organism Vibrio , Serratia maecescens and Microbacterium
arabinogalactanolyticum (vectors – fish, gastropods, 
crustaceans, echinoderms)

Symptoms 20-30 minutes after ingestion, dry lips, paresthesia of 
face and limbs, dizziness, headache, nausea, vomits,. 
Muscle paralysis, cyanosis, low blood pressure,. 
Paralysis of the victim for 6-8 hours (zombie state) until 
death.  

Treatment Life support system

Toxin tetrodotoxin

Mode of action Block sodium channels
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Seach of new marine toxin vectors





Impacts on human health

(-) Microbial contamination in recreational waters
(bacteria, virus, HAB).

(-) Harmful Algal Blooms (fish and shellfish)

(+) New pharmaceuticals, nutraceuticals, 
cosmeceuticals and other industrial applications



Isolation and culture of microorganisms

• discovery of new 
bioactive molecules 
isolated from bacteria, 
cyanobacteria and fungi



Investing in our common future
Lissoclinum patella

Free living cyanobacteria Symbioses with sponges Symbioses with ascidians

Cyanobacteria: Promise microbial group in the search of novel bioactive compounds

• small ribosomal cyclic peptides
• antimalarial, antitumor, multidrug reversing activities
• potential as pharmaceutical leads

Cyanobactins:



Investing in our common future

Cyanobactins chemical structures

Sivonen et al., 2010; Donia et al., 2008; Ziemert et al., 2008; 

Patellamide A

Microcyclamide A

Tenuecyclamide C

Trunkamide Anacyclamide A10

Trichamide

Lyngbyabactin A

Nostoc spongiaeforme

Anabaena sp.

Trichodesmium erythraeum

Lyngbya aestuari

Microcystis aeruginosa

Prochloron spp. 

Prochloron spp. 



Investing in our common future

Bioactivity of some selected cyanobactins produced by Cyanobacteria

Compound Bioactivity References

Patellamide A Cytotoxic, antineoplastic Ireland et al., 1982

Microcyclamide A Moderate cytotoxicity against P388 murine 
leukemia cells

Ishida et al., 2000; Ziemert et al., 2008

Trunkamide Cytotoxic, multidrug reversing activity Caba et al., 2001; Salvatella et al., 2003; Donia et 
al., 2008

Trichamide No effects found (tested for cytotoxic,
antifungal, antibacterial and antiviral activities) 

Sudek et al., 2006



Investing in our common future

Cyanobactin gene clusters published from seven distantly related cyanobacteria
(Sivonen et al., 2010)

Genes encoding proteases

Genes encoding a short 
precursor peptide

Genes encoding proteins 
involved in the maturation 
of the cyanobactin

Conserved and hypothetical 
open reading frames

Genes Function:



Investing in our common future

Molecular Screening: PCR analyses for cyanobactin (CBT) genes detection

Sequences from 
different 

cyanobacterial taxa

Primers design:

patA-like gene
patG-like gene

PCR: optimization 
and screening in 

LEGE CC

Sequencing

- pGEM®-T Easy Vector Systems kit (Promega)

- transformation of chemically competent Escherichia coli ONE Shot TOP10 cells 

- plasmid extraction with GenElute Plasmid Miniprep kit (Sigma-Aldrich) 

Cloning

Primer set selection and optimization 

• patA-like gene

Phylogenetic relationships





Needs – ex situ analysis

• Sampling devices for extreme environments
(high depth, high temperature, high turbidity)

• Multiple sampling
• High volume or filtration/concentration of

sample
• Possibility of simultaneous image capture in

case of HAB (incorporated microscope?)



• Chlorophyll mapping with alarm system
Ex: HAB in shellfish production areas and in

recreational sites

Needs – in situ analysis

http://www.gma.org



• RT-PCR (real time on line analysis of microbes) 
and possibility of sampling

• Ex genes PKS and NRPS responsible for 
interesting secondary metabolites.

Needs – in situ analysis

Patellamide A Lyngbyabactin A



Real time analysis of microbial contamination in
recreational sites – sensors for microbes?

Ex. Blue flag standard

Sensors for HAB toxins (seafood safety)

Needs – in situ analysis
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