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Marine Natural Products, General Outline: 
• 2º metabolism (specialized metabolism) 

• Types of bioactivity 
• Toxins, bioaccumulation, chemical ecology 

• Plant metabolites 
• Invertebrate metabolites (soft, exposed, sessile- 
chemically defended 

• Classifications and biosynthetic pathways 
• Acetogenins/polyketides 
• Terpenes 
• Peptides 
• Polyethers 

• Microbial metabolism 
• Some molecules 
• Biosynthesis 
• Biodiversity 
• Siderophores- marine biogeochemistry relevance 

20.1 



Some types of bioactivities: 
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Major microalgal toxins: 
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Major toxins, Maitotoxin from Gambierdiscus toxicus,: 

Benthic dinoflagelate 
produces this as well 
as ciguatoxin,  
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Major toxins: 

Brevetoxin, a red tide neurotoxin produced 
by Karenia brevis. Binds to voltage-gated 
sodium channels. 
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Chemical Ecology: Marine Invertebrates 

Chemical defenses are also important for microbes! 

Physical Defenses Soft-bodied animals with  
Chemical Defenses 
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Molecule sequestration for 
defense: 

Aplysia californica studied for its simple and large ganglia. Sequesters toxins 
from red Laurencia sp. alga- feed lettuce it eventually sheds toxin and turns 
green.  
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Palytoxin, used by Hawaiian  
natives to tip spears for mortal combat: 

LD50 of 0.15µg pr kg in mice, one of most potent small 
molecules known Nature, Vol. 302:17 p212, 1983 

Palythoa toxica a soft coral. 
Reefcorner.com 

Ostreopsis siamensis, 
and other members of 
this genus of benthic 
dinoflagelate are also 
known or implicated in 
palytoxin production- 
bioaccumulation in 
bivalves and parrotfish 

Absolute stereochem solved: JACS, 104, p. 
7369, 1982 
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Other Toxins: note extraordinary toxicity of protein type toxins 
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Toxins: 

Gambierdiscus toxicus, a 
dino, metabolites 
bioaccumulate as above 

Prorocentrum lima, dinoflagelate 
metabolites known to 
bioaccumulate 

From: Foodborne Toxins of Marine Origin. 
Rev. Environ. Contam. Ecol. Vol. 117 p. 51, 
1991 

Basically, never eat and 
old, territorial, tropical fish... 
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Domoic Acid: toxicity to marine mammals 

Frances Gulland, The Marine Mammal Center, San Francisco, California 

Toxin causes Amnesic Shellfish Poisoning in humans- 
lesions to mammalian brain, odd behavior in california sea 
lions, such as above, and swimming up rivers as far as 50 
miles- never before reported in California. Strange bird 
behavior as well- dive bombing cars. 
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Monitoring for toxins: a major public health issue 

From: Foodborne Toxins of Marine Origin. 
Rev. Environ. Contam. Ecol. Vol. 117 p. 51, 
1991 

• Direct testing using chemical method such as LC/MS, time-
consuming 

• Animal testing, mouse LD50 (response time not fast enough) 

• Hapten formation with small-molecule enables immunogenic 
response to antigenic epitope. Hybridoma cell lines for large-
scale monoclonal antibody production- big investment... 

• Measure known producers using nucleic acid based methods, 
PCR, Southern Hybridization. ect. 
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Measuring Domoic Acid directly in environment 

Environmental Sample Processor, Dr. Chris Scholin, MBARI 

DNA hybridization/PCR 
detection (10 cells per mL) 
and monoclonal antibody 
ELISA assay (sensitive to 0.5 
ng/mL) enable measurement 
of producer and molecule 
directly and process data 
within hours 

20.13 



Pachydictyol: 
• PachA One of the most potent 
grazing deterrents known, working 
at 100 fold lower concentrations 
than natural abundance in Dictyota 
coriaceum, a brown alga (CA coast 
from Santa Barbara to Baja). 
• Originally discovered as a weak 
antibiotic 
• The amphipod Pseudoampithoides 
incurvus builds domiciles from 
leaves of alga, but does not 
sequester toxin 
• PachE very weak antigrazing with 
fish, but high activity against sea 
urchins  

