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Current	
  status	
  of	
  the	
  pipeline	
  of	
  marine	
  
natural	
  products	
  	
  

•  4	
  drugs	
  approved	
  by	
  FDA,	
  1	
  registered	
  in	
  the	
  European	
  Union.	
  
•  current	
   clinical	
   pipeline	
   includes	
   more	
   than	
   10	
   in	
   different	
   clinical	
  

phases	
  	
  
•  4	
  of	
  these	
  originate	
  from	
  marine	
  microbes	
  
•  preclinical	
  pipeline:	
  conBnues	
  to	
  supply	
  several	
  hundred	
  novel	
  /	
  year	
  

Eribulin	
  mesylate	
  (Halaven)	
  

Trabec<n	
  (Yondelis)	
  
Cytarabin	
  

Salinosporamide	
  A	
  

Mayer et al. 2010 



„high	
  poten<als“	
  of	
  the	
  ocean	
  

New enzymes 
New compounds 

Strain collection of appr. 10.000 marine fungi  Marine Fungi 
represent an excellent source for new bioactives 



High	
  added	
  value	
  chain	
  from	
  habitat	
  to	
  
biotechnological	
  product	
  in	
  marine	
  

biotechnology	
  

► 	
  Classical	
  value/risk	
  problem?	
  
	
  
	
  

Market 
Entree Approval Clinical trials Process 

development 
Lead structure 
development 

Bioactivity 
profiling 

 Natural compound 
chemistry     Extracts Marine 

microbes 

Synthesis/ 
Semisyn- 

thesis 

Approval 
cosmetics, food 

Supply of producer strains 
Access to unusual habitats 

Reliable and large libraries 
of pure compounds 

Large and relevant testpanels  Robust and sustainable 
process design Pharma‘s Interest, 

venture capital 



Value/risk/scien<fic	
  topics	
  

Acc. to Douglas et al. 2010 

Scientifc 
topics and 

competences 
needed $ 

Discovery 

Clinical pharmacology 

Phase I and Phase II 

Phase III, PMS 



Comprehensive	
  approaches	
  needed	
  

•  specific	
  geneBc	
  screening	
  
•  metagenomics	
  
•  genomes	
  

cultivation 

culture 
independent 

New structures? 

•   targeted isolation 
•   screening of strain libraries 
•   in situ enrichment 

Secondary metabolites: potential = production! 



Strategie
s	
  

Marine habitat 

Strain collections 

Modification of 
growth parameters* 

Genomic 
approaches○ 

Strains Novel isolation strategies 

Extracts 

Compounds 

Structures 

Pure compound 
library 

Bioactivity 

Process 
development 

Lead structure 
development 

Isolation 

Cultivation and 
extraction 

Bioassays 

Selection 

Strain 
optimization 

Purification 

Structure 
elucidation 

Manipulation of 
cultivation 
parameters, 
stimulation, co-
cultivation, use of 
epigenetic modulators  
 
Genomic 
approaches comprise 
genome mining, 
metagenomic 
approaches and 
molecular 
manipulation 
 

Imhoff et al. 2011, 
Schneemann et al. 2010. 



Teknologisk Institut  

11 partner, 7 countries 

MARINE 
FUNGI 

Natural products from marine fungi for the treatment of cancer 



WP1/2 (administrative/scientific) 
Project management and coordination 

WP5 
Chemical identification and biochemical 

characterisation of active metabolites and 
substance purification 

WP3 
Genome analysis, identification of 
biosynthetic genes and regulators 

WP7 
In vitro bioassays for cancer targets, 

rational lead structure selection and in vivo 
efficacy determination in xenograft models  

WP8 
Robust and sustainable process 

development 

WP9 
Intellectual Property protection and dissemination activities 

WP6 
Strain improvement 

Selected fungal strains Selected marine macrobes from 
geographically distinct habitates 

 

Culture based approach Molecular based approach 

WP4 
Isolation and identification of new fungal 

strains and optimisation of secondary 
metabolite production 
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Fungi:	
  secondary	
  metabolite	
  genes	
  
are	
  organized	
  in	
  clusters	
  

Figure from Rohlfs et al. 2009 

aflatoxin gene cluster from Aspergillus flavus 

sterigmatocystin gene cluster from Aspergillus nidulans 

sirodesmin gene cluster from Leptosphaeria maculans 

gliotoxin gene cluster from Aspergillus fumigatus 



PKS/NRPS	
  screenings	
  

Assump<on:	
   selected	
   biosynthe<cal	
   genes	
   are	
  

markers	
   for	
   the	
   selec<on	
   of	
   producers	
   of	
  

secondary	
  metabolites	
  

	
  

Nicholson et al. 2001 
Klotz 2009 
Schneemann et al.  2010 

Concerning (marine) fungi, a genetic screening for polyketide 
synthasese (PKS) genes was available but not for non- 
ribosomal peptide synthetase (NRPS) genes. 



