
Dr. Kristen Whalen 
Marine Chemistry & Geochemistry 

Woods Hole Oceanographic Institution 



Photo credit: Thomas Vignaud, www.oceanexplorer.noaa.gov, www.postermagnet.com, 

www.masterfile.com, Kevin Raskoff, www.news.discovery.com 



Multiple roles of marine natural products 
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Clinical 

Status 

Compound name Disease Molecular 

Target 

Collected  

FDA approved Cytarabine 

(Ara-C) 

Cancer DNA 

polymerase 

Sponge 

FDA approved Vidarabine  

(Ara-A) 

Antiviral Viral DNA 

polymerase 

Sponge 

FDA approved Eribulin Mesylate 

(E7389) 

Cancer Microtubules Sponge 

FDA approved Trabectedin  

(ET-743) 

Cancer Minor groove of 

DNA 

Tunicate 

FDA approved Brentuximab 

vedotin 

Cancer Microtubules Mollusc 

Phase II Plinabulin  

(NPI 2358) 

Cancer Microtubules 

and JNK stress 

protein 

Fungus 

Phase II Elisidepsin Cancer DNA binding Nudibranch 

Phase I Bryostatin 1 Cancer, 

Alzheimer’s 

Protein kinase C Bryozoan 

Phase I Pseudopterosins Pain, wound 

healing 

Eicosanoid 

metabolism 

Soft Coral 

Partial list of the 20 MNP (derived or inspired) in use or in trials 
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Collected sources Organism responsible 

for drug production 

Where should we focus our effort? 



 

Bacteria in the ocean have evolved 

to…. 

secrete novel chemical 

weapons to survive 

Novel chemistry 



At WHOI,  

we are leveraging  

the chemical diversity  

produced by marine microbes  

to help us develop new drugs 



June 2, 2013 

August 22, 2012 



Infection Control 
 6th leading cause of death 

worldwide 

 Gram-negatives limited antibiotics 

 Drug-resistant gonorrhea 

 820,000 infections/yr (U.S.) 

 Antibiotic resistance (30% cases) 

 Additional $235 million to treat 

 Carbapenem-resistant 
Enterobacteria (CRE) 

 44 states (CDC) 

 Resistant to nearly all antibiotics 

 50% mortality 

 





1. Lack of new chemical scaffolds 

2. Lack of financial incentive for Big Pharma 





Source: Centers for Disease Control 



Re-sensitize cells to existing arsenal of antibiotics  

Strategy: Targeting resistance mechanisms 



Blocking the pump 
OUTSIDE 
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Culture 

marine microbes 
Absorb compounds 

to resin 

Extract 
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Screening for Efflux Pump Inhibitors (EPIs) 

Very dilute 

antibiotic  
Chemical 

extract from 

marine 

microbe 

Multi-drug 

resistant bacteria 

(3 strains) Culture media 

Active extracts 

colorimetric reagent 

Elena Perry, WHOI SSF 

18 hr. Absorbance 490nm 



Separate compounds 

into a 96 well plate 

then test for activity 



Structure  

determination 

NMR Mass Spectrometry 

3,4-dibromopyrrole-2,5-dione 

Pseudoalteromonas piscicida 

Gamma Proteobacteria 

Whalen et al. 2015, Journal of Natural Products 

El Gamal et al. 2016, PNAS 

Rob Deering 

Dave Rowley 

University of Rhode Island 



SME Workflow. 

  

SME reaction toolbox and representative natural products that have been utilized. 

  

Aaron Beeler 

Boston University 





Induce stress conditions  LC-MS profiling 

Statistical analysis Compound identification 

Comparative metabolomics 



Emerging tool: MS-based molecular networking 

Rene Boiteau 

WHOI  





SEA Cruise 

• Sargasso 

Sea 

• Isolates 

from 

plastic 

BATS 

• Epibionts from 

Phytoplankton 

Clayoquot Cruise 
• Vancouver 

Island 

• Sediment/Water 

samples 

Woods Hole, 

MA 
• Shore Lab 

• Algae surfaces 

• Comb jelly gut 

• Science Fair 

isolates Knorr Cruise 

(KN207-1) 

• Water samples 

Collection sites of Marine Bacteria with Drug Discovery Potential  



Our 1st drug candidate  

enhances the effectiveness across antibiotic classes 

Dibromopyrroledione 
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Pump inhibitors rescue our most valuable antibiotics 

Source: Global Antibiotic Market, Technavio (2014); Nature Reviews: Drug Discovery (2010) 

Global sales by antibiotic class  

 Bacteria have 
developed resistance 
to all antibiotic 
classes 

 

 Restoring antibiotic 
potency 

 

 Reducing spread and 
resistance 
development 

 



Competitive Advantage 
  Robust pipeline 

 2.8% hit rate, 36 marine isolates 

 Screening: fast, reproducible, inexpensive  

 Accelerated discovery of new inhibitors 
 Marine environment = untapped chemical reservoir  

 Water soluble; stable; halogenated; easily derivatized for 
optimization 

 Broad therapeutic applicability 
 Rescue of shelved antibiotics 

 Combination approach does not rely on developing new 
classes of antibiotics  

 Antibiotic safety previously determined 

 IP protection of derivatives, combinations with other 
antibiotics & utility (Tech Transfer, WHOI) 
 1 U.S. Patent Pending 



Efflux inhibitors offer promising new avenue to 

treat antibiotic resistant superbugs 

 Dibromo compound ready for preclinical stage 

 Opportunity to rescue failing antibiotics 

 Applies to multitude of antibiotic classes 

 Reduce resistance development 

 Clinical precedent 

 Antibiotic + Resistance Blocker 

 2 combination drugs approved by FDA in last 6 months 

 ZerbaxaTM (Cubist/Merck) revenue of >$1 billion/yr 

 AvycazTM (Actavis/Astra Zeneca) 



Source: Science 

Search for new therapeutics to treat multidrug resistance 

• Teasing apart the role of MNP 

• Microbial warfare b/w competitors 

 

• Cell-cell communication  

 

• Biofilm formation 

 

• Mutualistic interactions between 

micro/macroorganisms 

• Integrate aspects of ecology, 

cell biology, and chemistry 
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