JACS, 1973, 95 (12), pp 4049–
4050 

Oecologia, v. 75, Number 2, 1988, 246-252 
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Conotoxins and Other Peptides: 

Ziconotide, the most potent pain 
reliever known. Just released on 
the market. 
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Boring Sponge metabolite: possible mechanism for calcium 
sequestering and degradation of hard substrate. 

Description: This is the largest and 
sponge, occurs in the British Isles. 
Bores into limestone and other 
calcareous substrata, shells, coral. 
The boring stage is seen as clear 
sulphur lemon lobes, which are the 
rounded tips of papillae in the rock. 
The raphyrus stage becomes massive 
lobose with raised, rounded ridges. 
Large specimens may be up to 100 cm 
across and 50 cm high. The colour is 
bright yellow in life. The surface of this 
form is evenly covered by tuberculate 
inhalant papillae. Large oscules with 
raised rims are found along the tops of 
the ridges.  
www.habitas.org.uk/marinelife 
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Polyketides, some extraordinary examples: 
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Biosynthesis/Terpenes: 
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Non Ribosomal Peptide biosynthesis: 

Fig. 1, each NRPS module consists of three core domains: an 
adenylation (A) domain, which selects the cognate amino acid, 
activates it as an amino acyl adenylate and transfers it to the T 
domain (also known as peptidyl carrier protein, or PCP) where a 
thioester bond is formed, a condensation (C) domain 

Nat. Prod. Rep., 2007, 24, 1073–1109 | 1073 20.22 



Polycyclic ether toxins, an aqueous synthetic route possibly 
occurring in nature: 

The Nakanishi cascade hypothesis. More 
than 20 years ago, Nakanishi put forth a hypothesis 
that accounts for these structural and 
stereochemical similarities—the transformation 
of a polyepoxide (e.g., 4) into a ladder polyether 
via a series or “cascade” of epoxide-opening 

SCIENCE VOL 317 31 AUGUST 2007 20.23 



Applications- Drugs from the Sea: 

Potent activity against solid 
tumors, available in clinic now 
• Semi-synthetic production by 
PharmaMar 
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Halogenation: Input of VHOC’s by macroalgae 
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Halogenation: Input of VHOC’s by macroalgae 
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Halogenation: making a molecule resistant to biodegradation 
and/or a better ligand 

Accounts of chemical research (2009) vol:42 iss:1 pg:147 
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Halogenation: 5 basic types of enzymes known 
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Siderophores: important in biomedicine 
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Siderophores: 

Aerobactin 

Enterobactin 

Biomedical Question: why is aerobactin favored by 
pathogenic serovars of E.coli? 

• Ferric enterobactin esterified or destroyed upon uptake 
• Ferric aerobactin readily releases iron, stays intact 
• Enterobactin has low serum solubility-studies show 
aerobactin more efficient at iron delivery in equimolar 
competition studies 
• Enterobactin elicits host immune response 
• Clustering of biosynth genes could aid in rapid evolution 
siderophores 
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Iron limitation in the marine environment: 

Special requirements and selective pressures in marine 
environments?  
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Siderophores: Transporting Boron? 

Petrobactin and vibrioferrin recently found to have unexpected 
binding affinity to Boron (a cofactor that is limiting in terrestrial 
env)- not all siderophores tested showed this. Cobalt and Zinc 
limiting in marine env, cognate chelators for these? 
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1 cm 

“Embryos of the shrimp Palaemon macrodactylus  
are remarkably resistant to infection by the fungus  
Lageniditlm callinectes, a recognized pathogen  
of many crustaceans...” 
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Do antibiotics function in natural setting? 
Clavulanic acid and the story of Augmentin® 

Potent inhibitor of  
β-lactamase 

Potent inhibitior 
of cell-wall  
synthesis 
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Biodiversity:  
chemical diversity 

• Vast majority of diversity is 
within the Archaea and 
Bacteria. 