Verifica<on	
  of	
  PKS	
  genes	
  in	
  marine	
  
fungi	
  
strain	
   Primer	
   BLASTx-­‐Search	
   Iden<ty	
  (aa/aa)	
  

Penicillium	
  
chrysogenum	
   Lc	
  1/2	
  

puta<ve	
  WA	
  type	
  
ketosynthase	
   178/183	
  (97%)	
  

Penicillium	
  
chrysogenum	
   Lc3/5	
  

6-­‐methylsalicylic	
  acid	
  
synthase	
   142/201	
  (70%)	
  

Aspergillus	
  
nidulans	
   Lc1	
  

conidial	
  yellow	
  pigment	
  
biosynthesis	
  polyke<de	
  
synthase	
  

84/87	
  (96%)	
  

LF	
  918	
   Lc1	
  
puta<ve	
  non-­‐reducing	
  
polyke<de	
  synthase	
   48/92	
  (52%)	
  

LF	
  918	
   Lc2	
  
puta<ve	
  WA	
  type	
  
ketosynthase	
  domain	
  1	
   27/48	
  (56%)	
  

LF	
  918	
   Lc5	
  
6-­‐methylsalicylic	
  acid	
  
synthase	
   131/175	
  (74%)	
  

LF	
  948	
   Lc1/2	
   polyke<de	
  synthase	
   29/36	
  (80%)	
  	
  

LF	
  277	
   Lc2	
  
puta<ve	
  WA	
  type	
  
ketosynthase	
   164/170	
  (96%)	
  

LF	
  448	
   Lc2	
  
puta<ve	
  WA	
  type	
  
ketosynthase	
   175/184	
  (95%)	
  

(L) 1 kb ladder 
(1) Penicillium chrysogenum as control 
(2)-(14) marine strains 



Design of new primers 
-   Low number of available 
sequences 

-  Very small range of genera 
-  Low homology 

(L) 1 kb ladder 
(1) Penicillium chrysogenum 

as positive control 
(2)-(14) marine fungi 

NRPS	
  genes	
  in	
  marine	
  fungi	
  



Are	
  these	
  gene	
  fragments	
  good	
  
markers?	
  

0	
  

5	
  

10	
  

15	
  

20	
  

25	
  

Penicillium	
   Cladosporium	
   Acremonium	
   Chaetomium	
   other	
   total	
  

Number	
  of	
  strains	
  

Presence	
  of	
  PKS	
  vs	
  producBon	
  

in	
  cultur	
   PKS-­‐NR	
   PKS-­‐PR	
   produc<on	
  

Kramer, 2011, unpublished 
Schneemann et al. 2010 
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Full	
  genome	
  sequences	
  needed:	
  
Candidate	
  for	
  genome	
  sequencing	
  

Scopularide	
  A	
  (1)	
  und	
  B	
  (2)	
  aus	
  
Scopulariopsis	
  brevicaulis	
  

Yu et al. J. Nat. Prod. 2008, 71, 1052-1054.  

Fungal isolate on 
Wickerham‘s medium 
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Robust	
  and	
  sustainable	
  process	
  
development	
  based	
  on	
  genomic	
  

informa<on	
  

As	
   important	
   as	
   the	
   establishment	
   of	
  
culture	
  collec<ons	
   is	
  the	
  maintenance	
  
and	
   availibility	
   of	
   pure	
   compound	
  
libraries.	
   At	
   this	
   stage,	
   marine	
  
microbial	
   products	
   can	
  be	
  handled	
  as	
  
their	
  chemically	
  produced	
  analogues.	
  



Strain	
  improvement	
  

Random	
  mutagenesis	
  
using	
  UV	
  and	
  transposon	
  

elements	
  

Targeted	
  mutagenesis	
  
cons<tu<ve	
  promoters	
  in	
  
front	
  of	
  specific	
  genes,	
  

gene	
  dele<ons	
  

Characteriza<on	
  

(using	
  chemistry,	
  bioassays	
  

and	
  proteomics)	
  

Vader 

USER Friendly cloning system 

Figures from Frandsen et al. 2008, Kempken 2011 



„Much of nature‘s 
treasure trove of small 
molecules remains to 

be explored, 
particularly from the 
marine and microbial 

environments.“ 
(Newman & Cragg, 2007) 
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MARINE	
  FUNGI	
  factsheet	
  

•  2011-­‐2014	
  
•  Programm	
  KBBE,	
  Budget:	
  appr.	
  3	
  Mio	
  €	
  
•  Dura<on:	
  3	
  years,	
  star<ng	
  date	
  1.	
  of	
  May	
  2011	
  
•  3	
  fungal	
  genomes	
  
•  600	
  new	
  strains	
  screened	
  
•  in	
  vivo	
  efficacy	
  determina<on	
  for	
  5	
  compounds	
  
•  Dissemina<on	
  and	
  PR	
  for	
  marine	
  Biotechnology	
  in	
  
Europe	
  



Success?	
  

Kellner 2010 