• Find-em-and-grind-em 
surveys shows certain 
hotspots-Why? Is this 
representative? 

• What pressures are 
microbes experiencing and 
how do specialized 
metabolites aid adatpation? 

20.34 



Phylogenetic tree of the 
domain Bacteria based on 
16S rRNA gene sequences 

(from: Keller and Zengler 2004 Nature 
Rev. Microbiol. 2:141). 

53 bacterial phyla with cultured 
representatives are shown in blue 

and green.   

Only 5/24 cultivated phyla 
produce anti-infectives (in blue). 

Actinomycetes represent the 
major source of fermentation-

derived secondary metabolites. 
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Genomic survey of Thiotemplate Modular 
Systems (PKS and NRPS type clusters) 
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Essential metabolites 

Secondary metabolites  
Degradative enzymes 

Chromosome arms 

Bentley, et al, Nature (2002) 417, 141-147 

Streptomyces coelicolor: Knowledge 
    Gained from Genome Analysis 

8.7 Mbp 

•  60 proteases/peptidases 

•  13 chitinases/chitosanases 

•  5X more secreted hydrolases 
than B. subtilus 

•  13 different classes of 
secondary metabolites 
predicted 
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-Potent anti-parasite compound 
-Used in agriculture and medicine 
-Kills mites which normally feed on hyphae 
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Fig. 1. Circular chromosome of S. tropica CNB-440, oriented to the dnaA gene 

Nearly 10% of genome 
devoted to natural product 
synthesis 

Highest proportion  
to date of any genome! 
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Investigation of Salinospora  strain # CNB-392 - Bahamas


- Crude culture extract showed potent

  cytotoxicity  against HCT-116 colon

  carcinoma. 


-  Cultured in shake flasks for 15

   days with added XAD-16 absorbent

   resin.


-  Resin filtered and eluted with

   methanol


-  Cultured in seawater medium


-  Marine-derived nutrients  


Light micrograph @ 30X, 
colonies on agar
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Cytotoxicity-Guided Isolation of Salinosporamide A

Crude extract - potent cytotoxicity

From XAD-16 resin

1 liter culture (105 mg)


RP-C18 - Gradient
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%MeOH

In H2O
 75%
 90%


(51 mg)
RP-C18-HPLC (85% MeOH / H2O) 


NP-Silica HPLC, EtOAc / TMP 9:1
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3
2
1
 Salinosporamide A

6.7 mg


Many new compounds

    potent 

cytotoxicity
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Salinosporamide A 

•  Currently in Phase II clinical trials 
“Fast-Track” for Multiple Myeloma 
at Dana Farber and other clinics  

•  Potent inhibitor of the 20S 
proteasome 

•  Also being developed as an Anti-
malaria agent 

•  “Composition of Matter Patent” 
Solely licensed to Nereus 
Pharmaceuticals Inc. 

“Salinosporamides and methods for use thereof” R.F. Feling, T.J. Mincer, 

P.R. Jensen, W.F. Fenical. (U.S. Patent #7,176,233) 2007.


Anti-tumor / anti-malaria agent Salinosporamide A 
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Feling et al. Angew. Chem. 2003.
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Cytotoxicity (NCI) of Salinosporamide A 

-  At 10 nM, never reached 

   a GI50 for any cell line.  


-  Over a 4 log range 

   between resistant and

   sensitive cell types.


-  Several diverse cancer 

   types show excellent 

   sensitivities. 


LC50

6.3 µM
GI50


< 10 nM 


TGI

0.2 µM
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Other Salinosporamides Isolated
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“We speculate that mycolactone protects  
M.ulcerans from predatory eukaryotes in its 
 natural habitat(22, 23).” 

20.46 



Mycolactone: a metabolite that induces necrosis 
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